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PREFACE 

The years since the appearance of the first edition have seen the addi¬ 
tion of many genera and species to the known fresh-water algal flora of 
this country. For certain groups (Xanthophyceae, Chrysophyceae, Dino- 
phyceae) the number of genera known to occur in the United States has 
been more than doubled. In addition, many genera known from but one 
or two localities in 1933 are now known to have a much wider distribution. 
The morphology and mode of reproduction of many of the genera described 
in the first edition are also more fully known than they were seventeen 
years ago, and this has necessitated a change in the systematic position 
of certain genera. 

This edition follows the general plan of the first edition, except for treat¬ 
ment of the species in the various genera. In the first edition, where there 
were less than ten species in a genus, each was named and briefly charac¬ 
terized. In this edition the species of a genus are listed and references 
given to sources where a complete description of each of them can be 
found. Another change is the addition of a survey of the Charophyceae, 
Cryptophyceae, and Chloromonadales, groups that were not treated in the 
first edition. 

The completeness of this edition has been greatly enhanced by the help¬ 
ful cooperation of many phycologists. For supplying information or 
furnishing specimens I am indebted to Dr. Mary A. Pocock and to Pro¬ 
fessors L. H. Flint, D. L. Jacobs, C. E. Taft, E. N. Transeau, L. A. Whit- 
ford, and R. D. Wood. Special thanks are due Professors G. W. Prescott 
and R. H. Thompson for furnishing numerous original drawings and for 
permitting me to incorporate in this book their as yet unpublished additions 
to the algal flora of this country. 

Gilbert M. Smith 

Stanford, Calif. 

October, 1960 
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CHAPTER 1 

NATURE, EVOLUTION, AND CLASSIFICATION OF THE ALGAE 

Position of the Algae in a Natural System. The conception of the nature 
and systematic position of the group of plants known as the algae has been, 
and still is, continually changing. Although Linnaeus^ gave the name 
Algae to one of his orders of plants, this cannot be considered the first 
recognition of them as a definite part of the plant kingdom, since the group 
that he called the algae consisted very largely of Hepaticae. The first de¬ 
limitation of the Algae as we now interpret the term is that of A. L. de 
Jussieubut his characterization of the group is practically worthless since 
it is based entirely upon macroscopic features. Even when specialists 
began to devote their attention to this group of plants and had described 
many genera and species, there was for a long time but little knowledge of 
the cell structure and the methods of reproduction. Thus, we find C. A. 
Agardh,^ the great pioneer in the study of algae, describing them as follows: 

Plantae aquaticae acotyledoneae & agamae; gelatinosae^ membranaceae vel coria- 
ceae; fihmentosae, laminosae vel tandem foliosae; colore virides, purpureae vel oliva- 
ceae; articulatae vel continuae; sporidia aut pericarpiis inclusa aut superficiei in- 
spersa foventea. 

Endlicher^s^ inclusion of algae, lichens, and fungi in an assemblage 
(kingdom) called the Thallophyta marks the recognition of a morphological 
distinction that is still followed today, especially in the widely used classi¬ 
fication of Eichler,® that divides plants into Thallophyta^ Bryophyta^ Pteri- 
dophyta, and Spermatophyta. Endlicher separated the Thallophyta from 
other plants because of their lack of differentiation into stems and leaves. 
It is quite impossible to draw a sharp distinction between Thallophyta 
and Bryophyta on such a basis: certain algae, as the Laminariales, have a 
clear differentiation into stems and leaves; many liverworts have a plant 
body that is a simple thallus. It is possible, however, to base a clear-cut 
distinction between Thallophyta and other plants, on the structure of the 
gamete- and the spore-containing organs. In the Thallophyta the sex 
organs are one-celled; or when multicellular, as in certain Phaeophyceae, 

' Linnaeus, 1764. * de Jussieu, A. L., 1789. • Aoardh, 1824. 
< Endlicher, 1836. * Eichlbr, 1886. 
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2 FRESH-WATER ALGAE OF THE UNITED STATES 

do not have the gametes surrounded by a layer of sterile cells. Bryophytes, 

and plants immediately above them in the evolutionary scale, have multi¬ 

cellular sex organs, in which there is an outer layer of sterile cells. Spo¬ 

rangia of Thallophyta are always one-celled: those of higher plants are 

always many-celled. Another distinction between the Thallophyta and 

other plants is the fact that the zygotes of Thallophyta never develop into 

multicellular embryos while still within the female sex organs. 

Granting the distinctiveness of the assemblage of plants called the 

Thallophyta, there then arises the question: Is this a natural division of 

the plant kingdom that may, in turn, be divided into Algae and Fungi? 

To accept the Thallophyta as a natural division of the plant kingdom 

implies acceptance of the view that all algae are more or less closely related 

to one another. The question of the phylogenetic relationships between 

the algae rests, in turn, upon the discovery of an adequate basis for classi¬ 

fying them. The test of time has shown the inadequacy of taxonomic 

classifications of algae based either upon the organization of the plant 

body or upon the method of reproduction. 

It has become increasingly clear during the past quarter century that 

the morphology and physiology of the individual cells are the fundamental 

basis upon which the algae must be classified. This evidence shows that 

there are several series among the algae, each of which has cells with certain 

distinctive morphological and physiological traits. Chief among the mor¬ 

phological characteristics is the structure of the motile cell, and for most 

of the series among the algae there is a striking constancy in its organiza¬ 

tion, especially with respect to the number, arrangement, and relative 

length of the flagella. On the physiological side there is, throughout each 

series, a constancy in the pigments present in the plastids (Table I), and a 

constancy in the chemical nature of the food reserves accumulating through 

photosynthetic activity. For example, the Chlorophyceae always have 

flagella of equal length, a predominance of green pigments in their plastids, 

and usually store photosynthetic reserves as starch. The Xanthophyceae 

on the other hand, always have flagella of unequal length, a predominance 

of yellow pigments in their plastids, no formation of starch, and usually 

store photosynthetic reserves as oils. This constancy with which the 

morphological and physiological cellular characteristics obtain in each 

series, and the marked differences between the various series (Chloro¬ 

phyceae, Myxophyceae, Chrysophyceae, etc.) suggest very strongly that 

they have originated from pigmented ancestors quite different from one 

another. 

Acceptance of the view that the various series among the algae are more 

or less independent of one another means that the Thallophyta cannot be 

considered a natural division of the plant kingdom. The Algae, likewise, 
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Table I. Principal Pigments of the Different Classes op Algae (Based 

ON Strain, in press) 

Myxo- 

phyce- 
ae 

Rhodo- 

phyce- 
ae 

Xan- 

tho- 

phy- 
ceae 

Chryso- 

phyce- 
ae 

Bacil- 
lario- 

phyce- 
ae 

Phaeo- 

phyce- 
ae 

Dino- 
phy- 

ceae 

Chloro- 

phyce- 
ae 

Eu- 

gleno- 
phy- 

ceae 

Chlorophylls: 

Chlorophyll a.... +++ 4-4*4- 4-4-4- 4-4-4- 4-4-4- -f 4--1- 4-4-4- 4-1-4- +++ 
Chlorophyll b.. . . 0 0 0 0 0 0 0 4-4- 4- 
Chlorophyll c .. .. 0 0 0 4- 4- 4- 0 0 
Chlorophyll d. . .. 0 4- 0 0 0 0 0 0 

Chlorophyll 0 0 4- 0 0 0 0 0 

Carotenes: 

Q-Carotene. 4- 0 0 0 -h 
/3-Carotene. +++ 4-4-4- 4-4-4* -h-h-f- 4-4-4- 4-4-4- +++ -f-l--f +++ 
€-Carotene. 4- 0 0 

Flavicin. + 0 0 0 

Xanthophylls; 

Lutein. ? 4-4- 0 4- 0 0 0 4-f4- ? 

Zeaxanthin . ? 0 0 0 0 4- 
Violaxanthin. 0 4- 0 4- 
Flavoxanthin.... 0 4- ? 

Neoxanthin. 0 0 4- 0 4- 
Fucoxanthin. ? 0 4- 4-1- 4-4- 0 0 0 

Neofucoxanthin A 0 4- 4- 0 0 0 

Neofucoxanthin B 0 4- 4- 0 0 0 

Diatoxanthin.... 0 4- ? 0 0 0 

Diadinoxanthin.. 0 4- ? 4- 0 0 

Dinoxanthin. 0 0 ? 4- 0 0 

Neodinoxanthin.. 0 0 0 4- 0 0 

Peridinin. 0 0 0 4-4- 0 0 

Myxoxanthin . . . . 4-4- 0 0 0 0 0 0 

Myxoxanthophyll 4-4- 0 0 0 0 0 0 

Unnamed. ? ? -h-l- ? 4- 4- 

Phycobilins: 
r-Phycoerythrin.. 0 4-4-4- 0 ? 0 0 0 0 0 

r-Phycocyanin . .. 0 -f 0 ? 0 0 0 0 0 

c-Phycoerythrin . 4- 0 0 ? 0 0 0 0 0 

c-Phycocyanin... -h4-4- 0 0 ? 0 0 0 0 0 

+++ indicates the principal pigment in each of the four groups of pigments. 
++ indicates a pigment comprising lees than half of the total pigments of the group. 

+ indicates a pigment comprising a small fraction of the total pigments of the group. 
? indicates small quantities of a pigment whose source or identification is uncertain. 
0 indicates known absence of a pigment. 

... indicates lack of knowledge concerning the presence of certain pigments in some classes of algae. 
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cannot be regarded as a particular subdivision of the plant kingdom. This 
does not mean that the word ‘‘alga’’ must be abandoned, since it is still of 
great service as a descriptive term for designating simple plants with an 
autotrophic mode of nutrition. 

Organisms to Be Placed among the Algae. Until the beginning of the 
twentieth century, it was customary to recognize the following four classes 
of algae: Chlorophyceae, Phaeophyceae, Rhodophyceae, and Myxophyceae 
(Cyanophyceae). Diatoms were universally included among the algae and 
placed either in the Phaeophyceae or in a class distinct from other classes. 

During this time botanists rarely questioned the practice of protozo¬ 
ologists who placed all motile unicellular and colonial flagellated organisms 
in the class Mastigophora of the phylum Protozoa. An exception must be 
made in the case of the volvocine (Chlamydomonas-Volvox) series. Here, 
beginning nearly a century ago,^ botanists began calling certain members of 
this series algae but made no attempt to assign them a definite place among 
the algae. This was first done by Rabenhorst (1863) who placed the 
Chlamydomonas-Volvox series in the group of grass-green algae to which he 
gave the name Chlorophyllaceae. 

When, at the turn of the century, the Xanthophyceae (Heterokontae) 
were segregated^ from the grass-green algae (Chlorophyceae), certain pig¬ 
mented flagellates were included in the series. Later the chrysomonads and 
the dinoflagellates each were shown to be related to organisms of an un¬ 
questionable algal nature. The euglenoids and cryptomonads are also 
related to organisms of an algal type, but types that are not so highly 
developed as in the case of the algal types related to the chrysomonad and 
the dinoflagellate series. 

Thus, with the possible exception of the chloromonads, all the various 
groups (orders) of flagellates which protozoologists place in the subclass 
Phytomastigina of the class Mastigophora are phylogenetically connected 
to organisms of a truly algal nature. Disregarding, for the present, the 
interrelationships between them, these phylogenetic series (classes) may be 
briefly characterized as follows: 

Chlorophyceae, in which the photosynthetic pigments are localized in 
chromatophores that are grass-green because of the predominance of chloro¬ 
phylls a and b over the carotenes and xanthophylls. Photosynthetic re¬ 
serves are usually stored as starch, and its formation is intimately asso¬ 
ciated with pyrenoids. Motile cells have flagella (generally two or four) 
of equal length and borne at the anterior end. Most members of the class 
reproduce sexually. 

^ 2. Euglenophyceae, in which the photosynthetic pigments are approxi¬ 
mately the same as in Chlorophyceae and are localized in grass-green 

» Braun, 1861; Cohn, 1853. * Luther, 1899r 
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chromatophores. Paramylum, an insoluble carbohydrate, is the chief 
food reserve. Motile cells have either one or two flagella and have them 
inserted in a gullet at the anterior end of the cell. 
^ 3. Xanthophyceae (Heterokontae), in which the photosynthetic pigments 
are localized in chromatophores that are yellowish green because of a pre¬ 
dominance of beta-carotene over chlorophylls a and e. Pyrenoids are 
usually lacking, and the reserve foods are stored as fats or as leucosin. 
The cell wall frequently consists of two overlapping halves and contains 
little, if any, cellulose. Motile cells have two flagella of unequal length 
at the anterior end. 
y 4. Chrysophyceae, in which the photosynthetic pigments are localized 
in chromatophores that are usually golden brown because of a predominance 
of carotenes and xanthophylls over the chlorophyll. Oils are formed in 
abundance, and sometimes there is also a formation of leucosin. Motile 
cells may have a single anterior flagellum or two anterior flagella of unequal 
or of equal length. Members of this series have an endogenous formation 
of cysts surrounded by a two-parted silicified wall with a terminal pore. 
Sexual reproduction is of rare occurrence in this class. 

y 5. Bacillariophyceae (Bacillarieae), in which the photosynthetic pigments 
are localized in chromatophores that are usually a deep golden brown be¬ 
cause of a predominance of carotenes and xanthophylls (especially, fuco- 
xanthin) over chlorophylls a and c. The cell wall regularly consists oftw 
overlapping halves which are highly silicified. Reproduction by flagel¬ 
lated swarmers has been found in certain genera, but the precise nature of 
these motile bodies is unknown. Sexual reproduction is of widespread oc¬ 
currence and is immediately preceded by meiosis. 

6. Phaeophyceae, in which the photosynthetic pigments are localized in 
'Chromatophores that are olive yellow to deep brown because of a predomi¬ 
nance of carotenes and a series of xanthophylls (notably, fucoxanthin) over 
chlorophylls a and c. The most abundant reserve product of photosyn¬ 
thesis is a polysaccharidejammarin. All members of the class, of which 
there are numerous marine members, have a filamentous or a more elaborate 
organization. Motile reproductive cells are pyriform with two laterally 
inserted flagella. Sexual reproduction is found in most of the genera. 

7. Dinophyceae, in which the photosynthetic pigments are localized in 
chromatophores that are yellowish green to deep golden brown because of a 
predominance of carotenes and a unique series of xanthophylls over chloro¬ 
phylls a and c. Food reserves are stored as starch or as oil. Motile cells 
have a transverse furrow in which the two flagella are inserted. One 
flagellum encircles the cell transversely, the other extends vertically back¬ 
ward. Sexual reproduction is of rare occurrence in this class. 

8. Myxophyceae {Cyanophyceae)^ in which the photos3mthetic pigments 
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are not localized in chrom'atophores. In addition to chlorophyll a, beta- 
carotene, and two unique xanthophylls, the cells contain two phycobilin 
pigments €-phycocyanin and c-phycoerythrin. The cells do not have a 
definitely organized nucleus. The chief food reserve is a carbohydrate, 
cyanophycean starch. Sexual reproduction is unknown for this series and 
there is never a formation of flagellated reproductive cells. 

^ 9. Rhodophyceae, in which the photosynthetic pigments are localized in 
chromatophores that are usually reddish in color because of a predominance 
of r-phycoerythrin over the other pigments (r-phycocyanin, chlorophylls 
a and d, alpha- and beta-carotene, and the xanthophyll lutein). The chief 
food reserve is floridean starch, a carbohydrate intermediate between 
starch and dextrin. Motile reproductive cells are never found within this 
series. The sexual organs are of a unique type, and practically all members 
of the class reproduce sexually. 

10. Cryptophyceae, in which the photosynthetic pigments are localized in 
variously colored chromatophores. Reserve foods are usually stored as 
starch or as starch-like compounds. Motile cells are compressed, biflagel- 
late, and with a superficial curved furrow extending back from the terminal 
or lateral insertion of the flagella. 

11. ChloromonadaleSy in which the photosynthetic pigments are localized 
in chromatophores of a distinctive green color. The chief food reserve is oil. 
Motile cells are biflagellate and with the flagella inserted in a reservoir at 
the anterior end. A majority of the genera have trichocysts within the 
cells. 

^Evolution of Plant-body Types among Algae. The modern conception of 
the nature of evolution of the thallus among algae originated from observa¬ 
tions^ which showed that there was a marked parallelism between the 
Chlorophyceae and the Xanthophyceae, and that practically all types of 
cellular or colonial organization among the Chlorophyceae have their 
counterparts among the Xanthophyceae. This was accepted as an interest¬ 
ing though not significant fact until it was shown that the types of plant- 
body construction found in the Chrysophyceae, Dinophyceae, and certain 
other series can also be homologized with those of the Xanthophyceae and 
Chlorophyceae.2 

The explanation of this parallelism is based upon the hypothesis that 
only four basic types of body (thallus) construction can be evolved from a 
primitive motile unicellular ancestral form. This hypothesis also holds 
that the types of plant body evolved from the motile unicellular ancestor 
of one series are essentially like those evolved from the motile unicellular 
forms of other series. The idea of evolution in different directions from a 
motile unicellular ancestor was originally proposed to account for the 

» Paschbr, 1913. * Pascher, 1914, 1925, 1927. * 
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various types of body construction found in the Chlorophyceae.^ Here it 
was postulated that there are three main evolutionary lines or tendencies 
from the motile unicell: (1) the volvocine tendency, in which the individual 
cells become organized into a colony but retain their vegetative motility; 
(2) the tetrasporine tendency, in which there is a loss of motility, except in 
reproductive stages, but a retention of the capacity for vegetative division; 
(3) the chlorococcine (siphonaceous) tendency, in which there is a loss of 
motility, except at the time of reproduction, and a loss of the ability to 
divide vegetatively. To these should be added (4) the rhizopodal tendency, 

in which there is evolution toward an amoeboid type of organization. 
In its wider application‘s it is held that these tendencies are also found 

in phylogenetic series other than the Chlorophyceae, and that each of the 
algal series has repeated the same expeiinients in evolution of body types. 
Certain of these experiments were foredoomed to failure, since the poten¬ 
tialities are extremely limited. Thus, the volvocine tendency, or evolu¬ 
tion of a volvocine colony, cannot develop a colony of any appreciable 
size and have the individual cells retain their motility. The siphonaceous 
tendency, with its abolition of V9getative cell division but retention of 
nuclear division, is also an experiment that was not particularly successful. 

The tetrasporine experiment is along a line that results in a nonmotile 
holophytic organism capable of infinite variation. The beginnings of evolu¬ 
tion along the tetrasporine line are found in those algae in which motile 
cells are imprisoned within a gelatinous sheath. Many of the Volvocales 
have temporary colonies of this nature, and certain of the lower Tetra- 
sporales, as the Chlorangiaceae, have colonies in which motile cells are 
more or less permanently imprisoned within gelatinous sheaths. Col¬ 
onies of the Palmella type are a step in advance of this. Here, the cells 
within the gelatinous matrix are without flagella but may develop them at 
any time and so return directly to a motile unicellular condition. ‘ Cells 
in colonies of the Palmella type have the capacity to divide vegetatively, 
and cell division may result in amorphous colonies of indefinite size or in 
colonies with a definite shape. The next step in the tetrasporine evolu¬ 
tion is the loss of the cell's capacity to return directly to a motile condition. 
However, this is not accompanied by a loss of the capacity to divide 
vegetatively. When such cells divide vegetatively, the daughter cells 
may separate from each other or may remain united. Separation of 
daughter cells after cell division results in an immobile unicellular organ¬ 
ism. Cohesion of the daughter cells, followed by further divisions in the 
same plane, results in an unbranched filament; the simplest of the fila¬ 
mentous types and the forerunner of the various branched types. 

'Blackman, 1900; West, G. S., 1904. 

*Frit8Ch, 1929, 1935; Fritsch and West, 1927; Paschbr, 1914, 1925, 1927. 
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Evolution along the chlorococcine line (in which there is a loss of motility 
of the vegetative cells and a loss of the capacity to divide vegetatively) 
may begin with the primitive unicellular flagellate. It may also arise from 
unicellular members of the tetrasporine line by a loss of the capacity for 
vegetative division. The siphonaceous type is a modification of the chloro¬ 
coccine type in which the nuclei retain their ability to divide and the cells 
develop the capacity to elongate indefinitely. 

Evolution along the tetrasporine and the chlorococcine lines results in 
immobile organisms that are distinctly plant-like in organization. Evolu¬ 
tion of the motile unicell along the rhizopodal line results in an organism 
with an amoeboid method of movement and nourishment. In certain 
series, as the Chlorophyceae, amoeboid stages are but temporary. These 
have been found in motile unicellular forms, such as Chlamydomonas,^ 

and in gametes or zoospores of specialized filamentous forms, such as 
Stigeoclonium? In other phylogenetic series, as the Chrysophyceae, Het- 
erokontae, and the Dinophyceae, there has been a rhizopodal evolution 
to a state where the cells are in a more or less permanent amoeboid condi¬ 
tion.* 

The parallelism in the evolution of plant-body types among the various 
algal series with motile unicellular forms comes out most strikingly when 
the data are arranged in tabular form (Table II). Analysis of the data 
immediately brings out the fact that progressive evolution within the 
various series has not reached the same level: certain series have progressed 
but little beyond the motile unicell, others have advanced to the point 
where they have a complex plant body. The point which Table II does 
not bring out is the relative abundance of the different types in the various 
phylogenetic series. Some of them, as the Chrysophyceae and Dino¬ 
phyceae, have but few advanced types; others, as the Chlorophyceae and 
Phaeophyceae, have many advanced types. 

The preceding paragraphs have stressed the evolution of certain algal 
series from motile pigmented ancestors markedly different in their basic 
morphology and physiology. This postulation of the origin of certain 
series from motile unicells does not mean that all algal series have arisen 
in this fashion. The complete lack of flagellated vegetative and repro¬ 
ductive cells in the Myxophyceae suggests very strongly that motile cells 
have never been present in the myxophycean series. If the Myxophyceae 
have developed from a flagellated ancestor, one would expect to find flagel¬ 
lated reproductive cells somewhere among the many genera of this series. 

The problem of determining the origin of Rhodophyceae and of Phaeo¬ 
phyceae is extremely difficult, since the simplest of them have a rather 

‘ Pascher, 1918. * Pascher, 1915. » Pascher, 1917. 
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complex organization, and all connecting links with hypothetical unicellular 
ancestors are unknown. One explanation for this absence of primitive 
Rhodophyceae and Phaeophyceae is that they developed in the ocean at a 
time when it was much less saline than at present, and that there was a 
dying off of the more primitive forms as the salinity of the ocean increased. 
There was, however, a survival of certain advanced types among the Rho¬ 
dophyceae and Phaeophyceae, and these constituted a fresh starting point 
for the even more complex red and brown algae found in the present-day 
marine flora. ( The universal presence of motile zoospores and gametes 
throughout the phaeophycean series indicates that this series originated in 
a motile unicellular ancestor; the lack of motile reproductive cells in the 
rhodophycean series seems to show that, similar to the Myxophyceae, 
these algae have come from a nonflagellated unicellular ancestor. 

Classification of the Algae. If the Thallophyta cannot be considered as 
constituting a natural division of the plant kingdom, how can the algae be 
brought into harmony with the International Botanical Code which says 
(Article 10), “every individual plant belongs to a species, every species to 
a genus, every genus to a family, every family to an order, every order to a 
class, and every class to a division’7 It is clear that the algae must be 
separated into a number of divisions coordinate in rank with the Bryo- 
phyta, Pteridophyta, and Spermatophyta. Modern discussions on the 
phylogeny and classification of algae hold that certain of the classes noted 
above (see page 4), are sufficiently distinct to warrant recognition as 
divisions of the plant kingdom.^ However, other classes have so many 
features in common that they are evidently related to one another. Thus, 
t'he number of divisions necessary for a complete classification of the algae 
is less than the number of classes. The first recognition of an affinity 
between classes was that which showed a relationship between the Xan- 
thophyceae, Chrysophyceae, and Bacillariophyceae.^ Features in common 
to these three classes include: cell walls composed of two overlapping halves, 
silicified cell walls, motile cells with similarities in flagellation, a distinct 
type of resting cell (cyst), and similarities in the nature of food reserves. 
Despite differences in the chlorophylls and xanthophylls (see Table I), 
there seems to be good ground for placing the three in a single division, 
the Chrysophyta. The golden-brown chromatophores of the Phaeophyceae 
resemble those of Chrysophyta, but there are some differences in the pig¬ 
ments causing the brown color. Since there are striking differences in the 
food reserves and in stmeture of motile reproductive cells, the Phaeo¬ 
phyceae should be placed in a separate division, the Phaeophyta. The 
Myxophyceae and Rhodophyceae are the only algae in which there are 

^ Pascher, 1914,1921, 1931. * Pascher, 1914. 
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phycobilin pigments, but these pigments are not identical in the two,^ 
and the two classes differ in their chlorophylls and xanthophylls (see 
Table I). The differences in nuclear organization, localization or non¬ 
localization of pigments in chromatophores, and presence or absence of 
sexual reproduction are so striking that there does not seem to be a phylo¬ 
genetic connection between the two classes. Thus the Rhodophyceae 
are to be placed in one division, the Rhodophyta, and the Myxophyceae 
in another, the Cyanophyta. The chlorophycean series is also so distinc¬ 
tive that it should be placed in a separate division, the Chlorophyta. Simi¬ 
larities in pigmentation and food rovserves of Euglenophyceae and Chloro- 
phyceae tempt one to place the Euglenophyceae in the Chlorophyta, but 
it seems better to place them in a separate division, the Euglenophyta, 

The Dinophyceae have sufficient distinctiveness to be placed in another 
division, the Pyrrophyta. Some phycologists^ think that the Crypto- 
phyceae should be included in the Pyrrophyta; others^ think that they 
should not. For the present it seems better to consider the Cryptophyceae 
a class of uncertain systematic position and rot to place them in any of 
the divisions mentioned above. The question of the proper disposition 
of the chloromonads is even more difficult, and in their case, also, it seems 
best to group them among algae of uncertain systematic position. 

Relationship of Algae to Other Plants. According to the International 
Rules of Botanical Nomenclature the primary step in a classification of 
the plant kingdom is the establishment of divisions. The multicellular 
plant body in certain of the algal divisions, as the Cyanophyta, is merely 
an aggregation of individuals into a colony of simple construction. Other 
phylogenetic lines, as the Rhodophyta and Phaeophyta, include algae of 
large size, external complexity of form, and with some differentiation of 
tissues within the plant body. In reality, the six divisions listed above 
represent six kingdoms, all plant-like in nature. In five of these kingdoms 
there has not been an evolution of anything more complex than an algal 
type of organization. Thus these five kingdoms would have but one di¬ 
vision each. The kingdom of the grass-green plants consists of a number 
of divisions of which the grass-green algae (Chlorophyta) are the most 
primitive and lead successively to the Bryophyta, Pteridophyta, and 
Spermatophyta. 

^ Strain (in press). * Pascher, 1914, 1927. * Graham (in press). 



CHAPTER 2 

THE DISTRIBUTION AND OCCURRENCE OF FRESH-WATER ALGAE 

One ordinarily thinks of the fresh-water algae as plants largely restricted 
to standing and running waters and occasionally growing in other habitats. 
This is far from the truth. Algae are of widespread occurrence in moist 
situations (as tree trunks, walls, woodwork, rocks, and damp soil) where 
they frequently occur as an extended stratum consisting of either a single 
species or a mixture of species. There is, in addition, a rather long list 
of what may be called “algae of unusual habitats.’^ These algae include 
those growing endophytic in other plants, leaf epiphytes, perforating algae 
of molluscs and calcareous rocks, snow algae, thermal algae, epizoic algae, 
and certain others. 

Geographical Distribution of Algae. One of the striking features of 
the fresh-water algal flora is its cosmopolitanism. Many species are 
found in all parts of the world, from the tropics to the polar regions, and in 
a variety of habitats. Other species are restricted to particular habitats, 
but even these may be found at stations thousands of miles apart. 

Some of the fresh-water algae, such as Trentepohlia and Pithophoray 

are more abundant in the tropics than in temperate regions, and a few of 
them appear to be limited by temperature. The best known of these are 
CephaleuroSy a green alga parasitic upon the leaves of several Angiosperms, 
and Compsopogoriy a red alga found in the southern states of this country, 
the West Indies, and in Central America. 

The only group of fresh-water algae in which there is any evidence of 
endemism is that of the Desmidiaceae. A specialist shown a collection 
rich in species of desmids, but not told the source of the collection, would 
be able to tell whether it came from Europe, Australia, the Indo-Malay 
region, or the Americas, hut even in this family the majority of species are 
cosmopolitan. 

Dispersed of Algae. The cosmopolitanism of most species, and the 
localism of others, are dependent upon the methods by which algae become 
distributed from one locality to another. All discussions of the means by 
which alga are dispersed^ have been based upon general observations rather 
than detailed study, and it is not definitely known whether algae are trans- 

1 Boroe, 1897; StrOm, 1926; Wille, 1897. 

12 



DISTRIBUTION AND OCCURRENCE 13 

ported in a vegetative or in a resting stage. It is generally assumed that 
vegetative cells cannot withstand desiccation and would perish while 
being transported through the air. Studies' on the viability of algae in 
dry soils show that this is far from the case and that several algae without 
zygotes or spore-like stages withstand desiccation for more than a quarter 
century. The importance of zygotes and resting cells has been greatly 
overemphasized in discussions on modes of dispersal,* and it is probable 
that dissemination of vegetative cells is of greater importance than that of 
resting cells. 

Streams assist in the dispersal of algae, but the two major agencies 
transporting algae from one locality to another are birds and the wind. 
Those who argue for transportation by birds® hold that most of the algae 
are carried in half-dried mud adhering to aquatic birds* feet, but lodging of 
algae among their feathers may be fully as important a factor. Transfer 
of plankton algae is brought about by migratory aquatic birds moving 
from one body of water to another. 'Fhe almost complete lack of resting 
stages among plankton algae shows that this transfer must take place in 
a vegetative condition. The effectiveness of transportation of plankton 
algae in a vegetative condition is to be seen in the widespread distribution 
of Stylosphaeridium stipitatum (Bachm.) Geitler and Gimesi, a chloro- 
phycean epiphyte restricted to Coelosphaerium Naegelianum Unger, a 
distribution that can be accounted for only by assuming that colonies of 
Coelosphaerium have been carried from place to place. 

Transportation by wind is rarely recognized as an important factor, but 
studies on the movement of dust clouds demonstrate the importance of 
wind as an agency of dispersal. Dust clouds originating in Arizona and 
New Mexico, or in the western portion of the Great Plains, have traveled 
east of the Mississippi before falling to the earth.^ The finding of diatoms 
among these dust particles that have been carried for more than a thousand 
miles shows that wind transportation of algae is not a mere theoretical 
possibility. It is true that there is no evidence at hand to show that the 
diatoms just mentioned were alive but, since we know that diatoms of 
dried soil remain viable for long periods,® it is not unreasonable to assume 
that some of them deposited from the dust clouds were alive. 

The best proof of this transportation by wind is to be seen in the wide¬ 
spread distribution of certain algae that are restricted to special habitats. 
For example, Dunaliella is a chlamydomonad of world-wide distribution 
but known only from brine lakes, salterns, and oceanside pools, with a 
sodium chloride content of 12 to 17 per cent. Another example is to be 
found in the waters of hot springs in this country and elsewhere. Hot 

* Bristol-Roach, 1919, 1920. * Str5m, 1924^1. » Beoer, 1927. 
* WiNCHELL and Miller, 1918, 1922. > Bristol-Roach, 1920. 
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springs in all parts of the world contain certain Myxophyceae that are 

not found elsewhere than in thermal waters. The almost universal 

occurrence of these saline and thermal algae in small habitats, remote from 

one another, shows that wind is a very effective agency in dispersing algae. 

Dispersal of thermal algae cannot possibly be ascribed to birds since it is 

inconceivable that a bird would fly directly from one hot spring region to 

another. 

ENVIRONMENTAL FACTORS AFFECTING THE GROWTH OF ALGAE 

The successful introduction of algae into new localities by the methods 

just mentioned depends upon their being transferred to a suitable habitat. 

Water is essential for growth of the alga in the new location, but there are 

many other factors, any one of which may prevent its growth. Chief 

among these are light, temperature, and the chemical composition and 

pH of the water. Attempts to evaluate the effects of these various factors 

have been based upon two general methods of investigation: (1) growth of 

algae in pure culture and (2) chemical and physical studies of various types 

of habitat. The results obtained by either method are so inconclusive and 

contradictory that one can make only very broad generalizations concern¬ 

ing the effects of the various factors. 

Light. Light is an essential for photosynthesis, but algae differ markedly 

in respect to their tolerance of light intensity. Some of the aerial algae, 

as terrestrial species of Vaucheria, are indifferent to the intensity of light; 

other aerial algae, particularly many Myxophyceae, grow only in shaded 

habitats. Aquatic algae of unshaded pools are usually considered as 

growing in full sunlight, but the more deeply submerged ones are not so 

strongly illuminated as those at the surface, because there is a geometrical 

decrease in intensity of illumination with an arithmetic increase in depth. 

Despite this, many algae show a greater rate of photosynthesis at a certain 

depth than they do at the surf ace. ‘ 

As is well known, there is a qualitative penetration of light in water and 

a greater absorption at the red end of the spectrum (see Table III). How¬ 

ever, the extent to which the various rays penetrate the water is affected 

by the color of the water, its turbidity, and the amount of dissolved salts.^ 

The vertical distribution evident in the attached algae of deep-water lakes^ 

is directly correlated with the intensity of illumination at different levels; 

and there, are certain algae, especially Rhodophyceae and Myxophyceae, 

that are found only many meters below the surface. 

According to the theory of complementary chromatic adaptation (see 
page 546), light also affects the coloration of algae containing phycoerythrin 

and phycocyanin. 

1 Manning, Juday, and Wolf, 1939. * Pietbnpol, 1918. 
* Oberdorfer, 1927; Zimmermann, 1927. 
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Temperature. Temperature rarely plays a direct role in the accli¬ 

matization of algae in new localities, but it has a very important effect 

in its acceleration or retardation of growth and reproduction. Under 

exceptional conditions, as in thermal algae and the cryovegetation, the 

temperature of the habitat restricts the algal population to certain species. 

A few algae, as Hydrurus, are found in very cold waters, but in most cases 

temperature is not a factor determining the nature of the algal flora, 

since most species are able to develop if other conditions are favorable. 

Temperature is probably the limiting factor for the algae restricted 
to tropical and subtropical regions. This is shown by the known cases 

where tropical algae have been introduced into colder regions^ and where 

they developed luxuriantly the first summer but were unable to over¬ 

winter in the colder climate. 

Table III. The Amount of Surface Illumination Penetrating to Various 

Depths in a Fresh-w ater Laki: (the Lake of Constance*) 

Depth, m. 

Intensity of illumination compared with that of the 
surface, per cent 

Red Blue Violet 

1 61.8 66.3 72.6 
5 9.0 12.8 20.0 

10 0.81 1.6 4.0 
20 0.0066 0.026 0.16 
30 0.000053 0.00044 0.0064 

*Oberdobper, 1927. 

Inorganic Compounds. The elements essential for growth of the algae 

are the same as those necessary for the growth of higher plants. Calcium 

is not an essential element for many algae,2 but certain of them are un¬ 

able to develop in a medium lacking it. Silicon is an additional element 

necessary for the growth of diatoms. 

The marked differences in the algal flora of various regions are directly 

correlated with the amount of calcium. The algae of soft-water regions 

(calciphohes) are largely desmids and certain species of Chrysophyceae, 
Myxophyceae, and Chlorophyceae. These algae are rarely found in the 

calciphilic flora of hard-water regions. The distinction between calci- 

philic and calciphobic algae rests more upon the pH value of the water 

than upon the amount of calcium,^ since it has been shown that the bottom 

and littoral flora of lakes in limestone regions may have a rich calciphobic 

element^ if suitable conditions of acidity prevail. The pH value of the 

1 Collins, 1916. * Prinqsheim, E. G., 1946. « StrOm, 1926. 

* Str5m, 1924A. 
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water has been shown to be a limiting factor for many algae/ especially 
species of desmids, but these observations must be repeated for many 
localities before one can make generalizations upon the distribution of 
particular species. 

Calcium and magnesium are also of importance in their influence upon 
the total number of algae present, because their bicarbonates furnish a 
supplemental supply of carbon dioxide for photosynthesis. The greater 
abundance of algae in hard-water lakes, as compared with their abundance 
in soft-water lakes, is traceable directly to a utilization of dissolved bicar¬ 
bonates in photosynthesis.* 

One would suppose that the total mineral content of the water would be 
an important factor governing the occurrence of algae, but this does not 
seem to be the case. Thus, the extensive algal flora of Devils Lake, 
North Dakota, a brackish-water lake with a salinity of about 1 per cent, 
is quite similar to that of other lakes in the region that have a much smaller 
proportion of dissolved salts.® In the case of ^‘brine lakes” (see page 22), 
the nature of the algal flora is directly traceable to the mineral content of 
the water. 

Laboratory experiments have shown that small quantities of many 
elements are toxic to algae, but iron is the only one of these that is of 
importance in nature. Most algae grow best when the Fe203 content of 
the water is 0.2 to 2.0 mg. per liter, and there is a distinct toxic effect 
when the amount of available iron is over 5 mg. Many natural waters 
have a total iron content of more than 5 mg. per liter, but these waters 
are not toxic because of the buffer action of organic compounds or of 
calcium salts.^ 

. Many of the higher plants show a decided preference for nitrates as 
the source of nitrogen. A majority of the algae grow equally well when 
their nitrogen is obtained from nitrates, nitrites, or ammonium compounds. 
Algae may also utilize more complex nitrogenous compounds as the source 
of nitrogen. Under certain outdoor conditions the nature and amount of 
available nitrogenous compounds have a direct influence upon the algal 
flora. This is especially true of barnyard waters, where the abundance of 
chlamydomonads and euglenoids is traceable to the richness in ammonia. 
Another example of an abundant nitrogen supply determining the nature 
of the algal flora is to be seen in the predominance of Prasiola on rocks 
covered with the droppings of sea birds. 

Organic compounds dissolved in the water affect the nature of the algal 
flora, but the problem is so complex that it is impossible to determine their 

‘ Wehblb, 1927. 2 BiRGE and Juday, 1911. 
» Moore, 1917; Moore and Carter, 1923. ^ Uspbnski, 1927. 
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effect upon the flora. This is especially true of peaty moors and swampy 
areas where the characteristic flora is undoubtedly due in considerable 
part to the dissolved organic materials. 

THE ALGAE OF DIFFERENT TYPES OF HABITAT 

The striking differences between the algae of various habitats tempt one 
to undertake an elaborate ecological classification with or without special 
ecological terms, but one soon runs into difficulties. For example, it is 
difficult to draw precise limits between aerial algae that obtain all their 
water from moisture in the air, and terrestrial algae that obtain their 
moisture partly from the air and partly from the ground water. It is also 
difficult to draw sharp distinctions on the basis of the nature of the habitat, 
since there are no precise limits between pools and lakes, or between swiftly 
running and more slowly moving waters. 

For convenience in discussion, the habitats of algae will be divided into 
three groups: (1) aerial habitats, (2) aquatic habitats, and (3) unusual 
habitats. 

Aerial Habitats. Aerial algae have been defined^ as algae that obtain 
their water wholly or in large part from moisture in the air. They are also 
able to endure drought without entering upon special resting stages. 
Strictly aerial algae are found on the bark and leaves of trees, on woodwork, 
on stones, and on rocky cliffs. Most of these algae belong to the Chloro- 
phyceae and Protococcus, Trentepohlia, and Prasiola are conspicuous mem¬ 
bers of the aerial flora. A moisture-laden atmosphere favors the develop¬ 
ment of aerial algae. This is usually due to abundant rainfall, as in 
northern Europe and in the tropics. However, aerial algae may develop 
in considerable abundance in relatively arid regions where there is a lo¬ 
calized area of moisture-laden air. An excellent example of this is seen 
in the profuse development of Trentepohlia on trees next to the shore of 
the Monterey peninsula, California, ^rial algae usually grow on the 
shaded side of the substratum, but protection from prevailing winds is 
probably of greater importance than shade. 

Adaptation to an aerial existence depends more upon the water-retain¬ 
ing than upon the water-absorbing capacity of the cells.^ The ability to 
withstand desiccation seems to rest upon the high osmotic concentration 
within the cell and the highly viscous state of the protoplasm.* 

Terrestrial algae are more nearly aerial than aquatic, but it is impossible 
to differentiate between aerial and terrestrial on the basis of the source of 
water. The number of soil-inhabiting algae is far greater than was for- 

^ Petersen, 1916, 1928. * Howland, 1929; Schmid, 1927. 
* Fritsch, 1922; Fritsch and Haines, 1923. 
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merly supposed and includes many species of Chlorophyceae, Myxophy- 
ceae, Xanthophyceae, and Bacillariophyceae.^ Certain of the soil-in- 
habiting genera {Botrydium, Protosiphon, Botrydiopsis, Zygogonium) are 
strictly terrestrial, but most of the genera are also known from aquatic 
habitats. 

In the Middle West development of soil algae into an extensive green 
coating on the soil occurs only during especially rainy years; in California, 
there is regularly a development of such coatings during the rainy winter 
months. Sometimes the algae grow in large patches, an acre or more in 
extent, that consist largely of a single genus. Vaucheria is a good ex¬ 
ample of this. More often, terrestrial algae grow in small patches, a few 
inches in diameter, that contain a^uniFer* oFs^cies. 
species^present^ften de^nd upon the textiir^and^bemi^Tcomposition of 
the~g^ TEeWeet of soil texture upon the nature of the algal Tlora comes 
out quite clearly when one compares the algae growing on a well-beaten 
path with those growing on bare loose soil next to the path. Examples of 
the influence of chemical environment are found in the restriction of 
Zygogonium to acid soils and in the restriction of Prasiola to soil rich in 
nitrogenous matter. 

Terrestrial algae also grow beneath the surface of the soil and even at a 
depth of a meter or more. These algae are rarely evident when one makes 
a microscopical examination oFs^iples of subterranean soil, but they soon 
appear in culturei~^arted~from such^amples.^ ~ 

Soil-dwelling algae, like strictly aerial algae, are able to withstand pro¬ 
longed desiccation. This is especially evident in regions with a long rainless 
season, as California, where a coating of algae appears upon the soil a few 
days after the rainy season begins. Many of these algae pass through the 
dry season in a vegetative condition. The length of time that soil algae 
can withstand desiccation is remarkable, and some of them are able to 
resume growth after drying for 50 years.^ 

Moist and inundated rocks offer a substratum intermediate between 
subaerial and strictly aquatic habitats. Moist rocks have been inter¬ 
preted^ as subaerial habitats with a maximum of aeration. Dampening 
and flooding of such rocks may be due to continual seepage from faults in 
exposed rocky cliffs, or to the spray from waterfalls. Algae growing on 
damp rocks are mostly filamentous Myxophyceae (especially Stigonema 
and Scytonema), but sometimes there are large gelatinous masses of desmids, 
especially Mesotaenium and certain species of Cosmarium, Rocks moist- 

1 Bristol-Roach, 1919, 1920; Fritsch and John, 1942; Petersen, 1928, 1935. 
* Bristol-Roach, 1919, 1926; Fritsch and John, 1942; Moore and Carter, 1926; 

Petersen, 1935; Singh, 1939. 
* Bristol-Roach, 1919, 1920. * StrOm, 1926. 
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ened by the spray from waterfalls are frequently covered with such fila¬ 
mentous Chlorophyceae as Ulothrix, Siichoccus, and Cladophora, 

Aquatic Algae. The habitats of strictly aquatic algae are of four general 
types (a) flowing waters, (6) ponds and lakes, (c) pools and ditches, (d) 
bogs and swamps. 

The algae of swiftly running waters are more distinctive than those 
of any other type of aquatic habitat and include a larger percentage of 
species restricted to the particular habitat. Algae found in rapids and 
waterfalls include representatives of the Myxophyceae, Rhodophyceae, 
Chrysophyceae, Chlorophyceae, and Bacillariophyceae. Rhodophyceae 
have an especial tendency to be restricted to rapid waters and many of 
them [Hildenbrandia, Audouinella {Chantransia), and Lemanea] are known 
only from the turbulent portions of streams. Sometimes the temperature 
of the water is also of importance in determining the nature of the flora, 
and there are certain algae, notably Hydrums and certain species of Prasiola, 
that are found only in very cold and very rapid waters. 

The algae of swiftly flowing waters are of two distinct morphological 
types: encrusting algae and those in which the greater part of the thallus 
projects into or trails in the current. Algae of the encnisting type include 
Hildenbrandia, Chamaesiphonaceae, and various diatoms.^ To these 
should be added Gongrosira, Fridaea, Rivularia, and other filamentous algae 
in which the thallus is heavily impregnated with lime. Lemanea^ Audoui- 
nellay Batrachospermurriy and Hydrurus are the most frequent of cataract 
algae with a trailing thallus. 

Slower flowing portions of streams have an algal flora markedly differ¬ 
ent from that of rapids. Streams with clear water often have the stones 
and boulders covered with trailing strands of Uloihrix, Stigeocloniurriy 
Draparnaldia, Cladophora^ and filamentous Myxophyceae. Vaucheria, Zyg- 
nemataceae, and Oedogoniaceae often occur in abundance in gently 
flowing portions of streams but rarely in a fruiting condition. Except 
for the rapidly flowing portions, streams have a monotonous algal flora 
and one far less rich than that of lakes and pools. 

Quiet stretches of streams and backwaters have an algal flora composed 
in part of the same alga^ found in portions where the current is moving 
slowly. In addition to these there are also algae characteristic of pools 
and other standing waters. 

There are two distinct elements in the flora of lakes and ponds: the 
benthos, or shore and bottom algae; and the plankton, or free-floating algae. 
The plankton of lakes and ponds may contain algae that have drifted 
from the benthos, but for the most part it consists of algae not found in 
the benthos. Plankton algae may be present in sufficient quantity to 

1 West, G. S., 1916. * Fritsch, 1929A. 
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color the water, but more often they are so scanty that special means 
must be employed (see page 31) to obtain a quantity sufficient for micro¬ 
scopical examination. A majority of the species found in the plankton 
are unicellular rather than colonial, but conditions may be reversed as 
far as the total number of individuals is concerned. This is especially 
true of ‘‘water blooms,’’ where the algae developing in quantity are usually 
colonial Myxophyceae.^ 

Some hundreds of species are known only from the plankton, and the 
great majority of these are Desmidiaceae and Chlorococcales.^ The latter 
are especially striking and include Micractiniurriy Golenkiniay Chodatellay 

and many species of Tetraedron, Species of Myxophyeeae, Bacillarieae, 
and Chrysophyceae are less numerous, but they often compose the bulk 
of the plankton. Many of the plankton algae are morphologically adapted 
to a pelagic life, because of their long gelatinous bristles, wide gelatinous 
sheaths, flattened colonies, or coiled filaments.^ All the features just 
mentioned tend to give these algae greater buoyancy. 

Size and depth are not important factors in the development of a true 
plankton flora by a lake or pond. Permanent pools less than a meter 
deep and a hectare in extent may have a plankton flora as distinctive as 
that of a body of water the size and depth of Lake Superior. However, 
the plankton community {heleoplankton) of small and shallow pools is 
often quite different from the Urnnoplankton of larger lakes.'* This is 
especially noticeable in regions where small ponds adjoin deep lakes, as 
in northwestern lowa,^ and where the heleoplankton is much richer in 
Chodatellay Micractinium, and Golenkinia than is the limnoplankton. 

On the basis of the species present, the plankton flora may also be divided 
into two distinct types: the Caledonian and the Baltic. The Caledonian 
type, so-called* because it was first discovered in Scotland,^ is rich in 
species but small in bulk. Desmids are the predominating algae in this 
plankton flora, and there are relatively few Chroococcales and Hormo- 
gonales. Lakes of the Baltic type have relatively few species in the plank¬ 
ton, but these are usually present in considerable quantity. The Baltic 
phytoplankton has a predominance of Chlorococcales and Myxophyeeae, 
and a conspicuous poverty in species of Desmidiaceae. Desmid-rich lakes 
are usually found in geological formations older than the Mississippian, 
and it has been held® that the antiquity of the region is the primary cause 
of a plankton flora of the Caledonian type. However, mere antiquity of a 
region is not the cause since most lakes are of very recent formation, and 
the entire plankton population has been introduced since the glacial age. 

1 Smith, G. M., 1924. * Smith, G. M., 1920, 1924, 192L4, 1926. 
* Lemmermann, 1904i4; Smith, G. M., 1924; West, W. and G. S., 1909. — 
* Zacharias, O., 1898. * Smith, G. M., 1926. • Teilinq, 19164. 
’ West, W. and G. S., 19034. ® West, W. and G. S., 1906, 1909. ^ 
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Lakes of the Caledonian type have also been found in areas more recent 
than the Mississippian.^ The factor determining the nature of the plank¬ 
ton flora is the hardness of the water, and a Caledonian flora is found only 
in waters poor in calcium.^ 

Studies on the plankton algae in artificial lakes of known age show® that 
it takes considerable time before a lake develops a true plankton flora, and 
that the plankton organisms are not introduced from the surrounding 
drainage area. However, a true plankton flora may develop in artificial 
pools within a very short time if the waters are inoculated with the proper 
algae. This is well illustrated by the true plankton flora of 5-year-old 
pools at a goldfish hatchery near Palo Alto, California. 

Many of the species in the benthic flora of ponds and lakes are also 
found in small pools and ditches. Differences in composition of the benthos 
from lake to lake are in part dependent upon hardness of the water, and 
in part upon the marshy, sandy, or rocky nature of the shore. The 
only distinctive portion of the benthic flora is that at the bottom of deep 
lakes, where the algae grow in greatly diminished light in which the in¬ 
tensity of violet rays is more than a hundred times that of red and blue 
rays. The quality of the light profoundly affects the nature of the flora, 
and at a depth of 15 to 20 m. there are more Myxophyceae and Rhodo- 
phyceae than there are Chlorophyceae.'* The few Chlorophyceae which 
grow at deep levels, as Dichotomosiphon tuberosus (A.Br.) Ernst and Clado- 

phora profunda Brand, are rarely found in the upper portion of the benthos. 
Deep-water Chlorophyceae are of the same color as those growing 
near the surface; depth-inhabiting Rhodophyceae and Myxophyceae are 
almost always of a bright red color. 

The algal flora of permanent and semipermanent pools and ditches is 
richer and more varied than that of any other type of habitat. Floating 
filamentous Chlorophyceae, especially Zygnemataceae and Oedogoniaceae, 
occur in abundance. Bacillariophyceae, Myxophyceae, Xanthophyceae, 
and Chlorococcales grow intermingled with the filamentous Chlorophyceae 
but occur in even greater abundance among or upon the submerged macro¬ 
phytes. 

The semiepiphytic flora growing in gelatinous masses on submerged 
plants in bogs and swamps is even richer than that growing on plants in 
pools and ditches. This is especially the case in swampy areas of soft- 
water regions, where there is a predominance of desmids in the algal flora. 

Algae of Unusual Habitats. There is a surprisingly long list of algae 
that have become restricted to unusual environmental conditions or to 
particular substrata. 

* Smith, G. M., 1920. * Smith, G. M., 1924; StrOm, 1926. 
• Smith, G. M., 1924. 
^Geitler, 192^; Oberdorfer, 1927; Pascher, 1923; Zimmermann, 1927. 
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Certain algae have become adapted to extraordinary conditions of 
temperature. At one extreme are those growing on snow and ice; at the 
other extreme are those growing in water whose temperature is near the 
boiling point. 

Algae of snow and ice, the cryovegetation, are usually regarded as being 
restricted to regions of perpetual snow. This is not always the case since, 
as in Southern California, they are also found at the top of mountains 
where there is a complete melting of the snow every summer. Snow algae 
are often present in sufficient abundance to color the snow red, yellowish 
green, green, or brown. Red snow is often due to Chlamydomanas nivalis 

(Bauer) Wille and to a development of hematochrome in the large immobile 
akinetes. Green snow on European mountains is usually due to Raphi- 

donema, but in this country it may be due to other algae. Thus, Chlamy- 

domonas yellowstonensis Kol was found to be the predominant organism in 
green snow in Yellowstone National Park,^ and an undetermined species of 
Euglena the predominant organism of green snow in Nebraska.^ A pre¬ 
dominance of the desmid Ancylonema Nordenskioldii Berggr. colors the 
snow brownish to purplish.^ The total list of algae in the cryovegetation 
of any region may be twenty or more. The majority are members of the 
Chlorophyceae. 

Thermal algae are present wherever there are hot springs. In this 
country the most extensive development of thermal algae is in Yellowstone 
National Park. Here/ some of them can grow and multiply at temperatures 
as high as 85®C. Practically all the strictly thermal algae are Myxo- 
phyceae. 
' The ‘‘brine lakes’^ found in arid regions of this and other countries repre¬ 
sent an unusual environment with a distinctive algal flora. Truly halo- 
phytic algae have been defined^ as those able to develop in solutions with 
a sodium chloride concentration of more than 3 molar (17:55 per cent). 
The best known halophytic Chlorophyceae are Dunaliella and Stephanop- 

tera. 

There are many algae found only in association with specific plants or 
animals. Most of the animals bearing particular algae live in or about 
the water, but there are a few land animals regularly harboring algae. 
The most interesting of the latter is the three-toed sloth where a Protococ- 
cus-like alga growing upon the hairs gives the animal a distinctly greenish 
coloration.® Algae associated with aquatic animals may be epizoic or 
endozoic. Epizoic algae may grow upon animals of large size, as Basi- 

cladia and Dermatophyton upon turtles; or on animals of small size, as 
Chara^um upon plankton Crustacea. Endozoic algae may have a para- 

‘ Kol, 1941. * Kiener, 1944. « Kol, 1944. * Copeland, 1936. 
• Hof and Fr6mt, 1932. • Sonntao, 1922. 
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si tic or a symbiotic relationship with the host. In some cases, as the color¬ 
less Myxophyceae' and Dinophyceae,^ there is a true parasitism in which 
the alga is nourished by the host. Other endozoic algae are space para¬ 
sites. The “perforating algae’’ found in shells of molluscs are the best 
known space parasites and include representatives of the Myxophyceae 
and Chlorophyceae. Symbiotic algae contribute far more than they re¬ 
ceive from the animal. In a majority of cases, the symbiotic algae are 
species of Chlorella or of related genera, and these are found® in a wide 
variety of uni- and multicellular animals. 

The list of algae associated with particular plants is also extensive. 
Most of the algae epiphytic upon other algae are not restricted to a particu¬ 
lar host. The host is usually one of the filamentous Chlorophyceae. Some 
phycologists^ hold that cessation of elongation of the host is the primary 
factor resulting in an accumulation of epiphytes upon filamentous algae, 
but others® think that chemical composition of cell walls of the host is the 
major factor. Young, vigorously growing Zygnemataceae are poor in 
epiphytes, because the outer pectose layer is continually dissolving away; 
old filaments are often covered with epiphytes after the pectose layer is 
dissolved away. 

Lichens are the best known case of symbiosis of algae with other plants, 
but algae are also symbionts with plants other than fungi. Several species 
of Myxophyceae have been found within the protoplasts of colorless Tetra- 
sporales and Chlorococcales.® In this symbiosis the photosynthetic ac¬ 
tivity of the Myxophyceae supplies the needs of both plants. Some of the 
algae within the tissues of higher plants (as the Anahaena within Azolla, 

or the Nostoc within Anthoceros) are examples of symbiosis in which the 
two plants have no mutual effect on each other. Other algae within higher 
plants, as the Anahaena in roots of Cycas^’’ represent a true symbiosis in 
which each member of the pair contributes to the mutual support. 

There are also several algae that are parasitic upon the leaves and 
twigs of land plants. All these algae belong to the Chlorophyceae, and 
the best known are Phyllosiphon^ Cephaleuros, Chlorochytrium, and Rhodo- 

chytrium. These parasites are found upon a wide variety of unrelated 
hosts and may or may not cause injury to the plant in which they are grow¬ 
ing. 

Periodicity of Fresh-water Algae. The seasonal succession of algae is a 
problem that has long attracted the attention of algologists, but many of 
the studies on periodicity have been restricted to too limited areas to 
warrant generalizations. Practically all studies on periodicity of i^he phyto¬ 
plankton show that there is a spring maximum of diatoms, sometimes fol- 

^ Langeron, 1924; Petit, A., 1926., * Chatton, 1920. * Buchner, 1921. 
^ Cholnoky, 1927B. ® Tiffany, [1924. • Pascher, 1929. ^ Spratt, 1911. 
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lowed by a second maximum in the fall, an early summer maximum of 
Chlorophyceae, and a late summer and early fall maximum of Myxophy- 
ceae.^ In lakes of the Caledonian type, these seasonal changes are not so 
pronounced, chiefly because the Myxophyceae do not increase in the 
autumn.* 

There is a similar periodicity in the benthos of lakes and ponds, and in 
the algae of pools and ditches, but this is more difficult to record, because 
the relative abundance and the time of fruiting of many species must be 
taken into consideration. Weekly observations on pools in central Illi¬ 
nois, continued through several years, show that the algae fall into six 
natural groups.*® 

1. Winter annualsj that begin their vegetative activity in the autumn and fruit in 

early spring (March and April). This group includes species of Trihonemay Drapar- 
naldiUj Tetraspora, and one or two of Spirogyra and Oedogonium. 

2. Spring annuals y that begin their vegetative activity in late autumn or early 

spring and attain their maximum development and reproduce during May. This 

group includes many Zygnemataceae, Oedogoniaceae, and other filamentous Chloro¬ 
phyceae. 

3. Summer annualsy that germinate in the spring and fruit most abundantly during 

July and August. Species of Oedogonium and Zygnemataceae are the most prom¬ 

inent in this series. 
4. Autumnal annualsy that begin vegetative development late in the spring and 

are most abundant in the autumn. This includes still other species of Oedogonium 
and certain Myxophyceae, as Gloeotrichia natans (Hedw.) Rab. 

5. Perennialsy whose vegetative cycle may be, or is, continuous from year to year. 
Cladophoraceae and certain Desmidiaceae belong to this series. 

6. Ephemeralsy that may appear in numbers for a short time at any season. 

Fluctuating changes in the temperature, dissolved salts, light intensity, 
and dissolved gases undoubtedly have a marked effect upon periodicity, 
but the interaction of these various factors is so complex that one can only 
hazard guesses concerning the specific action of each. The early develop¬ 
ment of certain algae in the spring {Tribonema, Diatomaceae, Volvocales) 
is correlated with their capacity to grow vigorously at low temperatures. 
Failure of the water to attain higher temperatures may also check the usual 
seasonal appearance of certain algae. An example of this is seen in the 
failure of certain plankton Myxophyceae to develop in abundance during 
especially cold summers.'* Temperature may also affect periodicity by 
accelerating or retarding physiological processes. Thus, temperature is 
one of the factors modifying the time of fruiting of various species of 
Spirogyra^ (Fig. 1). 

» Wesenbebg-Lund, 1904. 
* Smith, G. M., 1920; Wesenbebg-Lund, 1905; West, W. and G. S., 1912. 
* Transeau, 1913,1916. * Wesenbebg-Lund, 1904. * Tbanseau, 1916. 
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The annual variation in the intensity and duration of sunlight is another 
agency affecting the periodicity of algae. Some idea of the amount of this 
variation may be gained from measurements of light at the Lake of Con¬ 
stance (Switzerland). These measurements show that the total illumina¬ 
tion under midsummer conditions is about ten times that at midwinter.^ 
There are also midsummer and midwdriter differences in the amount of 
light penetrating various levels below the surface of the water. This 
seasonal fluctuation in illumination has been correlated with the maximal 
development of certain gre('n algae, as Uiothrix zonata (Weber and Mohr) 
Kiitz. and Spirogyra adnata Kutz., at different levels below the surface. 

Fig. 1. Curve showing the interrelation between temperature, specific surface (ratio between 
surface and volume), and the time of fruiting in Spirogyra. {From Transeau, 1916.) 

The late spring and early summer fruiting of many algae has been 
ascribed to a concentration of the dissolved salts due to a general lowering 
of the water level. There is little, if any, causal relationship between 
concentration of dissolved salts and fmiting.® Seasonal fluctuations in 
dissolved salts, caused by evaporation, are so slight that they have but 
little effect upon periodicity. Pools may have a sudden increase in the 
amount of dissolved salts following heavy rains, because of runoff from 
the surrounding drainage basin. The sudden addition of waters rich in 
silicon and nitrogen may disturb the regular periodicity and cause certain 
algae, especially diatoms, to develop in greater number.* Periodicity 

‘ Obbrdorfer, 1927. * Transeau, 1913,1916. » Pearsall, 1923. 
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may also be affected by the increase in the amount of dissolved organic 
compounds as the season progresses/ but the precise effect of the organic 
compounds is unknown. The marked seasonal change in the amount of 
carbon dioxide and oxygen dissolved in the water- is also a factor to be 
taken into consideration, but it is impossible to correlate such changes with 
the appearance and disappearance of the various components in the algal 
flora. 

^ Hodgetts, 1921-1922. ^ Birge and Juday, 1911. 



CHAPTER 3 

COLLECTION, PRESERVATION, AND METHODS OF STUDYING 
THE FRESH-WATER ALGAE 

Equipment for Collecting. The first requisite for the collection of 
algae is -an adequate supply of containers. One-ounce wide-mouthed 

bottles are very convenient, and a simple method of transporting the bot¬ 

tles on a field trip is to place them in the divided cartons in which eggs 

are sold by the dozen. One should also take along a few bottles of larger 

size, for samples of water and for the collection of Volvocales and other 

motile organisms. Bottles made of ordinary glass are not satisfactory for 

the collection of Chrysophyceae and other algae of very acid waters, be¬ 

cause, even within a few hours, sufficient alkali goes into solution to damage 

the algae. Containers of resistant glass (Pyrex) should, therefore, be 

used when collecting the algae from soft-water localities. Some of these 

algae inhabiting acid waters are so sensitive to alkalies that they go to 

pieces within a very short time when ordinary commercial slides and cover 

glasses are used in making water mounts for microscopical examination. 

The collector should carry along also a supply of sheets of wax paper for 

transporting collections of terrestrial algae without undue drying. Wax 

paper is also useful when collecting mats of filamentous algae that do not 

have to be placed in water for transportation to the laboratory. 

Equipment for collecting plankton algae is discussed on page 30. 

Many phycologists recommend the use of special rakes or dipnets for 

gathering algae growing so deeply in the water that one cannot reach them 

with the hand. The plant grapple devised by Pieters^ is as effective as 

any rake and has the great advantage of being small enough to be carried 

in the pocket. Another useful piece of collecing apparatus is a giant 

pipette, made by slipping an atomizer bulb over a 1-ft. length of glass tubing 

34 or 3.^ in. in diameter. One should also carry a stout pocketknife for 

scraping encrusting algae from stones, hacking off fragments of soft rock, 

and cutting off surface slivers from wood covered with algae. 

Methods of Collection. It is much better to make a thorough sampling 

of a few pools or other habitats, when on a collecting trip, than to attempt 

to gather one or two samples from a large number of stations. Nothing 

1 Ward and Whipple, 1918. 
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is more annoying when.one finds a collection rich in some rare alga, or 

containing a form too immature for determination, than to be unable to 

state precisely where the collection was made. For this reason, it is 

highly desirable to make precise notes at the time each collection is made, 

especially if several collections are made from the same body of water, and 

to make the notes sufficiently detailed to enable one to return to the exact 

spot where each collection was made. This may be done by numbering 

the bottles and making the notes in a record book. A simpler method is 

to write the necessary information on a small slip of paper and place the 

paper in the bottle. If the collection proves one worthy of preservation, 

it is then advisable to rewrite the data on a label and affix it to the bottle. 

When making collections, the bottles should be filled with algae to 

not more than a quarter of their capacity and water added nearly to fill 

the bottle. If the bottles are stuffed with algae to their full capacity, 

deterioration is apt to set in, and material is often unfit for examination, 

even after a few hours’ storage in stoppered bottles. Living algae show 

great variability in their ability to withstand storage in corked bottles 

containing, an adequate volume of water. Some, as Vaucheria, show signs 

of deterioration within 2 or 3 hr.; others, such as Cladophora or Oscillatoria, 

may be kept in stoppered bottles for several hours without injuring them. 

In any case, it is advisable to uncork all bottles as soon as one returns to 

the laboratory. 

One rarely collects all the algae present if collecting is restricted to the 

shores of pools. The best procedure in collecting from pools is to wade in, 

with or without rubber boots, to where the water is 1 or 2 ft. deep, and 

then collect samples from the surface and from the bottom. Samples 

from deeper portions of the pool, or from areas that one cannot reach by 

wading, may be gathered by means of the plant grapple described above. 

The filamentous algae one finds floating on the surface of the water are 

usually Zygnemataceae or Oedogoniaceae. Specific differences in these 

two families are based in large part upon the structure of their mature 

zygotes, and ripe fruiting material is essential for taxonomic studies. 

Microscopical examination at the time of collection will ensure the gather¬ 

ing of suitable material. One of the best procedures for this examination 

in the field is Taylor’s method^ of mounting a small portable microscope 

on a tripod designed for use with a hand camera and setting up the tripod 

in the pond. A hand lens with a magnification of 15 or 20 diameters 

is, however, of sufficient magnification to enable one to distinguish between 

sterile and fruiting material in the field. 

In addition to collecting the free-floating filamentous forms, one should 

examine and collect submerged twigs, dead culms of aquatics, and stones. 

1 Taylob, 1928A. 
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since these often harbor algae that do not grow free-floating. The best 

method of gathering the algal sludge at the bottom of pools and other 

waters is to use the giant pipette described on a previous page. The 

flocculent algal masses accumulating around stems of aquatics may be 

collected by pinching the stem between the fingers, with the hand palm 

upward, and then gently drawing the hand upward through the water. 

It takes time to develop the knack of lifting flocculent material in the 

open hand and through the water, but the richness of the material repays 

one for time spent in learning the method. The viscous brownish or green¬ 

ish liquid obtained by squeezing submerged aquatics, from which the 

superfluous water has been allowed to drain, contains many algae. Such 

squeezings collected from Afyriophyllum, Utricularia, and Sphagnum are 

usually rich in Chlorococcales, Desmidiaceae, and Bacillarieae. 

Permanent or semipermanent pools usually yield the greatest variety 

and abundance of algae. This does not mean that temporary pools 

should be neglected, sim^e they often contain quantities of Myxophyceae 

and Volvocales. Collections made from standing waters in barnyards, 

and other places where the water is rich in nitrogenous compounds, fre¬ 

quently contain unicellular or colonial Volvocales in abundance. 

As a general rule, streams are a poorer source of algae than standing 

waters, but streams should not be ignored since certain of the Ulotrichales 

and Rhodophyceae are restricted to clear, swiftly running water. These 

swift-water algae are apt to be abundant around dam sites, especially if 

the dam has a wooden spillway. Rocks continually moistened by the 

spray from dams, as well as those dampened by the spray from waterfalls, 

support a type of algal vegetation not found elsewhere. Algae also develop 

in extensive felt-like or gelatinous masses upon rocky cliffs where there is 

a continuous trickle of water. Myxophyceae, especially Scytonema and 

Stigonema, are the most frequently encountered algae on dripping cliffs. 

The collector should also bear in mind that damp soil, damp brickwork, 

and wet wood harbor algae not found elsewhere. In regions with a definite 

rainy season, as California, where the ground is continuously soaked for 

2 or 3 months, practically every bare spot of soil is rich in such algae as 

Vaucheria, Botrydium, Cylindrospermum, Oscillatoria^ or Microcoleus. In 

the eastern part of the United States terrestrial algae are conspicuous 

only during especially wet seasons. The muddy shores of retreating i)ools 

and slowly drying streams are often densely covered with these terrestrial 

algae. When gathering terrestrial algae, it is best to take up a portion of 

the substratum on which they are growing, and to wrap the material in 

wax paper for transportation to the laboratory. 

Collections from what appear to be the least promising places, as a 

shallow rainwater puddle in a path, may yield algae of interest. This 
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justifies the statement that no place should be passed by too carelessly, 

since surprising discoveries may be missed by such lack of attention. One 

should also keep in mind the algae associated with animals, the perforating 

algae growing in shells of molluscs, the distinctive flora in the backs of 

turtles, and the epiphytes on the smaller Crustacea. There are also algae 

that are associated with specific aquatic plants, as the Chlorochyirium in 

Lemna, and the usual epiphytism of Coleochaete on old culms of Typha, 

European phycologists have described a number of epiphytes and endo¬ 

phytes from leaves of Sphagnum^ and many of these doubtless occur in this 

country also. The collector should also remember that certain algae, as 

Rhodochytrium and Phyllosiphon, are found within leaves of phanerogams 

that are not aquatic in habit. 

Plankton algae can be obtained, in quantity sufficient for study, only by 

means of special nets. Sometimes, when a ‘'water bloom” prevails, one 

may gather a sample by filling a bottle directly with green water, but such 

collections ordinarily contain but one or two species and give no idea of 

all the plankton algae present in the lake or pond. Plankton nets may be 

purchased from dealers in biological supplies, or one may make his own 

nets by following the directions given by Ward and Whipple (1918). 

However, even the finest of bolting silk nets catch but few of the smaller 

algae. It is, therefore, advisable to supplement the net catches with col¬ 

lections obtained by filtration of water through cotton disks. This may 

be done by using the apparatus originally designed for testing the amount 

of sediment in milk.^ Plankton collections uncontaminated by shore algae 

can be obtained only by towing the net from a boat. Such surface collec¬ 

tions usually contain specimens of all the phytoplankton in the water but, 

if one wishes collections from the lower levels, these may be obtained by 

means of a plankton pump. 

Laboratory Study of Living Algae. To prevent undue deterioration, 

one should uncork all bottles containing algae immediately upon return 

from any collecting trip. On an overnight collecting trip, it is helpful to 

remove the stoppers from the bottles when one returns to his lodgings and 

to recork them only for transportation back to the laboratory. If one is 

on a trip where it will be several days before the collections can be ex¬ 

amined, the material should be preserved at once, since the collections 

would otherwise deteriorate before the laboratory is reached. 

If one wishes to obtain a complete record of all the algae present, it is 

necessary to examine the collections while they are still alive. There is 

no satisfactory method for preserving motile Chlorophyceae and Chryso- 

phyceae so that the flagella and other delicate structures remain intact. 

1 Whipple, 1927. 
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Many other algae, especially Chlorococcales, preserve in an indifferent 

fashion, and it is practically impossible to make out such cytological struc¬ 

tures as the chromatophores from preserved material. Myxophyceae, 

Vaucheriaccae, Zygnematales, and Oedogoniaceae can be studied almost 

as well from preserved material as when in a living condition. 

Since the motile forms are usually the first to disintegrate, it is best to 

begin study of a collection by looking for them. Many motile algae are 

positively or negatively phototactic and tend to accumulate at one side of 

the surface of the water when collecting bottles are placed so that they 

receive one-sided illumination. Algae accumulating at the surface of the 

water should Ije removed by means of a pipetU; and examined directly in 

water mounts. Samples should also be taken from both the shaded and 

illuminated sides at the bottom of the hurtle, since some of the motile 

forms may accumulate there, instead of at the surface. 

Fig. 2. A hanging-drop culture mounted on a slide ring. 

The rapid disappearance of oxygen from the water and the intense il¬ 

lumination necessary for microscopical examination cause most swarming 

algae to come to rest and to show signs of disintegration within a few 

minutes after a water mount is put on the stage of a microscope. These 

deleterious effects may be overcome by placing motile algae in hanging-drop 

mounts, where they often remain alive for days. Hanging drops on ‘‘slide 

rings,obtainable from any dealer in microscope supplies, are to be pre¬ 

ferred to slides with a shallow well. The most convenient size of slide 

ring is one 18 by 5 mm., and it should be firmly cemented to an ordinary 

slide by means of vaseline, or a mixture of beeswax and vaseline, and the 

free edge of the slide ring coated with vaseline. One to four droplets of 

the material to be studied are placed upon a cover slip; the cover slip is 

then inverted and pressed firmly against the vaseline-coated margin of the 

slide ring (Fig. 2). Hanging drops in properly prepared mounts do not 

evaporate for days and so enable one to follow the history of a particular 

cell and to make drawings of it at various stages of its development. 
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Another advantage of the hanging drop is the tendency of motile cells 

to gather at one side of the drop and to remain immobile without retracting 

their flagella. It is usually difficult to study the flagella of algae in ordinary 

water mounts, because the motile cells are moving too swiftly, and those 

that have come to rest generally do so with the flagellated pole downward. 

All too often in ordinary mounts, individuals that have become immobile 

start to move just after one has adjusted the camera lucida and started 

to draw them. This difficulty may be overcome by placing a drop of 

material on a slide and inverting it for 15 to 30 sec. over a vial containing 

a 1 per cent solution of osmic acid before placing a cover slip on the slide. 

Flagella also remain intact when cells are killed with the iodine potassium 

iodide solution used in testing for starch, or when cells are treated with 

Noland’s combined fixing and staining mixture.^ Noland’s mixture is 

excellent for flagella but has the disadvantage of obscuring the cell contents. 

Motile forms killed by any of the foregoing methods should be compared 

with living cells in hanging drops, because flagella sometimes assume an 

abnormal position during fixation. 

Intra-vitam stains recommended for study of protozoa'^ are sometimes 

useful in studying the protoplasts of motile algae. A simple method for 

staining cell walls and gelatinous envelopes of motile and other algae is 

that of placing the alga in a drop of water on a slide, stirring the water with 

the point of an indelible pencil until the water becomes purple, and then 

examining microscopically. An addition of a minute drop of india ink 

to the mount makes visible the most watery of gelatinous sheaths. Micro¬ 

chemical tests for determining the nature of food reserves and the chemical 

composition of cell walls will be found in any handbook on microchemistry. 

Determination of species always involves accurate measurements. 

These may be computed from camera lucida drawings, but it is easier to 

use an ocular micrometer when measuring algae. Descriptions of the vari¬ 

ous types of ocular micrometer and of the method of calibrating them are 

to be found in most textbooks on microscopy. If the study of an alga in¬ 

volves anything more than a determination of the species, nothing is more 

valuable than a detailed accurate camera lucida drawing. In fact, even 

when a determination of the species is the object in view, accurate drawings 

are helpful in recording critical characters. The drawings should be made 

with a pencil of sufficient hardness (3PI or 4H) to permit considerable han¬ 

dling of the drawings without smudging. A hard smooth-surface drawing 

paper should be used, because one often wishes to ink in the drawings. 

Reynold’s three-ply Bristol board is a very satisfactory paper. The draw¬ 

ings should be affixed to sheets of uniform size (11- by 83^-in. sheets of type¬ 

writer paper of good quality are very convenient), each sheet being devoted 

* Noland, 1928. * Wenrich, 1937. 
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to one species. The drawings may be lightly glued to the sheet, but the 

gummed corners used for mounting photographs are more satisfactory, 

since they permit the removal of the drawings from the sheet without in¬ 

juring them. The iconography of original drawings that one gradually 

accumulates is of invaluable service in affording a record of past observa¬ 

tions and as a means of comparing a specimen under observation with one 

collected some years ago. 

After observing the motile forms in a collection and making hanging-drop 

cultures of those desired for further study, one should next take up the 

Chlorococcales. These algae can be studied quite satisfactorily in water 

mounts, if they are in a healthy living condition. One difficulty frequently 

encountered in temporary water mounts is a drifting of the object from the 

field, just as the camera lucida has been set or as the drawing is half com¬ 

pleted. The drifting is due to evaporation of water from the edges of the 

cover glass and may be overcome by smearing all edges of the cover glass 

with oil before making the mount. Mounts sealed in this manner remain 

intact for days, and the cells show no abnormalities for the first few hours. 

Many of the Chlorophyceae reproduce by means of zoospores or zooga¬ 

metes, and one should always be on the lookout for these motile stages. 

The shock of change from the natural environment to the laboratory often 

induces a formation of zoospores, or of gametes, the day after collections 

are made. Frequently the swarming induced by the changed environment 

takes place at daybreak and is completed within a couple of hours. However, 

the student need not be at the laboratory by daybreak if he has placed the 

collection in a darkroom the night before. Algae brought from the dark¬ 

room to the laboratory at any time before noon often swarm freely, shortly 

after the transfer. Sometimes the swarming can be delayed until the after¬ 

noon by placing the collection in a dark icebox and then bringing it into the 

light. Algae which do not swarm when first brought into the laboratory 

may sometimes be induced to do so by keeping them in darkness or at low 

temperatures for two or three days and then bringing them into the labora¬ 

tory, or by transferring them from the sunny to the shaded side of 

the laboratory, or vice versa. Aerial and terrestrial algae often swarm 

freely when flooded with water. This may take place within a very few 

minutes, as is the case with Trentepohlia, but more often it occurs the day 

after flooding. The failure of algae to produce swarmers in the laboratory 

is sometimes due to traces of illuminating gas in the air. Collections placed 

in greenhouses, or other buildings not supplied with gas, may show swarm¬ 

ing stages that do not appear in duplicate collections kept in the laboratory. 

There is no certain method for obtaining reproductive stages of algae; 

and when one is fortunate enough to encounter swarming, all other studies 

should be neglected. Hanging-drop mounts of swarming algae give more 
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accurate information concerning the duration of swarming than do ordinary 

water mounts, because the swarming period in the latter is almost always 

prematurely shortened. The use of hanging drops also enables one to 

follow the development of germlings or the ripening of zygotes for several 

successive days and to make a series of drawings of a particular specimen. 

There are no short cuts for studies on cell division, or studies on the nu¬ 

clear behavior preceding swarming. In a majority of the fresh-water algae 

these stages occur during the night. It is often necessary to follow the life 

history of an alga from sunset to daybreak to obtain such stages. Fixation 

at hourly intervals will generally yield a sufficiently close series for cyto- 

logical study. 

Germinating stages of aplanospores, akinetes, and of zygotes are much 

more infrequent than are swarming stages of vegetative cells. Such cases 

of germination as have been found in the past have been largely a matter of 

good fortune. Methods developed for inducing a germination of zygotes of 

Volvocales^ may prove useful in studying the resting cells of other algae. 

The general procedure just described for the Chlorophyceac is ecjually 

applicable to the Xanthophyceae, Dinophyceae, and Chrysophyceae. The 

same is also true of Myxophyceae and Rhodophyceae, except for the portion 

dealing with swarming stages. The systematics of the Bacillariophyceae 

hinge so largely upon structure and ornamentation of the cell wall that liv¬ 

ing material is a hindrance rather than a help in taxonomic studies. 

Methods used in studying diatoms are briefly mentioned on page 35. 

Preservation of Fresh-water Algae. The methods used for the preserva¬ 

tion of algae for future examination depend upon the purposes for which* 

the algae are desired and upon the algae to be preserved. Material for 

taxonomic studies may be preserved in fluids. The simplest procedure is 

to add sufficient commercial formalin to the collection to make a 2 to 4 per 

cent solution, recork the bottles, and store for future reference. Another 

simple method of preservation is to replace the water in the collection with 

a mixture of formalin, acetic acid, and alcohol,* in which the algae may be 

stored indefinitely. Numerous attempts have been made to devise solu¬ 

tions that will preserve the color of chromatophores, but these are not par¬ 

ticularly successful except with certain Chlorophyceae and Xanthophyceae. 

The most satisfactory of these is the mixture proposed by Keefe.^ 

Some of the collections preserved in liquids are certain to go to dryness 

through failure to cork firmly, faulty corks, or deterioration of the corks. 

Dried-out collections cannot be be restored by adding more liquid. It is, 

* Strehlow, 1929. 
* Glacial acetic acid, 30 cc.; commercial formalin, 65 cc.; 60 per cent alcohol, 

1,000 cc. 
* Keefe, 1926. 



COLLECTION, PRESERVATION 35 

therefore, advisable to replace the original preserving fluid with a 5 per cent 

solution of glycerin in 50 per cent alcohol before permanent storage of col¬ 

lections. The glycerin prevents complete drying out of the collection and 

enables one to add more liquid and thus save the material. 

Many phycologists build up a series of permanent mounts, for 

rapid reference to algae previously collected, and to avoid a continual open¬ 

ing of bottles containing materials stored in liquids. These preparations 

are usually mounted in glycerin, or in glycerin jelly. Directions for making 

mounts of this sort may be found in any of the general handbooks on micro¬ 

technique. Since a certain percentage of the mounts deteriorate through 

evaporation, it is advisable to make duplicate mounts of the rarer algae. 

Permanent mounting of desmids involves a special technique since empty 

cells must be selected, and the cells must be so oriented that they may be 

viewed from the front, top, and side. Bullard’s method* for picking out and 

orienting individual desmids is invaluable to one making taxonomic studies 

of this group. Preparations made in this manner enable one to use the 

“type slide” method of the diatomist, a method that permits rapid and 

repeated examination and comparison of specimens. 

Preparation of diatoms for study involves a “cleaning” of the cells (a 

destruction of all organic matter in the cell with suitable reagents) and a 

mounting of the siliceous remains in a medium with a high refractive index 

to bring out the markings on the wall.* Diatomists make permanent 

mounts of cleaned material as “strewn slides,” or pick out individual frus- 

tules with a mechanical finger and mount them as type slides. Diatoms 

are treated in the same manner as other algae when it comes to the study 

of their protoplasts. 
Earlier workers in the field of taxonomy made herbarium specimens of all 

algae. The custom of building up herbanums of fresh-water algae fell into 

disrepute about the turn of the century, but today several phycologists arc 

reviving the practice. The value of a herbarium specimen depends in part 

upon the manner in which it is prepared. Drouct^ recommends drying the 

material as quickly as possible and without the aid of heat. He finds that 

the best preparations are secured when the material is reduced to a dried 

condition in open air (in front of a shaded open window or an electric fan) 

within an hour after removal from the habitat. When Myxophyceae are 

dried in this manner, the shape of the cells and even protoplasmic characters 

of color and granulation are preserved. The coarser forms may be dried 

1 Bullard, 1921. 
* General descriptions of the techniques of diatomists are found in Bellido, 1927; 

Edwards, Johnson, and Smith, 1877; Hanna and Driver, 1924; Hustedt, 1927; 

Mann, 1922; and Van Heurck, 1880-1885. 

* Drouet, 1938. 
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on small squares of herbarium paper; the smaller filamentous forms and all 

unicellular forms are more easily examined when dried on sheets of mica. 

Myxophyceae and the zygotes of Oedogoniaceae and Zygnemataceae return 

to approximately the original condition when soaked in water. The cells 

of other algae are usually too badly shriveled to be of much service, but 

sometimes they may be restored to a condition suitable for microscopical 

examination by placing them in a drop of lactic acid and gently warming. 

Cytological Methods. Studies on the details of cellular structure and on 

nuclear phenomena involve a killing, fixing, and staining of the material. 

The reader is referred to Johansen’s treatise^ for a comprehensive discussion 

of these subjects. 

Cultivation of Algae. There is no general method by which collections 

of algae may be kept alive in the laboratory for indefinite periods. Aquatic 

algae can usually be maintained for some time if a small quantity of material 

is put in a glass container with a large volume of water and not exposed to 

direct sunlight. Water from the habitat where the alga is growing is often 

the best culture solution, and in this day of automobile transportation it is 

not a difficult matter to carry an adequate supply of water back to the labo¬ 

ratory. The various nutritive solutions devised for the cultivation of algae 

are successful with certain algae but not with others. In attempting to 

cultivate any particular species in nutrient solutions, it would be well to 

consult Bold’s^ extensive review to see whether or not previous in¬ 

vestigators have found a suitable nutrient solution for growing the alga. 

Sometimes, failure of algae to grow in the laboratory is due to leakage of gas. 

The high temperature to which laboratories are heated in this country is 

also detrimental to the growth of algae and not infrequently the cause of a 

deterioration of cultures. 

Cultures of aquatic algae in aquariums or in hanging drops can often be 

maintained long enough to permit the ripening of immature fruiting ma¬ 

terial or the development of germination stages. However, algae 

maintained under laboratory conditions so frequently develop abnormal 

thalli that one should compare the laboratory-grown algae with freshly 

gathered specimens to avoid misleading conclusions. The erroneous ideas 

concerning the polymorphism of algae, prevailing a half century ago, were 

based in large part upon monstrosities appearing in laboratory cultures. 

Attention should be called to the fact that many algae maintained in labora¬ 

tory cultures for long periods and not developing cells of monstrous shape 

may be abnormal in so far as the cell contents are concerned. This is par¬ 

ticularly true of reserve foods, and one almost always finds algae in long¬ 

standing cultures so densely packed with starch or fats that the chromato- 

phores and other cell organs are obscured. 

1 Johansen, 1940. * Bold, 1942. 
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Terrestrial and aerial algae may be maintained for a considerable time 

by placing them on thoroughly soaked filter paper in a dish covered with a 

sheet of glass. The paper should remain moist at all times, but at no time 

should enough water be added to flood the specimens. 

When a mixture of aquatic or of terrestrial algae is placed in Beijerinck's, 

Knopfs, or any of the various culture solutions, some of the algae present in 

small numbers will eventually be present in abundance. This is due to the 

fact that the new environment favors the growth of certain species that were 

at a disadvantage as compared with other species in the original environ¬ 

ment. For a number of years, Pringsheim has made use of such selective 

(enrichment) cultures and thereby obtained cultures of species ordinarily 

unobtainable in laboratory culture. For details concerning soil-water, 

putrefactive, and other types of selective culture, the reader is referred to 

discussions of the topic by Pringsheim.' 

Pure Cultures of Algae. There is more or less confusion in the use of the 

term ‘‘pure culture.^^ According to the usage of some authors, a pure 

culture is one that contains one species of alga; others understand it to be 

a culture of a single species of alga that is also free from other organisms 

including bacteria and fungi. To differentiate between the two, the term 

unialgal culture has been proposed*-^ to designate one which contains but 

a single species of alga but which may contain other organisms. The term 

pure culture is reserved for one which contains a single species of alga and 

is absolutely free from other organisms. 

A large number of algae have been grown in unialgal or in pure culture. 

Unialgal cultures of filamentous algae can often be obtained by transferring 

a single filament to a suitable nutrient solution. Pure cultures of filamen¬ 

tous algae have been obtained^ by shaking material in repeated changes of 

water, or by the agar plate method. 

The only method of obtaining many Chlorococcales and other small algae 

in quantity is to isolate them in unialgal or in pure culture. Many of the 

unicellular algae may be isolated by the agar plate method of the bacteri¬ 

ologist. Beijerinck’s solution in 1 per cent agar is excellent, but agar 

may be added to any of the nutrient .solutions listed by Bold^ as suitable 

for growing algae. The tube containing the nutrient agar is melted in the 

usual manner, and a drop of water containing the algae to be isolated is 

added. The agar is then poured in Petri dishes in the customary manner. 

In order to be certain that colonics of algae developing in the agar will not 

be too close together, it is best to plate successive dilutions of the inoculum. 

After the agar hardens, the Petri dishes may be placed in diffuse daylight, 

but never in direct sunlight. Even better results are obtained if the light 

1 Pringsheim, E. G., 1946, 1946A. * Smith, G. M., 1914. 
* CzuBDA, 1926, 1926^4. ^ Bold, 1942. 
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source is a fluorescent lamp and the distance of the cultures from the lamp 
is such that intensity of illumination is 50 to 75 foot-candles. Under or¬ 
dinary laboratory conditions, minute green dot-like algal colonies become 
evident in the agar in from 10 to 15 days. All algal colonies do not develop 
at the same rate, and the first to appear are usually those of Chlorella and 
other simple forms. For this reason, it is best to let the plate cultures stand 
20 days or more before attempting to isolate the different species. If the 
colonies are not too close to one another, they may be cut from the agar in 
the Petri dish and streaked on slanted tubes of agar. An alga growing on 
an agar slant may then be used as an inoculum for starting a culture in a 
nutrient liquid. 

Unicellular algae do not form colonies of characteristic appearance in 
agar plates, and so the kind of alga cannot be determined by macro- 
scopical examination. A series of isolations, by the method just described, 
would, therefore, contain many duplicates. This duplication may be 
avoided by determining the genus or species at the time a colony is cut from 
the assemblage of colonies in the original Petri dish.^ A colony cut from 
the agar is placed on a sterile slide, covered with a sterile cover glass, crushed 
slightly, and examined microscopically. If the alga is one desired for study, 
the cover is removed from the slide and the colony transferred to a sterile 
agar slant. In this manner 200 to 300 colonics may be examined in a single 
day and perhaps only 20 of them retained for study, thereby saving much 
needless inoculation on agar slants before determining the species or genus. 

Nutrient agar is a selective medium, and certain species in the inoculum 
do not develop into colonies when plated in Petri dishes. Because of this, 
'some phycologists prefer to make all isolations from the mixed inoculum by 
means of micropipettes. Special micropipettes have been devised^ for iso¬ 
lating unicellular algae, and when one has mastered the technique of 
manipulating them, a large number of isolations can be made in a relatively 
short time. The problem is not so much a matter of picking out the in¬ 
dividual organisms as it is one of finding a suitable nutrient medium once 
they have been picked out. 

^ Smith, G. M., 1914. * Pringsheim, E. G., 1946, 1946A. 



CHAPTER 4 

DIVISION CHLOROPHYTA 

The Chlorophyta, or grass-green algae, have t heir photosynthetic pig¬ 

ments localized in chromatophorcs which ar> grass-gret'ii b(‘caiise of the 

predominance of chlorophylls a and h over the carotenes and xanthophylls. 

There are several xanthophylls not found in other algae, and of these lutein 

is the most abundant (see T'able I, page 3). Photosynthetic reserves 

are usually stored as starch, and its formation is intimately associated with 

an organ of the chromatophore, the pyrenoid. Motile stages have flagella 

of equal length and, with a few exception.^ the zoospores and motile gametes 

have two or four flagella. Although sexual reproduction is not a feature 

distinguishing Chlorophyta from other algae, it is a phenomenon of wide 

occurrence within the group and in the various orders it ranges all the way 

from isogamy to oogamy. 

Occurrence, Since the fresh-water Chlorophyta of this country out¬ 

number the combined species of all other algae, it is not surprising to find 

that practically every collection examined contains at least a few represen¬ 

tatives of the division. Samples gathered from permanent or semiper¬ 

manent pools usually contain some Chlorophyta, and many samples 

consist almost wholly of them. The filamentous species are the most 

conspicuous of those in quiet waters, but there are often many unicellular 

and colonial species intermingled with them. In most cases, also, the 

pools contain small sessile species, either upon the coarser algae, upon sub¬ 

merged stems and leaves of phanerogams, or upon stones or woodwork in 

the water. Temporary pools and puddles are usually not so rich in green 

algae as are pools of a more permanent nature, and one is more apt to find 

Myxophyceae than Chlorophyta in such habitats. On the other hand, 

temporary waters rich in nitrogenous compounds, as the puddles in barn¬ 

yards, usually contain green algae, especially members of the Volvocales. 

The green algae that one may expect to find in quiet portions of streams 

are mostly the same as one finds in pools, but in slowly flowing waters there 

are often genera not found in standing waters. Just as the green algae of 

slowly moving waters differ somewhat from those of quiet water, so does 

one find that certain green algae are restricted to the swiftly moving waters 

of cataracts, waterfalls, and the spillways of dams. Chloroiyliumy Fridaea, 

and certain Ulothrix species are found only in such stations. 

39 
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Although Chlorophyta are rarely the predominating organisms in the 

phytoplankton of ponds and lakes, the number of species in the fresh-water 

plankton is very large. The number of genera known only from the plank¬ 

ton is greater in this division than in any other. As a general rule, plank¬ 

ton Chlorophyta are most abundant during late spring and early autumn, 

but this periodicity is not sharply marked, and they are to be found at all 

times when plankton hauls can be made from ponds and lakes. 

The Chlorophyta also comprise an important part of the subaerial algal 

flora. Zygogonium and Hormidium may form felt-like masses several 

square meters in extent on bare soil. Usually, however, green algae growing 

on the surface of soil are not in conspicuous patches. Terrestrial green 

algae may grow below, as well as upon, the surface of the soil and at a depth 

of 50 cm. or more. Damp rocks and cliffs have more blue-green than 

grass-green algae, but one sometimes encounters gelatinous masses of green 

algae in such habitats. The Chlorophyta within such masses are usually 

species of Mesotaenium or of Cosmarium. The strictly aerial algae, which 

would include those found on tree trunks, damp woodwork, and moist 

brickwork, are usually unicellular forms and are often found in pure stands. 

Trentepohlia is an important aerial alga and, when present, occurs in abun¬ 

dance. On the Monterey peninsula, California, for example, T. aurea var. 

polycarpa (Nees. and Mont.) Hariot is so abundant on the Monterey cypress 

{Cupressus macrocarpa Hartw.) that the foliage of these trees has a distinct 

orange color. 

In California, and in certain other Western states, there are several lakes 

whose content of dissolved salts is from two to fifteen times that found in the 

ocean. The most striking of these is Searles Lake, California, with 33 per 

cent dissolved salts in the water, and where the salt forms a solid surface 

crust strong enough to bear the weight of an automobile. Even under such 

rigorous physiological conditions, one finds that there is a growth and de¬ 

velopment of Dunaliella and Stephanoptera in sufficient abundance to color 

the salt crust a bright green. 

There are several published records of the occurrence of red snow in the 

Sierra Nevada and the Rocky Mountains. In most cases, the coloration 

was assumed to be due to Chlamydomonas nivalis (Bauer) Wille, but this has 

been established by microscopical examination in only two cases.^ Green 

snow has been found in the Yellowstone National Park and shown to be 

due to an association of Chlamydomonas yellowstonensis Kol with several 

other Chlorophyta.^ 

A number of Chlorophyta known for this country grow in communal 

relationship with other organisms. The communal relationship may be 

one of ‘'space parasitism,'^ as Gomontia growing in shells of Unio, When 

» Kiener, 1946; Smith, G. M., 1933. * Kol, 1941. 
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green algae grow within the leaves of phanerogams, the relationship is not 

so clear. Possibly certain species of Chlorochytrium^ as C. Lemnae Cohn, 

are simple space parasites. The relationship is certainly one of parasitism 

in the case of Rhodochytrium spilanthidis Lagerh., which grows in the leaves 

of Ambrosia atremisiaefolia L., since the algal member of the association 

lacks chlorophyll. Judging by the effect on leaves in which they grow, 

the siphonaceous Phyllosiphon Arisari Kiihn and the ulotrichaceous 

Cephaleuros virescens Kunze are also true parasites. Green algae may also 

be symbionts, and the association may be with an animal, as the symbiosis 

of Chlorella and Hydra; or the symbiosis may be with another plant, as is 

the case with the Trebouxia found in many lichens. 

Cell Structure. A few of the more primitive Chlorophyta have naked 

protoplasts, but in the great majority ot cases the protoplast lies within a 

definite wall which is a secretion product of the protoplast. Even where 

there is no definite wall the exterior portion of the protoplasm is rigid and, 

as in PyramimonaSy the cell has a characteristic shape. The characteristic 

shape in genera with a cell wall is, therefore, probably due to the protoplast 

itself rather than to the enclosing wall. All cells which are surrounded by a 

wall have the wall composed of at least two concentric layers. The inner¬ 

most layer is composed wholly or in large part of cellulose.^ In the great 

majority of cases the cellulose portion is homogeneous in structure, but it 

may be composed of concentric cellulose layers as in Cylindrocapsa, Ex¬ 

ternal to the cellulose layer is a layer of pectose. It is not clear whether 

this is a conversion product derived directly from the cellulose or a direct 

secretion of the protoplast that filters through the cellulose wall. The 

latter appears to be the case with the desmids in which definite pores are 

present in the wall. In most algal cells, the outermost portion of the pec¬ 

tose is converted into a water-soluble pectin that dissolves in the surround¬ 

ing medium. It is very probable, also, that the formation of pectose is a 

continuous process throughout the vegetative life of the cell. There are 

many algae, including the Zygnemataceae, where the amount of pectose 

secreted just about balances that dissolved away. The result is a sort of 

equilibrium in which the thickness of the pectose layer remains practically 

constant.^ If the formation of pectose ceases, as it does during conjugation 

in Zygnemataceae, there comes a time when the pec tic layer becomes dis¬ 

solved away and where there is nothing external to the cellulose layer. 

Confirmation of this view is seen in the lack of epiphytes on actively grow¬ 

ing vegetative cells of Zygnema and Spirogyra (because the surface upon 

which the epiphytes would grow is continually dissolving away) and the 

frequent presence of epiphytes upon old or conjugating filaments in these 

genera. Not all algae establish this balance in the gelatinous portion of the 

‘ Tiffany, 1924; Wurdack, 1923. * Tiffany, 1924. 



42 FRESH-WATER ALGAE OF THE UNITED STATES 

wall and certain of them, as GloeocystiSj have the gelatinous portion increas¬ 

ing indefinitely in thickness. There are also genera where the external 

portion of the pectose becomes impregnated with chitin and where the wall 

is therefore composed of three distinct layers.^ This is especially the case 

with Cladophora and Oedogonium, genera which apparently secrete but 

small amounts of pectose. Even if one agrees with those who deny the 

presence of chitin in the algae,^ it is clear that these genera have an outer¬ 

most wall layer that inhibits, or greatly reduces, the dissolving away of the 

pectose portion. Proof of this is seen in the frequency with which epiphytes 

are found at all stages of development in these genera with impermeable 

superficial wall layers. 

The most conspicuous organ of the protoplast is the chloroplast. The 

amount of pigments present is extremely variable and ranges all the way 

from a quantity sufficient to color the plastid a brilliant green to an amount 

so small that there is only a tinge of color. Certain Chlorophyta, as Poly- 

toma, completely lack photosynthctic pigments. Vegetative cells of certain 

genera and zygotes of many genera have the green color masked by a red 

pigment called hematochromc. In vegetative cells of Trentepohlia the so- 

called hematochrome is beta-carotene, and in vegetative cells of Ilaemato- 

coccus the hematochrome is a ketonic carotinoid—euglenbrhodone.^ An- 

thocyan pigments have been found in the cell sap of a few Zygncmatales, 

including Mesotaenium^ Pleurodiscus, and Mougeotia. 

Chloroplasts of green algae always have a shape characteristic for the 

particular genus or species. Old cells of SceMcdesmus, Hydrodictyon^ and 

several other algae seem to have the pigments diffused throughout the cyto¬ 

plasm, but young cells of all of them have definite chloroplasts. The shape 

of the chloroplast from genus to genus is extremely varied. The massive 

cup-shaped chloroplast characteristic of so many species of Chlamydomonas 

is also found in many other Volvocales and in Tetrasporales. The wide¬ 

spread occurrence of cup-shaped chloroplasts among these lower Chloro¬ 

phyta gives good reason for supposing that this is the primitive type. 

However, even in Chlamydomonas there are species where the chloroplast is 

stellate or is H-shaped in optical section. More advanced green algae, as 

the Ulotrichales, usually have cells with a chloroplast that is parietal in 

position, laminate, and entire or perforate. A few fresh-water algae, as 

Eremosphaeray and many marine Siphonales have numerous small discoid 

chloroplasts in the peripheral portion of the cytoplasm. The most striking 

of all chloroplasts are those found in the Desmidiaceae, and the range from 

species to species and genus to genus is almost infinite.*^ 

Most chloroplasts contain a special organ, the pyrenoid. Structurally it 

1 WuRDACK, 1923. ^ Wettstein, F. V., 1921. * Strain (in press). 
* Carter, N., 1919A, 1919B, 1920, 19204. 
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consists of a central proteinaceous core, which in turn is ensheathed by 

minute plates of starch. Strictly speaking, the term should be applied 

only to the proteinaceous core, but in common usage it is often applied to 

both the core and the surrounding starch plates. Formerly, opinion was 

divided as to whether the pyrenoid proper is intimately concerned with 

starch formation or merely a reserve protein which has nothing to do with 

starch formation. Practically, all present-day phycologists adhere to the 

first view. The first study of pyrerioids with the aid of modern cytological 

technique was in Hydrodictyon where it was sho^vtd that the core of a pyre¬ 

noid becomes differentiated into two parts: one destined to become impreg- 

Fig. 3. Pyrenoids of Hydrodictyon, showing the cutting off of starch plates. {From Timber- 

lake, 1901.) 

nated with starch, the other to remain unchanged (Fig. 3). The part 

undergoing change gradually gives more and more of a starch reaction, 

eventually moves away from the unchanged part, and becomes one of the 

starch plates surrounding the central core. A somewhat similar relation¬ 

ship between starch and the central core has been found in Closteriurriy^ 

Tetraspora,^ and Chlorococcum."^ 

Pure cultures of green algae furnish considerable evidence on the role of 

the pyrenoid in starch formation. When the cells are grown in total dark¬ 

ness but in the presence of glucose or some other simple carbohydrate, there 

is an accumulation of starch around the protein core. This seems to show 

that there is a division of labor in the plastids of green algae. The chloro¬ 

phyll-containing portion of the plastid synthesizes CO2 and water into some 

^ Timberlake, 1901. 2 LUTMAN, 1910. 3 McAllister, 1913. 

♦Bold, 1931. 
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simple carbohydrate, and the pyrenoid core converts these simple com¬ 

pounds into starch. 

In vigorously growing cultures with rapidly dividing cells, as in cultures 

of Chlamydomonas, the only starch plates present are those encircling the 

pyrenoid core. As growth slows down in the culture, starch plates are to 

be found in portions of the chloroplast away from the pyrenoid core. It 

seems very probable that these latter starch plates were formed in asso¬ 

ciation with the central core and that attempts^ to differentiate be¬ 

tween stroma starch and pyrenoid starch are without adequate foundation. 

Cells of small size and with a correspondingly small chloroplast usually 

have but one pyrenoid, but even here there may be species, as in Chloro- 

gonium and Chlamydomonas, where there are regularly several pyrenoids 

within a chloroplast. Cells with large chloroplasts have many pyrenoids; 

irregularly distributed as in Oedogonium and Mougeotia, or in a linear series 

as in Spirogyra and Spirotaenia, Mature cells whose chloroplast contains 

numerous pyrenoids may have but a single pyrenoid when young and the 

number increases as the cell grows in size {Hydrodictyon) ^ or there may be 

several pyrenoids even in the youngest cell {Oedogonium^ Spirogyra), For 

Closterium’^ and Kentrosphaera^ it has been shown that increase in number of 

pyrenoids is brought about by division of pyrenoids already present in the 

cell, but whether or not this is true of all genera with more than one pyre¬ 

noid in a chloroplast is as yet unsettled. As far as chloroplasts with one 

pyrenoid are concerned, it has been definitely established that pyrenoids in 

daughter cells may be formed de novo or by a division of that in the parent 

cell. A formation of pyrenoids de novo has been found in Fediasirum,^ 

TetraedroUj^ Characium,^ Tetrasporai^ and several other genera. Formation 

of pyrenoids by division of preexisting has been found in Chlorococcum^ and 

in certain Zygnematales, including Hyalotheca.^ 

Chlorophyta also store reserve foods as oils. The oil droplets so fre¬ 

quently found in old vegetative cells and in zygotes are undoubtedly con¬ 

version products from starch. A formation of oil, instead of starch, is a 

regular phenomenon in vegetative cells of Schizochlamys and Mesotaenium. 

All the green algae have a definitely organized nucleus with a distinct 

nuclear membrane, one or more nucleoli, and a chromatic network. The 

amount of chromatic material in a nucleus is often so scanty that the space 

between nucleolus and the membrane is almost colorless, but many nuclei, 

as in Oedogonium, Cladophora, and Spirogyra, have considerable chromatic 

material. Nuclear division, except in certain cells of Charales, is mitotic 

and similar to that found in higher plants. Vegetative cells of all Volvo- 

^ Klebs, 1891. * Lutman, 1910. ^ Reich art, 1927. 
* Smith, G. M., 1916B. ® Smith, G. M., 19164. ® Smith, G. M., 19164. 
^ McAllister, 1913. ®Bold, 1931. ® Potthoff, 1927. 
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cales are uninucleate, and the same is true for many more advanced green 

algae. A coenocytic condition is, however, known both for Chlorophyta 

which have no vegetative cell division and for those whose cells divide 

vegetatively. In genera without vegetative cell division, as in Pediastrum^ 

the number of nuclei may remain small until just before the formation of 

zoospores and gametes and then suddenly increase; or the number of nuclei 

may continually increase during vegetative life of a cell {Charariu7n, Dicho- 

tomosiphon, Hydrodictyon). Coenocytic cells of the type found in Clado- 

phora and Rhizoclonium have a gradual increase in number of nuclei as the 
cells increase in size and not a sudden 

increase in number just prior to cell 

division. 

Flagella of a sufficient number of 

Volvocales and of swarmers of other 

Chlorophyta have been investigated^ 

to warrant the assumption thal there 

is but one type of flagellum through¬ 

out the entire series. This is the whip¬ 

lash type^ and one in which an axial 

filament is surrounded by a cytoplas¬ 

mic sheath for a greater part of its 

length. The cytoplasmic sheath 

usually ends abruptly, the naked por¬ 

tion of the axial filament extending 

beyond it being known as the end 

piece. 

Flagella of vegetative cells of Volvocales are intimately connected with a 

neuromotor apparatus. In Polytoma uvella Ehr.® and Chlamydomonas 

nasuta Korshikov"^ the neuromotor apparatus is of an elaborate type (Fig. 

4). There is a granule (blepharoplast) at the base of each flagellum, and the 

two are connected by a transverse fiber (the paradesmose) which is 

connected with a descending fiber (the rhizoplast). The rhizoplast runs 

down to and connects with an intranuclear centrosome. The available 

evidence indicates that Volvox^ and Eudorina^ also have a blepharoplast- 

rhizoplast-centriole neuromotor apparatus in which the centriole is intra¬ 

nuclear. A similar system has been shown for PolytomelUP and Haemato- 

coccuSy^ but here the centrosome is extranuclear. 

The eyespot or stigma is a photoreceptive organ intimately concerned with 

directing the movement of flagella. It may be a part of the neuromotor 

1 Vlk, 1938. * Petersen, 1929. * Entz, 1918. ^ Katbr, 1929. 
* ZiMMERMANN, 1921. • HaRTMANN, 1921. 
’ Kater, 1925. » Elliot, 1934. 

domonas nasuta Korshikov. A, neuromotor 
apparatus of a vegetative cell. B, at the be¬ 
ginning of cell division. C-F, development 
of the neuromotor apparatus in a young 
cell. (All after Kater, 1929.) (X 1284.) 
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apparatus, as has been claimed,^ but as yet there has been no cytological 

demonstration of the fact. Characteristically there is a single eyespot in 

vegetative cells of Volvocales, and in gametes and zoospores of other green 

algae. The color of an eyespot varies from orange-red to reddish brown, 

and it may be circular, oval, or sublinear in outline. It is usually located 

near the base of the flagella, but it may lie in the equatorial or posterior 
portion of a cell. 

In Chlamydomonas (Fig. 5^4) and possibly other unicellular Volvocales, 

the eyespot consists of two portions: a biconvex hyaline portion, which is 

the photosensitive portion, and a curved 

pigmented plate Gonium, Eudorinay and 

Volvox have a more complicated type of 

eyespot (Fig. 5B), Here there is a definite 

biconvex lens, exterior to the pigmented cup 

and the photosynthetic portion.^ Photo¬ 

tactic responses in organisms with this type 

of eyespot are thought to be due to selective 

reflection from the concave surface of the 

pigmented portion. 

Most of the Volvocales and certain of 

the Tetrasporales, as Stylosphaeridium and 

AsterococcuSy have contractile vacuoles. In 

most biflagellated genera, there are two con¬ 

tractile vacuoles near the base of the flagella. 

Some biflagellate genera have more than 

two vacuoles, and these, as in Haematococ- 

cus, may lie beneath any part of the proto¬ 

plast's surface. When two vacuoles are pres¬ 

ent, these usually contract alternately. 

The contraction is sudden, and the distension 

is slow. Because of this, they are sometimes 

called pulsating vacuoles. It is thought that 

their function is excretory and that the 

liquid discharged from the vacuole is expelled from the cell. Contractile 

vacuoles in cells of Chlorophyta probably function independently of one 

another and are not interconnected to form the complex systems such as 

are found in Chrysophyceae and certain Protozoa. 

The vacuoles present in cells of genera more advanced than the Tetra¬ 

sporales are of the familiar type found in most plant cells. Immature cells 

developing from zoospores, as those of HydrodictyoUy have innumerable 

minute vacuoles scattered throughout the cytoplasm, many of which grad- 

1 Mast, 1928. * Mast, 1928. » Mast, 1916, 1928. 
«• 

Fiq. 5. A, diagram of an eyespot 
of Chlamydomonas, showing the 
pigment P and the photosensitive 
substance S. B, diagram of a 
cross section of the eyespot of 
Volvox, through the lens L, photo¬ 
sensitive substance S, and the pig¬ 
ment cup P. {Modified from 
Mast, 1928.) 
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ually increase in size. Now and then two or more of the enlarging vacuoles 

coalesce. Gradually, therefore, the number of conspicuous vacuoles in the 

cell become smaller, and eventually they unite to form a single large central 

vacuole. Sometimes, as in Sphaeroplcaj there are several large vacuoles 

within the mature cell, or, as in Spirogyra^ the central vacuole is incom¬ 

pletely divided by strands of cytoplasm. Species of the higher green algae 

which do not have a conspicuous central vacuole are chielly those that have 

become adapted to a subaerial existence. It is thought* that this lack of 

large vacuoles is the chief reason why Protocorcns, Trentepohlia, Prasiola, 

and other algae can live where there is a greatl^ reduced water supply. 

Cell Division. One of the characteristics of the Chlorococcales and of 

the Siphonales is the inability of their cells t,o divide vegetatively. Vegeta¬ 

tive cell division is, however, a phenomcTioii found in all other orders of the 

Chlorophyceac and occurs in both uninucleate and multinucleate cells. 

Division is intercalary in most unbranched filamentous species, and, except 

for the basal cell, any cell in the filarneiii may divide. Genera in which 

the thallus is a branching filament may have intercalary divisions, but more 

often the divisions are restricted to the terminal portions of the branches 

though not necessarily to the apical cells. 

Cytokinesis of uninucleate cells is always preceded by a mitotic division 

of the nucleus; coenocytic cells may or may not have nuclear divisions pre¬ 

ceding cell division. It is usually held that cytokinesis in cells of Chloro- 

phyta is not due to the formation of a cell plate (phragmoplast). The 

demonstration of a phragmoplast for Spirogyra,- Tetraspora,^ and possibly 

for Eremosphacra,^ shows that cell division of Chlorophyta may be by 

means of a cell plate. The usual method of cell division is by a furrowing of 

the plasma membrane midway between the cell ends. This linear furrow 

deepens until it has cut entirely through the cell and so produced two daugh¬ 

ter protoplasts. Although division by means of a transverse furrow is al¬ 

most universal, there is great variability in the time at which the new trans¬ 

verse walls are formed and in the method of their formation. Most cells 

dividing by means of a transverse furrow secrete wall material within the 

furrow as it deepens. In fact, cross-wall formation follows so closely upon 

the furrowing, that cell division is often thought to be caused by the inward 

growth of a transverse septum. The complete division of the protoplast 

before the beginning of wall formation is found in Microspora and Oedo- 

gonium. Microspora has an intercalation of an H-shaped piece of wall 

material between the daughter protoplasts; Oedogonium has the secretion 

of a transverse wall after elongation of the unique lateral ring of wall ma¬ 

terial (see page 197). Cell division in constricted desmids, to which the 

1 DE PUYMALY, 1924. * McAllibter, 1931. * McAllister, 1913. 
* Mainx, 1927. 



48 FRESH-WATER ALGAE OF THE UNITED STATES 

majority of species belong, begins with a division of the nucleus and an 

elongation of the isthmus. There then follows a transverse division in the 

region of the isthmus. Each daughter cell is at first asymmetrical and con¬ 

sists of one semicell and half of the isthmus portion from the mother cell. 

The old semicell remains unchanged, but the isthmus portion enlarges until 

it is identical in size and ornamentation with the old semicell (Fig, 222, 

page 312). 

Cytokinesis may be accompanied by a division of the chloroplast and 

pyrenoid. Cells with the chloroplast a longitudinal strip (as in Spirogyra 

and Mougeotia), or a transverse girdle (as in Ulothrix and Stigeoclonium), 

have cytokinesis dividing the chloroplast transversely. Cells with longi¬ 

tudinally symmetrical chloroplasts, as Chlamydomonas, have a longitudinal 

division of the chloroplast. In the more specialized uninucleate cells which 

have a chloroplast axial to both poles of the nucleus {Zygnema,^ Hyalotheca,^ 

and Cylindrocystis^)j there is, after nuclear division, a transverse division of 

each chloroplast with migration of a daughter nucleus to a point midway 

between each pair of daughter chloroplasts. Cladophoraj Sphaeroplea^ and 

other genera with numerous chloroplasts have no division of the chloroplasts 

accompanying cell division. 

Many of the Chlorophyta show a very marked diurnal periodicity in the 

time at which nuclear and cell division take place. In the great majority 

of cases, these divisions occur during the night. Nuclear division usually 

begins within an hour or two after sundown and is often completed by the 

early morning hours. The occurrence of division at night rather than dur¬ 

ing the daytime may possibly be correlated with the greater accumulation 

of reserve foods following the photosynthetic activity of the daytime. 

Vegetative Multiplication. In colonial genera, cell division increases the 

size of the colony but does not bring about a formation of new 

plants. Accidental breaking of the colony, especially in the case of fila¬ 

mentous genera, may result from external causes, as aquatic animals feed¬ 

ing upon the alga, or the action of water currents. The formation of zoo¬ 

spores or aplanospofes in certain parts of the filament often weakens the 

walls and tends to bring on a breakage in these portions. In some cases, as 

Microspora and Oedogonium, the cell wall breaks transversely when zoo¬ 

spores are liberated and so severs the filament into two or more portions. 

Some filamentous species, as those of Stichococcus and small-celled species 

of Spirogyra, have a strong tendency to separate into individual cells or 

short series of a few cells each. Such fragments may then grow into long 

filaments. Fragmentation is especially frequent in species of Spirogyra 

that have an annular infolding of the transverse walls (replicate end walls), 

the fragmentation resulting from the eversion of the replicate walls induced 

* Merriam, 1906. * PoTTHOPF, 1927. * Kaufpmann, 1914, 
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through changes in the cell’s turgidity (Fig. 202, page 287)* It has been 

held that many of the transverse walls of filamentous algae have a middle 

lamella of pectic material.^ If this be true of Stichococcus, changes in the 

composition of the middle lamellae might be one of the causes of the disso¬ 

ciation found in this genus. 

Asexual Reproduction. The commonest method of asexual reproduc¬ 

tion is by the formation of zoospores. From the phylogenetic standpoint, 

zoospores may be looked upon as a temporary reversion to the primitive 

ancestral flagellated condition. Zoospore formation, like cell division, fre¬ 

quently takes place at night, and the spores ar(3 usually liberated at day¬ 

break. Sudden changes in the environment often stimulate profuse sporu- 

lation, and it is no unusual experience for the collector to find, the day after 

collection, Stigeoclonium and Draparnaklia producing zoospores so abun¬ 

dantly that but few traces of the original filaments remain. Change from 

light to darkness, a transfer from an a/'rial to an aquatic environment, as in 

Trentepohlia and Vaucheria^ and a change from iunning to quiet water also 

stimulate zoospore formation. However, change of external factors does 

not bring about the formation of zoospores with the regularity that some 

claim,^ and one cannot always be certain of obtaining zoospores at the de¬ 

sired time by modifying the environment. 

Zoospores are formed in vegetative cells morphologically similar to others 

in the colony, except for the Trentepohliaceae which form them in special 

sporangia. All vegetative cells in a colony may be able to produce zoo¬ 

spores, as in the Hydrodictyacoae, or spore formation may be restricted to 

certain cells. The restriction of zoospore formation to certain cells is 

especially prominent in genera with branching filaments, where it usually 

takes place only in young, vigorously growing portions of the thallus. In 

most unbranched filamentous genera, as Ulothrix and OedogoniuiUy spore 

formation may take place in all cells but those functioning as holdfasts. 

Colonies with all cells potentially capable of producing zoospores rarely 

have all of them doing so simultaneously; spore formation is usually re¬ 

stricted to isolated cells (Pediastrum) or to short series of cells. 

Zoospores may be formed singly or in numbers within a cell. The pro¬ 

duction of a single swarm spore within a vegetative cell (as in Coleochaete, 

Oedogoniales, Microspora^ and the finer branches of Chaetophoraceae) is a 

very simple process and merely a rejuvenescence of the protoplast and a re¬ 

version to a primitive type of organization where it has flagella and an eye- 

spot. The formation of more than one zoospore within a cell is a more com¬ 

plicated process and may take place in a variety of ways. Uninucleate 

cells may have a division of the nucleus followed by a cytokinesis into two 

Tiffany, 1924. * Klebs, 1896. 
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uninucleate protoplasts Sorastrum^), This is followed by 

a simultaneous division of the two protoplasts, and these, in turn, may 

divide two or three times in succession. The number of angular protoplasts 

(immature zoospores) thus formed is always a multiple of two, and may be 

2, 4, 8, 16, 32, or even more. Instead of having cytokinesis after the first 

mitosis, a uninucleate coll may, as in certain individuals of Pediastrum,^ 

have two or three simultaneous divisions of the daughter nuclei, to form 

four or eight nuclei, and then a division of the protoplast into a like number 

of zoospores. This multinucleate condition preceding zoospore formation 

may be the result of simultaneous nuclear divisions during the vegetative 

growth of the cell (Characiumy or to more or less irregular divisions during 

growth (Uydrodictyon).^ Coenocytic cells may also have a series of simul¬ 

taneous nuclear divisions just before swarm-spore formation {Pediastrum)} 

Fig. 6. Progrc.ssivo rleavagp of the protoplast of Pediaslrum Boryanum (Turp.) Menegh. 
to form zoospores. (X U33b.) 

No matter what the origin of the multinucleate condition, zoospore forma- 

,tion is almost always due to the type of cytokinesis known as “progressive 

cleavage” (Fig. 6); that is, a division into large multinucleate masses and a 

redivision of these until there are uninucleate protoplasts. Progressive 

cleavage in the algae is by furrowing, and the furrowing may begin next the 

plasma membrane and the vacuolar membranes {Hydrodiciyon), or the 

cleavage furrows may first appear in the interior of the cytoplasm (Chara- 

dwriy Pediastrum). The uninucleate protoplasts formed by progressive 

cleavage are at first angular, but before their liberation they become 

rounded unless they are too densely crowded within the old mother¬ 

cell wall. Blepharoplast granules have been noted in the zoospore forma¬ 

tion of a few Chlorophyta {Hydrodictyon,^ Oedogoniund), and it is very prob¬ 

able that development of flagella by zoospores of other green algae is due to 

a neuromotor apparatus. 

Cleavage stages leading to the formation of zoospores frequently take 

‘ Grosse, 1931. * Carter, 1926. » Geitler, 19245. 
^ Smith, G. M., 19165. ® Smith, G. M., 19164. ® Timberlake, 1902. 
^ Gussewa, 1930. 
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place during the very early morning hours, and swarming occurs shortly 

after sunrise. The close correlation between swarming and illumination 

can be demonstrated by keeping fertile algae in darkness until late in the 

forenoon or until after midday. Here swarming does not take place until 

they have been brought into light. 

Zoospores may be liberated through a definite lateral or terminal pore in 

the wall of the parent cell (Fig. 7). In Cladophora^ pore formation is ob¬ 

viously due to a local gelatinization of the cell wall, and it is probable that 

the same is true for many other green algae. Sometimes, as in Microspora, 

the entire wall gelatinizes. Liberation of zoospores may also be by a trans¬ 

verse separation of the wall into two equal parts (Microspora), or into tv/o 

unequal parts {Oedogonium). Many zoospores are enclosed within a deli¬ 

cate gelatinous vesicle when first discharged. In rare cases (Pediastrum, 

Sorastrum)j the vesicles are persistent structures, and the zoospores do not 

escape from them. Usually the 

vesicles are transitory structure's 

and dissolve within a few minutes 

after the spore mass is discharged. 

For some algae, including Pedia- 

struiUj^ it is evident that the 

vesicle is the innermost wall layer 

of the parent cell. The mechan¬ 

ism by which the spore mass and 

the surrounding vesicle are expelled from the old parent-cell wall is as yet 

not definitely established. The discharge does not appear to be due to 

amoeboid movement of the, as yet, inactive zoospores; probably it is due to 

an excretion of water similar to that found in Prasinocladus} 

Zoospores of Chlorophyta are always without a cell wall and always have 

the flagella at the anterior end. Most zoospores have two or four flagella, 

but in Ocdogoniaceae and Derbesiaceae there is a whorl of many flagella. 

Within the protoplast are one or two contractile vacuoles, one or more 

chloroplasts, and a single nucleus. There is usually a single eyespot, but 

in exceptional cases there may be more than one. 

The length of time that zoospores remain motile is dependent upon both 

the particular species and the environmental conditions. For example, 

zoospores of Pediasirum? move actively for only 3 or 4 min., those of Coleo- 

chaete^^ for an hour or so, but those of Ulothrix^ may continue movement 

for 2 or 3 days. The marked effect of environmental conditions upon the 

duration of swarming has long been known. The environmental factors 

of greatest importance are light and temperature. For example, in Ulo- 

1 Harper, 1918. * Lambert, 1930. 
* Harper, 1918. * Wesley, 1928. ® Klbbs, 1896. 

Fig. 7. Zoospores of Drapariialdia glomer- 
ala (Vauch.) Ag. (X 800.) 
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thrix zonata (Weber and Mohr) Kiitz., too intense illumination tends to 

reduce the period of swarming, and darkness tends to extend it.^ In this 

same species, many zoospores remain actively motile for 48 hr. if the tem¬ 

perature is 3 to 4°C., but the majority swim about for only 7 to 9 hr. if 

the temperature is 12 to 15°C. 

Many zoospores show phototactic responses during the swimming period, 

responding positively or negatively according to the light intensity. 

Toward the end of the swarming period the movement becomes more and 

more sluggish, and a slow lashing of the flagella often continues after zoo¬ 

spores have come to rest. Zoospores that have ceased moving are usually 

resting upon some solid object in the water, but in a few eases, as in Acan- 

thosphaera and Sphaeroplea^ the quiescent spore is free-floating. Soon after 

coming to rest, the flagella disappear and the spore secretes a wall. The 

cell thus formed may have the same shape as the free-swimming spore or, as 

in Pediastrurrij there may be marked changes in the protoplast’s shape 

before a wall is secreted. In a majority of cases, as in Oedogonium, they 

come to rest with the anterior end downward. In rare cases, as in Chara- 

cium^^ the anterior end may be upward. Cases are also known® where 

zoospores come to rest with one side against the substratum. The one- 

celled plants resulting from metamorphosis of zoospores are attached to the 

substratum by means of pec tic substances in the newly formed walls. 

Sometimes, as in Characium and Cylindrocapsay a definite gelatinous stalk is 

secreted. The firmness of adherence to the substratum may also be en¬ 

hanced by a development of rhizoidal processes in the lower part of the 

germling. In Oedogonium!^ the development of these processes is a direct 

response to contact stimuli, and it has been shown that processes are lack¬ 

ing or greatly reduced in germlings growing on a smooth surface. 

The remarkable amoeboid stages found in a few green algae, chiefly 

Ulotrichales, are to be looked upon as modified zoospores. Not only do 

these amoeboid stages move in the same fashion as Amoebay but they may 

also ingest solid foods and divide in the same manner. Such amoeboid 

stages may be formed from zoospores which have been swarming a short 

time {Aphanochaete^)y from protoplasts of vegetative cells {StigeocloniumA), 

or from germinating aplanospores (Tetraspora^). 

Not infrequently the angular protoplasts formed by cleavage within a 

cell do not develop into zoospores. Instead, each protoplast becomes 

rounded and secretes a wall distinct from the parent-cell wall. Such 

aplanosporeswhich may also be formed singly within a vegetative cell, 

‘ Strasburger, 1878. * Kostrun, 1944; Smith, G. M., 1916/4. 
* Kostrun, 1944. * Peirce and Randolph, 1905. ® Pascher, 1909, 
« Pascher, 1915. ^ Wills, 1883. 
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are to be regarded as abortive zoospores in which the motile phase has been 

omitted. Aplanospores are regularly formed by certain genera of Chloro- 

phyceae, as Microspora (Fig. 8), and only occasionally in others, as Ulothrix, 

Aplanospores may be liberated from the old parent-cell wall before germina¬ 

tion takes place, or they may grow into a new filament while still within the 

parent-cell wall. Aplanospores with greatly thickened walls are usually 

called hypnospores. 

Fig. 8. Aplanospores of Microspora WiUeana Lagerh. (X 800.) 

Aplanospores that have the same distincitive shape as the parent cell are 

called autospores. Autospore formation is the only known method of repro¬ 

duction in certain families of the Chlorococcales. They may also be formed 

occasionally by zoosporic genera, as is the case in Desmatractum.^ In genera 

where zoospore formation has been completely suppressed, as those belong- 

Fig. 9. Autospores. A, Tetraedron mini¬ 
mum (A. Br.) Hansg., a species in which the 
autospores separate from one another after 
liberation. B, Crucigenia fenestrata Schmi- 
dle, a species in which the autospores 
remain united in an autocolony. (X 1000.) 

Fig. 10. Akinete of PUhophora 
Oedogonia (Mont.) Wittr. (X 300.) 

ing to the Oocystaceae and Scenedesmaceae, the autospores may become 

separated from one another when liberated from the parent-cell wall 

(Chodatella, Tetraedron) (Fig. 9A), or they may remain permanently 

united in an autocolony whose cells are arranged in a specific manner 

{ScenedesmuSy Crucigenia) (Fig. ^B), 

1 Pascher, 1930.4. 
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Vegetative cells may. also develop into spore-like resting stages with 

much thicker walls and more abundant food reserves. These bodies, 

akinetes,^ may always be distinguished from aplanospores by the fact 

that the additional wall layers around the protoplast are fused with the wall 

of the parent cell. A formation of akinetes is a regular phenomenon in 

certain genera {Pithophora) (Fig. 10); and occasional in others {Tetra- 

sporaj Microspora, Pediastrum). An akinete should not be regarded as a 

modihed zoospore or a stage in the formation of zoospores. Instead, it 

should be considered a direct modification of a vegetative cell and one re¬ 

sulting in a structure better adapted to tide the alga over unfavorable 

conditions. Akinetes may develop directly into new plants {Pithophora?) 

or, as is generally the case, the protoplast of a germinating akinete may 

divide into a number of zoospores which are liberated in the usual fashion. 

Sexual Reproduction. The Chlorophyta are an evolutionary series in 

which gametic union is of widespread occurrence. In the simplest and 

most primitive case there is a fusion of a flagellated gamete {zoogameie) with 

another zoogamcte of identical size and structure. Among algae with this 

isogamous gametic union, it is impossible to make morphological distinctions 

between male and female gametes. Isogamy leads to a condition of aniso- 

gamy where both gametes are flagellated, but where one of a fusing pair is 

regularly larger than the other. The difference in size between the two may 

be relatively small (Pandorina), or ’t may be pronounced. In anisogamous 

algae the smaller of a fusing pair is considered the male gamete and the 

larger the female. Anisogamy leads, in turn, to a condition of oogamy and 

where there is a union of a small flagellated male gamete {antherozoid) with 

'a large nonflagellated gamete {(’gg). Isogamy, anisogamy, and oogamy 

represent a progressive series in differentiation of gametes. It is a series 

that has been evolved independently in at least five phyletic lines among 

the Chlorophyta. The most frequently cited example is that of the colonial 

Volvocales where Goniim is isogamous, Pandorinais inconspicuously anisog¬ 

amous, Eudorina and Pleodorina are markedly anisogamous, and Volvox 

is oogamous. Since the Gonium-Pandorina-Eudorina-Pleodorina-Volvox 

series shows a progressive increase in number of cells in a colony and a pro¬ 

gressive differentiation into somatic (vegetative) and gametic cells, it is 

frequently held that evolution from isogamy to oogamy is correlated with 

increase in complexity of vegetative structure. The unicellular Volvocales 

show that this is not necessarily the case since an evolution from isogamy to 

oogamy is to be seen in both Chlamydomonas and Chlorogonium. Thus, 

Chlamydomonas Snowiae Printz is isogamous, C. Braunii Gorosch. is anisog¬ 

amous, and C. coccifera Gorosch. is oogamous. In Chlorogonium^ C, eu- 

chlorum Ehr. is isogamous and C. oogamum Pascher is oogamous. Among 

^ WiLLB, 1883. • WiTTROCK, 1877. 
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the Ulotrichales, Ulothrix is isogamous, Aphanochaete is anisogamous, and 

Chaetonema and Coleochaete are oogamous. A similar series occurs among 

siphonaceous algae where Protosiphon is isogamous, Bryopsis and Codium 

are anisogamous, and Dichotomosiphon is oogamous. 

Study of green algae in unialgal and pure culture has shown that certain 

species are homothallic (monoecious) and can have a union of gametes 

derived from a single parent cell. Other species are heterothallic (dioecious) 

and have the gametes fusing in pairs only when the two come from cells of 

different parentage. 

Among a few primitive one-celled motile forms, two vegetative cells may 

function directly as gametes and fuse with each other. This occurs among 

both homo- and heterothallic species of Chiamydomonas. Most green algae 

do not have this fusion of vegetative cells, and there is only a fusion of 

swarmers (gametes) whose special function is to fuse in pairs. When this 

occurs among one-celled motile green algae, the stages leading to a forma¬ 

tion of gametes are not the same as those in which cells divide vegetatively 

to form daughter cells (which are the morphological equivalent of 

zoospores). Thus, the protoplast of a vegetative cell of Chlorogonium 

elongatum Dang, divides to form 8, 16, or 32 gametes but only 2, 4, or 8 

daughter cells when it divides vegetatively. In many algae, as Ulothrix 

and Enteromorpha^ gametes are biflagellate and zoospores are quadriflagellate. 

Strictly speaking, any cell producing gametes is a gamctangiunij but this 

term is ordinarily used only when cells producing gametes are morphologi¬ 

cally different from vegetative cells. A few isogamous C'hlorophyta, as the 

Trentepohliaceae, have morphologically distinct gametangia. Practically 

all the oogamous green algae have gametangia of distinctive shapes and 

ones in which the male gametangium (antheridium) is morphologically dif¬ 

ferent from the female gametangium {oogonium). 

Isogamous and anisogamous Chlorophyta almost invariably discharge 

their gametes from the parent cell, formation and ripening of the zygote 

occurring external to the thallus. With a few exceptions, as Chaetonema,^ 

eggs of oogamous genera are retained within the oogonium. Fertilization 

takes place within the oogonium, and the resultant zygote is liberated only 

when the oogonial wall decays. , 
A union of gametes both of which are without flagella {aplanogamy) is a 

feature which immediately separates the Zygnematales from all other 

Chlorophyta. There are minor variations in the manner in which aplano- 

gametes are brought in contact and in their behavior prior to union. In 

Zygnemataceae there is an establishment of a tubular connection between 

two cells functioning as gametangia. Some Zygnemataceae are truly isog¬ 

amous and have the two gametes meeting and fusing in the conjugation 

tube {Mougeotia and certain species of Zygnema). Other Zygnemataceae 

1 Meter, K., 1930. 
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have a morphological, isogamy accompanied by a physiological anisogamy 

in which one gamete is actively amoeboid and the other passive {Spirogyra 

and certain species of Zygnema). Most Desmidiaceae do not form a con¬ 

jugation tube but have an escape of the aplanogametes from the parent¬ 

cell walls before they fuse with each other. 

Phycological literature contains numerous records of cases where gametes 

that have not united with gametes of opposite sex develop into new plants 

or into resting stages identical in appearance with zygotes. The evaluation 

of these records of parthenogenesis is a difficult matter, since they have been 

observed in mixed cultures in aquariums or in mixed collections of material 

brought in from the field. Pure and unialgal cultures started from single 

cells definitely establish that a parthenogenetic germination of gametes 

may take place. Chlorogonium euchlorum Ehr.,^ Cladophora Suhriana 

Kutz.,2 a^nd Ulva Lactuca L.^ may be cited as examples of this. The par¬ 

thenogenetic development of gametes of Zygnemataceae into zygote-like 

bodies (parihenospores) is a well-established fact. 
Clear proof of parthenogenesis in certain species does not mean 

that gametes of all species of a genus may be parthenogenetic. For ex¬ 

ample, Ulva Lactuca L. is parthenogenetic, but studies by the writer show 

that this is not true for U, lohata (Kiitz.) S. and G. 

Certain Chlorophyta, especially Oedogonium^ and Spirogijray^ show a 

marked seasonal periodicity in the occurrence of sexual reproduction. This 

usually takes place in the spring or early summer, but certain species of 

these genera fruit only in the autumn. In the case of Spirogyra^ sexual 

reproduction seems to take place only when a certain amount of reserve 

food has accumulated, and the accumulation of reserve food is dependent 

directly upon the ratio between cell surface, cell volume, and temperature 

(see Fig. 1, page 25). Environmental changes other than temperature 

may also influence fruiting, and it is a matter of common knowledge that 

Spirogyra usually remains sterile when growing in flowing water. The 

prevalent idea that a diminution in the water supply induces fruiting is 

erroneous, since it has been shown® that there is an even more abundant 

fruiting if weather conditions are such that the water level of the pool does 

not fall. The reason for the apparent increase in fruiting of algae when 

water levels are falling is due to the fact that many algae fruit in late spring 

and at a time when rainfall is usually decreasing. Although environmental 

conditions do affect sexual reproduction, they do not affect it to the extent 

that sexual reproduction can be induced at any time by the experimenter. 

Most studies which claim complete control of sexual reproduction by alter¬ 

ing the environment"^ have not been substantiated by other workers. 

^ Schulze, 1927. * FOyn, 1934. * F6yn, 1934^4. 
* Tiffany and Transeau, 1927. * Transeau, 1916. 

• Transeau, 1913. ^ Klebs, 1896. * 
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The Zygote and Its Germination. There is usually not a disappearance 

of flagella when isogamous and anisogamous gametes unite, and the result¬ 

ant zygote may swarm in much the same fashion as a zoospore before it 

comes to rest, loses its flagella, and secretes a wall. All zygotes of ooga- 

mous Chlorophyta are, of course, immobile from the beginning, and they 

all secrete a wall within a fairly short time. When first formed, the zygote 

wall is a thin homogeneous structure, but as ripening proceeds, it often 

becomes differentiated into three layers, the two outer of which contain 

cellulose. The ornamentation and coloration characteristic of many ripe 

zygotes are developed chiefly in the median wall layer. Protoplasts of 

young resting zygotes are of a bright green color and contain such food re¬ 

serves as were present in the gametes. Photosynthesis by the ripening 

zygote results in an accumulation of still more reserve food. In young zy¬ 

gotes these food reserves consist almost wholly of starch; later on, there is 

often a conversion of the starch into oil. There is often, also, a develop¬ 

ment of hematochroine in sufflcient abundance to color the protoplast a 

bright red or orange-red. 

Sooner or later, the two nuclei contributed by the two gametes fuse with 

each other. The fate of the chloroplast or chloroplasts contributed by 

each gamete is harder to follow. In the case of Zygnema} and certain des- 

mids,* it seems fairly certain that chloroplasts derived from the female 

gamete persist and those contributed by the male gamete degenerate. 

Fusion of gamete nuclei (syngamy) is followed by meiosis at some later 

stage in the life cycle. Meiosis among the green algae was first demon¬ 

strated in Coleochaete^ and shown to take place when the zygote nucleus 

divides. Subsequently a meiotic division of the zygote nucleus was dis¬ 

covered in several other Chlorophyta. Among these were members of the 

Volvocales,"^ Ulotrichales,^ Oedogoniales,® Chlorococcales/ and Zygnema- 

tales.® The demonstration of a meiotic division of the zygote nucleus 

among so many orders of Chlorophyta seemed to warrant the generalization 

that this was to be expected throughout the entire division. However, this 

generalization became invalid when it was shown® that division of a zygote 

may be equational. This is now known to hold for Chaetomorphay^'^ Clado- 

phoraj^^ Ulvay^^ Enteromorpha,^^ and Draparnaldiopsis}^ The significance of 

this variation in the time of meiosis will be noted on page 59. 

Among genera with an equational division of the zygote nucleus, the 

germination of a zygote usually occurs within a day or two after gametic 

* Kubssanow, 1911. • PoTTHOFF, 1927. • Allen, C. E., 1905. 

^ ZiMMERMANN, 1921. * Grosse, 1931. • GUSSBWA, 1930. 

’Mainx, 1931 a. 

«Kauffmann, 1914; Kubssanow, 1911; Potthoff, 1927; TrOndlb, 1911. 

» FOtn, 1929; Hartmann, 1929. Hartmann, 1929. “ F5yn, 1929. 

i*F5yn, 1934A. Ramanathan, 1939A. Singh, 1945. 
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union. Among genera, with a meiotic division of the zygote nucleus, the 

zygote undergoes a period of ripening before meiosis takes place. 

The time interval between gametic union and the time thick-walled rest¬ 

ing zygotes are capable of germination is not the same for all green algae. 

In Chlamydomonas Reinhardt Dang, the writer has found that zygotes may 

be induced to germinate 20 days after they are formed; in Ulothrix zygotes 

germinate 5 to 9 months after their formation,^ and in Oedogonium germi¬ 

nation takes place after a resting period of 12 to 14 months.^ 

Genera whose vegetative cells do not produce zoospores may form them 

when the zygote germinates (Sphaeroplea) y but more commonly, as in the 

Zygnematales, no zoospores are formed by a germinating zygote if vegeta¬ 

tive cells do not produce them. Many genera have the germinating zygote 

producing four zoospores. For certain genera (Ulothrixy Oedogoniumy Hy- 

drodictyon) this has been shown to be due to a meiosis in which all four 

nuclei are functional. There is also evidence for a similar condition in cer¬ 

tain other genera for which meiosis has not been demonstrated. For ex¬ 

ample, in heterothallic species of Gonium^ and Chlorogonium^ two of the zoo¬ 

spores are ^^plus^’ in nature and two are '^minus.^^ 

Germinating zygotes may produce more than four zoospores. The writer 

has found that, at times, germinating zygotes of Chlamydomonas Rein- 

hardi Dang, form 8 instead of 4 zoospores, and that zygotes of C. intermedia 

Chod. regularly produce 16 or 32 zoospores. Germinating zygotes of Coleo- 

chaete produce 8 to 32 zoospores, and this has been shown^ to be due to 

equational nuclear division following the meiotic divisions. 

There may also be a formation of less than four zoospores when a zygote 

germinates. For Eudorina this has been shown® to be due to a degenera¬ 

tion of certain of the nuclei. A production of but two zoospores may be 

due to a single division of the zygote nucleus (Oedogonium'^). Here it has 

been shown that the zoospores have a diploid nucleus and that filaments 

developing from them are double the size of those coming from zoospores 

with haploid nuclei. Degeneration of certain nuclei in a germinating 

zygote is common among the Zygnematales, an order where there is a 

meiotic division of the zygote nucleus. Zygnema^ and Spirogyra^ have a 

degeneration of three of the four nuclei resulting from meiosis and so have 

a production of but one germling when a zygote germinates. Closteriumy^^ 

Cosmariumy^^ and Netrium}^ have two of the nuclei from meiosis large and 

persistent, and two small and degenerate. When zygotes of these desmids 

germinate, there is a formation of two germlings, each of which contains a 

large and a degenerate nucleus. A zygote of Hyalotheca^^ contains two 

* Grosse, 1931. *Mainx, 1931. • Schreiber, 1925. 
* Schulze, 1927. ® Allen, C. E., 1905. ® Schreiber, 1925. 
’ Mainx, 1931. * Kurssanow, 1911. ® TrOndle, 1911. 

Klebahn, 1891. PoTTHOPF, 1928. i*Totthopf, 1927. 
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large and two small nuclei after meiosis, but when the zygote germinates 

there is a degeneration of one of the large as well as both of the small 

nuclei. There is, therefore, but one germling from a zygote in this genus. 

Life Cycles. The simplest possible type of life cycle is that found in 

Chlamydomonas. Here division of a vegetative cell results in the forma¬ 

tion of two, four, or eight motile daughter cells which may function as 

gametes. Zygotes resulting from gametic union have a meiotic division 

of the zygote nucleus and produce zoospores which function directly as 

one-celled vegetative plants. The life cycle of this primitive green alga 

consists, therefore, of an alternation of a one-celled haploid phase with a 

one-celled diploid phase. Such an alternation is not obligatory in the 

sense that the haploid phase must always give rise to the diploid phase, and 

there maybe a succession of haploid phases before production of the diploid 
phase. The alternation is obligatory in the sense that the diploid phase 

cannot give rise to further diploid phases but must always form the hap¬ 

loid phase. Among most unicellular algae with alternating haploid and 

diploid phases, the vegetative functions, especially photosynthesis, are 

centered in the haploid phase. Chlorochytrium may be cited as a unicellu¬ 

lar green alga where the opposite condition obtains and where the vege¬ 

tative functions center in the diploid phase. This alga must be considered 

as having an obligatory alternation of haploid and diploid one-celled phases, 

if the very temporary coenocytic condition during gametogenesis is not 

taken into consideration. 

Beginning with the primitive condition of an alternation of unicellular 

haploid and diploid phases, there may be an evolution of a multicellular 

generation on either the haploid or the diploid side of the life cycle. The 

great majority of Chlorophyta have had this on the haploid side. This has 

resulted (as in Spirogyra, Oedogonium, or Coleochaete) in a life cycle in 

which a multicellular haploid generation alternates with a unicellular dip¬ 

loid phase. Many such algae have a reduplication of the haploid genera¬ 

tion by means of zoospores or other asexual reproductive bodies. Codium} 

represents a case where there has been an interpolation of equational di\ i- 

sion of the diploid nucleus between syngamy and meiosis. Here we have 

what is essentially a multicellular diploid generation alternating with a 

unicellular haploid phase. 
Particular interest attaches to the similar alternating multicellular 

generations found in Enteromorpha, Ulva, Cladophora, Chaetomorpha^ and 

Draparnaldiopsis, Here the alternation may be strictly obligate, the 

diploid generation always producing zoospores germinating into the hap¬ 

loid generation, and the haploid generation always forming gametes which 

fuse to form a zygote growing into the diploid generation. In all these 

genera, the two generations are morphologically alike and cannot be dis- 

* Williams, 1926. 
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tinguished from each other until the time of reproduction. The morpho¬ 

logical similarity of the two generations is significant; the fact that all 

these generations with identical haploid and diploid generations are hetero- 

thallic and isogamous or feebly anisogamous may or may not be significant. 

It should be noted that this alternation of identical generations has 

appeared independently in three families not closely related to one another 

(Cladophoraceae, Ulvaceae, Chaetophoraceae). In each of these families 

there are genera with an alternation of a multicellular haploid generation 

with a unicellular diploid phase. Many Chaetophoraceae have such a 

life cycle: Urospora} and possibly Spongomorpha^ are examples of this among 

the Cladophoraceae, andMonostroma^ is an example among the Ulvaceae. 

As to the origin of a life cycle with identical multicellular generations, it 

is not improbable that this came from an ancestor with a multicellular 

haploid generation and a one-celled diploid phase. It may have originated 

by suppression of meiosis in the germinating zygote. The contribution by 

each haploid gamete of an identical set of genes for size and shape of thallus 

resulted in the zygote growing into a diploid multicellular thallus identical 

with the haploid multicellular thallus. The capacity for meiosis, origin¬ 

ally present in the zygote, is transmitted through each cell generation in 

development of the diploid thallus and usually becomes effective when the 

diploid plants are fully mature, although it may become evident in juvenile 

plants. Whether or not every cell in a thallus exhibits this capacity for 

undergoing meiosis is largely one of vegetative activity; all cells may do so, 

as in Ulva and Enteromorphay or only young actively growing cells may un¬ 

dergo meiosis, as those at the ends of branches in Cladophora. Cladophora 

glomerata (L.) Klitz. is unusual in that there is no meiosis immediately 

prior to zoospore formation.** Early stages in nuclear division prior to 

zoospore formation are suggestive of meiosis, but later stages are mitotic. 

As a result, the zoospores give rise to diploid plants which do not undergo 

meiosis until just before gametogenesis. 

Evolution among the Chlorophyta. The various types of thallus organi¬ 

zation postulated in the theory of plant body types (see page 6) are 

represented in much greater abundance among the Chlorophyta than among 

other algae. There are numerous examples of the motile unicellular type 

among the Volvocales, but no one would go so far as to hold that any of 

these is the particular genus from which the chlorophytan series has de¬ 

veloped. The volvocine tendency in which the vegetative cells become 

organized into definite colonies but still retain their motility is represented 

by several genera. The culminating member of the series, VolvoXj prob¬ 

ably represents the limit of colonic development where the vegetative 
cells retain their motility. 

* JoBDE, 1933. * Smith, G. M., 1946. • Yamada and Saito, 1938. 

* List, 1930. • 
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The tetrasporine tendency in which vegetative cells are immobile but 

retain their capacity to return directly to a motile condition is found in 

temporary palmella stages of many unicellular Volvocales (including Chla- 

mydomonas, Carteria, and Haematococcus), From such organisms it is but 

a small step to truly palmelloid genera, as Tetraspora and ApiocystiSj 

where the immobile vegetative cell is the dominant phase and the vege¬ 

tative cells are only temporarily motile. These tetrasporine genera also 

have a vegetative division of their cells. Cell division within the palmel¬ 

loid mass may take place indiscriminately and so produce an amorphous 

colony {Palmella)] or cell division may predominate in one plane and re¬ 

sult in an elongate cylindrical colony [Tetraspora cylindrica (Wahlb.) Ag.] 

or a cylinder that is profusely branched [Palmodiciyon varium (Nag.) 

Lemm.]. 

Palmelloid algae are characterized by a strong tendency on the part of 

the cells to divide into fours or eights and for the daughter cells thus formed 

to become separa.ted from one another because of a secretion of gelatinous 

materials. Restriction of cell division to a transverse bipartition and the 

restriction of all divisions to the same plane result in a simple filament of 

cells. The most primitive of the filamentous forms derived from palmel¬ 

loid colonies would probably have the seriately arranged cells separated 

from one another by gelatinous material and have much the same organi¬ 

zation as the filaments of Geminella, Filaments of the Ulothrix type, 

where the cells abut on one another, represent a more advanced condition. 

Transition to the filamentous condition is accompanied by another feature, 

a loss of the protoplast’s ability to return directly to the motile condition. 

There are no filamentous Chlorophyceae with this feature so characteristic 

of Tetrasporales. Many of the filamentous algae do, however, retain the 

capacity of forming motile reproductive cells, and it is interesting to note 

that when zoospores or gametes are formed there is usually a division of 

the protoplast into four, eight, or more motile cells. 

In contrast with the Xanthophyceae and the Chrysophyceae, the Chloro- 

phyta have a multitude of filamentous genera. Many of these have simple 

filaments; there are even more in which the filament is branched. Branches 

are usually developed by a cell sending out a lateral projection and then 

forming a cross wall between the projection and the parent cell. Fre¬ 

quently, these initials are formed only toward the distal end of the thallus, 

but the formation of branches is not definitely restricted to the apical cell 

as is the case with Rhodophyceae. Green algae with a branching fila¬ 

mentous thallus are always sessile, and such free-floating individuals as 

one encounters are plants which have become accidentally detached from 

the substratum. The thallus may have no difference in size between the 

various branches (Trentepohliay Microthamnion), or there may be a distinct 

main axis which bears lateral branches {Drapamaldia^ Stigeoclonium). 
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Organization of the thallus into a branched filamentous system may also 

be accompanied by a differentiation into a prostrate and an erect portion, 

as in TrentepohKa and Gongrosira^ but nowhere among the branching fresh¬ 

water Chlorophyta is there the development of a complex thallus com¬ 

parable to that of Rhodophyceae and Phaeophyceae. The genera thus 

far cited all have laxly branched thalli. There are also genera and species 

in which the branching is compact; either a discoid layer flattened against 

the substrate {Protoderma and Coleochaete scutata Br6b.), or a pseudo- 

parenchymatous tissue several cells in thickness {Gongrosira). There are 

several genera in which the branching thallus consists of but a few cells 

{Protococcus^ Thamniochaete, Chaetonema)., Possibly these are primitive 

forms, but it is much more likely that they are reduced. In fact, such 

Chlorophyta as Dicranochaete and Chaetosphaeridium are to be interpreted 

as algae in which the branching thallus has been reduced to a single cell, 

rather than as examples of the chlorococcine type. 

Another potentiality of the tetrasporine evolutionary line is found in 

the Ulvaceae and Prasiolaceae. Here the thallus may be an erect mono- 

stromatic layer {Monostroma), a distromatic layer {Ulva), a hollow sac 

{Enteromorpha), of a solid cylinder {Schizomeris). The origin of such thalli 

is not to be sought in a modification of a branching thallus. Probably it 

originated by cells of a simple filament developing the capacity to divide in 

more than one plane; or by a unicellular form developing this capacity. 

There are also numerous examples of the^ chlorococcine tendency (siphon- 

aceous tendency) among the green algae. Most genera of this type belong 

to the Chlorococcales and are derivatives from motile unicellular ancestors 

that have lost their vegetative motility and their ability to divide vege- 

tatively, except for the production of reproductive cells. Comparatively 

few of those who have concerned themselves with the evolution among the 

Chlorophyceae have recognized that the lack of vegetative division of the 

chlorococcine algae automatically excludes them from the evolutionary 

line leading from the Volvocales to the Ulotrichales.^ 

Chlorococcum and Trebouxia, with their uninucleate solitary cells repro¬ 

ducing by means of zoospores, are among the simplest known members of 

this phylogenetic series. Evolution has proceeded in several directions 

from this simple type. In some cases, as in the Oocystaceae, the zoospores 

have lost their power of locomotion and the only means of reproduction is 

by a formation of autospores. On the other hand, the swarming zoospores 

may be retained within the parent cell wall {Hydrodictyon) or within a vesicle 

{Pediastrum, Sorasirum) and develop into cells that are united with one 

another to form colonies of definite shape. There are also many genera, 

all referable to the Scenedesmaceae, in which autospores, instead of zoo¬ 

spores, become united to form colonies of defini^p shape. 

* Blackman, 1900; West, 1916. 
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In some of the foregoing chlorococcine types, the cell remains uninu¬ 
cleate until the time of reproduction; in others {Tetraederon^ Pediastrum) 
there are one or two nuclear divisions during the vegetative life and two or 
more additional mitoses just before reproduction. In at least one case 
{Hydrodiciyon) y there is a continual increase in the number of nuclei 
throughout the life of the cell. This retention of the capacity for nuclear 
division, even though the cell itself cannot divide, is also found in Chara- 
cium, a genus in which the cell shape and cell size are definitely limited. 
Continued growth of such a coenocyte, instead of limited growth, would 
lead to a simple siphonaceous form such as Protosiphon. From this it is 
not a great step to the more elaborate coenocytic Siphonales. 

The rhizopodal tendency is not present among Chlorophyta except as a 
temporary stage of zoospores (see page 52). 

The foregoing discussion of evolution among green algae has ignored 
progressive changes in gametic union and the question of an alternation of 
generations. As already pointed out (see page 54), there has been an 
evolution from isogamy to oogamy in several distantly related groups 
among green algae. This shows that those systems which make sexuality 
the fundamental starting point for classifying green algae are founded on 
a wholly artificial basis. The postponement of meiosis and the resultant 
appearance of two alternating generations are extremely interesting facts 
but have not been important factors in evolution within the Chlorophyta. 
This type of life cycle has arisen independently in at least three families, 
but in none of them has it become sufficiently established to give rise to 
a long phylogenetic series. 

Classification. Phycologists are in general agreement concerning the 
natural affinities of many groups of genera (variously included in the Vol- 
vocales, Hydrodictyaceae, Ulvaceae, Cladophoraceae, Oedogoniaceae, Zyg- 
nemataceae, Desmidiaceae, and Characeae). But when it comes to limits 
of groups larger than the family, there is great diversity of opinion. For 
example, some phycologists place the Ulotrichaceae and Chaetophoraceae 
in separate orders; others include them in the same order. Another ex¬ 
ample is seen in the inclusion of the Ulvaceae among the Ulotrichales by 
some and their segregation in a separate order by others. 

All phycologists have long recognized that the Oedogoniaceae and the 
conjugating algae (Zygnemataceae and Desmidiaceae) are more or less re¬ 
mote from other green algae. Formerly these differences were considered 
sufficient to warrant placing the conjugates in one subclass, the Akontae, 
and the Oedogoniaceae in another, the Stephanokontae. Today most 
phycologists agree that the magnitude of difference is not greater than that 
of an order. 

Finally there is the question of the proper distribution of the charas. 
Some think that their difference is not greater than that of ordinal rank 
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and so include all green algae in a single class, the Chlorophyceae. Others 

consider them so different that they merit recognition as a separate divi¬ 

sion, the Charophyta. Still others place them in a class coordinate in rank 

with the Chlorophyceae. As among these three alternatives, the writer 

prefers the third in which the Chlorophyta are divided into two classes 

the Chlorophyceae and the Charophyceae. 

CLASS 1. CHLOROPHYCEAE 

The Chlorophyceae include all the green algae except the few genera 

assigned to the Charophyceae. Members of the Chlorophyceae may be 

unicellular or multicellular. Multicellular Chlorophyceae never have the 

verticillate vegetative organization or the ensheathing structures around 

the sex organs that are found in members of the Charophyceae. 

Opinion varies as to the number of orders that should be recognized 

among the Chlorophyceae. The reader interested in the differences be¬ 

tween the system of classification followed in this book and other recent 

systems is referred to the tabular summaries given by Fritsch.^ 

ORDER 1. VOLVOCALES 

Genera assigned to this order include those Chlorophyceae in which the 

vegetative cells are flagellated and in which the cells are actively motile 

during vegetative phases of the life cycle, Many of the genera belonging 

to the order are unicellular; others have a fixed number of motile cells 

united in colonies and the cells arranged in a manner characteristic for the 

genus. 

Most genera have ovoid, cordiform, pyriform, or fusiform cells, but some 

have cells that are compressed or with an irregular outline. All genera 

have the flagella borne at the anterior end. The great majority of genera 

are biflagellate, but some have quadriflagellate or octofiagellate cells. 

Many of the unicellular Volvocales may retract their flagella (or fail to 

. develop them) and enter upon a temporary immobile phase in which the 

cell is surrounded by a copious gelatinous envelope. Continued cell divi¬ 

sion, when in an immobile state may result in a large amorphous colony 

with many cells irregularly distributed throughout a gelatinous matrix. 

Such Palmella stages are most frequently encountered among individuals 

living under subaerial conditions. ‘ Any cell in a palmelloid colony may, 

at any time, d^elop flagella and return directly to the motile condition. 

The typical volvocaceous cell is enclosed by a definite wall and one in 

which there is always a cellulose layer next the protoplast. Frequently 

there is a layer of pectic material external to the cellulose layei;. Gelatinous 

, envelopes abound the cells are especially common among the colonial 

* Fritsch, 1944. 
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genera, and in many of these the individual envelopes are completely 
fused with one another to form a homogeneous colonial matrix. There 
are a few genera (PhacotuSy Pteromonas) in which the wall consists of two 
overlapping halves, sometimes impregnated with calcium carbonate, and 
in which the halves separate from each other at the time of liberation of 
daughter cells. 

Volvocales lacking a definite wall, but in which the peripheral portion 
of the protoplasm is rigid, are usually placed in a family by themselves, 
the Polyblephardiaceae. Although it is generally agreed this naked con¬ 
dition is the more primitive, it does not necessarily follow that all naked- 
celled Volvocales are of a primitive type. It is quite possible that certain 
genera now placed in the Polyblepharidaceae are derived from ancestors 
that had a wall and that this primitive type of organization is secondarily 
acquired. 

Cells of the Volvocales have protoplasts without a central vacuole, but* 
they do have contractile vacuoles. In must genera there are two con¬ 
tractile vacuoles at the base of the flagella but, as in HaematococcuSy there 
may be more than two vacuoles and these may lie just within any part of 
the plasma membrane. The eyespot in the volvocaceous cell is always 
solitary and generally located in the anterior half. As already noted (page 
46), it may have a simple or a complex organization. The chlorophyll- 
containing portion of the cytoplasm, the chloroplast, is usually a massive 
cup-shaped structure occupying the greater portion of the space within 
the plasma membrane. Many of these cup-shaped chloroplasts contain 
a single pyrenoid, but some typically have more than one pyrenoid. It is 
becoming increasingly evident that there are innumerable modifications 
of the cup-shaped chloroplast, ranging all the way from structures that are 
U-shaped in optical section to those that are H-shaped. Other Volvocales 
have chloroplasts consisting of a central mass with numerous broad radial 
projections to the plasma membrane, or they may have the central mass 
greatly reduced or even lacking. The last-named case results in a number 
of separate discoid parietal chloroplasts. Since species with the foregoing 
types of chloroplast have been described for a single genus,^ it does not 
seem as if there were two or three basic types of chloroplast structure 
among the Volvocales which, in turn, gave rise to distinct phylogenetic 
series amdhg the higher Chlorophyceae. The amount of pigmentatiop in 
the chloroplast is extremely variable, and there are genera in which there 
is but a trace of chlorophyll {Pseudofurcilia) or in which there is no chloro¬ 
phyll (Polytoma), A lack of chlorophyll does not exclude such genera 
from the Volvocales,*since other features of cell structure are typical, in¬ 
cluding the presence of a pyrenoid and a regular formation of starch. 

* Pascher, 1930. 
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These colorless genera cannot be placed in a family by themselves but must 
be ranged alongside genera with chlorophyll and put in the appropriate 
family. 

Vegetative cells of Volvocales are uninucleate. Division of the nucleus 
is mitotic and may be parallel to the long axis of a cell (Polytoma,^ Chloro- 
goniumP) or at right angles to the long axis {Eudorina,^ Carteria^), 

Asexual reproduction of unicellular genera is by division to form two, 
four, or eight daughter cells. Genera without a cell wall always have a 
longitudinal division into two daughter cells, and cleavage may begin at 
the posterior or the anterior end. Genera with a cell wall may have a 
longitudinal or a transverse division of the protoplast. In the formation 
of more than two daughter protoplasts within a wall there is first a bi¬ 
partition into two uninucleate protoplasts and then a division of each of 
these. The final series of divisions is followed by formation of a wall 
around each daughter protoplast. The daughter cells are usually liberated 
by a gelatinization of the parent-cell wall. 

Asexual reproduction of colonial genera is by repeated division of a cell 
to form a daughter colony. In the more primitive genera (Goniurriy 
Pandorina) every cell in a colony produces a daughter colony. Among 
advanced genera certain cells are always vegetative and others reproduc¬ 
tive. For example, all cells in the anterior half of a colony of Pleodorina 
califomica Shaw are vegetative. Reduction in number of reproductive 
cells is carried still further in Volvox where only 4 to 20 cells in the poste¬ 
rior half of a colony may be capable of dividing to form daughter colonies. 
Genera belonging to one of the colonial families, the Volvocaceae, have 
the divisions forming daughter colonies taking place in a very regular 
sequence (see page 94). 

Gametic union is found in most members of the order and, according to 
the particular species, may be isogamous, anisogamous, or oogamous. 
The zygotes develop a thick wall and enter upon a period of rest before 
they are capable of germination. Division of the zygote nucleus has been 
shown to be meiotic in Chlamydomonas* and in Volvox.^ The regular 
production of four zoospores by germinating zygotes of certain other 
species, including the demonstration that two of these are '‘plus*^ and two 
are ‘^minus’^ in heterothallic species,® would seem to show that vegetative 
cells of all Volvocales are haploid. 

Six families may be recognized among the Volvocales, and all of them 
have representatives in this country. The first three families listed on 
succeeding pages are somewhat artificial, but most of the genera assigned 

>>Entz, 1918. * Dangeard, 1898. * Hartmann, 1921. 
* MoEWUS, 1936. * ZiMMERMANN, 1921. 
• Moewus, 1935; Schreibbr, 1925; ^hulze, 1927, 
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to each of them seem closely related. Some phycologists group all colo¬ 
nial genera, except Stephanosphaeray in a single family, but differences in 
arrangement of cells and in mode of formation of daughter colonies justify 
recognition of the Volvocaceae and the Spondylomoraceae as separate 
families. 

Family 1. Polyblepharidaceae 

Genera belonging to this family have a protoplast which is not enclosed 
by a cellulose wall. The cells may change slightly in shape as they move 
through the water, but the peripheral portion of the protoplast is always 
sufficiently rigid to give the cell a characteristic shape. Cells may be uni-, 
bi-, quadri-, or octoflagellate, and with the flagella longer or shorter than 
the cell. All genera have an eyespot, but there may or may not be con¬ 
tractile vacuoles at the base of the flagella. The chloroplast is usually 
cup-shaped and with a single pyrenoid. There are genera without chloro¬ 
phyll, as Polytomella but in which the saprophytic nutrition results in an 
accumulation of starch. 

Reproduction usually takes place while the cells are actively motile 
and by a longitudinal cleavage which may begin at the anterior or poste¬ 
rior ends. Some biflagellate genera, as Phyllocardium and Dunaliella, 
have one flagellum from a parent cell going to each daughter cell and a 
formation of one new flagellum by each daughter cell. 

Resting stages of a cyst-like nature are formed by most genera of the 
family. When these cysts germinate, they develop directly into motile 
cells. 

Sexual reproduction is isogamous.^ Zygote germination has been seen 
in but one genus {Dunaliella), and here there is usually a formation of four 
zoospores. 

The genera found in this country* differ as follows: 

1. Cells with one flagellum. 1. Pedinomonas 

1. Cells with more than one flagellum. 2 

2. With two or four flagella. 3 
2. With six to eight flagella.8. Polyblepharides 

3. Cells biflagellate. 4 

1 Kobshikov, 1927; Lerche, 1937. 
* Chloraster has been reported (Kofoid, 1910) from the United States but is a 

genus of very questionable validity. . » 
Some phycologists (e.g., Pascher, 1927A) place Collodictyon among ftjp^^oly- 

blepharidaceae; but, unlike other colorless Volvocales, it does not contaii^l^ch. 
This indicates that its affinities are with the Protomastiginae of the ProtozoaiB^er 
than with the Volvocales. If Collodictyon is a member of the Polyblepharidt^Slp, 

it should be included in the algal flora of this country since it has been found in 

California, Ohio, and Tennessee. 
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3. Cells quadriflagellate. 
4. Cells compressed. 

4. Cells not compressed. 

5. Cells with longitudinal ridges in anterior portion. 
6. Cells without longitudinal ridges. 

6. Cells spindle-shaped. 

6. Cells not spindle-shaped . 
7. With chlorophyll. 
7. Without chlorophyll. 

.6 
_4. Heteromastlz 

. 5 

... 2. Stephanoptera 

. 3. Dunallella 
. 6. Spermatozoopsis 

.7 
.... 5. Pyramimonas 

. 7. Polytomella 

1. Pedinomonas Korshikov, 1923. Pedinomonas has compressed cells 
that are ellipsoidal to subcircular in front view. The cells are naked and 
without an envelope or a differentiated periplast. There is but one 

flagellum, and it is directed backward as a cell 
swims through the water. A single contractile vac¬ 
uole lies near the base of the flagellum. The chlo- 
roplast is sickle-shaped and contains a single con¬ 
spicuous pyrenoid surrounded by starch granules.^ 

Asexual reproduction is by bipartition and takes 
place while a cell is motile. There may be a 
development of palmella stages. 

Sexual reproduction is by fusion of two vegeta¬ 
tive cells, and the newly formed zygote may be 
uni- or biflagellate. Eventually the zygote loses 
its flagella, assumes a spherical shape, and be¬ 
comes surrounded by an envelope. 

Fig. 11. Pedinomonas mi¬ 
nor Korshikov. {After 
Korshikov, 1923.) 

shikov has been found 

Pascher (1927A). 

P. minor Korshikov (Fig. 11) has been found 

both in Ohio and Tennessee,* and P. rotunda Kor¬ 

in Ohio.* For descriptions of these two species, see 

2. Stephanoptera Dangeard, 1910 (Asteromonas Artari, 1913). The soli¬ 
tary cells of this alga are pyriform and with the broad anterior end four- 
lobed to six-lobed. When viewed from above, the cells are stellate in 
outline and with four to six broadly rounded projections. Cells of Steph¬ 
anoptera are without a wall, and the two flagella are longer than the cell. 
There are two contractile vacuoles at the base of the flagella. The chloro- 
plast is cup-shaped, and its anterior end has as many laminate projections 
as there are lobes to the cell. The elongate eyespot usually lies toward 
the anterior end of a cell. The nucleus is fairly conspicuous. 

Reproduction is by a longitudinal division that begins at the anterior 
end.^ The vertical division halves the chloroplast and pyrenoid and 

^ Korshikov, 1923. * Lackey, 1939, 1942. 

* Lackey, 1939. ^ Dangeard, 1912. 
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distributes one flagellum to each daughter, cell. Each daughter cell be¬ 
comes biflagellate by formation of a new flagellum during later stages of 
division. 

At times the cells retract their flagella, assume a spherical shape, and 
secrete an enclosing membrane. Such ''cysts’' are thought to germinate 
directly. 

Sexual reproduction has not been noted in this alga. 

S. gracilis (Artari) G. M. Smith (Fig. 12) has been found in several salterns 

and brine lakes in the western part of the United States. For a description of it 

as Asteromonas gracilis^ see Artari (19J3). 

3. Dunaliella Teodoresco, 1905. The cells of Dunaliella are ovoid to 
narrowly pyriform and with two long flagella at the anterior end. In 

the posterior end is a more or less cup-shaped chloroplast containing a 
single pyrenoid. According to the species, there is or is not an eyespot in 
the anterior end. Under unfavorable conditions^ the green of the chloro¬ 
plast and even the colorless portion of the protoplast are masked with 
hematochrome. 

Asexual reproduction takes place by longitudinal division and while cells 
are in motion. A cell may develop into a cyst by rounding up and secret¬ 
ing a wall. The finding of many empty cyst walls^ would seem to indicate 
that germination of cysts is direct. 

Sexual reproduction is isogamous and results in a spherical zygote with 
a smooth wall.® Germination of a zygote may result in a production of as 
many as 16 zoospores. Genetic analysis of the products from germinating 
zygotes indicates that division of the zygote nucleus is meiotic.^ 

^ Lebche, 1937. * Hambukger, 1905. 

* Lebche, 1937; Teodoresco, 1906. 

* Lebche, 1937., 
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Dunaliella is of world-wide distribution and almost invariably present in salterns 
and brine lakes. The optimum NaCl concentration for most species is between 4 
and 8 per cent, but they can tolerate much higher concentrations.^ Dunaliella 
has been collected from brine lakes in Utah, Nevada, and California. Two species, 
D. salina (Dunal) Teodor. (Fig. 13) and D. Peircei Nicolai have been found in the 
United States. For descriptions of them, see Lerche (1937). 

4. Heteromastix Korshikov, 1923. The naked cells of this polybleph- 

arid are conspicuously flattened and broadly ellipsoidal, subhexagonal, or 

reniform in outline. One of the two flagella is somewhat longer than the 

other. The chromatophore, which lies toward the posterior end of a cell, 

may have a conspicuous cup-shaped depression or a very slight depression. 

It contains a single spherical pyrenoid surrounded by several starch plates 

or a somewhat compressed pyrenoid surrounded by two large starch plates. 

Fiq. 13. Dunaliella scdina (D\ii\dX) Fio. 14. Heteromaatix. angulata'Korshikov. A, 
Teodor. (X 860.) vegetative cell. jK, dividing cell. (X 2600.) 

Sometimes there is a minute eyespot at the anterior end of a cell. There 

is a single contractile vacuole beneath the flagella. The nucleus is con¬ 

spicuous and anterior. In addition to the distinctive morphological fea¬ 

tures, Heteromastix has a characteristic irregular motion as it moves 

through the water. This irregular motion has been ascribed^ to one flagel¬ 

lum acting as a trailing flagellum while a cell is swimming about. 

Reproduction takes place while cells are motile and is by a longitudinal 

cleavage that begins at the anterior end. 

A fusion of cells of equal size has been observed,^ and the quadriflagellate 

zygote remains motile for a considerable time before it becomes immobile, 

assumes a spherical shape, and secretes a smooth wall. 

In this country the type species, H. angulata Korshikov (Fig. 14) is known only 
from Califomia.3 For a description of it, see Pascher (1927A). 

* Lerche, 1937. * Korshikov, 1923. • Smith, G. M., 1933. 
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5. Pyramimonas Schmarda, 1850. The naked solitary cells of this 

genus are sometimes hemispherical but more often pyriform. The poste¬ 

rior end of a cell is always broadly rounded; the anterior end is always 

retuse and four-lobed. The cells have four flagella that are inserted close 

together in a depression of varying depth at the anterior end of a cell. 

Each flagellum has a minute blepharoplast at its base, and the blepharo- 

plasts are connected with the nuclear membrane by a fairly thick rhizo- 

plast.^ There are two contractile vacuoles near the base of the flagella. 

The chloroplast is typically cup-shaped and with the anterior end deeply 

incised to form four lobes, each of which ma> , in turn, have a median 

longitudinal incision.^ There is a single pyrenoid. The eyespot is con- 

Fig. 15. Pyramimonas tetrahynchus Schmarda. A-B^ dividing cells. E-F^ vertical view 

from the posterior pole. (X 1000.) 

spicuous and anterior to submedian in position. Although there is no 

definite wall around a cell, the peripheral portion of the cytoplasm (peri¬ 

plast) seems to be distinct from the rest of the cytoplasm and may even 

be caused to separate off in large blisters by the application of suitable 

reagents.® 
Reproduction is by longitudinal division and takes place while cells are 

in motion. Following nuclear division, there is a formation of two sets 

of flagella at the anterior end, and the two become remote from each other 

before division is completed (Fig. 15A). 

Subglobose cysts with a thick hyaline gelatinous covering are formed at 

1 Bretschneider, 1925. 
2 Gbitler, 1925Z); Griffiths, 1909. 

» Griffiths, 1909. 
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times, and these cysts may be aggregated within a common gelatinous 

matrix to produce a Palmella-\\k.Q stage.^ 

A union of approximately similar gametes has been recorded for P. 

reticulata Korshikov.^ Germinating zygotes of this species give rise to 

four zoospores. 

Four species, P. inconstans Hodgetts, P. moniana Geitler, P. reticulata 
Korshikov, and P. tetrarhynchos Schniarda (Fig. 15) have been found in this coun¬ 

try. For descriptions of them, see Pascher (1927A). 

6. Spermatozoopsis Korshikov, 1913. The naked cells of this alga are 

spindle-shaped and usually bent in an arc. The cells are quadriflagellate, 

with two contractile vacuoles near 

the base of the flagella, and with 

a linear chloroplast that lies along 

the convex side of a cell. There 

are no pyrenoids. The colorless cy¬ 

toplasm on the concave side of a 

cell contains several granules of 

food reserves.* 

Asexual reproduction is by longi¬ 

tudinal division into two daughter 

cells and takes place while the cells 

are motile. 

Biflagellate individuals have also 

been recorded for this genus.'^ Pre¬ 

sumably they are gametes, but their 

union has not been observed. 

S. exultans Korshikov (Fig. 16) has been found in Indiana, Ohio, and Kentucky.® 
It was present in abundance at two stations in Ohio, and all individuals were 
quadriflagellate.® For a description of this species, see Pascher (1927A). 

7. Polytomella Aragao, 1910. Thus far this is the only known member 

of the family with colorless cells. The cells are characteristically pyriform 

to ovoid but often show considerable change in shape as they move through 

the water. Occasionally there are transitory conical processes at the 

posterior end of a cell.’' The cells are without a wall, but, as is the case 

with PyramimonaSy the periplast may be separated from the rest of the 

cytoplasm by the use of suitable reagents. The four flagella, which are 

1 Dangeard, 1889; Hodgetts, 1920. * Korshikov in Printz, 1927. 
* Korshikov, 1913. * Korshikov, 1913; Pascher, 1927^4. 
® Brinley and Katzin, 1942; Lackey, 1939. • Lackey, 1939. 
* Kateb, 1925. 

Fio. 16. Spermatozoopsis exultans Korshikov. 
{After Korshikov, 1923.) 
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somewhat shorter than the cell, are connected with the nucleus by a 
blepharoplast-rhizoplast neuromotor apparatus.^ There are two contrac¬ 
tile vacuoles near the base of the flagella, and an orange-red eyespot may 
at times be present^ in the anterior 
end of a cell. No pyrenoids have been f 

found in association with the starch f 
grains, which are often present in such \ I 
abundance as to obscure the structure \ 
of the protoplast. The nucleus is not / 
usually evident in living cells, but 
stained preparations show that it lies in \ 
the central portion of a cell. 

Asexual reproduction is by longitudi- |^ 
nal division and while the cells are in 
motion. The mitotic spindle lies at 
right angles to a cell's long axis,® and W} 
cytoplasmic cleavage f oliows very shortly 
after mitosis. Each daughter cell has ^ 
two flagella derived from the parent Kater, i925.) 

cell and two which are newly formed. 
The four flagella of each daughter cell are completely developed before 
the daughter cells separate.'^ Encystment is of frequent occurrence and 
takes place by a cell retracting its flagella, assuming a spherical shape, 
and secreting a cellulose wall. 

Fio. 17. Polytomella CUri Kater. (After 
Kater, 1925.) 

P. CUri Kater (Fig. 17) and P. agilis Arag^o have been found in this country. For 
a description of the former, see Kater (1925); for the latter, see Pascher (1927A). 

8. Polyblepharides Dangeard, 1888. 
The solitary naked cells of this alga 
are ovoid, cylindrical, or subpyriform 
and with six or eight flagella. At 
the base of the flagella are one (?), 
two, or four contractile vacuoles, and 
a short distance beneath them is a 

Fig. 18. Polyblepharides fragariiformxs ^ COnspicUOUS nucleolus. 
Hazeii. 1111. 

The cup-shaped chloroplast is mas¬ 
sive. It may contain a pyrenoid or lack one and merely have a cluster 
of starch grains. An eyespot may be present or lacking; if present, it lies 
at the level either of the nucleus or of the pyrenoid. 

» Kater, 1925. * Doflbin, 19164. » Aragao, 1910; Kater, 1925. 

^ Aragao, 1910. 
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Asexual reproduction is by longitudinal division while the cells are 
motile. There may be a formation of spherical cysts with a smooth 
gelatinous envelope. A germinating cyst has an amoeboid escape of the 
protoplast from the cyst wall and a development of flagella after escape¬ 
ment. 

P. fragariiformis Hazen (Fig. 18) is known from Vermont and P. singularis 
Dang, from North Carolina. For a description of the former, see G. M. Smith 
(1933); for the latter, see Whitford (1943). 

Family 2. Chlamydomonadaceae 

The Chlamydomonadaceae include all unicellular Volvocales with a 
definite cellulose wall and with all or a portion of the protoplast adjoining 
the wall. The grouping of such genera in one family results in an arti¬ 
ficial family, but this is to be preferred to the even more artificial recogni¬ 
tion of two families including, respectively, the genera with two and with 
four flagella. The cell shape is extremely varied from genus to genus. 
Most genera are biflagellate, a few are quadriflagellate, but none of them 
has, as in the Polyblepharidaceae, more than four flagella. In the ma¬ 
jority of cases, the chloroplast is cup-shaped, but chloroplasts of some 
species are laminate, stellate, or even divided into a number of small 
discoid bodies. According to the species, the chloroplasts contain one, 
two, or several pyrenoids; or lack them. There are also genera without 
chlorophyll, but in which the cells accumulate starch through a sapro¬ 
phytic mode of nutrition. Most genera have an eyespot, and practically 
all of them have contractile vacuoles at the base of the flagella. All genera 
are \minucleate. 

Asexual reproduction is by division into two, four, or eight daughter 
protoplasts which form cell walls while still within the parent-cell wall. 
There is usually a disappearance of flagella before cell division. If cells do 
divide while in a motile condition, there is not, as in Polyblepharidaceae, 
a contribution of persistent flagella to daughter cells. Cytokinesis may 
be longitudinal or transverse and always follows immediately after mitosis. 
If four or eight daughter protoplasts are formed, there is usually a short 
period of rest before the second or third series of divisions. Daughter 
cells are liberated by a rupture or by a gelatinization of the parent-cell 
wall. If there is a gelatinization of the wall, the daughter cells may not 
escape before they produce a new cell generation or several cell genera¬ 
tions. Such palmella stages are known for a number of genera, and in 
each of them the cells may become motile at any time. Akinetes have 
been reported for a number of genera, but little is known concerning their 
mode of formation or their mode of germination. 

Gametic union may be isogamous, anisogamous, or oogamous, and 
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study in pure and unialgal culture has shown that some species are homo- 
thallic and others heterothallic. Zygotes form a thick wall and usually 
undergo a period of rest before germinating to form four or more zoo¬ 
spores. 

The genera of Chlamydomonadaceae found in this country* may be 
distinguished as follows: 

1. Cells with chlorophyll.2 

1. Cells without chlorophyll. 3. Polytoma 

2. Motile cells biflagellate.3 
2. Motile cells quadriflagellate. 10 

3. Vertical view circular.4 

3. Vertical view not circular.7 
4. Flagella inserted close together.5 

4. Flagella remote from each other.8. Gloeomonas 
5. Cells fusiform.7. Chlorogonlum 

5. Cells not fusiform.6 

6. Protoplast same shape as envelope. 1. Chlamydomonas 
6. Protoplast not same shape as envelope.2. Sphaerellopsis 

7. Cells compressed.8 
7. Cells not compressed. 9 

8. Front view ovate. .4. Platychloris 
8. Front view circular.5. Mesostigma 

9. Posterior end with several conical projections.9. Brachlomonas 

9. Posterior end without conical projections.6. Lobomonas 

10. Cells compressed. 11 
10. Cells not compressed. 10. Caiteria 

11. Posterior end pointed. 12 
11. Posterior end broadly rounded. 11. Platymonas 

12. Lateral margins of cell wall wing-like. 12. Scherffelia 
12. Lateral margins of wall not wing-like. 13. Chlorobrachls 

1. Chlamydomonas Ehrenberg, 1833. The solitary free-swimming cells 
of Chlamydomonas (Fig. 19) may be spherical, ellipsoidal, subcylindrical, 
or pyriform. The two flagella are inserted fairly close together, and the 
contour of a cell may or may not be distinctly papillate in the region bear¬ 
ing the flagella. There is always a definite cellulose wall layer, and some 
species have a distinct gelatinous layer external to the cellulose layer. 
Most species have a delicate to massive cup-shaped chloroplast; other 
species have chloroplasts that are laminate, stellate, or H-shaped in optical 
section. There is usually but one pyrenoid within a chloroplast, but some 
species regularly have more than one pyrenoid. Typically there are two 
contractile vacuoles near the base of the flagella, but the number and posi¬ 
tion of the vacuoles are not constant for the genus. The shape and posi- 

* Furcilia^ a genus found in the United States, has been included among the Vol- 
vocales (Pascher, 1927^4; G. M. Smith, 1933) but Jane (1944) has given good reasons 

for referring it to the Protomastigineae of the Protozoa. 
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tion of the eyespot are fairjy constant for any given species, but taking the 
genus as a whole the eyespot may lie anywhere between insertion of the 
flagella and the base of a cell. It may be circular, oval, or sublinear in 
outline. In the only species critically examined,^ there is a neuromotor 
apparatus of the blepharoplast-rhizoplast-centriole type. 

Asexual reproduction is by longitudinal division of the protoplast into 
two, four, or eight daughter protoplasts which lie within the parent-cell 
wall. Each daughter protoplast secretes a wall and develops a neuro¬ 
motor apparatus before it is liberated.^ Liberation is usually by a gelat- 
inization of the parent-cell wall. Failure of daughter cells to escape from 
the gelatinized wall results in a palmella stage in which cell division may 
continue until there are hundreds of cells. Chlamydomonas may also form 
aplanospores and akinetes. 

Fig, 19. Chlamydomonas Snowiae Printz. A, motile cells, B-D, gametic union. E, motile 
zygote. F, resting zygote. (X 1300.) 

Some species are homothallic, others are heterothallic, and gametic 
union may be isogamous, anisogamous, or oogamous. Isogamous species 
usually have the cells capable of functioning as gametes when conditions 
are favorable. When such cells unite, there is frequently an escape of 
the protoplasts from the enclosing walls before the two unite (Fig. 19). 
In the anisogamous heterothallic C. Braunii Gorosch. a cell of a male clone 
divides to form 8 or 16 daughter cells and one of a female clone forms 2 
or 4 daughter cells.^^ In the two oogamous species, C, coccifera Gorosch.* 
and C. oogamum Moewus,^ a male cell divides to form 8, 16, or 32 small 
cells, one of which unites with a large female cell that has become im¬ 
mobile and lost its flagella. 

The quadriflagellate zygote of isogamous species may remain motile for 

* Kater, 1929. • Moewus, 1938. • GorosciAnkin, 1905. 
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a few hours or may swim about for as many as 15 days^ before coming to 
rest and secreting a wall. Zygotes of a few species remain green, but in 
most species the chlorophyll eventually becomes masked by hematochrome 
and the reserve starch converted into oil. When a zygote germinates, its 
protoplast usually divides to form four zoospores, but in some species 
there may be a formation of eight zoospores (C. Reinhardi Dang.) or 16 to 
32 zoospores (C. intermedia Chod.). A meiotic division of the zygote 
nucleus has been observed in a hybrid zygote formed by crossing two 
species.^ Genetic analysis of zoospores from germinating zygotes of sev¬ 
eral species also shows that division of the zygote nucleus is meiotic.* 

Nearly 30 species have been recorded from the United States. The most note¬ 
worthy of these are the snow algae, C. nivalis (Bauer) Wille and C. yellowstonensis 
Kol. For monographic treatments of the genus, see Pascher (1927A), and Gerloff 
(1940). 

Fig. 20. Sphaerellopaia fluviatilu (Stein) Pascher. (X 900.) 

2. Sphaerellopsis Korshikov, 1925. The chief difference between Sphae- 

rellopsis and species of Chlamydomonas surrounded by a broad gelatinous 
envelope is that in Sphaerellopsis the protoplast and the enclosing sheath 
are of quite different shape.'* Sphaerellopsis also has the daughter cells 
developing the characteristic gelatinous sheath before they are liberated 
from the old parent-cell wall. The broadly fusiform protoplast of this 
alga has a fairly massive chloroplast with a single pyrenoid at its posterior 
end. There is an eyespot toward the anterior end of a cell, and two con¬ 
tractile vacuoles lie just beneath the insertion of two body-long flagella. 

Asexual reproduction is by division into four or eight daughter cells. 
Sexual reproduction is isogamous. 

The only record for Sphaerellopsis in this country is the finding of S. fluviatilis 
(Stein) Pascher (Fig. 20) in California.* For a description of it, see Pascher 
(1927A). 

^ Strehlow, 1929. * Moewus, 1936. * Moewus, 1938, 1939, 1940^. 
* Korshikov, 1925. • Smith, G. M., 1933. 
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3. Polytoma Ehrenberg, 1838. The free-swimming cells of this genus 
are similar in shape to those of certain Chlamydomonas species, but they 
always lack chlorophyll. The two flagella at the anterior end are usually 
as long as the cell and inserted close to each other in a small anterior 
papilla. There is a definite cellulose wall around the protoplast, and this 
may or may not have an external layer of gelatinous material. There 
are two contractile vacuoles at the base of the flagella. Sometimes there 
is an eyespot in the anterior end of the cell, but this cell organ is often 
lacking. The single nucleus lies in the long axis of the cell and usually 
about a third of the distance from the anterior to the posterior end. A 
centriole-rhizoplast-blepharoplast neuromotor apparatus connects the 
flagella with the nucleus.^ The colorless cytoplasm of the cell may be 
densely packed with starch, or the starch may be restricted to the anterior 

or to the posterior portions of the cytoplasm.^ As is the case with most 
other colorless Volvocales, there is no pyrenoid within the cell. Some¬ 
times there are droplets of a yellowish-brown oil in addition to the starch. 

The physiology of Polytoma is better known than that of other colorless 
Chlorophyceae.^ It has been shown that its nutrition is strictly sapro¬ 
phytic and that the organism grows as well in darkness as in light. The 
foods which Polytoma can utilize in starch manufacture include a wide 
range of carbohydrates and salts of fatty acids. 

Asexual reproduction is by transverse division (Fig. 2ID and E). If 
there are further divisions, these are longitudinal.^ The newly formed 
daughter protoplasts elongate to assume the characteristic cell shape, 

^ Dangeard, 1912; Entz, 1918. * Jirovec, 1926; Pringsheim, E., 1927, 

* Jacobsen, 1910; Pringsheim, E., 1921; Pringsheim and Mainx, 1926. 
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develop a neuromotor apparatus, and secrete a cell wall while they are 
still within the wall of the parent cell. Aplanospores have been found by 
a number of investigators.^ These are generally formed singly within a 
cell, and there is a marked shrinking away and rounding up of the proto¬ 
plast before it secretes its special wall. 

Gametic union is isogamous, and both heterothallism and homothallism 
are found within the genus.^ The zygote becomes spherical, forms a 
smooth wall, and sometimes the protoplast becomes deeply colored with 
hematochrome. Genetic analysis shows^ that division of the zygote nu¬ 
cleus is meiotic. When a zygote germinates,^ Us protoplast divides into 
two, four, or eight parts all of which may become zoospores, but it is not 
unusual to have one or more protoplasts aborting and so to have only one 
to six zoospores coming from a germinating zygote. 

P. uvella Ehr. (Fig. 21) has been reported from 
various parts of this country, and P. granulifrra 
Lackey has been found in Ohio. For a (tescription 
of the former, see Pascher (1927A); for the latter, 
see Lackey (1939). 

4. Platychloris Pascher, 1927. Cells of 
this alga are smaller than those of most other 
unicellular Volvocales and are markedly com¬ 
pressed. In front view, they are oval in out¬ 
line; in side view, they are narrowly el¬ 
liptical and with a length about six times 
the breadth. The cells are biflagellate, and 
the length of the flagella is more than four 
times that of a cell. There is a single con¬ 
tractile vacuole in the anterior end of a cell, 
tened plate and lies in the posterior portion of a cell. It lacks a 
pyrenoid.^ 

Asexual reproduction is by division of the protoplast into four daughter 
cells. 

P. minima Pascher (Fig. 22), the only known species, has been found in Ohio.® 
For a description of it, see Pascher (1927A). 

5. Mesostigma Lauterborn, 1899. Mesostigma has markedly com¬ 
pressed disk-shaped cells, but unlike other compressed unicellular Vol¬ 
vocales the compression is in the polar instead of the equatorial axis. As 

® Dangeard, 1901; Franz6, 1894; Kbassilstschik, 1882; Pringsheim, E., 1921. 

• Moewus, 1936^4. * Moewus, 1935; Strehlow, 1929. 

® Pascher, 1927A. • Lackey, 1939. 

Fio. 22. Platychloris minima 
Pascher. (After Pascher^ 
1927^.) 

The chloroplast is a flat- 
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a result of compression in the polar axis, the two flagella seem to be borne 
on the middle of a cell instead of at the anterior end. The cells are with¬ 
out a well-defined wall, but there is an evident gelatinous envelope external 
to the protoplast. There are two to seven contractile vacuoles near the 
base of the flagella. The chloroplast is cup-shaped,' but the base of the 
cup is so thin that the chloroplast has been erroneously described as ring- 
shaped.^ According to the species, a chloroplast lacks pyrenoids or has 
two of them. 

Asexual reproduction is by division into two daughter cells and takes 
place when the organism is at rest.* 

Fig. 23. Mesoatigma grande Korshikov. A, top view. B, side view. {After Korshikov, 
1938.) (X 1066.) 

M. viridis Lauterb. and M. grande Korshikov (Fig. 23) have been reported from 

Ohio, Indiana, and Kentucky.^ For a description of M. viridis see Lund (1937); 

for M, grandey see Korshikov (1938). 

6. Lobomonas Dangeard, 1898. Lobomonas has an organization quite 
similar to that of ChlamydomonaSy except for the irregularly distributed 
blunt processes on the cell wall. The cells are solitary, biflagellate, and 
with the length of the flagella about equal to that of a cell. There are 

* Korshikov, 1938. * Lauterborn, 1899; Lund, 1937. * Lund, 1937. 

* Brinley and Katzin, 1942; Lackey, 1939. 
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two contractile vacuoles at the base of the flagella, and a sublinear eyespot 
lies near the anterior end of a cell. The chloroplast is cup-shaped and 
with a single excentrically disposed pyrenoid in its posterior portion.^ 

Asexual reproduction is by division of a cell into four or eight daughter 
cells. The first cleavage appears to be 
transverse but really is longitudinal since 
the protoplast revolves 90 deg. from its 
original position within the wall. Liber¬ 
ation of daughter cells is by a gelatiniza- 
tion of the parent-cell wall.^ 

Sexual reproduction has not been re¬ 
corded for the genus, if L. pentagonia 

Hazen is placed among the species of 
Diplostauron. 

L. rostrata Hazen (Fig. 24) has been col- 

lected* in rain-water pools in New Jersey and Vermont. For a description of it, see 

Hazen (1922A). 

7. Chlorogonium Ehrenberg, 1830. Members of this distinctive genus 
are immediately distinguishable from other pigmented unicellular Vol- 
vocales by their fusiform cells, in which the posterior end is pointed and 
the anterior end is narrowly rostrate. The two flagella at the anterior 
pole are about half as long as the cell. There is a delicate wall around 
the protoplast, and two contractile vacuoles can generally be seen at the 
anterior end of the cell. The chloroplast may be massive and constituting 
most of the protoplast, or it may be distinctly laminate. According to the 
species the chloroplast contains one, two, or several pyrenoids or lacks 
them entirely. Chloroplasts with two pyrenoids have them axial to the 
centrally located nucleus (Fig. 25/)); those with several pyrenoids have 
them irregularly scattered (Fig. 25A). Most species have a sublinear 
eyespot toward the anterior end of the cell. 

Asexual reproduction begins with a transverse division of the proto¬ 
plast, and this may be followed by one or two more series of transverse 
divisions.* The newly formed protoplasts then elongate in the long axis 
of the parent cell and each secretes a wall of its own (Fig. 25(? and H). 

Liberation of these zoospores is by a gelatinization of the parent-cell wall. 
Sexual reproduction of most species is by the fusion in pairs of equal¬ 

sized biflagellated gametes^ (Fig. 25/). Thirty-two or sixty-four iso- 

^ Dangeard, 1898; Hazen, 1922^4. * Hazen, 1922^4. 
* Dangeard, 1898; Hartmann, 1919; Jacobsen, 1910. 

* Dangeard, 1898; Klebs, 1883; Krassilstschik, 1882A; Schulze, 1927; Streh- 

Low, 1929. 

Fig. 24. Lobomonaa rostrata Hazen. 
{After Hazen, 1922^4.) (X 1376.) 
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gametes are usually formed by a single cell, and gamete formation begins 
with a series of simultaneous nuclear divisions.^ After 32 or 64 nuclei 
have been formed, there is a cleavage of the cytoplasm into uninucleate 
gametes. Isogametes are naked or enclosed by a walP and with the flagella 
as long as the body of the gamete or only half as long. Four isogamous 
species [C. euchlorum Ehr.. C. elongatum Dang., C. leiostracum Streh., 
and C, neglectum (Korshik.) Pascher^l have been shown to be heterothallic.^ 
The uniting gametes lose their flagella during fusion, and the resultant 
zygote soon becomes spherical and secretes a wall. One species is ooga- 
mous.'* The contents of male cells divide to form 64 or 128 acicular bi- 
flagellate antherozoids that are surrounded by a delicate vesicle when first 
liberated from the parent-cell wall. The entire protoplast of a female 

Fig. 26. A~C, Chlorogonium euchlorum Ehr. D-I, C. elongatum Dang. (X 650.) 

cell develops into a globose egg, which escapes in an amoeboid fashion from 
the parent-cell wall. 

Germinating zygotes have a division of their contents into four zoospores, 
and genetic analysis shows^ that division of the zygote nucleus is meiotic. 

C. euchlorum Ehr. (Fig. 25A-C), C. elongatum (Dang.) Franz4 (Fig. 25D-/), 

and C. spirale Scherffcl and Pasclier are known to occur in this country. For 

descriptions of them, see Pascher (1927A), 

8. Gloeomonas Klebs, 1886. Gloeomonas differs from other members 
of the family in having the two flagella remote from each other and in 
having a gelatinous layer of uniform thickness external to the cell wall. 
The cell contains numerous discoid chloroplasts which are without pyre- 

> Dangeard, 1898. * Strehlow, 1929. 

* Schulze, 1927; Strehlow, 1929. * Pascher, 1931 A. 
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noids.^ There is a conspicuous eyespot in the anterior end of a cell, and 
at the base of the flagella are two contractile vacuoles. 

Cell division takes place while the cells are immobile. 
Sexual reproduction has not been observed in this genus. 

G. ovalis Klebs (Fig. 26) has been found* in Maine and Massachusetts. For a 
description of it, see Pascher (1927^4). 

9. Brachiomonas Bohlin, 1897. The 
solitary free-swimming cells of this alga 
have an anterior half that is subhemi- 
spherical, and a posterior half that is dis¬ 
tinctly conical. The equatorial region may 
have four stout, recurved, conical processes, 
equidistant from one another; or the equa¬ 
torial processes may be reduced to incon¬ 
spicuous bumps The cell has a delicate 

wall, and the two flagella are generally longer ^loeomo^a, Kiebs. 

than a cell. Contractile vacuoles appear to {After Pascher, 1927^1.) 
be lacking in this genus,^ but there is a 
conspicuous sublinear eyespot in the equatorial region. The single massive 
chloroplast may fill most of the protoplast, or the lateral and posterior 
projections may be colorless. A chloroplast contains a single pyrenoid. 

Asexual reproduction by division 
into four or eight (rarely two) daugh¬ 
ter cells takes place while a cell is 
motile. The first and second cleav¬ 
ages are longitudinal; if a third 
series of cleavages occur, they are 
transverse. Daughter cells assume 
their characteristic shape before lib¬ 
eration from the parent-cell wall. 
A formation of aplanospores has 
been noted, and this has been as¬ 

cribed® to increased salinity of the water. 
Sexual reproduction is isogamous. The protoplast of a cell divides to 

form 16 or 32 gametes which are somewhat different in shape from the 
cell producing them.® The fusing gametes, which appear to be naked, 

1 Klebs, 1886; Pascher, 1927^ * Smith, G. M. , 1933. 

* Bohlin, 1897^; Hazen, 1922; West, G, S., 1908. * Hazen, 1922. 

* Gabriel, 1924. ® Hazen, 1922; West, G. S., 1908. 

Fig. 27. Brachiomonas suhmarina Bohlin. 
{After Hazen, 1922.) (X 1440.) 
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unite laterally. The quadriflagellate zygotes may remain motile for some 
time before they assume a spherical shape and secrete a smooth thick wall. 
Old zygotes usually have the green color masked by a reddish-orange 
hematochrome. 

B, submarina Bohlin (Fig. 27) has been found along both the Atlantic and 
Pacific coasts of this country in littoral rock pools so high above the ordinary tide 
limits of the ocean that they are only occasionally dashed with salt spray. Eu¬ 
ropean phycologists have fpund this species in strictly fresh-water habitats. For 
a description of B. submarina, see Pascher (1927A). 

10. Carteria Diesing, 1866. The free-swimming cells of Carteria differ 
from those of Chlamydomonas only in that they are quadriflagellate. 
Carteria has, from species to species, much the same range in cell shape as 

does Chlamydomonas, and the anterior pole of a 
cell may be smooth or papillate. The chloro- 
plast is usually cup-shaped, but there are species 
with chloroplasts that may be either laminate, 
or H-shaped in optical section. A chloroplast 
may contain a single pyrenoid or several pyre- 
noids; or pyrenoids may be lacking. An eyespot 
may or may not be present. 

Asexual reproduction is similar to that of 
Chlamydomonas and, as in the case of that genus, 
there may be a retention of daughter cells within 
the gelatinized parent-cell wall and a formation 
of a palmella stage. 

Most species are isogamous or slightly anisogamous and with a shedding 
of the cell walls as cells fuse in pairs.^ The resultant octoflagellate zygote 
may swim for a considerable time before it loses its flagella, assumes a 
spherical shape, and develops a thick wall. One species is oogamous. 
The contents of male cells divide to form a number of small quadriflagel¬ 
late antherozoids.^ The entire protoplast of a female cell becomes a 
single large nonflagellated egg which escapes from the parent-cell wall 
before an antherozoid swims to and unites with it. 

Eight species have been found in the United States. For descriptions of six of 
them, C. cordiformis (Carter) Dill (Fig. 28), C. crucifera Korshikov, C. globosa 
Korshikov, C. globulosa Pascher, C, Klebsii (Dang.) France, and C. multifdis 
(Fresen.) Dill, see Pascher (1927A). For descriptions of the other two, see Tiffany 
(1934), for C. dissecta Tiffany, and see Bold (1938), for C, ellipsoidalis Bold. 

> Dangeabd, 1898; Dill, 1895. 
* Ramanathan, 1942. 

Fig. 28. Carteria cordi- 
formia (Carter) Dill. (X 
1000.) 



DIVISION CHLOROPHYTA 85 

11. Platymonas G. S. West, 1916. This genus is like the foregoing in 
having quadriflagellate cells but differs in having compressed cells that 
are subrectangular to broadly ellipitical when seen in vertical view. The 
four flagella lie in a depression at the anterior end of a cell and are inserted 
very close together. Vertical views of cells show that the flagella are in 
two distinct pairs (Fig. 29E-F) and are not quadrately arranged as in 
Carteria. There is a delicate wall around the protoplast, but this is not 
usually evident except in reproducing individuals. Some species have two 
contractile vacuoles at the base of the flagella; contractile vacuoles are not 
evident in other species. An eyespot is always present and, according to 
the species, near the anterior end or in the posterior third of a cell. The 
chloroplast is cup-shaped, massive or delicate, and entire, or with the an- 

Fig. 29. Platymonas elliptica G. M. Smith. (X 975.) 

terior end incised into four lobes. There is a single pyrenoid which may be 
spherical or cup-shaped. 

Asexual reproduction is by longitudinal division to form two or four 
daughter cells. 

Sexual reproduction has not been observed in this alga. 

Two species, P. subcordiformis (Wille) Hazen and P. elliptica G. M. Smith 
(Fig. 29), have been found in this country. P. subcordiformis has been found on 
both the Atlantic and Pacific coasts in brackish-water pools rich in droppings from 
gulls. It is a distinctly brackish-water species but will continue to grow and 
multiply when transferred to fresh water. For a description of P. elliptica, see 
G. M. Smith (1933); for P. subcordiformis, see Wille (1903P) imder Carteria sub- 
cordiformis Wille. 

12. Scherflfelia Pascher, 1911. Cells of Scherffelia are quadriflagellate 
and markedly compressed. They differ from those of other Chlamydo- 
monadaceae with compressed cells in that the lateral margins of the cell 
wall are flattened and wing-like. The wing-like portion of a wall may 
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extend the whole length of a cell or be restricted to the anterior portion of 
a cell.^ The cells contain two or more contractile vacuoles and a conspicu¬ 
ous eyespot. There may be two chloroplasts extending longitudinally 
from base to apex of a cell; or the two may be connected by a bridge in 

B 
Fig. 30. Scherffelia phacus Pascher. A 
front view. B, transverse section. C 
stereodiagram of basal half of a cell 
{After Paacher, 1927A.) 

the basal portion of a cell. The chro- 
matophores do not contain pyrenoids. 
Asexual reproduction is by longitu¬ 
dinal division into four daughter 
cells.2 

S, phacus Pascher (Fig. 30) has been 
found in Ohio and Tennessee.® For a 
description of it, see Pascher (1927^). 

13. Chlorobrachis Korshikov, 1925. 
Chlorohrachis is unicellular and also 
quadriflagellate. The anterior pole 
of a cell is cylindrical and trun¬ 
cate; the posterior pole, conical and 

acutely pointed. The median portion of a cell is markedly compressed 
and, when seen in front view, has four quadrately arranged truncate 
processes. The protoplast does not extend to the cell wall in the acutely 
pointed posterior pole and in the truncate lateral processes. The chloro- 
plast is massive and without a 
pyrenoid. There is a conspicu¬ 
ous contractile vacuole near the 
anterior pole and a large eyespot 
sUbmedian in position,^ 

The only reproductive stage 
thus far observed is a rounding 
up of the protoplast into a cyst¬ 
like sphere.^ 

The only known species, C. graciU 

lirna Korshikov (Fig. 31), has been 
found in abundance in a small stream 
in Indiana polluted by waste from a 
distillery.® For a description of this 
species, see Pascher (1927A). 

1 Conrad, 1928B; Pascher, 1927^4. 
* Pascher, 1927^1. 
® Lackey, 1942; Lackey et al., 1943. 
* Korshikov, 1925. 
• Lackey, 1942^4. 

Fig. 31. Chlorobrachis graciUima Korshikov. 
A, front view. B, side view. {After KorahikoVt 
1925.) 
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Family 3. Phacotaceae 

Cells of members of this family of unicellular Volvocales arc enclosed 
within a wall-like structure, the lorica, which does not contain cellulose 
and which is frequently impregnated with calcium compounds or ferric 
compounds. In most genera, the cell has not the same shape as the lorica, 
and there is a water-filled space between the two. Some genera have a 
lorica composed of two overlapping halves; other genera have an entire 
lorica. Biflagellate genera, when seen in polar view (Figs. ME, 35C), 
have the two flagella axial to each other and at an angle to the major axis 
of a cell. The protoplast has the usual chlamydomonad structure of a 
cup-shaped chloroplast with one or more pyrenoids, contractile vacuoles 
at the base of the flagella, and an eyespot. 

Asexual reproduction is by division to form two, four, or eight daughter 
cells. According to its structure the lorica separates into two halves 
(valves) or breaks irregularly at the time of liberation of daughter cells. 

In all instances thus far noted sexual reproduction is isogamous. 
The genera found in this country differ as follows. 

1. Cells biflagellate. 2 
1. Cells quadriflagellate.8. Pedinopera 

2. Lorica compressed. 3 
2. Lorica not compressed. 7 

3. Compressed face with projections. 3. Wislouchlella 
3. Compressed face without projections. 4 

4. Halves of lorica evident in vegative cells. 1. Phacotus 
4. Halves of lorica not evident in vegetative cells.5 

5. Lorica smooth. 6 
5. Lorica verrucose. 2. Thoracomonas 

6. Lorica much narrower at posterior pole. 5. Cephalomonas 
6. Lorica not narrower at posterior pole. 4. Pteromonas 

7. Lorica without pores. 6. Coccomonas 
7. Lorica with pores. 7. Dysmorphococcus 

1. Phacotus Perty, 1852. Phacotus has free-swimming biflagellate cells 
in which the protoplast lies within a compressed lorica composed of two 
overlapping halves. The lorica is usually dark colored, impregnated with 
lime, and with the outer face sculptured. Except at its anterior end, the 
protoplast is not in contact with the lorica, and the intervening region is 
filled with a watery gelatinous substance. The outline of the protoplast 
is ovate or subovate in front and side views. There are usually two con¬ 
tractile vacuoles at the base of the flagella, and the eyespot may be an¬ 
terior or posterior in a cell. The chloroplast is massive, cup-shaped, and 
may contain one or several pyrenoids. 

Asexual reproduction is by longitudinal division into four or eight 
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daughter cells.^ During cell division, there is an increase in the amount 
of gelatinous material next to the protoplast, and the accumulation of 
this material forces apart the overlapping halves of the lorica. The 
flagellated daughter cells may escape from the gelatinous matrix, or they 

may remain embedded within it to 
form a palmella stage. If further cell 
divisions take place and there is no 
escape of daughter cells, the palmella 
stage contains the half-loricas of several 
cell generations. 

Sexual reproduction is unknown for 
Phacotus, 

P. angustus Pascher, P. glaher Playf., 
and P. lenticularis (Ehr.) Stein (Fig. 32) 
have been found in this country. For 

descriptions of them, see Pascher (1927.4). 

2. Thoracomonas Korshikov, 1925. 
The cells of this alga are somewhat 
compressed. The lorica is of a firm 
gelatinous texture, irregularly verru- 
cose, and with the verrucae a deep 
brown because of impregnation with 
ferric hydroxide. The protoplast may 
nearly fill the lorica, or there may be 
a considerable interval between lorica 
and protoplast. There are two flagella, 
and these have the diagonal insertion 
characteristic of Phacotaceae. Two 
contractile vacuoles may or may not 
be evident at the base of the flagella. 
There is a cup-shaped chloroplast, 

with a shallow or a deep depression, that may have one to three pyrenoids 
or lack them. The eyespot is median in a cell. 

Asexual reproduction is by division into two, four, or eight daughter 
cells that may be liberated by an irregular breaking of the lorica or by the 
lorica separating into two halves. 

Thus far, the only species known for the United States is T. Phacotoides G. M. 
Smith (Fig. 33). For a description of it, see G. M. Smith (1933). 

Fig. 32. Phacotus lenticularis (Ehr.) 
Stein. A-B, front and side views of a 
vegetative cell. C, liberation of four 
daughter cells by separation of halves of 
parent-cell wall. (X 975.) 

1 Dangbard, 1898. 
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3. Wislouchiella Skvortzow, 1925. This genus has the protoplast sur¬ 
rounded by a strongly compressed lorica with a broad wing-like expan¬ 
sion. Front and side views show that each compressed face has two blunt 
cylindrical projections; one projecting upward from its insertion near the 
loricate apex, the other projecting backward from its insertion near the 
level of the base of the protoplast.^ Vertical views of the lorica show that 
the processes on its opposite faces are axial to each other. However, the 
axial plane of the superior pair lies at an angle with the plane of the inferior 
pair. The surface of the lorica and its processes is minutely verrucose, 
and the verrucae may be brownish or color¬ 
less. The protoplast is ovate in side view 
and rhomboidal in vertical view. There 
are two long flagella, and these have the 
diagonal insertion characteristic of the 
family. At the base of the flagella are two 
contractile vacuoles. The chloroplast is 
massive, cup-shaped, and with a single 
submedian pyrenoid. The eyespot lies a 
short distance back from the anterior end. 

W. planctonica Skvortzow (Fig. 34) has been 
found in California and in several states of the 

Mississippi Valley. For a description of it, see 
Skvortzow (1925). 

4. Pteromonas Seligo, 1887. Pteromonas 
differs from other Phacotaceae with a 
bivalved lorica in that the lorica surface is ^P^cotox- 

. . rfes G. M. Smith. A-B, front 
smooth. When seen m front view, the out- views. side views, (x 975.) 
line of the lorica may be circular or oval and 
with the anterior end cut off abruptly; or the outline may be subrectangular 
and with or without papillate projections at the angles. When seen in 
vertical view, the lorica fits snugly against the lorica which has a linear 
or sigmoid projection extending beyond the poles of the cell. The front 
view of a protoplast is pyriform and with the two flagella borne at the nar¬ 
row anterior end. There are two contractile vacuoles at the bsise of the 
flagella. The chloroplast is massive and cup-shaped. It may contain 
one or several pyrenoids. The eyespot is anterior and ellipitical or sub- 
linear in outline.* 

Asexual reproduction is by longitudinal division into two or four daughter 

^ Skvortzow, 1925. 
* Lbmmermann, 1900C; West, G. S., 1916B. 
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cells which are liberated by a separation of the two halves of the lorica.^ 

The springing apart of the two halves seems to result from the accumula¬ 

tion of gelatinous material as in Phacotus. 
When sexual reproduction takes place the protoplast divides to form 8, 

16, or 32 naked biflagellate gametes. Gametic union is isogamous. The 

zygote is spherical and with a smooth wall. Germinating zygotes give 

rise to four or eight zoospores.^ 

Fig. 34. Wialouchiella planctonica Skvortzow. A, surface view from the front. B, optical 
section. C, front view with the protopla.st omitted. D, side view. E, vertical view from 
the anterior end. F, vertical view from the posterior end. (X 975.) 

P. aculeata Lemm. (Fig. 35), P. angulosa (Carter) Lemm., and P. cruciata 
Playf. have been found in the United States. For descriptions of them, see Pascher 
(1927A). 

5. Cephalomonas Higinbotham, 1942. Cells of this genus have a rigid, 

brittle, colorless to yellowish, compressed lorica. As seen in front view, 

a cell is sharply differentiated into anterior and posterior halves, the former 

with a breadth more than double that of the latter. The cells are bi¬ 

flagellate, and in polar view the flagella lie diagonal to each other. The 

protoplast usually occupies all the space within a lorica. It contains a 

massive cup-shaped chloroplast with one pyrenoid, an eyespot, and a 

nucleus.® 

Asexual reproduction is by division into two or four naked ellipsoid 

daughter cells which are liberated by a breaking of the lorica into several 

irregularly shaped fragments. Soon after liberation, a cell assumes the 

characteristic shape and secretes a lorica.® 

Sexual reproduction is isogamous and by a fusion of naked biflagellate 

‘ Golbnkin, 1892; Seligo, 1887. 

* Dangbakd, 1889; Golenkin, 1892. 

* Higinbotham, 1942. 
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ellipsoid gametes. The naked quadriflagellate zygote swarms for 1 to 3 
days before it comes to rest, becomes spherical, and secretes a granular 
wall. 

The single species, C. granvlaia Higinbotham (Fig. 36) is known only from the 
original description by Higinbotham (1932) of material collected in Maryland. 

Fig. 35. Pteromonaa aculeata var. Fig. 36. Cephalomonas granulala Higenb. A-B 
Lemmermanni Skuja. A-B, front vertical views. C, front view. D, side view, 
views. C, vertical view. (X 975.) {After Higinbotham, 1942.) (X 1650.) 

6. Coccomonas Stein, 1878. The protoplast of this alga lies within a 
globose to cardiform homogeneous lorica with a circular pore at the an- 

Fig. 37. Coccomonas orbicularis Stein. A-B, vegetative cells. C, liberation of daughter 
cells by irregular breaking of lorica. {After Stein, 1878.) (X 650.) 

terior end. The lorica is impregnated with lime and iron compounds, the 
latter at times being present in such quantity as to color it a dark brown 
and obscure the protoplast. The protoplast, which partially fills the lorica, 
is biflagellate and with the flagella projecting through a common pore in 
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the lorica. It contains two contractile vacuoles, an eyespot, and a cup¬ 
shaped chloroplast with one pyrenoid.^ 

Asexual reproduction is by division of a protoplast into four daughter 
protoplasts each of which develops a lorica before liberation by an irregu¬ 
lar fragmentation of the parent lorica into two parts. 

C. orbicularis Stein (Fig. 37) has been recorded from several states of the Ohio 
River Valley. For a description of it, see Pascher (1927A). 

Fig. 38. Dyamorphococcua variabUia Takeda. A, optical section of a cell in an early stage 
of division. B, surface view of lorica. C-D, anterior and posterior vertical views. {After 
Bold, 1938.) (X 1875.) 

7. Dysmorphococcus Takeda, 1916. This genus resembles Coccomonas, 

but the lorica differs in two respects. The two flagella project through 
two small openings in the lorica, instead of through a common opening 
and the lorica has been described as being granulate, but this granulate 
appearance has been shown* to be due to minute pores. The protoplast, 
which does not fill the lorica, may have two or several contractile vacuoles. 
The chloroplast is cup-shaped and with one to several pyrenoids. 

Asexual reproduction is by division of the protoplast into two daughter 
protoplasts which are liberated by an irregular fragmentation of the lorica 

1 Pascheb, 1927A. 

* Takeda, 1916. * Bold, 1938; Kobshikov, 1925. 
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into two parts.^ Daughter cells do not have an evident lorica at the time 
they are liberated. 

D. variabilis Takeda (Fig. 38) has been found in MarylandIn his description 
of this species, Pascher (1927A) mistakenly calls it “Z). Fritschiiy^ and it has been 
recorded under this erroneous name from Ohio, West Virginia, and Tennessee.’ 

8. Pedinopera Pascher, 1925. This 
genus is immediately distinguishable 
from other Phacotaceae found in this 
country by its quadriflagellate cells. 
The lorica is compressed, has a gran¬ 
ulate surface, and is with or without 
longitudinal ridges in addition to the 
granules. As in many other members 
of the family, the lorica is brownish 
in color. The protoplast, which only 
partially fills the lorica, has a cup¬ 
shaped chloroplast. An eyespot may 
or may not be present.^ 

Reproductive stages have not been 
noted for this alga. 

P. granulosa (Playf.) Pascher (Fig. 39) 
has been found in Tennessee.’ For a de¬ 
scription of it, see Pascher (1927A). 

Family 4. Volvocaceae 

This family includes those colonial Volvocales in which there is a forma¬ 
tion of a flat plate (plakea) during early development of a colony. The 
number of cells in a colony is a multiple of two, and each of the cells is 
surrounded by a gelatinous sheath. The sheaths may be distinct from or 
confluent with one another. Some species of Volvox have evident cyto¬ 
plasmic strands connecting the cells one to another. Other genera have 
no visible cytoplasmic strands, but the behavior of severed colonies fur¬ 
nishes indirect evidence® that there are ultramicroscopic connections be¬ 
tween the cells. Most of the genera have the cells arranged in a hollow 
spherical layer one cell in thickness. 

Individual cells of a colony may be spherical, ovoid, pyriform, or hemi¬ 
spherical. They are biflagellate and with a typical chlamydomonas struc¬ 
ture. Most of them have two contractile vacuoles, an eyespot, and one 

’ Korshikov, 1926. * Bold, 1938. 

’ Brinlby and Katzin, 1942; Lackey, 1942. 

^ Pascher, 1925B;Playfair, 1918. • Lackey, 1942. ’Bock, 1926. 

Fig. 39. Pedinopera granulosa (Playf.) 
Pascher. A, front view. B, optical sec¬ 
tion of side view. {After Playfair^ 1918.) 
(X 660.) 
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to several pyrenoids. All cells of a colony may be identical in size and 
structure, or they may differ sufficiently to give the colony a definite 
polarity. This difference may be merely in size of eyespots at the two 
poles of a colony {Pandorina, Eudorina). In the most advanced genera 
(Pleodorinay Volvox)^ the differentiation reached a point where there are 
large reproductive cells {gonidia) and small cells purely vegetative in 
function. 

Asexual reproduction is by repeated division of a cell or of a gonidium 
to form an autocolony. All cell divisions in formation of an autocolony 
are longitudinal and in a very regular sequence. The first three series of 
division result in a curved eight-celled rectangular plate (plakea) in which 
four of the cells are cruciately arranged and in mutual contact with one 
another at the center of the plate (Fig. 47B). By the time the young 
colony has become 16-celled, the curving of the plakea is often so pro¬ 
nounced that the colony is a hollow sphere, but one in which there is an 
opening (phialopore) at one pole (Fig. 47C). Depending upon the extent 
to which longitudinal cell division continues, the colony eventually has 
4, 8, 16, 32, 64, 128, 256, or more cells. In the case of Gonium, develop¬ 
ment rarely progresses beyond the 16-ceIled stage, and there is but little 
curving of the plakea. Among genera with the plakea developing into a 
hollow sphere, and until fairly late in development of a colony, the nucleus 
in each cell lies toward the cell pole facing the interior of a colony. Sub¬ 
sequently each cell has its nucleus at the pole facing the exterior of the 
colony. This change in position of nuclei results from the colony turning 
itself inside out (inverting) through the phialopore during later stages of 
development. 

Palmella stages are of rare occurrence among Volvocaceae and are known 
only for Gonium} Akinetes are also uncommon and, when they are formed 
as in Gonium, they are produced by isolated cells.^ 

Sexual reproduction is isogamous in Gonium, the most primitive member 
of the family. It is anisogamous in most of the genera, and in Volvox 
it is oogamous. Zygotes of Volvocaceae have a thick wall, which may be 
smooth or ornamented. Division of the zygote nucleus has been shown® 
to be meiotic in Volvox, and study of sexuality of colonies derived from 
germinating zygotes of certain other species^ indicates that their nuclei 
divide meiotically. When a zygote germinates, the protoplast may divide 
into four zoospores which escape singly {Eudorina) or united as a four-celled 
colony {Gonium), In Volvox there is regularly a formation of a single 
zoospore. 

1 Dangeard, 1916; Hartmann, 1924. * Crow, 19274; Migula, 1890. 
« ZlMMERMANN, 1921. * SCHREIBER, 1'925; ScHULZE, 1927. 



DIVISION CHLOROPHYTA 95 

The genera of Volvocaceae found in this country differ as follows: 

1. Colonial envelope flattened . .2 

1. Colonial envelope globose.3 

2. Envelope with an anterior-posterior differentiation.6. Platydorina 
2. Envelope without anterior-posterior differentiation. 1. Gonium 

3. Not over 256 cells in a colony.4 

3. Over 500 cells in a colony . . .8. Volvox 

4. All cells of a colony alike in size.5 

4. With cells of two distinct sizes.7. Pleodorina 

5. Cells forming a sphere.6 

5. Cells not forming a sphere .4. Stephanoon 

6. Cells close together. 2. Pandorina 

6. Cells not close together. .7 

7. Cells hemispherical. . .3. Volvullna 

7. Cells spherical. . 5. Eudorina 

1. Gonium Mueller, 1773. The colonies of Gonium typically have 4, 
16, or 32 biflagellate cells arranged in ii flat quadrangular plate. The 
cells are embedded in a common gelatinous matrix and are connected to 
one another by gelatinous strands of a tougher consistency. Sixteen- 
celled colonies have 12 peripheral cells (three on each side and with their 
long axes in the plane of the colony) and four quadrately disposed central 
cells with their long axes radial to the plane of the colony. Four-celled 
colonies have the cells so disposed that their long axes are parallel or 
slightly divergent. The cells in a Gonium colony, which are joined to one 
another by very delicate cytoplasmic threads,^ are ovoid to pyriform in 
shape and with two flagella at the anterior end. There are two contractile 
vacuoles at the base of the flagella, and the single eyespot lies in the ante¬ 
rior end of the cell. The eyespot is of the simple chlamydomonad type.^ 
The chloroplast is (aip-shaped and contains a single pyrenoid. 

Because of the nonradial arrangement of the four central cells, the 16- 
celled colonies swim through the water with a somersault-like revolution. 
Four- and eight-celled colonies have the anterior ends of the cells directed 
forward as they move through the water. 

Asexual reproduction takes place by the simultaneous formation of auto¬ 
colonies by all cells in a colony. In the case of 16-celled colonies, an acci¬ 
dental breaking of the colony leads immediately to asexual reproduction,* 
but single cells breaking away from colonies of the four-celled species do not 
reproduce immediately.'^ Each daughter colony has a colonial envelope 
of its own at the time when it is liberated by a gelatinization of the en¬ 
velope of the parent colony. 

1 Harper, 1912. * Mast, 1928. * Bock, 1926. 
^ Smith, G.M.,1931C. 
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Solitary cells which have broken away from a colony may develop into 
akinetes^ or into palmella stages.^ 

Division stages in formation of gametes are identical with those in 
daughter colony formation, but the gametes separate from one another 
when liberated from the parent colony. Gametic union is isogamous, and 
certain of the species are known® to be heterothallic. TEie quadriflagellate 
zygote soon comes to rest, becomes spherical, and secretes a smooth thick 
wall. A germinating zygote forms four zoospores which are usually joined 
in a four-celled colony when liberated. Sometimes the zoospores escape 
singly. The distribution of sex in colonies derived from the four zoospores 
indicates that division of the zygote nucleus is meiotic.® 

Fia. 40. A, Oonium pectorale Muell. 5, G. formoaum Pascher. (A, X 780; B, X 400.) 

Gonium is usually found sparingly intermingled with other algae of pools and 
ditches. Occasionally it occurs in almost pure culture in temporary puddles rich 
in organic matter. G. discoideum Prescott, G. formosum Pascher (Fig. 40B), G. 
pectorale Muell. (Fig. 40A), and G. sociale (Duj.) Warming are the species found in 
this country. For a description of G. discoideum^ see Prescott (1942); for descrip¬ 
tions of the others, see Pascher (1927A). 

2. Pandorina Bory, 1824. The colonies of this alga are subspherical 
to ellipsoidal and with 4, 8, 16 or 32 biflagellate cells embedded within a 
homogeneous colonial envelope. There may also be an outer gelatinous 
sheath of a more watery consistency (Fig. 41 A). The cells are arranged 
in a hollow sphere within the colonial envelope and are generally so close 
together that they are somewhat flattened by mutual pressure. They are 

‘ Chodat, 1894; Migula, 1890; Schussnio, 1911. * Dangeard, 1916; Miqula, 

1890. 
* SCHBBIBBB, 1926. 
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usually pyriform but may be oblate spheres. Pyriform cells have the two 
flagella borne at the broad anterior end. The eyespot is on the face of the 
cell toward the exterior of a colony. All eyespots in a colony may be of 
the same size, or there may be marked differences in size between those on 
opposite poles of a colony. There are two contractile vacuoles at the 
base of the flagella. The chloroplast is cup-shaped and massive; it may 
have a smooth outer face and contain one pyrenoid, or its outer face may 
be ridged and contain several pyrenoids. 

Asexual reproduction is by a simultaneous formation of daughter colonies 
by all cells of a colony. Prior to reproduction, a colony ceases moving 
actively, sinks to the bottom of the pool, and the colonial envelope be- 

Fio. 41. Pandorina morum Bory. A, vegetative colony. B, colony of female gametes. 
C, male gamete. Z>, female gamete. E~F, fusing gametes. O, zygote. (X 1300.) 

comes more watery and swollen. Each cell divides into a typical plakea 
which is bowl-shaped instead of a hollow sphere. There is an inversion 
of a young bowl-shaped colony to form a sphere in which the phialopore is 
closed.^ After inversion, each cell develops a pair of flagella, and the 
daughter colony swims away from the greatly gelatinized envelope of the 
parent colony. 

Pandorina is heterothallic, and gametic union is anisogamous. Divisions 
leading to the formation of gametes are identical with those in asexual 
reproduction. However, colonies composed of cells destined to function 
as gametes are EvdorinaAike and with a watery gelatinous envelope. 
These colonies may swim through the water, but sooner or later the in¬ 
dividual cells (gametes) escape from the colonial matrix and move about 
singly.® Male gametes are somewhat smaller and swim more actively 
than female gametes. Fusion may be terminal or lateral (Fig. ilE-F), 
The quadriflagellate zygote remains motile for a short time before it loses 

1 Mobse, 1943; Tapc% 1941. * Prinosheim, N., 1870. 
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its flagella and secretes a wall. Old zygotes have a smooth wall and a 
protoplast colored red by hematochrome. When a zygote germinates/ 
there is a liberation of a single biflagellate zoospore. After swarming 
for a time, it loses its flagella, secretes a wide gelatinous envelope, and 
divides and redivides to form a typical colony. 

Although rarely found in abundance, Pandorina is more frequently encountered 
than any other member of the family. It is also a regular constituent of the 
plankton of lakes with fairly hard waters. Of the two species found in this coun¬ 
try, P. morurn Bory (Fig. 41) is known to be widespread, and P. charkomensis 
Korshikov is knov/n only from California and North Carolina. For descriptions 
of them, see G. M. Smith (1920, 1931P). 

3. Volvulina Playfair, 1915. VolvuUna has spherical colonies of 4, 8, 
16, or 32 (generally 16) cells which lie some distance from one another just 

within the periphery of the colo¬ 
nial envelope. In 16-celled colo¬ 
nies, the cells are in alternating 
tiers of four.^ The cells are 
hemispherical and lie with the flat¬ 
tened end toward the exterior of 
a colony. Each cell is surrounded 
by a broad gelatinous envelope, 
but these appear fused with one 
another unless stained in an appro¬ 
priate manner. Each cell is biflag¬ 
ellate and has a pale cup-shaped 
chloroplast without pyrenoids, an 
eyespot, and two to several con- 

Korehikov, \938A.) (X 630.) tractilc vacuoles. Eyespots in the 
anterior tier of cells are larger 

than those of other cells and may be lacking in cells in the posterior half 
of a colony .2 

Asexual reproduction is by division and redivision of each cell in a colony 
to form an autocolony 

Gametic union has not been observed, but, to jkdge from the appear¬ 
ance of recently formed zygotes,^ it is similar to that in Pandorina, 

There is but one species, V, Steinii Playfair (Fig. 42). The only published 
record of its occurrence in the United States is the report of it from Minnesota.< 
Miss Mary A. Pocock informs me that she has found this alga in a culture inocu- 

» Korshikov, 1923; Pringsheim, N., 1870. * Korshikov, 1938A. 
* Gessner, 1931; Korshikov, 1938A; Playfair, 1915A. * Tildbn, 1936. 
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lated with soil from Nebraska. For a description of F. Steinii^ see Play¬ 
fair (1915A). 

4. Stephanoon Schewiakoff, 1893. Colonies of this alga have a spheri¬ 
cal to oblately spherical gelatinous envelope. There are either 8 or 16 
cells, and they lie in two transverse tiers near the equator and just within 
the periphery of the colonial envelope. They are so arranged that the 
four or eight cells of one tier alternate with the four or eight in the other 
tier. The cells are biflagellate and with a cup-shaped chloroplast contain¬ 
ing a pyrenoid, and an eyespot. 

Asexual reproduction is by division of each cell of a colony into a daughter 
colony.^ The arrangement of cells in a young colony suggests that there 

Fig. 43. Stephanoon Aakenasii Schewiakofif, a species not found in the United States. {After 
Schewiakoff in Printz, 1927.) (X 800.) 

is a formation of a plakea as in other Volvocaceae, but this has not been 
demonstrated beyond all doubt. 

S. Wallichii (Turn.) Wille (Fig. 43) has been found in Ohio.* For a description 

of it, see Pascher (1927A). 

5. Eudorina Ehrenberg, 1932. Eudorina has spherical to obovoid col¬ 
onies with a homogeneous envelope that may have mamillate projections 
at the posterior pole.® There are 16, 32, or 64 cells in a colony, and these 
lie some distance from one another in a single layer toward the periphery 
of the colonial envelope. Frequently the cells are in distinct transverse 
tiers. If a colony is 32-celled, the anterior and posterior tiers contain 
four cells each and the three median tiers eight cells each.® The cells are 

1 Fritsch, 1918. * Tiffany, 1921. 
* Chodat, 1902; Conrad, 1913; Hartmann, 1921; Smith, G. M., 1931. 



100 THE FRESH-WATER ALGAE OF THE UNITED STATES 

spherical, and all of a colony are approximately the same size. The length 
of the two flagella is two to four times the diameter of a cell, and the cells 
may be with or without a conical elevation where the flagella are inserted. 
There are two contractile vacuoles at the base of the flagella, and the single 
eyespot lies at the anterior end of a cell. Certain species have a progres¬ 
sive diminution in size of eyespots from the anterior to posterior poles, 
and eyespots may even be lacking in the lowermost tier of cells. The 
chloroplast is cup-shaped, massive, and, according to the species,^ contains 
one or several pyrenoids. 

Asexual reproduction is by means of autocolonies, each cell developing 
into a plakea in the manner characteristic of the family. All cells in a 

^Fig. 44. A, Eudorina unicocca G. M. Smith. B, female colony of E. elegans Ehr., in which 
antherozoids are swimming within the colonial envelope. (A, X 780; B, X 320.) 

colony usually produce daughter colonies, but sometimes certain cells in 
a colony are sterile.* 

According to the species, Eudorina is homothallic or heterothallic.® 
Gametic union is an advanced type of anisogamy. A vegetative cell 
divides to form a packet of spindle-shaped male gametes which swim as a 
unit to a female colony and there dissociate into individual gametes which 
penetrate and swim slowly within the gelatinous envelope of a female 
colony. The biflagellate female gametes are globose and are never liber¬ 
ated from the gelatinous envelope of a colony. The male gamete has been 
variously described as having its anterior end,^ its posterior end,*^ and its 
side® fuse with the female gamete. The zygotes remain within the colo¬ 
nial envelope and soon lose their flagella and secrete a smooth wall. The 
zygotes eventually become free by a decay of the colonial envelope, and 
sooner or later their protoplasts become deeply colored with hematochrome. 

1 Smith, G. M., 1931. * West, G. S., 1916; West, W. and G. S., 1912. 
* Meter, K. I., 1936. * Pocock, 1937. » IflSNGAR, 1937. 
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The first step in germination is a swelling of the zygote wall and a forma¬ 
tion of a sac-like extrusion at one side.^ Usually the extrusion contains 
one reddish biflagellate zoospore and two or three small hyaline bodies 
which are probably degenerate zoospores. After liberation from the vesi¬ 
cle, a zoospore swims about for a time and then, in the same manner as a 
vegetative cell, divides and redivides to form a colony. 

Eudorina is another colonial genus of frequent occurrence in pools and ditches. 
It is also common in the plankton of soft-water lakes. Two species, E. elegans. 
Ehr. (Fig. 445) and E. unicocca G. M. Smith (Fig. 444), have been found in this 
country. For descriptions of them, see G. M. Smith (1931). 

Fia, 45. PlcUydorina caudala'Koioid. (X 630.) 

6. Platydorina Kofoid, 1899. Platydorina has a flattened horseshoe¬ 
shaped colony, which may be somewhat twisted from left to right. The 
anterior end of the colonial envelope is semicircular, and the posterior end 
has three to five conical projections. Colonies may be 16- or 32-celled, 
but in either case the cells are in a single layer. Sixteen-celled colonies 
have 10 marginal and 6 interior cells; 32-celled ones have 12 marginal and 
20 interior ones. Marginal cells have their long axes parallel to the plane 
of the colony. Interior cells have their long axes vertical to the colony 
and are so arranged that they alternately face in opposite directions. Each 
cell is biflagellate and either oblately spherical or pyriform. A cell has 
two contractile vacuoles, an eyespot, a cup-shaped chloroplast with one 
pyrenoid, and a single nucleus internal to the cup of the chloroplast. All 
cells in a colony are of the same size, and there is but little difference in 
size of eyespots at the anterior and posterior poles of a colony.* 

‘ Otrokov, 1876; Schreiber, 1925. 
* Kofoid, 1899; Smith, G. M., 1926; Taft, 1940. 
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Asexual reproduction is. by a simultaneous division of all cells in a colony 
to form autocolonies. There is the usual plakea and inversion after cell 
division ceases. Immediately after inversion, a young colony is globose, 
but it soon assumes the flattened shape characteristic of the genus.^ 

Plaiydorina is heterothallic and anisogamous. Male gametes are formed 
by cell division into a plakea that inverts to form a globose mass which 
escapes from the parent colony and does not dissociate into individual 
gametes until it swims near a female colony.' Female colonies have a 
direct functioning of cells as female gametes. Each gamete escapes through 
a pore in the portion of the colonial envelope immediately external to 
it.' Gametic union is effected by a male gamete boring into the posterior 
half of a female gamete. The resultant biflagellate zygote soon loses its 
flagella and forms a thick wall. Later its contents become yellow or 
reddish brown in color. Germination of the zygote has not been ob¬ 
served. 

At one time Plaiydorina was considered among the rarest of Volvocaceae. It is 
now known to be widely distributed in the upper Mississippi Valley. There is 
but one species, P. caudata Kofoid (Fig. 45). For a description of it, see Kofoid 
(1899). 

7. Pleodorina Shaw, 1894. Colonies of this alga are spherical to broadly 
ellipsoidal in shape and with 32, 64, and 128 cells that lie some distance 
from one another at the periphery of a homogeneous colonial envelope. 
The genus differs from Eudorina in the cellular differentiation into those 
tjiat are purely vegetative in character and those capable of dividing to 
form daughter colonies. All but four anterior cells, or all but the two 
anterior tiers of cells, in a colony may be reproductive, or those in the an¬ 
terior half may be vegetative and those in the posterior half reproductive. 
It is impossible to distinguish between the two types of cells in young col¬ 
onies, but as colonies grow older the reproductive cells become two or 
three times the diameter of vegetative cells and have several instead of a 
single pyrenoid.^ The cells are spherical to ovoid in shape, with an an¬ 
terior eyespot, and with two contractile vacuoles at the base of the flagella. 
The chloroplast is cup-shaped, thin-walled, and with a single pyrenoid if 
the cell is vegetative. Reproductive cells (gonidia), which often lose their 
flagella and eyespot, have a massive chloroplast with several pyrenoids. 

Asexual reproduction is by simultaneous division of all gonidia into 
autocolonies. There is the plakeal sequence and inversion characteristic 
of the family.® 

‘ Taft, 1940. 

•Kofoid, 1898; Shaw, 1894; Smith, G. M., 1920. ^Doraiswami, 1940. 
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Sexual reproduction may be anisogamous or oogamous. Most colonies 
produce only male or only female gametes, but occasionally a colony may 
produce both kinds of gametes.^ Development of male gametes is similar 
to that in Eudorina, and a mass of gametes behaves in the same manner.^ 
According to the species, cells functioning as female gametes retain^ or 
lose^ their flagella. In either case, male gametes enter the gelatinous 

Fig. 46. Pleodorina californica Shaw. (X 400.) 

matrix of female colonies and there unite with the female gametes. A 
ripe zygote has a smooth or a finely granulate wall and a protoplast deeply 
tinged with hematochrome. Its method of germination is unknown. 

Two species, P. californica Shaw (Fig. 46) and P. illinoisensis Kofoid, are found 
in this country. For descriptions of them, see Collins (1909). Some phycologists 
think that P. illinoisensis belongs in Eudorina rather than in Pleodorina. 

1 Doraiswami, 1940; Tiffany, 1935. 
2 Chatton, 1911; Doraiswami, 1940; Merton, 1908; Tiffany, 1935. 
* Doraiswami, 1940. ^Tiffany, 1935. 
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8. Volvox Linnaeus, 1758. Volvox may be distinguished from all other 
members of the family by the large number of cells in a colony. The num¬ 
ber may be as low as 500 (512 ?) or as high as approximately 50,000. The 
colonies are spherical to ovoid and have the biflagellate cells in a single 
layer just within the periphery of the gelatinous colonial matrix. Each 
cell is surrounded by a gelatinous sheath of its own, and the sheaths may 
be confluent with or distinct from one another. In the latter case, they are 
angular by mutual compression and usually hexagonal. There is gelati¬ 
nous material of a more watery consistency internal to the gelatinous 
sheaths of the cells. Most species have ovoid cells. Some species have 
the cells joined to one another by conspicuous or delicate cytoplasmic 
strands, a connection which becomes established early in development of 
colonies.^ 

Fig. 47, Diagram of the development of the plakea of Volvox, A, portion of a colony con¬ 
taining 1-, 2-, and 4-celled stages of plakeal development. B, 8-celled plakea as seen from 
above and from below. C, similar views of a 16-ceiled plakea. 

Most of the cells in a colony are vegetative in nature and are incapable 
of giving rise to new colonies. Each vegetative cell is biflagellate and with 
two contractile vacuoles near the base of the flagella or with two to five 
contractile vacuoles irregularly distributed in the anterior end of a cell. 
There is a cup-shaped to laminate chloroplast toward the posterior pole 
of a cell, and it usually contains but one pyrenoid. The nucleus is cen¬ 
trally located and is connected with the flagella by a neuromotor apparatus 
of the blepharoplast-rhizoplast-centriole type.* Each vegetative cell has 
a single anteriorly located eyespot, those of cells toward the anterior end 
of a colony being somewhat larger than those in cells at the posterior end. 

Young colonies have all cells alike in size. As a colony grows older, 2 
to 50 asexual reproductive cells (gonidia) may be differentiated in the 

» Janet, 1912; Meter, 1896. * Zimmermann, 1921. 
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posterior half of a colony. Each gonidium lies within a globular gelatinous 
sac projecting toward the interior of a colony. Gonidia usually have a 
diameter ten or more times that of vegetative cells, have several pyrenoids 
within the chloroplast, and lack both an eyespot and flagella. Each go¬ 
nidium divides in a plakeal sequence (Fig. 47), and during colony develop¬ 
ment there is the usual inversion.^ Each daughter colony remains within 
the gelatinous sac originally containing the gonidium until it escapes by 
moving through a pore-like opening at the free face of the sac. 

Sexual reproduction is oogamous, and according to the species the 
colonies are homothallic or heterothallic. Antherozoids are developed 
from enlarged cells resembling gonidia. Usually there are relatively few 

of these cells, but in certain species a majority of or all cells of a colony 
may produce gametes.^ According to the species, a cell divides to form 
16, 32, 64, 128, 256, or 512 fusiform biflagellate gametes. Cell division 
is in a plakeal sequence and with an inversion to form a disk-shaped or 
globose mass of antherozoids.’ The colony-like mass of antherozoids is 
liberated as a unit and does not break up into individual free-swimming 
antherozoids until it approaches the vicinity of an eg^. Only a small 
percentage of cells in a colony functions as eggs. An egg resembles a 
young gonidium. When fertilization takes place, the individual anthero¬ 
zoids swim slowly through the gelatinous sheath around an egg and prob** 

1 Kuschakbwitsch, 1931; Pocock, 1933,1938; Powers, 1908; ZimmebmanN) 1925. 
* Pocock, 1938; Powers, 1908; Smith, G. M., 1944. 
» Pocock, 1933, 1933A, 1938. 
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ably enter it from the side.^ There also may be a development of unfer¬ 
tilized eggs into parthenospores.^ After fertilization, the zygote forms a 
thick, smooth, or stellate wall and develops sufficient hematochrome to 
color the protoplast an orange red. Zygotes do not germinate until some 
time after they are liberated by death and decay of the colony in which 
they were produced. Prior to germination, there is a meiotic division of 
the nucleus.® In germination there is a splitting of the zygote’s outer wall 
layer (exospore) and an extrusion of the inner wall layer (endospore) 
as a vesicle which surrounds the reddish protoplast. The protoplast may 
become a biflagellate zoospore, but it rarely escapes from the vesicle."^ 
Development into a colony is by the same sequence of plakeal stages as is 
found in asexual reproduction. 

When found in any ditch, pool, or other body of water, Volvox is usually present 
in abundance. Since the sexual generation is preceded by several generations in 
which reproduction is exclusively asexual, all colonies in a collection may be sexual 
or asexual. The two most widely distributed species in this country are V. glohator 
L. and V. aureus Ehr. (Fig. 48). Other species found in the United States are V. 
africanus G. S. West, V. Carteri Stein, V. perglohator Powers, V. Powersi (Shaw) 
Printz, V. spermatosphaera Powers, F. tertius Meyer, and F. Weissmannia Powers. 
For descriptions of these species, see G. M. Smith (1944). 

Family 5. Spondylomoraceae 

The Spondylomoraceae include a number of colonial Volvocales in which 
the colony is without a gelatinous sheath and in which the cells, when more 
than four in number, are arranged in superimposed tiers of four cells each 
and with those in one tier alternating with those in the next. The long 
axes of the cells are not radially arranged, as in Volvocaceae, but all lie 
parallel to the long axis of a colony. Most genera have chloroplasts with¬ 
out pyrenoids, but this cannot be considered a family character since 
Pascheriella has pyrenoids. The most important difference between this 
family and the Volvocaceae is a lack of a plakeal sequence in divisions 
leading to formation of a daughter colony. 

Cells of Spondylomoraceae are usually napiform and with two or four 
flagella at the anterior end. There are two contractile vacuoles at the base 
of the flagella, and the eyespot may be anterior or posterior. The chloro- 
plast is generally massive, cup-shaped, and without a pyrenoid. 

When asexual reproduction takes place, there may be a simultaneous 
division of all cells into daughter colonies, or there may be a division of 
certain cells only. The first two divisions of a protoplast are longitudinal; 
if further divisions occur, these may be in any plane. Daughter colonies 

^ Lander, 1910. * Mainx, 1929. ® Zimmermann, 1921. 
* Kirchner, 1883; Metzner, 1945; Pocock, 1933.4, 1938. 
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are liberated by a gelatinization of the surrounding parent-cell wall. 
Akinetes have been found in one genus^ and aplanospores in another 

Sexual reproduction is isogamous. So far as known, members of the 
family are homothallic and either with a union of gametes formed by the 
same cell (Pascheriella^) or by different cells in the same colony (Pyrobotrys"^). 

The zygote may retain the flagella derived from the gametes for some time 
before losing them, assuming a spherical shape, and secreting a wall. 
Germination of the zygote has not been observed in members of this 
family. 

The three genera found in this country differ as follows: 

1. Colonies with two or four cells. 1. Pascheriella 

1. Colonies with more than four cells.2 

2. Cells biflagellate. 3. Pyrobotrys 

2. Cells quadriflagellate . 2. Spondylomorum 

1. Pascheriella Korshikov, 1028. Cohmies 
of Pascheriella are usually four-celled but 
sometimes two-celled. There are never 8 or 
16 cells in a colony. The colonies lack a gelat¬ 
inous envelope, and the adhesion between the 
cells is so slight that individual cells often 
break away and swim about by themselves. 
Four-celled colonies have alternate tiers of 
two cells each, so arranged that the trans¬ 
verse axis of one tier is perpendicular to 
the transverse axis of the other. All cells in 
a colony have their longitudinal axes approx¬ 
imately parallel. The cells are ovoid, slightly 
compressed, and at times with a small papilla 
at the anterior pole. They are biflagellate 
and with the flagella about as long as the cell. ^ „ 

1^11 Fig. 49. Pascheriella tetras Kor- 
1 here are two contractile vacuoles at the base shikov. (x 975.) 

of the flagella, and the eyespot is anterior. 
The protoplast contains a laminate longitudinal chloroplast, nearly as long 
as the cell, that lies next the free face of the cell. It contains a single pyre- 
noid. The four chloroplasts of a four-celled colony are, therefore, cru- 
ciately arranged with respect to one another.^ 

All cells of a colony produce daughter colonies, though not necessarily 
simultaneously. Daughters are formed by two successive longitudinal 

^ Schiller, 1927. * Schulze, 1927. 

* Korshikov, 1928^1. * Strehlow, 1929. 

® Korshikov, 1928^1. 
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divisions of the protoplast and are liberated by a gelatinization of the 
parent-cell wall. 

Sexual reproduction is isogamous, and each cell of a colony produces 
two biflagellate gametes.^ 

There is but one species P, tetras Korshikov (Fig. 49). Thus far for the United 
States it has only been found in California.* For a description of it, see Pascher 
(1927i4). 

2. Spondylomorum Ehrenberg, 1848. The colonies of this alga are usually 
8- or 16-celled, and with the cells superimposed in alternating tiers of four each. 
All cells have their flagellated ends toward the anterior pole of a colony. At 

the anterior end of a cell is a coni¬ 
cal protuberance which bears four 
flagella. A cell is enclosed by a 
definite wall, and the protoplast 
is nearly filled with a massive 
protoplast that is without a pyre- 
noid. There are two alternately 
contracting vacuoles at the base 
of the flagella, and the nucleus 
lies a short distance back from 
them. The eyespot is usually lin¬ 
ear and toward the posterior end 
of a cell.^ 

Asexual reproduction takes place 
while a colony is in motion and is 

by a simultaneous division of all cells into daughter colonies. The first two 
divisions are longitudinal,^ but further divisions arc at various angles. 
Liberation of daughter colonies is by gelatinization of the parent-cell wall. 
There may also be a formation of akinetes.^ 

Sexual reproduction has not been reported for this genus. 

There are several authentic records for the occurrence of S. quaternarium Ehr. 
(Fig. 50) in the United States. For a description of it, see Pascher (1927A). 

3. Pyrobotrys Arnoldi, 1914 {Chlamydobotrys Korshikov, 1924). Py- 

robotrys has the same mulberry-shaped colonies as Spondylomorum and has 
the cells alternately arranged in tiers of four cells each. It differs in 
having biflagellate cells. As is the case with the preceding genus, the 

‘ Korshikov, 19284. * Smith, G. M., 1933. 
• Korshikov, 19284; Schiller, 1927; Schulze, 1927. 
* Sticknby, 1909. ® Schiller, 1927. 

Fio. 60. Spondylomorum qiuUernarium Ehr. 
{After Jacobsen, 1911.) 
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cells have massive cup-shaped chloroplasts without pyrenoids. In Pyro- 

botrys the eyespot may lie at the anterior end of a cell. 
Division to form daughter colonies 

usually takes place simultaneously in 
all cells of a colony.^ The first two di¬ 

visions appear to be longitudinal; 
further divisions are without definite 
orientation. Liberation of daughter 
colonies is as in Spondyhmorum. 

Aplanospores may also be formed.^ 
Gametic union is isogamous, and the 

colonies are homothallic, but ap¬ 
parently with a fusion of gametes 
from different cells.^ Four or eight 
gametes are formed within a cell. A 
pair of fusing gametes become ap¬ 
posed at the anterior ends, and the flag¬ 

ella persist after fusion is completed. Fiq. j1. Pyrohotrys gracilis Korshikov. 

The quadriflagellate zygote, which is 
more or less napiform, remains motile for some time and secretes a wall 
during the period of motility. After the zygote ceases swarming, the 
protoplast assumes a spherical shape and secretes a thick wall distinct 
from the first-formed wall.^ 

Korshikov (1924) described the genus Chlamydobotrys which he later (1938) 
placed as a synonym of Pyrohotrys, Both of the two species found in this country, 
P, gracilis Korshikov (Fig. 51) and P. stellaia Korshikov, have been found in 
several localities. For a description of them as species of Chlamydobotrys, see 
Pascher (1927A). 

Family 6. Haematococcaceae 

Genera belonging to this family have cells with protoplasts that are 
connected to the cell wall by numerous cytoplasmic processes. The cells 
are biflagellate, and either solitary or united in colonies with a definite 
organization. The number of contractile vacuoles is greater than two, 
and they may be in other parts of the protoplast than just beneath the 
flagella. The chloroplasts may contain several pyrenoids. 

Asexual reproduction is by division into a definite number of daughter 
cells. In the case of the colonial genus, these remain united to one another 

1 Schulze, 1927. » Korshikov, 1938; Stbbhlow, 1929. 
• Stbbhlow, 1929. 
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to form an autocolony. Palmella stages, aplanospores, and akinetes are 
also known. 

Sexual reproduction is isogamous and with the formation of a spherical 
smooth-walled zygote that germinates to form four to eight zoospores. 

The two genera found in this country may be distinguished as follows: 

1. Cells solitary. 1. Haematococcus 

1. Cells united in colonies. 2. Stephanosphaera 

1. Haematococcus C. A. Agardh, 1828 (not Sphaerella Sommerfelt,* 
1824). Motile cells of Haematococcus are solitary, biflagellate, and enclosed 
by a wall that is broadly ellipsoid to ovoid. The protoplast lies some dis¬ 
tance inward from the wall and is connected with it by numerous delicate 
strands of cytoplasm. The intervening space between the wall and the 

Fig. 62. (Girod.) Rostaf. ^4, vegetative cell. R, akinete. (X 800.) 

protoplast is filled with a watery gelatinous substance. There are two 
flagella at the anterior end of a cell, and the portion of each flagellum 
between the wall and protoplast lies within a gelatinous canal. It is very 
unusual to find motile cells in which the chloroplast is not more or less 
obscured by a hematochrome that is a ketonic carotinoid—euglenorho- 
done.^ If the red pigment is not too abundant, one can see that there is 
an eyespot in the equatorial region, contractile vacuoles here and there 
beneath the plasma membrane, and several pyrenoids within the chloro- 
plast.2 

Asexual reproduction may take place by division of free-swimming cells 
into two or four daughter cells (macrozoospores). More frequently a cell 

* The type of the genus Sphaerella is the red-snow alga, S. nivalis (Bauer.) Som- 
merf. Since this is now known to be a Chlamydomonas y the generic name Sphaerella 
is invalid. 

» Strain (in press). * Hazen, 1899; Wollbnwbber, 1909. 



DIVISION CHLOROPHYTA 111 

develops into an akinete (Fig. 52B) which attains a diameter three or 
four times that of a vegetative cell. Protoplasts of akinetes have their 
structure completely obscured by the red pigment. When an akinete 
germinates, its protoplast divides into 4, 8, or 16 zoospores that are liberated 
by a sac-like swelling of the akinete wall. Division of an akinete’s proto¬ 
plast may result in a formation of aplanospores instead of zoospores. 
Aplanospores are liberated in the same manner as zoospores.^ 

Akinetes which have been subjected to adverse conditions, such as cold, 
rapid drying, or starvation, usually have the protoplast dividing into 32 
or 64 biflagellate swarmers. These are sometimes called “microzoospores, 
but it has been shown^ that they are gametes which cannot develop par- 
thenogenetically into vegetative cells. Gametes may also be formed by 
repeated division of the protoplast of a vegetative cell. When within the 
wall of a parent cell, the gametes are arranged in the form of a hollow cup 
and are in cytoplasmic connection with one another.'^ Gametic union is 
isogamous and the quadriflag(41ate zygote may remain motile for some 
time before losing its flagella, rounding up, and secreting a thick wall. 

The only species thus far found in this country is II. lacustris (Girod.) Rostaf. 
(Fig. 52) (11. pluvialis Flotow). It frequently occurs in almost pure stands in 
hollows of rocky ledges temporarily filled with rain water. Another place where 
it has been repeatedly found is in ornamental urns in cemeteries. It is of less 
frequent occurrence in concrete basins. For a description of this species as H. 
pluvialisj see Pascher (1927A). 

2. Stephanosphaera Cohn, 1852. Colonies of Stephanosphaera are usu¬ 
ally 8-celled, but they may be 16-, 4-, or 2-celled. The cells lie with their 
long axes parallel and embedded within a globose gelatinous envelope. 
The cells are naked, truncately spindle-shaped, biflagellate, and with 
elongate cytoplasmic processes both from the poles and from the medial 
portion. A cell has several contractile vacuoles that lie irregularly dis¬ 
tributed beneath the surface of the protoplast.^ The chloroplast is a 
reticulate sheet. The number of pyrenoids varies from one to five, but 
usually there are two and they lie axial to each other. 

Asexual reproduction is by a simultaneous formation of autocolonies by 
all cells of a colony.® 

In sexual reproduction, each cell of a colony divides and redivides to 
form a globose clump of 16, 32, or 64 biflagellate fusiform gametes.*^ The 
clumps dissociate into individual gametes that fuse in pairs as they swim 
about within the gelatinous envelope of the parent colony. The zygote 

* Hazen, 1899; Peebles, 1909. * Hazen, 1899. 

* Peebles, 1909; Schulze, 1927. * Pocock, 1937. * Wollenweber, 1909. 
® Hieronymus, 1884. ^ Hieronymus, 1884; Moewus, 1933. 
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is spherical and with a.smooth wall. When it germinates, there is usually 
a formation of four zoospores but the number may range from five to 
eight.^ At first after liberation, the zoospores lie within a vesicle extruded 
from the zygote wall. Each zoospore develops into a vegetative colony, 
either after escape from the vesicle or while still lying within it. 

There is but one species, S, pluvialis Cohn (Fig. 53). It is an exceedingly rare 
organism and is found only in rain pools in granitic rocks. In this country, the 
only published record for it is from Massachusetts.* The late Prof. J. C. McKee 
informed me he had found it in Virginia, and Dr. M. A. Pocock informs me that 
she has found it in Echo Lake, near Lake Tahoe, California. For a description of 
S, plvvidiSy see Pascher (1927A). 

Fig. 53. StepJianoaphaera piluvialia Cohn. A, front view. B, polar view. {After Prescott 
and Croasdcde, 1937.) (X 480.) 

ORDER 2. TETRASPORALES 

This order includes a heterogeneous assemblage of Chlorophyceae whose 
vegetative cells are immobile but have the ability to divide vegetatively. 
Several of the Tetrasporales are so closely allied to the Volvocales that 
their cells have many characteristics of the volvocaceous cell. Among 
these characteristics are a palmelloid organization of the thallus the 
ability of immobile cells to return directly to a motile condition, and, oc¬ 
casionally, the presence of an eyespot or contractile vacuoles. 

A few members of the family are unicellular and with the cell surrounded 
by a gelatinous sheath; the majority have the cells united to one another 
in nonfilamentous gelatinous colonies. Colonial genera have the cells 
irregularly distributed throughout, or at the periphery of, microscopic or 
macroscopic colonies. Gelatinous sheaths around the individual cells may 

> Strehlow, 1929. * Prescott and Croasdale, 1937. 
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be distinct or confluent; in rare cases the sheaths are so joined to one an¬ 
other that the colony is dendroid. 

MQ§J.jretrasporales have spherical or ovoid cells, and a few have fusi¬ 
form ones. Typical members of the order have ^ protoplasts enclosed 
by a wall in which there is a cellulose layer next the ^protoplast and a 
wide pectic layer external to the cellulose. /The gelatinous portion of 
the wall may be homogeneous or stratified. It is usually secreted in 
equal amounts on all sides of the cell, but sometimes,^'as in //omo^tZa,/the 
secretion of pectic material is restricted to one side of the cell/ In such 
cases, the cells are borne on branched gelatinous stalks. The absence of 
a cellulose layer around the protoplast, which obtains in PrasinocladuSy^ 
may be characteristic of all the Chlorangiaceae. 

(Algae belonging to the Tetrasporales Always have uninucleate cells 
and usually but|a single chloroplast in a cell. ' The majority of genera 
have cup-shaped chloroplasts, but there are cases where it is stellate and 
central (Asterococcus) or disciform and parietal (Schizochlamys). Chloro¬ 
plasts usually contain a pyrenoid surrounded by a sheath of starch grains, 
but pyrenoids may be lackipg and there may De a formation of fats instead 
of starch (Schizochlamys), Genera belonging to the Tetrasporaceae have 
two (sometimes four or more) long, delicate, immobile cytoplasmic proc¬ 
esses (pseudocilia) at the anterior end of the cell. Some of the genera 
with pseudocilia, and some without them, have two contractile vacuoles, 
anterior in location, as in a chlamydomonad cell. Eyespots are also known 
for certain genera; these may be of regular occurrence in the vegetative 
cell (Prasinocladus) or only in young cells (Malleochloris), 

I Most members of the order have a vegetative division of their cells into 
two, four, or eight daughter cells, which are permanently retained within 
the colony. As the colony increases in size, it may become broken into 
two or more portions, each of which continues growth as an independent 
colony. Certain genera, especially those with individual gelatinous en¬ 
velopes around the cells, have a very strong tendency to fragment as a 
colony becomes older and thus have a regular propagation by vegetative 
multiplication. Reproduction of a colony may also take place by the 
direct metamorphosis of vegetative cells into zoospores, which escape from 
the colonial envelope, swarm for a time, then come to rest, withdraw their 
flagella, secrete a gelatinous envelope, and then grow into new colonies 
by vegetative cell division. Since these motile cells are formed by a direct 
metamorphosis of vegetative cells, they are homologous with vegetative 
cells of Chlamydomonadaceae/and not with zoospores. 

True zoospores are also found in the Tetrasporales and are formed by a 
division of an immobile celPs protoplast into two, four, or eight zoospores 

1 ZiMMBBMANN, 1925A. 
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which are liberated by rupture or by gelatinization of the parent-cell 

wall. Aplanospores and akinetes are of rather common occurrence among 

members of the order and are often so thick-walled as to be hypnospores. 

Germinating hypnospores usually grow directly into new colonies, but in 

Tetraspora the protoplast escapes in an amoeboid fashion and continues 

to live in an amoeboid manner for some time. 

The genera in which sexual reproduction has been observed are isogamous 

and with both gametes flagellated. 

Some phycologists think that the genera whose immobile vegetative cells 

have contractile vacuoles, eyespots, and pseudocilia are too closely related 

to the chlamydomonad type to warrant separation from the Volvocales. 

Of the four families described on succeeding pages, the Palmellaceae are 

probably in the line leading from the Volvocales to the more advanced 

Chlorophyceae, but the Chlorangiaceae are the most primitive as far as 

organization of the vegetative cells is concerned. 

Family 1. Palmellaceae 

Members of the Palmellaceae have their cells united in small gelatinous 

colonies which are generally amorphous, but which maybe of definite shape. 

The gelatinous sheaths around the cells may be distinct from one another 

and homogeneous, or concentrically stratified; or the sheaths may be con¬ 

fluent into a homogeneous colonial matrix. A few genera with gelatinous 

sheaths evident around the individual cells have secretion of gelatinous 

material restricted to one side of a cell, thus causing a development of 

branched tubular colonies. 

Cells of Palmellaceae are usually spherical or ellipsoidal, and with a thin 

cellulose layer next to the protoplast. According to the genus, the chloro- 

plast is cup-shaped, stellate, or discoid. There is usually a pyrenoid within 

a chloroplast, but certain genera regularly lack pyrenoids. At times, 

contractile vacuoles and eyespots are present in vegetative cells of some 

members of the family. These structures are found more frequently in 

young cells than in old ones. 

Vegetative multiplication by a fragmentation of colonies is of frequent 

occurrence. New colonies may also result from nonflagellated cells de- 

veloping flagella and behaving as zoospores. 

Zoospores are formed by division of the cell contents into 2, 4, 8, or 16 

zoospores. These rarely become changed into aplanospores, but a develop¬ 

ment of vegetative cells into akinetes is known for several genera. 

All cases of sexual reproduction thus far recorded are isogamous. 

The genera found in this country differ as follows: 

1. Chloroplast stellate.... 
1. Chloroplast not stellate 

7. Asterococcus 

.2 
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2. Cells solitary. ... 
2. Cells in colonies. 

3. Colonies simple or branched tu])es . . 
3. Colonies not tubular. 

4. Cells uniseriate. 
4. Cells multiseriate. 

5. Sheaths of individual cells distinct... 
5. Sheaths of individual cells indistinct. 

6. Cells pyriform. 
6. Cells globose. 

7. Colonies spherical, with few cells. .. 
7. Colonies amorphous, with many cells 

.3. Gloeocystls 

.3 

.4 

.5 
. .. 4. Hormotila 
5. Palmodictyon 
. 3. Gloeocystls 
.6 

G. Askenasyella 
.7 
2. Sphaerocystls 

1. Palmella 

1. Palmella Lyngbye, 1819; emend., Chodat, 1902. Colonies of this 
alga are amorphous and of microscopic or macroscopic size. The cells 
are spherical to broadly ellipsoidal, and the gelatinous sheaths around 

Fio. 54. Palmella miniata var. aequaXis Nag. A, thallus. B, portion of a thallus. C, zoo¬ 
spores. (A, X B~C, X 600.) 

them are wholly or partially confluent with one another to form a gelatinous 
matrix of indefinite extent. The chloroplast is cup-shaped and with a 
single pyrenoid at its base. Some species have hematochrome masking 
the chlorophyll or coloring the whole protoplast. 

Growth of a colony takes place by cell division in all planes. Colony 
reproduction may result from direct metamorphosis of vegetative cells 
into biflagellate motile cells. This may take place in recently formed or 
in old cells. It is of frequent occurrence when individuals growing on 
damp soil become flooded with water. Some of these motile cells have an 
eyespot, others lack them. 

Asexual reproduction is by division of the cell contents into 4, 8, or 16 
zoospores. Akinetes are also known for the genus. 

Gametes are formed by division of a protoplast into 32 or 64 biflagellate 
gametes.^ Gametic union is isogamous. 

> Chodat. 1902. 
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Formerly, phycologists described many species which they referred to this 
genus. Many of these “species’* have been shown to be growth phases (palmella 
stages) in the life histories of other algae, especially Volvocales. When these 
palmella stages are excluded from the genus, there remain three or four good species 
of which P, miniata Liebl. (Fig. 54) and P, mucosa Kiitz. have been found in the 
United States. For a description of these two species, see Lemmermann (1915). 

2. Sphaerocystis Chodat, 1897. The colonies of this alga are always 
free-floating and usually with a perfectly spherical, homogeneous, colonial 
envelope. Colonies contain 4, 8, 16, or 32 spherical cells which lie equi¬ 
distant from one another and toward the periphery of the colonial en¬ 
velope. Sometimes certain cells in a colony have divided into four or 
eight small daughter cells which are surrounded by a fairly distinct, spheri¬ 

cal, gelatinous envelope. In rare cases, the colonies are irregular in shape 
and with a large number of cells. Young cells have a massive, cup-shaped 
chloroplast containing a single pyrenoid. Older cells have the chloroplast 
completely filling the cell, but the single pyrenoid is still evident. 

There is a regular multiplication of colonies by a softening of the colonial 
matrix and an escape of young colonies surrounded by a spherical colonial 
envelope of their own. The direct metamorphosis of vegetative cells 
into motile cells is rare but may take place in young or in old cells.^ 

Sphaerocystis is a strictly planktonic genus and one of common occurrence in 
lakes everywhere in this country. There is but one species, 8. Schroeteri Chod. 
(Fig. 55). For a description of it, see G. M. Smith (1920). 

3. Gloeocystis Nageli, 1849. The cells of OloeocysHs are sometimes 
solitary but more often are united in colonies of small size. The gelatinous 

» Chodat, 1897. • 
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sheaths around the cells may be lamellated or without stratification, but 
in either case they are never confluent with one another. The cells are 
spherical to ovoid and with a thin cellulose wall. Young cells contain a 
single, massive, cup-shaped chloroplast with one pyrenoid; older cells often 
have a diffuse chloroplast completely filling the cell and one containing 
numerous starch granules. 

Because of the lack of confluence of the cell sheaths, there is a very strong 
tendency for colonies to fragment before they become of any size. New 
colonies may also result from direct metamorphosis of immobile cells into 
motile cells. Akinetes have been recorded* but are rather uncommon. 

Asexual reproduction is by division of the cell contents into four or 
eight biflagellate zoospores. 

Sexual reproduction has not been observed. 

Some species of Gloeocysiis are aquatic, others are terrestrial. The following 
have been found in the United States: G. ampla Ktitz. (Fig. 56B), G, feneatralia 
(Klitz.) A. Br., G. gigaa (Klitz.) Lagerh. (Fig. 56A), G, Paroliniana (Menegh.) 
Nag., G. planctonica (W. and G. S. West) Lemm., G. rupeatria (Lyngb.) Rab., and 
G. veaicidoaa Nag. For descriptions of' (?. ampla and G. planctonica^ see Lemmer- 
mann (1916); for the others, see Collins (1909). 

4. Hormotila Borzi, 1883. Young colonies of this alga have much the 
same appearance as Oloeoq/stisy and each of the spherical cells is enclosed 
by a thick many-layered gelatinous envelope.* These juvenile colonies 
may have the same fragmentation into daughter colonies as is found in 
Oloeocyatis, As a colony grows older and if there is no fragmentation, the 

^ Hansoibo, 1886. * Borzi, 1883. 
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secretion of gelatinous material becomes restricted to one side of a cell and 

there is a gradual development of lamellated tubes at one side of the cells. 

Cell division, followed by excentric secretion of gelatinous material by 

each daughter cell, may result in a dichotomously branching gelatinous 

tube, or the cells may become seriately arranged, some distance from one 

another within an unbranched tube. The chloroplast is diffuse and fills 
the entire protoplast. Usually it is so 

densely packed with starch that its structure 

cannot be determined, but sometimes one 

or two pyrenoids can be seen.^ 
Old cells may develop into ovoid to sub- 

cylindrical akinetes which become two to 

five times the size of vegetative cells. 

When an akinete germinates, its protoplast 

divides into 8, 16, 32, or 64 daughter pro¬ 

toplasts^. These may become biflagellate 
zoospores liberated by a gelatinization of 

one side of the old akinete wall, or aplano- 

Fig. 57. HormotUa mucigena Borzi. SpOreS. 
Drawn from a herbarium specimen. 
(X 650.) This genus is sometimes placed in the Chlor- 

angiaceae but the Gloeocystis-Vike juvenile stages 
seem to show that its affinities arc with the Palmellaceae. II. mudgena Borzi 
(Fig. 57) has been found in California and in Iowa. For a description see Lem- 
mermann (1915). 

5. Palmodictyon Kiitzing, 1845 {Palmodactylon Nageli, 1849). The chief 

feature distinguishing this genus from others in the family is its organiza¬ 

tion into a simple, anastomosing or branched, tubular thallus in which the 

cellular arrangement is multiseriate. There may be a broad homogeneous 

sheath around each cell or group of two or four cells, or the cellular sheaths 

may be completely fused with one another to form a homogeneous colonial 

matrix. The cells are spherical, and there are usually two or three curved, 

parietal, laminate chloroplasts within a cell. Pyrenoids are lacking. Cell 

division is largely in one plane, resulting in a growth of a colony in one direc¬ 
tion. 

Biflagellate swarm spores have.been recorded.® There may also be a for¬ 

mation of thick-walled akinetes which germinate directly into new plants.'* 

The only distinction between Palmodactylon and Palmodictyon is the lack of 
sheaths around individual cells or groups of cells in Palmodactylon. Since both 
genera have the same type of laminate parietal chloroplasts without pyrenoids, it 
seems best to follow those who combine the two rather than those who consider 
them distinct. The two species found in this country are P. viride Kiitz. (Fig. 

1 West, W. and G. S., 1907. * Borzi, 1883. « Lbmmermann, 1915. 
« West, G.S., 1904. 
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58A-B) and P. varium (Nag.) Leinm. (Fig. 58C-D), the latter including Palmod- 
actylon simplex Nag. and Palmodactylon mbramosum Nag. For descriptions of P. 

viride and P. varium, see Lemmermann (1915). 

Fia. 58. A -B, Palmodictyon viride Katz. C-D, P. varium (Niig.) Lemin. (A, X 1000; 
B, D, X 200; C, X 500.) 

G. Askenasyella Schmidle, 1902. This colonial alga has a broad, glo¬ 

bose, or irregularly shaped, colorless, gelatinous matrix within which the 

Fig. 69. AakenasyeUa cfUamydopiia Sohmidle. (Draton by R. H. Thompaon.) (X 810.) 
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cells are radially arranged. The cells are markedly pyriform, and all of 
them lie with the broad posterior end toward the exterior of a colony. 
There is a single cup-shaped chloroplast, containing a single pyrenoid, at 
the posterior end of a cell. The hyaline anterior portion of a cell contains 
a delicate thread which runs from the cell apex to the chloroplast. A cell 
contains granules of starch which lie near the inner face of the chloro¬ 
plast. 

The method of reproduction is unknown. 

This genus was placed among the Xanthophyceae' until it was shown* to con¬ 
tain starch. Prof. R. H. Thompson writes that he has found A. chlamydopus 
Schmidle (Fig. 59) in Kansas. For a description of it, see Pascher (1927A). 

7. Asterococcus Scherffel, 1908. The spherical to subspherical cells of 
this alga may be solitary and with a wide gelatinous envelope, or united in 
2-, 4-, 8-, or 16-celled colonies. One species has an envelope with several 
concentric strata; the other has a homogeneous envelope. The cell con¬ 
tains a single central chloroplast with a variable number of rays from the 
central mass, each ray terminating in a disk at the cell wall. The pyre¬ 
noid is single and at the center of a chloroplast. Sometimes there are two 
contractile vacuoles and a single eyespot in the peripheral portion of a 
cell.* 

Vegetative cell division results in the formation of two, four, or eight 

* Paschbr, 1925A; Printz, 1927. * Pascher, 1937. 
* Scherffel, 1908; Smith, G. M., 1916C. 
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daughter cells, and these may be liberated by a gradual dissolution at one 
side of the stratified envelope which enclosed the parent cell. Vegetative 
cells may develop directly into motile cells which escape from the gelati¬ 
nous envelope,^ or the protoplast may escape before developing flagella.^ 

Two species, A. limneticus G. M. Smith (Fig. 60A-C) and A. mperbus (Cienk.) 
Scherffel (Fig. GOD), have been found in this country. For a description of A. 
UmneticuSj see G. M. Smith (1920), for A. superhus, see Lemmermann (1915). 

Family 2. Tetrasporaceae 

\ This family differs sharply from others of the order by the presence of 
two or more long rigid cytoplasmic processes {pseudocilia) at the anterior 
end of a cell.\ Practically always the cells are united in microscopic or 
macroscopic colonies that may be pyriform, subspherical, cylindrical, or 
amorphous in shape. Whether solitary or colonial, the cells are always 
enclosed by a sheath or colonial matrix that is homogeneous in structure. 
Colonial species have the cells toward the periphery of the colonial matrix 
and often in twos, fours, or rings of eight. The anterior pole of a cell is 
toward the outer face of a colony, and the pseudocilia often project beyond 
the colonial envelope. 

Cells of most species have massive cup-shaped chloroplasts containing 
"a single pyrenoid, but some have parietal chloroplasti^without pyrenoids."" 
There may also be such primitive chlamydomonad features as contractile 
vacuoles within immobile vegetative cells. 

Growth of a colony is by division of its cells into two, four, or eight 
daughter cells. The parent-cell wall enclosing daughter cells may become 
completely gelatinized and fuse with the colonial matrix {Teiraspora^ 

Apiocystis)y or it may be cast off in one, two, or four pieces which remain 
unchanged within the colonial matrix (Schizochlamys). When first formed, 
daughter cells are close together, but as they become older they become 
more and more remote from one another because of a secretion of gelatinous 
material. Colony fragmentation, resulting from weak adhesion of gela¬ 
tinous envelopes, is very rare in this family, and vegetative multiplication 
of a colony is brought about only by an accidental breaking. The direct 
metamorphosis of vegetative cells into a motile condition is known for all 
genera, and these are liberated by a gelatinization of the colonial envelope. 
Thick-walled akinetes (hypnospores) may also be formed from vegetative 
cells. 

Asexual reproduction is by division of a celFs protoplast into two, four, 
or eight bi- or quadriflagellate zoospores. 

} CiENKOWSKi, 1865. * Chodat, 1895. 



122 THE FRESH^WATER ALGAE OF THE UNITED STATES 

Sexual reproduction is isogamous and by a union of biflagellate gametes. 
The quadriflagellate zygote usually remains motile for some time before 
it becomes immobile and secretes a wall. Germinating zygotes of Tetra- 

spora have the protoplast dividing to form four or eight aplanospores which 
remain embedded within a common gelatinous matrix where they divide 
to form vegetative cells. 

The four genera found in this country differ as follows: 

1. Colonial envelope containing fragments of old-cell walls. 3. Schlzochlamys 

1. Colonial envelope without evident remains of old-cell walls. 2 

2. Mature colonies of microscopic size. 3 
2. Mature colonies of macroscopic size. 1. Tetraspora 

3. Colonies pyriform. 2. Apiocystis 

3. Colonies crustose. 4. Chaetopeltis 

1. Tetraspora Link, 1820. Colonies of Tetraspora are macroscopic or 
microscopic, attached or free floating, and spherical, saccate, vermiform, or 
irregularly expanded. Most species have a colonial matrix of a watery 
texture, but sometimes, as in T. cylmdrica (Wahlb.) Ag., the matrix is 
tough and cartilaginous. The colonial matrix is structureless, except for 
an individual gelatinous sheath surrounding each group of recently formed 
cells. The cells are spherical in shape and lie toward the periphery of the 
colonial envelope. There is a certain tendency for them to be in twos 
or in fours, but in many cases they are irregularly scattered. The face 
of the cell toward the exterior of the colony bears two long cytoplasmic 
processes (pseudocilia) which may extend only to the surface of the colo¬ 
nial envelope or may extend beyond it.' Although pseudocilia are charac¬ 
teristic of all species, they are not always evident in all individuals. Within 
the cell are a nucleus and a massive, cup-shaped chloroplast containing 
a single pyrenoid. Cells of old colonies often have chloroplasts so densely 
packed with starch that the chloroplast's shape is obscured. 

Growth of the colony is by the cells dividing into two or four daughter 
cells. Cytokinesis in cells of Tetraspora is by means of a cell plate devel¬ 
oped on the mitotic spindle.^ The gelatinous envelope around each group 
of daughter cells, resulting from the gelatinization of the old parent-cell 
wall, is quite distinct when the cells are first formed but gradually merges 
with the colonial envelope as the daughter cells increase in size and be¬ 
come more remote from one another. Colonies may grow to over 1 m. 
in length or diameter, but they usually become broken into smaller pieces 
before they attain such a size. At any time in the development of a 
colony, all or certain of the cells may be metamorphosed into biflagellate 

‘ Klyver, 1920; SchrOder, 1902. • McAllister, 1913. 
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zoospores. These escape from the colonial matrix, swim about for a 
time, then withdraw their flagella, secrete a gelatinous envelope, and de¬ 
velop into new colonies by vegetative cell divisions. Vegetative cells 
may also develop into thick-walled akinetes (hypnospores) with brown, 
sculptured walls. Germinating hypnospores^ have an amoeboid libera¬ 
tion of the protoplast, and this may remain amoeboid through several cell 
generations before assuming the usual shape and structure of vegetative 
cells. 

Sexual reproduction is by the division of the cells into four or eight 

Fig. 61. A-B, Tetraspora cylindrica (Wahlb.) Ag. C-D, T. lubrica (Roth) Ag. (A, C, 
X B, X 165; D. X 500.) 

biflagellate gametes.^ Gametes have a more pronounced pyriform shape 
than do zoospores, a more distinctly cup-shaped chloroplast, and an eye- 
spot at the anterior end. Certain species are heterothallic.^ The gametes 
become apposed in pairs at their anterior ends and fuse laterally. The 
zygote swarms for some time after its formation but eventually comes to 
rest, secretes a wall, and grows to twice its original size. When it germi¬ 
nates, the protoplast divides to form four or eight aplanospores which lie 
within a common matrix formed by the gelatinization of the old zygote 
wall. The vegetative cells resulting from the germination of these aplano- 

^ Pascheb, 1915. * Klyver, 1929. * Geitleb, 1931^1. 
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spores remain within a common matrix and so develop into a compound 
colony.^ 

Tetraspora is often found in abundance in quiet waters. Numerous species 
have been described, but most of these are merely growth forms. The following 
species have been found in this country: T. cylindrica (Wahlb.) Ag. (Fig. 61A-B), 

T. gelatinosa (Vauch.) Desv., T, lacustris Lemm., T, lamellosa Prescott, T. Urn- 

neticiis W. and G. S. West, T. luhrica (Roth) Ag. (Fig. 61C-Z)). For a description 
of T. lamellosa^ see Prescott, 1944; for descriptions of the others, see Lemmer- 
mann, 1915. 

Fig. 62. Apiocystis Brauniana Nag. A, mature colony. B-D, one-, two-, and eight-celled 
colonies. E, metamorphosis of vegetative cells into zoospores at the eight-celled stage. 
F, zoospore. {A, X 200; B~F, X 400.) 

2. Apiocystis Nageli, 1849. Colonies of Apiocystis are always micro¬ 
scopic, pyriform to clavate, and attached by a stipe-like base. They 
never contain more than a few hundred spherical cells and usually less than 
50. The colonial matrix often has an outer sheath of a more watery nature. 
The cells lie toward the periphery of the matrix and are irregularly dis¬ 
tributed more frequently than in groups of four or rings of eight. Each 
cell bears two long pseudocilia on the face toward the exterior of a colony, 
and the pseudocilia extend for a considerable distance beyond the colonial 

» Klyvbr, 1929. 
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matrix. A cell contains a well-defined, massive, cup-shaped chloroplast 
with a single pyrenoid. Cell division is usually into four daughter cells 
whose gelatinous sheaths soon become completely fused with the colonial 
matrix. Apiocystis does not have the fragmentation of a colony found in 
many other Tetrasporales, and there is rarely an accidental breaking of a 
colony. A direct metamorphosis of cells into a motile condition is of fre¬ 
quent occurrence. When this does occur, it is not unusual to find all 
cells of a colony becoming motile and swimming about within the colonial 
matrix for some time (Fig. 62E). Motile cells that have been liberated 
and have ceased swarming come to rest upon a firm substratum, usually 
one of the coarser filamentous Chlorophyceae, and secrete a gelatinous 
envelope which adheres firmly to the substratum. The first few cell divi¬ 
sions in development of this unicellular stage into a colony are simultaneous, 
and the number of cells in a young colony is always a multiple of two (Fig. 
G2B-D); later divisions are not simultaneous. 

Sexual reproduction is isogamous, four or eight biflagellate gametes 
being produced by a cell.^ 

Apiocystis is usually found in quiet water and upon old filaments of Clado- 
phoraceae, Oedogonium^ or Vaucheria. When found at any station, it is usually 
present in abundance. The single species, A. Brauniana Nag. (Fig. 62) is widely 
distributed in this country. For a description of it, see Collins (1909). 

c 
Fig. 63. Schizochlamya gelalinosa A. Br. A, portion of a colony. B-C, fragmentation of 
parent-ceU wall. D, vegetative cell. (A, X 300; B~D, X 1000.) 

3. Schizochlamys A. Braun, 1849. The spherical cells of Schizochlamys 

are usually united in amorphous colonies. One species has solitary cells.® 
Colonial species have the cells irregularly distributed within a structureless 
matrix which contains fragments of walls of the various cell generations. 
Sometimes a cell contains a massive cup-shaped chloroplast with one pyre¬ 
noid, but more often the chloroplasts are parietal, laminate, with or with- 

* CoBRENS, 1893; Moore, S. L., 1890. * Smith, G. M., 1922A. 
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out a pyrenoid, and with oil instead of starch. A cell may bear several 
pseudocilia and have two contractile vacuoles at their base/ but these 
structures are not usually evident unless brought out by staining. When 
cell division takes place, there is a bi- or quadripartition of the protoplast 
and a splitting of the wall into two or four parts. The parts of the wall 
remain unchanged within the colonial matrix for a considerable time. 

Asexual reproduction is by division of a celbs protoplast into two, four, 
or eight bi- or quadriflagellate zoospores. 

This genus is easily distinguished from other Tetrasporales by the persisting 
fragments of old cell walls within the colonial matrix. Three species, S. compacta 
Prescott, S. delicatula W. West, and S. gelatinosa A. Br. (Fig. 63) have been found 
in the United States. For a description of S. compacta, see Prescott (1944); for 
descriptions of the other two, see Lemmermann (1915). 

4. Chaetopeltis Berthold, 1878. Chaetopeltis is an epiphytic alga with 
a discoid thallus but one cell in thickness. The cells are angular by mutual 
compression but with a tendency toward a radial arrangement. The thal¬ 
lus has a thin gelatinous sheath from the surface of which arise numerous 
long, exceedingly delicate, gelatinous setae (pseudocilia). The protoplast 

* SCHERFFEL, 1908A. 
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has a single, laminate, entire, or perforate chloroplast covering most of the 
side toward the free face of the ceil. There is one pyrenoid in a chloro- 
plast.^ On the side of the protoplast next to the substratum are two con¬ 
tractile vacuoles.^ 

Asexual reproduction is by division of the protoplast into two, four, or 
eight quadriflagellate zoospores. When first liberated, the zoospores are 
surrounded by a vesicle derived from the innermost layer of the parent-cell 
wall.^ 

A union of isogamous biflagellate gametes has also been recorded.^ 

C. orbicularis Berth. (Fig. 64) occurs in this country and usually as an epiphyte 

on coarse filamentous green algae. For a description of it, see Heering (1914). 

Family 3. Chlorangiaceae 

The Chlorangiaceae include certain sessile algae whose protoplasts are 
enclosed by narrow tough gelatinous si)eaths and which are attached to 
the substratum by a stipc-like prolongation of the anterior portion of the 
sheath. Some members of the family are unicellular; others are colonial 
and with the cells united in dendroid colonies. 

The cellular organization is more consistently primitive than in other 
families of the order. The cells usually have contractile vacuoles at their 
anterior end and often contain an eyespot in the anterior or in the equa¬ 
torial region. The chloroplast is cup-shaped and lies at the posterior pole 
of a cell; it is usually massive and entire but it may be lobed and reticulate. 

True palmella stages are rarely formed by members of this family. When 
cell division takes place, the protoplast divides into two, four, or eight 
daughter protoplasts which develop flagella. The flagellated cells may be 
liberated from the old cell sheath {Stylosphaeridium, Malltochloris) or they 
may remain permanently surrounded by a gelatinous sheath {Prasino- 

cladus). 

Sexual reproduction, so far as known, is isogamous and by a union of 
biflagellate gametes. 

Genera belonging to this family are closer to the Volvocales than others 
in the order and have even been included in the Volvocales by those^ who 
recognize the Tetrasporales as a distinct order. In spite of the fact that 
the flagella are not evident, the vegetative cells may be interpreted as a 
volvocaceous type permanently imprisoned within a gelatinous sheath. 
The apparent lack of cellulose in the sheath around protoplasts would seem 

^ Geitler, 1944; Bohlin; 1890; Huber, 1892; MObius, 1890. * Korshikov, 

1935. 

® Korshikov, 1935; Huber, 1892; MObius, 1888. '* MObius, 1888. 
* Pascher, 19274. 
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to indicate that the Chlorangiaceae are derived from Polyblepharidaceae 
rather than from Chlamydomonadaceae. 

The four genera in the local flora may be differentiated as follows: 

1. Cells solitary. 2 

1. Cells in dendroid colonies. 3 
2. Stipe much narrower than cell. 1. Stylosphaerldium 
2. Stipe nearly as broad as cell. 2. Malleochloris 

3. Stipe much narrower than cell. 3. Chlorangium 

3. Stipe nearly as broad as cell. 4. Prasinocladus 

1. Stylosphaeridium Geitler and Gimesi, 1925. The cells of this alga 
are solitary, though often gregarious, and almost always growing within 
the gelatinous envelope of Coelosphaerium or Anahaena. They grow di¬ 
rectly upon cells of the host plant and are attached by a delicate stipe-like 

prolongation of the anterior end of 
the cellular sheath. The protoplast 
has a distinct polarity and always 
has the anterior end downward. The 
chloroplast is massive, contains one 
pyrenoid, and lies at the posterior 
pole of a cell. The colorless cyto¬ 
plasm at the anterior end contains a 
nucleus and two contractile vacuoles. 
Vegetative cells do not have eyespots. 

Reproduction is by division of the 
protoplast into two, four, or eight broadly ellipsoidal biflagellate zoospores. 
These lack an eyespot but have two contractile vacuoles at the anterior 
end and have a chloroplast with or without a pyrenoid.^ 

In sexual reproduction the protoplast divides to form 16 biflagellate 
gametes. Gametic union is isogamous.^ 

Fig. 65. Stylosphaeridium slipitatum 
(Bachm.) Geitler and Gimesi. A, cells 
epiphytic upon a colony of Coelosphaerium 
B-C, individual cells. (A, X 400; B-C, 
X 1000.) 

S. stipitatum (Bachm.) Geitler and Gimesi (Fig. 65) is widely distributed in the 
United States as an epiph3d;e upon planktonic thalli of Coelosphaerium Naegelianum 
Unger. For a description of it as Characium stipitatum (Bachm.) Wille, see G. M 
Smith (1920). 

2. Malleochloris Pascher, 1927. This unicellular alga has subspherical 
sessile cells which grow epiphytic upon Cladophoraceae. A cell is sur¬ 
rounded by a delicate sheath, sometimes of a reddish tinge, whose anterior 
end forms a broad stipe attaching the alga to the substratum. A stipe is 
about a third as long as a cell and is often impregnated with ferric hydroxide. 
A cup-shaped chloroplast containing a single pyrenoid lies toward the pos- 

1 Bachmann, 1907; Geitler, 1925C. * Pascher, 1927^1. 
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terior pole of a cell. The nucleus is central in position, and young cells 
often have an eyespot at the level of the nucleus. Old cells always lack 
an eyespot. 

Asexual reproduction is by division of the protoplast into two or four 
quadriflagellate zoospores. Liberated zoospores swarm for a short time 
and then come to rest upon the substratum with the anterior end down¬ 
ward. Soon after coming to rest, 
they retract their flagella and 
secrete a gelatinous envelope. 

In sexual reproduction the 
protoplast divides to form 8 
or 16 quadriflagellate gametes 
whose union is isogamous. The 
octoflagellate zygote remains mo¬ 
tile for a considerable time be¬ 
fore losing the flagella, assuming 
a spherical shape, and secreting 
a sparsely verrucose wall.^ 

In this country M. sessilis Pascher 
(Fig. 66) is known only from Massa¬ 
chusetts.^ For a description of it, see 

Pascher (1927A). 

3. Chlorangium Stein, 1878. 
Chlorangium has dendroid col¬ 
onies in which the cells are only 
at the tips of branches of a 
branching gelatinous stalk. The gelatinous branches are much narrower 
in diameter than are the cells. The cells are more or less spindle-shaped, 
with a distinct polarity, and one in which the anterior end is downward. 
The protoplast contains one or two laminate chloroplasts without pyrenoids, 
a median nucleus, and two contractile vacuoles in the end next to the 
stipe.® 

Reproduction is by metamorphosis of the protoplast into a biflagellate 
motile cell which, after escaping from the enclosing sheath and swimming 
about for a time, comes to rest with the anterior end downward and de¬ 
velops a gelatinous stipe at this end. 

Chlorangium is usually found epizoic upon crustaceans. Prof. G. W. Prescott 
writes that he has found C. stentorium Stein (Fig. 67) in Wisconsin. For a descrip¬ 
tion of it, see Lemmermann (1915). 

1 Pascher, 1927^1. * Smith, G. M., 1933. * Stein, 1876. 

Fig. 66. Malleochloris sessilis Pascher. {From 
Pascher, 1921 A.) 
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4. Prasinocladus Kuckuck, 1894. Prasinocladus is a dendroid colonial 
alga in which the cells are found only at the extremities of a branching 
tubular colonial envelope. There are two types of colony: the liihricus 

type in which the tubular envelope is solid and with transverse layers of 
gelatinous material; and the suhsalsus type 
in which the envelope is hollow and with 
a succession of water-filled cylindrical com¬ 
partments. The protoplasts are ovoid 
and with the inverted polarity character¬ 
istic of the family. The cup-shaped chlo- 
roplast lies toward the posterior pole of a 
cell. In vigorously growing cells it has 
four longitudinal lobes which are joined 
to one another by irregular anastomoses. 
There is a single large pyrenoid surrounded 
by starch plates except for the area facing 
the nucleus. Both young and old cells 

contain an eyespot at the level of the nucleus. The colorless cytoplasm 
at the anterior end of a cell contains a largo noncontractile vacuole.* 

Single-celled plants are sessile and with the protoplast surrounded by 
a thin tough envelope with two distinct layers,* neither of which contains 
cellulose.^ The outer layer ma> break at its apex, and the protoplast, still 

surrounded by the inner layer, migrate to its summit. Here, the anterior 
portion of the protoplast retracts somewhat from the enveloping layer 
and then secretes an additional layer of enveloping material. Repetition 
of the partial escape from the enclosing sheath, and the formation of new 
sheaths, result in formation of the transversely septate envelope charac¬ 
teristic of the suhsalsus type.^ From time to time, the cell at the end of 

* Lambert, 1930; Zimmermann, 19254. 
Zimmermann, 1925A. 

Prescott.) 
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the tube divides longitudinally into two daughter protoplasts each of which 
becomes the initial of a new branch. A pushing of the protoplasts to the 
top of the envelope results in formation of a colony of the luhricus type.^ 

Colonies of the suhsalsus type have the protoplasts bearing flagella at 
the time when they slip to the apex of the enclosing sheath. If the proto¬ 
plast remains surrounded by the inner layer of the sheath, there is soon a 
disappearance of the flagella. Sometimes there is a gelatinization of the 
inner layer of the sheath and an escape of the quadriflagellate protoplast. 
It swarms for a time and then settles down on some firm object, retracts 
or discards its flagella, and secretes a gelatinous envelope. Prasinocladus 

may also have the protoplast developing into a spherical aplanospore which 
remains enclosed within the old cell sheath.^ 

P. luhricus Kuck. (Fig. 68) is a marine organism which has been found on both 
the Atlantic and the Pacific coasts of the United States. It is generally found in 
brackish water, but it (;an live under practically fresh-water conditions. For a 
description of it, see Collins (1909). 

Family 4. Coccomyxaceae 

This family includes a number of genera that are not closely related to 
one another and have but little in common aside from the nonfilamentous 
organization of the colonics and the ability of their cells to divide vege- 
tatively. Some of the genera, as Elakatothrix and Ourococcus, have been 
thought to be related to certain Chlorococcales, but their multiplication 
by vegetative cell division excludes them from the Chlorococcales. The 
Coccomyxaceae cannot be considered typical Tetrasporales since their 
cells do not have the capacity to metamorphose directly into a motile 
condition. In fact, most genera in the Coccomyxaceae are not even 
known to reproduce by means of zoospores. There is the alternative of 
placing them in a group called ‘'unicellular Chlorophyceae of uncertain 
systematic position,”^ but this does not show that there are distinct, 
though somewhat remote, affinities with the algae ordinarily placed in the 
Tetrasporales. 

Most genera belonging to the Coccomyxaceae have ellipsoidal or fusi¬ 
form cells that divide at right angles to the long axis. The cells are usually 
surrounded by a broad gelatinous envelope and may be joined to one an¬ 
other in colonies of limited or indefinite extent. There is generally a single 
parietal chloroplast within a cell, with or without a pyrenoid. 

Cell division is the only method of reproduction in some of the genera. 
The daughter cells may separate immediately after cell division, or they 

1 Kuckuck, 1894; Zimmermann, 1925^. 
* Dangbard, 1912; Zimmermann, 19254. * Pabcher, 19151). 
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may remain embedded in the colonial envelope. Certain genera also 
reproduce by means of biflagellate zoospores or by means of aplanospores 
(autospores). 

Sexual reproduction has not been observed in any of the genera belonging 
to the family. 

The genera belonging to the family differ as follows: 

1. Cells solitary, without a gelatinous envelope. 2 

1. Cells in colonies, usually with a gelatinous envelope. 3 

2. Cells fusiform. 1. Ourococcus 
2. Cells subcylindrical, with broadly rounded poles. 4. Nannochlorls 

3. Colony a flat plate. 6. Dispora 
3. Colony not a flat plate. 4 

4. Cells spherical to subspherical. 7. Chlorosarcina 
4. Cells elongate.5 

5. Cells fusiform. 5. Elakatothrix 
5. Cells ellipsoidal to cylindrical. 6 

6. Colonies two- to eight-celled. 3. Dactylothece 
6. Colonies many-celled and cells irregularly arranged. 2. Coccomyxa 

1. Ourococcus Grotxjty, 1909; emend., Chodat, 1913 {Keratococcus Pas- 
cher, 1915). The cells of this alga are usually solitary. They are fusi¬ 

form and straight, sigmoid, lunate, or 
irregularly bent. Both poles of a cell 
may be acutely pointed, or one pole 
may be pointed and the other broadly 
rounded. A cell contains a single parie¬ 
tal laminate chloroplast that usually has 
a single pyrenoid. 

The usual method of multiplication 
is by transverse division. There may 
also be a division of the protoplast into 
two or four autospores that are liberated 
by a rupture of the parent-cell wall.^ 

0. bicaudatus Grob^ty (Fig. 69) has been recorded from Massachusetts* and 
Kansas.® For a description of it, see Thompson (1938). 

2. Coccomyxa Schmidle, 1901. The cells of Coccomyxa are ellipsoidal 
to cylindrical. They are surrounded by a gelatinous sheath and are usually 
united in colonies of indefinite extent by a confluence of cellular sheaths. 
The cells are irregularly distributed within the colonial matrix, and there 
is only a very slight tendency for them to have their long axes parallel with 

1 Chodat, 1913; Pascher, 1915D. 
* Lewis, 1924. • Thompson, 1938. 

Fiq. 69. Ourococcus bicaudatus 
Grob6ty. 



DIVISION CHLOROPHYTA 133 

one another. The chloroplast is a longitudinal plate partially encircling 
a cell. It lacks a pyrenoid.* 

Cell division is transverse and usually in a plane diagonal to the long 
axis. There may also be a division of the cell contents into two or four 
aplanospores (autospores). t 

Coccomyxa may grow as a free-living aerial 
alga, as an epiphyte on lichens, oi* as an en¬ 
dophyte within lichens. C. dispar Schmidle 
(Fig. 70) has been recorded from several 
localities in this country. For a description 
of it, see Pascher (1915D). 

3, Dactylothece Lagerheim, 1883. 
The cells of Dactylothece are oblong-elli- 
posidal and each is enclosed by a broad 
lamellated sheath. They may be soli¬ 
tary or united end to end in colonies of 
two or four that are surrounded by the 
sheath of the old parent cell. There is 
a parietal laminate chloroplast, about two-thirds as long as a cell, that 
is with or without a pyrenoid. 

Cell division is always transverse and the two daughter cells become 
remote from each other through secretion of a gelatinous envelope.^ 

Fio. 70. Coccomyxa diapar Schmidle. 
(X 660.) 

%. 
N?)'®) m if, / 

D. confiuens (Kiitz.) Lagerh. (Fig. 71) 

is listed* as occurring in Massachusetts. 
For a description of it, see Pascher 
(1915Z)). 

Fig. 71. Dactylothece Braunii Lagerh., a 
species not found in the United States. 
{After G. S. West, 1904.) (X 420.) 

4. Nannochloris Naumann, 1919. 
The cells of Nannochloris are soli¬ 
tary and without a gelatinous en¬ 
velope. They are subspherical to 

subcylindrical and with a small discoid chloroplast near one pole. The 
chloroplast is without a pyrenoid. 

Reproduction is by transverse division at right angles to the long axis.J 

This unicellular alga resembles Stichococcus but never has the cells united in 
short filaments. N. bacillaris Naumann (Fig. 72) has been isolated in pure culture 
in this country. For a description of it, see Naumann (1919). 

* Acton, 1909; Chodat, 1909, 1913; Jaag, 1933; Schmidle, 1901. 
t Chodat, 1909, 1913. 
^ Lagerheim, 1883; Pascher, 1915Z); West, G. S., 1904. * Collins, 1909. 
t Naumann, 1919. 
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5. Elakatothrix Wille, 1898 {Fusola Snow, 1903). Mature cells of Elaka- 

tothrix are fusiform. They are surrounded by a broad homogeneous gela¬ 
tinous envelope and are usually in colonies of two, four, or many cells. 
All cells in a colony have their long axes more or less parallel to one another. 
Colonics may be free-floating at all times, or epiphytic when young and 

free-floating when mature.^ A colony in¬ 
creases in size as a result of cell division, 
and the two daughter cells formed by 
transverse division of a parent cell lie 
axial to each other and have one pole 
broadly rounded for some time following 
division. The chloroplast is laminate and 
partially encircles a cell. It may contain 
one or two pyrenoids. 

Reproduction is by transverse division 
into two daughter cells that may remain within the gelatinous enva^lope 
or may escape from it. There is also a formation of brownish akinetes.^ 

Some species of Elakatothrix are planktonic, others are non planktonic. E. 
americana Wille, E. gelatinosa Wille (Fig. 7SA-B)y and E. viridis (Snow) Piintz 

(Fig, 73C-F) have been found in this country. For a description of E. ayneri- 
canUy see Wille (1899); for the other two, see G. M. Smith (1920). 

o ® ^ 
ca ^ 

3 
Fig. 72. NminocMoris hacillaris 
Naumann. (X 800.) 

Fig. 73. A~B, Elakatothrix gelatinosa Wille. C-F, E. viridis (Snow) Printz. {A, X 3.33: 
B, X 666; C-F, X 866.) 

6. Dispora Printz, 1914. Dispora has free-floating plate-like colonies, 
one cell in thickness, in which the cells tend to lie in groups of four within 
a colorless gelatinous matrix. The individual cells, when lying free from 
one another, are broadly ellipsoidal and with a thin wall. The protoplast 
contains a single parietal broadly disciform chloroplast without pyrenoids. 
Growth of a colony is by cell division in two planes.® 

1 Wille, 1898,1899. * Wille, 1909. * Printz, 1914. 



DIVISION CHLOROPHYTA 135 

The only method of reproduction is by fragmentation of colonies. 

As far as vegetative organization is concerned, this genus is similar to Crw- 
cigenia^ but the two differ in method of growth of a colony. In Dispora this is 
due to vegetative cell division; in Crucigenia it is due to formation of four auto¬ 
spores by a cell and their development into vegetative cells without escaping from 
a colony. Prof. G. W. Prescott writes that he has found D. crucigenioides Printz 
(Fig. 74) in Wisconsin. For a description of it, see Printz (1914). 

Fig. 74. Dispora crucigenioides Printz. (Drawn hy G. W. Prescott.) 

7. Chlorosarcina Gerneck, 1907. The cells of Chlorosarcina are free- 
living or are endophytic within various aquatic phanerogams. They are 
spherical to angular by mutual compression and are joined to one another 
in small packets with or without a 
narrow gelatinous sheath. Colonies 
increase in size by cell division, but thoy 

dissociate into fragments or into individ 
ual cells before they attain any appre 
ciable size. The cell walls are relatively 
thin. Each cell contains a single parie¬ 
tal cup-shaped chloroplast that may bo 
solid or reticulate. One or more 
pyrenoids may be present in a chloro¬ 
plast, or pyrenoids may be lacking. ^ 

Vegetative multiplication by frag¬ 
mentation is of frequent occurrence. 
Asexual reproduction is by means of biflagellate zoospores. Four or eight 
zoospores are formed within a cell and are liberated by a softening at one 
side of the parent-cell wall. 

Fig. 75. Chlorosarcina consociata 
(Klebs) G. M. Smith. (X 975.) 

The three species found in the United States are C. consociata (Klebs) G. M. 
Smith (Fig. 75), C. lacustris (Snow) Lemm., and C. parvvla (Snow) Lemm. For a 
description of C. consociata as Chlorosphaera consociata Klebs and for the other 
two as species of Chlorosarcinay see Lemmermann (1915A). 

1 Artari, 1892; Gerneck, 1907; Snow, 1903. 
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ORDER 3. ULOTRICHALES 

The Ulotrichales are filamentous algae in which the cells are usually 
uninucleate and with a single laminate parietal chloroplast. The usual 
method of asexual reproduction is by means of zoospores, which may 
have two or four flagella; but aplanospores and akinetes are not at all un¬ 
common. Gametic union is found in many genera of the order and ranges 
from isogamy to oogamy. 

The thallus may be a simple filament, but more often it is a branched 
filament. Branching filaments of certain genera have the various branches 
aggregated into a subparenchymatous tissue. Some genera have the 
filament reduced to a few cells or even a single cell. 

The usual taxonomic arrangement of the Chlorophyceae is to place the 
Chlorococcales immediately after the Tetrasporales and before the Ulo¬ 
trichales. Such an arrangement implies that the Ulotrichales are not 
immediately derived from the Tetrasporales but have come from the 
Tetrasporales through the Chlorococcales. The arrangement followed in 
this book is designed to emphasize the fact that the Ulotrichales have 
been evolved directly from the Tetrasporales. Development of the tetra- 
sporaceous type of plant body into a ulotrichaceous filamentous type 
would result from a limiting of cell division to one plane only, accompanied 
by a failure to develop gelatinous material between the two daughter cells. 
There would be an accompanying loss from the protoplast of such primitive 
characters as contractile vacuoles and eyespots and the ability to return 
directly to a motile condition. Certain Tetrasporales, as Palmodiclyon, 

have a tendency toward a filamentous organization in their restriction 
of most cell divisions to one plane. Such truly ulotrichaceous algae as 
Geminella appear to be so close to the Tetrasporales that they have not 
lost the capacity for secreting gelatinous material between the daughter 
cells. However, it is much more probable that Geminella and other 
Chlorophyceae with a similar organization are Ulotrichales that have 
reverted to a permanently filamentous palmella stage, ^he frequent 
occurrence of palmella stages among the primitive families of the order 
(Ulotrichaceae, Chaetophoraceae), as contrasted with their rare occur¬ 
rence among advanced families (Coleochaetaceae, Trentepohliaceae, Clado- 
phoraceae), is good evidence that the Ulotrichales have been derived from 
ancestors with a palmelloid organization.'^ 

^ The branching so characteristic of a majority of genera in the order 
represents a more advanced condition than the simple filament. Ulo¬ 
trichales with a branching thallus often have the plant body divided into 
a prostrate and an erect portion. Because of this, they have been thought 
to have an organization fundamentally different from those with un- 
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branched filaments^ and have been placed as a distinct order. Such 
differences are, however, not of sufficient magnitude to warrant the es¬ 
tablishment of separate orders for the branched and unbranched genera. 
Germlings of genera with a branched thallus are usually unbranched dur¬ 
ing the very early stages of their development. None of these branch¬ 
ing genera have the formation of branches restricted to an apical cell, and 
the great majority of branches are developed from intercalary and not 
from terminal cells of the filament. "^Matu^ thalli of branching forms 
show great diversity from genus to genus. Many genera have a freely 
branched erect portion in which all branches are of the same size* {Stigeo- 

clonium, Microthamnion) ^ or in which there is a differentiation into large 
primary branches and small lateral ones (Draparnaldia)/' Other branch¬ 
ing genera have the thallus assuming the form of a flattened disk {Proto- 

derma^ Ulvella) and one in which the cells are so densely crowded that the 
branches are quite obscure. Genera epiphytic upon other algae, or upon 
water plants, often have the thallus reduced to a few irregular branches 
{Aphanochaete, Chaeionema) or to an irregularly shaped few-celled mass. 
Chaetosphaeridiiim and Dicranochaete are epiphytic Ulotrichales in which 
the thallus has been reduced to a unicellular structured 

Cells of the Ulotrichales have the protoplasts surrounded by a wall in 
which the innermost layer is composed chiefly of cellulose.'^ The layer im¬ 
mediately outside of the cellulose is of a pectic nature; either a thin tough 
layer, or broad and watery {Draparnaldia, Geminella). In certain cases, 
as Cylindrocapsaj the cellulose portion of the cell wall is stratified, '^he 
successive layers of wall material around the protoplast may be continu¬ 
ous from one end of the cell to the other, or the wall may consist of two 
overlapping halves.*^ In the first type of cell wall, characteristic of most 
Ulotrichales, there is a longitudinal stretching of the whole wall when 
daughter cells elongate. In the second type of cell wall, found in Micro- 

spora, Radiofdum, and Binaclearia, elongation of the two daughter proto¬ 
plasts causes the overlapping halves of the wall to pull away from each 
other. This is generally followed by the interpolation of an H-shaped 
piece of wall material between the two daughter protoplasts. Cell walls 
of Ulotrichales may also b^r setae, quite different in structure from 
the hair-like attenuation at the ends of branches in Chaetophora or the 
modified terminal cells in branches of Fridaea or Chaetonema. The setae 
borne by cells of Coleochaete are very delicate cytoplasmic processes which 
project through a pore in the wall and are surrounded in the basal portion 
by a sheath of gelatinous material. The setae of Chaetosphaeridium ap¬ 
pear to be of a similar nature. Those of Dicranochaete also have a cyto- 

1 Fritsch, 1916,1935; West and Fritsch, 1927. 
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plasmic thread but one which is ensheathed with gelatinous material 
throughout its entire length. 

The primitive type of cell in the Ulotrichales is undoubtedly one con¬ 
taining a single nucleus and a single laminate parietal chloroplast. If the 
cells are large, the chloroplast is often a median girdle, with entire or lobed 
margins, completely or partially encircling the protoplast. It may con¬ 
tain one to several pyrenoids or lack them entirely. Sometimes, however, 
the chloroplasts lie next the end and side walls and are entire or perforate. 
Small cells, especially those at the ends of branches, usually have the 
chloroplast covering all faces of the cell. Most Ulotrichales have green 
thalli; a few have a regular development of hematochrome in vegetative 
cells (Trente/pohlia) or in cells containing gametes (Cylindrocapsa). Ad¬ 
vanced members of the order may have multinucleate instead of uninucleate 
protoplasts (Trentepohliaceae) 

Vegetative multiplication of the plant may result from an accidental 
breaking of the filament. This is usually due to some external agency, as 
water currents or aquatic animals, rather than to an insecure adhesion be¬ 
tween the cells (Stichococciis) or to a breaking because of the formation of 
zoospores (Microspora), If the accidentally broken plant is one with un¬ 
branched filaments, the portions into which it is broken may grow indefi¬ 
nitely. Ulotrichales with a branching thallus often have but little growth 
of the severed portion. 

Asexual reproduction by means of bi- or quadriflagellate zoospores is of 
regular occurrence in most members of the order. Zoospores may be 
formed in sporangial cells of different shape from vegetative cells (Tren- 
tepohliaceac) or directly within vegetative cells. Unbranched genera usu¬ 
ally have all cells in the filament, except those comprising the holdfast, 
potentially capable of producing zoospores: branching genera, as Stigeo- 
clonium and Draparnaldia, often have spore production limited to the 
smaller branches. Typically, there is a division of the protoplast to form 
2, 4, 8, or 16 zoospores, but if the cell is small there may be the production 
of but a single zoospore. The production of one zoospore only is because 
of the cell’s small size and is not to be compared with the direct metamor¬ 
phosis of vegetative cells into zoospores found in Tetrasporales. Some 
genera, as Ulothrix, form zoospores of two types, macrozoospores and 
microzoospores. These differ not only in size but may also differ in such 
morphological characters as the number of flagella and the position of the 
eyespot and in such physiological characters as the length of the swarming 
period or phototactic responses. Zoospores of the Ulotrichales are always 
naked and usually with an anterior eyespot and a laminate chloroplast at 
the posterior end. Even in those species that seem to be permanently 
free-floating {Cylindrocapsa, Microspora)^ the zoospore comes to rest upon 
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some firm object before it develops into a filament. Most of the genera 

reproducing by means of zoospores may also have a development of 

aplanospores instead of zoospores. Aplanospores may be liberated by the 

decay of the old mother-cell wall surrounding them, or they may develop 

into filaments in situ. Some genera, as Microspora, have a rounding up of 

the entire protoplast and the development of a single aplanospore within a 

cell. Such aplanospores do not seem to be abortive zoospores, and they often 

are hypnospores. A number of genera are also known to form akinetes. 

The usual method of sexual reproduction is by the union of like-sized 

motile gametes. These gametes are ordinarily formed within cells similar 

in shape and structure to vegetative cells, but the Trentepohliaceae form 

gametes with special gametangia. Although the majority of Ulotrichales 

are isogamous, there has been a development of oogamy in at least three 

independent phylogenetic lines within the order. Beginning with the 

isogamy of the more primitive Chaetophoraceae, there has been a develop¬ 

ment of a pronounced type of anisogamy in Aphanochaete and this has 

led, in turn, to a complete loss of motility in the large female gamete (egg) 

discharged from the oogonium of Chaetonema. Coleochaete represents a 

higher type of oogamy where the egg is retained within an oogonium. 

Cylindrocapsa and Sphaeroplea are the only unbranched Ulotrichales whose 

sexual reproduction is oogamous, but they differ so much from each other 

that their oogamy must have been developed independently. 

Several Ulotrichales are said to have a parthenogenetic development of 

gametes into thalli. Although this is doubtless true in certain cases, such 

assertions should be accepted with caution, especially in the case of genera 

where zoospores and gametes have the same number of flagella and might 

be mistaken for each other. 

Zygotes are naked when first formed but soon secrete a wall. Oogamous 

genera have zygotes in which there is considerable accumulation of reserve 

food and in which the protoplast often becomes colored with hemato- 

chrome. As is the case with many other Chlorophyceae, there is usually 

a considerable interval between union of gametes and germination of the 

zygote. Meiosis of the zygote nucleus has been found in Coleochaete^ and 

on UlothriXy^ and the production of four zoospores by germinating zygotes 

of several other genera would seem to indicate that division of their zygote 

nuclei is also meiotic. This means that these algae have a life cycle in 

which a haploid multicellular gametophyte alternates with a one-celled 

diploid phase. On the other hand, at least two genera are known to have 

an alternation of a multicellular haploid generation and a multicellular 

diploid generation. In one of these genera {Draparnaldiopsi^), the alter¬ 

nation is isomorphic; in the other (Stigeoclonium^), it is heteromorphic. 

» Allen, 1905. * Grosse, 1931. • Singh, 1946. * Julleb, 1937. 
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The Ulotrichales may be divided into two suborders; the Ulotrichi neae 

and the Sphaeropleineae. 

SUBORDER 1. ULOTRICHINEAE 

The Ulotrichales in which the cells are uninucleate and with a parietal 

chloroplast constitute a natural group^ the Ulotrichineae, but one in which 

there is great diversity in structure of the thallus/ The Ulvaceae are 

often included in this assemblage, because of similarities in cell structure,’^ 

^ but the thallus structure is so fundamentally different that they are better 

placed in a separate order. 

The Ulotrichineae are usually divided into families distinguished from 

one another on the basis" of thallus structure and on method of sexual 

J reproduction. In the families recognized on pages to follow, isogamy and 

oogamy are held to be characteristics insufficient for establishment of 

separate families unless they are supplemented by features in the structure 

of the thallus. This is in accordance with the universally accepted treat¬ 

ment of the Volvocaceae that places both isogamous and oogamous genera 

in the same family. 

Family L Ulotrichaceab 

Genera belonging to this family have their'^cells scriately united in un¬ 

branched filaments.‘ The unbranched filament is thought to be the primi¬ 

tive type of thallus among Ulotrichales, but certain genera with 

unbranched filaments may be retrogressive from a branching type. All 

^ genera referred to the Ulotrichaceae have a cell wall that is not composed 

of two overlapping halves. Most genera have cylindrical cells whose 

flattened ends abut on one another. More rarely the cells have broadly 

rounded poles and a length greater than or less than the breadth. Genera 

with the latter type of cell usually have a broad gelatinous sheath within 

which the cells are in contact with one another (Radiofilum) or lie some 

distance from one another {Geminella). Young filaments of aquatic species 

are usually sessile and affixed by a discoid holdfast developed by the lower¬ 

most cell. The filament may remain sessile throughout its further devel¬ 

opment (Uronema)^ or the terminal portion may break away and continue 

growth as a free-floating filament. Repeated vegetative multiplication in 

such free-floating individuals eventually gives a tangled mass which ap¬ 

pears to have been free-floating from the beginning. 

^ Cells of Ulotrichaceae are uninucleate and with a girdle-shaped chloro¬ 

plast partially encircling the protoplast^'^Most genera have chloroplasts 

with pyr^noids, and species with large cells often have more than one 
pyrenoid. 

Increase in the number of filaments may be due to an accidental break¬ 

ing and a continuation of growth by the various fragments.*^ This is the 
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usual method of reproduction in genera with a loose adhesion of the cells 

and is found both in terrestrial (Stichococcus) and strictly aquatic (Gemi- 

nella) members of the family. Palmella stages are of rather rare occur¬ 

rence among the Ulotrichaceae. 

Asexual reproduction by means of zoospores is known for most genera 

in the family. There may be a regular production of a single zoospore by 

a vegetative cell (Hormidium), or the protoplast may divide to form 2, 4, 

8, or 16 zoospores (Ulothrix, Uronema). The zoospores are bi- or quad- 

riflagellate. All zoospores may be of one type, or there may be a forma¬ 

tion of two types differing from each other in size and in other morpholog¬ 

ical and physiological characters. Zoospores generally escape through a 

round pore in the parent-cell wall. They may be enclosed by a delicate 

vesicle when first liberated or may be free from the instant they are dis¬ 

charged. The swarming period rarely lasts for more than a day, after 

which the zoospore comes to rest'*^and secretes a cell wall. The germling 

is usually affixed to a substratum by a holdfast, but there may not be a 

development of a holdfast (Hormidium). Aplanospores are of common 

occurrence in the Ulotrichaceae and may be formed singly within a cell or 

in multiples of two. The aplanospore may germinate while it is still en¬ 

closed by the parent-cell wall, but usually there is a disintegration of the 

parent-cell wall before germination takes place. Akinetes have also been 

recorded for a majority of genera in the family, but these are of much 

rarer occurrence than are aplanospores. An akinete may germinate di¬ 

rectly into a new filament, or its protoplast may divide to form a number 

of zoospores. 

Sexual reproduction is known for but few genera, and all cases thus far 

observed have a fusion of motile gametes in pairs. The uniting gametes, 

which may be isogamous or slightly anisogamous, are always biflagellate 

and naked. The zygote formed by their fusion may retain the flagella for 

a time, but eventually it assumes a spherical shape and secretes a wall. 

Germinating zygotes may produce either zoospores or aplanospores. Four 

spores are usually formed at the time of germination, but the number may 

be greater. 

'^Generic differences among Ulotrichaceae are based upon structure of the 

cells and structure of the filament. Since the structure of filaments is 

subject to considerable variation in certain genera, there is more or less 

disagreement among phycologists as to the precise generic limits in certain 

cases. 
The genera found in this country differ as follows: 

1. Filaments without a gelatinous sheath. 2 
1. Filaments with a broad gelatinous sheath. 7 

2. Filaments never with more than 10 cells. 3 
2. Filaments usually with more than 10 cells.4 



142 THE FRESH-WATER ALGAE OF THE UNITED STATES 

3. Ends of filaments pointed. 3. Raphidionema 
3. Ends of filaments not pointed.4. Stlchococcus 

4. With cells in pairs.7. Binuclearia 

4. Not with cells in pairs.5 
5. Filaments without a basal cell.6. Hormldltun 

5. Filaments with a basal cell.6 

6. Free end of filament pointed.2. Uronema 

6. Free end of filament not pointed.1. Ulothrix 

7. Cells cylindrical, often remote from one another aiiJ in pairs .... 5. Geminella 
7. Cells subspherical, always touching one another.8. Radlofilum 

1. Ulothrix Kiitzing, 1833. Ulothrix has unbranched filaments of in¬ 

definite length which, at least when young, are sessile and affixed to the 

substratum by a special basal cell. “^All cells of a filament, except the basal 

cell, are capable of division and of forming zoospores or gametes. ''The 

cell walls may be thick or thin, and homogeneous or stratified: The 

'cells are always uninucleate and with a single girdle-shaped chloroplast 

that partly or completely encircles the protoplast!^ According to the spe¬ 

cies, a chloroplast extends the whole length of a cell, or only a part of its 

length, and contains one or several pyrenoids.'^ 

Vegetative multiplication may take place by an accidental breaking of a 

filament, but there is never the regular dissociation into few-celled frag¬ 

ments that is found in Hormidium, All cells but the holdfast cell are cap¬ 

able of producing zoospores, but those in the distal portion often produce 

them in advance of those in the proximal portion. Species with narrow 

cells produce one, two, or four zoospores per cell and all zoospores from a 

filament are alike. Species with broad cells, as U, zonata (Weber and 

Mohr) Kiitz., produce two types of zoospores;^ two, four, or eight large 

quadriflagellate zoospores with an anterior eyespot or 4, 8, 16, or 32 small 

quadriflagellate zoospores with a median eyespot. The macrozoospores 

swarm for 24 hr. or so, and temperature has but little effect on the swarm¬ 

ing; microzoospores swarm 2 to 6 days if the temperature is below 10° C., 

otherwise they disintegrate.. The reported occurrence of biflagellated zo¬ 

ospores has recently been denied.^ The zoospores are usually liberated 

through a pore in the lateral wall and are surrounded by a delicate vesicle 

when first liberated. Zoospores which are not discharged from the parent¬ 

cell wall may each secrete a wall and so become thin-walled aplanospores. 

These aplanospores usually germinate within the parent-cell wall.^ There 

may also be a rounding up of the entire protoplast within a cell to form a 

large thick-walled aplanospore.^ 

Gametes are formed by the same repeated bipartition of the protoplast 

as in zoospore formation, but the number of daughter protoplasts produced 

1 Klebs, 1896; Pascher, 1907. * Grosse, 1931. * Dodel, 1876. 
♦ West, G. S., 1916. 
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is 8, 16, 32, or 64.^ As is the case with zoospores, the mass of gametes is 

surrounded by a delicate vesicle when first discharged from the parent 

cell, but the vesicle soon disappears. The gametes are biflagellate, pyri¬ 

form, and with an eyespot. They fuse in pairs with one another, but 

fusion takes place only between gametes coming from different filaments.^ 

There is no parthenogenetic development of gametes into vegetative fila- 

ments.2 The zygote remains motile for a short time after its formation, 

but it soon comes to rest, secretes a thick lamellated wall, and enters upon 

a resting period during which there is considerable accumulation of reserve 

food. Division of a zygote nucleus is melotic. A germinating zygote 

has a division of the protoplast into 4 to 14 (16?) uninucleate protoplasts 

which may develop into aplanospores* or into zoospores, f 

Fig. 7G. Ulothrix zonata (Weber and Mohr) Kutz. vegetative cells. B, formation of 
macrozoospores. C, macrozoospore. (X 1000.) 

The life history of Ulothrix consists of an alternation of a haploid multi¬ 

cellular generation with a one-celled diploid phase:^ In the assemblage of 

haploid individuals there are certain ones that produce gametes only, 

others that produce both gametes and zoospores, and still others that 

produce zoospores only.t 

Ulothrix is usually found in quiet or running water, but it also grows on cliffs 

moistened by the spray from waterfalls. Some species, especially U. zonata (Weber 

and Mohr) Klitz., are distinctly cold-water plants, appearing in early spring, 

disappearing during the summer, and then reappearing in the autumn. At times 

it is difficult to distinguish between Hormidium and those species of Ulothrix in 

which the filaments break loose and grow in free-floating masses. However, these 

Ulothrix species do not have the filaments breaking up into short filaments of a few 

cells as is the case with Hormidium. The following species have been found in 

* Dodel, 1876; Klebs, 1896; Pascher, 1907; West, G. S., 1916. 

* Grosse, 1931. 

* JOrstad, 1919; Klebs, 1896. t Dodel, 1876. t Grosse, 1931. 
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this country; U, dequalia Ktitz., U. cylindrica Prescott, U. moniliformis Kiitz., 

U, osdllarina Kutz., U. suhconstricta G. S. West, U. tenerrima Kiitz., U, tenuissima 
Ktitz., U. variabilis Kiitz., and U zonata (Weber and Mohr) Kiitz. (Fig. 76). 

For a description of U. cylindrica^ see Prescott (1944); for U. suhconstricta^ 
G. M. Smith (1920); for the other species, see Collins (1909). 

2. Uronema Lagerheim, 1887. Uronema is quite like Ulothrix in general 

appearance but has filaments that are always sessile, are of limited growth, 

Fig. 77. Uronema elongatum Hodgetis. (X 800.) 

and have an acuminate cell at the free end. The chloroplast is laminate, 

parietal, and partially encircles the protoplast. It contains one to three 

pyrenoids. 

Asexual reproduction is by a formation of one or two quadriflagellate 

zoospores that are liberated through a circular pore in the lateral wall of a 

cell. After swarming, a zoospore comes to rest with its anterior pole 

downward and becomes affixed to the substratum by a discoid holdfast. 

Aplanospores may also be formed singly within a cell.^ 

U. confervicolum Lagerh. and U. elongatum Hodgetts (Fig. 77) have been found 

in the United States. For a description of the former, see Collins (1909); for the 

latter, see Hodgetts (1918), 

Fig. 78. Raphidionema nivale Lagerh. (.After Chodat, 1896.) 

3. Raphidionema Lagerheim, 1892. Filaments of this alga are un¬ 

branched and rarely more than a half-dozen cells in length. They fre¬ 

quently dissociate into solitary cells. The cells are cylindrical and with 

the ends not abutting on other cells gradually tapering and acutely pointed. 

The chloroplast is parietal, laminate, more or less lobed, and without 

pyrenoids.^ 

* Hodgetts, 1918; Lagerheim, 1887. •Lagerheim, 1892A; Chodat, 
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Reproduction is exclusively vegetative and by fragmentation of fila¬ 

ments. 

Most species grow in permanent snow fields on high mountain peaks, and they 
may be present in sufficient abundance to color the snow green. R. nivale Lagerh. 
(Fig. 78) and R. tatrae var. yellowstonensis Kol have been found in Yellowstone 
National Park.^ For a description of the former, see Heering (1914); for the lat¬ 
ter, see Kol (1941). 

4. Stichococcus Nageli, 1849. Cells of this alga are cylindrical and with 

rounded poles. According to the species, the length equals the breadth 

or is more than eight times the breadth. The cells are united end to end 

in filaments without gelatinous sheaths but, because of the tendency of 

the cells to break away from one another, the filaments are rarely more 

tlian two or three cells in length. Fre¬ 

quently no filamentous organization is evi¬ 

dent because of dissociation into individual 

cells. The chloroplast is laminate, parietal, 

and encircles less than half a cell. There 

are no pyrenoids. 

Reproduction is solely by fragmentation, 

and there is never a formation of zoospores, 

aplanospores, or zopgametes.^ 

Some phycologists^ expand the generic concept to include most species 

of HormidiuMj but this inclusion of zoosporic forms whose chloroplasts 

have pyrenoids is illogical. 

Fig. 
Niig. 

79. Stichococcus 
(X 1300.) 

hacillaris 

Stichococcus grows on damp soil. S. bacillaris Nag. (Fig. 79) has been recorded 
from numerous localities in this country, but it is very probable that in the major¬ 
ity of cases the material thus identified was a Stichococcus stage of Hormidium. 
For a description of S. hacillaris^ see Grintzesco and P^terfi (1932). 

5. Geminella Turpin, 1828; emend., Lagerheim, 1883. Geminella has 

free-floating or sessile filaments surrounded by a tubular envelope of homo¬ 

geneous structure. The individual cells are usually cylindrical and with 

broadly rounded poles. They may be remote from one another and equi¬ 

distant or in pairs, or they may be so close together that their poles touch. 

The equatorial region of a cell contains a laminate chloroplast, usually 

with one pyrenoid, that partially encircles the protoplast.^ 

The usual method of reproduction is by a fragmentation of the filaments. 

Zoospores are not definitely known for this genus. Akinetes with brown¬ 

ish walls have been reported for one species.* 

^ Kol, 1941. * Grintzesco and PAterfi, 1932. * Gay, 1891; Hazbn, 1902. 
♦Lagerheim, 1883. * West, G. S., 1904. 
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Ulothrix may, at times, have Hormospora stages in which the filaments have 
broad gelatinous sheaths, but Hormospora stages of Ulothrix do not have cells with 
broadly rounded poles or the cells remote from one another. The species found 
in the United States are G. crenulatocollis Prescott, G. ellipsoidea (Prescott) comb, 
nov., G. flavescens (G. S. West) Wille, G. interrupta Turp. (Fig. SOD), G. yninor 
(Nag.) Hansg. (Fig. 80(7), G. mxitahilis (Niig.) Wille, G. ordinata (W. and G. S. 
West) Heering, and G. spiralis (Chod.) G. M. Smith (Fig. 80A-D). For a de¬ 
scription of G. crenulatocollisy see Prescott (1944); for G. ellipsoidea, see Prescott 

D 
Fig. 80. A-B, Geminella spiralis (Chod.) G. M. Smith. C, G. minor (Niig.) Hansg. D, 
G. interrupta Turp. {A-B, X 650; C-D, X 1000.) 

(1944), under Hormidiopsis ellipsoideum Prescott; for G. flavescens, see Prescott 
and Croasdale (1942); for G. spiralis, see Heering (1914), under Gloeotila contorta; 
for the remaining species, see Heering (1944), under Geminella. 

6. Hormidium Kiitzing, 1843; emend., Klebs, 1896. The cells of this 

alga are cylindrical and united end to end in unbranched filaments that 

are without the basal cell differentiated into a holdfast. A filament is 

not surrounded by a gelatinous sheath. The cells are uninucleate and 

with a single laminate parietal chloroplast that does not encircle more 

than half of a protoplast. There is one pyrenoid within a chloroplast. 

In certain species, there is a marked tendency to dissociate into short 

Stichococcus-Mke filaments of two to six cells. 

Asexual reproduction is by means of biflagellate zoospores formed singly 
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within a cell and liberated through a pore in the lateral cell wall.^ Aplano- 

spores may be formed singly within a cell. 

An isogamous fusion of biflagellate gametes has been reported for one 
species.2 

Hormidium is closely related to Ulothrix but differs in that the filaments are not 
attached by a basal cell, and by the fact that zoospores are biflagellate. Some 
species are terrestiial or aerial; other species are aouatic and grow in free-floating 
masses. The species found in the United States are //. flaccidum (Klitz.) A. Br., 
II fluitans (Gay) Heering; II. Klebsii G. M. Smith, II. rivulare Klitz., //. scopulinus 
(Hazen) comb. nov. (SHchococciis scopidinus Hazen), and H. subtile (Kiitz.) Heer¬ 
ing (Fig. 81). For a description of II. Klebsii^ see Heering (1914), under //. nitens; 
for descriptions of the others as species of Stichococcus^ see Hazen (1902). 

7. Binuclearia Wittrock, 1886. The cells of Binuclearia are cylindrical, 

with flattened end walls, and serially united in unbranched filaments that 

are without a gelatinous envelope. The protoplasts are cylindrical, with 

Fig. 82. Binucleria tatranaV^\ttTOc\fL. (X 830.) 

broadly rounded ends, and much shorter than the cell wall. The inter¬ 

vening space between protoplast and end walls of a cell is filled with 

stratified layers of a gelatinous substance. When a cell divides, the two 

daughter protoplasts are separated by a thin wall for some time following 

division; consequently, cells frequently appear as if there is a pair of proto¬ 

plasts within a cell. Eventually there is an accumulation of gelatinous 

material next to the new cross wall that causes the protoplasts to lie equi¬ 

distant from one another. A protoplast contains a single laminate chloro- 

plast, without a pyrenoid, that completely encircles the cell contents.* 

1 Hazen, 1902; Klebs,1896; Pascher, 1907; Wille, 1912. 

•WiLLE, 1912. * Schroder, 1898^1, West, G. S., 1904; Wittrock, 1886. 
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The discovery of sessile germlings affixed by a discoid holdfast^ indicates 

that zoospores are formed by this alga, but as yetw they have not been 

observed. Spherical thick-walled aplanospores are known for Binuclearia} 

The two species found in the United States are B. eriensis Tiffany and B. tatrana 

Wittrock (Fig. 82). For descriptions of them, see Tiffany (1937). 

8. Radiofilum Schmidle, 1894. This alga has spherical to sublenticular 

cells that are serially joined in unbranched filaments. The filaments are 

enclosed by a broad gelatinous sheath that frequently has radial fibrils 

of a denser gelatinous substance. In at least one species {R. conjunctivum 

Schmidle), the cell wall is composed of two helmet-shaped halves, in which 

the line of juncture between the two halves is generally evident. After 

Fig. 83. Radiofilum conjunctivum Schmidle. (X 1200.) 

cell division in this species, there is an interpolation of two new half-walls 

between the two old ones. R. conjunctivum has a single cup-shaped 

chloroplast, containing one or two pyrenoids, within each cell. The 

chloroplast is so arranged that the base of the cup lies next to one pole of a 

cell. During cell division, the chloroplast is so divided that the concav¬ 

ities of the chloroplasts in the two daughter cells face each other. 

The filaments of Radiofilum are so fragile that there is often a vegetative 

multiplication by fragmentation. Thus far, zoospores, aplanospores, and 

zoogametes have not been observed.^ 

The two species found in this country are R. conjunctivum Schmidle (Fig. 83) 
and R. irregulare (Brunnth.) Wille. For descriptions of them, see Collins (1918). 

Family 2. Microsporaceae 

Microspora Thuret, 1850; emend., Lagerheim, 1888. This genus, the 

only one in the family, has the cells united in unbranched filaments that 

1 SchrOder, 1898A. * West,G. S., 1904; Wittrock, 1886 
* Brunnthaler, 1913; Schmidle, 1894; Wb^, O. S., 1904. 
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are usually sessile when young but are sometimes free-floating from the 

beginning. The cell walls in a filament are H-shaped pieces so articulated 

that each protoplast is enclosed by the conjoined halves of two successive 

H-pieces. Internal to the H-pieces is a very thin layer of cellulose that 

lies immediately next to the protoplast. The H-pieces are heavily im¬ 

pregnated with cellulose^ and sometimes are distinctly stratified. The 

outermost layer of the filament is pectic in nature. In cell division there 

is the formation of a very thin cellulose layer around each daughter proto¬ 

plast and then the interpolation of an H-shaped piece of wall material 

between the two as the two H-pieces that formerly enclosed the mother 

cell pull apart from each other. The cells are uninucleate, with the nucleus 

generally lying in a bridge of cytoplasm across the middle of the central 

vacuole. There is often so much reserve starch that but little can be made 

Fig. 84. Microspora WUleana Wittr. A, vegetative portion of a filament. B, liberation of 
zoospore. (X 900.) 

out concerning the structure of the chloroplast. In young vigorously 

growing cells (Fig, 844), the chloroplast is an irregularly expanded, per¬ 

forate, and reticulate sheet covering both the sides and ends of the proto¬ 

plast. Pyrenoids are lacking in chloroplasts of Microspora? 

Asexual reproduction is by the formation of zoospores; these may be 

formed singly within a cell, or the protoplast may divide to form 2, 4, 8, 

or 16.* When more than one zoospore is formed, there is a bipartition of 

the protoplasts after each mitosis. The zoospores may be liberated by a 

disarticulation of the H-pieces in the wall of the mother cell (Fig. 84S), 

or there may be a gelatinization of the sides of the H-pieces and a swim¬ 

ming of the zoospores through these gelatinized walls. Both bi- and quad- 

riflagellate zoospores have been reported for Microspora.^ After swarm¬ 

ing for a short time, the zoospore comes to rest and secretes a thin wall. 

It may remain free-floating after it ceases swarming, but usually the swarm¬ 

ing spore develops into a germling aflixed by a discoid holdfast. Aplano- 

1 Tiffany 1924. * Laqerheim, 1889; West, G. S., 1916. 

•Mbyeb, K., 1889. ^Hazbn, 1902; Skuja, 1934; West, G. S., 1916. 
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spores (Fig. 8, page 53) are of common occurrence in Microspora. 

They are usually spherical and formed singly within a cell. Akinetes are 

of somewhat rarer occurrence and have very thick walls. When akinete 

formation or aplanospore formation does take place, it generally occurs 

in several successive cells in a filament. Germinating akinetes* have a 

division of the protoplast into four daughter protoplasts, either before or 

after escape from the akinete wall, and a direct development of the proto¬ 

plasts into filaments. 

Sexual reproduction has not been recorded for Microsyora, 

Microspora is of common occurrence in pools and ditches, especially during 
cooler months of the year. The wall structure is so like that of Tribonema that 
the two are sometimes confused; but the presence of starch in Microspora affords 
an easy method of differentiating between the two. The species fall into two 
groups: those with thick walls and those with relatively thin walls. M. amoena 
(Kiitz.) Rab. is the most widespread of thick-walled species in this country; M. 
floccosa (Vauch.) Thur. and M. stagnorum (Kiitz) Thur. are the commonest of 
thin-walled species. For descriptions of most of the 11 species found in this 
country, see Hazen (1902). 

Family 3. Cylindrocapsaceae 

. Cylindrocapsa Reinsch, 1867. Cylindrocapsa is another of the Ulo- 

trichales so distinctive that it must be placed in a separate family. The 

filaments are unbranched and usually with^the cells uniseriately arranged 

within a tough tubular envelope'^ In rare cases, the cells are irregularly 

arranged or side by side. Under certain conditions of growth, there is a 

complete loss of the filamentous organization and a development of a 

palmella stage quite similar in appearance to Gloeocapsa.'\ Each cell in a 

filament is surrounded by a cellulose wallf which rs laid down in concentric 

strata. The tubular sheath enveloping a filament is pectic in nature. In 

most specimens, it is impossible to make out the structure of the chloro- 

plast, but in favorable material it can be seen that there is a single stellate 

chloroplast with a single pyrenoid.^f 

Vegetative multiplication may take place by fragmentation of filaments. 

Asexual reproduction is either by means of biflagellate zoospores with two 

contractile vacuoles and an eyespot^ or by means of quadriflagellate 

zoospores.2 Zoospores are formed singly or in twos or fours, within a cell. 

Germination stages of zoospores are sessile and affixed to the substratum 

by a gelatinous holdfast (Fig. S5B-C), Cell division in young filaments is 

West, G. S., 1916. f Cienkowski, 1876. 
t Tiffany, 1924. If Iyengar, 1939. 
^ Cienkowski, 1876. * Iyengar, 1939. 
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transverse, and the two daughter cells each develop a wall with several 

concentric layers (Fig. S5E). 

Sexual reproduction is oogamous.' Cells developing into sex organs 

may be distinguished from vegetative cells by their reddish color.^ In 

the formation of antheridia, certain vegetative cells divide and redivide 

to form a double file of red-colored cells, each of which gives rise to two 

short biflagellate fusiform antherozoids. Cells developing into oogonia 

have a considerable increase in size of their protoplasts and a swelling of the 

wall layers. Just before fertilization, there is a development of a pore at 

one side of the oogonial wall. One species has been reported® which re¬ 

sembles nannandrous species of Oedogonium in that thei-e are one-celled 

sexual plants epiphytic upon the vegetative filaments. The female plant 

Fig. 85, Cylindrocapsa gemmella Wolle. A, portion of a mature filament. B-D, early 
stages in development of a filament. (A, X 325; B-D, X 650.) 

produces a single egg, and the male plant produces four quadriflagellate 

antherozoids. Fertilization takes place within an oogonium. Mature 

zygotes are spherical and with a smooth thick wall enclosing a bright 

red protoplast. 

Cylindrocapsa is frequently encountered in collections from pools and ditches 
though rarely in abundance. Fruiting material is of rare occurrence and is usually 
found only in late spring.^ For descriptions of the two species found in this coun¬ 
try, C. conferta W. West and C. geminella Wolle (Fig. 85), see Heering (1914). 

Family 4. Chaetophoraceae 
✓ 

The Chaetophoraceae are immediately distinguished from the foregoing 

families by their branching thalli.’^ They differ from other branching 

1 Iyengar, 1939; Cienkowski, 1876. * Cienkowski, 1876. * Iyengar, 1939, 

* Transeau, 1913A. 
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^Ulotrichineae in lacking the sporangia found in Trentepohliaceae and in 

lacking the seta characteristic of ColeochaetaceaeV^ Most Chaetophora- 

ceae have a plant body differentiated into a prostrate portion and an erect 

freely branched portion^ The erect portion may have all branches the 

same size, or there may be a differentiation into large primary and small 

lateral branches. In either case, the ultimate branches are usually at¬ 

tenuated and often with the terminal cell or cells drawn out into a long 

hyaline seta.'^’^Genera in which the plant body is freely branched but with 

relatively few cells (Aphanochaete, Chaetonema) do not have a differentia¬ 

tion into prostrate and erect portions^ There are some genera in which 

the branches are closely applied to one another, in a regular or irregular 

fashion, to form a discoid or irregularly expanded subparenchymatous 

thallus. Palmella stages are of common occurrence in certain genera, 

as Stigeocloniuniy and of rare occurrence in others. 

The cell structure is quite uniform throughout the family, and the cells 

are always uninucleate and with a single laminate parietal chloroplast. 

In most cases, the chloroplast is a girdle wholly or partially encircling the 

protoplast and, according to its size, with one to several pyrenoids.'^ 

Vegetative multiplication by fragmentation is of infrequent occurrence. 

Zoospores are readily formed in most genera. They may be bi- or quadri- 

flagellate and all of the same size, or there may be a prod<iction of macro- 

and microzoospores. A formation of zoospores may take place anywhere 

in a thallus except in terminal and rhizoidal cells. Small cells in ultimate 

branchlets usually produce but one zoospore; larger cells in a filament may 

have a division of the protoplast into 2, 4, 8, 16 or more zoospores. Aplano- 

spores and akinetes are also known for many Chaetophoraceae. 

Many of the genera also reproduce sexually. In most cases, sexual 

reproduction is isogamous and with biflagellate gametes formed in con¬ 

siderable number within a cell. There are also anisogamous genera. 

The only case of oogamy thus far found in the family is in Chaetonema. 

The family includes numerous genera, many of which are strictly fresh¬ 

water in habit. Genera* found in the United States may be distinguished 

from one another as follows; 

1. Plant body freely branched. 2 
1. Plant body pseudoparenchymatous. 11 

2. Filaments bearing long oue-celled hairs. 3 

* Saprochaele, a colorless filamentous aquatic plant discovered in North Carolina 
by Coker and Shanor (1929),was interpreted by them as a colorless alga related to 
Siigeoclonium. However, unlike other colorless Chlorophyceae, it does not store re¬ 
serve carbohydrates as starch. There is also no formation of zoospores, a feature of 
frequent occurrence in Chaetophoraceae. These characters indicate that Saprochaete 
is a fungus and not a colorless alga. 

Since Paeudochaete is a genus of such questionable validity, it is best to follow the 
practice of Tiffany (1937) who places the single species as a species of Siigeoclonium, 



DIVISION CHLOROPHYTA 153 

2. Filaments lacking long one-celled hairs. 5 
3. Thallus erect on substratum. 11. Thamniochaete 
3. Thallus prostrate on substratum. 4 

4. Thallus with short erect branches . 13. Chaetonema 
4. Thallus wholly prostrate. 12. Aphanochaete 

6. Ends of branches tapering to a sharp point.6 
5. Ends of branches not tapering to a sharp point. 9 

6. Main branches broader than lateral branches. 7 
6. All branches approximately the same breadth.8 

7. Main branches with alternate long and short cells.4. Drapamaldiopsls 
7. Main branches with all cells the same length.3. Drapamaldia 

8. Plant body of definite macroscopic shape.2. Chaetophora 
8. Plant body not of definite macroscopic shape. 1. Stigeoclonium 

9. Thallus endophytic in walls of other algae.7. Entocladia 
9. Thallus not endophytic in walls of the alga^*.10 

10. Thallus encrusted with lime, cells of different length ... 6. Chlorotylium 
10. Thallus not encrusted with lime, cells of approximately the same length.... 

5. Microthamnion 
11. Thallus one cell in thickness. .... 8. Protoderma 
11. Thallus more than one cell in thickness . 13 

12. Restricted to carapaces of turtles. .9. Dermatophyton 
12. Not restricted to carapaces of turtles.10. Pseudoulvella 

Stigeoclonium Kiitzing, 1843. '^This alga has a plant body differen¬ 

tiated into an erect and a prostrate portioriT The prostrate portion, 

which attaches the alga to the substratum, is either pseudoparenchymatous 
or irregularly branched and gives rise to numerous erect filaments.^ The 
erect filaments are somewhat sparsely branched, with an alternate or oppo¬ 

site branching, and have the obscure major branches and lateral branches 
\/attenuate to long multicellular hairs. 'The filaments are often enclosed 

by a broad gelatinous sheath, but this is of a very watery consistency and 
not usually visible unless demonstrated by special methods. Stigeoclo¬ 
nium has pseudoparenchymatous palmella stages^ and it has been shown^ 

that these may be induced in various ways. 
Cells of both filamentous and palmella stages are uninucleate and with 

a single chlorpplast" Larger cells in a ^lament have a transverse zonate 
chloroplast with several pyrenoids; smaller cells have the chloroplast 
girdling the whole length of a cell and usually contain but a single pyrenoid. 

Vegetative multiplication may take place by fragmentation, but frag¬ 
ments from the erect portion do not grow so vigorously when severed from 
the prostrate portion. Zoospore formation takes place freely in Stigeo- 
cloniuMj and one often finds all cells in the smaller branches sporulating a 
day after collections are brought into the laboratory. Zoospores are 
generally formed singly within a cell, and development of flagella is due to 
a blepharoplast-rhizoplast-centriole type of neuromotor apparatus.^ The 

1 Livingston, 1900, 1901, 1905, 1905A. 
* Reich, 1926. 
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zoospores are quadriflagellate. In some species, there is a formation of 

quadriflagellate swarmers of two sizes. In certain of these, the smaller 

of the two are zoosporic in nature^ and hence quite properly called micro¬ 

zoospores. In other cases, the smaller of the two are gametes.^ After 

swarming for a time, a zoospore comes to rest with its anterior pole down¬ 

ward and secretes a wall after disappearance of the flagella. According 

to the species, the one-celled germling grows directly into a vertical fila¬ 

ment that later develops the procumbent portion of a thallus from its lower¬ 

most cells; or the one-celled germling first grows into a prostrate branch¬ 

ing system from which erect branches arise.^ Cases are also known where 

the zoospore metamorphoses into a rhizopodial stage that remains amoe¬ 

boid for some time before developing into a filament.'* Aplanospores are 

generally formed singly within a cell and in several successive cells. Aki- 

netes are sometimes formed in abundance.^ 

Fig. 86. Stigeoclonium tenue (Ag.) Kutz. A, portion of a filament. B, liberation of zoo¬ 
spores. (A, X 125; B, X 400.) 

Sexual reproduction is isogamous. Some species have a fusion of bi- 

flagellate gametes to form a quadriflagellate zygote,* others have a fusion 

of quadriflagellate gametes to form an octoflagellate zygote.^ After swarm¬ 

ing for a time, the motile zygote rounds up, loses its flagella, and secretes a 

wall. The zygote may enter upon a period of rest or germinate within a 

day or two. When resting zygotes germinate, there is a formation of four 

zoospores.2 If the zygote germinates immediately, there is an equational 

division of the zygote nucleus and a formation of a short filament of diploid 

cells.^ The diploid generation forms quadriflagellate zoospores, and it is 

presumed, though not definitely established, that zoospore formation is 

immediately preceded by meiosis.* 

Stigeoclonium (Fig. 86) is a common alga in slowly flowing dear-water brooks, in 
springs, and in the overflow from fountains and watering troughs. It is most 
abundant during late spring and early autumn. Approximately 20 species are known 
to occur in this country. For a description of a majority of them, see Collins (1909). 

^ JxjLLER, 1937. * God WARD, 1942. 
• Fritsch, 1903; God ward, 1942; Str5m, 1^21. 
♦ Paschbr, 1916. « Tildbn, 1896. 
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2. Chaetophora, Schrank, 1789. This alga has macroscopic thalli that 

are of an exceedingly tough consistency and hemispherical, spherical, or 

elongate, and irregularly tuberculate. Globular colonies have the branches 

radiating from a palmelloid base and repeatedly branched throughout or 

with a fasciculate branching at their apices. The branches are invested 

with a tough gelatinous envelope, and the envelopes of adjoining branches 

may be distinct or fused with one another. The basal portion of a colony 

is often impregnated with calcium carbonate, and in rare cases the entire 

colony may be strongly calcified. Species with elongate colonies have the 

filaments intertwined to form an axial strand that bears numerous short 

lateral branches throughout its length. In both types of colony, the ul¬ 

timate branchlets are often prolonged into long multicellular hairs that 

gradually taper to a fine point. 
^There is but a single chloroplast in a cell." In larger cells, it is a trans¬ 

versely zonate band containing several pyrenoids; in smaller cells, it covers 

the entire side wall, overlaps the end walls, and contains but a single 

pyrenoid. 

Thalli of Chaetophora are of so tough a consistency that there is rarely 

vegetative multiplication by fragmentation. Asexual reproduction is by 

the formation of quadriflagellate zoospores. Akinetes, when present, are 

usually formed by cells of the ultimate branchlets, but sometimes they are 

formed in any cell of a thallus.^ 

Sexual reproduction is isogamous and by a union of biflagellate gametes. 

^ Hazen, 1902. 
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Chaetophora does not require so well-aerated water as does Stigeoclonium and is 
often found in abundance in standing water and epiphytic upon submerged vegeta¬ 
tion or attached to stones or woodwork. Specific differences are based upon 
macroscopic appearance of a thallus and the method of branching of the filaments. 
The species found in this country are C. attenuata Hazen, C. elegans (Roth) Ag., 
C. incrassata (Huds.) Hazen (Fig. 87), and C. pisiformis (Roth) Ag. For descrip¬ 
tions of them, see Hazen (1902). 

(31. Draparaaldia Bory, 1808. The plant body of Drapamaldia is a 

macroscopic, amorphous, pale-green mass of a very watery consistency. 

The prostrate portion of the plant body is usually but little developed. 

The erect portion, which may be of indefinite extent, has a conspicuous 

differentiation into primary branches and short fasciculate lateral branch- 

lets, whose terminal filaments are drawn out into long hyaline setaer" 

The fasciculate branches may be borne anywhere on the primary branches, 

except the basal portion, where they are replaced by rhizoid-like branches. 

The primary branches and the branchlets are embedded in a very broad 

gelatinous matrix composed chiefly of pectic acid.^ Cells of the primary 

branches are cylindrical to barrel-shaped, all about the same length, 

and with a transversely zonate chloroplast. Chloroplasts of axial cells 

may be entire or reticulate, with smooth or toothed edges, and they always 

contamseveral pyrenoids. Cells of the lateral branchlets are cylindrical, 

with®|feoroplast covering the entire side wall and generally containing 

but a sinfle pyrenoid. Palmelia stages are rarely formed by Drapamaldia^ 

but under certain conditions, as an increase in the CO2 content of the water, 

or an n^rease in the amount of nitrates, the organization of the thallus is 

quite like that of a Stigeoclonium,^^ 

As^Kual reproduction is by means of zoospores which are formed only 

in the cells of the lateral branchlets. They are usually formed singly 

within a cell, but sometimes the protoplast divides to form two or four 

of them.* Zoospores are quadriflagellate and swarm but a few minutes 

before coming to rest with the anterior end downward. The germling 

developing from a zoospore has a long seta at the distal end. By the time 

a germling is four- or five-celled, there is a modification of the basal cell 

to form a rhizoid-like holdfast.'* Instead of producing zoospores, the cells 

of branchlets may develop into thick-walled akinetes (h3q)nospores) whose 

protoplasts are colored a deep orange.* 

Sexual reproduction is isogamous and by a fusion of quadriflagellate 

gametes.® These become amoeboid before they fuse in pairs. Gametes 

which have not fused with one another round up and become thick-walled 

1 WURDACK, 1923. * USPENSKAJA, 1930. 
* Johnson, 1893; Klebs, 1896; Paschbr, 1907. < Johnson, 1893. 
* Gay, 1891; Klebs, 1896. •Klebs, 1896; Pascher, 1907. 
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parthenospores. When a zygote germinates, it gives rise to two or four 

germlings.^ 

Draparnaldia is usually found only in clear cool running water. The thalli 
look somewhat like those of Tetrasporay but the two can be distinguished from each 
other in the field with a good hand lens. The following species are found in this 
country: D. acuta (Ag.) Klitz., /), glomerata (Vauch.) Ag. (Fig. 88), D. Judayi 
Prescott, D. platyzonata Hazen, D. plumosa (Vauch.) Ag., and D. Ravenelii Wolle. 
For a description of D. Judayi^ see Prescott (1944); for D. Raveneliiy see Collins 
(1912), for the others, see Hazen (1902). 

Fio. 88. Draparrialdia glorneraia (X 185.) 

4. Drapamaldiopsis Smith and Klyver, 1929. The thallus of this alga 

has the same differentiation into long and short branches as Draparnaldia, 

but in Drapamaldiopsis the long branches have long and short cells alter¬ 

nating with one another in regular succession.^ Both types of cell in the 

long branches have zonate chloroplasts with several pyrenoids. The lat¬ 

eral branchlets are borne only by short cells of long branches. The basal 

cell of a branchlet is cuneiform and di- or trichotomously forked at its 

apex. Cells borne by the basal cell are, in turn, forked at their apices, 

and there may be a succession of two to four of these forked cells. Most 

of the ultimate branches of a branchlet terminate in one or more elongate 

cells without chloroplasts. Other cells in a branchlet have a laminate 

i Pascheb, 1907. • Bhabadwaja, 1933; Smith and Klyveb, 1929. 
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parietal chloroplast containing one or two pyrenoids. The whole thallus 

is invested with a broad gelatinous envelope, and the thallus is attached 

to the substratum by rhizoidal branches. 

Reproduction is known for one species only, D. indica Bharadwaja. 

Here the life cycle consists of an alternation of morphologically identical 

haploid gametophytes and diploid sporophytes. The chromosome number 

is doubled at the time of gametic union and is halved at the time zoospores 

are formed.^ The sporophyte produces quadriflagellate zoospores of two 

Fig. 89. Draparnaldiopsis alpina Smith and Klyver. (X 480.) 

sizes, macrozoospores and microzoospores. Microzoospores are formed 

in cells of the lateral branchlets. The zoospores develop into gameto¬ 

phytes when they germinate.^ There may also be a formation of aplano- 

spores and akinetes.® Gametophytes form their gametes in cells of lateral 

branchlets. The gametes are biflagellate, gametic union is isogamous, and 

there is rarely a union of gametes from the same thallus.^ There is an 

immediate germination of the zygote, and division of the zygote nucleus 
is mitotic. 

1 Singh, 1946. * Singh, 1942, 1945. » Mitra, 1943. ^ Singh, 1942. 
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The type species, D. alpina Smith and Klyver (Fig. 89) is known only from 
California. For a description of it, see Smith and Klyver (1929). 

5. Microthamnion Nagcli, 1849. This alga has a densely branched 

thallus which rarely grows to more than 1 cm. in height and is always 

attached to some firm object by means of a bulbous basal cell. All branches 

of a thallus are of the same diameter, and there is but little attenuation 

toward the apices of branches. Branches originate as lateral outgrowths 

from the upper end of a cell, and there is a marked tendency for branching 

to be unilateral. Cell division in an 

outgrowth does not take place until 

it has attained a considerable length, 

and the transverse wall is laid at some 

distance from the base of an out¬ 

growth. The thallus is without a 

gelatinous envelope. There is a 

single parietal laminate chloroplast 

extending nearly the whole length of 

a protoplast and partially encircling 

it. Chloroplasts are without pyre- 

noids, and reserve foods accumu¬ 

late mainly as fats. Asexual repro 

duction is by biflagellate zoospores. 

Four or eight zoospores are gen¬ 

erally formed within a cell, and 

these are liberated by a rupturing 

of the apex of the lateral cell wall. 

Zoospores form no rhizoidal out¬ 

growths when they germinate.^ 

Akinetes have been recorded but 

are of rare occurrence.^ 

Both of the two species found in this country, M. Kuetzingianum Nag. (Fig. 
90A-B) and M. strictissimum Rab. (Fig. 90(7), are widely distributed. For de¬ 
scriptions of them, see Hazen (1902). 

6. Chlorotylium Kiitzing, 1843. The thallus of this alga is sessile, hemi¬ 

spherical to irregularly pulvinate, and generally strongly incrusted with 

lime. The interior of a thallus may be zonate or homogeneous. The 

cells are cylindrical and are joined end to end in filaments in which branch¬ 

ing is almost wholly unilateral. The cells are usually of different length, 

one or two elongate ones with pale chloroplasts alternating with a succes- 

1 Greger, 1915; Hazen, 1902; Rayss, 1929. * Rayss, 1929. 

Fig. 90. A-B, Microthamnion Kuetzingia¬ 
num Nag. C, M. strictissimum Rab. (A, 
C, X 375; B, X 1000.) 
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sion of three to seven short ones with conspicuous chloroplasts. Chloro- 

plasts are parietal, laminate, and with a pyrenoid.^ Palmella stages may 

be formed at times, and these have GloeocystisAike cells joined together 

in an irregular mass.^ 

Fio. 91. Chlorotylium cataractiim Kutz. A, vegetative branch. B, branch with akinetes. 
(X 485.) 

Asexual reproduction is by a formation of biflagellate zoospores.* Cells 

of the palmella stage have a formation of 4 to 16 quadriflagellate (?) 

zoospores. Akinetes are of frequent occurrence in Chlorotylium and are 

formed by short cells in a filament. They 

have quite thick walls, and the protoplast is 

often of a reddish color. 

C. cataractum Kiitz. (Fig. 91) has been recorded* 
from New York and Kentucky. The specific name 
implies that it is found only in swiftly running 
water, but in certain European localities it is 
quite as abundant in standing water.® For a 
description of C. catar actum ^ see Collins (1909). 

7. Entocladia Reinke, 1879. This micro¬ 

scopic alga has an irregularly branched to 

subparenchymatous thallus in which none of 

the cells bears long hyaline hairs. Entocladia 

usually grows endophytic within the wall 

layers of other algae or aquatic phanerogams 

(Fig. 92). Growth of a thallus is mostly by 

division of the terminal cells. The cells are 

Fig. 92. E^dadm Cladoplwra , VniHTz] 1927. » Reinke, 1879. 
(Hornby) G. M. Smith, a species , ^ 
not found in the United States. Hansqirq, 1886. Collins, 1909. 
{From Hornby, 1918.) * Hansgirg, 1886, 1892. 
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uninucleate and with a single laminate chloroplast that has one or more 
pyrenoids. 

Asexual reproduction is by division of the cell contents into eight or more 

quadriflagellate zoospores with a conspicuous eyespot.^ When a zoospore 

ceases swarming, it comes to rest upon the host and soon sends out a short 

rhizoidal protuberance that penetrates the host. 

Sexual reproduction is isogainous and by a union of biflagellate gametes, 

of which 8 to 16 are formed within a cell. 

Entocladia is a genus whose species are largely marine but which also has them 
in fresh water. The two species reported from fresh water in this country, E. 
Pithophorae (G. S. West) G. M. Smith and E. polymorphum (G. S. West) G. M. 
Smith, both grow endophytically within 
cell walls of Cladophoraceae. For de¬ 
scriptions of them as species of En- 

dodermaj see Collins (1909). 

8. Protoderma Kiitzing, 1843; 

emend., Borzi, 1895. The thallus 

of this alga is microscopic, epiphy¬ 

tic, and a discoid layer one cell in 

thickness. The central portion of 

a thallus is pseudoparenchyma- 

tous; the marginal portion consists 

of short and irregularly branched 

radiating filaments, more or less 

parallel to one another. There are 

no erect filaments or setae. Within each cell is a typical parietal ulotri- 

chaceous chloroplast containing one pyrenoid. Under certain conditions 

the thallus develops into a GloeocystisASke palmella stage.^ 

Zoospores may be formed by any cell in the plant body, but they are 

usually produced by the pseudoparenchymatous cells at the center of a 

thallus. Four or eight biflagellate zoospores are usually formed within a 

cell. Aplanospores may also be formed.^ 

P. viride Kiitz. (Fig. 93), the only species found in this country, is more frequently 
found on submerged phanerogams than on other algae. This alga is so similar to 
palmella stages or juvenile stages of Stigeoclonium that its presence is extremely 
dubious if Stigeoclonium is present at the collecting station. For a description of 
P, viridCy see Collins (1909). 

9. Dermatophyton Peter, 1886. The thallus of Dermatophyton is a 

sessile orbicular disk, a few millimeters in diameter, that grows attached 

» Borzi, 1895; Huber, J., 1892; Kylin, 1935. ‘Borzi, 1895. 

Fig. 93. Protoderma viride Kutz. (X 800.) 
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to the dorsal carapace* of turtles.^ Juvenile thalli have irregularly ar¬ 

ranged cells, but older thalli frequently have radially arranged cells with a 

radial axis two to three times longer than the tangential axis. Young 

thalli are one cell in thickness, older ones are four to five cells in thickness 

in the central portion. The cells 

pyrenoids.2 

Fig. 94. Dermatophyton radvnia Peter. (X 
485.) 

are multinuclcate and with several 

Asexual reproduction is by means 

of zoospores. Cells producing zoo¬ 

spores lie in the central portion of 

a thallus, become globose, and have 

a considerable increase in the num¬ 

ber of nuclei prior to zoospore form¬ 

ation.^ 

There is but one species, D. radians 
Peter (Fig. 94). It has been found in 
Massachusetts® and Kansas.'* Feldmann 
(1938) has shown that the practice^ of 
referring this species to Ulvella is in¬ 
correct. For a description of D. rad¬ 
ians, see Collins (1909). 

10. Pseudoulvella Wille, 1909. The thallus of this alga is discoid and 

several cells in thickness at the center. The thallus is invested with a 

gelatinous envelope that may bear a few evanescent gelatinous bristles. 

Under certain conditions, the plant body is an irregularly shaped mass of 

cells. The cells are uninucleate and with a laminate, more or less reticu¬ 

late, chloroplast containing a single pyrenoid.® 

Zoospore formation is restricted to the portion of the thallus more than 

one cell in thickness. Four, eight, or sixteen pyriform quadriflagellate 

zoospores are formed within a cell,® When a zoospore ceases swarming, 

it secretes a wall and grows directly into a new thallus. 

P. americana (Snow) Wille (Fig. 95) has been found in Michigan^ and Iowa.® 
For a description of it as Ulvella aniericana, see Snow, 1899. 

11. Thamniochaete Gay, 1893. The thallus of Thamniochaete is micro¬ 

scopic and rarely contains more than a half-dozen cells. It is epiphytic 

upon other algae and grows erect upon the host plant. The lowermost cell 

may be like other cells of the thallus, or it may be modified to form a 

rhizoidal holdfast. The plant body is distinctly filamentous and simple, 

^ Peter, 1886. * Feldmann, 1939. * Collins, 1909. ^Thompson, 1938. 
® Fritsch, 1935; Printz, 1927; Smith, G. M., 1933. 
• Philiposb, 1946. ^ Snow, 1899. ® Prescott, 1931. 
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or with rudimentary branches. The terminal cells, and sometimes the 
intercalary cells also, bear one or more long unicellular setae that gradu¬ 
ally taper from a swollen base to an acute apex. The remaining cells in a 
thallus are irregularly cylindrical, with a single parietal laminate chloro- 
plast that contains one pyrenoid.^ 

Asexual reproduction is by zoospores formed singly within a cell.^ 
There may also be a formation of brownish akirietes.^ 

T. Huberi 'Gay (Fig. 96) has been recorded from California.^ For a description 
of it, see Heering (1914). 

Fig. 95. Pseudoulvella americana (Snow) Wille. {From Snow, 1899.) 

12. Aphanochaete A. Braun, 1851. This microscopic alga is epiphytic, 
prostrate upon the host, and with simple or irregularly branched fdaments; 
tapering somewhat at their extremities but not terminating in long uni¬ 
cellular setae. The median cells of the thallus are globose to globose- 
cylindrical; those toward the extremities are cylindrical to barrel-shaped; 
the terminal cells are conical. The cells may bear one or more long, 
hyaline, unicellular setae on their dorsal side. The setae, which taper 
from a swollen base to an acute apex, are probably modified erect branches. 

^Gay, 1893; West, G. S., 1904. *Chadefaud, 1932. * Gay, 1893. 
^ Smith, G. M., 1933. 
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Under certain cultural conditions, the setae are multicellular.^ Median 
cells of the filament have a single parietal laminate chloroplast, usually 
with several pyrenoids; cells toward the ends of the filaments have chloro- 
plasts with one pyrenoid. 

Fig. 96. Thamniochaete Huberi Gay. (X 600.) 

Asexual reproduction is by means of quadriflagellate zoospores. These 
may be formed singly within a cell, or the protoplast may divide to form 
two or four of them.^ When first discharged from the parent cell, the 
zoospores are surrounded by a delicate vesicle, but this soon disappears and 
the zoospores swim about freely for a considerable time before they come 
to rest and germinate to form new filaments. Sometimes the swarming 
zoospores withdraw their flagella and move about in an amoeboid manner.^ 
Aplanospores may also be formed singly within a cell.'* 

Sexual reproduction is heterogamous and with a union of large quadri¬ 
flagellate female gametes and small quadriflagellate male gametes.^ Apha- 

nochaete is homothallic, and the female gametes are formed singly within 
enlarged cells in the central portion of the thallus. Male gametes are 
formed singly or in pairs within small colorless cells resulting from re¬ 
peated cell divisions at the tips of branches. Both male and female 
gametes are surroimded by a gelatinous vesicle when first liberated, but 
the vesicles soon disappear. Male gametes swim actively, female gametes 
move quite sluggishly; and the two fuse with their colorless anterior end 
apposed. The zygote secretes a thick wall soon after gametic union and 

' Fritsch, 1902; Chodat, 1902. *Hubeb, J., 1892, 1894. 
• Pascher, 1909. * West, G. S., 1904. Huber, J., 1894. 
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enters upon a period of rest during which the protoplast becomes filled 
with a reddish oil. 

Aphanochaete is of common occurrence upon old filaments of Oedogonium^ 
Vamiwna, and Cladophoraceae. A. polychaete (Hansg.) Fritsch, A, repens A. 
Br. (Fig. 97), and A. vermicvloides Wolle have been found in this country. For 
descriptions of them, see Heering (1914). 

13. Chaetonema Nowakowski, 1876. This alga grows epiphytic upon ^ 
Batrachospermuniy Tetraspora, Chaetophoray and other algae with a con¬ 
spicuous gelatinous envelope. It is microscopic and consists of irregularly 
twisted main branches which bear short lateral branches terminating in 
long hyaline unicellular setae. Lateral branches arise as cylindrical out¬ 
growth from the middle of cells in a main branch, and the first cross wall 
is formed at some distance from the point of origin (Fig. 98A). Palmella 
stages are at times formed by Chaetonemay and giant cells of the palmella 
stage divide by a yeast-like budding.* The cells of filaments contain a 
single laminate chloroplast with one or more pyrenoids. The chloroplast 
is usually zonate and restricted to the median part of a cell. 

Asexual reproduction is by means of quadriflagellate zoospores. Two 
zoospores are generally formed within a cell.f During the period of 
swarming, they often remain within the gelatinous envelope of the host 
plant. When the zoospore comes to rest, it becomes spherical, secretes a 
wall, and then sends out a germ tube at its anterior end. The first cell 
cut off at the distal end of the germ tube may be rhizoidal in nature.. 

Sexual reproduction is oogamous.t Antheridia are usually formed in 
short series and are developed from cells in short lateral branches or from 
cells in the main axis. Cells developing into antheridia become barrel¬ 
shaped and have pale chloroplasts that are without pyrenoids (Fig. 98Z)). 
The protoplast of each antheridium divides to form eight biciliate anthero- 

* Huber, J., 1894. f Huber, J., 1892. t Meyer, K., 1930. 



166 THE FRESH-WATER ALGAE OF THE UNITED STATES 

zoids that are liberated through a pore in the side wall. Oogonia are usually 
developed from the terminal cells of lateral branches, though sometimes 
from cells in the main axis. Cells functioning as oogonia become much 
larger than vegetative cells. The entire protoplast of an oogonium de¬ 
velops into an egg which is partially extruded through an apical pore in 
the oogonial wall (Fig. 98B and C). 

C. irregulare Nowak. (Fig. 98) has been found in Massachusetts,* and C. ornatum 
Transeau in Alabama,! Both species were found growing within the gelatinous 
envelopes of other algae. For a description of C. irregularey see Collins, 1918; 
for C, ornatuniy see Transeau (1943). 

Fig. 98. Chaetonema irregulare Nowak. A, vegetative filament. Z?-C, filaments with 
oogonia. D, a filament with an antheridium. (After K. Meyer, 1930.) 

Family 5. Protococcaceae 

Protococcus Agardh, 1824 (Pleurococcus Meneghini, 1837; Pseudopleuro- 
coccus Snow, 1899). This genus, the only one in the family, has cells that 
may be solitary or may divide to form packets of two, three, four, or more 
cells. Solitary cells are spherical to broadly ellipsoidal and with a fairly 
thick wall that is without a gelatinous envelope. Packets of two or more 
cells are formed by division of solitary cells. The first division is trans¬ 
verse; if further divisions take place, the plane of division is at right angles 
to the preceding one. When the alga grows submerged in water, cell 
division may continue until there are 50 or more cells in a colony and there 
may be a development of a profusely and irregularly branched condition.! 
However, such Pseudopleurococcus stages are not always produced when the 

* Collins, 1918; Prescott and Croasdalb, 1942. f Transeau, 1943. 
t Snow, 1899. 
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alga grows submerged in water. Cells of Protococcus have a single parietal 
laminate chloroplast that is more or less lobed at the margins. The 
chloroplasts are usually without pyrenoids, but in some instances they have 
them. 

There is no formation of zoospores, and reproduction is exclusively by 
means of cell division. The two daughter cells may remain united after 
cell division, or they may separate from each other and become globose. 

Protococcus is almost universally interpreted as a reduced form from 
a branching ulotrichaceous ances¬ 
tor. This interpretation is based 
upon the fact that it may grow 
into an irregularly branched fila ¬ 
ment when growing in an aqua¬ 
tic instead of an aerial environ¬ 
ment. Fig. 99. Protococcus viridis Ag. (X 1300.) 

Protococcus is, perhaps, the commonest green alga in the world. It is generally 
found forming a green coating on stone walls, woodwork, or the trunks of trees. 
According to popular tradition, such green coatings are most abundant on the 
shaded north side of trees, but this is often not the case,^ since the effect of pre¬ 
vailing winds is even more important than light intensity in determining the 
position. The importance of prevailing winds in governing the position of Proto¬ 
coccus is due to the fact that the alga has a great ca])acity for absorbing water from 
humid air^ and therefore grows best on the side of a tree where the air is dampest. 

There are four or five good species in the genus, but there has been no critical 
study of species found in this country. P. viridis Ag. (Fig. 99) is world-wide in 
distribution. 

Family 6. Coleochaetaceae 

Vegetative cells of algae belonging to this family bear long cytoplasmic 
setae which are partly or wholly surrounded by a gelatinous envelope. 
All cells in a thallus may be setiferous, or certain cells only may bear 
setae. Members of this family are always sessile and usually grow on other 
plants. Some Coleochaetaceae are unicellular and solitary or gregarious; 
others are multicellular and with cells united in filaments that are erect, 
prostrate, or laterally united to form a disk one to three cells in thickness. 
The cells are uninucleate and with a single parietal laminate chloroplast 
covering most of the protoplast^s surface. Usually there is a single pyre- 
noid within a chloroplast. 

Asexual reproduction is by means of biflagellate zoospores, that are 
formed singly or 2, 4, 8, or 16 within a cell. 

Sexual reproduction is isogamous or oogamous. 

^Kkaemer, 1901. “Schmid, 1927. 
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The genera found in this country differ as follows: 

1. Thallus multicellular, filamentous, or pseudoparenchymatous.. 1. Coleochaete 
1. Thallus unicellular, though sometimes gregarious.. 2 

2. Cells with more than one seta. 3 
2. Cells with a single seta. 4 

3. With a gelatinous sheath at the base of each seta. 4. Conochaete 
3. Without a gelatinous sheath at the base of each seta. 5. Oligbchaetophora 

4. Seta unbranched. 2. Chaetosphaeridium 
4. Seta branched. 3. Dlcranochaete 

1. Coleochaete de Br6bisson, 1844. Coleochaete is a sessile alga that is 
usually epiphytic, though it may be endophytic within the cell walls of 
Nitella and Chara. The cells may be joined end to end in dichotomously 
branched filaments some of which are prostrate and others erect; or all 

the filaments may be prostrate and with the branches distinct from one 
another or laterally apposed to form a parenchymatous disk that may be 
more than one cell in thickness in the central portion. In all these types 
of plant body, certain cells bear a single, long, unbranched cytoplasmic 
seta whose base is ensheathed by a cylinder of gelatinous material. In 
the formation of a seta there is first the formation of a small pore in the 
cell wall. The development of the seta is due to a blepharoplast that lies 
immediately beneath the pore.^ Cells of Coleochaete are uninucleate and 
with a single laminate chloroplast that partially or wholly encircles the 
protoplast. There is usually one large pyrenoid within the chloroplast. 

Asexual reproduction is by means of biflagellate zoospores that are 
formed singly within a cell. Isolated cells in a thallus may produce 
.zoospores at any time of the year, but in the spring there is frequently a v/ 

^ Wesley, 1928. 



DIVISION CHLOROPHYTA 169 

production of zoospores by every cell in plants living over from the previ¬ 
ous summer. The zoospore escapes by moving in an amoeboid manner 
through a small pore in the parent-cell wall and then swarms for an hour 
or so before coming to rest.^ Soon after it becomes quiescent, there is the 
formation of a cell wall, and this is shortly followed by cell division. Germ- 
lings containing but a few cells have the cellular arrangement characteristic 
of the species, and at least one of these early formed cells bears a seta. 
Aplanospores with fairly thick walls may also develop singly within a 
cell .2 

Most species of Coleochaeie also reproduce sexually, although there are 
dwarf species that form zoospon^s only.* Sexual reproduction is ooga- 
mous and, according to the species, the plants are heterothallic or homo- 
thallic. In C. pulvinata A. Br.'* and C. Nitellarum Jost,* the antheridia are 
bluntly conical and usually borne at the tips of branches. In C. scutata 

Br6b., the an(theridia develop from cells midway between center and periph¬ 
ery of the discoid thallus.® A vegetatix^e cell divides into two antheridial 
mother cells, by whose division antheridia are formed. Antheridia of 
Coleochaeie each produce a single antherozoid, which may be green or 
colorless. The oogonium of C. pulvinata’ is a flask-shaped structure with 
a long colorless neck, the trichogyne. It results from the metamorphosis 
of a one-celled lateral branch. Oogonia of other species do not have a 
long trichogyne. After these oogonia have been differentiated from cells 
at the tips of branches, there is a continuation of thallus growth beyond 
and around the oogonia. These species have, therefore, a zone of ripe 
zygotes some distance in from the periphery of a thallus. Fertilization 
takes place by an antherozoid swimming to and fusing with the egg within 
an oogonium. After fertilization, the zygote secretes a heavy wall and 
increases greatly in size. During enlargement of a zygote, there is a growth 
of branches from the cell below the oogonium and from neighboring cells 
to form a parenchymatous sheath more or less completely enclosing the 
oogonium. The oogonium with its enclosing sheath of cells, which soon 
become reddish brown, is termed a spermocarp, Spermocarps remain 
dormant over winter.* 

A meiotic division of the zygote nucleus takes place at the end of the 
winter rest period, f A cleavage of the cytopkvsm follows after each of 
the two nuclear divisions in meiosis, and the four protoplasts may continue 
division until there are 8 to 32 of them. Each protoplast of the final series 
of divisions becomes a biflagellate zoospore. The zoospores are liberated 

1 Lambert, 1910^4; Pringsheim, N., 1860; Wesley, 1930. * Wesley, 1928. 
* Lambert, 1910A. * Oltmanns, 1898. * Lewis, I. F., 1907. 

•Wesley, 1930. ^Oltmanns, 1898; Pringsheim, N. 1860. * Wesley, 1930. 

t Allen, C. E., 1905. 
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by a breaking of the spermocarp wall into two halves and, after they cease 
swarming, they develop into thalli.* 

Coleochaete is widely distributed in this country and is usually found on dead 
culms of Typha and Sagittaria that are submerged throughout the year. Small 
thalli are sometimes epiphytic on Vaucheria and Oedogonium. The species found 
in the United States are C. diver gens Pringsh., C. irregularis Pringsh., C. Nitellarum 
Jost, C. pulvinata A. Br. (Fig. lOOB), (7. Sampsonii Transeau, C. scutata Br4b. 
(Pig. lOOA), and C. soluta (Br^b.) Pringsh. For a description of C. Sampsonii, 
see Transeau, 1943; for the others, see Collins, (1909). 

2. Chaetosphaeridium Klebahn, 1892. This microscopic epiphytic alga 
has spherical to ovoid cells, each of which bears a single long seta at its 

distal end. Usually the alga is uni¬ 
cellular, though often growing in 
dense clusters and with or without a 
common gelatinous envelope around 
the cluster. Sometimes it is multi¬ 
cellular and with the cells connected 
to one another by fairly long empty 
gelatinous tubes. The seta has an 
axial cytoplasmic filament whose basal 
portion is ensheathed by a short 
cylinder of gelatinous material. The 
cells are uninucleate and have one or 
two laminate parietal chloroplasts, 
each usually containing a single pyre- 

Fig. 101. Chaetosphaeridium globosum ^ it r i -t t • i 
(Nordst.) Klebahn. (X 500) Cells of Chaetosphaendium divide 

vegetatively. Division is usually 
transverse, with the lower daughter protoplast migrating to the apex of a 
long tubular outgrowth from the base of the parent-cell wall and then 
secreting a wall of its own and forming a seta.J Sometimes division is 
vertical and without a formation of a tubular outgrowth. 

Asexual reproduction is by means of zoospores, four of which are formed 
within a cell.t 

Chaetosphaeridium is a rather common epiphyte on filaments of the coarser 
Chlorophyceae, especially in regions where the water is soft. C. globosum (Nordst.) 
Klebahn (Fig. 101), C. ovale G. M. Smith, and C. Pringsheimii have been found 
in this country. For a description of C. ovale^ see G. M. Smith (1916(7); for the 
other two, see Hazen (1902). 

* Chodat, 1898; Oltmanns, 1898; Pringsheim, N., 1860. 
t Hazen, 1902; Klebahn, 1892A, 1893. t Klebahn, 1892A. 
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3. Dicranochaete Hieronymus, 1887. Thalli of this alga are epiphytic, 
unicellular, and distinguishable from other unicellular green algae by the 
presence of an erect dichotomously branched seta which arises from the 
side of the cell next to the substratum. The cells are usually solitary, 
but they may be gregarious and so densely crowded in short series of three 
or four that the plant body appears to be a true filament. When viewed 
from the side, the cells are semicircular in outline; when seen from above, 
the outline is reniform. A cell is enclosed by a homogeneous or lamellated 
wall, sharply differentiated into a cap-like portion covering the cell apex 
and a much thicker portion which encloses the rest of the cell. The cap 
portion consists largely of cellulose, the lower, portion does not.* Setae 
of young cells are repeatedly forked cyioplasmic filaments surrounded for 

their entire length by a sheath of gelatinous material; those of old cells 
lack the cytoplasmic filament within the gelatinous sheath. The cells 
are uninucleate and with a single inverted cup-shaped chloroplast next to 
the upper side. A chloroplast usually contains two or three pyrenoids.f 

Cells of Dicranochaete do not divide vegetatively. Asexual reproduc¬ 
tion is by formation of 4 to 32 biflagellate zoospores which lie within a 
gelatinous vesicle when first liberated by abscission of the cap-like portion 
of the cell wall. After the swarming period, which lasts for but a few 
minutes, the zoospores settle down on some substratum, with their an¬ 
terior ends downward, and retract their flagella. The seta is developed 
from what was the anterior end of a cell soon after retraction of the flagella.t 

* Hieronymus, 1892; Hodgetts, 1916; West, G. S., 1912A. 
t Hieronymus, 1892; Hodgetts, 1916. 
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Biflagellate gametes have been observed,^ and it is thought that these 
fuse to form a quadriflagellate zygote that swarms for some time before 
it comes to rest and forms a wall. 

Dicranochaete is a rare alga, which is more often epiphytic on submerged phanero¬ 
gams and bryophytes than epiphytic upon other algae. Thus far in this country 
D. reniformis Hieron (Fig. 102) has been found only in Maine^ and California.^ 
For a description of it, see Collins (1918). 

4. Conochaete Klebahn, 1893. Conochaete is epiphytic and with a plant 
body consisting of a cluster of cells. The number of cells in a cluster in¬ 

creases by cell division in a plane per¬ 
pendicular to the substratum.** Each 
cell is surrounded by a fairly broad 
gelatinous envelope and bears two to 
several setae. Each seta consists of 
an axial filament whose base is en- 
shcathed by a short cylinder of gelat¬ 
inous material. The cells are uninu¬ 
cleate and generally contain a single 
parietal chloroplast with one pyrenoid. 

Asexual reproduction is by a for¬ 
mation of four or eight zoospores which 
are liberated by a rupture of the 
parent-cell wall.^ 

C. comosa Klebahn (Fig. 103) has been 
found epiphytic on coarse filamentous 
algae in Massachusetts.® For a descrip¬ 
tion of it, see Heering (1914). 

Fio. 103. Conochaete comosa Klebahn. 
{After Prescott and Croasdale, 1942.) 5. OligOChaetOphora G. S. West, 

1911. The cells of this alga are epi¬ 
phytic and solitary, or in clusters of two to six. A cluster of cells may or 
may not be surrounded by a common gelatinous envelope.^ The cells 
are globose to ellipsoidal and bear two to four long simple setae without a 
gelatinous sheath at their base. Within a cell is a single parietal chloro¬ 
plast, with or without a pyrenoid, and a minute nucleus. 

The method of reproduction is unknown. 
The conventional practice of considering this genus closely related to 

1 Hodgetts, 1916. * Collins, 1918. * Smith, G. M., 1933. 
® Klebahn, 1893; Schmidle, 18995. ®Schmidle, 18995. 
® Prescott and Croasdalb, 1942. 
’West, G. S., 1911; Prescott and Croasdalb, 1942. 
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Chaetosphaeridium and Canochaete is open to question because the struc¬ 
ture of setae of Oligochaetophora is not the same as in these two genera. 

0. simplex G. S. West (Fig. 104), the only species, has been found in Massa¬ 
chusetts. ^ The American material differed from the original description (G. S. 
West, 1908) in that the cells had a common gelatinous envelope and the chloro- 
plasts had a pyrenoid. 

Family 7. Trentepohliaceae 

Algae belonging to this family differ from other Ulotrichineae in that 
their zoospores and gametes are formed within special cells differing in 
shape and structure from vegetative cells. 
Sporangia and gametangia may be terminal 
or intercalary in position and solitary/ or in 
series. Typical members of the family 
{Trentepohlia, Cephaleuros) have these repro¬ 
ductive cells markedly different from vege¬ 
tative cells, but some genera do not have 
marked differences between the two (Gon- 

grosira^ Leptosira). In fact, it is hard to 
draw a definite line between these simpler 
Trentepohliaceae and the Chaetophoraceae. 
Many phycologists place Gongrosira^ Lepto¬ 

sira, and other genera without strongly differ¬ 
entiated gametangial and sporangial cells in 
the Chaetophpraceae. Genera belonging to 
the Trentepohliaceae have a branching 
thallus, but one in which there is often a 
sharp differentiation into a prostrate and into an erect portion. The 
branches may be wholly free from one another (Trentepohlia, Fridaea), 

united except for the free ends of certain erect branches (Gongrosira), 

or wholly united to form a flattened discoid thallus {Cephaleuros, Phyco- 

peliis). Sometimes the thallus has long unicellular setae {Fridaea) or 
multicellular setae {Cephaleuros), but setiferous branches are of much 
rarer occurrence than in the Chaetophoraceae. 

The cells are characteristically uninucleate, but old filaments that have 
ceased to grow may have the cells containing a half-dozen or more nuclei. 
The chloroplasts are quite variable in this family: they may be the parietal 
bands characteristic of the Ulotrichineae, or they may be reticulate or 
broken up into a number of separate pieces. Pyrenoids may or*may not 
be present, but starch is usually present in abundance. In special cases 
{Trentepohlia), the protoplast becomes deeply tinged with hematochrome. 

‘ Prescott and Croasdale, 1942. 

Fig. 104. Oligochaetophora sim¬ 
plex G. S. West. {After Prescott 
and Croasdale, 1942.) 
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All members of the. family reproduce asexually by means of zoospores, 

which are formed in sporangial cells. The liberation of the zoospores may 

take place while the sporangia are attached to the plant, or the sporangia 

may become detached from the plant and be dispersed by the wind. Such 

wind-borne sporangia {Trentepohlia, Cephaleuros) immediately produce 

zoospores if they chance to fall where there is sufficient moisture. Aplano- 

spores and akinetes are also formed by many genera of the family. 

Biflagellated gametes are known for several genera. These are borne 

in cells of much the same appearance as sporangia, but the gametangia 

are usually attached to the thallus at the time when their gametes are 

liberated. 

The Trentepohliaceae are remarkable among the Ulotrichales for the 

diversity of habitats in which they grow. Some of them are strictly 

aquatic and grow in quiet or running water. These aquatic members of 

the family may be free-living or definitely associated with other organisms 

and growing upon the surface of, or within, the host {Gongrosira, Gomon- 

tia). Others of the family are aerial. Some of these aerial Trentepohlia¬ 

ceae grow on damp rocks and stones. Others are epiphytic on the bark of 

trees and sometimes, as in certain species of Trentepohlia^ are rather 

closely restricted to specific genera. Still others of the family are true 

parasites and restricted to specific phanerogams. 

The genera found in this country differ as follows: 

1. Free living or epiphytic. 2 
1. Perforating other organisms, limestone, or dead wood. 7 

2. Protoplasts of vegetative cells with hematochrome . 6. Trentepohlia 
2. Protoplasts of vegetative cells without hematochrome. 3 

3. Cells moniliform. 7. Physolinum 
3. Cells not moniliform. 4 

4. Filaments without long setae. 5 
4. Filaments with long unicellular setae.5. Fridaea 

6. Branching mostly unilateral. 3. Ctenocladus 
6. Branching not markedly unilateral. 6 

6. Sporangia strictly terminal. 4. Gongrosira 
6. Sporangia intercalary. 1. Leptosira 

7. Thallus without setae. 2. Gomontia 
7. Thallus with multicellular setae. 8. Cephaleuros 

1. Leptosira Borzi, 1883. The thallus of Leptosira consists of a dense 

tuft of yellowish-green subdichotomously branched filaments that gradu¬ 

ally taper toward their apices but do not end in long hairs. Some of the 

branches are prostrate, but the majority are erect and densely radiate. 

The cells are barrel-shaped, and those lower in a filament have greatly 

thickened walls. The cells are uninucleate and with a single peripheral 

chloroplast without a pyrenoid.^ 

1 Borzi, 1883; Steil, 1944. 
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Asexual reproduction is by means of zoospores, and any thick-walled 

cell in the older part of a thallus may become a sporangium. There is a 

repeated bipartition of the sporangial contents to form ovoid biflagellate 

zoospores which lie within a vesicle when liberated through a circular 

pore in the sporangial wall. Zoospores may germinate directly into new 

filaments,^ or they may develop into Characmm-\ike stages whose proto¬ 

plasts divide to form four aplanospores.* These aplanospores are liberated 

by a gelatinization of the parent-cell wall and develop directly into multi¬ 

cellular thalli. 

Fi(3. 105. Leptosira mediciana Borzi. (After Borzi, 1883.) (X 630.) 

A production of biflagellate gametes which fuse posteriorly when they 

unite in pairs has been described^ for Leptosira, The zygote is spherical 

and with a thick wall. 

The type species, L. Mediciana Borzi (Fig. 105) has been found in Massachu- 
setts^ and Wisconsin.-^ For a description of it, see Collins (1912). 

2. Gomontia Bornet and Flahault, 1888. Most species of this perforat¬ 

ing alga grow in the calcareous shells of molluscs, but some of them per¬ 

forate limestone rocks,^ submerged woodwork,® or the dense mats of 

Cladophora balls.^ Thalli of species perforating shells of molluscs usually 

have a greatly and irregularly branched mass of filaments immediately 

below the surface of the shell. The cells in this portion of the thallus are 

quite irregular in shape and often so densely crowded as to form a pseudo- 

1 Steil, 1944; Vischer, 1933. * Borzi, 1883. 
* Collins, 1912. * Steil, 1944. 
• Chodat, 1898. • Moore, G. T., 1918. ’ Acton, 1916. 
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parenchymatous mass.- Numerous branched filaments, composed of long 

cylindrical cells, grow downward from the under side of the irregularly 

branched portion and penetrate deep into the substratum.^ The cells 

have fairly thick stratified cellulose walls. Cells of some species are uninu¬ 

cleate;^ those of other species are multinucleate.^ The chloroplast is 

laminate, perforate, and with several pyrenoids. 

Vegetative cells in the superficial portion of a thallus enlarge to form 

sporangia whose walls frequently have one or more thick rhizoid-like 

processes at one pole. Quadriflagellate zoospores are formed in large 

numbers within a sporangium.** Sporangia may also enter upon a long 

Fig. 106. Gomontia Holdenii Collins. A, portion of a thallus. B-C, akinetes. D, an 
akinete containing aplanospores. (X 485.) 

rest period before giving rise to zoospores; such resting sporangia are quite 

like akinetes in their structure and behavior. Cultural studies of germina¬ 

tion of zoospores show^ that they develop into irregularly shaped cells 

resembling sporangia. Zoospores which have failed to escape from sporan¬ 

gia may develop into such cells in situ} On this account it has been 

held^ that the sporangium is the only vegetative cell in the life cycle and 

that the filaments found in association with it belong to some other alga. 

However, the fact that filaments are always found in association with the 

sporangia indicates that they are an integral part of the alga. 

Most species of Gomontia are marine, but two fresh-water species, G. Holdenii 
Collins (Fig. 106) and G. lignicola G. T. Moore, have been found in this country. 
For a description of G. Holdenii^ see Collins (1909); for G. lignicola^ see G. T. Moore 
(1918). 

1 Bobnbt and Flahault, 1888^4,1889; Chodat, 1898. * Kylin, 1935. 
* Action, 1916. * Kylin, 1935; Wille, 1906. ® Lagebheim, 1885. 
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3. Ctenocladus Borzi, 1883 (Lochmiopsis Woronichin and Popova, 1929). 

The thallus of this alga is gelatinous, spherical to hemispherical, and 5 

mm. or more in diameter. It is of a moderately firm texture and not 
impregnated with lime. The fila¬ 

ments within the gelatinous ma¬ 

trix are distinctly radiate in 

arrangement and with a tend¬ 

ency toward unilateral branching. 

Lateral branches arise as out¬ 

growths from the upper end of a 

cell, and the first cross wall is 

laid down some distance from the 

point of origin of a branch. There 

may be a formation^ of palmella 

stages whose cells give rise to 

zoospores. Vegetative cells of 

filaments are cylindrical, with a 

length several times the breadth, 

and all cells in a branch are of the 

same length. A cell contains a 

singly parietal laminate chloro- 

plast with one to several pyre- 

noids. 

Asexual reproduction is by a 

formation of zoospores within 

cylindrical sporangia borne termi¬ 

nally at the tips of branches. 

The sporangial contents divide to 

form 4, 8, 16, or 32 biflagellate 

zoospores that are liberated 

through a terminal pore in the 

sporangial wall.^ Fully grown 

thalli usually have numerous 

akinetes which are borne in 

short catenate series that may 

be terminal or intercalary. When 

first formed, akinetes of each 

ABC 

Fig. 107. Ctenocladus circinnatua Borzi. A, 
portion of a young vegetative filament. B~C, 
portions of old filaments with akinetes. 
(A-B, X 326; C, X 650.) 

series abut on one another; as they grow older, they become somewhat 

separated from one another through gelatinization of the outer wall layer. 

Sexual reproduction is isogamous and by a union of biflagellate gametes 

of which 30 to 60 are formed within a gametangium. 

* Borzi, 1883; Woronichin and Popova, 1929. 1 Borzi, 1883. 
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Ctenocladus is a brine organism in which growth is active up to a NaCl concen¬ 
tration of 1.5 mol. and in which the resting stages remain viable in a saturated 
solution of NaCl.^ C. circinnatus Borzi (Fig. 107) has been found in both inland 
and coastal brine pools in California. For a description of it as Gongrosira cir- 
cinnata (Borzi) Schmidle, see Heering (1914). 

4. Gongrosira Kiitzing, 1843. The thallus of Gongrosira is sessile and 

grows upon submerged timbers, stones, and shells. It is attached to the 

substratum by prostrate branches so densely interwoven with one another 

that they form a pseudoparenchymatous layer several cells in thickness. 

The upper surface of the pseudo¬ 

parenchymatous portion gives rise to 

numerous erect filaments, sometimes 

sparingly branched, in which cells at 

the distal end are somewhat broader 

than those in the basal portion. The 

thallus is often encrusted with cal¬ 

cium carbonate; sometimes the encrus¬ 

tation is so heavy that the alga forms 

a hard green coating on the substra¬ 

tum. Cell walls are fairly thick and 

at times distinctly stratified. The 

chloroplast is laminate, parietal, and 

with one or more pyrenoids. In 

many cases, the cells are so densely 

filled with starch granules that the 

T, mo ^ • r* j r» I cliloroplasts are quite indistinct. 
riG. 108. Gongrosira Debaryana Rab. ^ ^ 
(X 800.) Asexual reproduction is by means 

of biflagellate zoospores formed by 

repeated bipartition of the contents of sporangia borne terminally on the 

erect filaments.^ The zoospores are liberated through a terminal pore in 

the sporangial wall. Zoospores which are not liberated from a sporan¬ 

gium develop into thin-walled aplanospores. There is also a formation of 

thick-walled akinetes whose protoplasts are reddish in color.^ 

The two species known to occur in this country are G. Debaryana Rab. (Fig. 
108) and G. lacnstris Brand. For descriptions of them, see Collins (1909, 1918). 

5. Fridaea Schmidle, 1905. The thallus of this alga is a sessile, hemi¬ 

spherical to irregularly expanded, greenish mass, rarely over 1 cm. in 

diameter. The plant mass is more or less impregnated with lime. It 

1 Ruinen, 1933. 
* Bristol-Roach, 1920; Schaarschmidt, 1883; Wille, 18834, 1887i?. 
» Schaarschmidt, 1883. 
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is composed of repeatedly branched filaments, in which growth is largely 

terminal and in which all but two or three cells at the tips of branches are 

usually without chloroplasts.^ Branches arise as lateral outgrowths from 

the distal end of a cell. Many of the cells have their upper ends drawn 

out into a long hollow seta with a swollen base. The chloroplasts of cells 

in rapidly growing branches are laminate, parietal, with one to four pyre- 

noids, and usually lie at the distal end of a cell. Slowly growing plants 

usually have the cell so densely packed with starch that but little of the 

cell structure is evident. 

Fig. 109. Fridaea torrenticola Schmidle. A, apox of a young vegetative filament. fila¬ 

ment with sporangia. C, apex of an old filament. (X 485.) 

Asexual reproduction is probably by means of zoospores, many of which 

are produced within bottle-shaped sporangia borne laterally on the branches 

(Fig. 109^). 

This genus differs from other Trentepohliaceae in that certain cells have their 
distal ends bearing long, hollow, Bulbochaete-like setae. In this country F. tor¬ 
renticola Schmidle (Fig. 109) is known only from a single station in California.* 
For a description of it, see Heering (1914). 

6^ Trentepohlia Martius, 1817 (Chroolepus Agardh, 1824; Nylandera 

Hariot, 1890). Trentepohlia is a strictly aerial alga in which the thallus 

^ Schmidle, 1905. * Smith, G. M., 1933. 
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is filamentous and branched. The major portion of the plant body may 

be prostrate and with very few short erect branches; or the erect portion 

may be more extensive than the prostrate portion. The color of the plant 

mass is typically a brownish to yellowish red. Branching of erect fila¬ 

ments may be predominantly alternate, opposite, or unilateral. The 

cells are cylindrical to slightly moniliform and rarely of a length more than 

twice the breadth. Cell walls are lamellate and composed almost wholly 

of cellulose.^ Some species have the wall layers parallel to one another 

and encircling the protoplast; other species have the wall layers outwardly 

and upwardly divergent. In the latter type of wall, there is usually a cap 

of pectose on the terminal cell of each branch. These caps, which have 

Fiq. 110. Trentepohlia aurea var, polycarpa (Nees and Mont.) Hariot. A, portion of thallus 
with a gametangiurn on one branch. B, gamete. (X 975.) 

successive transverse lamellae, may become so cumbersome that they 

impede apical growth of a filament.^ The protoplasts are uninucleate in 

young cells but may be multinucleate in older ones. There are several 

parietal chloroplasts in each cell that, according to the species, are discoid, 

spiral bands, or combinations of the two.® Usually the number and 

structure of chloroplasts are completely obscured by development of beta 

carotene in such quantity as to color the entire protoplast a deep orange- 
red. 

Many species have flagellated swarmers formed within two kinds of 

special cells: sessile intercalary or intercalary or terminal cells, and 

stalked cells which are always borne terminally and shed when mature. 

Both kinds of cell are often called sporangia, but it is very probable that 

sessile ‘^sporangia’^ are gametangial in nature. The detachable reproduc¬ 

tive cells are sporangial in nature and in several,® if not all, species the 

1 West and Hood, 1911. * Geitler, 1923. 
•Meyer, K., 1909, 1936, 1936A, 1937. 
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zoospores formed within are quadriflagellate. Detachment of a sporan¬ 

gium is due to a development of special wall layers between a sporangium 

and the cell below it. Sporangia are dispersed as wind-borne spore-like 

bodies that immediately produce zoospores when moistened.^ Under 

certain conditions, the contents of a sporangium become divided into 

aplanospores instead of into zoospores. Akinetes of Trentepohlia are 

generally produced in several successive cells in the prostrate portion of a 

thallus. They have quite thick walls and germinate directly into fila¬ 

ments.^ 

Gametangia may be intercalary or terminal, but in neither case are they 

shed from the thallus. Gametangia and sporangia of the same species 

are different in shape.^ The gametes are biflagellate, and a fusion in pairs 

has been observed in certain species,^ but has not been found among liber¬ 

ated gametes of other species.® In some species, gametes may develop 

parthenogenetically into filaments,® in other species, they do not.^ 

Trentepohlia is an aerial alga which is especially abundant in the tropics but which 
at times is found in temperate and arctic regions. It grows as a felted layer on 
rocks and on leaves and bark of trees. Certain species are the algal component 
of lichens. Printz (1939) has written the most recent monograph of the genus, and 
the following species that he recognizes have been recorded from the United States: 
T. ahietina (Flotow) Hansg., T. aurea (L.) Martius (Fig. 110), T. effusa (Kremp.) 
Hariot, T, lolithus (L.) Wallr., T. lagenifera (Hildebr.) Wille, and T. odorata 
(Wiggers) Wittr. 

7. Physolinum Printz, 1921. The thallus of this alga is an irregularly 

branched filament that is not differentiated into prostrate and erect por¬ 

tions. The cells are markedly moniliform, a feature immediately dis¬ 

tinguishing Physolinum from other branched filamentous green algae. 

Cell division is also distinctive. A cell about to divide sends out a papil¬ 

late outgrowth whose tip eventually becomes the same size and shape as 

the cell. After this, a cross wall is formed in the narrow isthmus connect¬ 

ing the cell and the enlarged outgrowth. Within each cell is a parietal 

laminate chloroplast, with or without band-shaped projections. At times 

the chromatophore fragments into several disk-shaped chromatophores. 

There are no pyrenoids.® 

Reproduction is by a formation of several small spherical aplanospores 

within certain intercalary cells. The aplanospores are liberated by a rup¬ 

ture of the parent-cell wall.® Vegetative multiplication by fragmentation 

of filaments is of frequent occurrence. 

1 Gobi, 1871; Kabstbn, 1891. * Meyer, K., 1909. * Meyer, K, 1909, 1936, 
1936A, 1937. ^ Karsten, 1891; Laoerheim, 1883; Wille, 1887. * Meyer, K., 

1936, 1936A, 1937. ® Meyer, K., 19365. ^ Meyer, K., 1938. 
» Printz, 1921 A. 
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P, monilia (de Wildm.) Printz (Fig. Ill) has been found by Robert Runyon 
on trunks of trees near Brownsville, Texas. For a description of it, see Printz 
(1939). 

8. Cephaleuros Kunze, 1829 (Mycoidea Cunningham, 1879). Cepha- 

leuros grows as a subcuticular or as an intercellular parasite of the leaves 

and twigs of Magnolia, Thea, Rhododendron, Piper, and certain other plants 

of tropical and subtropical regions. The portion of the host containing 

the alga is a circular to irregular slightly elevated spot whose diameter is 

Fig. 111. Phyaolinum monUia (de Wildm.) Printz. (X 490.) 

usually less than 2 mm. but may be as much as 1 cm. (Fig. 112^1). The 

spots are greenish gray in color, velvety in texture, and often with the 

surface bearing reddish-brown hair-like structures. The thallus of the 

alga is a pseudoparenchymatous tissue, one to several cells in thickness, 

in which the cells are radiately arranged in much the same manner as in the 

discoid species of Coleochaete, The discoid mass, which grows just beneath 

the cuticular layer of epidermal cells, often has irregular branches on its 

under side, which grow down between the cells of the epidermis and deeper 

lying tissues. The upper surface of the algal mass bears numerous un¬ 

branched filaments which project vertically through the cuticle. Some of 

these erect filaments are sterile hairs; others bear a cluster of sporangia or 
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gametangia at their apex. Cells of both the sterile and the fertile hairs are 

usually reddish brown, because of hematochrome in their protoplasts; cells 

in other parts of the thallus lack hematochrome. Cells of the hairs contain 

numerous discoid to irregularly shaped parietal chloroplasts which may be 

free from one another or united to form a green reticulum. The chloro¬ 

plasts are without pyrenoids.^ 

Asexual reproduction is by means of zoospores which are formed in 

sporangia produced at the extremities of certain erect hairs. The sporan- 

Fig. 112. Cephaleuros virescefis Kunze. A, leaf of Magnolia with patches of Cephaleuros. 
B-C, vortical section and surface view of thallus. D, fertile filament with sporangia. {A, 
X B D, X 375.) 

gia are borne in clusters, and each lies at the end of a short stalk cell (Fig. 

1120). When mature, the sporangia break awa> and are carried in all 

directions by the wind. They produce biflagellate zoospores as soon as 

they are moistened; if the sporangium is one that has fallen on a leaf or 

twig of a suitable host, the zoospore may germinate to form a new thallus 

after it ceases swarming.* 

There is also a formation of biflagellate gametes within gametangia 

resulting from enlargement of certain cells in the pseudoparenchymatous 

portion of a thallus.^ 

1 Cunningham, D. D., 1877; Karsten, 1891; Thomas, 1913; Ward, 1883. 
* Cunningham, 1877; Karsten, 1891; Mann and Hutchinson, 1907; Ward, 1883; 

Wolf, 1930. 
* Karsten, 1891. 
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Cephaleuros is a parasitic alga of wide distribution in tropical and subtropical 
regions and occurs on a number of hosts. It is a serious parasite when growing on 
certain cultivated plants, notably tea and pepper, and it is a parasite of some 
economic importance on Citrus growing in Florida.^ C. virescens Kunze (Fig. 
112) is widely distributed in the South Atlantic and Gulf Coast states of this 
country and is most frequently encountered on leaves of Magnolia. For a der 
scription of it, see Printz (1939). 

SUBORDER 2. SPHAEROPLEINEAE 

Because of their multinucleate cells the Sphaeropleaceae, with the single 

genus Sphaeroplea^ are generally ranged alongside the Cladophoraceae. 

Since other characters are more like those of Ulotrichales, it is best placed 

there. However, the family differs so markedly from families assigned 

to the Ulotrichineae, that it is placed in a separate suborder, the Sphaero- 

pleineae. 

Family 1. Sphaeropleaceae 

1. Sphaeroplea Agardh, 1824. This genus has long cylindrical cells, 

with a length 15 to 60 times the breadth, that are united end to end in free- 

floating unbranched filaments (Fig. 114A). The side walls of a cell are 

relatively thin and without a gelatinous sheath. End walls separating 

cells from one another are unevenly thickened and sometimes with knob¬ 

like projections. The cells contain numerous transverse cytoplasmic septa 

which are separated from one another by large vacuoles. Each cytoplas¬ 

mic septum contains several nuclei, a band-shaped chloroplast with several 

pyrenoids, or numerous discoid chloroplasts certain of which contain pyre- 

noids. There is a thin layer of cytoplasm between the vacuoles and the 

side wall of a cell, but chloroplasts are lacking in this portion of the cyto¬ 

plasm. Here and there in a cell, a septum develops a vacuole, the en¬ 

largement of which divides the septum into two equal parts that become 

more and more remote from each other as the vacuole increases in size. 

The resulting increase in length of a cell does not continue indefinitely 

since, sooner or later, there is a formation of a transverse wall. Growth in 

length of a filament may continue indefinitely, but usually the filaments 

become accidentally severed before attaining a length of a few centimeters. 

Vegetative multiplication by an accidental breaking of filaments is the 

only method of asexual reproduction in Sphaeroplea. 

Sexual reproduction is usually oogamous, but it may be by a very ad¬ 

vanced type of anisogamy. Eggs and antherozoids are usually produced 

in separate filaments, but sometimes they are formed in alternate cells of 

the same filament^ (Fig. 113). Sphaeroplea is unique among oogamous 

Chlorophyceae in that the sex organs are not of distinctive shape. The 

^ Winston, 1938. * Rauwbnhoff, 1888. 
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first step in formation of an antheridial cell is an increase in number of 

nuclei, a division of the chloroplasts, and a disappearance of the pyrenoids.^ 

There is then a progressive cleavage into angular uninucleate protoplasts 

each of which metamorphoses into a naked, spindle-shaped, biflagellate 

antherozoid^ (Fig. 113). The antherozoids escape through several small 

pores in the lateral wall of a cell forming antherozoids. Oogonial cells 

do not have an increase in number of nuclei prior to cleavage of the cyto¬ 

plasm into eggs. When first formed, the eggs are multinucleate, but later 

there is a degeneration of all nuclei but one. This is not accompanied by a 

disappearance of chloroplasts or pyrenoids.^ The number and size of 

eggs within an oogonial cell are extremely variable, even in the same spe¬ 

cies. In most species, the diameter of eggs is more than half that of the 

Fig. 113. Sphaeroplea cambrica Fritsch. Portion of an oogonial cell in which the eggs are 
being fertilized, and a portion of an antlieridial cell. (X 650.) 

oogonial cell, and they lie in a single to double longitudinal series within 

the cell. More rarely the eggs have a diameter less than a quarter that of 

the oogonial cell and lie in multiple longitudinal series within it. Oogonial 

cells containing mature eggs have small pores in the lateral walls (Fig. 

113); and the antherozoids enter through these pores, swim about between 

the eggs, and eventually unite with them. In S. cambrica Fritsch there 

are at times large biflagellate female gametes with contractile vacuoles 

at the anterior end.'^ They move about sluggishly within the oogonial 

cell for only a short time and become immobile and lose their flagella 

before antherozoids unite with them. In S. tenuis Fritsch, fertilization 

probably takes place outside the oogonial cell, and there are good reasons 

for thinking that both male and female gametes of this species are motile.® 

Soon after fertilization, the zygote secretes a thick wall, with an ornamen¬ 

tation typical for the species, and the protoplast becomes bright red. 

The zygotes are eventually liberated by decay of the oogonial cell wall, 

and they may remain dormant for several years before germinating. 

1 Klebahn, 1899. * Golenkin, 1899; Klebahn, 1899. 
•Gilbert, 1915; Klebahn, 1899. ^ Pascheb, 1939A. *Fritsch, 1929. 
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When germination takes place/ there is usually a division of its protoplast 

to form four biflagellate zoospores; but one, two, or eight zoospores are 

sometimes formed. The zoospores are ovoid when first liberated, but 

shortly before or after they cease swarming they become spindle-shaped 

and with greatly attenuate poles. After coming to rest, the protoplast 

secretes a cell wall, but there is no formation of a holdfast. This free- 

floating cell (Fig. 114:D-E) increases to many times its original length before 

it divides transversely. 

Sphaeroplea is quite sporadic in occurrence, one year appearing in abundance at 
a given station and often not reappearing in succeeding years. Its vegetative 
period lasts but a few weeks. It is most often found in pei iodically flooded gravels. 

Fig. 114. Sphatroplea annulina (Hoth) Ag. A, vegetative cell. B, portion of a vegetative 
cell. C, portion of an oogonial cell containing ripe zvgotes. D -E, one-cellcd gcrnilings. 
(A, X 60; X 650; D~E, X 325.) 

as pools in gravel pits. Sometimes it appears in flooded meadows. Two species, 
S. annulina (Rotli) Ag. (Fig. 114) and S. canihrica Fritsch, are known for the United 
States. For descriptions of them, see Fritsch (1929). 

ORDER 4. ULVALES 

The U1 vales have uninucleate, more or less cubical, cells laterally united 

to form a thallus that is either an expanded mono- or distromatic sheet, a 

hollow tube, or a solid cylinder. Each cell contains a single cup-shaped 

or laminate chloroplast that usually contains a single pyrenoid. 

Vegetative multiplication may take place by an accidental breaking of 

the thallus or by an abscission of proliferous shoots of the thallus. Asexual 

reproduction is by means of quadriflagellate zoospores, 4, 8, 16, or 32 of 

which are formed by repeated bipartition of the protoplast of a cell. Aplano- 

spores and akinetes are not known to occur within the order. 

Sexual reproduction is isogamous or anisogamous and by a fusion of 

biflagellate gametes. Most members of the order are heterothallic. The 

^ Cohn, 1866; Heinricher, 1883; Meyer, K., 1906; Rauwenhoff, 1888. 
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zygote may enter upon a period of rest or may germinate immediately. 

Species with an immediate germination of the zygote have an isomorphic 

alternation of generations and with cells of the diploid sporophytic genera¬ 

tion dividing meiotically at the time of zoospore formation. 

A large majority of the species are marine, but fresh-water representa¬ 

tives of both families are found in this country. 

Family 1. Ulvacbae 

Thalli of Ulvaceae have the cells division in two planes. A thallus may 

begin development as a hollow tube, with a wall one cell in thickness, 

and remain tubular throughout its entire development (Enteromorpha) 

or the tube may split and become a sheet one cell in thickness (Monosiroma). 

In other cases, the thallus is never tubular. According to whether the cell 

divisions are largely restricted to one plane or take place freely in both 

planes, the thallus is a narrow ribbon never more than a few cells broad 

(Percusaria) or is an expanded sheet (Viva). Most members of the fam¬ 

ily have cells that are angular by mutual compression and separated from 

one another by walls of medium thickness. In some species of Mono- 

stroma^ the cells are rounded in outline and tend to lie in groups of four and 

at some distance from one another within a more or less homogeneous 

matrix. Capsosiphon also has gloeocapsoid cells, each surrounded by a 

gelatinous sheath, which are arranged in vertical series. 

'Sessile Ulvaceae are attached to the substratum by discoid holdfasts."” 

In Ulva,^ where the holdfast has been most thoroughly studied, the hold¬ 

fast consists of tubular prolongations developed by cells in the lower part 

of a thallus. Near the point of attachment to the substratum, they 

emerge from the thallus and become closely appiessed to one another to 

form a pseudoparenchymatous mass. Ends of the prolongations are some¬ 

what swollen and multinucleate. There may be a formation of cross 

walls in the multinucleate portion. Other cells in a thallus are uninu¬ 

cleate and with a single chloroplast that usually contains one pyrenoid. 

Monostroma and Enteromorpha may multiply vegetatively by abscission 

of small proliferous outgrowths from the thallus. In Viva and possibly 

other members of the family, there is a regenerative formation of new 

blades from old holdfast cells that have lived through the winter. Asexual 

reproduction is by repeated bipartition of the protoplast into 4, 8, 16, or 

32 daughter protoplasts which are metamorphosed into quadriflagellate 

zoospores and liberated through a pore in the old parent-cell wall. The 

germling developed from a zoospore may be filamentous and with a rhizoidal 

basal cell, until it is several cells in length; or the germinating zoospore 

^ Delf, 1912. 
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may develop into an irregular mass of cells from which develops a thallus 
with the structure characteristic of the genus. 

Sexual reproduction is by a fusion of biflagellate gametes and almost 
invariably by a fusion of gametes from separate thalli. Most species are 
isogamous, but anisogamous species have been found in Enteromorpha,^ 
Monostromay^ and Ulva.^ The quadriflagellate zygote remains motile for 
a short time and then retracts its flagella and secretes a wall. According 
to the genus, there is an immediate germination of the zygote without any 
enlargement, or it increases to several times its original diameter and does 
not germinate for several weeks. Cultural studies of gametes show that 
those of certain species germinate parthenogenetically, whereas those of 
others do not.^ Cultural studies have also shown that species with an 
immediate germination of the zygote have an isomorphic alternation of 
generations.*^ Cytological study® and genetic analysis’^ show that the 
asexual plants are diploid and that meiosis occurs at the time of zoospore 
formation. Species have also been found where there is no sexual genera¬ 
tion and where there is a succession of generations producing quadriflagel¬ 
late zoospores.® Although not investigated cytologically, it is thought 
that the zoospores are diploid because of a lack of meiosis just prior to their 
formation. Monostroma has no alternation of generations, the greatly 
enlarged zygote producing zoospores which develop into sexual plants. 

The Ulvaceae are primarily marine in habit, but certain of them grow 
equally well in salt, brackish, and fresh waters. This indifference to salin¬ 
ity is best exemplified by species of Enteromorpha growing on river boats 
traveling from salt to fresh water on alternate days.® Certain Ulvaceae 
also grow in brine lakes where salinity of the water is much higher than in 
the ocean. 

The two genera found in fresh waters in this country differ as follows: 

1. Mature thallus a hollow tube. 1. Enteromorpha 
1. Mature thallus a monostromatic sheet. 2. Monostroma 

1. Enteromorpha Link, 1820. Mature thalli of Enteromorpha are al¬ 
ways hollow tubes with a wall one cell in thickness. Tubes of species grow¬ 
ing in salt water are usually simple, but those growing in fresh water are 
usually branched and with numerous lateral proliferations. Young plants 
are sessile and attached by a basal rhizoidal cell or by basal multicellular 

1 Kylin, 1930; Moewus, 1938A. * Suneson, 1947; Yamada, 1932. * Smith, 
G, M., 1947. 

* Eliding, 1933; Carter, N., 1926; FOyn, 1934A; Moewus, 1938A; Suneson, 
1947; Yamada and Saito, 1938. 

‘ Eliding, 1933; FOyn, 1929, 1934A; Hartmann, 1929; Moewus, 1938A. 

•FOyn, 1929, 1934A; Hartmann, 1929; Ramanathan, 1939. 

^ Moewus, 1938A. * Eliding, 1933, 1938. • Osterhout, 1906. 
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rhizoids. Older plants may be free-floating. The cells are angular by 
mutual compression, and irregularly disposed or with a tendency to lie 
in vertical series. Each cell is uninucleate, and the single parietal chloro- 
plast usually contains but one pyrenoid, though some species^ may have 
more than one. 

Vegetative multiplication by an abscission of proliferous shoots is not 
uncommon in Enteromorpha. Asexual reproduction is by means of quadri- 
flagellate zoospores, and they may be formed in any cell of a thallus ex¬ 
cept the lowermost ones. A cell may produce 4, 8, 16, or 32 zoospores, 

Fig. 115. Enteromorpha inteatinalis (L.) Grev. A, cluster of young plants, /i, vegetative 
portion of thallus. C, fertile portion of gametophyte. D, gametes. (.4, natural size; B, 
X 485; C-D, X 650.) 

and they escape through a pore or through a slit-like opening in the cell 
wall. At the end of the swarming period, a zoospore settles down on some 
firm object and secretes a wall. The first cell division in growth of a 
germling is transverse, the lower cell developing into a rhizoidal holdfast. 
Transverse division continues until there is a filament of a few cells, after 
which cell division is both vertical and transverse. 

Sexual reproduction is by means of biflagellate gametes (Fig. 115), and 
all species thus far investigated have been found^ to be heterothallic. 
Gametic union is isogamous in most of these species, but certain of them* 
are anisogamous. Germination of a zygote takes place within a day or 

‘ Bliding, 1938. 
*'Bliding, 1933, 1938; Hartmann, 1929; Mobwus, 1938^1; Ramanathan, 1939-4. 
* Ktlin,1930; Moewus, 1938A. 
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two after it is formed, and division of the zygote nucleus is equational. 
A parthenogenetic germination of gametes has been recorded^ for certain 
species, and the sexual plant developed from a gamete is of the same sex. 

Enteromorpha has an isomorphic alternation of generations. The chro¬ 
mosome number is doubled at the time of gametic union and halved just 
prior to zoospore formation.^ There are also species where no sexual gen¬ 
eration has been found and where a quadriflagellate zoospore gives rise to 
a thallus producing quadriflagellate zoospores.^ 

Enteromorpha has been collected from several inland brine lakes and salt springs 

in the United States. Marine species of the Pacific Coast arc also common in rivers 

flowing into the ocean and, as in the Carmel and Salinas rivers in California, are to 

be found 20 miles or more inland and at an elevation of 200 ft. or better. The 

general habits of growth of species of Enteroniorpha vary so greatly in different 

environments, or with age, that shape of a thallus is of less service in making 

specific distinctions than are shape and arrangement of the cells. The species 

found in fresh and inland salt waters in this country arc E. acanthophora Kiitz., 

E. clathrata (Roth) C. A. Ag., E. compressa (L.) Orev., E. crinata (Roth) C. A. Ag., 

E. marginata J. G. Ag., E. inicrococca Klitz., and E. prolifera (FI. Dan.) J. G. Ag. 

For descriptions of them, see Collins (1903). 

2. Monostroma Thuret, 1854. Young thalli of Monostroma are sessile 
and with a saccate structure quite like that of Enteromorpha. Sooner or 
later, there is a splitting at the apex of the saccate thallus, ultimately 
extending to the base, that divides the tube into an expanded sheet. The 
expanded sheet may remain sessile and be attached to the substratum by 
rhizoidal protuberances from the lowermost cells, or it may be free-floating. 
This sheet-like thallus is one cell in thickness except in the region of the 
holdfast. The cells may be parenchymatous and angular by mutual 
compression; or they may be rounded, Gloeocystis-Wkey and in groups of 
four or more separated from one another by intervening gelatinous mate¬ 
rial. All cells of a thallus, including those of the holdfast, are uninucleate.^ 
They contain a single parietal laminate chloroplast that encircles the 
greater part of a protoplast. 

Vegetative multiplication may take place by an accidental tearing of a 
thallus or by an abscission of proliferous shoots. Thalli of most species 
thus far investigated have been found® to be exclusively gametophytic and 
producing biflagellate gametes. Gametes are formed by repeated bipar¬ 
tition of a protoplast® and are liberated through a pore in the parent-cell 

1 Moewus, 1938A; Ramanathan, 1939A. 
* Hartmann, 1929; Kylin, 1930; Ramanathan, 1939A. ^ Bliding, 1933, 1938. 
* Carter, N. 1926. 

* Carter, N., 1926; Moewus, 1938A; Schreiber, 1942; Suneson, 1947; Yamada, 

1932; Yamada and Kanda, 1941; Yamada and Saito, 1938. ® Carter, N., 1926. 
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wall. All species have been found to be heterothallic. Some species are 

isogamous and others are anisogamous. After swarming for a very short 

time, a zygote loses its flagella and secretes a wall. It may enlarge directly 

15 to 20 times its original diameter,^ or its protoplast may escape from the 

original wall and secrete a new wall before enlarging.^ When fully en> 

larged, a zygote is more or less ovoid, and the chloroplast contains several 

pyrenoids. Sooner or later the zygote^s contents divide to form many 

quadriflagellate zoospores which are liberated through a pore in the wall.^ 

The zoospores grow into gametophytes, and it has been shown'^ that half 

Fig. 116. Monostroma latissimum (KUtz.) Wittr. A, cross section. B, surface view. 

(X 800.) 

of the zoospores from a germinating zygote develop into gametophytes of 

one sex and half into gametophytes of the opposite sex. Two species 

have thalli in which the only reproductive body is a quadriflagellate 

zoospore.® In one species, the zoospore germinates directly into a thallus 

producing zoospores; in the other species, a zoospore develops into a cyst¬ 

like body closely resembling a mature zygote. The contents of these 

cysts divide to form many quadriflagellate zoospores which develop into 

thalli producing quadriflagellate zoospores. 

Monostroma is more often found in brackish water than in the ocean. One 
species is exclusively fresh-water, but some of the marine and brackish-water spe- 

1 Moewus, 1938A; Schreiber, 1947. 

2 Carter, N., 1926; Yamada and Saito, 1938. 

3 Moewus, 1938A ; Yamada and Saito, 1938. ^Moewus, 1938A. 

* Yamada and Kanda, 1941. 
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cies are occasionally found in fresh waters. The three species found in fresh 
waters in this country are M. amarphum Collins, M. latissimum (Kiitz.) Wittr. 
(Fig. 116), and M. quaternarium (Kiitz.) Desm. For descriptions of them, see 
Collins (1909, 1912). 

Family 2. Schizomeridaceae 

This family contains but one genus, Schizomeris, Some phycologists' 

think it is merely a developmental form of Ulothrix unworthy of generic 

rank; others^ think it a valid genus and one belonging to the Ulotrichaceae. 

Still others^ think that its affinities are more with the Ulvales than with the 

Ulotrichales. 

1. Schizomeris Kutzing, 1843. During early stages of its development, 

this alga is an unbranched uniseriate filament with an acuminate apical 

cell and a somewhat elongate basal cell terminating in a discoid holdfast. 

Later in development of a thallus, there may be vertical divisions at right 

Fio. 117. Schizomeris Leibleinii Kutz. Portions of a thallus at three different levels. 
(X 325.) 

angles to each other in all cells but those toward the base of a filament. 

Continued division in all planes results in the upper portion of a thallus 

becoming a solid cylinder of brick-like cells. The cylinder may have 

parallel sides, or it may be constricted at infrequent and irregular intervals. 

Cells of simple filaments of Schizomeris have fairly thick lateral walls and 

are separated from one another by ring-like transverse walls.^ In young 

filaments, there are alternate rings which extend to, and which do not ex¬ 

tend to, the surface. These rings persist after vertical cell division sets 

in and separate, one from another, portions of the cylindrical thallus de¬ 

rived from a single cell of the filamentous stage. Chloroplasts of the fila- 

M^rintz, 1927; Wille, 1890. * Collins, 1909; Fritsch, 1935; Heering, 1914. 
*Hazen, 1902; Korshikov, 1927A; West, G. S., 1916. 
^ WATHn^Rn^l^TT.ny.v 1930. 
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mentous stage are ulotrichoid and encircle about two-thirds of the proto¬ 

plast. They usually contain several pyrenoids. Cells of cylindrical thalli 

have more massive chloroplasts which fill most of a protoplast. 

Vegetative multiplication may take place by fragmentation of old thalli. 

The region at which a break occurs is almost always a constricted portion 

of a thallus and may possibly be due to disintegration of the transverse 

ring of wall material persisting from the filamentous stage. Asexual re¬ 

production is by means of quadriflagellate zoospores formed in the upper 

part of a thallus.^ Most^ of those who have observed liberation of zoo¬ 

spores record a breaking down of the cross walls in the region of zoospore 

formation and an escape of zoospores through the apex of a thallus, but 

liberation of zoospores by a gelatinization of lateral walls has also been 

reported.^ 

The reported^ germination of zoospores to form short uniserial fila¬ 

ments whose cells produce one or two biflagellate gametes is in need of 

confirmation. The zygote formed by union of these gametes is said to 

have a resting period of about a month and then a direct germination into 

a thallus producing zoospores. According to this interpretation, Schizo- 

meris has a heteromorphic alternation of generations. 

Although the single species, S. Leibleinii Klitz. (Fig. 117) has been found to be 
widely distributed in the United States, it is not a common alga. For a descrip¬ 
tion of it, see Collins (1909). 

ORDER 6. SCHIZOGONIALES 

Cells of algae belonging to this order have stellate chloroplasts in which 

there is a single centrally located pyrenoid. The construction of the plant 

body is the same as in the Ulvales; the thallus may be a simple filament, 

an expanded sheet, or a solid cylinder. An even more important difference 

between the Schizogoniales and the Chlorophyceae thus far discussed is 

the complete lack of zoospores and of sexual reproduction among the 

Schizogoniales. Reproduction is by means of akinetes and aplanospores. 

The first cell divisions in the development of the thallus are always 

transverse and result in a simple filament. The filamentous stage may at 

times have a false branching. This results from the death of one or two 

cells in the filament and the growth of the adjoining portions through the 

sheath investing the filament.* Later in the development of the simple 

filament, there may be longitudinal divisions. Subsequent divisions may 

be almost exclusively transverse and so cause the development of a ribbon- 

' Korshikov, 1927A; Wood, 1872. * Hazen, 1902; Wolle, 1887; Wood, 1872. 
* Koeshikov, 1927A. * Kawasaki, 1937. * Hodgetts, 1920A. 
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shaped thallus two or a few cells broad; or longitudinal and transverse 

divisions may be about equal in number and so cause the development of 

an expanded sheet one cell in thickness. According to the interpretation 

of generic limits, the filamentous and laminate thalli are considered sepa¬ 

rate genera' or are both placed in the same genus.^ Cell division may also 

take place in three planes and result in a solid cylindrical thallus. Most 

phycologists place Schizogoniales with a cylindrical thallus in a distinct 

genus, Gayella. All three types of thalli may have rhizoidal outgrowths. 

These may be formed by any cell of the plant, but most of the rhizoids 

develop from cells at the base of the thallus.^ 

Cells of vigorously growing thalli have a single, central, stellate chloro- 

plast with a pyrenoid at the center. The nature of the food reserves 

formed by the Schizogoniales is in dispute; some^ affirm that starch is 

formed, others deny^ that it is present. The cells are uninucleate and 

with the nucleus excentric in position.® 

Vegetative multiplication is of common occurrence in thalli of Schizo¬ 

goniales. Simple filaments may have a fragmentation into Stichococcus- 

like segments containing one to four cells,'' or the whole filament may disso¬ 

ciate into a Protococcus-like mass of spherical cells^ which readily separate 

from one another. Vegetative multiplication of species with a laminate 

thallus may also take place by the abscission of small proliferous out¬ 

growths. 

Asexual reproduction is usually by means of akinetes. These may be 

formed directly from vegetative cells, or akinete formation may be pre¬ 

ceded by vegetative divisions that make the thallus two cells in thi(;kness 

in the region where akinete formation is to take place. Portions of the 

thallus two cells in thickness may have a direct development of the cells 

into akinetes* or may have the cells dividing into four daughter cells that 

become akinetes.t Akinetes are liberated by a softening of the thallus 

and may develop directly into new plants, or they may become aplano- 

sporangia which contain several aplanospores.J 

The anisogamous sexual reproduction by means of biflagellate gametes, 

reported for Pras^o/a,§ is in need of confirmation before it can be accepted. 

There is but one family in the order. 

1 Chodat, 1902; Collins, 1909; Gay,1891; Setchell and Gardner, 1920. 

* Brand, 1914; Printz, 1927; West, G, S., 1916; West and Fritsch, 1927; Wille, 

1901, 1906A. 
•Brand, 1914; Gay, 1891; Wille, 1901. ^ Gay, 1891; Wille, 1901. 

•Brand, 1914. ® Wille, 1901. 

’ Borzi, 1895; Gay, 1891. 

♦Setchell and Gardner, 1920A. f Laqerheim, 1892. J Wille, 1901, 
1906A, §Yabb, 1932, 
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Family 1. Schizogoniaceae 

As already noted, several phycologists group all species of the order in 

one genus. However, pending careful cultural studies on the various 

species, it seems best to recognize Schizogonium^ Prasiola^ and Gayella 

as distinct. The two genera in the fresh-water flora of this country differ 

as follows: 

1. Mature thalli filamentous or ribbon-like. 1. Schizogonium 
1. Mature thalli blade-like. 2. Prasiola 

1. Schizogonium Kutzing, 1843. The thallus of this alga is usually 

filamentous, but at times there may be longitudinal cell divisions which 

result in a plant body two or a few cells broad. Narrow ribbon-like thalli 

Fig. 118. Schizogonitim murale Kiltz, (X 650.) 

often have rhizoidal outgrowths from certain of the cells. Cells of filamen¬ 

tous thalli are cylindrical and with a length greater or less than the breadth. 

Cells of ribbon-like thalli are approximately cubical. Schizogonium has 

uninucleate cells containing a central stellate chloroplast with one pyre- 

noid. 

Vegetative multiplication by fragmentation is the usual method of 

reproduction and may be by a death of certain cells in a filament or by a 

dissociation into short segments containing one to four cells (Fig. 118). 

There may also be a formation of akinetes. 

The two species found in this country are S. crenulatum (Klitz.) Gay. and S. 

murale Klitz. (Fig. 118). For descriptions of them, see Collins (1909). 

2. Prasiola Meneghini, 1838. Although the thallus of Prasiola may be a 

simple filament or a narrow ribbon, it is usually an irregularly expanded 

sheet, one cell in thickness, that rarely attains a diameter of more than 1 

cm. The thalli are sessile and are attached by rhizoidal outgrowths from 

the margin, or are attached by a thickened stipe. The cells have a ten¬ 

dency to lie in groups of four that, in turn, lie in larger groups separated 
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from one another by narrow or broad intervening spaces running in defi¬ 

nite directions through a blade-like thallus. The cells are uninucleate 

and have a central stellate chloroplast containing one pyrenoid. 

Vegetative multiplication is by an abscission of proliferous shoots which 

attach themselves to the substratum and grow into independent plants.* 

There may also be fragmentation at the Schizogonium stage of develop¬ 

ment. Asexual reproduction is by a formation of akinetes directly from 

vegetative cells, or by division of vegetative cells into four or more daughter 

cells which become akinetes. f Akinetes may develop directly into new 

thalli, or they may become sporangia which contain several aplanospores.J 

Fig. 119. Praaiola mexicana J, G. Ag. A, entire thallus. B, portion of a thallus. C, por- 
tion of a thallus of P. meridionalis Setcliell and Gardner, a marine species. (A, X B, 
X 486; C. X 975.) 

Mature thalli of Prasiola resemble immature thalli of Ulva or Monostr(ma. 
Some of the species found in this country are marine, but there are more that 
are fresh-water, and either aerial or aquatic. Certain species of Prasiola grow 
only where the substratum is rich in nitrogenous compounds, as on rocks covered 
with the droppings of sea birds. Other species grow only in cold swiftly flowing 
mountain streams. Specific differences are based upon both shape of the thallus 
and arrangement of the cells. § The fresh-water species found in this country are 
P. calophylla (Spreng.) Menegh., P. crispa (Lightf.) Menegh., P.fluviatilis (Som- 
merf.) Aresch., P. mexicana J. G. Ag. (Fig. 119A-P), and P. nevadense Setchell 
and Gardner. For a description of P. nevadense^ see Setchell and Gardner, 1920A; 
for descriptions of the others, see Collins (1909). 

ORDER 6. OEDOGONIALES 

The Oedogoniales have cylindrical uninucleate cells joined end to end in 

simple or branched filaments. The method of cell division is unique (see 

Collins, 1909; Setchell and Gardner, 1920. 

t Lagerheim, 1892; Setchell and Gardner, 1920A. 
JWiLLB, 1901, 1906A. 

S Imhauser, 1889. 
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page 193). Motile reproductive cells are distinctive in having a trans¬ 

verse whorl of flagella at the anterior end. 

Asexual reproduction is by zoospores formed singly within a cell. Sex¬ 

ual reproduction is always obgamous, and certain species of all genera pro¬ 

duce their antherozoids in peculiar dwarf filaments. 

There are but three genera, and of these Oedogonium is the only one with 

unbranched filaments. In the two genera with branched filaments, Bulho- 

chaete has terminal and lateral one-celled hollow setae with bulbous bases, 

and Oedocladium lacks them. Oedogonium and Bulbochaete are aquatic, 

and Oedocladium is terrestrial in habit. Oedogonium and Bulbochaete are 

sessile when young and may remain so throughout their entire develop¬ 

ment. An apical-basal polarity is evident in many of their cells and is 

maintained even if filaments break away and become free-floating. Oedo¬ 

cladium is not sessile but has a similar apical-basal polarity.v.^ 

Fig. 120. Vegetative cell of Oedogoniimt craasutn (Hass.) Wittr. (X 485.) 

Cells of Oedogoniales have walls that seem to be homogeneous but which, 

except in the basal cell of sessile genera, consist of three concentric parts.* 

The portion next to the protoplast is composed of a layer of cellulose, ex¬ 

ternal to this is a zone of pectose, and the outermost portion has chitin as 

the predominating substance. The chloroplast (Fig. 120) is a reticulate 

sheet extending from pole to pole and completely encircling the protoplast. 

According to the species, the strands of the reticulum are broad or narrow, 

but in either case the majority of the strands are parallel to cell’s long axis. 

The pyrenoids, of which there are usually many in the chloroplast, lie at the 

intersections of the reticulum. Each pyrenoid is surrounded by a sheath 

of starch plates. Starch plates formed by the pyrenoids may migrate to, 

and accumulate in, the strands of the reticulum until the reticulate nature 

of the chloroplast is completely obscured by this '‘stroma” starch. The 

single nucleus usually lies midway between the ends of the cell and just 

within the chloroplast. It is of large size, biscuit-shaped, and with a well- 

defined chromatin-linin network and one or more nucleoli. 

The unique method of cell division, resulting in the formation of dis¬ 

tinctive "apical caps” at the distal end of certain cells, has been repeatedly 

* Tiffany, 1924; Wurdack, 1923. 
1 Ohashi, 1930; Stbasbubger, 1880; Tuttle, 1910; van Wissblinqh, 1908. 
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investigated, especially in Oedogonium} The first indication of cell divi¬ 

sion is a migration of the nucleus toward the distal end of the cell, until it 

lies about two-thirds the distance from the proximal end. After elongating 

somewhat, the nucleus divides mitotically. During the prophases of mito¬ 

sis, there is the appearance of a ring of wall material (Fig. 121 A) that com¬ 

pletely encircles the inner face of the lateral wall just below the distal end 

of the cell. The ring, which is thought to consist of hemicellulose,^ in¬ 

creases in thickness until it is several times thicker than the rest of the 

C 
Fig. 121. Cell division of Oedogonium crassum (Hass.) Wittr. (X 485.) 

lateral wall. There is next a formation of a small groove completely en¬ 

circling the portion of the ring adjoining the lateral wall. After this groove 

has been developed, a transverse rent appears in the portion of the lateral 

wall external to the groove. Mitosis is completed by the time that the ring 

is fully developed, and, shortly after the two daughter nuclei are recon¬ 

structed, there is a transverse cytokinesis of the protoplast by an annular 

furrowing of the plasma membrane midway between the ends of the cell. 

There is no elongation of the cell during these stages of division (Fig. 121B); 

after the transverse division of the protoplast, each daughter protoplast 

elongates to about the same length as that of the mother cell (Fig. 121C). 

^ Hirn, 1900; Kraskovits, 1905; Ohashi, 1930; Pringsheim, N., 1858; Steinecke, 

1929; Strasburger, 1880; Tuttle, 1910; van Wisselingh, 1908, 1908A. 
* Steinecke, 1929. 
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This elongation takes but a short time and is often completed within 15 

min. The lower daughter protoplast elongates until its distal end is level 

with, or slightly above, the former level of the hemicellulose ring. The 

wall lateral to this protoplast is therefore the side wall of the old parent cell. 

Meanwhile, the upper daughter protoplast has been elongating to about 

Fig. 122. Diagram showing the distribution of portions of parent-ccll wall to daughter cells 
in Oedogonium. Walls of the first cell generation are shaded black, those of the second coll 
generation are in stipple, and those of the third cell generation are unshaded. 

the same extent. The wall lateral to this elongated protoplast is formed 

by a stretching of the hemicellulose ring, except for the persistent portion 

of the mother cell wall at the distal ends, the apical cap. After the daugh¬ 

ter cells have completed their elongation, there is the secretion of a trans¬ 

verse wall which separates them from each other (Fig. 122)^ 

Cell division is intercalary in Oedogonium. Division of every cell in the 

filament and repeated division of the daughter cells would result in alternate 

cells with and without caps. Cells with one, two, three, and more caps 

would also have a definite disposition with respect to one another (Fig. 122). 
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This theoretical condition rarely obtains in nature, and repeated division 

of the distal daughter cell of previous divisions may result in filaments in 

which a cell with several apical caps is successively followed by several cells 

without caps. In Oedocladium^ division usually takes place only in the 

terminal cell of the branches. As a result, the terminal cell is often the only 

one with caps. The succession of cell division in Bulhochaete will be dis¬ 

cussed in connection with the germination of its zoospore (page 201).t—— 

Vegetative multiplication by an accidental breaking of the filament is of 

common occurrence in certain species of Oedogonium but is rarely found in 

either Bulhochaete or Oedocladium. Asexual reproduction by means of 

zoospores is characteristic of all three genera. Zoospores are formed singly 

Fig. 123. Liberation of zoospores of Oedogonium. amoeboid migration from parent- 
cell wall. C, swarming of zoospore within the vesicle. D, free-swimming zoospore. (X 325.) 

within a cell and usually only by cells with apical caps. Preparatory to 

zoospore formation in Oedogonium^ the nucleus retracts slightly from the 

chloroplast, and a hyaline region appears between the wall and nucleus. 

A ring of blepharoplast granules then appears around the margin of the 

hyaline area, and it is quite probable that each blepharoplast granule gives 

rise to one flagellum. After the zoospore is formed, there is a transverse 

splitting of the lateral wall at the apical cap, and the zoospore, enclosed by 

a delicate vesicle, emerges through this aperture (Fig. 123). Liberation of 

the zoospore and vesicle takes about 10 min. It has been thought^ that the 

transverse splitting of the wall and the pushing out of the zoospore result 

from the pressure caused by the imbibitional swelling of gelatinous sub¬ 

stances secreted by the protoplast. After its liberation from the wall the 

vesicle around the zoospore increases in size but this is soon followed by its 

disappearance. The zoospore within the vesicle assumes an ovoid or pyri- 

‘Hirn, 1900; Klebs, 1896; Ohashi, 1930; Pringsheim, N., 1858; Strasburgbr, 

1892. 
•Steinecke, 1929. 
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form shape and moves sluggishly for a short time, but about the time the 

vesicle disappears it begins to move actively. The period of swarming of 

Oedogonium zoospores usually lasts but an hour or so, after which the zoo¬ 

spores come to rest with the hyaline end downward, retract their flagella, 

and develop a holdfast that attaches them to the substratum. The type 

of holdfast depends upon both the species concerned and the nature of the 

substratum.I Oedogonium species with rhizoidal holdfasts have been shown^ 

to form a simple holdfast if the substratum is smooth, and a holdfast that is 

more or less branched if the substratum is rough. Shortly after the zoo¬ 

spore becomes sessile, there is a secretion of a cell wall, but one different 

from that enclosing ordinary vegetativ^e cells since it lacks the superficial 

layer of chitinous material.^ Zoospores that have ceased swarming and 

have not become affixed to some object may develop into germlings en¬ 

closed by a wall, but most of these immediately form zoospores at the one- 

celled stageOne-celled sessile germlings of Oedogonium develop into 

many-celled filament^, according to one of two general methods. Most 

species have the formation of a transverse ring at the apex of the one-celled 

germling and an elongation of the ring similar to that found in vegetative 

division.'* After the ring has elongated vertically, there is a transverse 

division of the protoplast. The division of the distal cell, and the division 

and redivision of its daughter cells, result in a many-celled filament; the 

basal cell formed by the first division does not divide. A few species have 

no formation of a ring during division of the one-celled stage. Germlings 

of this type are hemispherical and with an apical cap.® Division of these 

germlings begins with the protrusion of a cylindrical outgrowth through 

the region of the cap, and, after the cylinder has attained a certain length 

there is a transverse division of the protoplast and a formation of a cross 

wall at the juncture of cylinder and hemisphere. 

Zoospores, of Bulbochaete produce one-celled germlings similar to those of 

Oedogonium. The first division (Fig. 124) is without the formation of a 

hemicellulose ring, and the distal protoplast develops into a seta with a 

swollen base.® The basal cell formed by this first division divides with 

a formation of a hemicellulose ring. The upper cellresulting from thissecond 

division, and from subsequent ones, rarely divides. Consequently the 

terminal cell of a branch is the oldest. Any cell of the filament, except the 

basal one, may divide obliquely and cut off a cell that becomes the initial 

of a side branch. This branch initial divides in the same manner as a one- 

celled germling, that is, without the formation of a ring. Subsequent 

divisions in derivatives from branch initials have a regular formation of a 

> Peirce and Randolph, 1905. * Tiffany, 1924. 
*Fritsch, 1902R; Wille, 1887A. ^ Hirn, 1900. 
® Fritsch, 1904; Scherffel, 1901A. 
•Hirn, 1900; Pbingsheim, N., 1858. 
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ring during division. Cells of branches may, in turn, produce initials of 

tertiary branches and so on through further branching of the thallus. Most 

cells in a filament also have an oblique division at their distal end, similar 

to that producing initials of branches, and the daughter cell cut off by the 

oblique division developing into a long seta. 

One-celled germlings from zoospores of Oedocladium do not have a hold¬ 

fast.* The rhizoidal part of a thallus may be developed by the first cell of 

a thallus, from one of the daughter cells of the first division, or there may be 

a development of a simple filament of several cells before the appearance of 

rhizoidal branches (Fig. 130^4, page 210). 

Fig. 124. Bulbochaete. A-B, a thrcc-celled gerniling before and after liberation of a zoo¬ 
spore from the apical cell. O/, successive stages in develop?nent of a young filament. 
(X 325.) 

Oedogonium may form aplanospores singly within a cell.f Both Oedo- 

gonium and Oedocladium form akinetes. In Oedogonmm they are formed 

in chains of 10 to 40 and superficially resemble chains of oogonia. In Oedo¬ 

cladium they are formed by cells of the rhizoidal system, and either singly 

or in short chains.' Akinetes germinate directly into new filaments. 

Sexual reproduction is always oogamous but is so unlike the oogamy of 

other Chlorophyceae that a special terminology is necessary. If a species 

is one in which antheridia are produced by special dwarf male filaments, 

it is nannandrous. Species in which there are no dwarf male filaments are 

macrandrous and may be homothallic or heterothallic. The dwarf males 

are produced by germination of special zoospores (androspores) that are 

♦ Stahl, 1891; Tiffany, 1930. f Randhawa, 1937. ^ Stahl, 1891. 
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produced within androsporangia. Androsporangia are similar in appear¬ 

ance to antheridia of rnacrandrous species. If a nannandrous species is 

one in which the androsporangium is borne on the same filament as the 

oogonium, it is gynandrosporous; if androsporangia and oogonia are borne 

on separate filaments, the species is idioandrosporous. 

Oogonia develop in much the same fashion in both nannandrous and 

macroandrous species of a genus and owe their development to transverse 

division of an oogonial mother cell that may be tei-minal or intercalary. The 

distal daughter cell always develops into an oogonium. The proximal 

daughter cell in Oedocladium never divides again and so always develops 

into a suffultory or supporting cell. In Ocdogonium the proximal daughter 

cell may become a suffultory cell or it may func^tion as an oogonial mother 

cell. This genus may, therefore, have the oogonia solitary or in series. In 

Bulhochaete the proximal daughter cell divides to form two suffultory cells 

that are of equal or unequal length. 

! Cells maturing into oogonia become more or less globose and have a di¬ 

ameter greater than that of vegetative cells in the filament. The oogonial 

wall in| Oedocladium Ocdogonium has the apical-cap rings persisting 

from previous cell divisions localized at the upper end. In Bulhochaete 

these rings often lie in the equator of the oogonial wall. ^As the oogonium 

approaches maturity, there is the formation of a small pore or the forma¬ 

tion of a transverse crack in the wall. Just before fertilization there is an 

exudation of gelatinous material from the pore or from the crack (Fig. 

127A, page 206). The shape and position of this opening are quite typical 

for a species and are characters of diagnostic*, importance in sej^arating 

species from one another. The protoplast within an oogonium develops 

into a single egg. In the early stages of its development, the nucleus is 

centrally located within the egg,^ but shortly before fertilization it lies just 

internal to the opening in the oogonial wall. Eggs ready for fertilization 

retract slightly from the oogonial wall and have a hyaline receptive spot 

external to the nucleus. 
Antheridia of rnacrandrous species are either terminal or intercalary and 

are formed by the division of an antheridial parent cell. This division is 

quite similar to that of a vegetative cell, except that the upper cell, which is 

the antheridium, is much shorter than the lower cell.^ The lower cell may, 

in turn, divide repeatedly and so give rise to a series of 2 to 40 antheridia 

(Fig. 125A). The protoplast of the antheridium may give rise to a single 

antherozoid, but usually it divides vertically or transversely to form two 

daughter protoplasts, each of which become antherozoids. Division of the 

nuclei is in the transverse axis of the cell, but they may come to lie above 

each other before cytokinesis. The liberation of the antherozoids (Fig. 

1 Klebahn, 1892; Ohashi, 1930. * Gussewa, 1930; Ohashi, 1930. 
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125B) is by the same annular splitting of the wall that is found in the libera¬ 

tion of zoospores, and the antherozoids are, likewise, enclosed within a vesi¬ 

cle when first liberated. Antherozoids of most species are like zoospores, 

except for their smaller size and fewer flagella; but those of some species 

have flagella longer than the body of the antherozoids (Fig. 125(7). 

Androsporangia of nannandrous Oedogoniales arc similar in appearance 

to antheridia of macrandrous species and result from a similar unequal di¬ 

vision of a mother cell. Only one androsporc is formed within an andro- 

sporange^ and, when it is first liberated, it is surrounded by a vesicle. After 

the vesicle disappears, the androspore swims freely in all directions until it 

comes in the vicinity of an oogonium, where it ceases swarming and becomes 

affixed to the suffultory cell or to the oogonium itself. More rarely the 

Fig. 125. Antheridia and antherozoids of a macrandrous species of Oedogonium, 0. crassum 
(Hass.) Wittr. A, antheridia. B, liberation of antherozoids from an antheridium. C, free- 
swimming antherozoid. (X 485.) 

androspore comes to rest upon a vegetative cell. One-celled germlings 

developed from androspores are, except for their smaller size, quite like 

germlings developed from zoospores and they show, from species to species, 

much the same range in structure of the holdfast. The one-celled germ¬ 

lings from androspores of most species function as antheridial parent cells 

and cut off one or more antheridia at their apices. The lower portion of this 

antheridial parent cell is never completely used up in antherium formation 

and persists as a stipe supporting the antheridia (Fig. 126). It is gen¬ 

erally agreed that nannandrous Oedogoniales have been evolved from 

macrandrous Oedogoniales. Some phycologists think that this has been 

brought about by a gradual reduction in size of male filaments of hetero- 

thallic macrandrous species. The occurrence of macrandrous species with 

somewhat smaller male filaments® and the precocious formation of anther- 

^Spessard, 1930. *Hirn, 1900. ‘Hirn, 1900; West, G. S., 1912A. 
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idia by young filaments of heterothallic species of Oedogonium} are held to 

be evidence for this. The similarity in structure and development of an- 

drosporangia and anthcridia of macrandrous species indicates, however, 

that the former have been evolved from the latter. Androspores are, in a 

sense, macrandrous antherozoids which always develop parthenogeneti- 

cally,^ but which still retain enough of their gametic nature to swim to, 

and germinate upon, the oogonium or suffultory cell. 

Fio. 126. Antheridia and oogonia of a nannandrous species of Oedogonium^ O. conccUenatum 
(Hass.) Wittr. (Andr., androsporangium; Anlh., antheridium; Nann., nannandrium; Oog., 
oogonium; Oog. M. C., oogonial mother cell; Suf. C., suffultory cell.) (X 326.) 

Fertilization (Fig. 127) in both nannandrous and macrandrous Oedo- 

goniales is by the antherozoid swimming through the opening in the oogo¬ 

nial wall and entering the egg at the hyaline receptive spot.® Gametic 

fusion takes place soon after the entrance of the antherozoid. The zygote, 

which is somewhat retracted from the oogonial wall and often of a different 

shape, begins to secrete a wall as soon as it is formed. Walls of mature 

and female nuclei unite with each other in a resting condition,^ and their 

^ Fritsch, 1902JB. * Schaffner, 1927. 
»Hirn, 1900; Klebahn, 1892; Ohashi, 1930; Pringshbim, N., 1868. 
^ Gussewa, 1930; Klebahn, 1892; Ohashi, 1930. 
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zygotes are usually composed of three layers, but some Oedogoniales have 

a wall with two layers only. The layer outside the innermost may be 

smooth, but more often it is ornamented with pits, scrobiculations, reticu¬ 

lations, or costae. During the later stages in the development of the zy¬ 

gote, the color changes from a green to a brown or a red, largely because of 

an accumulation of a reddish oil within the protoplast.. 

Fig. 127. Oogonia of a manrandrous species of Oedogonium, 0. crassum (Hass.) Wittr. A, 
with.the egg read.y for fertilization. B, ju.st after fertilization: the antherozoid within the 
oogonium is probably a supernumerary one. C, with the zygote beginning to form a wall. 
(X 486.) 

Some species have a regular development of unfertilized eggs into par- 

thenospores; other species have a disintegration of eggs that are not ferti¬ 

lized. Parthenospores have a zygote-like wall, but they may be distin¬ 

guished from zygotes by the fact that they completely fill the oogonial 

cavity and have the same shape.' The statement' that parthenospores 

germinate soon after they are formed is probably erroneous. 

The zygote is eventually liberated from the filament by the decay of the 

oogonial wall. The zygote usually undergoes a further period of rest before 

it germinates, and germination may be delayed for a year or more.' Dur- 

'Mainx, 1931. 



DIVISION CHLOROPHYTA 207 

ing the ripening of the zygote there is a reductional division of the zygote 

nucleus to form four haploid nuclei.' Shortly before germination, the 

protoplast becomes green and divides to form four daughter protoplasts, 

each of which becomes a zoospore.^ When the zoospores are first liberated 

by a bursting of the zygote wall, they are surrounded by a common vesicle, 

which soon disappears. The swarming and subsequent development of 

zoospores into filaments are identical with those of zoospores produced 

from vegetative cells. In the case of one heterothallic macrandrous species 

of Oedogoniunij it has been shown* that two of the four zoospores develop 

into male filaments and two into female filaments. Under certain cultural 

conditions, this species had an equational division of the zygote nucleus 

into two daughter nuclei and a formation of two diploid zoospores both of 

which grew into female filaments, but filaments double the size of haploid 

ones. __ 

There is but one family, the Oedogoniaceae. 

Family 1. Oedogoniaceae 

All three genera of the Oedogoniaceae are found in this country. The 

characters separating these genera from one another are sharply defined, 

and the genera can be distinguished from one another even at the one-celled 

stage. Specific determinations in the various genera can be made only 

from ripe fruiting material and are based upon shape and size of the mature 

zygote and the organs connected with its formation. Ilirn^s monograph^ 

is the official starting point for the nomenclature of the family. 

The three genera may be distinguished as follows: 

1. Filaments unbranched. 1. Oedogonium 
1. Filaments branched. 2 

2. Branches with long setae.2. Bulbochaete 
2. Branches without setae.3. Oedocladlum 

1. Oedogonium Link, 1820. Sterile specimens of Oedogonium may be 

recognized by the unbranched filaments of cylindrical cells in which certain 

cells have transversely striate walls at the distal end. The basal cell of a 

filament is modified to form a holdfast, and the apical cell is usually broadly 

rounded or acuminate. Cells of Oedogonium are sometimes slightly en¬ 

larged at their upper ends, and they may have straight, nodulose, or un¬ 

dulate sides. Cell division is either terminal or else intercalary and it 

may take place in any cell but the basal one. The cells are uninucleate and 

have a. single reticulate chloroplast completely encircling the protoplast. 

1 Gussewa, 1930; Mainx, 1931. 
*Gussewa, 1930; JurXnyi, 1873; Mainx, 1931; Prinqsheim, N., 1858. 
* Mainx, 1931. * Hirn, 1900. 
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The chloroplast usually has many pyrenoids, one at each of the larger inter¬ 

sections in the reticulum. 

Vegetative multiplication may,result from an accidental breaking of a 

filament, but there is never a dissociation of a filament into fragments ex¬ 

cept at the time of zoospore formation. Asexual reproduction is by means 

of zoospores that are always formed singly within a cell. The zoospores 

are ovoid to pyriform, with a hyaline anterior end and a whorl of flagella 

just beneath the hyaline region. They usually lack an eyespot but some¬ 

times have one. The one-celled germling resulting from germination of the 

Fig. 128. Oedogonium. A, O. crispum (Hass.) Wittr., a homothallic inacrandrous species. 
B, 0. capillare (L.) Kutz., a heterothallic inacrandrous species. C, O. macrandrium forma 
aemiilans Him, a naiinandrous species. (X 325.) 

zoospore is more or less ovoid and attached to the substratum by 

a hapteron, or it may be hemispherical and with the flattened side next the 

substratum. Asexual reproduction may also take place by means of aplano- 

spores and akinetes. 

Sexual reproduction is oogamous and macrandrous or nannandrous. 

Macrandrous species may be homothallic (Fig. 128A) or heterothallic (Fig. 

128B and C). Antheridia and oogonia are formed by the direct division of 

a parent cell. The antheridia are discoid and solitary, or in series of 2 to 

40. Each produces one or two antherozoids. The oogonia are ellipsoidal 

to subspherical, solitary or in short series. They contain but a single egg, 

and the zygote resulting from fertilization has a thick wall that may be 

smooth or variously ornamented. Nannandrous species (Fig. 128Z>) may 
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be idioandrosporous or gynandrosporous, but in either case the androspo- 

rangium gives rise to one androspore only. The dwarf males generally lie 

on the suffultory cell of the oogonium, and the dwarf males of each species 

have a characteristic shape. The oogonia and zygotes of nannandrous 

species have much the same range in shape and structure as is found in the 

macrandrous species. Germinating zygotes of Oedogonium give rise to 

four zoospores, each of which may develop into a new filament. 

Oedogonium is always aquatic and usually found in small permanent bodies of 
water such as pools and ponds. It is rarely found in a fruiting condition when 
growing in streams, unless the flow is very sluggish.^ Tlie filaments may be in 
free-floating masses of considerable extent, or they may be epiphytic upon the 
leaves and stems of submerged water plants and upon Cladophoraceae or larger 
species of Oedogonium. The number of epiphytic individuals upon macrophytes 
is generally limited, and but very few filaments are usually present in a mount 
made for microscopical examination.* For this reason, many of the smaller 
species are often overlooked by the collector gathering material or by one examin¬ 
ing collections. Many of these smaller species are often so densely incrusted with 
lime that even generic determination is impossible. If these encrusted filaments 
are placed on a slide with a few drops of lactic acid and gently heated, the entire 
encrustation disappears without injury to the cells. Tiffany* lists and describes 
the 223 species occurring in the United States. These species can be distinguished 
from one another only when fruiting, a condition most abundant during May and 
July in the North Central states.^ 

2. Bulbochaete Agardh, 1817. The filaments of Bulhochaete are uni¬ 

laterally branched and with the majority of cells bearing a long seta that is 

Fig. 129. Bvlbochaete gigantea Pringsh., an idioandrosporous species. A, portion of fila¬ 
ment with odgonia. B, portion of a filament with androsporangia. (X 326.) 

swollen at the base. The cells are broader at their upper ends, and the 

transverse striation of the wall, characteristic of the family, is usually found 

only on the terminal cell of a branch. Mature thalli of Bulbochaete are 

usually sessile and with the basal cell having a holdfast at its lower end. 

Cell division is usually restricted to the basal cell, and each division inter- 

* Tiffany and Transeau, 1927. ‘Tiffany, 1924il. ‘Tiffany, 1937. 
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calates a new cell between the basal cell and the one above (see page 202). 

The structure of the protoplast is similar to that of Oedogonium. 

Vegetative multiplication resulting from the accidental breaking of the 

filament is of much rarer occurrence than in Oedogonium, and one rarely 

finds free-floating mats of Bulbochaete. Asexual reproduction by means of 

zoospores is quite frequent and these are formed and liberated in the same 

manner as in Oedogonium. 

Sexual reproduction is obgamous (Fig. 129). A few species are macran- 

drous; the great majority are nannandrous and most of these have gynan- 

drous androsporangia. The oogonia are always solitary and subtended by 

two suffultory cells. 

Bulbochaefe is found in the same type of habitats that have been noted for Oedo¬ 
gonium. Fruiting filaments may become detached and free-floating, but the 
great majority are always affixed. Similar to Oedogoniiwi, sexual reproduction 
is found in greatest abundance during mid-s[)ring and late summer in the North 
Central states.* For descriptions and distribution of the 42 species found in this 
country, see Tiffany (1937). 

Fig. 130. Oedocladium Hazeiiii Lewis. A, gerinling with a rhizoidal branch. B, portion 
of a filament with empty androsi)orangia, immature dwarf males, and an unfertilized egg. 
C, portion of a filament with an oogonium containing a ripe zygote. (X 325.) 

3. Oedocladium Stahl, 1891. Thalli of this alga are freely branched, 

without setae, and with rhizoidal branches composed of much narrower and 

longer cells. Most of the species are terrestrial. These species have color¬ 

less rhizoidal branches penetrating the soil; the portion above ground is 

erect or prostrate and composed of relatively short cells with chloroplasts. 

♦Tiffany, 1928. 
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Aquatic species also have rhizoidal branches, but these contain chloroplasts 

(Fig. 130A). Cell division in branches is more often terminal than inter¬ 

calary, hence apical caps are found chiefly upon conically pointed cells at 

the tips of branches. The cells are uninucleate and with the reticulate 

chlcroplast typical of the family. 

Asexual reproduction is by means of zoospores with an anterior whorl of 

flagella, but a zoospore does not form a holdfast when it germinates. The 

one-celled germling formed by a germinating zoospore may develop a 

rhizoidal branch, or formation of rhizoidal branches may be delayed until 

the germling is several cells in length. Akinetes develop on rhizoidal 

branches only^ and may be solitary or in catenate series of three or four. 

They have fairly thin walls, a reddish protoplast, and develop directly into 

green filaments. 

Oedocladiurn is ii rare alga and in this country known chiefly from the south¬ 
eastern portion of the United States. It is usually found growing intermingled 
with mosses and liverworts on hanks of sandy loam. Certain species are aquatic. 
The following species have been found in the United States: 0. albermarlense Lewis, 
0. Hazenii Lewis ’*^0), 0. Lewisii Whitford, 0. medium Lewis, and 0. Wett- 
steinii Knapp, For a description of O. Lewisiiy see Whitford (1938); for descrip^ 
tions of the others, see Tiffany (1937). 

ORDER 7. CLADOPHORALES 

Genera belonging to this order have'^ultinucleate cylindrical cells united 

end to end in simple or branched filaments.'^ Each cell contains a reticulate 

chloroplast, with numerous pyrenoids^^or the chloroplast may be broken up 

into numerous disk-like fragments. 

Asexual reproduction is by quadriflagellate zoospores, aplanospores, and 

akinetes. 

Sexual reproduction is isogamous and by a union of biflagellate gametes. 

Genera with branching thalli usually have the branches free from one 

another. Genera with anastamosing branches never have them laterally 

united in pseudoparenchymatous thalli, such as are found among the Ulo- 

trichales. Thalli of Cladophorales are usually sessile and either attached 

to the substrate by rhizoidal outgrowths from elongate basal cells (HormiS’ 

cia^ Cladophora) or with multicellular rhizoidal systems developed from the 

lower part of the thallus. In some genera, there is little growth of thallus 

portions which become detached and free-floating; in other genera {Pitho- 

phora, Rhizoclonium), detached portions of the thallus may continue to 

grow indefinitely. 

Growth of the thallus may be restricted to the terminal portions of the 

branches {Cladophora^ Pithophora), or it may be intercalary {Rhizoclonium^ 

^ Stahl, 1891. 
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Chdetomorpha), Cell division is independent of nuclear division, and the 

annular furrow which divides the protoplast into two parts is usually 

formed midway between the ends of the cell. 
Cells of Cladophorales have thick stratified walls composed of three con¬ 

centric zonesr The outermost zone consists chiefly of chi tin, the middle 

zone is rich in pectic material, and the innermost zone is composed of cellu¬ 

lose. The absence of a sheath of pectic material external to the chitinous 

wall layer makes the cells of Cladophorales a particularly favorable sub¬ 

stratum for the growth of epiphytic algae, and one generally finds old fila¬ 

ments of members of the family densely clothed with diatoms and other 

epiphytic algae. There is a fairly thick layer of cytoplasm between the 

cell wall and the central vacuole. "^The chloroplast or chloroplasts lie to¬ 

ward the exterior of the cytoplasm."^ Usually there is a sheet-like reticulate 

chloroplast in which the intersections of the network are connected by 

strands of varying thickness.'^ In some cases, there is a pyrenoid at every 

intersection of the reticulum; in others the majority of intersections are 

without a pyrenoid. Sometimes complete obliteration of the strands con¬ 

necting the intersections of the reticulum results in a number of small dis¬ 

coid chloroplasts, the majority of which are without pyrenoids. '^Pyrenoids 

of the Cladophorales are usually surrounded by a conspicuous sheath of 

starch plates.'^ Old cells often have so much stroma starch that but little 

can be made out concerning the structure of the protoplast. 

" The nuclei lie internal to the chloroplast.'^ The average number of nuclei 

in a cell depends more upon the volume of the celP than upon the genus con¬ 

cerned, "^If the cell is small, there are but few nuclei, sometimes only two 

or three; if the cell is large, the number is correspondingly larger and some¬ 

times 50 or more. " Increase in the number of nuclei is by mitosis, and as a 

rule all nuclei in a cell divide simultaneously. 

Asexual reproduction by means of quadriflagellate zoospores occurs in 

most members of the family. Most genera have ovoid zoospores, but 

Urospora has spindle-shaped ones in whi<^h the posterior end is acutely 

pointed. Zoospore formation may take place in all cells of a filament but 

the holdfast (Chdetomorphaj Urospora) y or it may be restricted to cells 

toward the extremities of branches (Cladophora). There is usually an 

increase in number of nuclei just before progressive cleavage of the cell 

contents into angular uninucleate protoplasts that metamorphose into 

zoospores. Coincident with cytoplasmic cleavage there is a development 

of a small lens-shaped area near the apex (Cladophora) or the equatorial 

region (Chaetomorpha) of the lateral cell wall. Gelatinization and dis¬ 

solving of this area result in a small circular pore through which the zo¬ 

ospores escape. Akinete-like resting cells are occasionally formed by genera 

1 Brand, 1898; Carter, N., 1919C. 
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which regularly produce zoospores (Cladophora). Akinetes are of regular 
occurrence in Pithophora. 

Sexual reproduction is isogamous and by means of biflagellate gametes 
formed and liberated in the same manner as zoospores. Some species of 
Chaetomorpha* Cladophora^^ and Spongomorphd^ are heterothallic and have 
a union of gametes only when the two have been produced by different 
thalli. Certain heterothallic species have a disintegration of gametes 
which do not fuse to form a zygote; others have a parthenogenetic ger¬ 
mination of gametes that fail to fuse with another gamete. 

A zygote may germinate directly into a new plant without a period of 
rest. Among such Cladophoraceae, division of the zygote nucleus has been 
shown to be equational in Chaetomorpha aerea (Dillw.) Kiitz.* and in 
certain species of Cladophora} The diploid plant produced by a ger¬ 
minating zygote is asexual and forms zoospores only. The nuclear division 
immediately preceding zoospore formation is meiotic, except in the case of 
Cladophora glomerala (L.) Kiitz.,^ and the zoospores germinate to form a 
haploid gamete-producing generation identical in appearance with the 
diploid generation. In C. glomerata the zoospores develop into diploid 
thalli in which meiosis immediately precedes the formation of gametes. 
In Urospora^ and possibly in Spongomorpha, there is no multicellular 
diploid generation. 

There is but one family, the Cladophoraceae. 

Family 1. Cladophoraceae 

The fresh-water Cladophoraceae found in this country differ as follows: 

1. Filaments freely branched. 2 
1. Filaments with few branches. 3 

2. Without akinetes. 1. Cladophora 
2. Regularly with akinetes. 4. Pithophora 

3. Lateral branches confined to vicinity of holdfast. 3. Baslcladia 
3. Lateral branches short, rhizoid-like. 2. Rhizoclonlum 

1. Cladophora Kiitzing, 1843. The cells of Cladophora have a length 
5 to 20 times their breadth and are united end to end in freely branched 
filaments. The branching is usually lateral but often appears to be 
dichotomous because of the pushing aside (evectiony of the original axis 
of the branch. Branches originate as lateral outgrowths from the upper 
end of a cell and are usually formed only from cells near the end of a 
filament. The first cross wall formed in a branch is laid down close to the 
point of origin of the outgrowth. Thalli of Cladophora are usually sessile 
and attached to the substratum by fairly long rhizoidal branches, some of 

♦ Hartman, 1929. ^ FOyn, 1929, 1934. » Smith, G. M., 1946. 
* List, 1930. ^ Brand, 19014. 
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which arise adventitiously from cells near the base of the thallus. Certain 

of the rhizoidal branches develop short thick cells from which grow bushy 

short-celled branches.^ Many species of Cladophora are perennial, the 

thallus dying back to the prostrate rhizoidal system, whose cells are filled 

with food reserves. In the following growing season, certain of these 

irregularly shaped cellr give rise to new erect filaments. 

The cells have thick stratified walls consisting of an inner cellulose zone, 

a median pectic zone, and an outer chitinous zone.^ There is a fairly 

thick layer of cytoplasm next the wall and usually one large central vacuole, 

but sometimes there are several vacuoles in the central portion of the pro¬ 

toplast. The chloroplast may be a reticulate sheet completely encircling 

the protoplast, with pyrenoids here and there in the reticulum; or there may 

be numerous discoid chloroplasts most of which lie next the cell wall, but 

Fig. 131. Cladophora Kuetzingianum Grun. A, portion of a filament. B, portion of a 
cell. C, liberation of gametes. (A, X 30; J5, X 325; C, X 220.) 

a few of which may lie in cytoplasmic strands crossing the central vacuole 

(Fig. IdlB). Only certain of the discoid chloroplasts contain pyrenoids. 

The cells are always multinucleate and with the nuclei internal to the 

chloroplasts. The nuclei are relatively large and with a well-defined 

chromatin-linin network. Chromosomes formed during mitosis may all 

be of the same length or of different lengthg.^ There is no distinct spindle 

in the division of the nuclei, and the nuclear membrane persists until 

division is completed. Frequently, the nucleolus is also persistent and is 

divided into two equal parts during mitosis.** 

Asexual reproduction is by means of quadriflagellate zoospores which 

are usually formed in vigorously growing cells near the ends of filaments. 

Prior to zoospore formation, there is a period of active nuclear division.^ 

1 Brand, 1909A. * Wurdack, 1923. * Schussnig, 1930(7. 

< Carter, N., 1919C; Schussnig, 1923; T’Serclaes, 1922. 
* CZBMPTREK, 1930. 
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In certain species, these divisions have been shown to be meiotic,^ but 
there is no meiosis prior to zoospore formation in C. glomcrata (L.) Kiitz.^ 
After the completion of the nuclear divisions there is, by a process of 
vacuolization,*^ a progressive cleavage into uninucleate protoplasts. The 
zoospores escape singly through a small circular pore in the distal end of 
the cell wall. The germlings developed from zoospores soon divide into 
two branches, one of which becomes the erect portion of the thallus and 
the other the rhizoidal portion.Reproduction may also be effected by a 
difearticulation of the cells in the rhizoidal system and a development of 
these individual cells into new plants. Cells of the erect filaments may 
develop into akinete-like structures, but these often divide to form new 
cells without becoming detached from the filament in which they were 
formed.^ 

Sexual reproduction is by means of biflagellate gametes. These are 
formed and liberated (Fig. 131C) in much the same manner as the zoospores. 
Certain species are heterothallic and have a fusion of gametes only when 
the two come from different plants.® In some heterothallic species there is 
a disintegration of gametes that fail to unite with other gametes; other 
heterothallic species may have a parthenogenetic germination of the 
gametes to form thalli. 

Most species of Cladophora have an alternation of a -diploid asexual 
generation with a haploid sexual generation^ and one in which both gen¬ 
erations are identical in appearance. In C. glomcrata there is an alternation 
of sexual and asexual generations but both are diploid, and the reduction 
in number of chromosomes takes place just before the gametes are formed.^ 

This is one of the largest genera of algae and is of world-wide distribution in 

fresh, brackish, and salt water. There are few sharply defined characters sepa¬ 

rating the species one from another; and many of the species are quite variable 

in form at different seasons of the year and under different conditions of growth. 

Cladophora is often found in abundance on stones in slowly flowing streams, in 

lakes, and attached to the sifles of watering troughs. Collins* recognizes 13 species 

as occurring in the fresh-water flora of this country. The most remarkable of 

these species is C. profunda var. Nordtsedliana Brand, which was found at a depth 

of 150 ft. below the surface of Lake Ontario.® 

The origin and nature of ^‘lake balls^’ or ^^Cladophora balls” are problems which 

have always aroused the interest of phycologists. Cladophora balls are 2 to 10 cm. 

in diameter, spherical to subspherical in shape, and solid or hollow (Fig. 132). 

They are made up of Cladophora-Yike filaments which are irregularly branched and 

often with certain of the cells irregularly shaped and with thick walls.*® The older 

1 ScHUSSNiG, 1928^, 1930C. ^ List, 1930. * Czempyrek, 1930. 

* Brand, 1909A. ® Cholnoky, 1930. ® FOyn, 1929, 1934. 
’ScHUSSNiG, 1928^, 1930, 1930A, 1930B, 1930C. 

8 Collins, 1909, 1912, 1918. ® Kindle, 1915. *® Brand, 1902A, 1909A. 
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phycologists considered the algae in these balls a genus (Aegagropila Kiitzing, 

1849) distinct from Cladophora, In recent years, certain phycologists have con¬ 

tinued to recognize Aegagropila because of the lack of flagellated reproductive cells^ 

but this distinction has been invalidated by the discovery of biflagellated swarmers 

in Aegagropila? The species which form Cladophora balls generally grow un¬ 

attached and as a loose felty layer on the bottom of shallow lakes. The forma** on 

of balls is not due to the mode of growth of the alga but to an undulatory movement 

of the water at the bottom, set up by wave action at the surface.® A similar forma¬ 

tion of balls from waterlogged plant fibers, pine needles, and other filamentous 

bodies^ shows that the formation of Cladophora balls is a passive result of the action 

of under-water parts of waves. Cladophora balls are irregular in shape when first 

formed and with the filaments irregularly intertwined, (irowth of the filaments 

Fig. 132. Cladophora {Aegagropila) holsatica KUtz. A, Cladophora bull. H, portion of a 
filament. {A, natural size; li, X 160.) 

that have been rolled into a ball is largely radial. The continued abrasion of the 

plant mass, as it swishes back and forth across the sandy bottom, results in its 

assuming a globular form. As a ball continues to increase in size, there is often a 

death and decay of filaments at the center of the ball, and gases given off during 

photosynthesis may accumulate in this cavity and cause the balls to rise to the 

surface of the lake. Cladophora balls are common in certain lakes of Europe, but 

they seem to be of rare occurrence in this country. The only published record of 

their occurrence is from Massachusetts,* but Prof, L. A. Kenoyer writes that he 

has found them in Minnesota. 

2. Rhizoclonium Kiitzing, ^843. The cells of this alga have a length 
several times the breadth and are united end to end in filaments bearing 

1 Printz, 1927. * Nishimura and Kanno, 1927. * Acton, 1916A. 
* Ganong, 1906, 1909; Hayrbn, 1928; Kindle, 1934. * Collins, 1909. 
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one-celled or few-celled rhizoidal branches. Cell division is intercalary 
and may take place in any cell but the basal holdfast. The cells have a 
stratified wall similar to that of Cladophora. The chloroplast is parietal, 
reticulate, and with pyrenoids at certain intersections of the reticulum. 
Species with narrow filaments have a small number of nuclei in each cell; 
those with broad cells have many nuclei per cell. The nuclei are relatively 
large and divide in a manner similar to those of Cladophora.'^ 

Reproduction is chiefly by an accidental breaking of filaments, and 
severed portions of a filament may continue growth indefinitely. Bi- 
flagellate zoospores, which escape through a pore in the side wall, have been 
recorded but are of rare occurrence among fresh-water species of the genus. 
Akinetes may also be formed, but these do not differ much from irregularly 
shaped vegetative cells with somewhat thickened walls.^ 

Fio. 133. Rhizoclonium hieroglyphicum (Ag.) Ktitz. A, portion of a filament. B, portion 

of a cell. (A, X 125; B, X 650.) 

Fresh-water species of Rhizoclonium are generally found in quiet waters. Fre¬ 

quently the cells are so densely packed with starch that the structure of the proto¬ 

plast is obscured. The following five species have been found in fresh water in this 

country: R. crassipellitum W. and G. S. West, R. crispum Kiitz., R. fontanum 

Kiitz., R, hieroglyphicum (Ag.) Kiitz. (Fig. 133), and R. Hookeri Kiitz. For 

descriptions of them, see Collins (1909). 

3. Basicladia Hoffmann and Tilden, 1930. One feature distinguishing 
this alga from others of the family is that it has been found growing only 
on the backs of fresh-water turtles. The thallus is attached to the turtle’s 
carapace by rhizoidal outgrowths at the lower end of an elongate basal cell, 
or by means of a coralloid system of prostrate branches composed of 
subrectangular cells. The erect filaments are composed of cells that become 
progressively shorter and broader to\vard the apex of a filament. Basal 
cells of erect filaments generally bear one or more delicate lateral branches 
in which the first cross wall is some distance from the insertion of the 

* Cabteb, N., 1919C; Petbbschilka, 1924. 
» Bband, 1898. 
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branch. In very rare caseis, lateral branches may arise from cells some 

distance above the basal cell.^ The cells are multiniicleate.^ 

Biflagellate swarmers (zoospores ?) are formed by progressive cleavage 

and may be formed in any cell but the basal one.-^ They escape through 

a small pore in the lateral wall.^ There may also be a formation of aplano- 

spores.^ 

Two species, B. Chelonum (Collins) Hoffmann and Tilden (Fig. 134) and B. crassa 

Hoffmann and Tilden, have been reported from several states cast of the Rocky 

Mountains. A third species, B. sinensis (Gardner) comb. nov. {Chaetornorpha 

sinensis Gardner), has been found in an aquarium in California on the back of a 

turtle brought from China.® It is very probable that this species is not native to 

the United States. For descriptions of B. Chelonwn and B. crassa^ see Hoffmann 

and Tilden (1930); for a description of B. sinensis, see Gardner (1937). 

Fig. 134. Baaicladia Chelonum (Collins) Hoffmann and Tilden. A-B, basal portion of fila¬ 
ments. C, upper portion of a filament. (X 160.) 

4. Pithophora Wittrock, 1877. Pithophora has the general appearance of 

a Cladophora but is easily recognized by the large terminal and intercalary 

akinetes densely packed with reserve foods. The filaments are freely 

branched and with the branches originating a short distance below the 

distal end of the cell producing them. The branches are mostly solitary, 

but sometimes they are in opposite pairs. In some species, there are 

rhizoid-like processes at the tips of certain branches or at the base of a 

filament.® The cells are cylindrical, and those at the ends of branches are 

longer than others of a thallus. The walls are fairly thick but without 

theJamellation so often evident in Cladophora. The protoplast is multinu- 

cleate, and the chloroplast is a reticulate parietal sheet in which the inter¬ 

sections of the reticulum are large, each usually with a pyrenoid. 

The only method of reproduction, aside from an accidental breaking of 

filaments, is by means of akinetes. In the formation of an akinete, most 

» Hoffmann and Tilden, 1930. * Leake, 1939. » Thompson, 1938. 
* Leake, 1946. » Gardner, 1937. « Wittrock, 1877. 



DIVISION CHLOROPHYTA 219 

of the cell contents moves to the upper end of a cell, and this is followed by 

a transverse division that divides the cell into a short akinete and a con¬ 

siderably longer vegetative cell. Liberation of akinetes is by a circumcissal 

break of the upper part of the wall of the cell beneath it.^ When an akinete 

germinates, there is a transverse division into two daughter cells, one of 

which develops into a rhizoid and the other into a branched filament.^ 

Pithophoray although mucii less frequently encountered than Cladophora or 

Rhizocloniurriy is widely distributed in the United States. The following species 

have been found in this country: P. Cleveana Wittr., P. kewensis Wittr., P. Mooreana 

B 

Fig. 135. Pithophora Oedogonia (Mont.) Wittr. A, upper portion of a filament. B, vege¬ 

tative cell and an akinete. (A, X 20; B, X 215.) 

Collins, P. Oedogonia (Mont.) Wittr. (Fig. 135), P. Roettleri (Roth) Wittr., and 

P, varia Wille. For a description of P. kewensis, see Wiitrock, (1877); for descrip¬ 

tions of the others, see Collins (1909, 1912). 

ORDER 8. CHLOROCOCCALES 

The Chlorococcales have cells which may be sditary or united in non- 

filamentous colonies of definite size and shape. The cells may be uni¬ 

nucleate or multinucleate, but in neither case do they divide vegetatiyely.'^ 

Asexual reproduction is by a formation of zoospores or autospores. 

Sexual reproduction is usually isogamous, but it may be anisogamous or 

oogamous. 

The third of the evolutionary tendencies from the motile unicellular 

condition (see page 8) has resulted in the Chlorococcales. In this 

1 Ramanathan, 1939. * Ernst, 1908; Wittrock, 1877. 
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evolutionary series, there has been an obliteration of cell division except 
for the formation of zoospores, gametes, or other reproductive bodies. 
However, the plant body may be more complex than a unicell, since 
colonies may result either from a fusion of gelatinous envelopes around 
cells, or from coherence of all zoospores or autospores produced by a single 
cell. Disappearance of cell division in this phylogenetic line has not al¬ 
ways been accompanied by a disappearance of nuclear divisions, and there 
are multinucleate members of the order with a definite or an indefinite 
number of nuclei. 

The diversity of forms among Ulotrichales is due in large part to the 
fact that their thalli are multicellular. One might expect that lack of cell 
division in the Chlorococcales would result in an evolutionary series with 
the various genera more or less alike. Such is not the case, because there 
are cells of almost every conceivable shape among the Chlorococcales. 
The genera with spherical cells are probably the simplest members of the 
order. There are a number of genera with elongate cells, in which the shape 
is reniform, vermiform, or acicular. Other Chlorococcales have angular 
cells that are bilaterally or radially symmetrical. This multiplicity of 
cell types and the organization of many of these cell types into nonfila- 
mentous colonies result in an order in which there are many genera. 

Most Chlorococcales with uninucleate cells have a typical chlamydo- 
monad chloroplast with one pyrenoid.*^ Others have parietal chloroplasts; 
either a single longitudinal band next to one side of a cell {Scenedesmus) ^ 

or two more transverse bands partially girdling the protoplast {Oocystis), 

or numerous discoid parietal chloroplasts (Eremosphaera) / Most genera 
with parietal chloroplasts have but one pyrenoid per chloroplast, but 

v^certain of them, as Hjj^odictyon, have a chloroplast with many pyrenoids.'^ 
Except when densely packed with starch or other reserve foods,'^'the cKloro- 
plasts are usually well defined at all stages in cell development^ "^Coeno- 
cytic Chlorococcales may have a limited number of nuclei that is always a 
multiple of two because of simultaneous divisions {Characium^ Pediastrum); 
or they may have a large indefinite number of nuclei {Hydrodiciym)'/ 

Genera with a limited number of nuclei may have a sudden increase in the 
number just before reproduction {TeiraHron^ Pediastrum), or the number 
may gradually increase as a cell grows in size (Characium). 

Some Chlorococcales reproduce by means of zoospores. These may be 
formed by a repeated bipartition, by a simultaneous cleavage, or by a pro¬ 
gressive cleavage of the protoplast. Zoospores are usually biflagellate. 
They may be liberated by a breaking of the parent-cell wall or through a 
pore in the wall. When discharged in a mass, the zoospores are frequently 
surrounded by a vesicle that may soon disappear or, as in Pediastrum, may 
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persist throughout the entire swarming period of the zoospores. In the 
latter case, the zoospores become organized into an autocolony at the end 
of the swarming period. 

Many Chlorococcales never form zoospores. These algae reproduce by 
means of autospores (aplanospores with a shape similar to that of the 
vegetative cell). Autospores of certain genera become separated from 
one another when liberated by rupture or gelatinization of the parent-cell 
wall (Tetra'edron^ Chodatella), Some genera do not have an escape of auto¬ 
spores from the gelatinous matrix resulting from gelatinization of the 
parent-cell wall {Kirchneriella, Quadrigula) and thus have the cells united 
into gelatinous colonies. Other genera have an escape of autospores from 
the parent-cell wall but no separation of autospores one from another. 
The autocolonies formed in this manner always have the cells arranged in 
a specific manner (ScenedesmuSy Crucigenia). 

The phylogenetic connection between zoospores and autospores is shown 
by genera with both types of spore. The autospores of these genera may 
be so much like zoospores that they have contractile vacuoles and an eye- 
spot (Mar^/ieo),^ or they may have contractile vacuoles and lack an eyespot 
(Desmatractum). However, none of the genera reproducing solely by means 
of autospores has them with contractile vacuoles or eyespots. In a few 
cases, as in Pediasirurriy the entire protoplast of a cell develops into a single 
aplanospore. 

Some zoosporic members of the order also produce flagellated gametes. 
Gametic union among them is usually isogamous, but it may be anisog- 
amous. Members of the order which do not produce zoospores may re¬ 
produce sexually, and all cases thus far discovered among them are oogam- 
ous. Germination of the zygote has been noted in only a few genera of the 
order. In the Hydrodictyaceae a germinating zygote produces zoospores 
each of which becomes an angular cell that enlarges greatly and then forms 
zoospores which unite to form a colony. In Chlorochytrium the zygote 
enlarges to form a large vegetative cell that produces gametes. Cyto- 
logical studies show^ that this cell has a diploid nucleus, and that meiosis 
takes place just before formation of gametes. It must not be inferred 
that this is true for all Chlorococcales in which the zygote enlarges into a 
vegetative cell because the available evidence indicates that Protosiphon 

has haploid nuclei. 
The families described on succeeding pages show something of the re¬ 

lationships between the various genera of the order. The Hydrodictyaceae 
and Scenedesmaceae are very natural families. Others of the families, 

* Pascher, 1918A. 
* Kubssanow and Schemakhanova, 1927. 
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as the Oocystaceae and Chlorococcaceae, are more or less artificial and 
include genera that have but little in common aside from the method of 
reproduction. 

" Family 1. Chlorococcaceae 

The Chlorococcaceae are unicellular zoosporic Chlorococcalcs in which 
the cells are solitary but sometimes gregarious and apposed to form an 
extended stratum. 

The cell shape varies from genus to genus and is spherical, siibspherical, 
or fusiform. The cell wall may be smooth and evenly or unevenly thick¬ 
ened, or it may be variously ornamented. Protoplasts may be uninu¬ 
cleate or multinucleate, and with a cup-shaped parietal chloroplast or with 
a stellate axial chloroplast. Cup-shaped chloroplasts of young cells are 
massive and with one pyrenoid; those of old cells may contain several 
pyrenoids and may tend to fragment into smaller portions. Genera with 
a stellate chloroplast rarely have more than one pyrenoid within it. 

Cells of Chlorococcaceae may grow to many times their original size, 
but they never divide vegetativcly. All genera in the family reproduce 
by means of zoospores. Some genera (Chlorococcum, Trchouxia) usually 
have the protoplast dividing into a large number of zoospores; other genera 
rarely form more than four or eight zoospores (Desmatractum), Liberation 
of zoospores is generally through a pore at one side of the parent-cell wall, 
and they may escape singly or all be discharged simultaneously within a 
vesicle. Most of the genera also reproduce by means of autospores. In 
some cases, these autospores (aplanospores) are obviously zoospores that 
have failed to escape from the parent-cell wall; in other cases, they cannot 
be interpreted as arrested zoospores. 

All cases of sexuality thus far noted in the family are an isogamous union 
of biflagellate gametes. Gametes failing to unite to form a zygote may or 
may not germinate parthenogenetically. 

The Chlorococcaceae found in this country differ as follows: 

1. Free-living. 2 
1. Endozoic in eggs of salamanders. 5. Odphila 

2. Cells spherical to subspherical. 3 

2. Cells spindle-shaped, longitudinally costate. 4, Desmatractum 
3. Chloroplast parietal in young cells. 1. Chlorococcum 

3. Chloroplast central, more or less stellate. 4 

4. Cell wall of uniform thickness. 2. Trebouxia 
4. Cell wall irregularly thickened. 3. Myrmecia 

1. Chlorococcum Fries, 1820 {Cystococcas Nageli, 1849). The cells of 
this unicellular alga may be solitary, or they may be gregarious and in 
pulverent masses or embedded in a gelatinous matrix. One of the features 
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distinguishing this genus from other unicellular green algae is the striking 

variation in size between various cells when the alga grows in an expanded 

stratum. Young cells are thin-walled and spherical or somewhat com¬ 

pressed. Old cells have thick walls that are often irregular in outline 

because of local button-like thickenings. The thickened portions of a wall 

are often distinctly stratified. Chloroplasts of young cells are parietal 

massive cups, completely filling the cell except for a small hyaline region 

at one side. They contain one pyrenoid. As a cell increases in size, the 

chloroplast usually becomes diffuse and contains several pyrenoids. The 

cells are uninucleate until shortly before reproduction.^ 

Reproduction by means of zoospores may take place at almost any stage 

in enlargement of a cell.^ Small cells usually form 8 or 16 zoospores; large 

Fig. 136. Chlorococcum humicola (Nag.) Rab. A-C, vegetative cells. D-E, fertile cells 
with zoospores. F, zoospores. (X 800.) 

cells produce many of them. The formation of zoospores has been de¬ 

scribed as by successive bipartition of the protoplast,'^ and as by a pro¬ 

gressive cleavage.^ The zoospores are biflagellate (Fig. 136D) and are 

liberated through an aperture in the parent-cell wall. Instead of develop¬ 

ing into zoospores, the divided contents of old cells may develop into 

autospores (aplanospores), that usually remain within the old parent-cell 

wall until it gelatinizes to form a palmella stage. Cells of the palmella 

stage divide to form two or four naked daughter cells that become flagel¬ 

lated and fuse in pairs. 

Sexual reproduction may also be due to gametes formed by division of 

protoplasts of ordinary vegetative cells. These gametes are formed in the 

same manner as zoospores. 

1 Bold, 1931; Bristol-Roach, 1918. * Artari, 1892; Bristol-Roach, 1918. 

* Bristol-Roach, 1918. ^ Bold, 1931. 
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Chlorococcum is a subaerial alga that sometimes occurs in abundance on damp 
soil or on brickwork. It is also one of the algae frequently isolated from soil 
samples collected below the surface of the soil. Certain species are aquatic. The 
two species found in this country are C. humicola (Nag.) Rab. (Fig. 136) and C, 
infusionum (Schrank)Menegh. For descriptions of them, see Collins (1929). 

2. Trebouxia de Fuymaly, 1924. This alga is usually found only in 

thalli of lichens. It is not the only unicellular green alga in lichens,^ 

but it is the one most often encountered. The cell shape varies from 

spherical to ovoid or pyriform. The cell walls are always thin and never 

with the irregular thickenings found in Chlorococcum. Trebouxia differs 

from most genera of the family in having a massive axial chloroplast that 

extends nearly to the cell wall. 

The outline of a chloroplast is some¬ 

what irregular and lobed. There 

is a single pyrenoid at the center 

of a chloroplast, and the celFs nu¬ 

cleus lies at one side of the chloro¬ 

plast and next to the cell wall. 

Reproduction by means of zoo¬ 

spores has been repeatedly observed 

when the alga is cultivated in a 

liquid medium,2 and it is very 

probable that zoospores are formed 

under natural conditions during 

rainy periods. Zoospores are sub- 

spherical to subellipsoidal, biflagel- 

late, and with a chloroplast at the 

posterior end. Their liberation is 

through an opening at one side 

of the parent-cell wall, and they escape singly or are extruded in a mass.® 

Trebouxia also form 8 to 200 or more autospores per cell, and they may be 

liberated soon after their formation or retained within the parent-cell wall 

until they have grown to a size equal to that of adult vegetative cells. 

Sexual reproduction is by a fusion of biflagellate pyriform gametes of 
equal or unequal size.® 

Trebouxia lias been fouml in many of the commoner lichens, notably Xanthoriay 
Cladoniay Parmeliay and Usnea. Pure culture studies of Trebouxia by Chodat and 
his students have shown tliat strains isolated from different genera and species of 

1 Chodat, R., 1913. 

* Chodat, R., 1913; Famintzin and Boranetzky, 1867; Famintzin, 1914; Jaag 

1929. 

» Jaao, 1929. 

Fig. 137. Trebouxia Cladoniae (Chod.) G. M. 
Smith, from the thallus of a species of Parmelia. 
A-C, vegetative cells. JO, a coll containing 
autospores. (X 1950.) 
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lichens may show constant differences in size and shape. Strains that appear to be 
morphologically identical may be physiologically different. The species of 2Ve- 
houxia found in a majority of lichens cannot be distinguished morphologically from 
T, Cladoniae (Chod.) G. M. Smith (Fig. 137). Several lichens collected in this coun¬ 
try have been found to contain a Trehouxia agreeing morphologically with T. Clad- 

oniae. For a description of it as Cystococcm (7/adonfacChod.,seeR.Chodat (1913). 

3. M3mnecia Prinz, 1921; emend., G. M. 

Smith, 1933. The cells of this genus are 

solitary. Young cells are globose-pyriform; 

old cells are subpyriform and with the 

narrow pole broadly truncate. The cell wall 

is without stratification. Young cells have 

a mamillate thickening at one side of the 

wall; old cells have this thickened portion 

laterally expanded. The chloroplast is mas¬ 

sive, axial, and with a more or less conspic¬ 

uous indentation opposite the thickened por¬ 

tion of the wall. There is no pyrenoid, 

but there are numerous minute starch granules 

clustered about the centrally located nucleus. 

Reproduction is by successive bipartition of the protoplast into a number 

of zoospores that are liberated by a lateral rupture of the parent-cell wall. 

The entire protoplast may round up to form a single aplanospore (Fig. 

138D). 

The only species thus far found in this country is M. aquatica G. M. Smith, 
(Fig. 138), known only from a single station in California.^ For a description of it 

see G. M. Smith (1933). 

4. Desmatractum W. and G. S. West, 1902; emend., Pascher, 1930. 

The cells of Desmatractum are spherical and surrounded by a broad spindle- 

shaped brownish envelope. The envelope consists of two longitudinally 

costate halves firmly united with each other in the equatorial region of the 

spindle. The cell wall is hyaline and thin, and the protoplast within it has 

St single cup-shaped chloroplast containing one or two pyrenoids.^ 

Reproduction may be by a division of the protoplast to form two or four 

biflagellate zoospores with a cup-shaped chloroplast and an eyespot.® The 

zoospores are liberated by a transverse rupture of the envelope in the 

equatorial zone where the two halves are united with each other. Zoospores 

that are not liberated from a parent-cell wall may become aplanospores. 

* Smith, G. M., 1933. 
* Geitleb, 1924C; Kobshikov, 1928; Pascheb, 1930^1. 

•Pascheb, 1930^1. 

Fig. 138. Myrmecia aquatica G. 
M. Smith. A-D, vegetative cells. 
E, a cell containing an aplano¬ 
spore. F, empty cell wall after 
the escape of the zoospores. (X 
975.) 
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These develop the characteristic spindle-shaped envelope before liberation 

by a gelatinization of wall and envelope of the parent cell.^ 

Deamatractum is usually found in acid waters and in the gelatinous coating on sub¬ 
merged phanerogams or on other algae. />. hipyramidatum (Chod.) Pascher (Fig. 
139) and D. idutum (Geitler) Pascher have been found in this country. For de¬ 

scriptions of them, see Pascher (1930A). 

Fig. 139. Deamatractum hipyramidatum (Chod.) Pascher. (After Korahikov, 1928.) 
(X 1000.) 

5. Oophila Lambert ex Printz, 1927. The spherical to ellipsoidal cells 

of this alga are endozoic and grow within the envelopes surrounding eggs 

of the salamander {Amhlystoma). 

Walls of young cells are thin and 

of uniform thickness; those of older 

cells are much thicker and with a 

few pits on the inner face. At first 

the chloroplast is irregularly lobed 

and axial; later it appears as if par¬ 

ietal and broken into four or five 

massive fragments. Pyrenoids are 

lacking, but there are numerous 

small starch granules in both the 

chloroplast and the cytoplasm. 

Bi- and quadriflagellate swarmers 

have been found in association with this alga.^ Presumably the former 

are gametes and the latter are zoozygotes. 

The single species, 0. Amblystomatis Lambert (Fig. 140), has been found in Con¬ 
necticut, New York, North Carolina, Virginia, Illinois, and California. The alga is 
usually present in sufficient abundance to color old egg masses a grass-green. The 
mode of entrance of the alga into an egg is unknown, but it has been established^ 

1 Korshikov, 1928. * Gilbert, 1942. ^ Gilbert, 1944. 

Fig. 140. Oophila Amblysiomaiia Lambert. 
A~C, juvenile cells. D~E, mature cells. 
(X 975.) 
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that the relationship between the two is symbiotic. For a description of 0. Ambly- 
stomatisj see Gilbert (1942). 

Family 2. Endosphaeraceae 

The Endosphaeraceae differ from the Chlorococcaceae in having larger, 

more irregularly shaped cells. Much of the irregularity of the cell outline 

is due to a development of localized thickenings on the cell wall. Most 

genera belonging to this family are endophytic within tissues of musci, 

angiosperms, or marine algae. Some of these endophytes are space par¬ 

asites; others, as Rhodochylrium are true parasites and have rhizoidal 

processes that penetrate deep into the host. The Endosphaeraceae have 

no vegetative cell division, but the cells may become multinucleate as they 

increase in size. The chloroplasts of mature cells are usually axial and 

with numerous radial projections to the cell wall. These chloroplasts 

usually contain several pyrenoids. In one genus (Rhodochytrium), the 

cells are without chloroplasts, and reserve starch accumulating within a 

cell is obviously the result of a parasitic mode of nutrition. 

Reproduction is by formation of many biflagellatc or uniflagellate (?) 

swarmers. These may be formed by a simultaneous division, or by re¬ 

peated bipartition of the protoplast. In some cases, there is always a 

fusion of swarmers to form a zygote^; in other cases, there is never a fusion^; 

in still other cases, there may or may not be a fusion to form a zygote.® 

Although our knowledge of these algae is still too fragmentary to warrant 

a definite statement, it is not impossible that all swarmers are gametic in 

nature. If this is true, the cases where swarmers germinate directly into 

vegetative cells must be interpreted as parthenogenesis rather than as 

asexual reproduction by means of zoospores. There is also the possibility 

that all these algae are similar to Chlorochylrium Lemnae Cohn and have 

diploid cells. 

The genera found in this country differ as follows: 

1. Free-living. 2. Kentrosphaera 
1. Endophytic in tissues of other plants. 2 

2. Protoplasts green . 3 
2. Protoplasts orange colored. 3. Rhodochytrium 

3. Cells globose. 1. Chlorochytrium 
3. Cells with tubular processes. 4. Phyllobium 

1. Chlorochytrium Cohn, 1872. Fresh-water numbers of this genus are 

endophytic and grow within tissues of mosses and phanerogams. Marine 

species are endophytic within thalli of various red and brown algae. Cells 

of Chlorochytrium are irregularly globose or ellipsoidal. Cell walls of 

1 Gardner, 1917; Klbbs, 1881. * Bristol-Roach, 1917; Reichardt, 1927. 
* Griggs, 1912; Klbbs, 1881. 
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mature cells may be thick and stratified, or thin and homogeneous. Either 
type of wall may have localized lamellated thickenings. Chloroplasts 
of very young cells are parietal and cup-shaped,^ but as a cell increases in 
size, the chloroplast becomes radially vacuolate and fills the entire lumen 
of a cell. Mature cells have chloroplasts with numerous radial projections 
that extend to the cell wall. Young cells of C. Lemnae Cohn are uninu¬ 
cleate,^ and as the cell increases in size the nucleus increases in volume but 
does not divide. The division of this nucleus is meiotic.^ There is a 
division of the protoplast after the first nuclear division, and further bi- 
partitions of the cytoplasm follow each nuclear division until 256 uninu¬ 
cleate protoplasts are formed. These are then metamorphosed into bi- 
fiagellate gametes that escape from the old parent-cell wall.® The gametes 
fuse in pairs to form quadnflagellate zygotes that swarm for a short time 
and then settle down upon the host and secrete a thin wall. After this the 
zygote grows into the large green cell that constitutes the vegetative phase 

Fig. 141. Chlorochytrium biennis (Klebs) G. S. West. From dead leaves of Avena. (X 400.) 

of the life cycle. Enlargement begins with formation of a tubular pro- 
trusion,^ from the side next to the host, that grows between the host cells. 
The protoplast of the zygote eventually comes to lie wholly within the 
protrusion, and the original lumen of the zygote becomes filled with wall 
material. 

Old cells of Chlorochytrium frequently enter upon an akinete-like con¬ 
dition in which the structure of the protoplast within the thickened wall 
is obscured by densely packed starch grains. 

The three species found in this country are C. Lemnae Cohn (including C. Arch- 
erianum Hieron. and C. Knyanum Cohn and Szymanski), C. biennis (Klebs) 
G. S. West (Fig. 141), and C. paradoxum (Klebs) G. S. West. For descriptions 
of C, Lemnae, C. biennis (under Endosphaera biennis Klebs), and C. paradoxum 
(under Scotinosphaera paradoxa Klebs), see Brunnthaler (1915). 

^ Cohn, 1872. * Kurssanow and Schemakahnova, 1927. 
* Cohn, 1872; Klebs, 1881; Kurssanow and Schemakahnova, 1927. 
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2. Kentrosphaera* Borzi, 1883. Members of this genusare distinguished 

from Chlorochytrium by their free-living habit. Species of Kentrosphaera 

are usually found growing on damp soil, but they may be aquatic and inter ¬ 

mingled with, or in the gelatinous envelopes of, other algae. The general 

appearance of the cells is much the same as in Chlorochytrium^ and the walls 

often have irregular thickenings in certain portions. The chloroplast is 

axial and with numerous palisade-like processes at the periphery. The 

cells may be uninucleate during the period of enlargement and then become 

multinucleate by simultaneous mitoses just before reproduction,^ or the 

number of nuclei may gradually increase during enlargement of a cell.^ 

Reproduction is by division of the protoplast into a large number of 

zoospores that escape through a pore in one side of the parent-cell wall.* 

Fig. 142. Kentrosphaera Bristolac G. M. Smith. {From Bristol-Roach, 1020A.) (X 826.) 

These come to rest after swarming, secrete a wall, and enlarge directly into 

vegetative cells. There may also be a division of the protoplast into 

numerous spherical aplanospores that develop directly into vegetative cells 

after they are set free by dissolution of the parent-cell wall.^ Swarming 

reproductive cells of Kentrosphaera have never been found fusing with each 

other. 

The free-living habit and the lack of sexual reproduction seem to be a justification 
for separating Kentrosphaera from Chlorochytrium. However, there are those^ who 
place all species of Kentrosphaera in Chlorochytrium. K. Bristolae G. M. Smith 

* Most British and American phycologists change Borzi^s spelling to Centrosphaera. 
1 Bristol-Roach, 1917. * Reichabdt, 1927. 

* Borzi, 1883; Bristol-Roach, 1917; Reichardt, 1927. 
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(Fig. 142) has been found in Missouri^ and K. facciolae Borzi has been found in 

Massachusetts.* For a description of K. Bristolae, see G. M. Smith (1933); for 

K. facciolacj see Collins (1909). 

3. Rhodochytrimn liagerheim, 1893. This parasitic unicellular alga has 

been found upon a wide variety of hosts,^ but in the United States it is 

most frequently found upon Ambrosia artemisiijolia L. The parasite 

attacks all aerial parts of the host but is most abundant in tissues adjoining 

vascular bundles. Mature cells have a flask-shaped body with a some¬ 

what twisted neck and the basal portion bearing numerous branched 

rhizoids that tend to parallel vascular bundles of the host. The proto¬ 

plast of Rhodochytrium is a bright red color throughout all stages of a 

cell's development and is more or less densely packed with starch. The 

cells are uninucleate throughout the entire vegetative phase of the life 

cycle.^ 

Reproduction is by a formation of biflagellate gametes.'* These result 

from a repeated series of nuclear divisions followed by a cleavage of the 

multinucleate protoplast into uninucleate protoplasts. Gametes are liber¬ 

ated by gelatinization of the neck-like portion of the cell facing the surface 

of the host.^ Gametes may unite to form a zygote that develops directly 

into a vegetative cell, or they may develop parthenogenetically into vege¬ 

tative cells. The first division of nucleus in a vegetative cell may be 

meiotic. 

The seasonal life cycle of Rhodochytrium in the southern part of the 

1 Moore and Carter, 1926. * Collins, 1909. ^ Palm, 1924. 

^ Atkinson, 1908; Griggs, 1912; Lagbrheim, 1893. * Lagerheim, 1893. 
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United States involves several successive generations before the first of 

July. After this date, there is but little reproduction, and mature vege¬ 

tative cells develop into akinetes that do not germinate until the following 

spring.^ Development of akinetes begins with a formation of septa cutting 

off the rhizoids from the globular portion of a cell. Later on, the protoplast 

in the globular portion becomes surrounded by two additional layers of 

wall material (Fig. 143). 

R. spilanthidis Lagerli. (Fig. 143) has been found in most of the Southeastern 

states and in Kansas. It is usually found on Ambrosia artemisiifolia L. in the 

Southeast but has also been found on Solidago. The Kansas specimens were 

parasitic upon Asdepias pumila (Gray) Vail. For a description of R. spilanthidiSj 

see Griggs (1912). 

Fig. 144. Phyllohium sphagnicola G. S. West. A, edge of a Sphagnum leaf with empty 
vegetative cells and akinetes of P. sphagnicola. B, portion of a thallus isolated from a leaf 
of Sphagnum. (X 250.) 

4. Phyllohium Klebs, 1881. Phyllohium is an endophyte whose simple 

or irregularly branched tubular cells have globosely inflated tips. Fre¬ 

quently one finds that all the protoplasm has migrated into the inflated 

cell tips and become resting cells surrounded by thick lamellated walls 

(Fig. 144).2 The protoplasts contain a large number of radiately arranged 

spindle-shaped chloroplasts. 

Reproduction is by formation of biflagellate gametes. Gametic union 

is anisogamous, and when two gametes unite flagella of male gametes dis¬ 

appear while those of the female gamete persist.^ The biflagellate zygote 

swarms for a short time and then comes to rest, loses its flagella, and 

develops into a tubular vegetative cell. 

P. sphagnicola G. S. West (Fig. 144), which grows within leaves of Sphagnum, 
has been reported from Indiana.** For a description of it, see G. S. West, 1908. 

* Griggs, 1912. * Klebs, 1881; West, G. S., 1908. ® Klebs, 1881. 
< Smith, B. H., 1932. 



232 THE FRESH-WATER ALGAE OF THE UNITED STATES 

Family 3. Micractiniaceae 

Members of this family have spherical cells bearing one to several long 

setae with a length several times the diameter of the cell. The cells may 

be solitary or united in colonies (coenobia) with a definite number of cells. 

Each cell contains a cup-shaped chloroplast with a single pyrenoid. 

Asexual reproduction may be by zoospores or autospores. Coenobia 

result from a failure of autospores formed by a single cell to separate from 

one another, and it is not unusual to find successive generations united 

in compound coenobia. 

Sexual reproduction, so far as found in members of the family, is oogam- 

ous. The oogamy is unusual for Chlorophyceae in that the egg may be 

extruded from the parent-cell wall before fertilization. 

The genera found in the United States differ as follows: 

1. Cells solitary. 

1. Cells united in colonies. 

2. Setae thickened at base. 
2. Setae not thickened at base 

3. Cells with a single seta. 

3. Cells with more than one seta. 

. 2 

. 3 
2. Acanthosphaera 
.... 1. Golenkinia 
. 4. Errerella 
. 3, Micractinlum 

Fig. 145. A-B, Golenkinia raduUaQhod. C-D, (?. pajtcwpina W. and G. S. West. (X 666.) 

1. Golenkinia Chodat, 1894. The cells of this free-floating alga are 

usually solitary, though sometimes in temporary pseudocolonies resulting 

from an entangling of the setae. The cells are always spherical and with 

a thin wall bearing several long delicate setae that are not thickened in the 

portion next to the cell wall. Sometimes there is a hyaline gelatinous 

sheath outside the cell wall, but most cells lack such a sheath. The 

sheaths and setae are generally colorless, but they may be brownish because 

of an impregnation with iron compounds.' The chloroplast is single, 

parietal, cup-shaped, and filling the major portion of a protoplast. There 

is usually one pyrenoid within a chloroplast.^ 

1 SuBssENouTH, 1926. * Chodat, R., 1894B; Smith, G. M., 1920. 
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Asexual reproduction is usually by a formation of two, four, or eight 

autospores that are liberated by a fragmentation or by a gelatinization of 

the parent-cell wall. The reproduction by means of quadriflagellate zoo¬ 

spores described for this alga^ has been questioned by most phycologists, 

but the demonstration of zoospores in the closely related Acanthosphaera 

indicates that the reported occurrence of them in Golenkinia is not in¬ 

correct. 

Sexual reproduction is oogamous.^ Eight or sixteen biflagellate an- 

therozoids may be formed within a cell and, according to the species, they 

are naked or with a wall when liberated by fragmentation of the parent-cell 

wall. A female cell contains a single egg, a portion of which protrudes 

through a pore in the wall. An antherozoid swims to and fuses with the 

protruding portion of an egg. Shortly after this, the naked zygote moves 

out through the pore but remains attached to the old parent-cell wall. 

Here it secretes a thick wall with numerous verrucae or minute spines. 

Germination of the zygote has not been observed. 

Golenkinia is a strictly planktonic genus which is of more frequent occurrence in 

the plankton of small shallow lakes and ponds than in that of larger lakes. The 

three species found in this country are G. maxima Tiffany and Ahlstrom, (?. 

paudspina W. and G. S. West (Fig. 145C-Z)), and G. radiata Chodat (Fig. 145A-B). 

For a description of G. maximay see Tiffany (1934); for descriptions of the others, 

see G. M. Smith (1920). 

2. Acanthosphaera Lemmermann, 1899. In its spherical free-floating 

solitary cells with the wall bearing long setae, this genus is similar to 

Golenkinia, It differs from Golenkinia in having the basal portion of each 

seta uniformly thickened and then tapering abruptly to a very delicate 

hair.* The number of setae is usually 24, and these are regularly arranged 

in six tiers of four setae each.'^ The chloroplast is cup-shaped and contains 

one pyrenoid. A chloroplast may be massive or delicate and with smooth 

or irregularly lobed margins. 

Reproduction is by division of the protoplast into 2, 4, or 8 zoospores 

that are liberated during the early morning hours.'* The zoospores are 

biflagellate and have four contractile vacuoles and two (?). eyespots. They 

escape by a sudden rupture of the parent-cell wall and, when first liberated, 

are surrounded by a common vesicle. Swarming lasts for about half an 

hour, after which the zoospores cease moving and become spherical. 

Juvenile cells develop setae before they secrete a wall. The characteristic 

thickening at the base of setae does not appear until some time after the 

setae are formed. There may also be a division of the protoplast into four 

' Chodat, 18945. * Korshikov, 1937. 
* Lemmermann, 1899A; Smith, G. M., 1920. * Geitlbb, 1924C. 
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aplanospores. These have thick walls that are without setae. The method 

by which they give* rise to vegetative cells is unknown. 

A. Zax:hariasi Lemm. (Fig. 146), the only species, is another strictly planktonic 

genus. It has been found in several of the states in the Mississippi Valley. For a 

description of it, see G. M. Smith (1920). 

3. Micractinium Fresenius, 1858. The cells of this alga are spherical 

to broadly ellipsoidal and are usually quadrately united in four-celled 

coenobia. The coenobia, in turn, are almost always united with other 

Fig. 147. Micractinium pusillum Fres. (X 600.) 

coenobia to form a multiple coenobium that may contain 100 or more cells. 

The free face of each cell in a coenobium has two to seven delicate setae 

with a length several times the diameter of the cell. Each cell contains a 

single cup-shaped chloroplast with one pyrenoid. 
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Asexual reproduction is by division of the cell contents into four (rarely 

eight) autospores. These are liberated as an autocolony by a breaking of 

the parent-cell wall into four symmetrical parts. The newly formed 

coenobia, which rarely separate from the parent coenobium, do not develop 

the characteristic setae until some time after liberation from the parent-cell 

wall.^ 

Sexual reproduction is oogamous^ and is identical with that in Golen- 

kinia, 

Micractinium is another strictly planktonic genus of wide distribution in this 

country. The thre6 species found in this country are M. eriense Tiffany and Ahl- 

strom, M. pusillum Fres. (Fig. 147), and M. quadrisetum (Lemin.) G. M. Smith. 

For a description of M. eriense, see Tiffany (1934); for descriptions of the other two, 

see G. M. Smith (1920). 

Fig. 148. Errerella bornhemienais Conrad. (X 600.) 

4. Errerella Conrad, 1913. This genus is quite like Micractinium in 

general appearance but differs from it in at least two respects. There is 

but a single long stout spine on the free face of a cell, and the coenobia 

always have the cells pyramidately arranged. Compound coenobia are 

of frequent occurrence and have the same pyramidate arrangement as is 

‘ Lemmermann, 1898; Smith, G. M., 1916C, 1920. * Kobshikov, 1937. 
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found in simple coenobia. The number of cells in a compound coenobium 

is a multiple of four and 16, 64, or 256. Each cell contains a single cup¬ 

shaped chloroplast with or without a pyrenoid. 

Reproduction is by division of the cell contents into four autospores that 

remain pyramidately arranged after liberation from the parent-cell wall.^ 

The only known species, E. bornhemiensis Conrad (Fig. 148), has been found in 
several states in this country. For a description of it, see G. iM. Smith (1926). 

Family 4. Dictyosphaeriaceae 

The Dictyosphaeriaceae have colonies whose cells lie at the tips of the 

ultimate branches of a radiating, cruciately or dicliotomously, branched 

series of threads derived from ceil walls of previous generations. A 

colony usually is embedded in a watery gelatinous matrix. The cells are 

globose to reniform and with a single chloroplast containing one pyrenoid. 

Asexual reproduction is by division of the cell contents into four auto¬ 

spores which remain attached to the two or four connected segments into 

which the parent-cell wall splits. The reported reproduction by means of 
zoospores is open to question. 

Sexual reproduction is oogambus. 

The two genera found in this country differ as follows: 

1, Cells of a colony all the same sliape. 1. Dictyosphaerium 

1. Cells of a colony of two different shapes. 2. Dimorphococcus 

1. Dictyosphaerium Nageli, 1849. Cells of Dictyosphaerium are spheri¬ 

cal, ovoid, or reniform, and borne terminally on a cruciately or dichoto- 

mously branched system of flattened threads, the persisting parent-cell 

walls of previous cell generations. The colony thus formed is embedded 

in a rather copious, colorless, gelatinous matrix. Each cell contains a 

single parietal cup-shaped chloroplast with one pyrenoid. 

Asexual reproduction is by division of a cell's protoplast into two or four 

autospores. The parent-cell wall partially splits into two or four segments, 

and the autospores migrate to the tips of the segments and there develop 

into vegetative cells. Repetition of autospore formation results in the 

characteristic branched system of threads at the center of a colony.^ 

Reproduction by means of zoospores has been recorded,^ but it is uncertain 

whether the swarmers were antherozoids or zoospores. 

Sexual reproduction is oogamous.^ Each cell of a male colony produces 

16 or 32 biflagellate antherozoids which are surrounded by a gelatinous 

vesicle when first liberated by a transverse splitting of the parent-cell wall. 

The antherozoids escape from the vesicle soon after extrusion from the 

1 Conrad, 1913.4; Smith, G. M., 1924, 1926. * Senn, 1899. * Massbe, 1891. 
^ Iyengar and Ramanathan, 1940. 
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parent-cell wall. Each cell of a female colony produces two globose eggs 

which are liberated by a transverse splitting of the parent-cell wall. An- 

therozoids may swarm about an egg in sufficient number to cause the egg 

to spin in the water. Eventually one antherozoid becomes laterally 

attached to an egg and fuses with it to form a zygote which secretes a wall. 

Fig. 149. Diclyosphaerium pidchellum Yf ood. (X 666.) 

Dictyosphderium is a widespread inhabitant of lakes, ponds, and semipermanent 

pools. The three species found in this country are D. Ehrenbergianum Nag., 

D. planctonicum Tiffany and Ahlstrom, and D. pulchellum Wood (Fig. 149). For a 

description of D. planctonicum^ see Tiffany (1934); for descriptions of the other two, 

see G. M. Smith (1920). 

2. Dimorphococcus A. Braun, 1855. The cells of Dimorphococcus are 

arranged in groups of four, and these tetrads are united to one another in 

irregularly shaped free-floating colonies by the 

branching remains of the old parent-cell walls. 

Some species have the colony surrounded by 

a gelatinous envelope; other species lack one. 

The four cells of a tetrad lie in a flat or curved 

plate in which the cells are cruciately arranged. 

Two of the cells are ellipsoidal to cylindrical 

and with broadly rounded ends. These cells 

lie end to end. The other two cells are reni- 

form to cardioid and lie on either side of the 

plane of juncture between the ellipsoidal cells, 

parietal laminate chloroplast with one pyrenoid; old cells have the chloro- 

plast completely filling the cell and often have the pyrenoid obscured by 

granules of starch. 

Fig. 150. Dimorphococcus luna- 
tu8 A. Br. (X 400.) 

Young cells have a single 
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Reproduction is by division of the protoplast into four autospores that 
remain attached to the remnants of the parent-cell wall.^ 

Dimorphococcus is a widely distributed plankton organism in this country and 
sometimes occurs in considerable quantity. It is also found sparingly intermingled 
with nonplanktonic algae. The two species found in this country are D. cordatus 
Wolle and D. lunatics A. Br. (Fig. 150). For descriptions of them, see Brunnthaler 
(1915). 

Family 5. Characiaceae 

Genera belonging to this family have zoospore-forming elongate cells 
that may be solitary or joined in radiate colonies, and sessile or free- 
floating. The cells are usually multinucleate, though sometimes uninu¬ 
cleate, and with a parietal laminate chloroplast containing one or more 
pyrenoids. One genus, Ilyalocharaciuniy^ has cells without chloroplasts. 

Asexual reproduction is by division of the cell contcmts into 2, 4, 8, 16, 
32, 64, or 128 biflagellate zoospores that are liberated through an apical or 
lateral opening in the parent-cell wall. In rare cases, the potential zoo¬ 
spores develop into aplanospores. There may also be a development of the 
entire protoplast into an akinete. 

Sexual reproduction is by an isogamous fusion of biflagellate gametes, 
formed in much the same manner as zoospores. 

The genera found in this country differ as follows: 

1. Cells solitary. 2 
1. Cells radiately united in colonies. 3. Actidesmium 

2. Cells sessile. 1. Characium 
2. Cells free-floating. 2. Schroederia 

1. Characium A. Braun, 1849. Cells of Characium (Fig. 151) may be 
subspherical or ovoid, but more often they are elongate and fusiform or 
cylindrical. All species of the genus are sessile and usually affixed to the 
substratum by a more or less elongate stipe, expanded into a small disk at 
the point of attachment. Characium may be epiphytic on other algae, 
epiphytic on submerged phanerogams, epizoic on members of the zoo¬ 
plankton, or grow upon submerged stones and woodwork. There may be 
isolated individuals upon the substratum, or the alga maybe present in such 
abundance that it forms a continuous stratum.® Young cells are uninu¬ 
cleate and with a parietal laminate chloroplast. As a cell grows older, 
there may be repeated simultaneous nuclear divisions until 16, 32, 64, 
or 128 nuclei are present in a cell,^ or the cell may remain uninucleate until 
just before reproduction.® 

> Bohlin, 1897B; Crow, 1923A. * Filarsky, 1929; Pascher, 1929C. 
* Braun, A., 1865. * Smith, G. M., 1916A. * Carter, N., 1919. 
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Asexual reproduction is by division of the cell contents into 8, 16, 32, 

64, or 128 biflagellate zoospores* Multinucleate cells have a progressive 

cleavage into uninucleate protoplasts; cells that are uninucleate at maturity 

have repeated nuclear divisions just before reproduction and a bipartition 

of the cytoplasm after each mitosis.^ 

Zoospores are liberated through an open¬ 

ing at apex, or at one side, of the parent¬ 

cell wall; and they may escape singly or 

may be discharged in a mass surrounded 

by a delicate vesicle. At the end of the 

swarming period, a zoospore becomes 

affixed to some firm object, retracts its 

flagella, and secretes a wall. 

Sexual reproduction is by division of 

the protoplast into biflagellate gametes. 

In certain species, fusing gametes are 

quite different in size.^ 
Fig. 151. Characium anguatatum A. 

About 20 species have been recorded from 
the United States. For descriptions of most 
of the species of the genus, see Brunnthaler 

(1915). 

Br. A, vegetative cells, i?, early 
stage in cleavage to form zoospores. 
C, liberation of zoospores. The in¬ 
dividual drawn is probably an acci¬ 
dentally broken cell. (X 650.) 

2. Schroederia Lemmermann, 1899. The cells of this alga are solitary, 

free-floating, acicular to fusiform, and straight or curved. At both poles 

of a cell, the wall is continued as a long spine. Both spines may terminate 

Fig. 152. A-C, Schroederia setigera (Schroder) Lemm. D-G, S. ancora G. M. Smith. 
(X 600.) 

in an acute point; or one may terminate in a point, and the other in a small 

disk or in a recurved bifurcation. There is a single chloroplast, H-shaped 

in optical section, that extends the entire length of a cell. It usually con- 

» Carter, N., 1919; Smith, G. M., 1916A. * Schiller, 1924, 
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tains a single pyrenoid, but may contain two or three of them.^ Vegetative 

cells of one species have an eyespot and contractile vacuoles.^ 

Asexual reproduction is by means of zoospores.^ Four or eight bi- 

flagellate zoospores are formed within a cell and are liberated by a trans¬ 

verse splitting of the parent-cell wall. The zoospores germinate to form 

vegetative cells without becoming affixed to some firm object. 

This genus is known only from the plankton. The three species found in this 
country are S. ancora G. M. Smith (Fig. 152D-G), S. Judayi G. M. Smith, and 
S. setigera (Schroder) Lemm (Fig. 152A-C). For a description of S. ancora as S. 
setigera var. ancora^ see G. M. Smith (1926); for descriptions of the other two, see 
G. M. Smith (1920). 

Fig. 153. Aclideamium HookeriReinsch. (X 400.) 

3. Actidesmium Reinsch, 1891. The spindle-shaped cells of this alga are 

radiately joined to one another in stellate free-floating colonies. At the 

center of a colony is a stellate group of stalks, and at the apex of each stalk 

is a stellate group of 4, 8, or 16 vegetative cells. Sometimes the stalks are 

in two orders of branching, the vegetative cells constituting a third order. 

A cell may have one or two parietal chloroplasts covering most of the lateral 

cell wall, or the chloroplast may be diffuse.^ The chloroplasts are without 

pyrenoids. There is a conspicuous vacuole at the center of each cell.^ 

* Fott, 1942; Lemmermann, 1898; Smith, G. M., 1920, 1926. 
>Korshikov, 1924.4. 
* Fott, 1942; Korshikov, 1924A; Whitford, 1943. * Miller, V., 1906. 
* Miller, V., 1906; Reinsch, 1891. * 
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Reproduction is by successive bipartition of the cell contents into 4, 8, 

or 16 biflagellate zoospores that are liberated through an opening at the 

distal end of the parent-cell wall. The zoospores do not swarm freely but 

remain at the apex of the old parent-cell wall and within a minute or two 

begin to develop into vegetative cells that are epiphytic upon the gelatinized 

remains of the old parent-cell wall.^ There may also be a discharge of the 

entire protoplast from the cell wall and a development of the liberated 

protoplast into a spherical aplanospore with granulate walls.^ Each mature 

aplanospore lies at the end of a gelatinous stalk. 

The type species, A. Hookeri Reinsch (Fig. 153), has been found in Maine* and 
California.^ For a description of it, see Whelden (1939). 

Family 6. Protosiphonaceae 

Members of this family have more or less tubular multinucleate cells 

reproducing by means of biflagellate zoospores or by means of biflagellate 

gametes. 

Certain phycologists^ consider the family a member of the Siphonales 

rather than a member of the Chlorococcales. This certainly does not hold 

for Protosiphon since it has been shown® to lack the distinctive xanthophyll 

characteristic of Siphonales. 

Protosiphon is the only member of the family in the fresh-water flora 

of this country. 

1. Protosiphon Klebs, 1896. This coenocytic terrestrial alga has a 

green, bladder-like to tubular, aerial portion, and a colorless subterranean 

rhizoidal portion. The green color of the aerial portion is due to a single 

parietal chloroplast with several irregularly shaped perforations.^ Mature 

cells have many pyrenoids, and the chief food reserve is starch. 

Juvenile cells may multiply vegetatively by cutting off proliferous out¬ 

growths by transverse septa.^ Drying of the soil or too intense illumi¬ 

nation may cause the protoplast to divide into a variable number of aplano- 

spores (coenocysts) Aplanospores may develop directly into vegetative 

cells, but usually there is a cleavage of their contents into biflagellate 

gametes. 

Flooding of cells of any age is soon followed by a progressive cleavage of 

the multinucleate protoplast into biflagellate gametes."^ Gametic union is 

isogamous, and a cell producing gametes may be homo- or heterothallic.® 

' Miller, V., 1906. * Reinsch, 1891. * Whelden, 1939. 
* Smith, G. M., 1933. 
* Bold, 1933; Fritsch, 1935; Setchell and Gardner, 191^0; West, G. S., 1916. 
• Strain, (in press). ^ Bold, 1933. * Bold, 1933; Klebs, 1896. 
• Moewus, 1935. 
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Gametes which do not fuse with other gametes develop parthenogenetically 

into vegetative cells. The zygote is minute, stellate, and with an orange- 

colored protoplast. A germinating zygote develops directly into a vege¬ 

tative cell.^ Genetic analysis of gametes from juvenile four- or eight- 

nucleate cells shows that division of the zygote nucleus is meiotic.^ 

Proiosiphon is usually found growing on drying muddy banks of streams and 
ponds, or on bare damp soil. It often grows intermingled with Botrydiuniy but 
the two can always be distinguished from each other by testing for starch; Proto- 

Fio. 154, l^rotosiphon hotryoides (KtUz.) Klebs, A, mature vegetative eell. B, young cell 
cutting off a proliferation. C, aplanospores. Z), germination of aplanospore to form gametes. 
E, gametes. F-G, parthenogenetic germination of gametes. H, gametic union. I, young 
zygotes. J, mature zygote. (A, C, D, X 230; B, E-J, X 650.) 

siphon containing it, Boirydium never having it. P. hotryoides (Kutz.) Klebs 
(Fig. 154) is widely distributed in this country. For a description of it, see Collins 
(1909). 

Family 7. Hydrodictyaceae 

Members of this family reproduce by zoospores and have all the zoospores 

from a cell becoming apposed to form a coenobium at the end of the 

swarming period. In most genera, the number of cells in a colony ranges 

from 2 to 256. Generic differences are based upon the shape of the cells 

and the manner in which they are arranged to constitute a coenobium. 

^ Bold, 1933; Klebs, 1896; Moewus, 1933. ^Moewus, 1935. 
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Sexual reproduction is isogamous and by a fusion of biflagellate gametes. 

The zygotes give rise to zoospores when they germinate, and the zoospores 

develop into large angular solitary cells. These cells form zoospores which 

become united to form a coenobium. 

The genera found in this country differ as follows: 

1. Coenobium a saccate reticulum. 4. Hydrodictyon 

1. Coenobium not a saccate reticulum. 2 
2, All cells in the same plane. 3 
2. Cells radiating from a common center. 2. Sorastrum 

3. Coenobium always 2-celled. 3. Euastropsis 

3. Coenobium usually 4- to 64-celled. 1. Pediastrum 

1. Pediastrum Meyen, 1829. The colonies of Pediastrum (Fig. 155) 

are free-floating and with 2 to 128 polygonal bells arranged in a stellate 

plate one cell in thickness. The coenobium may be entire or perforate. 

Fig. 155. A, Pediastrum Borijanum (Turp.) Menegh. B, P. birad latum Meyen. C, P 
simplex var. duodenariurn (Bailey) Rab. (X 333.) 

If the colony has 16 or more cells, there is a tendency for them to be in 

concentric rings, with a definite number of cells in each ring. The oc¬ 

currence or nonoccurrence of this regularity in arrangement is determined 

by factors affecting the extent to which the zoospores swarm at the time a 

colony is formed.^ Peripheral cells of a colony often differ in shape from 

interior cells and may have one, two, or three processes not found on in¬ 

terior cells. Cell walls may be smooth, granulate, or finely reticulate. 

Walls of plankton species sometimes have long tufts of gelatinous bristles. 

Young cells have a single parietal discoid chloroplast with one pyrenoid; 

old cells have a diffuse chloroplast that may contain more than one pyre¬ 

noid. Mature cells may have one, two, four, or eight nuclei.^ 

Every cell in a coenobium is capable of giving rise to biflagellate zoo- 

1 Harper, 1916,1918,1918A. * Smith, G. M., 1916B. 
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spores, but there is rarely a simultaneous production of zoospores by all cells 

in a colony. The zoospores produced by a cell are enclosed by a vesicle 

as they escape from the parent-cell wall, and the vesicle persists through¬ 

out the period of swarming and for a short time after the new colony is 

formed.^ During the night before reproduction, there is a two- or four¬ 

fold increase in the number of nuclei, followed by a progressive cleavage 

of the coenocyte into uninucleate protoplasts that are metamorphosed 

into zoospores.^ The number of zoospores formed is dependent upon the 

physiological condition of the cells. Thus, cells in a 16-celled colony 

may give rise to 4- or 8-celled daughter colonies, or they may produce 

daughter colonies with 32 or G4 cells. Liberation of zoospores usually 

takes place shortly after daybreak, and it is very unusual to find swarming 

at any other time of day. At the beginning of the swarming period there 

is a sudden slit-like rupturing of the parent-cell wall and an extrusion of 

the spore mass surrounded by a sac-like vesicle. The vesicle is derived 

from the inner wall layer of the parent cell.^ For the first 3 or 4 min. 

after extrusion, the zoospores swim actively and freely within the vesicle; 

after this, they tend to arrange themselves in a flat plate and to have their 

motion restricted to a writhing and twitching. Coincident with slowing 

down of movement, the zoospores begin to assume the shape of adult 

cells, and cell walls are formed within a very few minutes after swarming 

ceases. In very rare cases, the entire protoplast of a cell develops into a 

thick-walled aplanospore. These aplanospores (hypnospores) are ex¬ 

tremely resistant to adverse conditions and have been known^ to germinate 

after desiccation for 12 years. 

Sexual reproduction of Pediastrum is isogamous and by a fusion of 

spindle-shaped biflagellate gametes formed in the same manner as zoo¬ 

spores.® After the spherical zygote has increased greatly in size, its con¬ 

tents divide to form a considerable number of biflagellate zoospores which 

are liberated through an opening in the zygote wall.® The zoospores 

swim freely in all directions and, upon cessation of swarming, develop into 

solitary TetraMroii-like cells which increase greatly in size. Eventually 

the contents of these “polyeders"’ divide to form a number of zoospores 

which are liberated within and never escape from a vesicle. These zoo¬ 

spores become apposed to form a coenobium. 

Isolated individuals of Pediastrum (Fig. 155) are often encountered in collections 
from permanent or semipermanent pools.' The genus is almost always present in 
the plankton, sometimes in considerable quantity. Some 15 species have been 
found in this country. For descriptions of most species of the genus, see Brunnthaler 
(1915). 

» Askenasy, 1888; Braun, A., 1851; Smith, G. M., 1916B. 
•Smith, G. M., 1916B. * Harper, 1918. * StrOm, 1921 A. 
* Askenasy, 1888; Palik, 1933, ® Palik, 1933. 
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2. Sorastnun Kiitzing, 1845. This genus is distinguished from the 

foregoing by its spherical colonies of 8 to 128 cells. The cells are pyriform, 

semilunar, or reniform; and with one, two, or four stout spines on the 

outer face. Each cell bears a broad gelatinous stalk at its inner face. 

The stalks are five- to six-faceted at their base and with the bases apposed 

to bases of other stalks to form a gelatinous sphere at the center of the 

coenobium.* Young cells have a single parietal chloroplast, but this 

becomes diffuse as a cell grows older. Adult cells are multinucleate,t 

probably with the number of nuclei a multiple of two. 

Fig. 156. A, Sorastrum americanum (Bohliii) Schmidle. B-C, S. americanurn var. undu- 
latum G. M. Smith. (X 666.) 

Reproduction is by a formation of zoospores that swarm in the same 

manner as do those of Pediastrum} The zoospores are formed by a 

repeated bipartition of the protoplast. 

Sorastrum is found in the same habitats as Pediastrum^ but is a much rarer alga. 
S. americanum (Bohlin) Schmidle (Fig. 156), S. bidentatum Reinsch, and S. spinu- 
losum Nag. have been found in this country. For descriptions of them, see Brunn- 
thaler (1915). 

3. Euastropsis Lagerheim, 1894. Euasiropsis has two-celled free-float¬ 

ing colonies, in which the apposed bases of the two cells are mutually 

flattened and the distal ends are deeply emarginate. Old cells have 

diffuse chloroplasts containing one pyrenoid. 

Reproduction is by repeated bipartition of the protoplast into 4, 8, 16 

or 32 zoospores that are surrounded by a common vesicle when extruded 

from the parent-cell wall. The vesicle persists throughout the swarming 

* Bohlin, 1897B; Smith, G. M., 1920. f Gbitler, 1924R. 
1 Gbitler, 1924B; Probst, 1916, 1926. 
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period and for a short time after the zoospores have become apposed in 

pairs to form the characteristic coenobia.' 

It is quite possible to mistake two-celled colonies of Pcdiastrum for Euastropsisy 
but two-celled colonies of Pediastrum are of such rare occurrence that one is not apt 
to make this error. There is hut one si)ecies, E. Richteri (Schmidle) Lagerh. (Fig. 

157), and thus far in this country it has been found only 
in Michigan^ and Wisconsin.^ For a description of it, see 

'• \ G. M. Smith (1920). W4. Hydrodictyon Roth, 1800. This alga has 

cylindrical to broadly ovoid cells united to form a 

mesh work in which most of the interspaces are 

Fig. 157. Euasiropsis bounded by five or six cells. In some species, the 

LageHi^ (X^2000)^^^^ meshwork is a closed cylindrical sac with thou¬ 
sands of cells; in other species, it is a flat sheet 

of a few hundred cells. Some species have the coenobium maintaining 

its mesh-like organization no matter how large it becomes; other spe¬ 

cies frequently have the old nets dissociating into individual cells. Very 

young cells have a zonate entire chloroplast with one pyrenoid, but this 

Fig. 158. Hydrodictyon reticulatum (L.) Lagerh. A, portion of a coenobium. B, very 
young cell. C, somewhat older cell. {A, X 20; B~C, X 430.) 

soon becomes reticulate and with a pyrenoid at many of the intersections 

in the reticulum (Fig. \bSB-C)A Still later the chloroplast becomes 

diffuse and completely covers the surface of the protoplast. A cell is 

uninucleate when first formed, but as it grows in size, it becomes multi- 

nucleate and eventually contains thousands of nuclei.^ 

1 Laqerhbim, 1894. * Taft, 1939. ^ Smith, G. M., 1920. 
^ Lowe and Lloyd, 1927; Timberlake, 1901. ® Timberlake, 1902. 
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Some species reproduce asexually by means of zoospores, but vegetative 

cells of certain species do not produce zoospores.^ In species reproducing 

asexually, zoospores may be formed by progressive cleavage in any cell of a 

colony.2 The zoospores are biflagellate and usually swarm shortly after 

daybreak, but this may be delayed until later in the morning. Zoospores 

never escape from the parent-cell wall. For a time, they swim in all 

directions in the space enclosed by the wall, but toward the end of the 

swarming period they accumulate just within the wall and, as their motion 

gradually ceases, come to lie in a single layer and touching one another. 

Each cell secretes a wall of its own, and elongation of the cells results in 

the characteristic closed saccate cellular mesh work. The colony thus 

formed is eventually liberated by a gelatinization of the parent-cell wall. 

Sexual reproduction is by means of biflagellate isogametes that are 

formed in the same manner as zoospores. The gametes usually escape 

through pores in the parent-cell wall and fuse in pairs outside the cell in 

which they were formed. The zygotes become spherical and form a thin 

wall. After a short period of rest there is a meiotic division of the zygote 

nucleus,^ followed by a division of the protoplast into four zoospores. 

After liberation from the old zygote wall, the zoospores develop into 

7'e^mcdron-shaped cells when they cease swarming. These cells (poly- 

eders) increase greatly in size, and their contents divide to form 50 by 100 

zoospores that are liberated within and never escape from a common 

vesicle. At the end of the swarming period, the cells become arranged in 

a flat plate-like meshwork. In some species, all formation of new colonies 

seems to be due to germination of polyeders.^ In other species, cells of 

the plate-like colony give rise to saccate colonies which also reproduce 

asexually. 

Of the two species found in this country, //. reticulatum (L.) Lagerh. (Fig. 148) is 
of widespread distribution, and //. patenaeformis Pocock is known from only two 
localities in California and one in Utah. For descriptions of these species, see 
Pocock (1937). 

Family 8. Coei.astraceae 

Members of this family have the cells radially arranged in more or 

less globose coenobia in which the number of cells may range from 4 to 128. 

Reproduction is exclusively by means of autospores which become united 

with one another to form a coenobium before liberation from the parent¬ 

cell wall. 
Coelastrum is the only member of the family found in this country.* 

^ Pocock, 19374. * Artari, 1890; Klebs, 1891; Timberlake, 1902. 
^ Mainx, 19314. * H. F. Copeland (1937) has brought forth good evidence show¬ 

ing that the putative alga to which Kofoid (1914) gave the generic name Phytomorula 
is in reality a compound polled grain of species of Acacia. 
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1. Coelastnim Nageli, 1849. The coenobium of Coelastrum is a hollow 

sphere of 4, 8, 16, 32, 64, or 128 cells, closely apposed to one another or 

united by processes of varying length. The cells are spherical to poly¬ 

gonal, with smooth walls or one ornamented with spines or tubercules. 

Walls surrounding cells are composed of two parts, an inner layer of 

cellulose and an outer one of pectic material. The pec tic portion may be 

of uniform thickness or may be locally thickened to form polar outgrowths 

or lateral processes that connect cells one to another.^ Chloroplasts of 

young cells are cup-shaped and with a single pyronoid; those of older 

cells are diffuse and often fill the entire lumen of a cell. Old cells of C. 

proboscideum Bohlin have been shown^ to be multinucleate, but it is not 

known whether this is true of other species. The cells in a coenobium 

usually adhere firmly to one another throughout the life of a coenobium. 

Fio. 159. A, Coelastrum micropon.m Niij?. C. proboscideum Bohlin. C, C. reticxdatum 
(Dang.) Senn. (X 550.) 

but certain factors, as a high concentration of salts or semianaerobic con¬ 

ditions, may cause a dissociation into individual cells.^ 

Any cell of a coebonium may have its protoplast divide and redivide to 

form 4, 8, 16, 32, 64, or 128 autospores that are firmly united in an auto- 

colony when liberated from the parent-cell wall. Liberation of daughter 

coenobia is due more often to a bi- or quadripartition of the parent-cell 

wall than to a gelatinization of the wall.^ Species without processes be¬ 

tween the cells usually have an immediate escape of the daughter coenobia; 

those with connecting processes, as C. reticidatum (Dang.) Senn, may not 

have the daughter coenobia escaping until they, in turn, have formed new 

coenobia. There may also be a development of the entire protoplast of a 

cell into an aplanospore. These are usually liberated from parent-cell 

walls before their contents give rise to autocolonies.^ 

Coelastrum is often found sparingly intermingled with other algae of pools and 
ditches, and in the plankton. The following species have been found in this 

1 Crow, 1924^4; Rayss, 1915; Senn, 1899. * Geitler, 1924R. 
* Rayss, 1915; Vischer, 1927. * Crow, 19254; Senn, 1899. 
* Chodat and Huber, 1894; Senn, 1899; Wille, 19184. 
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country: C. cambricum Arch., C. ChodatiDxiceW., C. cuhicum Nag., C. inicropcyrum 
Nag. (Fig. 159A), C. morns W. and G. S. West, C. prohosddeum Bohlin (Fig. 159B), 
C. reticulatum (Dang.) Senn (Fig. 159C), C. sphaericum Nag., and C. verrucosum 
Reinsch. For a description of C. Chodati^ see Ducellier (1915); for descriptions of 
the others, see Brunnthaler (1915). 

Family 9. Oocystaceae 

The sole method of reproduction of members of the Oocystaceae is by 

autospores, and these are never united in autocolonies when they are 

liberated from the parent-cell wall. Some genera belonging to the family 

have solitary cells; others have the cells united in colonies either because 

of an entangling of cells one with another {Ankistrodesmus), because of 

adhesions between cells (Selenastrum), or because of their inclusion within 

a common matrix resulting from gelatinization of the parent-cell wall 

{Quadrigula^ Kirchneriella), In none of the colonial genera is there a 

definite orientation of the cells with respect to one another as is found in the 

Scenedesmaceae. The cell shape is quite variable from genus to genus 

and may be spherical, ovoid, reniform, acicular, lunate, triangular, quad¬ 

rangular, or polygonal. Many genera have a characteristic ornamentation 

of the cell wall or a characteristic spinescence. Most members of the 

family have cells with a single chloroplast, but a few have numerous 

chloroplasts. 

Practically all the genera are aquatic, and many of them are known only 

from the plankton. Wide gelatinous sheaths, long setae, and large surface 

in proportion to volume make Oocystaceae with these structures especially 

adapted to a pelagic existence. 

The relationships between certain members of the family are evident, 

those between other members are obscure. For this reavson, no attempt 

has been made to follow the usual practice of splitting the family into 

several subfamilies. 

The genera found in this country differ as follows:* 

1. Cells solitary. 2 
1. Cells in colonies. 28 

2. Cells angular. 3 
2. Cells spherical, ovoid, lunate, or elongate. 7 

3. With distinct spines at the angles. 4 
3. Without spines at the angles, but sometimes with angles pointed and branche 1 6 

4. Each angle with several spines. 31. Poleydriopsls 
4. Each angle with one spine. 5 

5. Spines hyaline, apex acute. 12. Treubarla 

* Thamniastrum Reinsch has long been considered a genus of doubtful validity. 
Taft (1945) suggested that it is based upon the central gelatinous portion of Gompho- 
spkaeria lacustris from which the cells have broken away 
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5. Spines brownish, apex blunt. . 13. Pachycladon 
6. Central portion of cell distinct from projections at angles.. 29. Tetraedron 
6. Central portion of cell not distinct from projections at angles. 30. Cerasterlas 

7. Cells spherical. .8 
7. Cells not spherical. .17 

8. With smooth walls. .9 
8. With walls sculptured or with spines . 13 

9. Cells with one or a few chloroplasts.10 
9. Cells with many chloroplasts. . 11 

10. With one chloroplast. 1. Chlorella 
10. With more than one chloroplast.2. Palmellococcus 

11. Cells with a wide gelatinous sheath. 8. Planktosphaeria 
11. Cells without a gelatinous sheath. .12 

12. Chloroplasts discoid, tending to lie in reticulate series . . . 9, Eremosphaera 
12. Chloroplasts inverted cones and in close contact. . . 10. Excentrosphaera 

13. Walls with long spines. . 14 
13. Spines, if present, very short. . 15 

14. With several hyaline acutely pointed spines . .11. Echinosphaerella 
14. With four brown truncate spines. . 13. Pachycladon 

15. Wall alveolar. . 4. Keriochlamys 
15. Wall not alveolar. . 16 

16. Growing in snow fields. .3. Mycanthococcus 
16. Not growing in snow fields . 7. Trochiscia 

17. Cells more or less ellipsoid. . 18 
17. Cells elongate, straight, or lunate . 24 

18. Walls without setae or spines . . 19 
18. Walls with s'^stae. .... 22 

19. Wall thin. .... 20 
19. Wall thick and unevenly thickened at poles or at sides . ... 10. Excentrosphaera 

20. Wall smooth. 21 
20. Wall with spiral longitudinal ridges. . 15. Scotiella 

21. Cells not over 10 n long, without polar nodules. .. .2. Palmellococcus 
21. Cells over 10 n long, often with polar nodules. . 14. Odeystis 

22. Setae or spines covering entire wall. .23 
22. Setae at poles or equator of wall. .18. Chodatella 

23. Autospores liberated by swelling of parent-cell wall. 19. Franceia 
23. Autospores liberated by lateral rupture of parent-cell wall . ... 20. Bohllnia 

24. Cells lunate. .25 
24. Cells straight. .27 

25. Cell surrounded by a gelatinous sheath. .26. Kirchneriella 
25. Cell not surrounded by a gelatinous sheath . 26 

26. Poles of cell with a stout spine. ... 24. Closterldium 
26. Poles of cell without spines. .21. Anklstrodesmus 

27. Chloroplast with an axial row of pyrenoids.23. Closteriopsis 
27. Chloroplast with one or without pyrenoids.21. Anklstrodesmus 

28. Cells lying in a gelatinous matrix. .29 
28. Cells not lying in a gelatinous matrix ... .35 

29. Cell wall with spines. 20. Bohllnia 
29. Cell wall without spines.30 

30. Cells spherical to broadly ovoid. 31 
30. Cells elongate, length at least double breadth. 32 
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31. Center of colony with remains of old cell walls. 6. Radiococcus 
31. Center of colony without remains of old cell walls.8. Planktosphaeria 

32. Cells straight. .33 
32. Cells curved. . . . .34 

33. Cells radiately disposed in colony. .28. Gloeoactinium 
33. Cells with long axes parallel . .27. Quadrigula 

34. Gelatinous sheaths of colony firm.... ... 17. Nephrocytium 
34. Gelatinous sheaths of colony watery ... .... 26. Kirchneriella 

35. With remains of old cell walls at center of colony.5. Westella 
35. Without remains of old cell walls at center of colony. 36 

36. Cells spherical to ovoid, enclosed by old parent-cell wall. 37 
36. Cells longer than broad. . 38 

37. Cells separated by a dark cruciform substance . ... 16. Gloeotaenium 
37. Cells not separated by a dark substance. . . 14. Oocystis 

38. Cells joined end to end. .22. Dactylococcus 
38. Cells not joined end to end .... . 39 

39. Cells straight. .21. Ankistrodesmus 
39. Cells not straight.40 

40. Cells lunate, with convex faces apposed.25. Selenastrum 
40. Cells twisted about one another.. .21. Ankistrodesmus 

1. Chlorella Beijerinck, 1890. The cells oiChlorella are small and spheri¬ 

cal to broadly ellipsoidal. They have a single parietal chloroplast that is 

usually cup-shaped but may be a curved 

band. Pyrenoids are usually lacking.^ 

The only method of reproduction is by 

means of autosporcs, 2, 4, 8, or 16 of which 

are formed within a cell and are liberated 

by rupture of the parent-cell wall. 

Chlorella may be free-living or grow within the 
cells and tissues of invertebrates. The relationship 
between alga and animal varies all the way from 

accidental commensalism to a true parasitism.^ p,,, ^o. Chlorella variegatua 

Free-living members of the genus are known chiefly Beijerinck. (x 1200.) 

from material obtained by the pure culture method, 
and a large number of species have been described from material obtained in vsuch 
manner. Many of these species are indistinguishable from one another on the 
basis of cellular morphology. The following species have been found in this 
country: C. conductrix (Brandt) Beijerinck, C, ellipsoidea Gerneck, C. parasitica 
(Brandt) Beijerinck, C. variegatus Beijerinck (Fig. 160), and C. vulgaris Beijerinck. 
For descriptions of C. conductrix and C. parasitica^ see Beijerinck (1890); for de¬ 
scriptions of the others, see Brunthaler (1915). 

2. Palmellococcus Chodat, 1894. The cells of this alga are spherical to 

ellipsoidal and grow singly or in an expanded stratum. Mature cells 

*Goetsch and Scheurino, 1926. 1 Beijerinck, 1890. 
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contain one or more discoid chloroplasts that are generally without pyre- 

noids but may have them in certain cases. Sometimes the structure of the 

chloroplasts is obscured by an accumulation of a reddish oil within the 

chloroplast. 

Reproduction is by division of the protoplast into 2, 4, 8, 16, or 32 

autospores that are liberated by rupture of the parent-cell wall. Under 

certain conditions, the entire protoplast de¬ 

velops into a thick-walled aplanospore that 

lies within the old parent-cell wall. 

P. miniatus (Ki'itz.) Chod. (Fig. 161^) and P. 
protothecoides (Kruger) Chod. (Fig. 161J5) have been 
found in the United States. For a description of 
P. miniatus, see Collins (1909); for P. protothecoides, 
see R. Chodat (1909). 

3. Mycanthococcus Hansgirg, 1890. The 

cells of this imperfectly known genus are soli¬ 

tary and spherical or ellipsoidal. Walls of 

young cells are smooth and thin; those of old 

cells are thick and covered with short stout spines or verrucae. The 

protoplast has been described as colorless,^ but it may be a very pale 

green.* 

Reproduction is by division of the cell 

contents into a small number of auto¬ 

spores. 

M, antarcticus Wille (Fig. 162) has been 
found in considerable quantity in green snow 
in Yellowstone National Park.* For a descrip¬ 
tion of it, see Kol (1941). 

4. Keriochlamys Pascher, 1934. Kerio- 

chlamys usually has free-floating solitary 

cells but may have them in packets of 

two, four, or more because of slow devel¬ 

opment of autospores into vegetative cells 

while still within the parent-cell wall. 

Solitary cells are spherical to broadly 

ellipsoidal. The cell wall is the distinctive feature of the genus. It is re¬ 

latively thick and looks as if it were alveolar because of the numerous, 

evenly spaced, minute, refractive bodies of unknown nature embedded 

within it. Each cell contains a single bowl-shaped chloroplast with a 

single pyrenoid.^ 

1 Gain, 1911; Hansgirg, 1892. * Kol, 1941.* * Pascher, 1943A. 

Fiq. 162. Mycanthococcus antarc- 
ticua Wille. {From Kol, 1941.) 

Fig. 161. A, Palmellococcua 
miniaius (Kutz.) Chod. B, 
P. protothecoides (Krllger) 
Chod. (A, X 600; B, X 976.) 
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Reproduction is by division of the cell contents into two or four auto¬ 

spores with homogeneous walls. Autospores may develop into vegetative 

cells with characteristic walls before liberation from the parent-cell wall. 

Prof. R. H. Thompson writes that 
he has found K. styriaca Pascher (Fig. 
163), the only species, in Kansas. For a 
description of it, see Pascher (1943A). 

5. Westella de Wildemann, 1897. 

Westella has spherical to subspheri 

cal cells grouped in fours (rarely 

eights) in irregularly shaped free- 

floating colonies of 30 to 100 cells. 

The groups of four or eight cells lie 

in the same plane and are quad- 

rately disposed or are in a linear 

series. The groups are held together by the nongelatinized remains of old 

parent-cell walls. The chloroplast is parietal and cup-shaped, or entirely 

filling the cell. It may be with or without a pyrenoid.^ 

Reproduction is by division of the cell contents into four or eight auto¬ 

spores that usually remain partly surrounded by the ruptured parent-cell 

wall. ' 

Fig. 168. Keriochlamys styriaca Pascher. 
{Drawn by IL H. Thompson,) (X 1050.) 

The two species found in this country are W. botryoides (W. West) de Wildm. 
(Fig. 164) and W, linearis G, M. Smith. For descriptions of them, see G. M. 
Smith (1920). 

Fig. 164. Westella botryoides (W. West) de Wildm. (X 1000.) 

6. Radiococcus Schmidle, 1902. This colonial free-floating alga has 

globose cells pyramidately grouped in fours within a broad radially fibrillar 

gelatinous matrix. When there is more than one group of four cells within 

1 Smith, G. M., 1920; West, W., 1892. 
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a colony, there are the nongelatinized remains of old parent-cell walls. 

Each cell has a parietal cup-shaped chloroplast with one pyrenoid. 

Reproduction is by division of a cell into four autospores which remain 

apposed to one another as they develop into vegetative cells. 

This genus was segregated from Westella because of the gelatinous matrix and 
the arrangement of the cells.^ Prof. R. 11. Thompson writes that he has found 
R. nimbatus (de Wildm.) Schmidle (Fig. 165) in Maryland. For a description of it, 
see Brunnthaler (1915). 

Fig. 165. Radiococcus nimhaius (de Wildm.) Schmidle. {Drawn hy R, //. Thomvson) 
(X 1560.) 

7. Trochiscia Kiitzing, 1845. The cells of this alga are spherical to 

subsphcrical and solitary, or adhering to one another in small clumps. 

The wall is fairly thick and is characteristically sculptured with areola- 

tions, spines, reticulations, ridges, or other projections. Mature cells 

usually contain several discoid chloroplasts, each with a pyrenoid.^ 

Reproduction is by division of the protoplast into 4, 8, or 16 autospores 

that do not develop the characteristic sculpturing of the wall until after 
liberation from the parent-cell wall. 

The ornamentation of the cell wall is quite like that of walls of zygotes of certain 
Chlamydomonadaceae, and some species described for the genus are doubtless 

i Schmidle, 19024. * Reinsch, 1886. 
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zygotes. The demonstration of reproduction by means of autospores shows that all 
such ornamented cells cannot be considered zygotes. Trochiscia is generally 
found sparingly intermingled with other algae in permanent and semipermanent 
pools. The following species have been reported from the United States: T. 
adculifera (Lagerh.) Hansg., T. arguta (Reinsch) Hansg., T. aspera (Reinsch) 
Hansg., T. erlangensis Hansg., T. granulata (Reinsch) 
Hansg., T. (Lagerh.) Hansg., T. obtusa (Reinsch) 
Hansg. (Fig. 166), T. pachyderma (Reinsch) Hansg., 
and T. reticularis (Reinsch) Hansg. For a description 
of T. erlangensisj see Prescott and Croasdale (1942); 
for T, pachyderma^ see Brunnthaler (1915); for the 
others, see Collins (1909). 

8. Planktosphaeria G. M. Smith, 1918. The 

cells of this alga are spherical and embedded 

within a wide colorless homogeneous envelope. 

They may be solitary, or they may be in colonies 

and irregularly distributed within the gelatinous 

matrix. Young cells have a single cup-shaped chloroplast; mature cells 

have several polygonal and flattened chloroplasts, each with a pyrenoid, 

that are parietal in distribution. 

Reproduction is by division of the cell contents into 4, 8, or 16 auto¬ 

spores that immediately escape from, or may be retained within, the old 

P. gelatinosa G. M. Smith (Fig. 167), the only 
known species, has been found in several states of 
the Middle West. For a description of it, see G. 
M. Smith (1920). 

9. Eremosphaera DeBary, 1858. Eremo- 

sphaera is sharply differentiated from other un¬ 

icellular Chlorophyceac by its large thin-walled 

cells. The cells are uninucleate and with the 

nucleus held in the center of the cell by numer¬ 

ous strands of cytoplasm. The layer of 

cytoplasm immediately within the wall con¬ 

tains numerous discoid chloroplasts, each with 

a single pyrenoid. The chloroplasts are often arranged in a reticulum 

in which the meshes of the network have three to seven seriately 

disposed chloroplasts. 

Reproduction is by division of the protoplast into two or four autospores 

that are liberated by rupture of the parent-cell wall. The first division of 

parent-cell wall.^ 

Fig. 167. Planktosphaeria ge¬ 
latinosa G. M. Smith. A-B, 
mature cells. C-D, young 
colonies. (X 1000.) 

Fig. 166. Trochiscia obtusa 
(Reinsch.) Hansg. (X 800.) 

» Smith, G. M., 1918. 
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the nucleus is followed, by a cleavage that starts between the two daughter 

nuclei and then progresses outward to the plasma membrane.^ There is a 

possibility that this cytokinesis may be due to a cell plate instead of a 

cleavage.2 There may also be a development of the entire protoplast into 

a single large aplanospore with a brick-red contents.^ 

Fig. 168. Eremosphaera viridis DBy. (X 375.) 

E. viridis DBy. (Fig. 168), the only species, is usually found in soft-water 
areas and in habitats favoring the growth of desmids. For a description of it, see 
Collins (1909). 

10. Excentrosphaera G. T. Moore, 1901. Excentrosphaera differs from 

Eremosphaera in having ellipsoidal to subspherical cells in which the wall 

is irregularly thickened and often stratified in the thickened portions. 

It is like Eremosphaera in that the protoplast is uninucleate and with 

numerous angular chloroplasts just inside the cell wall. The chloroplasts 

may contain one or several pyrenoids. 

Reproduction is by division of the cell contents into numerous small 

aplanospores that are liberated through an opening in the old parent-cell 

wall.^ 

There is but one species, E. viridis G. T. Moore (Fig. 169). For a description 
of it, see Collins, 1909. 

* Reichardt, 1927. * Mainx, 1927. 
* Moore, G. T., 1901; Playfair, 1916. * Moore, G. T., 1901. 
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11. Echinosphaerella G. M. Smith, 1920. The cells of this alga are 

always solitary and free-floating. The cell wall is spherical and with its 

surface densely clothed with heavy, long, hyaline, delicately tapering 

Fig. 169. Excentrosphaera viridia G. T. Moore. A-B, vegetative cells. C, a cell with 
oplauospores. (X 650.) 

gelatinous spines with slightly concave sides. The chloroplast is single, 

parietal, cup-shaped, and with one pyrenoid.^ 

The method of reproduction is unknown. 

E. limnetica G. M. Smith (Fig. 170) is a plankton alga and thus far in this country 
has been found only in Wisconsin.^ For a description of it, see G. M. Smith, 1920. 

Fig. 170. Echinosphaerella limnetica G. M. Smith. (X 1000.) 

12. Treubaria Bernard, 1908. The cells of Treuharia are usually pyram¬ 

idal, with broadly rounded angles and more or less retuse sides; more 

rarely the cells are compressed and with the four angles lying in the same 

plane. Each angle bears a single stout hyaline spine, greater in length 

that the diameter of the cell. The spines may have subparallel sides and 

then taper abruptly to a sharp point, or they may gradually taper from a 

1 Smith, G. M., 1920. 
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broad base to an acute apex. Young cells have a single cup-shaped chloro- 

plast with one pyrenoid; old cells may have a massive chloroplast filling 

the entire cell and with a pyrenoid in each angle of the cell; or they inay 

have four chloroplasts each with a single pyrenoid.^ 

Fig. 171. A-D, Treuharia triappendiculata Bernard. E-G, T. crassispina G. M. Smith. 
(X 400.) 

Reproduction is by division of the protoplast into four autospores that 

are liberated by rupture of the parent-cell wall. 

Most of the records for the occurrence of Treuharia in this country are from the 
plankton. The four species found in the United States are T. crassispina G. M. 
Smith (Fig. ITIF-G), T. setigerum (Archer) G. M. Smith, T. triappendicula Bernard 
(Fig. 171A-D)j and T. varia Tiffany and Ahlstrom. For descriptions of T. cras¬ 
sispina and T. triappendiculata^ see G. M. Smith, 1926; for T. varia, see Tiffany 
1934; and for T. setigerum as Tetraedron trigonum var. setigerum (Archer) Lemm., 

see G. M. Smith (920). 

Fig. 172. Pachycladon umbrinm G. M. Smith. (X 400.) 

13. Pachycladon G. M. Smith, 1924. The cells of this alga are spherical 

and enclosed by a thin wall that is without a gelatinous envelope. The wall 

bears four stout appendages that are usually quadrately arranged but 

sometimes are pyramidate in arrangement. The appendages are dark 

1 Bernard, 1908; Smith, G. M., 1926. 
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brown in color and taper gradually from a broad base to a blunt or bi¬ 

furcate apex. The chloroplast, which fills most of the space within the 

wall, is cup-shaped and with one pyrenoid.^ 

This genus has considerable resemblance to Treubaria but differs in shape of the 
cell, in nature of appendages, and in the chloroplast. The single species, P. urn- 
brinus G. M. Smith (Fig. 172) is known from New York,i North Carolina,* and 
Kentucky.® For a description of it, see G. M. Smith (1924). 

14. Oocystis Nageli, 1855. The cells of Oocystis may be solitary, or 

2, 4, 8, or 10 of them may be surrounded by a partially gelatinized and 

greatly expanded parent-cell wall. The cells are broadly to narrowly 

ellipsoidal, subcylindrical, or panduriform and with rounded to somewhat 

pointed poles. The cell wall is thin and without spines and other orna- 

Fi«. 173. A -C, Oocystis Borgei Snow. D, O. crassa Wittr. E, O. lacustris Chod. F, 0. 
parva W. and G. S. West. G, 0. Eremosphacria G. M. Smith. (X 666.) 

mentation except for a small nodular thickening at each pole. Many 

species have no nodules at their poles. A majority of the species have 

one to five parietal, laminate to irregularly discoid chloroplasts, with or 

without pyrenoids; a few species have numerous discoid chloroplasts, each 

with a pyrenoid. 

Reproduction is by division of the cell contents into 2, 4, 8, or 16 auto¬ 

spores that remain for some time within the greatly expanded parent-cell 

wall. Sometimes the persistent parent-cell walls enclose two, three, or 

even four successive cell generations. There may also be an escape of the 

protoplast from the cell wall and its development into a TetraedronAAkQ 

aplanospore with a punctate wall (Fig. 173R-C). When these aplano- 

spores germinate,'^ there is a rupture of the wall and a division of the 

protoplast into two or four parts that develop into typical vegetative cells. 

1 Smith, G. M., 1924. 
* WiLLE, 1908. 

* Whitford, 1943. ® McInteer, 1939, 
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Odcystis is of frequent, occurrence both in the plankton of lakes and in the micro- 
flora of pools and ditches. Nineteen species have been found in the United States. 
For descriptions of many species of the genus, see G. M. Smith (1920), and Printz 
(1913). 

15. Scotiella Fritsch, 1912. The cells of this alga are solitary in habit. 

They are ellipsoidal to broadly fusiform and with a wall that has several 

straight or spirally twisted longitudinal 

ridges. The ridges may lie equi-distant 

from one another or be in two lateral zones. 

In certain cases, the chloroplast is a median 

girdle containing a single pyrenoid, but in 

most cases the entire protoplast is so deeply 

colored with hematochrome that little can 

be determined concerning the structure of 

the celPs contents. Cells with an abund¬ 

ance of hematochrome contain both starch 

and droplets of oil. 

The method of reproduction is unknown, 

but empty cell walls longitudinally split 

into two halves have been found.^ 

This genus includes a group of longitudinally 
ridged unicellular red-snow algae that have been 
found in the Antarctic and on snow-covered 

mountains in several countries of Europe. A specimen of red snow collected in 
California* contained a Scotiella tentatively identified as S. nivalis (Chodat) 
Fritsch (Fig. 174). For a description of S. nivalis as Pteromonas nivalis Chodat, 
see Pascher, 1927A. 

16. Gloeotaenium Hansgirg, 1890. Glo- 

eoiaenium has spherical to ellipsoidal cells, 

two or four (rarely eight) of which lie within 

the closely fitting cell wall of the previous cell 

generation. The primary feature disting¬ 

uishing this genus from others of the family 

is the presence of a dark-colored gelatinous 

mass separating the cells one from another 

within the old parent-cell wall. The dark 

color of the gelatinous mass is due to its impregnation with calcium carbo¬ 

nate.® In addition to the gelatinous material separating the cells one from 

another, there is often a small cap of gelatinous material external to each 

cell. Four-celled colonies are of more frequent occurrence than two- or 

» Chodat, R., 1902. * Smith, G. M., 1933. > Huber-Pestalozzi, 1919. 

Fig. 175. Gloeotaenium Loitlesber- 
gerianum Hansg. (X 400.) 

Fig. 174. Scotiella nivalis (Chod.) 
Fritsch. (X 900.) 
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eight-celled ones. Four-celled colonies may have all cells in the same 

plane or may have them arranged in a pyramid. The parent-cell wall en¬ 

closing the four cells is fairly thick and often more or less folded. The walls 

surrounding the individual cells are thick and often distinctly stratified. 

Within the cell is a single massive chloroplast, with or without a pyrenoid.^ 

Reproduction is by division of the cell contents into two, four, or eight 

autospores. The newly formed autospores are liberated from the parent 

colony soon after they are formed, but the parent-cell wall surrounding 

them remains intact for a long time after liberation. In very rare cases,^ 

there is an 06cystis-\ike retention of more than one cell generation within 

the old parent-cell wall. Akinetes have also been recorded for this alga. 

G. Loitlesbergerianum Hansg. (Fig. 175), the only species, is widely distributed 
in this country but is rarely found in abundance. For a description of it, see 
Collins (1909). 

Fio. 176. A, Nephrocytium Agardhianum Niig. B, N. ecdysucephanum W. and G. S. West. 
C, N. limneticum G. M. Smith. {A, C, X 1000; B, X 300.) 

17. Nephrocytium Nageli, 1849. This is another of the 05cystaceae in 

which all autospores formed by a cell are retained for some time within 

the old parent-cell wall. In the case of Nephrocytium, the old parent-cell 

wall is partially gelatinized and somewhat expanded. Its cells are asym¬ 

metrical, and reniform or oblong-ellipsoidal. Colonies usually contain 

eight cells, and young colonies often have the cells spirally arranged (Fig. 

176A), but this spiral arrangement is not evident in old colonies. Young 

cells have a parietal plate-like chloroplast running the length of a cell and 

containing one pyrenoid. The chloroplast of an old cell is diffuse and 

completely fills the cell. 

1 Huber-Pestalozzi, 1919; Tbanseau, 1913B. * Huber-Pestalozzi, 1924. 
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Reproduction is by. division of the cell contents into 2, 4, 8, or 16 auto¬ 
spores. 

Nephrocytium is often found sparingly intermingled with other free-floating 
algae in small bodies of permanent water. The following species are found in this 
country: N. Agardhianum Nag. (Fig. 176A), N. ecdysiscepanum W. and G. S. 
West (Fig. 176B), N. limneticum G. M. Smith (Fig. 176C), N. lunatumW. West, and 
N. nbesum W. West. For a description of N. limmticam as Gloeoeystopsis linineticum 
G. M. Smith, see G. M. Smith (1920); for descriptions of the others as species of 
Nephrocytium, see Brunnthaler (1915). 

18. Chodatella Lemmermann 1898 {Lagerheimia Chodat 1895, not Lager- 

heimia Saccardo, 1892). The cells of this alga arc always solitary and 

Fig. 177. A, Chodatella Chodati (Bernard) Ley. B C, C. wratidnunensis (Sclirdder) Ley. 
D, C. quadriaeta Lemin. E~F, C. subsalsa Leinm. G, C. longiscta Lcinni. (X 800.) 

free-floating. They are citriform, ellipsoidal, subcylindrical, or subspheri- 

cal and with a delicate wall that is without an external gelatinous layer. 

The cells are ornamented with long setae that are subpolar, or both sub¬ 

polar and equatorial, in insertion. The protoplasts contain one to four or 

more laminate to discoid chloroplasts, each usually with a single pyrenoid. 

Reproduction is by formation of two, four, or eight autospores which are 

generally liberated at once, but which may remain within the old parent¬ 

cell wall for a time. There is no development of setae until after auto¬ 
spores are liberated from the parent-cell wall. 

Chodatella is a strictly planktonic genus and one found more frequently in shallow 
than in deep lakes. The genus is better known under the name of Lagerheimia, 
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but it has been shown^ tliat Lagerheimia Chodat is a homonym of Lagerheimia 
Saccardo and that Chodatella is the first validly published generic name. The 
following species have been found in this country: C. Chodaii (Bernard) Ley 
(Fig. 177A)y C, ciliata (Lagerh.) Lemm., C. cingula (G. M. Smith) Ley, C. citriformis 
Snow, C, longiseta I^mm. (Fig. 177(r), C. quadriseta Lemm. (Fig. 177D), C. sub- 
globosa (Lemm.) Ley, C. subsalsa Lemm. (Fig. 177F-F), and C. wratislawiends 
(Schroder) Ley (Fig. 177B-C). For descriptions of them as species of Lagerheimia^ 
see G. M. Smith (1920, 1926). 

19. Franceia Lemmermann, 1898. The cells of Franceia are free-float¬ 
ing and solitary, or in colonies of two, three, four, or more. The cells are 
ellipsoidal and with broadly rounded poles. The cell wall is thin and 
densely clothed with delicate setae that may have tubercules at their base 
or may lack them. There may be a single parietal laminate chloroplast 
within a cell, or there may be two or three parietal chloroplasts. Each 
chloroplast usually contains a single pyrenoid.^ 

Fig. 178. A-B. Franceia tuberculata G. M. Smith. C-D, F. Droescheri (Lemm.) G. M. 
Smith. (X 600.) 

Reproduction is by a formation of two, four, or eight autospores that 
may separate from one another after liberation from the parent-cell wall 
or may remain closely apposed after liberation. 

This genus is also known only from the plankton. It differs from Chodatella 
in having setae covering the entire wall, and in the tendency of the cells to remain 
united in colonies. The three species found in this country are F. Droescheri 
(Lemm.) G. M. Smith (Fig. 178(7-D), F. ovalis Franck, and F, tuberculata G. M. 
Smith (Fig. \7SA-B). For descriptions of them, see Tiffany, (1934). 

20. Bohlinia Lemmermann, 1899; emend., G. M. Smith, 1933. The 
cells of this alga may be solitary, or they may be embedded in a common 
gelatinous matrix to form a flocculent mass containing thousands of cells. 
The individual cells are ellipsoidal and with setae scattered over the 
entire wall but less numerous in the equatorial region than at the poles. 
The cells contain one to four (rarely eight) laminate parietal chloroplasts, 
each with a single pyrenoid. 

* Ley, 1948. * Lemmermann, 1898; Smith, G. M., 1920, 1926. 
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Reproduction is by. division of the cell contents into two or four auto¬ 

spores that are liberated by a slight swelling of the parent-cell wall followed 

by its lateral rupture.^ 

Thus far in this country only the type species, B. ecMdna (Bohlin) Lemm. (Fig. 
179), has been found and only in Massachusetts® and California.^ For a description 
of it, see Prescott and Croasdale (1942). 

Fig. 179. Bohlinia echidna (Bohlin) Lemm. (X 600.) 

21. Ankistrodesmus Corda, 1838; emend., Ralfs, 1848. The cells of 

Ankistrodesmus are acicular to spindle-shaped, gradually tapering to a 

point at the ends, and usually with a length several times the breadth. 

They may be solitary and straight, lunate, or sigmoid; they may be twisted 

about one another; or they may be in loose aggregates in which the cells 

are without definite arrangement. ActinastrumAikQ stages have also been 

found^ when the alga is grown in pure culture. Cells of Ankistrodesmus 

have a thin wall without an external gelatinous layer. The protoplast 

may contain a single laminate chloroplast with or without a pyrenoid, or 

there may be more or less fragmentation of the chloroplast. 

Reproduction is by division of the cell contents into two, four, or eight 

autospores. 

Although Ankistrodesmus is found in a wide variety of habitats, it is rarely 
present in abundance. Aquariums and other receptacles containing water that 
have been standing in a laboratory for some time may contain a practically unialgal 
culture of this alga. The species found in this country are A. Braunii (Nag.) 

® Bohlin, 1897i4; Smith, G. M., 1933. 

* Prescott and Croasdale, 1942. • Smith, G. M., 1933. < Vischer, 1919. 
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Collins, A. falcatus (Corda) Ralfs (Fig. 180), and A, spiralis (Turn.) Lemm. For 
descriptions of them, see Brunnthaler (1915). 

22. Dactylococcus Nageli, 1949. The cells of Dactylococcus are more or 

less spindle-shaped and with attenuated apices. They may be solitary or 

joined end to end in branching colonies that are without a gelatinous 

envelope. Young cells have a laminate parietal chloroplast at one side of 

the cell; old cells have the chloroplast completely filling the protoplast. 

A single pyrenoid is sometimes evident in the chloroplast. 

Reproduction is by division of the protoplast into autospores, usually 

four, that may remain attached end to end after liberation from the parent¬ 

cell wall. 

There is considerable dispute among phycologists as to whether or not this is a 
valid genus. Early in the study of algae by the method of pure culture there was a 
demonstration of the formation of extensive DactylococcusAike stages by a strain of 

Fig. 180. A nkistrodesmus falcatus 
(Corda) (X 066.) 

Fig. 181. Dactylococcus infuaionum 
Niig. (X 210.) 

Scenedesmus obliquus (Turp.) Kiitz.^ Other strains of S. obliquus and S. dimorphus 
(Turp.) Kiitz. have been shown^ to have growth stages suggestive of Dactylococcus 
though none has the indefinite branching characteristic of the true Dactylococcus. 
Because of this there has been a tendency^ to hold that Dactylococcus is merely a 
growth form of certain species of Scenedesmus. The small number of records for the 
occurrence of Dactylococcus in this country is probably due to the fact that colonies 
break up very readily and that isolated cells, or two- or three-celled fragments, have 
been identified as Ankistrodesmus or Ourococcus. A strain of D. infusionum Nag. 
(Fig. 181) isolated in unialgal culture in material collected in Wisconsin^ de¬ 
veloped typical many-celled colonies and lacked ScenedesmusAike stages. For a 
description of D. infusionum, see Nageli (1849). 

23. Closteriopsis Lemmermann, 1898. This genus resembles Ankistro¬ 

desmus in its solitary acicular cells that are without a gelatinous sheath. 

1 Grintzesco, 1902. * Chodat, R., 1913, 1926. 
* Printz, 1927; West, G. S., 1904, 1916. * Smith, G. M., 1914. 
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It differs from Ankistrodesmus in its much longer cells and in the chloro- 

plast having an axial row of a dozen or more pyrenoids. The genus also 

resembles certain species of Closterium, but their chloroplasts are always 

interrupted in the equatorial region of a cell. 

C. longissima Lemm. (Fig. 182) has been found in a few localities in this country. 
For a description of it, see Tiffany (1934). 

Fig. 182. Cloateriopsis longissima var. tropica W. and G. S. West. (X 400.) 

24. Closteridium Reinsch, 1888. The cells of this alga are solitary and 

free-floating. Th^y are arcuate to lunate and with a short stout spine at 

either pole. The cell wall is relatively thick, and the single chloroplast 

completely fdls the cell. It usually contains one 

pyrenoid.^ 

The method of reproduction is unknown. 

The three species found in this country are C. 
lunula Reinsch (Fig. 183), C. obesum (W. and G. S. 
West) G. M. Smith, and C. siamensis (W. and G. S. 
West) G. M. Smith. For descriptions of them as 
species of Tetraedrony see Brunnthaler (1915). 

Fig. 183. Closteridium lun- 25. Selenastrum Reinsch, 1867. The cells of 

1888^)^^”*^^ Reinsch, Seknastrum are arcuate to lunate and with their 

apices acutely pointed. They lie in groups of 4, 

8, or 16, with their convex faces apposed, and the group is without a gelatinous 

envelope. Several groups may, in turn, be joined to one another to form a 

Fig. 184. A, Selenastrum gracile Reinsch. B, S. Bihraianum Reinsch. (X 1000.) 

colony containing 100 or more cells. Young cells contain a single laminate 

parietal chloroplast, that lies on the convex side of a cell; old cells have the 

chloroplast entirely filling the cell. There is usually a single pyrenoid.^ 

' Reinsch, 1888. * Reinsch, 1867; Smith, G. M., 1920. 
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Reproduction is by the division of the cell contents into 4, 8, or 16 auto¬ 

spores that usually remain apposed to one another after liberation from 
the parent-cell wall. 

Selenastrum is widely distributed as a plankton organism in this country. It is 
also found sparingly intermingled with other free-floating algae in pools and other 
quiet waters. The following species have been found in the United States: S. 
Bibraianum Reinsch (Fig. 1845), S. gracile Reinsch (Fig. 184A), S. minutum 
(Nag.) Collins, and S. Westii G. M. Smith. For a description of S, minutum, see 
Collins (1909); for descriptions of the others, see G. M. Smith (1920). 

26. Kirchneriella Schmidle, 1893. The cells of this alga may be lunate 

to sickle-shaped and with their apices almost touching; or they may be 

Fig. 185. A, Kirchneriella lunaris (Kirchner) Mobius. B, K, obesa (W. West) Schmidle. 

(X 666.) 

arcuate to irregularly curved cylinders with broadly rounded ends. The 

cells lie in groups of four or eight within a wide homogeneous gelatinous 

matrix. There is a certain tendency for the cells in each group of four or 

eight to have their convex faces apposed, but this tendency is not so strongly 

marked as in Selenastrum. The chloroplast is single, parietal, and on the 

convex side of a cell. There is usually a single pyrenoid within a chloro¬ 

plast. 

Reproduction is by division of the cell contents into four or eight auto¬ 

spores that separate somewhat from one another as the parent-cell wall 

gelatinises. Colony reproduction is by dissociation of the colonial matrix. 

This is another of the genera known chiefly from the plankton. The following 
species have been found in this country: K. contorta (Schmidle) Bohlin, K. elongata 
G. M. Smith, K. lunaris (Kirchner) Mobius (Fig. 185A), K. obesa (W. West) 
Schmidle (Fig. 1855), and K. subsolitaria G. S. West, For a description of K. 
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syhsolitaria^ see G. S. West (1908); for descriptions of the others, see G. M. Smith 
(1920). 

27. Quadrigula Printz, 1915. The straight or slightly curved cells of 

Quadrigula are broadly spindle-shaped to subcylindrical and with more 

or less pointed ends. The cells, with a length 5 to 20 times the breadth, 

lie parallel to one another in groups of four or eight within a fairly copious 

Fig, 180. Quadrigida closterioidea (BohVm) Printz. (X 1000.) 

gelatinous matrix, and all cells of a colony have their long axes paralleling 

the long axis of the colony. The chloroplast is a parietal longitudinal 

plate at one side of the protoplast, or it may completely fill the protoplast. 

According to the species, it is with¬ 

out or contains either one or two 

pyrenoids.^ 

Reproduction is by division of 

the cell contents into two, four, or 

eight autospores. The autospores 

separate somewhat from one 

another as the parent-cell wall gel¬ 

atinizes and merges with the co¬ 

lonial matrix. 

This genus stands in much the same relationship to Ankistrodesmus that Kirch- 
neriella does to Selenastrum. It is a common plankton alga in this country. The 
species found in the United States are Q. Chodatii (Tanner-Fullman) G. M. Smith. 
Q. closterioides (Bohlin) Printz (Fig. 186) and Q. lacustris (Chod.) G. M. Smith. 
For descriptions of them, see G. M. Smith (1920). 

28. Gloeoactinium G. M. Smith, 1926. The cells of this alga are nar¬ 

rowly ovate-cuneate and apposed at their bases in radiating groups of two 

or four; several of these groups lie toward the periphery of a wide homo¬ 

geneous gelatinous matrix. The basal poles of cells are very broadly 

rounded; the apical poles are narrower and more acute. All cells in a 

1 Printz, 1916, 1927; Smith, G. M., 1920. 

Fig. 187. Gloeoactinium limneticurn G. M. 
Smith. (X 8000.) 
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colony are with their long axes radiating from a common center. The 

chloroplast is laminate and parietal, or completely filling the cell; it lacks 
a pyrenoid.* 

Reproduction is by the formation of two or four autospores that remain 

embedded within the colonial matrix. 

G. Umneticum G. M. Smith (Fig. 187), the type species, is known only as a 
plankton alga from Iowa. For a description of it, see G. M. Smith (1926). 

29. Tetraedron Klitzing, 1845. The cells of Tetraedron (Fig. 188) are 

always solitary and free-floating. They may be flattened or isodiametric; 

Fig. 188. A, Tetraedron haatatum var. palatiniim (Schrnidle) Lemm. B, T. caudatum 
(Corda) Hansg. C, T. trigonum var. gracile (Reinsch) DeToni. Z>, T. constrictuin G. M. 
Smith. E, T. lobulatum (Niig.) Hansg. F, T. vidoriae var. major G. M. Smith. (X 1000.) 

triangular, quadrangular, or polygonal. The angles of the cells may be 

simple or produced into simple or furcate processes. Species with the 

angles produced usually have a rather sharp transition from body of the 

cell to the process. The cell wall is relatively thin, and smooth or verru- 

cose. The cells may contain one to many parietal discoid to angular 

chloroplasts, or there may be a single chloroplast entirely filling the cell. 

Chloroplasts are with or without pyrenoids. Young cells are uninucleate; 

mature ones may contain two, four, or eight nuclei.^ 

Reproduction is by successive bipartition of the protoplast into 2, 4, 8, 

16, or 32 autospores that are immediately liberated by rupture of the 

parent-cell wall.^ The reported reproduction by means of zoospores* is 

open to question. 

Approximately 40 species have been found in this country. Some of them are 
open to suspicion since they have not been found producing autospores and so may 

♦Smith, G. M., 1926. ^ Smith, G. M., 1918A. * Pbobst, 1926. 
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be stages in the life history of other algae. • Species with small cells are usually found 
intermingled with other unattached algae in pools and ditches. Many species with 
large cells are known only from the plankton. For descriptions of most species of 
the genus, see Brunnthaler (1915), Reinsch (1888), and G. M. Smith (1920, 1926). 

Fig. 189. Ceraslerias irregulare G. M. Smith. (X 800.) 

30. Cerasterias Reinsch, 1867. The cells of Cerasterias are solitary and 

free-floating. The chief distinction between this genus and Tctraedron 

is the gradual transition from the central body to the processes at the 

angles of a cell. The cells contain a single chloroplast that is without a 

pyrenoid. 

Fio. 190. A-B, Polyedriopsis spinulosa Schmidle. C-D, P. quadrispina G. M. Smith. 
(X 800.) 

Certain ‘"species” referred to this genus have been shown‘ to be spores of fungi 
instead of unicellular algae. Others are unquestionably algae. One of these, 
C, irregulare G. M. Smith (Fig. 189) has been found in the plankton in Ohio* and 
Iowa.* For a description of it, see G. M. Smith (1926). 

* Karling, 1935; Lowe, 1927. * Lackey et al.j 1943. * Smith, G. M., 1926. 
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31. Polyedriopsis Schmidle, 1899. Polyedriopsis has solitary free-float¬ 

ing cells that are usually tetragonal and compressed but sometimes are 

five-angled and pyramidate. Each of the angles may bear a tuft of four 

to six delicate long setae, or there may be a single spine-like seta at each 

angle. The single chloroplast is cup-shaped, fairly massive, and with one 
pyrenoid. 

Reproduction is by the formation of two, four, or eight autospores that 

do not develop setae until after they are liberated from the parent-cell 

wall.^ 

Two species, P. quadrispina G. M. Smith (Fig. IQOC-D) and P. spinulosa 
Schmidle (Fig. 190A-J5), have been found in this country. For descriptions of 
them, see G. M. Smith (1920, 1926). 

Family 10. Scenedesmaceae 

The Scenedesmaceae are Chlorococcales reproducing only by means of 

autospores and in which the autospores produced by any cell always 

remain attached to one another in autocolonies in which the cells have a 

definite orientation. The number of cells in a coenobium is always a 

multiple of two, and generally two, four, or eight. Sometimes the coenobia 

of several successive generations remain attached to one another in com¬ 

pound coenobia {Cnicigenia) ^ but more often the daughter coenobia im¬ 

mediately separate from one another (ScenedesmuSy Tetrastnim), 

Cells of Scenedesmaceae may be spherical, ellipsoidal, acicular, tri¬ 

angular, or trapezoidal and with the walls smooth or ornamented with 

spines or ridges. All cells of a coenobium may lie in the same plane or the 

cells may be pyramidately or radiately arranged. Some genera regularly 

form only four-celled coenobia {Crucigenia, Tetrastrum); in others the 

number of cells in a coenobium ranges from 2 to 32. In these latter genera, 

the number of cells in a coenobium depends in part upon physiological 

vigor of the parent cell, and there is a general tendency for cells growing in 

a favorable environment to produce daughter coenobia with a larger num¬ 

ber of cells than do cells growing under unfavorable conditions. 

The genera found in this country differ as follows: 

1. Cells globose. 
1. Cells not globose. 

2. Coenobia cubical. 
2. Coenobia not cubical. 

3. Long axes of cells parallel . 
3. Long axes of cells not parallel 

4. Long axes in one plane .. 
4. Long axes not in one plane 

6. Cells quadrately arranged. 

. 2 

.3 
9. Pectodlctyon 
8. Coronastrum 
.4 
.6 

.5 
2. Tetradesmus 
.. 3. Cnicigenia 

^ Smith, G. M., 1918. 
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6. Cells not quadrately arranged. 1. Scenedesmus 

6. Cells lunate. 7 

6. Cells not lunate. 8 
7. Poles of cells touching one another. 5. Tetrallantos 
7. Poles of cells not touching one another. 6. Tomaculum 

8. Cells quadrately arranged.   9 

8. Cells radiately arranged. 7. Actinastrum 
9. Cells with spines. 4. Tetrastnim 

9. Cells without spines. 3. Crucigenia 

L Scenedesmus Meyen, 1829. The coenobium of Scenedesmus (Fig. 

191) is a flat, rarely curved, plate of ellipsoidal to spindle-shaped cells 

arranged in a single, alternating, or double series with their long axes 

parallel to one another. The number of cells in a coenobium is always a 

multiple of two and usually four or eight, though sometimes IG or 32. 

Fig. 191. A, Scenedesmus ohliquus (Turp.) KUtz. B, S. dimorphus (Turp.) Katz. C, S. 
bijuga (Turp.) Lagerh. D, S. denticulatus var. linearis Ilansg. E, S. hystrix Lagerh. F, S. 
brasiliensis Bohlin. G, S. ahundans (Kirohner) Chod. H, S, quadricauda var. quadrispina. 
(Chod.) G. M. Smith. I, S, armalus (Chod.) G. M. Smith. (X 1000.) 

According to the species, the cell wall is smooth, corrugated, granulate, or 

spicate; and with or without marginal or lateral teeth or spines. Young 

cells have a single longitudinal laminate chloroplast containing one pyre- 

noid; chloroplasts of old cells usually fill the entire cell cavity. The cells 

are uninucleate. 

Each cell in a coenobium is capable of giving rise to a daughter coeno¬ 

bium, but there is rarely a simultaneous formation of daughter coenobia by 

all cells. Daughter coenobia are formed by transverse and longitudinal 

divisions of a protoplast to form 2, 4, 8, 16, or 32 autospores.^ These 

remain united after their liberation by a longitudinal splitting of the 

parent-cell wall. The number of cells in a daughter coenobium is not 

necessarily the same as that in the parent coenobium. 

1 Smith, G. M., 1914A. 
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Most collections from aquatic habitats contain one or more species of this 

genus. About 30 species have been found in this country. For descriptions of 

most of the species of Scenedesmus, see R. Chodat (1926), and G. M. Smith (1916D). 

2. Tetradesmus G. M. Smith, 1913. The free-floating coenobia of this 

alga are always four-celled and with the cells in two planes. The cells 

are narrowly to broadly fusiform and with their 

long axes parallel. Some species have the apices 

of the cells divergent. When viewed from the 

top, the coenobia have the cells quadrately ar¬ 

ranged. There is a single laminate chloroplast 

that often fills the entire cell. It contains 

one pyrenoid.i 

Reproduction is by transverse and longitud¬ 

inal division of the cell contents to form four autospores that remain 

united in an autocolony after liberation by a longitudinal splitting of the 

parent-cell wall. 

The two species found in this country are T. Smithii Prescott and T. mscon- 
sinensis G. M. Smith (Fig. 192). For a description of T. Smithii^ see Prescott 

(1944); for T. wisconsinensis^ see G. M. Smith (1920). 

Fig. 192. Tetradesmus wis- 
consinensis G. M. Smith. 
(X 1000.) 

Fig. 193. A, Crncigenia rectangularis (Niig.) Gay. B, C. tetrapedia (Kirchner) W. and G. 
S. West. C-D, C. quadrata Morren. (X 660.) 

3. Crucigenia Morren, 1830. The cells of this alga are united in free- 

floating four-celled coenobia that are solitary or joined to one another to 

form plate-like multiple coenobia of 16 or more cells. Multiple coenobia 

are due to the presence of a gelatinous envelope or to a persistence of por¬ 

tions of parent-cell walls that unite the coenobia one to another. The 

four cells in a coenobium are quadrately arranged, and there is usually a 

large or a small quadrangular space at the center of a coenobium. The cells 

are elliptical, triangular, trapezoidal, or semicircular in surface view, and 

1 Smith, G. M., 1913; West, G. S., 1916. 
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the cell wall is without ornamentation, except for the polar thickenings 

found in certain species. The cells contain one to four parietal, discoid to 

laminate, chloroplasts, each of which usually contains a single pyrenoid. 

Reproduction is by cruciate division of the protoplast into four auto¬ 

spores that remain quadrately apposed. There may be a liberation of the 

daughter coenobium after rupture of the parent-cell wall, or the daughter 

coenobium may remain partially surrounded by the old wall. There is 

a single record of the formation of akinetes in Crucigenia} 

The majority of the 12 species found in the United States are known only from 

the plankton. For descriptions of these species, see G. M. Smith (1920, 1926). 

4. Tetrastrum R. Chodat, 1895. The coenobia of Tetrastrum have the 

same quadrate arrangement of cells that is found in Crucigenia^ but they 

are very rarely joined to one another to form compound coenobia. The 

Fi(}. 194. A-B, Tetrastntm clvuans Playfair. C, T. staurogpniaeforme (Schroder) Lemrn. 
D-E, T. hetcrocanthum (Nordst.) Chod. (X 800.) 

chief difference between this genus and Crucigenia is the ornamentation of 

the free face of each cell with one or more spines. The cells contain one 

to four parietal chloroplasts that are with or without pyrenoids. 

Reproduction is by cruciate division of the cell contents into four auto- 

spores that remain quadrately united when liberated by rupture of the 

parent-cell wall. 

Tetrastrum is another genus that is rarely found outside the plankton. The 

following species have been found in this country: T. elegans Playf. (Fig. 194A-R), 

T. glabrum (Roll) Ahlstrom and Tiffany, T. hetcrocanthum (Nordst.) Chodat 

(Fig. 194D-i5/), and T. staurogeniaeforme (Schroder) Lemm. (Fig. 194C). For 

descriptions of them, sec Ahlstrom and Tiffany (1934). 

5. Tetrallantos Teiling, 1916. The sausage-shaped cells of Tetrallantos 

are strongly curved and usually united in four-celled coenobia, in which 

the cells have a definite orientation with respect to one another. Two of 

1 SCHMIDLE, 1900. 
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the cells lie in the same plane; these face each other and touch only at the 

poles. The two remaining cells are vertical to the apposed pair and joined 

to them where they abut on each other. The colonies are often surrounded 

by a broad gelatinous matrix, and four or more of them may lie within a 

common matrix. Chloroplasts are single, parietal, with one pyrenoid. 

Reproduction is by division of the cell contents into two, four, or eight 

autospores that are liberated by a rupture of the paient-cell wall. The 

autospores remain united in a coenobium that may separate from the 

parent coenobium, or may remain attached to it by remnants of the parent¬ 

cell wall.^ 

T. Lagerheimii Teiling (Fig. 195) has been found in the plankton in several states 

east of the Miswsissippi River. For a description of it, see Teiling (1916). 

Fio. 195. Tetrallantos Lagerheimii Teiling. {Drawn by J. C. McKee.) (X 650.) 

6. Tomaculum Whitford, 1943. This alga has curved sausage-shaped 

cells that may or may not have a cylindrical projection on the concave face. 

The poles and the lateral projection, if present, of cells are joined to those of 

other cells by delicate strands to form a saccase reticulate colony that is 

embedded in a copious gelatinous matrix. A cell contains one or two 

parietal laminate chloroplasts, each with a single pyrenoid.^ 

The method of reproduction is unknown. 

The single species, T. catenatum Whitford (Fig. 196), is known from two localities 

in North Carolina.^ For a description of it, see Whitford (1943). 

7. Actinastrum Lagerheim, 1882. The coenobia of Actinastrum are 

composed of 4, 8, or 16 (generally 8) elongate cells that radiate in all 

directions from a common center. Sometimes the coenobia are united 

in multiple coenobia of irregular shape. The individual cells have a 

length four to eight times the breadth and are cylindrical, fusiform, or 

^ Teiling, 1916. * Whitford, 1943. 
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tetaniform. The chloroplast is a longitudinal strip, partially encircling 

the protoplast and containing one pyrenoid. 

Reproduction is by transverse and longitudinal division of the proto¬ 

plast to form 4, 8, or 16 autospores. These lie in two longitudinally 

Fig. 196. Tomaculum cateriatum Whitford. A, colony. S, cell showing chloroplasts and 
connecting strands. (Afto Whitford, 1913.) (^, X 150; H, X 800.) 

joined fasciculate bundles at the time they are liberated by the breaking 

of the parent-cell wall. After a daughter coenobium is liberated, its cells 

become outwardly divergent from the zone where the two fascicles touch 

each other.^ 

Fig. 197. A, Aclinastrum HanUschii Lagerh. B-C, A. gracillimiun G. M. Smith. (A, 
X 500; B-C, X 1000.) 

Actinastrum is of widespread occurrence in the plankton of lakes and ponds in the 
United States. The two species found in this country are A. gradllimum G. M. 
Smith (Fig. 197B-C) and A. Hantzschii Lagerh. (Fig. 197A). For descriptions of 
them, see G. M. Smith (1920). 

1 Laqbbhbim, 1882; Smith, G. M., 1920, 1926. 
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8. Coronastrum Thompson, 1938. The coenobia of this alga are four- 

celled, free-floating, and solitary, or joined to one another into compound 

coenobia of 16 cells. The four cells of a coenobium are quadrately ar¬ 

ranged in a flat plate and are separated from one another by strands, the 

persisting remains of the parent-cell wall. Each cell bears in its free face 

a scale-like appendage derived from the parent-cell wall. A coenobium is 

without surrounding gelatinous material. The cells are subglobose, and 

each contains a parietal chloroplast with a single pyrenoid.^ 

Fig. 198. Coronaalrum aestivale Thompson. {After Thompson, 1938.4.) (X 1600.) 

Reproduction is by division of the cell contents into four autospores, 

and the cells formed by enlargement of the autospores remain permanently 

attached to the angles of the four-sided mesh into which the parent-cell 

wall splits. 

There is but one species, C. aestivale Thompson (Fig. 198), and it is known from 
only a single locality in Kansas. For a description of it, see Thompson (1938A). 

9. Pectodictyon Taft, 1945. The coenobia of this alga are eight-celled, 

free-floating, and solitary or joined to one another in compound coenobia. 

A coenobium has a cubical framework of gelatinous strands and has a 

single cell at each of the eight corners of the framework. The cells are 

spherical, and each contains a single massive cup-shaped chloroplast with a 

minute pyrenoid at its base.^ 

Reproduction is by successive bipartition of the protoplast to form eight 

autospores which lie in two tiers of four and are liberated as a unit. At 

1 Thompson, 1938A. *Taft, 1945A. 
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first, the young coenobium is a solid gelatinous cube with a cell just within 

each corner (Fig. 1995); but later on, as the coenobium increases in size, 

gelatinous strands appear between adjoining corners of the gelatinous 

material.^ 

There is but one specie?, P. cubicum Taft (Fig. 199), and it is known from only 
a single locality in Ohio. For a description of it, see Taft (1945^4). 

Fig. 199. Pectodidyon cubicum Taft. A. mature colony. /?, young colony before forma¬ 
tion of gelatinous strands. C, coanpound colony. (After Taft, 1945^4.) 

ORDER 9. SIPHONALES 

The thallus of members of this order is a single multinucleate cell which 

often grows to form a structure of definite macroscopic shape. Only a 

few members of the order form zoospores or aplanospores. Most members 

of the order reproduce sexually, and gametic union is usually anisogamous 

but may be oogamous 

The Siphonales are among the most sharply defined of all Chlorophyceae. 

Although they are extremely varied as to size and external form, they are 

all fundamentally alike in that the entire plant body is a single multi¬ 

nucleate cell with numerous discoid chloroplasts. 

All the fresh-water Siphonales have simple thalli consisting of elongate 

sparingly branched tubular cells. It does not necessarily follow that these 

are the most primitive of tlie order; in fact, Dichotomosiphon is the most 

advanced of the Siphonales as far as its method of sexual reproduction is 

concerned. Some marine Siphonales have sparingly branched thalli, but 

in the great majority of them the single cell comprising the plant body is 

elaborately branched. Certain marine Siphonales have the branches of 

the cell differentiated into erect tufts arising from a prostrate portion 

1 Taft, 1945 A. 
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(Derhesia) or have the erect branches feather-like and with the main 

axis bearing numerous primary or secondary branchlets (Bryopsis), ^Caul- 

erpa is especially remarkable since the single cell is a plant of macroscopic 

size that simulates in appearance the differentiation into roots, stem, and 

leaves found in vascular plants^ Other marine Siphonales, especially the 

Codiaceae, have an intricate interweaving of the coenocyte^s branches to 

form a plant body of definite external form and a decimeter or more in 

height. 

In spite of their external complexity, the Siphonales have a relatively 

simple internal structure. There is a single central vacuole that may run 

without interruption the whole length of the coenocyte. The layer of 

cytoplasm between central vacuole and cell wall is relatively thin, with 

nuclei toward its inner face and chloroplasts toward its outer face. The 

chloroplasts are discoid or lenticular and each with a pyrenoid, or pyrenoids 

may be lacking. Genera with a simple thallus, as Derhesia and Dichoto- 

mosiphon, have a more or less uniform distribution of chloroplast. Genera 

with a complicated thallus o^en have the chloroplasts restricted to certain 

portions of the plant body; Cbdixim, for example, having the chloroplasts 

localized in special palisade-like branches at the surface of the plant body. 

Starch is the usual reserve food accumulated by Siphonales.*^ 

The cell wall is fairly thin and with (Codium) or without (Dichoiomo- 

siphon) a gelatinous envelope. Many of the complex Siphonales, as 

Codium, have broad annular ingrowths of the wall at intervals along the 

coenocyte. Increase in thickness of ingrowths often completely blocks 

the cell cavity at intervals and results in a septation of the coenocyte. 

Old thalli of such Siphonales are, therefore, essentially multicellular. 

Portions of thalli developing into sporangia or gametangia regularly have 

their protoplasts blocked off from the remainder of the cell by annular 

ingrowths of the cell wall {Bryopsis, Codium, Derhesia). 

Simple members of the order rarely multiply vegetatively by fragmenta¬ 

tion; complex members frequently multiply by fragmentation. Their 

vegetative multiplication may be by an abscission of branchlets or by a 

development of proliferous shoots that become detached from the plant 

body. 

Derhesia is the only genus reproducing by means of zoospores. These 

are formed within inflated sporangia resulting from enlargement of a 

lateral branchlet, and each sporangium contains a number of Oedogonium- 

like zoospores with a whorl of flagella at the anterior end. The striking 

similarity in structure of zoospores of Derhesia and the Odeogoniales is 

without phylogenetic significance. Several Siphonales form aplanospores 

in large numbers throughout the length of the thallus. Dichotomosiphon is 

the only member of the order that regularly forms akinetes. 
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Sexual reproduction of most genera in the order is anisogamous, a 

uniting pair may differ but slightly in size (Bryopsis) or differ markedly 

(Podium), These gametes may or may not be formed within gametangia 

of distinctive shape. Dichoiomosiphoriy the only oogamous genus, has 

antheridia containing many antherozoids and oogonia containing a single 

egg. Here fertilization takes place within an oogonium, and the zygote 

enters upon a period of rest before germinating directly into a new thallus. 

In several of the anisogamous genera, meiosis occurs just prior to forma¬ 

tion of gametes.^ The zygote germinates soon after it is formed and 

develops directly into a coenocyte whose nuclei are diploid. The life 

cycle of these algae consists of an alternation of a haploid uninucleate phase 

with a phase in which there are many successive generations of diploid 
nuclei. 

The Siphonales are divided into seven families, only two of which have 

fresh-water genera. Representatives of both these families are found in 

the fresh-water flora of this country. 

Family 1. Pityllosiphonaceae 

The Phyllosiphonaceae have sparingly to profusely and irregularly or 

dichotomously branched tubular thalli in which reproduction is exclusively 
by means of aplanospores formed throughout the length of the thallus. 

All members of the family are endophytic or endozoic. Phyllosiphon is 

the only genus in the fresh-water flora of this country, 

1. Phyllosiphon Kiihn, 1878. Phyllosiphon grows as an intercellular 

parasite in stems and leaves of various Araceae. The parasitism of the 

alga hinders development of chloroplasts by the host, hence the yellowish- 

green color of areas infected with the alga.^ Later, the presence of the 

parasite stimulates a formation of yellowish-orange droplets of oil within 

cells of the host. Still later, the presence of the alga may cause a disap¬ 

pearance of green coloration from the entire leaf except where the Phyllosi¬ 

phon filaments are interwoven to form a green mat. The thallus of 

Phyllosiphon is a dichotomously or irregularly branched tube in which 

branching is profuse and the various branches are loosely interwoven with 

one another. The entire coenocyte is densely packed with elliptical 

chloroplasts, except at the tips of growing branches. The chloroplasts are 
without pyrenoids and may form either starch or oil.® 

Reproduction is by the formation of many small ellipsoidal aplanospores 

within all portions of the coenocyte.** The aplanospores grow directly into 

new thalli.^ Motile reproductive stages have not been observed in this 
aJga. 

' ScHUSSNiG, 1930. *Maire, 1908. ® Just, 1882; Tobler, 1917. 
^ Just, 1882; Maire, 1908; Tobler, 1917. « Tobler, 1917. 
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The only host within which Phyllosiphon has been found growing in this country 
is the Jack-in-the-Pulpit [Arisaema triphyllum (L.) Schott]. The American PhyU 
losiphon appears to be identical with the P. Arisari Kuhn (Fig. 200) found on 
several species of Arisarum in Europe. It has been collected in Wisconsin^ and 
New Hampshire.^ For a description of it, see Collins (1909). 

Fio. 200. Phyllosiphon Arisari Kuhn. A, leaf of Arishema triphyllum infected with Phyllo- 
aiphon. B-C, portions of thalliis of Phyllosiphon. (vi, X Hi X 110; (7, X 430.) 

Family 2. Dichotomosiphonaceae 

The most striking difference between this and other families of the order 

is the oogamous sexual reproduction. Dichotomosiphon is the only genus 

in the fresh-water flora of this country. 

1. Dichotomosiphon Ernst, 1902. The thallus of Dichotomosiphon is a 

dichotomously branched tubular coenocyte transversely constricted at 

each dichotomy and with constrictions between the dichotomies. The 

entire thallus, except for colorless rhizoidal branches at the base, contains 

numerous lens-shaped chloroplasts without pyrenoids and without starch. 

In addition there are leucoplasts containing granules of starch. The wMl 

is said^ to lack cellulose. 

Asexual reproduction is by a formation of large tuberous akinetes that 

are generally borne at the ends of rhizoid-like lateral branches. The 

akinetes are densely packed with starch and may or may not be set off 

from the remainder of the coenocyte by a transverse septum. They 

germinate directly into new coenocytes.'* 

Sexual reproduction is oogamous. The coenocytes are homothallic and 

with the sex organs borne at the di-, tri-, or tetrachotomously branched end 

of a filament. The branches subtending each antheridium and oogonium 

are strongly curved. An antheridium is of the same diameter as the sup¬ 

porting branch and separated from it by a transverse septum. The proto¬ 

plast of an antheridium divides into a large number of minute biflagellate 

^ Swingle, 1894. * Collins, 1909. * Feldmann, 1946. ^ Ernst, 1902. 
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antherozoids that are liberated by an apical rupture of the antheridial wall. 

An oogonium is spherical and with a curved supporting branch. Just 

before fertilization, an oogonium develops a small beak-like opening at its 

apex.^ Mature zygotes have a smooth thick wall surrounding a proto¬ 

plast densely packed with starch and are retained within the oogonium for 

a considerable time after fertilization. 

Even when in a vegetative condition, Dichotomosiphon may be distinguished 

from Vaucheria by the constrictions at intervals along a cell. There is but one 

species, D. tuberosus (A. Br.) Ernst (Fig. 201). European phycologists consider this 

r's , 

. 

Fig. 201. Dichotomosiphon tuberosus (A. Br.) Ernst. A, portion of a thallus. B, akinete. 
C-D, sex organs. (A-B, X 0; C-D, X 325.) 

one of the rarest of fresh-water algae, but it has been found at a number of widely 

separated stations in the United States. In this country it has been found both at 

the surface of shallow pools and 20 to 50 ft. below the surface of deep-water lakes. 

For a description of D. tuberosus, see Collins (1909). 

ORDER 10. ZYGNEMATALES 

The Zygnematales constitute a well-defined series, sharply delimited 

from other Chlorophyceae by their lack of flagellated reproductive cells 

and by their production of isogamous aplanogametes. The organization of 

the protoplast, especially the structure of the chloroplast, is also quite 

1 Ernst, 1902. 



DIVISION CHLOROPHYTA 283 

different from that of other green algae!^ Because of these differences, 

many systems of classification place the Zygnematales as a separate class 

coordinate with the Chlorophyceae,^ or as a subclass of the Chlorophyceae.^ 

The placing of them in a separate class is certainly too drastic a treatment^ 

since it ignores their undoubted relationships with other Chlorophyceae. 

Whether or not the Zygnematales are to be considered a subclass depends 

upon how remote they are from other Chlorophyceae. If they represent a 

phylogenetic series evolved directly from unicellular Volvocales, but with 

intermediates lost, they may possibly merit recognition as a subclass. 

The occasional occurrence of amoeboid instead of flagellated gametes in 

ChlamydomonaSj^ and the presence of various types of chloroplast in this 

genus, suggest the possibility of a derivation of Zygnematales from a one- 

cellcd motile ancestor.*^ On the other hand, cells of Zygnematales have the 

same ability to divide vegetatively as is found in the tetrasporine series of 

Chlorophyceae. Primitive and advanced members of the tetrasporine 

series also have the capacity to form amoeboid instead of flagellated re¬ 

productive cells.There is, therefore, the possibility that the Zygnematales 

are an offshoot from the tetrasporine line, that may have arisen at an early 

or a relatively late stage in evolution of the series. If such is the case, the 

Zygnematales merit no higher rank than the Oedogoniales, another offshoot 

of this series. 

^Members of the Zygnematales may have solitary cells, or the cells may 

be joined end to end in unbranched filaments. All genera of the order have 

uninucleate cells and almost always have the nucleus central in position. 

The chloroplasts are of three general types: peripheral spirally twisted 

bands extending the length of a cell; an axial plate extending the length of a 

cell; or two stellate chloroplasts axial to each.'^ There are many modifica¬ 

tions of the last-named type in the Desmidiaceae, and many members of 

this family have “stellate” chloroplasts from which the central mass has 

entirely disappeared. '"The wall surrounding protoplasts of Zygnematales 

is generally composed of two concentric layers: a cellulose layer next to the 

protoplast and an outer layer of pectic material. Filamentous Zygne¬ 

matales are usually slippery to the touch because of the mucilaginous 

sheath of pectose.^ 

Multiplication of unicellular Zygnematales is by cell division, followed 

by an immediate separation of the two daughter cells. In most filamen¬ 

tous genera, vegetative multiplication is due only to an accidental break¬ 

ing; but some of the narrow-celled filamentous species have a regular 

dissociation into individual cells or into short fragments which, in time, 

1 Blackman and Tansley, 1902; Oltmanns, 1922; Wille, 1890. * Pbintz, 1927; 

West, G. S., 1916. 
* Pascher, 1918. * Pascher, 1915. 
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may develop into new filaments. In certain genera, the protoplast may 

contract and become a spore-like body with the same shape and ornamenta¬ 

tion as a zygote. These bodies have been called parthenospores, but it is 

better to follow those^ who consider them aplanospores because they are 

not formed by gametes whose fusion has been interrupted. A few Zyg- 

nematales may also form akinetes. 

Sexual reproduction is by a fusion of amoeboid gametes; formed singly 

within a cell, and in most genera all the protoplast is used in production of a 

gamete. During sexual reproduction, there may be an establishment of a 

tubular connection between two cells of opposite sex, or the gametes may 

escape from their enclosing walls at the time they fuse with each other. 

The zygote formed by union of two gametes develops a thick wall, usually 

with an ornamentation or sculpturing characteristic of the species, and 

enters upon a period of rest before it germinates. The fact that all Zygne- 

matales, thus far investigated cytologically, have a meiotic division of the 

zygote nucleus seems to justify the assumption that vegetative cells of all 

members of the order are haploid. Gametes that have failed to unite with 

another one may develop into parthenospores that, except for their smaller 

volume, are identical in appearance wdth zygotes. 

Practically all present-day phycologists divide the order into three 
families. 

Family 1. Zygnp^matacbae 

Members of this family have cylindrical cells, more or less permanently 

united in unbranched filaments. The cells have unsegmented walls with¬ 

out pores and contain either peripheral spirally arranged ribbon-shaped 

chloroplasts, or an axial laminate chloroplast, or two to four axial disk¬ 

shaped to stellate chloroplasts. Conjugating cells do not have their 

protoplasts escaping from the enclosing wall during gametic union. 

Filaments of Zygnemataceae are usually free-floating and intermingled 

with one another to form a slippery mass. Species growing in quiet water 

njay be sessile and attached to a substratum by lateral or terminal out¬ 

growths (haptera) from near the end of a filament^ or by a tendril-like coil¬ 

ing of a filament.^ Species growing attached to rocks in swiftly flowing 
streams regularly develop haptera.^ 

Lateral walls of cells of Zygnemataceae have an inner layer of cellulose 

(two layers in Spirogyra) and an outer layer of pectose.^ The pectose 

layer is usually thin, but in robust species of Spirogyra it may reach a thick- 

1 Taft, 1937; Transeau, 1934. 
« Borgb, 1894; Iyengar, 1923; Pickett, 1912; West, W. andG. S., 1898; Weather- 

wax, 1914. 

» Iyengar, 1923. ^ Collins, 1904; de Pumaly, 1927. » Tiffany, 1924. 
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ness of 15 m- The transverse wall separating two adjoining cells has a 

middle lamella of pectose and a layer of cellulose on either side of the 

middle lamella. Cellulose layers adjoining the middle lamella may be 

flattened or, as in several species of Spirogyra, they may have annular 

ingrowths—the so-called replicate end walls. As will be shown ou a 

later page, replication of end walls is intimately connected with fragmenta¬ 

tion of a filament. 

Three types of chloroplast are found in Zygnemataceae. ^Spirogyra 

has ribbon-like spiral chloroplasts, peripheral in location and running the 

length of a cell.'^ The cells may have from one to a dozen chloroplasts. 

Within certain limits, the number of chloroplasts and the amount of their 

twisting are constant for a given species. Inconstancy in number of 

chloroplasts is best exemplified by filaments in which some cells have a 

single chloroplast and others have two. This has been explained as being 

due to a transverse division of a chloroplast into two fragments followed by 

a growth of the two parts past each other.^ Another explanation holds 

that it is due to the elongation of a single chloroplast until it bends back on 

itself, followed by a breaking at the point of bending.^ 'Chloroplasts of 

the Spirogyra type contain several pyrenoidsf These are seriately ar¬ 

ranged, usually equidistant from one another, and often connected by a 

cytoplasmic strand. Mougeotia and its relatives have a single axial plate¬ 

like chloroplast, as broad as the cell and usually nearly as long.'^ Narrow 

cells with this type of chloroplast may have two, three, or more pyrenoids 

that lie in an axial series; broad cells have several irregularly scattered 

pyrenoids. Chloroplasts of the Mougeotia type have the ability to orient 

themselves with respect to the direction of illumination. In diffuse light, 

the plane of the chloroplast is at right angles to the incident rays; in 

intense light, the plane parallels the rays.® This usually results in chloro¬ 

plasts of several successive cells having the same orientation, but it is not 

uncommon to find cells in which the two poles of a chloroplast are at right 

angles to each other. ^Zygnema has two stellate chloroplasts, each with a 

single pyrenoid, that lie axial to each other on either side of the nucleus. 

There are also Zygnemataceae with this type of chloroplast, in which both 

chloroplasts are greatly elongate and with a rod-like pyrenoid, or in which 

each elongate chloroplast is transversely constricted into two chloroplasts.** 

'^Protoplasts of the Zygnemataceae are always uninucleate under natural 

conditions, but Spirogyra has been induced to produce binucleate cells 

under controlled conditions in the laboratory. These artificially pro¬ 

duced binucleate cells remain alive for a considerable time and have even 

been found conjugating.® Cells with a Spirogyra type of chloroplast 

1 Lewis, I. F., 1925. ^ Hill, 1916; Kasanowsky, 1913. 
* Lewis, F. J., 1898. < Transeau, 1926. * Gerassimopf, 1898, 
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have the nucleus surrounded by a sheath of cytoplasm and suspended 

in the central vacuole by several radiately disposed cytoplasmic strands. 

The distal end of each strand usually terminates immediately beneath 

a pyrenoid. "^Cells with the Moiigeotia type of chloroplast have the nucleus 

flattened against the chloroplast midway between its end. In the Zygnema 

type of cell, the nucleus lies between the two stellate chloroplasts. 

Cell division follows very shortly after nuclear division. Cytokinesis 

nas been held^ to be due to a development of an annular furrow in the 

plasma membrane, midw'ay between the poles of the cell, but cell division 

in Spirogyra may be due to a phragmoplast (cell plate) similar to that 

formed in cells of higher plants.^ Division of the protoplast is followed 

by the formation of a thin layer of wall material, the pectose middle lamella 

of a cross wall separating mature cells. Cells with chloroplasts similar to 

those of Spirogyra and Mougcotia have their chloroplasts transversely 

severed by cytokinesis. Because of this, Spirogyra often has the spiral line 

of the chloroplast or chloroplasts continuous from cell to cell. Genera 

with vstellate chloroplasts do not have them divided by cytokinesis. In 

Zygnema^ the newly formed daughter protoplasts have one chloroplast 

only. Soon after cell division, the nucleus migrates to a point lateral to 

the chloroplast and midway between the two poles. This is followed by a 

division of the chloroplast into two daughter chloroplasts, each with a 

pyrenoid resulting from bipartition of the original pyrenoid, and the 

nucleus moves in between thu two newly formed chloroplasts. 

Cell division increases the number of cells in a filament but docs not 

result in a direct increase in the number of filaments. Vegetative multi¬ 

plication of the Zygnemataceae may be accidental and due to a severing 

of filaments by the action of water currents or to aquatic; animals feeding 

upon the plant mass. The rapid increase in the number of filaments in 

masses of Spirogyra or Zygnema growing in quiet water shows that this is 

an efficient method of reproduction. Vegetative multiplication may also 

result from the disjunction of filaments into individual cells or into small 

fragments. Disjunction is generally associated with a change in the 

chemical nature of the middle lamella, probably a conversion of the pec¬ 

tose into pectin.^ The actual disjunction of the cells has been ascribed 

to a shearing of the lateral walls^ resulting from differential turgor pressure 

in adjoining cells rather than to a mere imbibitional swelling of the middle 

lamella as was once supposed.® This type of disjunction is found in the 

smaller, thin-walled species of Mougeotia and Spirogyra and is especially 

common in species of the latter that have replicate end walls (Fig. 202). 

Disjunction in larger, thick-walled species of Spirogyra is by an abscission 

1 Strasburger, 1785, 1880. * McAllister, 1931. ’ Merriam, 1906, 
* Tiffany, 1924. • Lloyd, 1926. • Benecke, 1898. 
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of H-pieces near the cross walls.^ The localized hydrolysis bringing about 

this abscission is induced by unfavorable conditions such as wounding, in¬ 

fection by fungi, or death and decay of certain cells in the filament. 

Cells of Zygnemataceae may have a rounding up of the protoplast and a 

secretion of a thick wall around the retracted protoplast. For any given 

species, the structure and ornamentation of the special walls surrounding 

these bodies are identical with those of walls of zygotes of the species. 

In certain cases, these bodies obviously result from failure of a gamete to 

unite with another gamete and hence are appropriately called partheno- 

spores. In other cases, as in Zygnemopsis and in certain species of 

Mougeotia and Spirogyra, these bodies are formed in filaments where conju¬ 

gation is not taking place. Thus, in spite of morphological similarities 

between them and zygotes, it is very probable that they are asexual in 

nature and are to be regarded as in the nature of aplanospores. 

Fig. 202. Vegetative multiplication of Spirogyra protecta Wood, a species with replicate 
end walls. (X 325.) 

Species of Mougeotia growing in densely shaded pools, or in ponds of 

alpine and arctic regions, may have isolated cells in a filament becoming 

thick-walled. Similar cells are found in filaments of Spirogyra growing in 

rapidly flowing water, and in terrestrial species of Zygnema. These thick- 

walled cells are of an akinete-like nature. 

The Zygnemataceae have a marked seasonal periodicity of sexual re¬ 

production, and each species usually fruits at a definite time of the year. 

Most species fruit in the spring, but there are those that fruit in the summer 

or in the autumn.^ The factors inducing conjugation are not wholly con¬ 

nected with changes in the external environment, and fruiting cannot be 

induced at will by altering the conditions of illumination, temperature, 

and mineral content of the surrounding water. In many species of Spiro¬ 

gyra, the time of conjugation is directly correlated with the ratio between 

the celFs surface and volume, and cells with the largest surface in propor¬ 

tion to the volume fruit the earliest.^ However, this is somewhat influenced 

» Lloyd, 1926. * Transeau, 1913. * Transeau, 1916. 
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by external factors,, especially temperature, and is accelerated or retarded 
as the seasonal temperature average is high or low. 

All the Zygnemataceae have the vegetative cells functioning directly 
as gametangial cells and each cell giving rise to a single nonflagellated 
gamete. At the time of gametic union, the two conjugating cells are 
usually connected with each other by tubular outgrowths (the conjugation 
luhe)y but in some cases, as Sirogonium^ there is no development of a 
conjugation tube between the apposed cells. The conjugation may be 
between cells of different filaments (scalariform conjugation), or between 
adjoining cells of the same filament (lateral conjugation). A majority of 
the genera belonging to the Zygnemataceae have all vegetative cells 
potentially capable of producing gametes, and conjugating filaments of 
such Zygnemataceae contain but few vegetative cells. Sirogonium and 
Temnogameium have a differentiation of the two daughter cells formed in 
the cell generation immediately preceding conjugation.^ One of these 
daughter cells elongates considerably and is purely vegetative; the other 
remains short and has the ability to conjugate or to produce 
parthenospores. 

Many species with scalariform conjugation have conjugation beginning 
with the lateral approximation of the filaments throughout their entire 
length and the secretion of a common gelatinous envelope around the two 
filaments.^ While the two filaments are thus apposed, there is the develop¬ 
ment of a papilla, the primorJium of the conjugation tube, from each cell. 
Further elongation of the papillae pushes the filaments a certain distance 
from each other. Zygnemataceae with a differentiation of male and female 
gametes often have the papillae of the male cells developing earlier than 
those of the female cells. Species with like gametes, and a formation of 
zygotes in the conjugation tube, usually have a simultaneous development 
of the two papillae. Sooner or later after the papillae appear there is a 
hydrolysis of their walls in the zone of mutual contact, the sudden bursting^ 
or the gradual dissolution of this zone of contact establishing an opening 
through the conjugation tube connecting the two cells. Zygnemataceae 
with lateral conjugation have the papillate outgrowths that eventually 
develop into the conjugation tube of these species always arising near the 
transverse wall separating adjoining cells. Later stages in the growth of 
these papillae and the establishment of the perforation in the conjugation 
tube seem to be the same as in scalariform conjugation. 

There are occasional irregularities in both types of conjugation. These 
include the fusion of papillae from two cells in one filament with the papilla 
from one cell in the other filament, with a resultant Y-shaped conjugation 

1 West, G. S., 1916; West, W. and G. S., 1897. 

* CzuRDA, 1925; Hemleben, 1922; Saunders, 1931. * Lloyd, 1926B. 
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tube,^ lateral and scalariform conjugation in the same filament, and lateral 

conjugation by the perforation of the transverse wall instead of by a con¬ 

jugation tube.^ Even more interesting are the cases of the establishment 

of conjugation tubes and gametic union between filaments of two distinct 

species.^ 

The entire protoplast in each pair of conjugating cells may enter into the 

composition of the gamete, or a small cytoplasmic residue may remain 

after the protoplast has developed into a gamete (Mougeotia). Gametes 

developed by a conjugating pair of cells may be strictly isogamous and 

without morphological or physiological differentiation. All species of a 

genus may show such an isogamy {Mougeotia, Debarya), or some species of 

a genus may be strictly isogamous and others physiologically anisogamous 

(Zygnema). 

The fusion of the two conjugating protoplasts is not the same in all 

Zygnemataceae. In Deharya and Zygnemopsis, the movement of the 

gametes toward each other is purely passive and results from the accumu¬ 

lation of a gelatinous material (said to be a pectic and cellulose colloid^) 

within the cell cavity. In other cases (Mougeotia and Zygnema), the two 

gametes move toward each other in an amoeboid manner; or one of the 

gametes is actively amoeboid and the other passive {Spirogyra and 

Zygnema). In gametic union, of the last-named type, differentiation into 

male and female gametes may be recognized at a relatively early stage by 

the earlier shrinkage of the protoplast developing into the male gamete. 

The shrinkage is due to a lowering of the osmotic pressure and is brought 

about by the continued development and bursting of small contractile 

vacuoles just beneath the surface of the plasma membrane.* 

In both the scalariform and the lateral types of conjugation, there may 

be a development of cross septa in the conjugation tube that completely 

separates the uniting protoplasts from the gametangia {Zygogonium, in 

part Mougeotia); or there may be a development of septa that shut off the 

zygote from the ends of the gametangia (in part Mougeotia). More fre¬ 

quently {Spirogyra, Zygnema, Deharya), there is no formation of special 

walls except those surrounding the zygote. Walls of zygotes of 

Zygnemataceae consist of three or more layers: a thin inner of cellulose, 

outside this another layer of cellulose with irregular deposits of chitin, and 

at the outside a layer of cellulose which may also have an encircling sheath 

of pectose. The complete differentiation of these layers, especially the 

ornamentation of the median layer and the coloration of the outermost 

layer, is not attained until the zygote is quite old. Ripening of a zygote is 

1 Atwell, 1889^4; Czurda, 1925; Rose, 1885. * Hodgetts, 1920A; Rose, 1885. 
•Andrews, 1911; Bessey, 1884; Tbansbau, 1919. ^ Transbau, 1934. 
•Lloyd, 1926A, 1926R. 
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accompanied by a disappearance of the chlorophyll and a conversion of 

most of the starch into a yellowish oil. Germination of a zygote is gen¬ 

erally preceded by a redevelopment of chlorophyll. 

A gamete that fails to unite with another gamete may round up and 

secrete a wall whose structure and ornamentation are identical with that 

of the zygote. Such bodies are parthenospores (azygotes). The rare 

cases of twin parthenospores,! sometimes called “twin zygotes,” are all due 

to failure of fusion in apposed gametes and the secretion of a wall around 

each of them. 

When two gametes unite to form a zygote, their cytoplasm fuses at once, 

but union of their nuclei may be delayed for a considerable time. It is 

rather difficult to follow the behavior of the chloroplasts in Spirogtjra, but 

there is a certain amount of evidence showing that the chloroplast or 

Fig. 203. Diagram of zygote formation and germination in Zygnema. A~B, conjugation. 
C, after fusion of the gamete nuclei. D, after division of tlie fusion nucleus to form two 
nuclei. E, after the formation of four nuclei. F, three nuclei beginning to degenerate. 
G~I, stages in germination of a z:i’gote. {Diagram based u]x>n Kurssanoxi\ 1911.) 

chloroplasts contributed by the male gamete disappear and that those 

from the female gamete persist.* The behavior of the chloroplasts is much 

easier to follow in Zygnema since the two male chloroplasts lie in the short 

axis of a zygote. In this case, there is an evident disintegration of chloro¬ 

plasts contributed by the male gamete, and a persistence of those from the 

female gamete.^ The two Zygnemataceae whose nuclear history has been 

carefully investigated {Spirogyra, Zygnema) have been shown to have a 

reduction division m th^ first two divisions of the zygote nucleus.^ Three 

of the nuclei thus formed soon disintegrate; the fourth persists unchanged 

until the zygote germinates (Fig. 203). 

Zygotes of the Zygnemataceae rarely germinate as soon as they appear 

to be mature, and it is probable that in the majority of cases there is no 

t Transeau, 1926; West, W. and G. S., 1898; Wittrock, 1878. 
* Chmielevsky, 1890; Lewis, I. F., 1925; TrOndle, 1911. 
^Kurssanow, 1911. *Kurssanow, 1911; TrOndle, 1911. 
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germination until the spring following their formation. Germination be¬ 

gins with a rupture of the two outer wall layers of the zygote and the de¬ 

velopment of a tubular outgrowth, surrounded by a wall derived from the 

inner wall layer of the zygote. The outer zygote wall layers usually burst 

irregularly, but some species of Mougeotia have a regular lid-like opening 

of these layers.^ The elongating tubular outgrowth may contain the 

nucleus and all the chloroplasts, or the chloroplasts may lie partly within 

the outgrowth and partly within the old zygote. After the outgrowth has 

attained a certain length, the nucleus divides and this is followed by a 

transverse cytokinesis. The plane of transverse wall formation is usually 

near the point where the tube emerges from the zygote (Spirogyra), but it 

may be remote from the point of emergence [Sirogonium sticticum (Engl. 

Bot.) Kiitz.]. In either case, there is no division of the proximal daughter 

cell, and the filament produced by a germinating zygote is derived by re¬ 

peated division of the distal cell and its derivatives. In a few cases, as 

Zygnema pectinatum (Vauch.) Ag., the protoplast, surrounded by the 

■ L-. ZmBHZSH 

Fici. 204. A laterally conjugating species of iSpirogyra in which the fertile cells alternate with 
pairs of vegetative cells. (X 80.) 

innermost zygote wall layer, escapes from the outer zygote wall layers and 

starts development as a free-living cell. 

The scanty observations on hybridism among the Zygnemataceae^ show 

that the shape and ornamentation of the zygote are always derived from 

the female gamete. Cytological observations seem to show that there is 

a degeneration of the chloroplasts derived from the male gametes. It is 

quite possible, therefore, that the chloroplast structure and such char¬ 

acters as size and wall structure of cells produced by the germinating zygote 

are derived wholly from the female gamete. 

Study of the problem of differentiation of sex in the Zygnemataceae 

should start with the germinating zygote but, as yet, the technique of 

growing Zygnemataceae in pure culture and having them conjugate^ has 

not been developed to a stage where zygotes can jjp, induced to germinate. 

All studies on sex have been based upon conjugation in filaments of un¬ 

known parentage Interest in this question has centered around filaments 

with lateral conjugation and in those with a production of both male and 

female gametes by both filaments when conjugation is scalariform {cross 

1 DeBary, 1858. 
* Andrews, 1911; Bessey, 1884; Transeau, 1919; West, W. and G. S., 1898. 
* CZURDA, 1926. 
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conjugation). Here it is quite clear that sex determination is not associated 

with meiosis and that differentiation of sexual cells from vegetative cells 

occurs in the haploid generation. Every cell in a filament may divide to 

form two cells of opposite sex, or each cell of a filament may divide to form 

one daughter cell whose descendants remain vegetative and one whose 

descendants become sexual. Differentiation of sexes in the daughter cell 

with fertile descendants may take place in the first or in the second cell 

generation derived from it (Fig. 204). Scalariform species with cross 

conjugation may even have sex differentiation occurring in earlier cell 

generations and have both filaments of a conjugating pair containing 

several successive male cells followed by several successive female cells. 

Generic distinctions among Zygnemataceae are based both upon vege¬ 

tative characters, especially structure of the chloroplast, and upon be¬ 

havior of the gametangia. On this account, it is impossible to identify 

certain genera unless they are fruiting. The genera found in this country 

differ as follows: 

1. Vegetative cells with axial disk-shaped or stellate chloroplasts. 2 

1. Vegetative with elongate chloroplasts extending from end to end of a cell. 5 
2. With two disk-shaped chloroplasts. 7. Pleurodiscus 

2. With two (rarely several) stellate or cushion-shaped chloroplasts . 3 
3. Chloroplasts stellate. 4 
3. Chloroplasts cushion-shaped. 6. Zygogonlum 

4. Gametangia filled with gelatinous material after zygotes are formed. 

5. Zygnemopsis 
4. Gametangia not filled with gelatinous material after zygotes are formed. 

4. Zygnema 
5. With one axial chloroplast. 6 

5. With one to several parietal spiral chloroplasts. 8 

6. Chloroplast without pyrenoids. 3. Mougeotiopsis 
6. Chloroplast with pyrenoids. 7 

7. Gametangia filled with gelatinous material after zygote is formed.. . 2. Debarya 
7. Gametangia not filled with gelatinous material after zygote is formed. 

1. Mougeotia 
8. Conjugation tube conspicuous.8. Spirogyra 

8. Conjugation tube not conspicuous.9. Slrogonlum 

1. Mougeotia Agardh, 1824. The cylindrical cells of Mougeotia, which 

are usually at least four times longer than broad, are joined end to end in 

unbranched filamen^. ^'he filaments sometimes have unicellular or multi¬ 

cellular outgrowths (haptera) near end walls of certain cells, but these are 

of much rarer occurrence than in Spirogyra} The cell walls are thin, and 

the layer of pectose at the outside of a filament never becomes very thick. 

Most species have cells with a single axial laminate chloroplast, but a few 

species have two axial laminate chloroplasts connected by a cytoplasmic 

‘ Borge, 1893; Pascher, 19014.. 
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bridge. Chloroplasts of narrow cells have two, three, or more pyrenoids 

arranged in a linear series; chloroplasts of broad cells have several irregu¬ 

larly arranged pyrenoids. The chloroplast is attached to the cytoplasmic 

layer lining the wall by delicate strands of cytoplasm; the remainder of the 

cell cavity is filled with a cell sap which is usually colorless but which, as in 

M. capucina (Bory) Ag.^ may be colored. Depending upon the intensity of 

illumination, the chloroplasts lie at right angles to, or parallel with, the 

incident rays of sunlight.^ Chloroplasts of several successive cells usually 

have the same orientation, but sometimes the chloroplast of a single cell is 

Fig. 205. A D, Mougeotia viridis (Katz.) Wittr. A, vegetative filament. B, partheno” 
spore. C-D, zygotes. E, M. scalaris Hass. F-G, lateral conjugation in M. genuflexa 
(Dillw.) Ag. (X 326.) 

SO twisted that opposite ends are at right angles to each other. The cell 

contains a single nucleus midway between the poles, and it lies flattened 

against the chloroplast. The first wall layer formed between two recently 

divided cells is pectic in nature and becomes the middle lamella of the wall 

separating two mature cells.^ 

Asexual reproduction is by an accidental breaking of filaments, or by a 

dissociation into single cells or short-celled fragments. Dissociation is due 

to conversion of the pectose middle lamella of transverse walls into pectin.* 

Aplanospores are of more frequent occurrence in this genus than in any 

• Tiffany, 1924, ^ Lagebhbim, 1896. * Lewis, F. J., 1898. 
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other of the family.. Certain species with aplanospores are not known to 

produce zygotes. Isolated cells in a filament may also become thick-walled 

akinetes.^ 
Sexual reproduction is usually scalariform, but certain species, as M. 

genuflexa (Dillw.) Ag. (Fig. 205F-G) and M. scalaris Hass., may also have 

lateral conjugation. In scalariform conjugation, there is a migration of 

the major portion of both protoplasts into the conjugation tube, and this is 

often accompanied by a considerable increase in diameter of the tube. A 

portion of the cytoplasm of both protoplasts always remains behind in the 

original portion of the conjugating cells and never enters into the composi¬ 

tion of the gametes. Shortly after the gametes have united, there is a 

formation of special walls next to the free surface of the zygote. Depending 

upon whether the young zygote lies wholly within a conjugation tube or 

protrudes into the gametangial cells, there is a formation of two or four 

special walls. Zygotes wholly within a conjugation tube and with tvvo 

special walls are said to be “adjoined by two cells” (Fig. 20oE); those pro¬ 

truding into gametangial cells and with four special walls are said to be 

“adjoined by four cells” (Fig. 205D). Following the formation of special 

walls, there is a secretion of a true zygote wall. The zygote wall usually 

lies immediately next to the wall of the conjugation tube and the special 

walls; but in certain cases, as ilf. amcricana Transeau, there is an inter¬ 

vening layer of pectic compounds. Germination of a zygote is sometimes 

accompanied by a lid-like opening of the outer layers of a zygote wall.^ 
Certain species, as M, genuflexa (Dillw.) Ag., often have the cells apposed 

in what appears to be an early stage of conjugation. This genuflexing has 

nothing to do with conjugation and may continue for weeks or months 

without conjugation taking place. 

Mougeotia is of rather common occurrence in lakes, ponds, semipermanent pools, 

springs, and in slowly flowing waters. In most collections, the number of con¬ 

jugating filaments is small, and it is often necessary to search through considerable 

material to find fruiting specimens. Fifty-three species are known for the United 

States. For names and descriptions of them, see Transeau (in press). 

2. Debarya Wittrock, 1872. The cell structure of Deharya is identical 

with that of Mougeotia, and it is impossible to distinguish between the two 

on the basis of vegetative structure. The two genera are readily differ¬ 

entiated from each other when conjugating because the entire protoplast of 

each conjugating cell of Debarya enters into the composition of the gamete 

and the young zygote is not separated from the gametangia by special walls. 

Debarya also differs from Mougeotia in the filling of the lumen of gametangia 

with a stratified pectic-cellulose colloid as the gametes move toward each 

other. 

1 Transeau, 1926. * DbBary, 1858; Wittrock, 1867. 
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Debarya is found in the same sort of habitats as is Mougeotia, but is of much 

rarer occurrence. Fruiting specimens are readily distinguished from Moiigeotia 

by the bluish-white refractive contents of the gametangia. The three species 

found in this country are D, Ackleyana Transeau, D. glyptosperma (DeBary) 

Wittr., and D. Smithii Transeau (Fig. 206). For descriptions of them, see Transeau 

(in press). 

Fig. 200. Debarya Smithii Transeau. A, early stages in conjugation. B-C, old zygotes 
{A, X 250; B-C, X 325.) 

3. Mougeotiopsis Palla, 1894. Vegetative cells of this genus have a 

length not more than double the breadth and an axial laminate chloroplast 

that is without pyrenoids.^ 

B 
Fig. 207. Mougeotiopsis calospora Palla. A, vegetative filament. B, zygotes. (X 485.) 

The genus resembles Debarya in having the entire protoplast of a con¬ 

jugating cell entering into the composition of the gamete, and in the lack of 

special walls separating the zygote from the gametangia. It differs from 

1 Palla, 1894. 
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Debarya in that there is no filling of the lumen of conjugating cells with 

refractive pectic-cdlulose ^ colloids. 

There is but one species, M. calospora Palla (Fig. 207), and in this country it has 

been found only in Michigan and Wisconsin. For a description of it, see Transeau 

(in i)ress). 

4yZygnema Agardh, 1824. The cylindrical cells of Zygnema usually 

have a length slightly greater than the breadth, but some species have . 

cells two to five times as long as broad. Rhizoidal outgrowths (haptera)'^ 

are very rare in this genus.^ Lateral walls of filaments rarely have a thick 

pectose layer,2 and there is never the replication of transverse walls that is 

sometimes found in Spirogyra, Protoplasts of Zygnema contain two stel- 

Fig. 208. Zygnema Collimianum Transeau. 

late chloroplasts that lie axial to each other in the longitudinal axis of a 

cell. The chloroplasts usually have numerous delicate strands extending 

to the plasma membrane. Each chloroplast has a single massive pyrenoid 

at its center. A nucleus lies midway between the two chloroplasts (Fig. 

208). 

In cell division each daughter cell receives one of the chloroplasts from 

the parent cell. Shortly after cytokinesis is completed, each daughter 

nucleus takes up a position lateral to the chloroplast and midway between 

the celFs poles. This is followed by a division of the chloroplast, accom¬ 

panied by a division of the pyrenoid, after which the nucleus migrates to a 

position midway between the two.^ 

Vegetative multiplication of filaments is almost always by an accidental 

breaking and practically never by a dissociation into individual cells or 

into short fragments as in Spirogyra and Mougeotia. Aplanospores are 

not formed in abundance by Zygnema, A terrestrial form of Z, pelio- 

sporum Wittr. has been reported^ as forming akinetes. 

Most species of Zygnema have scalariform conjugation only, but certain 

* Collins, 1904. ^ Tiffany, 1924. ^ Escoyez, 1907; Merriam, 1906. 

* DE PUYMALY, 19224. 
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of them may also conjugate laterally. Some species with scalariform con¬ 

jugation are strictly isogamous and with both gametes migrating toward 

each other and uniting in the conjugation tube; other species have one of a 

pair actively amoeboid and the other passive. Mature zygotes have a wall 

composed of three layers in which the median one is often colored and 

sculptured. During ripening of a zygote, there is a disintegration of 

chloroplasts derived from the male gamete^ and a meiotic division to form 

four haploid nuclei, three of which disintegrate (Fig. 2D3, page 293). In 

germination of a zygote there is a rupture of the two outer zygote wall 

layers and an escape of the protoplast surrounded by the innermost zygote 

wall layer, or there may be only a partial escape from the outer layers of 

the zygote wall.^ 

Zygnema occurs in much the same type of habitat as does Spirogyra and is 

often found intermingled with it. In some parts of the United States, as in South¬ 

ern California, Zygnema is more abundant ihaxi Spirogyra^ but in most regions it is 

considerably rarer. For names and descriptions of the 46 species known to occur 

in this country, see Transeau (in press). 

Fig. 209. Zygnemopais americana Transeau. (X 325.) 

5. Zygnemopsis Skuja, 1929; emend., Transeau, 1934. The general 

organization of the filaments and the structure of the cells of Zygnemopsis 

are similar to that of Zygnema. 

When species form aplanospores, there is the same filling of empty por¬ 

tions of the cell lumen with pec tic-cellulose colloids as there is when zygotes 

are formed. A formation of akinetes has also been found in Z. decussata 

Transeau.^ 

All cases of conjugation thus far observed are scalariform, with a forma¬ 

tion of zygotes in the conjugation tube and with the gametangia becoming 

filled with a stratified pectic-cellulose colloid as in Deharya. When par- 

thenospores are formed, there is also a filling of the cell with pectic-cellulose 

colloids (Fig. 209). 

‘ Kurssanow, 1911. * DeBary, 1858; Kubssanow, 1911. 

•Transeau, 1915, 1925. 
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The following species have been found in this country: Z. americana Transeau 

(Fig. 209), Z. decussata Transeau, Z. desmidioides (W. and G. S. West) Transeau, 

Z, floridiana Transeau, Z. rninuta Randhawa, Z. spiralis (Fritsch) Transeau, and 

Z. Tiffaniana Transeau. For descriptions of them, see Transeau (in press). 

6. Zygogonium Kutzing, 1843. The cylindrical cells of this alga have a 

length from half to several times the breadth and are united in unbranched 

filaments. The cell walls may be thin and colorless, or thick and yellowish 

to brownish. In extreme cases, the thickness of walls is greater than that 

of the cell lumen. A cell contains two more or less cushion-shaped chloro- 

plasts that may have short irregular processes and so resemble chloroplasts 

of Zygnema. The cell sap may be colorless, or colored purple to violet by a 

water-soluble pigment (phycoporphyrin).^ 

A formation of aplanospores is of frequent occurrence in Zygogonium^ and 

sexual reproduction ha{ not been observed in certain species regularly 

Fig. 210. Zygogonium ericetorum KOtz. (Drawn by E. N. Transeau.) 

forming aplanospores. There is also frequently a formation of akinetes 

and certain species with thick walls have been considered^ to be in a perma¬ 

nent akinete condition. 

Conjugation is usually scalariform, and early in formation of the conjuga¬ 

tion tube there is a migration of the major portion of the two protoplasts 

into the papillae which eventually become the conjugation tube. As is the 

case with Mougeotia, special transverse walls are formed that separate the 

fusing gametes from the major portion of the gametangia. Similarly, also, 

there is a residual portion of cytoplasm that does not enter into composition 

of a gamete. Shortly after the special walls are formed, each gamete 

becomes completely surrounded by a new wall; later on, there is a dis¬ 

appearance of these walls where they abut on each other and after this a 

fusion of the two gametes. The wall layer formed about the gametes 

becomes the outermost wall layer of the mature zygote. Sometimes there 

is a failure of the gamete walls to dissolve at the zone of contact. When 

1 Lagerhbim, 1895. » Fritsch, 1916A. 
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this happens, there is a development of two parthenospores, in the conju¬ 

gation tube, each of which secretes a thick wall similar to that surrounding 

a zygote. 

Unlike other members of the family, Zygogonium is primarily aerial and grows 
on moist acid soils, rocks, and peat. When growing on soil, it may develop in 
patches several yards in diameter. The remarkable capacity of Zygogoniuin for 
taking up and returning large quantities of water plays no inconsiderable role in 
colonization of bare soil by the smaller phanerogams.* The following species have 
been found in this country: Z. ericetorurn Kiitz. (Fig. 210), Z. pectosum Taft 
Z. punctatum Taft, and Z. Stephensiae Transeau. For descriptions of them, see 
Transeau (in press). 

7. Pleurodiscus Lagerheim, 1895. The cylindrical cells of this alga have 

a length less than double the breadth. Their walls are fairly thick. The 

filaments are unbranched, but rhizoidal outgrowths from them may be so 

well developed that a filament appears to be branched. Each cell of a 

Fig. 211. Pleurodiscus purpureus (Wolle) Lagorh. {Slightly modified from Lagerheim, 
1895.) 

filament contains two disk-shaped chloroplasts, one at each end of the cell 

and usually at an angle with each other. The chloroplasts are connected 

by a cytoplasmic bridge in which lies the nucleus^ (Fig. 211). The cell con¬ 

tents may or may not be colored a deep purple by a pigment (phycopor- 

phyrin) dissolved in the cell sap. 

Conjugation is scalariform and with a formation of the zygote in the 

conjugation tube.^ Gamete formation is similar to that of Mougeotia and 

Zygogonium in that a residue of cytoplasm remains behind in the gam- 

etangia. 

P. horinquenae Tiffany is the only completely described species.* Since only 
vegetative specimens of Pleurodiscus have been found in this country, it is im¬ 
possible to determine whether or not they should be referred to this species. 

8/ Spirogyra Link, 1820. Filaments of Spirogyra may have cells nearly 

as broad as long, or the length may be several times the breadth. The 

lateral walls of cells consist of three layers: the two interior ones of cellu¬ 

lose,^ and the outermost of pectose. In many species the pectose layer is 

» West, G. S., 1904. * Lagerheim, 1896. * Tiffany, 1936. 
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thin, but in large-celled species it may be 10 to 15 fx in thickness. Trans¬ 

verse walls in a filament have a middle lamella of pectose and a layer of 

cellulose on either side of the lamella. Species with replicate end walls 

(Fig. 212^) have an annular ingrowth of the cellulose layer. A few species 

have been shown^ to have the middle lamella expanded into an H-piece 

similar in appearance to H-pieces of Tribonema and Microspora. The 

chloroplasts are elongate bands extending from end to end of a cell and 

embedded in the layer of cytoplasm just internal to the cell wall. Some 

species, especially those with one or two chloroplasts, have them coiled in 

close spirals; species with several chloroplasts usually have them making 

less than one complete turn. Each chloroplast contains several pyrenoids 

that lie equidistant from one another and in a linear series. The cells are 

uninucleate and with the nucleus surrounded by a sheath of cytoplasm 

and suspended in the middle of the central vacuole by cytoplasmic strands 

whose distal ends usually terminate just beneath pyrenoids. 

Fig. 212. Spirogyra protecta Wood. A, vegetative filament. B, conjugating filaments. 
C, zygote. (A, X 145; B, X 325.) 

Vegetative multiplication may take place by an accidental breaking 

of the filaments, or the filaments may dissociate into single cells or into 

short-celled fragments (Fig. 202, page 287). Dissociation is most com¬ 

mon in species with narrow cells and replicate end walls. The dissociation 

has been ascribed to a conversion of the pectose middle lamella into 

pectin,* followed by a differential shearing of the lateral walls as a result 

of turgor differences in adjoining cells.® Certain large-celled thick-walled 

species have the dissociation due to a development of H-pieces near the 

end wallsThick-walled resting cells are of very rare occurrence and are 

known chiefly from species growing in rapidly flowing water.® 

Conjugation is always physiologically anisogamous and with a migration 

of the male gamete into the gametangial cell containing the female gamete. 

Most species have practically all cells in a filament producing gametes, but 

S, punctata Cleve, S. Collinsii (Lewis) Printz, and certain other species have 

a more or less regular alternation of sterile and fertile cells.® Conjugation 

1 Hodqetts, 1920^4; Lloyd, 1926. ^ Tiffany, 1924. * Lloyd, 1926. 
* Hodqetts, 1920A; Lloyd, 1926. * de Puymaly, 1927. ® Lewis, I. F., 1925. 
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may be scalariform or lateral. In scalariform conjugation, all the cells in a 
filament may develop gametes of the same sex, or there may be a production 
of both male and female gametes in each of the conjugating filaments^ (cross 
conjugation). Scalariform conjugation often begins with a lateral approxi¬ 
mation of two filaments and their becoming enveloped in a common gelati¬ 
nous matrix.2 In most species, both cells contribute equally to the 
formation of the conjugation tube, but some species, as S. 'punctata^ have 

the tube formed entirely or in large part by the male cell. Lateral conju¬ 
gation is usually effected through a conjugation tube developed next the 
abutting ends of the conjugating pair, but it may also take place through a 
perforation in the cross wall separating the two cells.^ Shortly after the 

conjugation tube is formed, there is a contraction of the male gamete, a 
contraction due to a lowered osmotic pressure resulting from the repeated 
development and bursting of small contractile vacuoles just within the 

plasma membrane.This is followed by a similar contraction of the female 
gamete, as the male gamete migrates through the conjugation tube. In 
large-celled species, the shrinkage of the gametes is so great that the zygote 

resulting from their union does not cause a distention of the old female cell 
wall; narrow-celled species, on the other hand, often have the zygote dis¬ 
tending the old female cell to double its original diameter. The wall 
secreted around the zygote is the usual three-layered structure found in 

the Zygnemataceae, with the ornamentation and coloration restricted to 
the median layer. In rare cases,® there is a disintegration of male chloro- 
plasts before the gametes unite, but in most cases the chloroplasts derived 
from male gametes do not disintegrate until after gametic union.® During 
ripening of a zygote, there is a meiotic division of the zygote nucleus to 

form four haploid nuclei, three of which disintegrate.^ When a zygote 
germinates, there is a rupturing of the two outermost wall layers and a 
development of the innermost layer into a wall surrounding the tubular 
outgrowth sent out by a zygote. The first transverse division is usually 
near the region of emergence of the tube; further development is entirely 
from the distal cell formed by this cell division. 

Parthenospores are not infrequent because of a failure of union of gametes. 
There is not the regular formation of apianospores in nonconjugating 
filaments so frequently found in Mougeotia and Deharya. 

Spirogyra (Fig. 212) is one of the commonest of green algae in quiet waters. 
Most species fruit late in spring, but some fruit during summer or early autumn. 
Specific differences are based in large part upon structure of the zygote, and fully 

1 Hemleben, 1922; West, W. and G. S., 1898. 

2 CzuRDA, 1925; Hemleben, 1922; Lloyd, 1928; Saunders, 1931. 

2 Hodgetts, 1920A. ^ Lloyd, 19264, 1926B, 1928. » Lewis, I. F., 1926. 

® Chmielevsky, 1890;TrOndlb, 1911. ’ TrOndle, 1911. 
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mature fruitinj^ material is essential for critical determination of species. In his 
monograph describing all species of the genus, Transeau (in press) lists 143 species 
as occurring in the United States. 

9. Sirogonium Kiitzing, 1843. Members of this genus have filaments 

and cells resembling those species of Spirogyra in which there are several 

chloroplasts, but chloroplasts of Sirogonium rarely make more than half a 

turn in extending from end to end of a cell. The cell wall differs from that 

of other Zygnemataceae in that lateral walls do not have an outer layer of 

pectose. 

In lateral conjugation, there is a pronounced genuflexion so that fertile 

cells of one filament lie against fertile cells of the other.^ A disk of gelati¬ 

nous material is secreted where these cells abut on each other, but there is 

no formation of a definite conjugation tube prior to gametic union. Germi- 

Fig. 213. Sirogonium sticticum (Engl. Bot.) Klltz. (X 185.) 

nation of a zygote is unusual in that the first cross wall of a germling is 

formed at some distance from the point of emergence of the projecting tube.^ 

Sirogonium is a much rarer genus than Spirogyra but is widely distributed in 
this country. The species found in the United States are S. floridanum (Transeau) 
G. M. Smith, S. illinoisensis (Transeau) G. M. Smith, S. megasporum (Jao) Tran¬ 
seau, S, pseudofloridianum (Prescott) Transeau, sticticum (Engl. Bot.) Kutz. 
(Fig. 213), and S. tenuis (Nordst.) Transeau. For descriptions of them, see 
Transeau (in press). 

Family 2. Mesotaeniaceae 

Members of this family, often called “saccoderm desmids,*’ differ in a 

number of respects from desmids of the placoderm type.® The cell walls 

^ DbBary, 1858; Transeau, 1914. * DbBary, 1858. 

• LUtkemCllbr, 1902; West, W. and G. S., 1904. 
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of Mesotaeniaceae are without pores, and dividing cells do not have the 

“regeneration’’ of a new half-cell that is found in placoderm desmids. 

Conjugation is usually by means of a definite conjugation tube, whereas 

most placoderm desmids do not form a conjugation tube. 

Cell walls of Mesotaeniaceae are unsegmented and without pores.^ 

They also lack the impregnation with iron compounds so often found in 

Desmidiaceae.2 Spirotaenia, Mesoiaenium^ and most other genera of the 

family have a wall composed of two concentric layers: an inner homo¬ 

geneous layer of cellulose, and an external layer of gelatinous material 

(pectose). Gonatozygon and Genicularia have a wall composed of three 

layers: the innermost of pure cellulose, the median with little or no cellu¬ 

lose, and the outermost of pectose. The pectose gelatinous layer of the 

wall is of uniform thickness, except in the rare cases'^ where it functions 

as an organ of attachment. The gelatinous sheaths of the cells may be 

confluent with one another and so produce mucilaginous masses con¬ 

taining a large number of cells (Cylindrocystis^ Mesotaenium). 

The chloroplasts of Mesotaeniaceae are much simpler in form than 

those of Dcsmidiaceae,^ and there are the same three types that are found 

in the Zygnemataceae. Spirotaenia and Genicularia have spiral chloro¬ 

plasts of the Spirogyra type. Cells of Gonatozygon and Mesotaenium have 

a single, axial, laminate chloroplast similar to that of Mougeotia. The 

chloroplast of Roya may be interpreted as a modification of this type. 

Chloroplasts of Cylindrocystis are of a true Zygnema type and behave in 

an identical fashion when the cell divides;^ chloroplasts of Netrium are 

ZygnemaAike but have the stellate rays modified into longitudinal ribs.® 

Cells of the three foregoing types have their nuclei localized as in the 

corresponding types among the Zygnemataceae. 

Cell division is usually followed by an immediate separation of the 

daughter cells. In Gonatozygon and Genicularia, the cells may remain 

united end to end, but such filaments readily dissociate into single cells 

when disturbed. The meager accounts of cell division among the Meso- 

taeniaceae^ seem to show that the method of division is identical with 

that of Zygnemataceae, and that separation of daughter cells is due to the 

disintegration of a middle lamella formed shortly after cytokinesis. In¬ 

crease in length seems to take place throughout the entire length of the 

daughter cells and not, as in Desmidiaceae, by the formation of a new 

“semicell.” 

Conjugation has been recorded for all genera of the family. It takes 

place more frequently in Mesotaenium and Cylindrocystis than in other 

' LCtkemCller, 1905. * Hofleb, 1926. * Skuja, 1928. 
^ Carter, N., 1919^. ® Kauffmann, 1914. « Carter, N., 1919.4. 
^ DeBary, 1858; Kauffmann, 1914; West, G. S., 1915A. 
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genera belonging to this family or to the Desmidiaceae. The process is 

initiated by two cells becoming enveloped by a common gelatinous matrix. 

The pair of cells may lie parallel to, or at right angles with, each other. 

Conjugation is usually between fully mature cells, but in Netrium} it takes 

place between recently divided cells. Several species of Spirolaenia^ have 

each of the approximated cells dividing and a production of two sets of 

gametes that unite to form twin zygotes. A similar formation of twin 

zygotes is also known for Cylindrocystis} Early in conjugation each of the 

Fig. 214. Diagram of the formation and germination of zygotes of Cylindrocystis Brebissonii 
Menegh. (Diagram baaed upon Kauffmann, 1914.) 

cells develops a papillate outgrowth similar to that formed in conjugating 

cells of Zygnemataceae. In the majority of cases^ {Gonaiozygon, Genicu- 

laria, Mesotaenium, Cylindrocystis)^ the papillae elongate until they touch 

each other, after which there is a formation of a true conjugation tube. 

RoyoJ' develops no conjugation tube but has the papillate outgrowths 

gelatinizing to form clear-cut circular pores through which the gametes 

escape from the old parent-cell walls. Spirotaenia^ does not form papillate 

outgrowths and has a complete gelatinization of the cell wall before gametic 

Fig. 216. Diagram of the formation and germination of zygotes of Netrium digUus (Ehr.) 
Itz. and Rothe. {Diagram baaed upon Potthoff, 1928.) 

union. All genera producing a conjugation tube have the zygote formed 

in the tube. There may be a persistence of the tube during the ripening 

of the zygote, or the tube may gelatinize. Genera without a conjugation 

tube have naked gametes that migrate toward each other and fuse to form 

a zygote midway between the old parent-cell walls. Zygotes of Meso- 

taeniaceae have a thick wall, usually composed of three layers. However, 

1 Potthoff, 1928. * Archer, 1867; Potthoff, 1928. 
* Archer, 1874; Lundell, 1871. < DeBary, 1858; Kaufpmann, 1914. 
® Hodqetts, 1920C. ® Potthoff, 1928. h* 
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there are not the elaborate sculpturing and spinescence so often found in 

zygotes of Desmidiaceae. 

Spirotaenia and Cylindrocystis have been shown^ to have a reduction 
division of the fusion nucleus in the ripening zygote and a formation of 

four functional haploid nuclei (Fig. 214). Netriurnr is the only member of 

the family thus far known to produce two macronuclei and two micro¬ 

nuclei in a germinating zygote (Fig. 215). The nuclear divisions are 

followed, respectively, by a division of the protoplast into four or two 

daughter protoplasts. This cell division may take place before rupture of 

the outer wall layers of a zygote, or it may take place after the protoplast 

has been extruded. 

1. Chloroplasts parietal, spirally twisted .6. Spirotaenia 
1. Chloroplasts axial, straight or spirally twisted. 2 

2. Chloroplast spirally twisted.6. Spirotaenia 
2. Chloroplast not spirally twisted.3 

3. Chloroplast laminate . .4 
3. Chloroplast noc laminate .5 

4. Poles of cell flattened, length of cell many times the breadth . .2. Gonatozygon 
4. Poles of coll rounded, length of cell not over five times the breadth. 

1. Mesotaenitim 
5. With one chloroplast extending entire length of cell.5. Roya 
5. With two or four chloroplasts . . . .6 

6. Chloroplasts with stellate rays . .3. Cylindrocystis 
6. Chloroplasts with radiating longitudinal plates. 4. Netrium 

1. Mesotaenium Nageli, 1849. The cells of Mesotaenium are cylindrical 

to subcylindrical and with broadly rounded poles. They may be solitary 

or embedded in large numbers within a common watery gelatinous matrix. 

The cellulose layer next to the proto¬ 

plast is homogeneous and without evi¬ 

dence of pores.® A cell contains a single 

axial laminate chloroplast, with one to 

several pyrenoids, and flattened against 

the chloroplast is the nucleus. The cells 

frequently contain droplets of an oily 

nature. Several species are violet or 

purple because of phycoporphyrin dis¬ 

solved in the cell sap.^ 

Asexual reproduction is by cell divi¬ 

sion. There may also be a lid-like 

abscission of the wall at one pole of a cell and an escape of the protoplast, 

followed by its development into a spherical aplanospore of a reddish- 

brown color.® 

* Kauffmann, 1914; Potthoff, 1928. ^ Potthoff, 1928. 
• LUtkemCller, 1902. ^ Lagerheim, 1895. ® Archer, 1864. 

breve W. West. (X 486.) 
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In sexual reproduction there is an establishment of a very broad con¬ 

jugation tube between two cells and a development of a thick-walled 

zygote that fills most of the space within the walls. A germinating zygote 

may produce two or four new cells.^ Mesotaenium may also have the 

contents of a cell contracting slightly and developing into a parthenospore 

whose wall ornamentation is identical with that of a zygote.^ 

Mesotaenium is generally found in mucilaginous masses on damp rocks or on 

dripping cliffs, but sometimes the cells are solitary and free-floating. The species 

found in this country are M. aplayiosporum Taft, M. chlamydosporum DBy., M, 
clepsydra (Wood) Wolle, M. Endlicherianum Niig., M. Greyii Turn. (Fig. 216), 

and M. macrococcum (Kiitz.) Roy and Biss. For a description of M. aplanospor^im^ 
see Taft (1937); for M. clepsydra^ see Wolle (1884A); for the others, see W. and G. 

S. West (1904). 

2. Gonatozygon DeBary, 1856. The cells of this dosmid arc cylindrical 

and with a length many times the breadth. Their sides are parallel, 

Fig. 217. A, Gonatozygon acnleatum Hast. B, G. pilosinn Wolle. (X 533.) 

except in the vicinity of the truncate apices where they may be slightly 

dilated or slightly convergent. The lateral wall consists of a homogeneous 

inner layer of cellulose,^ a median layer that is often punctate or spinescent, 

and an outer watery layer of pectose. There may be a single axial rib¬ 

bon-like chloroplast extending from pole to pole, or the chloroplast may 

be interrupted in the middle. Within a chloroplast is a linear file of 

pyrenoids spaced equidistant from one another. 

Cell division is transverse and, during subsequent elongation of daughter 

cells, the spiny median layer of the parent-cell wall persists as a cap at one 

end of each daughter cell. The daughter cells often remain terminally 

united to one another in unbranched filaments, but such filaments readily 

dissociate into solitary cells when disturbed. 

Sexual reproduction is by establishment of a conjugation tube, followed 

by formation of a spherical zygote in the tube.^ During ripening of a 

zygote, there may be a gelatinization of the old conjugation tube. 

» DeBary, 1858; West, G. S., 1915A; Taft, 1937. ^ Tapt, 1937. 

* LOtkemuller, 1902. DeBary, 1858. 
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Gonatozygon is generally free-floating, but sometimes it is sessile and attached 

to submerged water plants by a gelatinous disk at one end of a cell.^ The species 

found in this country are G. aculeatum Hast. (Fig. 217^), G. asperum (Br6b.) Rab , 

G. Kihnahani (Arch.) Rab., G. leiodermum Turn., and G. pilosum Wolle (Fig. 2[7B). 
For descriptions of G. aculeatmn and G. pilosum^ see G. M. Smith (1924); for G. 
leiodermum, see Turner (1892); for the others, see W. and G. S. West (1904). 

3. Cylindrocystis Meneghini, 1838. The cylindrical cells of this desmid 

usually have a length two to three times the breadth; broadly rounded 

poles; and may or may not have a slight constriction in the equatorial 

region. The cell wall consists of an inner homogeneous cellulose layer 

and an outer structureless gelatinous layer.^ Each semicell contains a 

single stellate chloroplast with a spherical to rod-shaped pyrenoid. The 

nucleus is central in {)osition and lies between the two chloroplasts. C. 

Brehissonii Mencgh. has a yellow pigment dissolved in the cell sap.^ 

Division of the nueJeus is followed by 

transverse division of both chloroplasts 

and a migration of a daughter nucleus 

to a point midway between each pair 

of newly formed chloroplasts."* The zone 

of cell division lies midway between the 

cell’s poles. 

Sexual reproduction begins with an 

establishment of a broad conjugation 

tube between a pair of cells, and the 

spherical to subquadrangular zygote fills 

most of the cavity within the conjugating 

cells. Conjugation usually takes place 

between fully mature cells, but in certain cases^ the cells divide just 

before conjugation. Since these latter cells are connected to each 

other, there is a formation of twin zygotes. Shortly before a zygote 

germinates (Fig. 214, page 304), there is a meiotic division of the zygote 

nucleus into four nuclei of equal size. The four chloroplasts derived from 

the two gametes are persistent, and meiosis is followed by a cytoplasmic 

quadripartition in such a manner that each of the four protoplasts contains 

one nucleus and one chloroplast. A wall is formed around each proto¬ 

plast, the chloroplast within it divides, and the nucleus moves to a point 

midway between the two daughter chloroplasts. There then follows a 

rupture of the zygote wall and a liberation of the four cells within a common 

gelatinous matrix.® 

^ Skuja, 1928. * LCtkemuller, 1902. ® Lagerheim, 1895. 
* Kauffmann, 1914. ^ Archer, 1874; Lundell, 1871. 
•DeBary, 1858; Kauffmann, 1914. 

Fi(i. 218. Cylindrocystis diplospora 
Lund. (After Lundell, 1871.) (X 400.) 
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Cylindrocystis is usually found growing on damp soil or on moist cliffs. The 

species found in this country are (7. americanum W. and G. S. West, C. angulatum 
W. and G. S. West, C. Brehissonii Menegh., C. crassa DBy., C. diplospora Lund 

(Fig. 218), C. minutissima Turn., and (7. splendida Taft. For a description of (7. 

splendiday see Taft (1942); for descriptions of the others, see W. and G. S. West, 

(1904). 

4. Netrium Nageli, 1849; emend., Lutkemiiller, 1902. Netrium has 

fairly large cells with a length at least three times the breadth. The cells 

may be fusiform, oblong-cylindrical, or cylindrical, and with rounded or 

truncate poles. There is no suggestion of a median constriction. The cell 

wall consists of a homogeneous inner layer of cellulose and an outer layer 

of pectose.^ One species has four chloroplasts; all others have two. The 

chloroplasts are axial, and with 0 to 12 radiating longitudinal plates that 

often have notched margins.^ Each chloroplast usually contains a single 

rod-like pyrenoid, but this may fragment into an axial row of spherical to 

irregularly shaped ones. Certain species have terminal vacuoles that 

Fig. 219. Netrium digif us (Ehr.) Itz. and Rothe. (X 400.) 

contain moving particles of gypsum,^ and crystals of gypsum may also be 

present between the longitudinal plates of a chloroplast. 

Conjugation is between recently divided cells that have not become 

wholly mature.^ The conjugating cells form a broad conjugation tube 

and produce a spherical thick-walled zygote within the tube. During 

ripening of a zygote (Fig. 215, page 304), there is a formation of two macro- 

and two micronuclei, followed by a division of the protoplast into two 

parts. Germination is by rupture of the outer zygote wall layers and a 

liberation of the two daughter cells surrounded by the innermost zygote 

wall layer. 

This genus is usually found sparingly intermingled with other desmids. The 

species known for this country are N. digitvs (Ehr.) Itz. and Rothe (Fig. 219), 

N. interruptum (Br4b.) Liitkem., N. Naegelii (Br4b.) W. and G. S. West, and N. 
oblongum (DBy.) Liitkem. For descriptions of them, see W. and G. S. West 

(1904). 

5. Roya W. and G. S. West, 1896; emend., Hodgetts, 1920. The 

cylindrical cells of Roya are slightly attenuated toward the poles and 

^ LOtkemOller, 1902. ^Carter, N., 19194.. * Fischer, A., 1884. 
^POTTHOPP, 1928. 
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straight or slightly arcuate. Their walls consist of an inner homogeneous 

layer of cellulose and an outer sheath of pectose.^ The chloroplast is 

axial and with or without longitudinal ridges; it extends the entire length 

of a cell but has a lateral indentation in the middle where the nucleus is 

__ lodged.2 A chloroplast contains an axial 

'■ series of four to six pyrenoids that lie 

equidistant from one another. Some 
Fig. 220. Roya obtusa (Br6b.) w. and species have the chloroplast Completely 

i^4.r ^ ^ interrupted in the middle. There may 
be a vacuole at either end of a cell, but 

these lack the gypsum crystals usually found in terminal vacuoles.^ 

During sexual reproduction, each of two conjugating cells puts out a 

protuberance which becomes a circular pore through which the cell contents 

escape. The amoeboid gametes meet midway between the empty cell 

walls and fuse to form a zygote.^ Germination of zygotes has not been 

observed. 

G. S. West. {After W. and G. S. 
West, 1904.) 

Roya is a genus of relatively rare occurrence and is usually found intermingled 

with other desmids. The two species found in this country are R. anglica G. S. 

West and R. obtusa (Br6b.) W. and G. S. West (Fig. 220). For a description of 

R. anglica, see Hodgetts (1920C); for R. obtusa, see W. and G. S. West (1904). 

6. Spirotaenia de Br4bisson 1848. Spirotaenia has straight or slightly 

curved cylindrical to fusiform cells with rounded poles. The cell wall has 

a homogeneous inner layer composed of cellulose and an outer gelatinous 

layer.^ This genus is readily distinguishable from other desmids by its 

uninterrupted spirally twisted chloroplast running the length of a cell. 

In most species, the chloroplast is a parietal ribbon with several close 

spirals, but some species have an axial chloroplast with spirally twisted 

ridges. The nucleus is excentric; it lies internal to the chloroplast in cells 

with a parietal chloroplast, and external to the chloroplast in cells with 

an axial one. 

Sexual reproduction is often pre¬ 

ceded by a division of each of two 

cells lying within a common gela- 
tinous matrix." The four cells condeneaia Br4b. 

within the matrix have a complete 
gelatinization of their walls and a conjugation in pairs to form twin 

zygotes. During ripening of a zygote, there is a meiotic division of the 

zygote nucleus and a formation of four haploid nuclei.^ When the 

zygote germinates, there is a division of the protoplast into four uninu¬ 

cleate germlings. 

1 LtJTKBMtJLLBB, 1902. * HoDGBTTS, 1920C. * LOtkbmOller, 1902. 
* Archbb, 1867; Potthoff, 1928. * Potthoff, 1928. 
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Spirotaenia occurs sparingly intermingled with other desmids. It is often 

overlooked in preserved material because the most distinctive feature, the spirally 

twisted chloroplast, is not conspicuous after the chlorophyll has been extracted. 

The species found in this country are S. bispiralis W. West, S. condensata Br6b. 

(Fig. 221), S. endospira (Klitz.) Arch., S. minula Thur., S. obscura Ralfs, and S. 

parvula Arch. For descriptions of them, see W. and G. S. West (1904). 

Family 3. Desmidiaceae 

Desmids belonging to this family have cell walls in which there are 

vertical pores through the innermost and median wall layers. Cell division 

is also distinctive. It always takes place at a definite point, each daughter 

cell receiving an unaltered half of the parent-cell wall and “regenerating” 

a new half-wall with the same characteristic shape and ornamentation. 

The most conspicuous diagnostic character of Desmidiaceae, and one found 

in all genera but Closterium, Spinoclosterium, and Penmm, is the median 

constriction (sinus) dividing the cell into two distinct halves (semicells) 

that are joined together by a connecting zone (isthmus). Three genera 

have been shown to have a formation of two functional and two degener¬ 

ating nuclei in a germinating zygote, but these data are too meager to 

justify the assumption that this is characteristic of the family as a whole. 

Most of the Desmidiaceae are unicellular, but certain genera have the 

cells united in unbranched filaments of indefinite length, and two genera 

have the cells in amorphous colonies. Desmids are found sparingly inter¬ 

mingled with free-floating algae everywhere, but collections rich in species 

and in number of individuals are usually made only where the waters have 

a pH of five to six. 

The beautiful symmetry and complexity of shape found in these algae 

have long attracted the attention of microscopists, and desmids have been 

favorite objects of study for those delighting in beautiful microscopic 

objects. The members of this family are so various in shape, and so diverse 

in ornamentation, that it is impossible to attempt to describe them in a 

paragraph or two. 

All Desmidiaceae have a wall of the placoderm typeone in which there 

are two concentric layers internal to the gelatinous sheath and which 

differ from each other in chemical composition. The innermost layer is 

structureless, except for the pores, and composed entirely of cellulose. 

The layer external to this has a substratum of cellulose that is impregnated 

with pectic compounds. The iron salts, so often found in walls of Desmi¬ 

diaceae, are localized chiefly in the median wall layer. The iron may be 

uniformly distributed throughout the entire wall, or it may be localized in 

transverse bands, especially in the region of the isthmus. It has been 

* LCTKEMtjLLBR, 1902. 
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held^ that the iron salts accumulate as a result of chemical attraction 

rather than from a physical cause, such as adsorption. Both of the wall 

layers are perforated by pores, usually arranged in a definite pattern. 

Pores may occur on all parts of the wall but the isthmus, or they may be 

localized in definite parts of each semicell. The pores are filled with a 

pectic material that is often of tougher consistency^ than, and extends into, 

the more watery sheath of pectic material at the exterior of the wall. 

Sometimes the gelatinous material extending through the pores is evident 

in living cells, but more often it is evident only when the walls have been 

stained with special reagents.^ The locomotion known to occur in many 

desmids, best shown by their migration toward the illuminated side of an 

aquarium, is intimately connected with a localized secretion of gelatinous 

material through pores at one end of the cell.'^ Direct observation of 

locomotion has shown tiiat the movement is by a series of jerks. 

In the vast majority of Desmidiaceae there is at least one chloroplast 

in each semicell.'* A few species with very small cells have one chloroplast 

extending the entire length of the cell. Semicells containing one chloro¬ 

plast have it axial in position. Those with two chloroplasts usually have 

them axial and lateral to each other. Species with four or more chloro¬ 

plasts in each semicell always have them parietal in position. There is 

great diversity in the profile of the (chloroplast from species to species, 

and in many cases the outline is further complicated by parietal out¬ 

growths. In some species there is little variation from individual to 

individual; in other species there is so marked a tendency to vary that the 

majority of individuals do not conform to any given type. Because 

of the variation found in certain species, it is impossible to segregate 

genera or subgenera on the basis of chloroplast structure alone. There is 

a similar variation in number and position of the pyrenoids. Semicells 

with a small chloroplast regularly have but one or two pyrenoids. Those 

with large and massive chloroplasts usually have numerous pyrenoids, 

indiscriminately scattered throughout the entire chloroplast. In Clos- 

terium, and in several species of Penium and Pleuroiaeniurrij there is a 

conspicuous vacuole at each end of the cell. The vacuoles contain one 
or more moving granules. These particles have been shown to be crystals 

of gypsum,^ and it has been held® that they function as statoliths. 

The nucleus always lies at the isthmus and often in contact with the 

chloroplasts. It has been suggested that there is a more or less intimate 

connection between nucleus and chloroplast,^ because of the finding of 

chloroplast strands running to the nucleus and the persistence of this 

connection even when the nuclei have been laterally displaced by centri- 

^ Lutkemuller, 1902. * Hofler, 1926. 
^Klebs, 1885; Kol, 1927; Schroder, 1902. 
^Carter, N., 1919^1, 1919^8, 1920, 1920^. 
• Fischer, A., 1884. ® Steinecke, 1926. Carter, N., 1919A. 
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fuging. In the few cases where the nuclear structure has been studied 

(Plosterium,^ Hyalotheca^'^ Cosmarium^), the nucleus has a conspicuous 

nucleole and a more or less well-defined chromatin-linin network. In 

the only desmid studied in detail {Closterium), the nucleolus does not 

function as an endosome during mitosis. 

There has been no cytological study of division of desmids with a con¬ 

spicuous isthmus. It is well known that desmids of this type have a 

division of the nucleus, followed by an elongation of the isthmus (Fig. 

222). There is then a transverse division at the elongated isthmus, after 

which the portion of the isthmus attached to each semicell develops into 

a new semicell. Division of the chloroplast or chloroplasts in each of the 

original semicells takes place during development of the new semicells. 

New pyrenoids may be formed by a division of those in the chloroplast 

{Hyalotheca)y^ or new pyrenoids may be formed de novo? Occasionally 

Fio. 222. Cell division in Sphaerozosma Anbertianum var. Archerii (Gutw.) W. and G. S. 
West. A, undivided cell. B-E, successive stages in cell division. (X 730.) 

there is a complete or incomplete failure of cell division as the isthmus starts 

to elongate. The continued enlargement of the isthmus results in mon¬ 

strous cells in which an abnormally shaped structure is intercalated between 

the two semicells. 

In Closterium, a genus in which most species are unconstricted, each 

chloroplast begins to divide transversely before the nucleus starts to 

divide.® However, mitosis is completed before the chloroplasts are fully 

divided and a daughter nucleus migrates to the region where each chloro¬ 

plast is dividing. Cell division is in a plane midway between the two 

original chloroplasts and takes place in essentially the same manner as in 

Spirogyra. The newly formed wall in this portion of the daughter cell is at 

first a flat plate, but it soon becomes a conical protuberance that continues 

to enlarge until it is identical in size and shape with the original semicell. 

Certain species of Closterium and Penium have the cell wall of the new 

semicell developing in two distinct portions (Fig. 223); a first-formed 

^ Klebahn, 1891; Lutman, 1911. * Acton, 1916^; Potthopf, 1927. 
»Klebahn, 1891. ^ Acton, 1916^. * Carter, N., 1919A. ® Lutman, 1911. 
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portion covering the new semicelPs apex and a later formed girdle portion 
adjacent to the isthmus.^ The line of juncture between the two portions 
is clearly evident as a transverse striation of the cell wall. Sometimes the 
terminal and girdle portions of the semicell wall are different in color 
because of a differential impregnation with iron. 

Aplanospores have been recorded for a few desmids, but most of these 
so-called aplanospores are parthenospores.^ Possibly the spherical spore¬ 
like bodies formed in cells of Hyalotheca^ are true aplanospores, since their 
shape is not the same as that of its zygotes. 

Zygotes have been described for many of the Desmidiaceae, but they 
are of infrequent occurrence and one is rarely fortunate enough to collect 
material rich in fruiting specimens. Conjugation usually takes place 
between fully mature cells, but sometimes it is between recently divided 
ones. In some cases (Micrasterias denticulata Br^b.,"^ M. angulosa Hant- 

Fig. 223. Diagram showing the distribution of parent-cell walls to daughter cells in Cloa- 
terium. Walls of the first cell generation are in black, those of the second cell generation are 
in stipple, and those of the third cell generation are unshaded. {Diagram baaed upon Lutke- 
muller, 1902.) 

zsch^ and Closterium Ehrenbergii Menegh.),® the juvenile conjugating cells 
are sister cells. These form a single zygote; other species with a con¬ 
jugation of juvenile cells, as Penium didymocarpum Lund., have a pair 
of cells becoming apposed to another pair and a production of twin zygotes 
within the common gelatinous envelope. It is not clear whether the twin 
zygotes characteristic of Closterium lineatum Ehr. and C. kalfsii var. 
hybridum Rab. are formed in this manner or by a division of the proto¬ 
plast to form two gametes. 

In the conjugation of solitary free-floating species, two cells become 
invested with a common gelatinous envelope. This is usually followed 
by a breaking of each cell at the isthmus and an amoeboid migration of the 
protoplasts to each other. Sometimes, as in certain ClosteriaJ the ap- 

^ LCtkemCller, 1902. * West, G. S., 1916; West, W. and G. S., 1898. 

3 West, W. and G. S., 1898, 1907. * West, W. and G. S., 1896. 

* Roy and Bissett, 1893 to 1894. •Lutman, 1911. ’ Scherffbl, 1928. 
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proximated cells put out papillate projections toward each other and develop 

a more or less complete conjugation tube. Filamentous genera may 

dissociate into single cells prior to conjugation {Sphaerozosma, Onychonema) 

or may have two filaments approximating throughout their entire length 

(Desmidiumy Hyalotheca). When conjugation is between cells united in 

filaments, there is usually a formation of definite conjugation tubes. 

Species with a conjugation tube generally have the zygote formed in the 

tube, but cases are known,^ regularly in Desmidium Grevillii (Kiitz.) 

DBy and occasionally in Hyalotheca dissiliens (Smith) Br4b., where there 

is a formation of the zygote within the old female cell. Certain filamentous 

species have been described as conjugating laterally [Spodylosium planum 

(Wolle) W. and G. S. West,^ Sphacrozosma cxcavata Ralfs.,^ Hyalotheca 

dissiliens var. tatrica Racib.],*^ but none of them has a formation of a 

Fig. 224. Zygotes of Desniidiaceao. A, Staurastrum furcigerum Br6b. D, Arthrodesmus 
incus var. extensus Anderss. C, Closterium calosporum Wittr. (A, C, X 300; B, X 600.) 

conjugation tube as in laterally conjugating Zygnemataceae. Zygotes of 

Desmidiaceae have a wall composed of three layers and in which the outer¬ 

most layer often develops spines or verrucae distinctive of the species 

(Fig. 224). 

Union o£ gametes is followed by a fusion of the two nuclei. Species 

with a single chloroplast contributed by each gamete have one chloro- 

plast disintegrating as the zygote matures;^ those with two chloroplasts 

from each gamete ha\^e two chloroplasts disintegrating.® Closterium, Cos- 

marium, and Hyalotheca have been shown^ to have two successive divisions 

of the fusion nucleus, followed by a partial disintegration of two nuclei 

formed by the second division (Fig. 225). The division of the fusion 

nucleus has been shown to be meiotic in Hyalotheca, and the same is 

1 Carter, N., 1923. * West, W. and G. S., 1898. » Ralfs, 1848. 
* Gronblad, 1924. ® PoTTHOFF, 1927. ® Klebahn, 1891. 
^ Klebahn, 1891; Potthofp, 1927. 
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probably true of the two other genera just mentioned. In all three of 

these genera, the protoplast of the germinating zygote divides into two 

daughter protoplasts, each of which contains a single chloroplast, a func¬ 

tional nucleus, and a degenerating nucleus. Staurastrum} has been de¬ 

scribed as having the formation of four nuclei within the ripening zygote 

and a division of the protoplast into one, two, three, or four cells upon 

germination. 

Parthenospores have been found in a few Desmidiaceae. Those observed 

in unicellular species, as Cosmarium hioculatum Br4b.,^ are obviously the 

result of a disturbance of conjugation. Parthenospores of filamentous 

species, as Spondylosmm nitens (Wallich) Arch., may be formed in filaments 

that show no sign of conjugation.^ Cytological observations on ripening 

parthenospores of Cosmarium!^ show a division of the nucleus into four 

daughter nuclei. One of these is functional, the three others are degenerate. 

Fig. 225. Diagram of the formation and germination of zygotes of Cosmarium. {Diagram 
based upon Klebahn, 1891.) 

When these parthenospores germinate, there is a division of the protoplast 

to form two daughter cells. 

Generic and specific distinctions within the Desmidiaceae are based 

entirely upon the shape and structure of vegetative cells. Most genera 

may be distinguished from one another without recourse to front, vertical, 

and side views. Specific distinctions within certain genera, especially 

Cosmarium and Staurastrum, require front and vertical views before the 

species can be determined with accuracy. Ralfs' “British Desmidieae^^ 

(1848) is the official starting point for the nomenclature of the family. 

The genera found in the United States differ as follows: 

1. Cells solitary, occasionally end to end in pairs.2 
1. Cells in many-celled colonies. 16 

2. Cells without a median constriction. 3 
2. Cells with a median constriction. 5 

3. Long axis straight. 3. Penlum 
3. Long axis curved. 4 

4. Poles of cell with a solid spine. 2. Spinoclosterlum 

4. Poles of cell lacking a solid spine. 1. Closterlum 

* Nibuwland, 1909. * Wallich, 1860. 1 Turner, C., 1922. 

* Klebahn, 1891. 
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5. Iwength several times the breadth.. .^ 
6. Length not over three to four times the breadth .9 

6. Apices of semicells incised. ^ 

6. Apices of semicells not incised . . .. .^ 
7. Lateral walls with transverse rings of spines or verrucae 6. Triploceras 

7. Lateral walls without transverse rings of spines or verrucae 7. Tetmemorus 

8. Bases of semiceUs longitudinally plicate .... 5. Docidium 
8. Bases of semicells not longitudinally plicate . 4. Pleurotaenium 

9. Cells not compressed. .10 
9. Cells compressed. . ... 11 

10. End view circular.3. Penium 

10. End view 3 to 12 radiate. .14. Staurastrum 

11. Apices of semicells incised.12 

11. Apices of semicells not incised.13 
12. Apical and lateral incisions shallow . 8. Euastrum 
12. Apical and lateral incisions deep . . 12. Micrasterias 

13. Apices of semicells with two divergent processes . . 14. Staurastrum 

13. Apices of semicells without processes. . .14 

14. Without conspicuous spines .9. Cosmarium 
14. With fairly long spines. ... 15 

15. Front of semicell wall thickened in median portion 13. Xanthldium 

15. Semicell wall of uniform thickness .15. Arthrodesmus 
16. Cells united in unhranched filaments. . ... 17 
16. Cells not united in filaments . .27 

17, Length of cells several times breadth ... .4. Pleurotaenium 
17. Length of cells not over three to four times breadth. .18 

18. Apices of semicells incised ,12. Micrasterias 
18. Apices of semicells not incised ... .19 

19. Cells connected by means of apical processes.. . . .. .20 
19. Cells not connected by means of apical processes.21 

20. Processes long, overlapping adjoining cells .16. Onychonema 

20. Processes short, often tuberculate .17. Sphaerozosma 
21. End view circular or elliptical .22 

21. End view triangular or quadrangular.25 

22. End view elliptical.23 
22. End view circular. 24 

23. Cells strongly compressed .18. Spondylosium 
23. Cells not strongly compressed . .21. Desmidium 

24. Lateral walls longitudinally striate .22. Gymnozyga 
24. Lateral walls not longitudinally striate . 19. Hyalotheca 

25. Apices of young semicells infolded. .21. Desmidium 
25. Apices of young semicells not infolded . .26 

26. End view triangular .18, Spondylosium 
26. End view quadrangular ... .20. Phymatodocis 

27. Gelatinous envelope dichotomously branched.11. OScardium 

27. Gelatinous envelope not dichotomously branched. . . 10. Cosmocladium 

f^Closterium Nitzsch, 1817. The cells of this desmid are elongate, 

without a median constriction, and always, usually markedly, attenuated 

at the poles. Most species are distinctly lunate or arcuate. The cell 
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wall has delicate pores, demonstrable by special methods,^ and many 

species have walls that are longitudinally striate. Several species have 

semicells with the wall region next to the isthmus, the girdle piece, inter¬ 

polated subsequent to cell division (see page 313). The limits of the 

girdle piece are marked by transverse striae in the wall. Walls of Closteria 

are often brownish or yellowish brown, because of an impregnation with 

ironcompounds.2 There are two chloroplasts, one in each semicell. Chloro- 

plasts may be entire or with longitudinal ridges radiating from a com¬ 

paratively slender axis.^ The pyrenoids are usually few in number and 

arranged in an axial series, but sometimes they are numerous and irregularly 

distributed. At each pole of the cell, there is a hyaline cytoplasmic region 

containing a conspicuous vacuole in which there are one or more particles 

of gypsum.^ The nucleus lies in a bridge of cytoplasm connecting the two 

chloroplasts. It has a conspicuous nucleolus and a well-defined chromatin- 

linin network.^ 

Fig. 226. A, Cloaterium acerosum (Schrank) Ehr. B, C. moniliforme (Bory) Ehr. C, C* 
subtruncatum W. and G. S. West. (X 233.) 

Multiplication is by transverse division, division of nucleus and the 

chloroplasts preceding cell division. 

Conjugation may take place between mature cells or between recently 

divided ones. In certain cases, as C. Ehrenbergii Menegh., the conjugat¬ 

ing pair are probably sister cells. Three species regularly form twin 

zygotes. Some species develop a rudimentary conjugation tube (C. parvu- 

lum Nag.),® but most of them have a breaking of the cell wall at the isthmus 

and a migration of naked amoeboid gametes toward each other. A 

majority of species have spherical or ovoid zygotes with smooth walls; 

a few species have quadrangular zygotes or zygotes with ornamented walls 

(Fig. 224C). During ripening of a zygote, there is a division of the fusion 

nucleus into four daughter nuclei,^ followed by a partial disintegration of 

two of them. Presumably these divisions are meiotic, but this has not 

1 LUtkemuller, 1902. » HOfler, 1926. * Carter, N., 1919A. 
♦ Fischer, A., 1884. * Lutman, 1910, 1911. 

* DeBary, 1858; Schbrffel, 1928. ’ Klebahn, 1891. 
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been demonstrated for Closterium. When a zygote germinates, the con¬ 

tents divide to form two protoplasts, each containing a single chloroplast, 

a functional and a degenerating nucleus. Shortly after this, the two pro¬ 

toplasts begin to assume the shape characteristic of the genus, and sooner 

or later each secretes a wall of its own. 

Closterium (Fig. 226) is one of the most frequently encountered desmids, and 

several species arc to be found in hard waters. Some 70 specaes occur in the 

United States, and the differences between them are based upon cell shape, amount 

of curvature of a cell, ornamentation of cell wall, and structure of the chloroplast. 

For monographic treatments of the genus, see Kriger (1935), and W. and G. S. 

West (1904). 

2. Spinoclosterium Bernard, 1909 (Closterioides Prescott 1937). The 

elongate lunate cells of this genus resemble those of (;ertain species of 

Closterium^ but differ in that there is a 

stout solid spine at each broadly rounded 

polo of a cell. Within each semicell is 

a longitudinally ribbed chloroplast with 

many regularly or irregularly arranged 

pyrenoids. There is not a terminal vac¬ 

uole at each pole of the cytoplasm as there 

is in Closterium} 

Reproduction is by transverse division 

and with a transverse break in the equa¬ 

torial region of the cell wall. Zygotes 

are unknown for this genus.^ 

S. curvalum var. spinosum Prescott (Fig. 

227) has been found in Michigan,^ Wiscon¬ 

sin,^ and Maine.2 For a description of it as Closterioides spinosus Prescott, see 

Prescott (1937). 

3. Penium de Br^bisson, 1844. The cells of Penium (Fig. 228) are 

cylindrical, and with parallel sides and rounded poles, or attenuated at the 

ends and truncate. A few members of the genus have cells that are 

Fio. 227. Spinoclosterium curvatum 
var. spinosum Prescott. (From Pres¬ 
cott, 1937.) 

Fig. 228. 

A B 

A, Penium margaritaceum (Ehr.) Br6b. B, P. minutum Cleve. 

3 

(X 400.) 

slightly constricted in the middle, but most of them have unconstricted cells. 

A majority of the species have a length several times the breadth. Penium 

and Closterium are the only Desmidiaceae with a girdle piece in the cell 

1 Prescott, 1937. * Whelden, 1943. 
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wall but, unlike Closterium (Fig. 223, page 313), Penium may have more 

than one girdle piece in each semicell. The cell wall is often longitudinally 

striate or puncate; it is also frequently impregnated with iron compounds 

and, therefore, of a brownish color. There are two chloroplasts, one in 

each semicell, which usually have a slender central axis and several radially 

disposed longitudinal plates.* Most species have a single spherical to 

rod-shaped pyrenoid within a chloroplast, but some with an elongate 

pyrenoid may have it fragmented in an axial series of many small, spherical 

to irregularly shaped, globules. A few species have a definite axial row of 

pyrenoids. 

Zygotes are spherical or quadrangular and usually with a smooth wall. 

P. didymocarpum Lund, regularly forms twin zygotes. 

Twenty species of Penium (Fig. 228) have been recorded for the United States. 

For (lescri])tions of most species of the genus, see Krieger (1935) and W. and G. 

S. West (1904). 

4. Pleurotaenium Nageli, 1849. Cells of this alga are usually quite 

large, straight, and with a length several times the breadth. They have a 

well-defined median constriction but one that is never deep. The cylin¬ 

drical semicells are never compressed and have sides that are parallel 

throughout or somewhat attenuated at the poles. The poles are always 

truncate and almost always with a whorl of mamillate to conical tuber- 

cules. The bases of the semicells are always inflated next the isthmus. 

Sometimes the side walls above the basal inflations are undulate. The 

cell wall is without transverse segmentation and is usually finely to coarsely 

punctate. In some species, as P. trochiscum W. and G. S. West, it is not of 

uniform thickness but has thin areas arranged in a more or less definite 

pattern. Such iron as accumulates in the cell wall is largely restricted to 

the isthmus.^ Most species have numerous parietal, straight to undulate, 

band-shaped chloroplasts extending the length of the semicell. There 

are several pyrenoids within the chloroplast. In a few cases,^ the chloro¬ 

plast is axial, with longitudinal ribs and with an axial row of pyrenoids. 

Terminal vacuoles, similar to those of Closterium^ are often present in this 

genus. 

All species in which conjugation has been observed have a formation of 

spherical zygotes. 

Most species of Pleurotaenium (Fig. 229) have solitary free-floating cells. P. 
subcoronulatum var. detum W. and G. S. West has the cells permanently united in 

filaments by an interlocking of the apical tubercules.* The 28 species found in this 

* Carter, N., 1919/1. ^ Hofler, 1926. * Carter, N., 1919/1. 

* Smith, G. M., 1924/1. 
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country occur sparingly intermingled with other desmids. For descriptions of 
most of the species of the genus, see Krieger (1937) and W. and G. S. West (1904). 

5. Docidium de Br^bisson, 1844; emend., Lundell, 1871. The general 

shape of cells of Docidium is similar to that of Pleurotaenium, but they are 

of somewhat smaller size. Docidium differs from Pleurotaenium in having 

the cell wall vertically plicate at the basal inflation of each semicell, and 

each plication is usually subtended by a small granule. Apices of semi¬ 

cells also differ from those of Pleurotaeuium, since they are without a whorl 

Fio. 230. Docidium utidtdatum"^&i\ey. (X800.) 

of tubercules. Semicells of Docidium contain a single axial chloroplast 

with irregularly disposed longitudinal ridges and an axial series of six to 
eight pyrenoids. 

Docidium and Pleurotaenium were not sharply delimited from each other until 
it was shown^ that the two differ in ornamentation of semicell bases and in apical 
tuberculation. D. baculum Br^b. and D. undulatum Bailey (Fig. 230) are the only 

' Lundell, 1871. 
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species found in this country. For descriptions of them, see W. and G. S. West, 
(1904). 

6. Triploceras Bailey, 1851. Triploceras has the same type of elongate 

cell as the two preceding genera, but differs from them in a number of 

respects. The sides of the semicells are undulate and with transverse 

whorls of mamillate protuberances, in which each protuberance terminates 

in a single spine or in a broad emarginate verruca. The apices of the 

semicells are flattened and with two long upturned, obliquely disposed 

processes whose truncate ends bear two or three short sharp spines. Be¬ 

tween the bases of the polar processes, there is a small mamillate pro¬ 

tuberance bearing one or two erect spines.^ Each semicell has an axial 

chloroplast, with longitudinal ribs from base to apex, that contains an 

axial row of pyrenoids. 

Triploceras is the most striking of solitary desmids with elongate cylindrical cells. 
Both of the two species found in this country, T. gracile Bailey (Fig. 231A) and 
T. verticillatum Bailey (Fig. 23IB), are widely distributed and at times occur 
in abundance in collections. For descriptions of them, see G. M. Smith, (1924A). 

7. Tetmemorus Ralfs, 1844. Cells of this alga are relatively large, 

cylindrical to subfusiform, and with a length two to eight times the breadth. 

There is a well-defined, shallow to deep, isthmus in which the sinus is 

always open. The apical portion of a semicell is somewhat compressed and 

with a conspicuous vertical incision. The cell wall is colorless, and smooth, 

punctate, or minutely scrobiculate. Each semicell contains a single axial 

chloroplast with 8 to 10 longitudinal radiating plates that are simple or 

bifurcate where they abut on the cell wall.^ The pyrenoids are fairly 

numerous, spherical to bacillar, and in a linear series. 

Zygotes are spherical to ovoid and with or without a compressed quad¬ 

rangular sheath.® 

» Smith, G. M., 1924A; West, G. S., 1909. * Carter, N., 1919A. 
* Ralfs, 1848. 
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This is another very distinctive genus. The four species foun<i in the United 
States are T. Brebissonii (Menegh.) Ralfs (Fig. 232), T. granulatus (Br6b.) Ralfs, 
T. laevis (Kiitz.) Ralfs, and T. minutus DBy. For descriptions of them, see W. 

and G. S. West (1904). 

Fig. 232. Tetmemorus Brebissonii (Meiicgh.) Ralfs. (X 400.) 

8. Euastrum Ehrenberg, 1832; emend., Ralfs, 1844. Some species be¬ 

longing to this genus have relatively small cells, other species have large 

cells; but all have cells with a length about double the breadth. The cells 
arc always compressed, with a deeply con¬ 

stricted isthmus, and with a linear to emarg- 

inate incision at the apex of each semicell 

(Fig. 233). The semicells are usually trun- 

cate-p3Tamidate in front view, with one or 

two broadly rounded lobes of each lateral 

margin, and with one or more protuberances 

on the front face. The cell wall is smooth, 

punctate or granulate; and it may also bear 

spines, verrucae, or combinations of the 

two. As seen in vertical view, the semicells 

arc more or less elliptical, with rounded poles, 

and with a definite protuberance between 

the poles. The lateral view of semicells is 

narrowly truncate-pyramidate and with 

prominent inflations in the basal portion. Small-celled species have the 

semicells containing an axial chloroplast with simple lobes; semicells of 

large-celled species have an axial chloroplast with two radial sheets to 

the front and back, each sheet terminating in a broad parietal expansion.^ 

E, verrucosum Ehr. has two chloroplasts in each semicell. According to the 

size of the chloroplast, pyrenoids are single, few, or many. 

Zygotes of Euastrum are spherical to ellipsoidal, and with smooth, mamil- 

late, or short-spined walls. 

Euastrum (Fig. 233) has the same apical incision of semicells as is found in 
Tetmemorus but differs in the marked compression of semicells and in the different 
proportions between length and breadth. Certain of the small-celled species with 
an emarginate apical incision are rather difficult to distinguish from certain Cos- 
maria. About 70 species are known to occur in the United States. For descrip- 

1 Carter, N., 1919A. 

Fig. 233. A, Euastrum affine Ralfs. 
B, E. elegans (Br6b.> Kutz, C, E. 
gemmatum Br6b. (X 400.) 
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tions of most of the species of the genus, see Krieger (1937, 1937A), and W. and 
G. S. West (1905). 

9. Cosmarium Corda, 1834. Most species of this unicellular genus have 

small compressed cells, with a length only slightly greater than the breadth, 

and a deep median constriction. A few species have cells that are circular 

in end view and with a relatively shallow sinus. The cell wall is smooth, or 

ornamented with granules of minute verrucae that are usually arranged in 

a definite pattern. Walls of Cosmaria are without spines. Many species 

have a localized accumulation of iron compounds in the isthmus portion of 

a wall or in the verrucae.^ The front view of semicells may be semicircular, 

elliptic, reniform, trapezoidal, or subquadrate and with or without a 

Fig. 234. A, Cosmarium hioctdatym Br6b. B, C. circvlare Reinsch. C, C. contractum var. 
papillatum W. and O. 8. West. D, C\ protractum (Nag.) DBy. E, C. punctulatum var. 
svbpunctulaliim (Nordst.) Burgesen. F, C. reniforme (Ralfs) Arch. (X 600.) 

localized tumescence on the front face (Fig. 234). The vertical view is 

general elliptical in outline and often with lateral elevations midway be¬ 

tween the poles. Most species have semicells that are circular in outline 

when viewed from the side. Each semicell usually contains a single axial 

chloroplast with four radiating plates and the pyrenoids localized in the 

axial portion.2 Some species have two chloroplasts in a semicell and each 

with several radiating plates. A few species have four parietal chloroplasts 

in each semicell. 

When conjugation takes place, each of the two cells surrounded by a 

common gelatinous sheath breaks at the isthmus and has an amoeboid 

escape of the protoplast. The zygote formed midway between the con¬ 

jugating cells is usually globose, though sometimes angular, and with a 

smooth, papillate, or spiny wall. During the ripening of the zygote,* 

1 H5FLER, 1926. * Carter, N., 1920. * Klebahn, 1891. 



324 THE FRESH-WATER ALGAE OF THE UNITED STATES 

there is a division of the fusion nucleus to form four daughter nuclei, two 

of which are functional and two degenerate (Fig 225, page 315). The 

protoplast of a germinating zygote divides into two equal portions, each 

with a single chloroplast, one functional nucleus, and one degenerating 

nucleus. Each of the daughter protoplasts develops into a vegetative cell 

after it is liberated by a rupture of the old zygote wall. Parthenospores 

are sometimes formed as a result of an interi*uption of conjugation. Ger¬ 

minating parthenospores have one functional and three degenerate nuclei. 

Division of the functional nucleus of a parthenospore, just before ger¬ 

mination, results in the production of two vegetative cells. 

There have been several attempts to break up this large and cumbersome genus 

into smaller genera but without success. Certain species (Fig. 284) are difficult to 

distinguish from Euastrum. Other species, especially those with triradiate varie¬ 

ties, intergrade with Staurastrurn. Approximately 280 species are known for the 

United States. The most extensive series of descriptions of species is that of W. 

and G. S. West (1905, 1908, 1912). 

Fig. 235. ('osmocladium pulchellum Br6b. (X 400.) 

10. Cosmocladium de Br4bisson, 1856. The cells of Cosmocladium are 

united to one another by bands of gelatinous material, and the colonies 

resulting from this union have a wide, homogeneous, spherical to ellipsoidal, 

gelatinous envelope. Sometimes a colony develops into a Tetraspora- 

like mass over a decimeter in length.* The cells are fimpH and quite 

* Bullabd in Phycotheca Boreali-Americana No. 2120. 
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similar in appearance to those of Cosmarium. Most species have com¬ 

pressed cells with a deep median constriction, but there are also species 

with subcylindrical cells and a shallow constriction. The gelatinous 

strands, connecting cells one to another, are secreted through two series 

of minute pores on either side of the isthmus, but restricted to one face of 

the cell.^ Unlike most Desmidiaccae, there is but one chloroplast in a 

cell. This is axial, usually with a single central pyrenoid, and with four 

parietal lobes.^ 

The zygotes are spherical to subangular and with several short stout 

spines.^ 

This genus, obviously related to Cosmarium^ is of relatively rare occurrence. 

The five species found in this country are C. constrictum Arch., C. Hitchcockii 
(Wolle), G. M. Smith, C. pulchellum Br6b. (Fig. 235) (C. saxonicum DBr.), (7. 

pusillum llilse, and C. tuberculatum Prescott. For a description of C. tuherculatuMf 
see Prescott and Alagnotta (1935); for the others, see Heimaiins (1935). 

Fig. 236. Odcardium stratum Niig. A, portion of a thallus. 
zygotes. (X 650.) 

11. Oocardium Nageli, 1849. The cells of Oocardium are united in 

sessile colonies 1 to 2 mm. in diameter, and the colonies are usually heavily 

impregnated with lime. The cells have much the same shape as those of 

moderately compressed species of Cosmarium with a broad isthmus and 

open sinus. The cell wall is smooth. Each semicell contains a single 

chloroplast with one pyrenoid. The colonial matrix consists of more or 

less parallel, dichotomously branched, broad gelatinous tubes.^ There is 

a single cell at the end of each ultimate dichotomy, and the cells are 

usually so oriented that their long axes are at right angles to the long 

1 LOtkemUller, 1902; SchrOder, 1900. * Carter, N., 1923. 
» Homfeld, 1929; Roy and Bissett, 1893 to 1894. 
♦ LOtkbmOller, 1902; Senn, 1899. 
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axis of the tubes. The lime is deposited in a cylinder external to the 

gelatinous tube. 

Zygotes are quadrangular and with several mamillate protuberances. 

This very rare genus is unusual in that it is restricted to limestone regions. 

It is usually found in waterfalls or attached to stones and rocks in swiftly flowing 

streams. There is but one species, 0. stratum Nag. (Fig. 236) It is known from 

se\ eral parts of Europe, but thus far for the United States it has been found at only 

two localities in California.^ For a description of 0. stratum, see N. Carter (1923). 

12. Micrasterias Agardh, 1827. With the exception of one filamentous 

species, all members of this genus are unicellular. Most species have cells 

Fig. 237. A, Micrasterias americana (Ehr.) Ralfs. B, M. apiculata (Ehr.) Menegh. C, M. 
radiata Hass. {A, C, X 233; B, X 126.) 

of large size, with a length somewhat greater than the breadth. The cells 

are bilaterally symmetrical and strongly compressed, except for one radially 

symmetrical variety. The median constriction is always deep and usually 

linear to sublinear. The outline of semicells as seen in front view is semi¬ 

circular to hexagonal. The semicells are always incised and with two or 

four incisions. Semicells with two incisions have a central (polar) and 

two lateral lobes; those with four incisions have one polar and four lateral 

lobes. The polar lobe generally has an expanded apex that may be entire 

or emarginate. Some species have asymmetrically disposed processes at 

the apex of polar lobes (Fig, 237^4). The lateral lobes are rarely entire; 

usually they are once, twice, or thrice divided into secondary lobelets with 

emarginate or spiniferous apices. Cells of Micrasterias usually have smooth 

walls, although some species have rows of marginal spines or spines over the 

entire wall. A few species have the spines or the isthmus portion of the wall 

impregnated with iron compounds.^ Semicells contain a single, massive, 

plate-like, axial chloroplast with the same contour as the semicell, that 

^ Smith, G. M., 1933. * HOflbr, 1926. 
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often has several small vertical ridges.^ Pyrenoids are numerous (30 to 

100) and evenly distributed throughout the chloroplast. 

Conjugation is without development of a conjugation tube, usually 

takes place between adult cells, but may take place^ between immature 

sister cells. The zygotes are spherical and ornamented with long stout 

radially disposed spines, terminating in simple to quadrifid apices. 

There is considerable variation in shape from species to species (Fig. 237), but 

all have a distinct differentiation into polar and lateral lobes. Large cells are the 

rule and not the exception in Micrasterias^ and many of these have a striking 

bilateral symmetry. Approximately 40 species are found in the United States. 

For descriptions of most of the species of the genus, see Krieger (1939), and W. 

and G. S. West, (1905). 

Fig. 238. A, Xanthidium antUopaeum var. polymazum Nordst. B, X. auhhaatiferum W. 
West. C, X. cristatum var. uncinatnm Br6b. (X 400.) 

13. Xanthidium Ehrenberg, 1837. Most species belonging to this genus 

have cells of medium size and a length somewhat greater than the breadth. 

There are always a deep median constriction and a linear to acute-angled 

sinus. All species have more or less compressed semicells, but certain of 

these have varieties that are radially symmetrical. The semicells are 

usually polygonal in outline as seen in front view, and with the apex 

flattened but not incised. Lateral margins of semicells have one or more 

heavy spines that are usually simple but may be furcate. The cell wall is 

smooth, except for a thickened protuberant area in the middle of the front 

side. This thickened area is often scrobiculate and of a brownish color 

because of a localized accumulation of iron compounds.^ As seen in 

vertical view, the outline is elliptical; in lateral view, it is subcircular to 

polygonal. A semicell may contain two laminate axial chloroplasts,^ 

cr it may contain four of them more or less parietal in position. Each 

chloroplast usually contains but one pyrenoid. 

1 Carter, N., 1919B. 2 West, W. and G. S., 1896. 
•Hofler, 1926. ^Carter, N., 1919A. 
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The zygotes are spherical and with scrobiculate walls or with the wall 

bearing numerous simple to furcate spines. 

Xanthidium (Fig. 238) may be recognized by its angular semicells, with spines at 

the angles, and the thickened central area on the front of a semicell. The latter 

character is the only one distinguishing certain species from Arthrodesmus. Twenty- 

one species are known for the United States. For descriptions of many species of 

the genus, see W. and G. S. West (1912). 

14. Staurastrum Meyen, 1829. The range in size and shape among 

the multitude of species belonging to this genus is extremely varied. A 

majority of the species have cells that are radially symmetrical and usually 

Fig. 239. A, Staurastrum curvatum W. West. B, S. sctigerum var. hrevispinum G. M- 
Smith. C, S. paradoxum Meyen, D, S, natator var. crassum W. and G. S. West. E, S. 
limneticum var. cormitum G. M, Smith. (X 400.) 

triangular in end view; but there are many species with strongly compressed 

bilaterally symmetrical cells (Fig. 239D). Practically all species are deeply 

constricted and with an acute-angled sinus. The cell wall may be smooth, 

or it may be ornamented with granules, denticulations, simple to emar- 

ginate verrucae, or spines (Fig. 239). Species with ornamented walls 

have the ornamentation arranged in a symmetrical pattern. The front 

view of semicells may be elliptical, semicircular, cyathiform, triangular, 

quadrangular, or polygonal in outline. In many species, the superior 

angles of semicells are continued in processes, usually quite long, that are 

variously ornamented and terminate in truncate ends with short divergent 

spines. A few species have two transverse whorls of processes on each 

semicell. The semicells usually contain a single axial chloroplast with a 



DIVISION CHLOROPHYTA 329 

deeply incised lobe to each angle of the semicell (Fig. 239^). There may 

be a single pyrenoid in the axial portion of a chloroplast, or several pyre- 

noids in each of the lobes.' In very rare cases, the chloroplasts are parietal. 

The zygotes are more often spherical than angular and usually with 

conical elevations terminating in long spines with simple or furcate apices 

(Fig. 224^4). In ripening of a zygote, there is a division of the fusion 

nucleus into four daughter nuclei and a formation of one, two, three, or 

four vegetative cells when the zygote germinates.^ 

There are several general types of cell shape among the numerous species of 

this genus (Fig. 239), hut there are so many intergrades among the various types 

that it is imi)ossihle to divide the genus into subgenera. Species with cells of the 

simplest form resemble triradiate smooth-walled Cosmaria; in fact, it is very diffi¬ 

cult to distinguish between certain varieties of Cosmarium that are triradiate in 

end view and certain species of Staurastrum, Likewise, the small compressed 

smooth-walled species with simple spines are extremely difficult to differentiate 

from Arthrodesnms. Practically every collection containing desmids has one or 

more species of Staurastrum. The genus is the commonest of desmids in the fresh¬ 

water plankton, and several species are strictly planktonic in habit. Some 245 

species are known for the United States. For descriptions of many of the species 

of the genus, see W. and G. S. West (1912, 1923). 

Fig. 240. A, Arthrodesmus convergens Ehr. B, A. incus var. extensns Anderss. (7, A. 
michiganensis Johnson. D, A. phimus Turn. E, A. octocorne Ehr. F, A. Ral/sii W. West. 
G, A. suhulatus Kutz. H, A. triangularis var. suhtriangularis (Borge) W. and G. S. West. 
(X 400.) 

15. Arthrodesmus Ehrenberg, 1838. Cells of Arthrodesmus (Fig. 240) 

are always small and with length and breadth about equal. Except for 

certain varieties, the cells are always strongly compressed, deeply con¬ 

stricted, and with a widely open to linear sinus. The cell wall is smooth, 

of a uniform thickness throughout, and with simple straight or strongly 

curved spines at the angles. Most species have semicells that are tri¬ 

angular when seen in front view; but a few have a subrectangular, trape¬ 

zoidal, or elliptical outline. The cells are often embedded in a copious 

^ Carter, N., 1920^. * Turner, C., 1922. 
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gelatinous sheath with radial strands of a denser consistency. Each 

semicell has an axial laminate chloroplast with one or two pyrenoids. 

The zygotes are spherical and with smooth walls or with the walls 

bearing long sharp spines (Fig. 224^, page 314). 

On the one hand, certain species of Arthrodesmus intergrade with Staiirastrum; 
on the other, certain species approach the smaller species of Xanthidium but lack 

the localized thickening of the cell wall characteristic of Xanthidium. About 20 

species are known for the United States. For descriptions of many of the species 

of the genus, see W. and G. S. West (1912). 

16. Onychonema Wallich, 1860. Members of this genus have the cells 

permanentlj'' united in unbranched filaments. Each semicell has two 

asymmetrically disposed, fairly long, capitate, apical processes overlapping 

the cell next to it and so firmly uniting the cells one to another. The cells 

l^^CXODCDCO; XIXMD3XI 
A B 

Fig. 241. A-B, Onychonema filiforme (Ehr.) Roy and Biss. C, 0. laeve var. latum W. and 
G. S. West. (X 600.) 

are fairly small, strongly compressed, deeply constricted, and generally 

with a linear sinus. In front view, the semicells are elliptical in outline, and 

with or without a spine at each side. Vertical views show that the apical 

processes evident in front view are alternately inserted. Each semicell 

contains a single, axial, laminate chloroplast with one pyrenoid. 

Conjugation is always between solitary {.‘ells that have become disatricu- 

lated from filaments.^ The zygotes are spherical and ornamented with 

short spines. Parthenospores have also been recorded^ for Onychonema. 

Isolated filaments of Onychonema are usually present in collections from localities 

rich in desmids. The two species found in this country are 0. filiforme (Ehr.) Roy 

and Biss. (Fig. 241 A-B) and 0. laeve Nordst. (Fig. 241C). For descriptions of them, 

see G. M. Smith (1924A). 

17. Sphaerozosma Corda, 1834. The chief distinction between this and 

the foregoing genus is that the apical processes of the semicells are short 

1 West, W. and G. S., 1895A. * West, W. and G. S., 1907. 
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and interlocked with one another, instead of overlapping adjoining cells. 

As in the preceding genus, the filaments may attain a considerable length. 

The cells are small, compressed, moderately constricted, with an open 

sinus, and often with the apical processes reduced to granules. Some 

species have smooth walls; others have granulate walls and the granules 

arranged in a definite pattern. The chloroplasts are axial, one in each 

semicell, and with a single pyrcnoid. 

Zygotes have been described for several species, and in all cases they are 

formed by a conjugation of isolated cells. The zygotes are spherical to 

subrectangular and with smooth or spiny walls. 

Sphaerozosma is another filamentous genus frequently encountered in collections. 

The five species found in this country are S. Aubertianum W. West (Fig. 242A), 

S. excavata Ralfs (Fig. 242R), S. exigiium Turner, S. granulatum Roy and Biss., 

Fio. 242. A, Sphaerozosma Aubertianum var. Archerii (Gutw.) W. and G. S. West. B, S. 
excavata Ralfa. (X GOO.) 

and S. vertebratum (Br4b.) Ralfs. For a description of S. granulatum, vsee N. Carter 

(1923); for S. vertebratum, see Ralfs (1848); for the others, see G. M. Smith (1924A). 

18. Spondylosium de Br^bisson, 1844. The one characteristic separating 

this genus from the two preceding ones is the absence of processes from 

apices of semicells. There is more variation in size of cell from species to 

species in this genus, and the cells may be strongly compressed or radially 

symmetrical. As seen in front view, the semicells are elliptical, triangular, 

or rectangular in outline and with the apex flattened or elevated in the 

median portion. The cell wall may be smooth or punctate, but in the 

latter case the ornamentation is rarely in a definite pattern. The median 

constriction is always relatively deep, and the sinus may be widely open to 

linear. The chloroplasts are axial and usually with a single pyrenoid. 

Conjugation is between cells that are not joined in filaments. The 

zygotes are usually spherical and with smooth walls. The aplanospores 

recorded for two species have always been found in ceils united in fila¬ 

ments.^ 

1 Turner, W. B., 1892; Wallich, 1860. 
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Filaments of Spondylosium (Fig. 243) are found sparingly intermingled with other 
algae in collections rich in desmids. Ten species have been found in the United 

States. For descriptions of many species of the genus, see N. Carter (1923). 

19. Hyalotheca Ehrenberg, 1841. The median constriction in cells of 

this genus is so slight that one is apt to think that the alga does not belong 

to the Desmidiaceae. The cells are cylindrical to discoidal and vv^ith 

flattened poles that are without projections. The cell wall is without 

ornamentation, except for delicate transverse ridges just below the cell 

apices. Chloroplasts are axial and with several longitudinal lobes ex¬ 

tending to the cell walls; pyrenoids are single and central. Mature cells 

have a chloroplast in each semicell, but young cells contain only a single 

chloroplast for some time following cell division. The two chloroplasts 

C 
Fig. 243. A-B, Spondylosium monUiforme Lund. C, S. planum (Wolle) W. and G. S. West. 
(X 600.) 

of an adult cell result from transverse division of the chloroplast and pyre- 

noid of a young cell.^ 

Unlike the preceding genera, Hyalotheca has no dissociation into in¬ 

dividual cells prior to conjugation. Conjugating cells of a filament send 

out mamillate protuberances that meet each other and develop into a 

definite conjugation tube.^ The zygote is usually formed in the conjugation 

tube, but it may be formed in one of the conjugating cells.^ Conjugation 

may be scalariform or lateral. During ripening of a zygote, there is a 

meiotic division of the zygote nucleus to form two functional and two 

degenerate nuclei Newly formed zygotes contain four chloroplasts, those 

about to germinate contain two. When germination takes place, there is 

a division of the zygote's contents into two equal parts; each with a chloro¬ 

plast, a functional nucleus, and a degenerate nucleus. There may also 

be a formation of aplanospores whose shape is somewhat different from 

that of zygotes.^ • 

1 Acton, 19165. * Potthoff, 1927. * Carter, N., 1923. 
4 West, W. and G. S., 1898, 1907, 



DIVISION CHLOROPHYTA 333 

Hyalotheca is one of the commonest of filamentous desmids and is often present 
in abundance in collections. The six species found in this country are H. dissiliens 
(J. E. Smith) Br^b. (Fig. 2445), H. indica Turner, H. laevicincta Taylor, H, mucosa 
(Dillw.) Ehr. (Fig. 244A), U. neglecta Racib., and H. undulata Nordst. For 
descriptions of //. dissiliens and //. mucosa^ see G. M. Smith (1924A); for H, 

indicay see W. B. Turner (1892); for //. neglecta and H. laevidnctay see Taylor (1935); 
for H. undulatay see Ir4nee-Maire (1939). 

Fig. 244. A, Hyalotheca mucosa (Dillw.) Ehr. B, //. dissiliens (J. E. Smith) Br6b. (X 600.) 

20. Phymatodocis Nordstedt, 1877. The cells of this desmid are joined 

end to end in unbranched filaments that may be straight or spirally twisted. 

The length of the cells is equal to, or less than, the breadth. The cells are 

quadrangular in outline as seen in front view, with a deep median con- 

Fig. 245. Phymatodocis Nordstedtiana var. minor Borgesen. {After W. and G. S. West, 
1895A.) 

striction, and with a linear to sublinear sinus. As seen in vertical view, the 

semicells are irregularly to regularly quadrate and with a broadly rounded 

arm at each of the four comers. The four arms of one semicell may lie 

directly above those of the other semicell or be somewhat alternate with 

them. Each semicell contains a single axial chloroplast with a small 

central mass and two radially laminate blades to each of the four arms.^ 

When cell division takes place, there is a transverse cytokinesis at the 

1 SCHMIDLE, 1902. 
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isthmus and a gradual enlargement of the new semicells, without any ring¬ 

like infolding of their walls. 

Conjugation probably takes place between isolated cells. The zygote is 

irregularly quadrangular and with irregularly thickened walls.^ Quad¬ 

rangular parthenospores may be formed by cells that have not become 

separated from the filament.^ 

As far as the cell shape is concerned, there is not a sufficient difference to warrant 

the separation of this genus from Desmidium. However, the method of cell divi¬ 

sion in the two is so different that generic se[)aration is amply justified. This is 

one of the rarest of desmids found in this country. P. Nordstedtiana Wolle (Fig. 

245) is known only from New Jersey and from certain South Atlantic and Gulf 

Coast states. For a description of P. Nordstedtiana^ see W. and G S. West 

(1895A). 

21. Desmidium Agardh, 1825. Desmidium has the cells joined end 

to end in unbranched filaments that are spirally twisted and with a broad 

gelatinous envelope. The cells are broader than long and never with a 

deep median constriction. Most species have radially symmetrical tri¬ 

angular or quadrangular cells, but some have compressed cells. The front 

view of semicells is trapezoidal in outline, Poles of adjoining cells may be 

flattened where they abut on each other, or they may be depressed in the 

median portion and with an elliptical open space between them. The 

cell walls are smooth and without striae, puncate, or spines. There is a 

single axial chloroplast in each scmicell, and it has a deeply incised lobe to 

each angle of a semicell and a single pyrenoid in each lobe. 

Cell division in Desmidium, as well as in Gymnozyga and Steptonema, 

is different from that of other Desmidiaceae. In these genera, developing 

semicells have an infolding of their end walls (Fig. 246A), quite similar in 

appearance to the replication found in end walls of certain Spirogyra 

species. As the young semicells increase in length, the infoldings become 

everted and disappear completely by the time the semicells are mature. 

Species with flattened semicell apices develop but one replication; those 

with mamillate apices develop as many replications as there are protuber¬ 

ances.® 

Conjugation is between cells united in filaments and with the formation 

of a true conjugation tube. The zygote is usually formed in the conjuga¬ 

tion tube, but one species regularly has a formation of the zygote in the 

female gametangium.'* Zygotes of Desmidium are spherical to ellipsoidal 

and with a smooth wall. There may also be a formation of parthenospores.^ 

^ Borge, 1918. * Gutwinski, 1902. « Carter, N., 1923. 

* Couch and Rice, 1948; West, G. S., 1904. 

* Couch and Rice, 1948. 
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The only distinction between this genus and the foregoing one is the replication 

of end walls in developing semicells. Desmidium is the most abundant of all 

filamentous genera of Desmidiaceae, and at times is to be found in practically pure 

stands. The six species found in this country are D. Aptogonurn Br4b. (Fig. 

2i6D-E), D. asymmetricurn Gronbl., D. Baileyi (Ralfs) Nordst. (Fig. 246R-C), 

D. Grevillii (Kutz.) DBy. (Fig. 246A), D. gymnozygoforme Prescott and Scott, and 

D. Swartzii Ag. For a description of D. asymmetricurn^ see Gronblad, (1920); for 

D. gymnozygoforinej see Prescott and Scott, (1942); for the others, see G. M. Smith 

(1924A). 

D. Aptogonurn Br6b. (X 400.) 

22. Gymnozyga Ehrenberg, 1841. Gtjmnozyga has the cells united in 

long untwisted filaments that are often with a gelatinous sheath. The 

cells are uncompressed, barrel-shaped, and with a length about double the 

breadth. There is a very slight median constriction, but the basal portion 

Fio. 247. Gymnozyga moniliformis Ehr. (X 600.) 

of semicells is distinctly inflated. The apices of semicells are flattened 

and without protuberances. The cell wall may be smooth throughout, or 

with longitudinal striae near the poles and basal inflations of semicells. 

Each semicell contains a single axial chloroplast with six to eight delicate 

laminate vertical processes to the cell wall. There is a single pyrenoid at 

the center of a chloroplast. 

Dividing cells of Gymnozyga have the same infolding of end walls in 

young semicells that is found in Desmidium^ but eversion of the replica¬ 

tions is greatly delayed. 

Sexual reproduction begins by two filaments becoming apposed to each 

other and establishing conjugation tubes between cells of each. The 

filaments are irregularly twisted about each other and with comparatively 
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few of the cells forming conjugation tubes. The zygote is formed in the 

tube and is globose.' 

Gymnozyga^ similar to other filamentous desmids, is found intermingled with 

free-floating unicellular Desmidiaceae. The three species found in this country 

are G, confervacea W. and G. S. West, G. delicatissima (Wolle) Nordst., and G. 

moniliformis Ehr. (Fig. 247). For a description of G. confervacea^ see W. and G. S. 

West (1895^); for G. delicatissima^ see Wolle (1884), under Barnbusina delicatis- 

sima\ for G. moniliformis, see G. M. Smith (1924^1). 

CLASS 2. CHAROPHYCEAE 

The Charophyceae, familarly known as stonewoi-ts, have an erect 

branched thallus differentiated into a regular succession of nodes and inter¬ 

nodes. Each node bears a whorl of branches of limited growth (the 

*‘leaves^’)) but branches capable of unlimited growth may arise axillary 

to the leaves. Sexual reproduction of Charophyceae is oogamous. The 

oogonia are one-celled, solitary, surrounded by a sheath of sterile cells and 

are always borne on the leaves. The antheridia are one-celled, united in 

uniseriate filaments, of which several are surrounded by a common spherical 

envelope composed of eight cells. Envelopes surrounding antheridia are 

, also borne only on leaves. 

The stoneworts are universally recognized as related to the Chloro- 

phyceae, but there is great diversity of opinion concerning the degree of 

relationship. They have been considered an order of the Chlorophyceae, 

a class coordinate with the Chlorophyceae, and a division standing just 

below the level of the Bryophyta. The vegetative structure and the sterile 

sheaths surrounding sex organs are such distinctive features that the 

placing of them as an order of the Chlorophyceae seems too conservative 

a treatment. On the other hand, they cannot be considered a group 

standing above the algal level because their sex organs are one-celled. 

The best solution of the problem seems to be that of interpreting them as 

an offshoot from the Chlorophyceae, but a series so far removed that it 

should be put in a separate class. 

Occurrence. Most of the Charophyceae grow submerged in fresh stand¬ 

ing water and upon a muddy or a sandy bottom. A few species grow in 

brackish water. When growing in fresh-water ponds or lakes, they fre¬ 

quently form extensive subaquatic meadows that extend downward to a 

considerable depth below the surface of the water. They thrive best in 

clear hard waters, but aerated water is not essential. Many species, 

especially those of Chara, become encrusted with calcium carbonate, and 

the continued presence of the alga from year to year may result in the 

deposition of considerable calcareous material upon the lake bottom. 

The calcareous material accumulating around a thallus may remain 
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intact after death of the plant and decay of the organic remains, and many 

fossil stoneworts have been described from such calcareous casts. The 

structure of the fructifications, especially that of the female fructification, is 

so distinctive that there is no doubt concerning the nature of the group of 

plants producing these casts. Stoneworts are known from as far back as 

the Devonian.^ Female fructifications in some fossil genera have the 

enveloping cells spirally twisted; in other genera, they are not arranged in 

this manner. All the present-day stoneworts have female fructifications 

with the envelope twisted in a left-hand spiral, and among fossil genera 

this type is known as far back as the Pennsylvanian. Spirally twisted 

envelopes are also known from the Mississippian and the Devonian, but 

here the spirals turn to the right. 

Vegetative Structure. The thallus is an erect branched axis attached to 

the substratum by rhizoids. l^he rhizoids are uniseriately branched fila¬ 

ments, with or without a differentiation into nodes and internodes (Fig. 

251G). The erect axis has an EquiseiumASk^ differentiation into nodes and 

internodes (Fig. 248A). Each node bears a whorl of several branches, 

the leaves, that cease to grow after they have attained a certain length. 

The leaves may be simple or divided, and with or without a differentiation 

into nodes and internodes. 

Tn some genera, as Nitella, an internode always consists of a single cell, 

many times longer than broad.' In other genera, as Chara, a majority of 

the species have this internodal cell ensheathcd (corticated) by a layer of 

vertically elongated cells of much smaller diameter. The ensheathing 

layer (cortex) of an internode is always one cell in thickness.'^ 

Terminal growth of an axis is initiated by a single dome-shaped apical 

cell which cuts off derivatives at its posterior face (Fig. 248J5). Each 

derivative cut off by an apical cell develops into a node and its underlying 

internode. This begins with a transverse division of a derivative soon 

after it is cut off from the apical cell. The inferior daughter cell remains 

undivided, elongates to many times its original length, and matures into 

an internodal cell. The superior derivative, the nodal initial^ divides and 

redivides to form the nodal tissue and also the corticating tissue of species 

in which the internode is corticated. The first division of a nodal initial 

is vertical, and the two daughter cells also divide vertically and in a plane 

intersecting the first plane of division.^ Successive divisions are also 

vertical and in planes intersecting the preceding plane of division. The 

nodal tissue produced by these divisions consists of two central cells and 

an encircling ring of 6 to 20 peripheral cells. The central cells may remain 

undivided or may divide two or three times. All the peripheral cells 

divide periclinally. The inner daughter cells produced by these periclinal 

^ Peck, 1946. * Ciiesenhaoen, 1896, 1897, 1898. 
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divisions may remain undivided or may divide periclinally (Fig. 248C-J5). 
The outer daughter cells function as initials that give rise to leaves. 

Among species with corticated internodes, half of the corticating tissue 
of an internode is derived from the node above, and the other half is 
derived from the node below. The basal cell of each leaf of a node produces 
a single ascending corticating initial and a single descending one. Each 
ascending and descending corticating initial is an apical cell, that lies 
closely applied to the internodal cell, and each apical cell produces a 

Fig, 248. Chara sp. A, thalliis. B, vertical .section of thallus apex. C~E, transverse sec¬ 
tions of second, third, and fourth internodes. F, young corticating branches. G, portion of 
a mature corticating branch. (Ap.C., apical cell; (\F., corticating filament; Int. ', internode- 
hit. Init., internodal initial; L, leaf; N„ node; N. Init., nodal initial.) (A X /? v 9in’ 
C~F, X 145; a, X 105.) . ^ A ^lu, 

corticating filament differentiated into three-celled nodes and one-celled 
internodes. All nodal and internodal cells of a young corticating filament 
are at first approximately the same length, but eventually the two lateral 
nodal cells of a node and the internodal cell elongate to many times their 
original length (Fig. 248F-G). The median cell of a node does not elon¬ 
gate, and it may or may not form one-celled spines. 

Leaves develop from the peripheral cells of a node. ^Some genera (as 
Nitella and Tolypella) have leaves that consist of a simple or branched 
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uniseriate row of cells (Fig. 252). Other genera, as Chara, have leaves 

with the same structure as the axis. Here the apical cell of a leaf cuts off 

derivatives in the same manner as an apical cell of the main axis. The 

apical cell of a leaf becomes conical and ceases division after it has cut 

off 5 to 15 derivatives. In Chara, the first derivative from a leaf^s apical 

cell becomes the basal node in all leaves; all other derivatives divide to 

form a nodal initial and an internodal cell. Internodal cells of a leaf 

mature in the same manner as those of an axis, except that they do not 

become so long. Development of nodal tissue from a nodal initial is much 

the same as in an axis. Nodes of leaves have but one central cell, and the 

peripheral cells never function as apical cells. Instead, all or certain of 

embryonic peripheral cells mature into one-celled spine-like structures. 

Cortication of a leaf may be similar to that of an axis, or the corticating 

initials at a leaf node may elongate without dividing. 

Cell Structure. Cells near a branch apex are without conspicuous 

central vacuoles and are always uninucleate. Greatly enlarged cells of 

mature regions, as those of an internode, have a large central vacuole and 

may have a few large irregularly shaped nuclei because of nuclear division 

by constriction (amitosis).^ The cytoplasm external to the central vacuole 

contains many small ellipsoidal chloroplasts that lie in longitudinal spirally 

twisted parallel series. The portion of the cytoplasm next to the central 

vacuole streams continuously in a longitudinal direction. There are as¬ 

cending and descending longitudinal streams of cytoplasm laterally separated 

from each other by a motionless streak of cytoplasm without chloroplasts. 

Asexual Reproduction. None of the Charophyceae produces zoospores, 

but many of them produce asexual reproductive bodies of a vegetative 

nature. Vegetative propagation may be effected by (1) star-shaped ag¬ 

gregates of cells developed from the lower nodes, and frequently called 

amylum stars because they are densely filled with starch; (2) bulbils de¬ 

veloped upon rhizoids; and (3) protonema-like outgrowths from a node. 

Sexual Reproduction. All genera reproduce sexually. The male and 

female fructifications are usually called, respectively, antheridia and 

oogonia, but these names are inappropriate because the structures so 

designated include both the sex organ (or organs), and an enveloping 

multicellular sheath derived from cells below the sex organ. According 

to the old terminology,^ the male fructification is a globule and the female 

is a nucule. These names are more appropriate since they do not imply 

that the entire fructification is a sex organ. 

In almost every case, the fructifications are borne on the leaves. The 

vast majority of species are homothallic, and only relatively few are 

heterothallic. Homothallic species usually have the two kinds of fructi- 

^ SUNDARALINGAM, 1948. * SaCHS, 1876. 



340 THE FRESH-WATER ALGAE OF THE UNITED STATES 

fication borne adjacent to each other. There may be one of each and the 

globule above, Nitella (Fig. 253A), or below, Chara (Fig 2504), the nucule. 

In other cases, a nucule is flanked on either side by a globule, as in Lych- 

nothamnus; or there are several nucules flanking a single globule, as in 

Tolypella (Fig. 25SB). 

Chara may be taken as illustrative of the manner in which globules and 

nucules develop. Here the fructifications are borne at nodes of leaves and 

oil the adaxial side (Fig. 253C). In homothallic species, a nucule always 

lies abov^e a globule, and development of the two may be simultaneous or 

development of the globule may be somewhat in advance of that of the 

nucule. A superficial cell on the adaxial side of a leaf functions as an 

Fig. 249. A~E, Chara sp. F-H, Chara foetida A, Br. A~-E, development of globule. F-G, 
antheridial filaments. H, antherozoid. (Anth. Fil., aiitheridial filament; Cap.} primary 
capitulum; Cap.} secondary capitulum; Man., manubrium; Fed., pedicel; Sh.C., shield cell.) 
{F-H, After Belajeff, 1894.) {A-C, X 210; D~E, X 145; F-^G, X 575; H, X 290.) 

apical cell which cuts off a derivative. The derivative divides and re¬ 

divides to form nodal tissue. The apical cell then cuts off a second deriva¬ 

tive which eventually enlarges greatly and becomes the pedicel cell of the 

globule (Fig. 249A) Next, by two successive vertical divisions, the apical 

cell divides to form four quadrately arranged cells each of which divides 

transversely (Fig. 249J5).^ Each cell of the octad divides periclinically, 

and the eight outer cells also divide periclinally (Fig. 249C). The outer 

of the three cells derived from each octad cell is a shield cell, the median is a 

handle cell or manubrium, and the inner is a primary capitulum cell. Matur¬ 

ing shield cells expand laterally; as a result, cavities appear within the 

‘ Campbell, 1902; Sachs, 1875. 
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globule. The manubria enlarge radially as the cavities enlarge, but the 

primary capitulum cells remain apposed to one another at the center of the 

globule. There is also an upward growth of the pedicel cell toward the 

interior of the globule (Fig. 2^9D-E), The outer periclinal wall of a 

maturing shield cell develops radial ingrowths which incompletely divide 

it into a number of compartments. Hence the outer layer of a maturing 

globule seems to be many cells in perimeter when viewed in cross section. 

Mature globules are a bright yellow or red because of a change in color of 

chloroplasts within the shield cells. 

Each primary capitulum within a globule cuts off six secondary capitulum 

cells (Fig. 249D), and these may or may not cut off tertiary and quaternary 

capitulum cells.^ The secondary capitulum cells usually cut off initials of 

antheridial filaments, but such initials may also be produced upon primary, 

tertiary, or quaternary capitulum cells. An antheridial initial develops 

into an antheridial filament that may be branched or unbranched (Fig. 

249E). The number of cells in a filament varies greatly, and even in the 

same species it may range from 5 to 50.^ Each cell of a fully developed 

filament is an antheridium whose protoplast metamorphoses into a single 

antherozoid. The nucleus of a metamorphosing protoplast moves toward 

the side wall, elongates, and becomes spirally coiled (Fig. 249F-G).2 

Meanwhile, there has been a differentiation of a spirally coiled blepharo- 

plast, just within the plasma membrane, and it causes a formation of two 

long flagella a short distance back from the anterior end of the coiled 

antherozoid (Fig. 249H). When the antherozoids are mature, the shield 

cells of a globule separate from one another and expose the antheridial 

filaments and the manubrium to which they are attached. A manubrium, 

with its attached capitular cells and antheridial filaments, resembles a 

many-thonged whip. Soon after the filaments are exposed, there is an 

escape of antherozoids through pores in the antheridial wall. Liberation 

of anthrozoids generally takes place in the morning, and the swarming may 

continue until evening.* 

A globule has been interpreted^ as a metamorphosed branch in which the 

terminal cell divides into octants. Each octant is divided into a basal 

node (the shield cell), an internode (the manubrium), and an upper nodal 

cell (the primary capitular cell). The filamentous outgrowths (antheridial 

filaments) from the upper node are not differentiated into nodes and inter¬ 

nodes. 

An adaxial cell of the basal node of a globule functions as the initial of a 
nucule. This initial divides transversely to form a row of three cells,® 

1 Karling, 1927. * Belajeff, 1894; Mottier, 1904. * Sachs, 1876. 
* Goebel, 1930. 
* Campbell, 1902; Debski, 1898; Goetz, 1899; Sachs, 1875. 
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the median of which is nodal and the other two internodal in nature. The 

lower internodal cell remains undivided and enlarges to form the pedicel 

subtending the nucule (Fig. 250i5). The nodal cell divides and redivides 

vertically to form five lateral initials encircling a single central cell. The 

upper internodal cell is an oogonial parent cell which elongates vertically 

and then divides transversely to form a short stalk cell and a vertically 

elongate oogonium (Fig. 250C). A mature oogonium contains a single egg 

with a nucleus at the base and with the cytoplasm densely packed with 

starch. Even before elongation of the oogonial parent cell, there is an 

upgrowth of the five lateral initials of the nodal tier to form a protective 

riG. 250. Chara sp. A, portion of a leaf bearing a mature globule and nucule, /i, vertical 
section of a leaf bearing a very young globule and nucule. C -F, stages in development of a 
nucule. (Cor., corona; C. F., corticating filament; 67., globule; Int., internode; N, node; 
Nuc., nucule; 06g., oogonium; Ped., pedicel; StX\, stalk cell; Slip., stipule; T.C., tube cell.) 
(A, X 50; B~E, X 210; F, X 145.) 

sheath enclosing the oogonial parent cell. The sheath soon becomes 

transversely divided into two tiers of five cells each (Fig. 250D). Cells 

of the upper tier elongate but little and mature into the five-celled corona 

capping a mature nucule; those of the lower tier, the tube cellSy elongate 

to many times their original length and become spirally twisted about the 

oogonium (Fig. 250E-F). In certain genera, including Nitella, the corona 

consists of two tiers and has five cells in each tier. 

The spirally twisted tube cells of a mature sheath separate from one 

another just below the corona to make five small angular slits.^ Anthero- 

1 DeBary, 1871. 
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zoids swim through these openings in the sheath of a nucule and down to 

the oogonium (Fig. 2514). One of them penetrates the gelatinized wall 

and unites with the egg. Male gamete nuclei have been observed within 

the egg of Nilella,^ and it is thought that in Chara there is the same union 

of gamete nuclei at the base of an egg. 

Fig. 251. A C, Chara foetida A. Br. D-G, C. crinata Wallr. A, entrance of antherozoids 
into a nucule. B-C, diagram of longitudinal .sectiona of germinating zygotea. D-E, aurface 
views of germinating zygotes. F, gcrmling at protonematal stage. G, ^oung plant after 
development of first nodal branch. (Pr. Ax., primary axis; Prot.,^ primary protonema; 
Prot.,^ secondary protonema; Prol. Init., protonematal initial; Rhiz.,^ primary rhizoid; Rhiz.^ 
secondary rhizoid; Rhiz. Init., rhizoidal initial.) {A, after DeBary, 1871; B-C, baaed upon 
DeBary, 1875 and Oehlkera, 1916; D~F, after DeBary, 1875.) {A, X 70; B~C, X 45; D-E, 
X 50; F, X 25; G, X 4.) 

The Zygote and Its Germination. The zygote secretes a thick wall, and 

the inner periclinal walls of tube cells also become thickened. Other 

portions of walls of a sheath decay, leaving the thickened inner tube cell 

walls projecting from the zygote like the threads on a screw. The zygote, 

with the surrounding remains of the sheath, falls to the bottom of the pool 

1 Goetz, 1899. 
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and there germinates after a period of a few weeks. The zygote nucleus 

migrates to the apical pole of a zygote and there divides^ into four daughter 

nuclei (Fig. 251B). This division into four nuclei suggests that division is 

meiotic. Confirmatory evidence for this supposition is found in the 

absence of meiosis prior to formation of gametes.^ According to such an 

interpretation, the thallus is gametophytic and the zygote is the only 

diploid cell in the life cycle. 

Germination begins with an asymmetrical division of the quadrinucleate 

zygote into a small lenticular distal cell with one nucleus and a large basal 

cell containing the other three nuclei (Fig. 2516^). The lenticular cell 

soon becomes exposed by a cracking of the distal end of the zygote wall 

and divides vertically into a rhizoidal initial and a proionematal initial 

(Fig. 251D-E), The large three-nucleate cell remains undivided, and its 

nuclei eventually disintegrate. The rhizoidal initial develops into a color¬ 

less rhizoid^ differentiated into nodes and internodes, and one with a whorl 

of secondary rhizoids growing out at each node. The protonematal initial 

develops into a green filament (the 'primary protonema) also differentiated 

into nodes and internodes (Fig. 251F). Appendages produced by the 

lowermost node of a primary protonema become either rhizoids or secondary 

protonema. The second node of a primary protonema bears a whorl of 

appendages (Fig. 251(7). All but one of them are simple green filaments; 

the remaining appendage develops into a typical axis in which growth is as 

in an adult plant. 

ORDER 1. CHARALES 

All Charophyceae, whether living or fossil, are placed in a single order, 

the Charales. The order has been divided^ into four families distinguish¬ 

able from one another primarily by arrangement of sheath cells of the 

nucules. Three of the families are known only in the fossil condition. 

The fourth family, the Characeae, has representatives in the present-day 

flora and has a fossil record extending as far back as the Pennsylvanian. 

Family 1. Characeae 

All genera referred to the Characeae have nucules which have five 

tube cells, and these are twisted in a left-hand spiral and capped by a 

corona with the cells in a single or in two tiers. 

Generic and specific differences within the family are based upon both 

vegetative and reproductive structures. Taxonomists especially interested 

in Characeae have long used a special terminology for certain structures of 

a thallus or have a special meaning for certain familiar, widely used, botani- 

1 Obhlkebs, 1916. * Lindbnbbin, 1927; Sundaralingan, 1948. 

« DbBary, 1875. < Peck, 1946. 
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cal terms. For this reason, the nonspecialist in Characeae often has 

difficulty in understanding technical descriptions of them. Wood (1947) 

gives definitions of the terminology used for the Characeae. 

Fig. 252. Portions of thalli of Characeae. A, Nitella gracilis (J. E. Smith) Ag. /?, Tolypella 
prolifera (Ziz.) var. Leonh. 

The three genera found in this country may be distinguished as follows: 

1. Cells of corona with a single tier of cells . 3. Ch^ra 
1. Cells of corona with a double tier of cells. 2 

2. Fertile leaves furcately branched. 1. Nitella 

2. Fertile leaves not furcately branched. 2. Tolypella 

1. Nitella Agardh, 1824. The axis and branches of Nitella are dif¬ 

ferentiated into nodes and internodes. All species are uncorticated and 

without a whorl of spine-like cells at the nodes (Fig. 252A). Branches 
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arise in the axils of leaves, and two or more may arise at any node. Leaves, 

both sterile and fertile, are filamentous, once to repeatedly furcate, and with 

two, three, four, or more furcations at each point of branching. 

Globules and nucules are borne only on leaves. The nucules( have a 

coronula with two tiers of five cells each. Some species are homothallic, 

others are heterothallic. Male thalli of homothallic species have the 

globules borne singly and terminally at a point of furcation; female thalli 

have the nucules borne laterally just below a point of furcation, and singly 

or in clusters of two to several. Homothallic species have the globules 

borne singly and terminally at points of furcation and subtended by a single 

nucule or a cluster of two to several of them (Fig. 253/1). 

Nitella is the only genus found in this country in which all leaves are branched. 
Thirty-four species have been found in this country. For names and descriptions 
of them, see Wood (1948). 

2. Tolypella Leonhardi, 1863. The axis and branches of Tolypella are 

differentiated into nodes and internodes. All species are uncorticated and 

without a whorl of spine-like branches at the nodes. Branches arise in 

the axils of leaves and two or three of them may arise at any node. Both 

the sterile and the fertile leaves are not differentiated into nodes and inter¬ 

nodes. The sterile leaves are filamentous (Fig. 2!j2B) and usually un¬ 

branched, but they may have a few filaments at the apex of cells in the 

lower portion. The fertile leaves are also filamentous and with an evident 

axis in which two or more lateral filaments are borne at the apex of each 

cell in the lower portion. 

Nucules of Tolypella have a corona with two tiers of five cells each. 

Most species are homothallic and with the globules borne singly at the 

apex of cells comprising the axial row of a fertile branch. Nucules are borne 

below a globule and there are usually several of them below each globule. 

Both globules and nucules are subtended by a fairly long one-celled stipe 

(Fig. 253jB). 

Tolypella is the only genus in this country in which a stem beam both branched 
and unbranched leaves. At least 10 species occur in the United States. For an 
account of the species found in this country, see Allen (1883). 

3. Chara Valliant, 1719. The primary axis, branches, and leaves of 

Chara are differentiated into nodes and internodes. A few species are 

uncorticated; the majority have corticated branches and leaves or have 

the cortication restricted to the branches. Branches arise in the axils of 

leaves, and there is usually but a single branch at a node. "^There is a whorl 

of 6 to 16 leaves at every node and, unlike Nitella and Tolypella, each leaf 

is subtended by a single or a pair of spine-like cells.The leaves are always 
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unbranched, with 5 to 15 nodes and with a whorl of spine-like leaves at 
each node. 

"^Nucules have a corona with a single tier of five cellsT The thalli may 

be heterothallic or homothallic, but in either case the fructifications are 

restricted to the adaxial side of leaves and are borne at the nodes. Hetero¬ 

thallic species have the fructifications borne singly at the nodes. Some¬ 

times homothallic species may have the globules and nucules borne singly 

Fig. 253. Fertile leaves of Characeae. A, Nitella gracilis (J. E. Smith) Ag. B, Tolypella 
prolifera (Ziz.) var. Leonh. C, Chara intermedia A. Br. 

at different nodes, but usually there is one of each at a node and with 

the nucule always borne above the globule (Fig. 253A). 

'Vegetative thalli of Chara may be distinguished from other Characeae of the 
United States by the fact that all leaves are unbranched and by the spine-like 
cells just below the leaves. In fruiting material, Chara may be differentiated 
from other genera in this countiy by the singe tier of five cells at the top of a nucule. 
Approximately 35 species occur within the United States?^ For a monograph 
describing a majority of the species of this country, see Robinson (1906). 



CHAPTER 5 

DIVISION EUGLENOPHYTA 

The euglcnoid algae constitute a well-defined series in which there are 

beginnings of an evolution toward an algal organization, but in which there 

are no higher types than palmelloid colonies. Most members of the 

division are naked free-swimming cells with one, two, or three flagella. 

Many of the genera have grass-green, discoid, band-shaped or stellate 

chloroplasts, with or without pyrenoids. The chloroplasts contain the 

same chlorophylls as Chlorophycoae, beta-carotene only, and at least one 

xanthophyll not found in Chlorophycoae (see Table I, page 3). The 

nutrition may be holophytic, holozoic, or saprophytic, but irrespective of the 

mode of nutrition, the foods reserved ai*e paramylum (an insoluble car¬ 

bohydrate related to starch) and fats. There are one or more contractile 

vacuoles at the anterior end of a motile cell, which are connected with a 

reservoir which, in turn, is connected with the cell’s exterior by a narrow 

gullet. 

Cell division is the usual method of reproduction. Thick-walled resting 

stages (cysts) are known for several genera. Sexual reproduction has not 

been demonstrated beyond all doubt for the group. 

Occurrence, Euglenoids arc most often found in small pools rich in 

organic matter. The pigmented forms, especially Emjlcnae, are frequently 

present in sufficient abundance to color the water. The saprophytic 

colorless forms are rarely present in quantity, and they grow most abun¬ 

dantly when a considerable amount of putrefaction is taking place. Some 

euglenoids grow on damp mud along the banks of rivers, estuaries, and salt 

marshes where they may be in sufficient abundance to color the mud.^ Ses¬ 

sile species grow upon algae, plant debris, and small plankton crustaceans. 

Members of the group found in unusual habitats include the Euglena that 

has been found^ to be one of the organisms causing green snow, and those 

that grow endozoic in the intestinal tracts of amphibia. 

Cell Structure. All free-swimming genera have naked cells and have the 

exterior portion of the cyotoplasm differentiated into a periplast. The 

periplast may be so rigid that the cells have a fixed shape, or it may be 

flexible and continously changing in shape as a cell moves through the 

water. Some species have a smooth periplast; others have a periplast 

^ Jahn, 1946. * Kiener, 1944. 
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with spiral or straight longitudinal striae or have one with spiral ridges. 

Four genera, three of which are free-swimming and one of which is sessile, 

have the protoplast surrounded by a lorica. The lorica is always open at 

the anterior end and with the flagella projecting through the opening. A 

lorica is composed of a firm gelatinous substance, without a trace of cel¬ 

lulose,^ and is frequently brownish because of impregnation with iron 

compounds. The shape and ornamentation of the lorica are characteristic 

for any given species, and these are the chief characters differentiating species 

within a genus. 

Practically all members of the family Euglenaceae have cells with 

chloroplasts. Chloroplasts are green in color and discoid, band-shaped, or 

stellate. The chief product of photosjmthesis is paramylum, an insoluble 

polysaccharide not found in other algae. Paramylum is starch-like but 

does not respond to the usual tests for starch.^ The shape of the par¬ 

amylum bodies (spherical, discoid, bacillar, or annular) is often char¬ 

acteristic for a particular species. Many species with chloroplasts have 

one or more conspicuous pyrenoids, either within or external to the chloro¬ 

plasts, Pyrenoids within chloroplasts are more or less intimately as¬ 

sociated with paramylum bodies,^ but those external to chloroplasts seem 

to have no relationship to paramylum bodies. Nutrition of Euglenaceae 

with chloroplasts may also be holozoic or saprophytic.'* Ingestion of 

solid foods is through the cytostome, a differentiated softer portion of the 

periplast. The gullet at the anterior end functions as the cytostome of 

most genera, but some of them, as Peranema,^ have a cytostome distinct 

from the gullet. 

The gullet at the anterior end of a motile cell is usually flask-shaped and 

differentiated into a narrow neck, the cylopharijnx, and an enlarged posterior 

portion, the reservoir. The reservoir is adjoined by one or more large 

contractile vacuoles formed by fusion of several small vacuoles.® The 

reservoir has been interpreted’' as an accessory structure assisting in 

discharge of liquids from the contractile vacaioles, but its function is 

probably passive since, from the morphological standpoint, it is merely an 

invagination of the cell apex. 

Most genera of the Peranemaceae have rod organs (pharyngeal rods) 

adjacent to the fullet. These rod-like structures lie parallel with the long 

axis of a gullet, and with their lower extremities level with the base of the 

reservoir (Peranema) or extending to the posterior end of a cell (Ento- 

siphon). Certain genera with pharyngeal rods have them terminating 

beneath a cytostome entirely distinct from the gullet (Entosiphon, Hetero- 

^ Klebs, 1883. 2 CzuRDA, 1928. * GOnther, 1928; Mainx, 1928. 
^ Doyle, 1943; Gunther, 1928; Hall, 1939; Mainz, 1928; Tannreuther, 1923. 
® Brown, V. E., 1930; Pitelka, 1945. • Jahn, 1946. ^ Wager, 1899. 
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nemay Peranema). The function of the rods has been a matter of contro¬ 

versy. Many hold that its function is that of a trichite which serves as a 

supporting organ for the distended cytostome when a cell is ingesting 

solid foods.^ 

Flagella of motile cells are inserted in the base of the reservoir and 

project through the cytopharynx. The projecting portion is a ‘‘tinsel’' 

type of flagellum; namely, it consists of an axial filament surrounded for 

its entire length by a sheath to which are attached diagonally inserted 

cilia along one side.^ These structures of a flagellum can be demonstrated 

only by special methods. A majority of the genera investigated have 

been shown to have a neuromotor apparatus of the blepharoplast-rhizo- 

plast-certriole type (Fig. 254). (Iniflagellate genera assigned to the Eu- 

glenaceae have been shown^ to have the flagellum bifurcating with the 

reservoir and to have a granular swelling at the point of forking. Euglen- 

aceae with more than one flagellum have a granular swelling some distance 

above the blepharoplast but no bifurcation of the flagella.'^ Thus far, 

members of other families have been found to be without a granular 

swelling or bifurcation at the base of their flagella. All these genera have 

been shown to have a blepharoplast at the base of each flagellum, but in 

several cases there is no rhizoplast.^ 

Most of the species with chloroplasts, and certain of the colorless species 

have an eyespot near the anterior end of a motile cell. The eyespot 

consists of a simple mass of pigment granules arranged in a single layer.® 

It has also been held^ that there is a hyaline lens exterior to the pigmented 

plate. Species with eyespots show phototactic responses; those without 

eyespots do not. 

The nucleus is a prominent structure and one easily recognized without 

staining. All genera are uninucleate under normal conditions, but some¬ 

times they become multinucleate if cytokinesis is inhibited.^ The ex¬ 

tensive literature on nuclear structure and mitosis among Euglenophyta® 

shows that practically all genera have a conspicuous karyosome, a well- 

defined membrane, and chromatic granules. The nuclear membrane per¬ 

sists throughout mitosis, and the endosome, which does not contribute 

material to the formation of chromosomes, divides into two portions one of 
which goes to each daughter nucleus. 

1 Hall, 1933; Hall and Powell, 1928; Hyman, 1936; Rhodes, 1926; Schaeffer 

1918. 
• Deflandbb, 1934; Mainx, 1928; Petersen, 1929; Vlk, 1938. 
• Hall and Jahn, 1929. * Steuer, 1904; Wbnrich, 1924. 
• Hall and Jahn, 1929; Hall and Powell, 1928. 
• Franz6, 1894; Wager, 1899. ^ Mast, 1928. 
• Krichbnbaubr, 1937; Mainx, 1928. »See Jahn (1946) for numerous refer¬ 

ences. 
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Asexual Reproduction. Multiplication is by cell division and may take 

place while the cells are actively motile or after they have come to rest. 

Cytokinesis is longitudinal (Fig. 254) and begins at the anterior end of a 

cell. During later stages of mitosis in species with a single flagellum, the 

blepharoplast divides into two daughter blepharoplasts. The flagellum 

usually remains attached to one of the daughter blepharoplasts, and a 

new flagellum grows from the other daughter blepharoplast. In biflagellate 

species, both flagella may go to one daughter cell, or each of the daughter 

cells may receive one of the old flagella. 

Species dividing while in motion have an immediate separation of the 

two daughter cells. If the motile species has a lorica, cell division takes 

place within the lorica, after which one daughter protoplast escapes and 

secretes a new lorica. Species with naked cells that come to rest before 

division often have a cell secreting a gelatinous sheath. Sometimes the 

A B C D E F 
Fig. 254. Cell division of Rhahdomonas incurvum Fres. {After Hall, 1923.) 

daughter protoplasts do not escape from the gelatinous matrix before they 

divide again. In such cases, as in Phacics yleuronectes (O.F.M.) Duj.^ 

and Euglena gracilis Klebs,^ there is a development of a temporary pal- 

melloid colony in which the cells may return to a motile condition at any 

time. 

Thick-walled resting stages (cysts) are common in many genera. Ger¬ 

minating cysts usually have the protoplast developing into a single motile 

cell. 
Sexual Reproduction. Syngamy has been described for a few Eugleno- 

phyta,^ but all cases noted are considered extremely dubious. Autogamy 

(the fusion of two nuclei both derived from the same parent cell) has been 

described for PhacuSy^ but doubt has been expressed® concerning this re- 

* Dangeard, P. a., 1901 a. * Tannreuther, 1923. 

* Berliner, 1909; Dobell, 1908; Haase, 1910. 

* Krichenbaubr, 1937. • Jahn, 1946. 



352 THE FRESH-WATER ALGAE OF THE UNITED STATES 

ported case. Evidence for autogamy is based upon the finding of binucleate 

cells with the two nuclei at the base of, and in the longitudinal axis of, a 

cell, and upon the finding of cells with large nuclei and two karyosomes. 

The finding of diakinesis stages indicates that the fusion nucleus divides 

meiotically, and the finding of quadrinucleate cells dividing to form four 

cells indicates vegetative cells are haploid. 

CLASS 1. EUGLENOPHYCEAE 

The first formal recognition of the euglenoids as a division of the plant 

kingdom^ divides them into two classes, each with a single order. A 

more logical treatment seems to be that of placing them in a single class, 

the Euglenophyceae, because differences between the two orders are of the 

same magnitude as in orders of Chlorophyceae, Chrysophyceae, Xantho- 

phyceae, and other classes of algae. 

ORDER 1. EUGLENALES 

The Euglenales include all the Euglenophyceae in which the flagellated 

motile cell is the dominant phase in the life cycle. 

Almost all attempts to divide thi- Euglenales into families have been by 

protozoologists, who have used diverse criteria in segregating the families 

one from another. Some^ stress i he mode of nutrition and group Euglenales 

into three families according to their holophytic, saprophytic, or holozoic 

nutrition. Others disregard nutrition entirely and differentiate into fam¬ 

ilies according to the bilateral or radial symmetry of cells,^ or according to 

the presence of a rigid or a plastic periplasm.^ Still others utilize the 

presence of chloroplasts or eyespots and the number of flagella in dif¬ 

ferentiating between families.^ 

Each of the foregoing systems results in an erection of more or less 

artificial families. The detailed structure of the flagellum has been shown® 

to be a significant character in segregating into families. Supplemental 

characters, such as number of flagella, rigidity or plasticity, type of lo¬ 

comotion, mode of nutrition, presence or absence of pharyngeal rods, are 

helpful but not absolute criteria in delimiting families. 

Family 1. Euglenaceae 

Cells of Euglenaceae, irrespective of whether uni-, bi-, or triflagellate, 

have a granular swelling on the portion of each flagellum within the reser¬ 

voir.® The basal portion of a flagellum may or may not be bifurcate. 

Most genera have chloroplasts, and genera without chloroplasts are to be 

1 Pascher, 1931. 2 Ivlebs, 1892; Lemmbrmann, 1913; Senn, 1900. 
3 Doflein-Reichenow, 1929. Elenkin, 1924. 
6 Calkins, 1926; Kudo, 1946. « Hall and Jahn, 1929. 
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distinguished from other colorless genera by the presence of an eyespot. 

A majority of the genera have naked cells, but certain of them have the 

cell surrounded by a lorica. Cells of Euglenaceae are variously shaped, 

rigid or plastic, and with a smooth or ornamented periplast. 

Cell division usually takes place while a cell is immobile and enveloped 

by a gelatinous sheath. Temporary palmelloid colonies are sometimes 

formed. 

The genera found in this country may be distinguished as follows:* 

1. Free-living. 
1. Inhabiting intestinal tracts of frogs 

2. With one flagellum. 

2. With two flagella. 

3. Protoplast without a lorica . 
3. Protoplast surrounded by a lorica.. 

4. Cells plastic. 

4. Cells rigid. 

5. With two elongate chloroplasts. 

5. With numerous chloroplasts. 

6. Cells compressed . 

6. Cells radially symmetrical. 
7. Cells free-swimming . 

7. Cells sessile. 

.2 
8. Euglenamorpha 

.3 

.... 7. Eutreptla 

.4 

. 7 
.1. Euglena 

. 5 
. . 4. Cryptoglena 

. 6 

. 3. Phacus 

... 2. Lepocinclls 

5. Trachelomonas 
.... 6. Ascoglena 

1. Euglena Ehrenberg, 1838. This is the only green uniflagellate genus 

of the family in which free-swimming cells are continually changing in 

shape as they move through the water. The cells are fusiform to acicular 

and with the posterior end more or less pointed. Most species have the 

periplast ornamented with delicate striae or rows of punctae. A cell has 

a gullet at the anterior end and one or more contractile vacuoles adjoining 

the reservoir. The single flagellum is bifurcate at its lower end and with a 

granular swelling at the point of branching. Each branch terminates in a 

blepharoplast, one of which is connected to an extranuclear centriole by a 

delicate rhizoplast.^ Most species have an eyespot at the anterior end. 

The chloroplasts are numerous and discoid to band-shaped. They may 

be with or without pyrenoids, but in either case there is a formation of 

paramylum bodies of characteristic shape. Some species, as E. sanguinea 

Ehr., often develop a red pigment in such quantities that the cell contents 

are obscured. A few species lack chloroplasts, but all of them have an 

eyespot and have the lower end of the flagellum bifurcate and with a 

* Jahn and McKibbon (1937) segregate the colorless species of Euglena in a sepa¬ 
rate genus which they call Khawkinea. Since other members of the family {Phacus 
and Trachelomonas) have colorless species, it does not seem logical to make this 

generic distinction based solely upon absence of chloroplasts. 

1 Hall and Jahn, 1929. 
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granular swelling. Mitosis is intranuclear and with a division of the 

karyosome.^ 

Division may take place while the cells are motile or after they have come 

to rest. Division in the motile condition is longitudinal and begins at the 

anterior end.^ Immobile dividing cells are usually surrounded by a gel¬ 

atinous envelope; sometimes the daughter cells are retained within the 

envelope and redivide to form a temporary palmelloid colony.® Thick- 

walled resting cells (cysts) are common in Euglena. One species has been 

reported^ as conjugating, but the proof of this is inconclusive. 

Euglena (Fig. 255) is a common organism of waters rich in organic matter, as 

pools in barnyards, and frequently occurs in such abundance as to color the water 

a deep green. More than 50 species have been recorded for this country. For 

descriptions of many of the species found in the United States, see Johnson (1944). 

Fio. 255. A-B, Euglena inter¬ 
media (Klebs) Schmitz. C, E. acus 
Ehr. (X 430.) 

Fig. 256. Lepocinclia Steinii 
Lemm. (X 1300.) 

2. Lepocinclis Perty, 1849. Members of this motile genus have rigid 

naked cells in which the periplast usually has numerous longitudinal or 

spiral striae. The cells are radially symmetrical, broadly ellipsoidal to 

ovoid, and sometimes with the posterior pole more or less pointed. The 

gullet and vacuolar system are similar to those of Euglena. The single 

flagellum is bifurcate at the lower end and with a granular swelling,^ but no 

rhizoplast has been demonstrated. The cells usually contain numerous 

1 Baker, 1926; Ratclifpe, 1927. * Tannreuther, 1922. 

« Dangeard, P. a., 1901A; Tannreuther, 1922. ^ Haase, 1910. 
® Hall and Jahn, 1929. 
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parietal discoid chloroplasts and two large, laterally located, ring-shaped 

paramulum bodies. 

Reproduction is by cell division and takes place after cells have come to 

rest.' Thick-walled resting stages have not been recorded for this genus. 

Fifteen species of Lepocinclis (Fig. 256) have been reported from the United 
States. For the latest monograph of the genus, see Conrad (1934). 

3. Phacus Dujardin, 1841. The naked cells of Phacus are solitary, 

free-swimming, and with a rigid shape. They are conspicuously flattened 

and somewhat, or markedly, twisted. The periplast is ornamented with 

striae, punctae, or denticulations that lie in longitudinal 

or in spiral series. Numerous transverse striae have 

been demonstrated between the longitudinal series, but 

these are evident only after the cells have been specially 

stained.^ The gullet, vacuolar system, and bifurcation 

of the single flagellum are similar to those of Euglena} 

The protoplast contains numerous discoid chloroplasts, 

and paramylum may accumulate in either one or two 

conspicuous ring-shaped bodies, or in several discoid 

ones. Some species have an eyespot; others lack one. 

Division may take place either while the cell is mo¬ 

tile or after it has become immobile and affixed by a 

basal gelatinous cushion.'' Resting cells (cysts) have 

been described for several species, but these are of 

much less frequent occurrence than in Euglena. 

An autogamous fusion of sister nuclei has been 

described.'' The fusion nucleus divides meiotically to form four nuclei 

after which there is a quadripartition of the four-nucleate cell into four 

uninucleate vegetative cells. 

Fio. 257. 
acuminatus 
(X 975.) 

Phacus 
Stokes. 

Phacus (Fig. 257) does not have the same preference for stagnant waters as does 
Euglena. It is found in a wide variety of habitats, but rarely in abundance. Some 
32 species have been recorded for the United States. Allegre and Jahn (1943) give 
descriptions of many species from the United States and Pochmann (1942) gives 
descriptions of all known species. 

4. Cryptoglena Ehrenberg, 1831. This imperfectly known genus has 

free-swimming, rigid, ovate naked cells that are somewhat compressed. 

The anterior pole of a cell is broadly rounded and slightly indented at the 

point of emergence of the single flagellum; the posterior pole is acute. 

There is a gullet at the anterior end, but the structure of this and that of 

' Dangeard, 1901A. * Deflandre, 1931. * Hall and Jahn, 1929. 
^ Krichenbauer, 1937. 
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the flagellum’s base are unknown. The cells have two laminate longitu¬ 

dinal chloroplasts, one on either side of a cell. The nucleus lies toward 

the posterior end of a cell, and an eyespot toward the anterior end. Re¬ 

productive stages have not been observed in Cryp- 
toglena. 

The single species, C. pigra Ehr. (Fig. 258) has been 

found at several widely separated localities in this coun¬ 

try. For a description of it, see Lemrnermann (1913). 

5. Trachelomonas Ehrenberg, 1833. Trachelomo- 
nas is the only member of the family in which the 

cells are free-swimming and surrounded by a lorica. 

The lorica (Fig. 259) always has a circular pore at 

the anterior end and may or may not have the por¬ 
tion adjacent to the pore elevated into a collar. The 

flagellum projects far beyond the (collar. Most spe¬ 

cies have a globose or an ellipsoidal lorica; a few 

have one that is campanulate or fusiform. The sur¬ 
face of a lorica may be smooth, punctate, spiny, reticulate, or striate. 

In the majority of cases, a lorica is brown because of an impregnation 

with iron compounds, and the color may be so deep that it is impossible to 

see the protoplast. The protoplast, whi(^h is not attached 

to the lorica, has a plastic periplast. It has a gullet at the 
anterior end, and the single flagellum has the bifurcate 
base and granular swelling typical of Euglenaceae.' There 

are 2 to 15 discoid parietal chloroplasts, and these may 

or may not have pyrenoids. One species, T. reticulata 

Klebs, lacks chloroplasts. The nucleus is usually cen¬ 

tral in position. 

Cells of Trachelomonas become immobile before division 

of the protoplast into two daughter protoplasts. (3ne 
daughter protoplast escapes and secretes a new lorica; 

the other remains within the old lorica.' Unfavorable 

conditions may cause the protoplast to emerge from the 

lorica. If such protoplasts divide, they usually develop 

into palmelloid colonies. Several species are known to 
form thick-walled resting cells. 

The two most recent monographs of the genus^ recognize 

approximately 150 species that are differentiated from one another on the shape 

and ornamentation of the lorica. Some 70 species have been recorded for the 

United States. 

» Hall and Jahn, 1929. * Dangeard, 1901^1. 
*Deflandrb, 1926; Skvortzow, 1925il. 

Fio. 269. Trac¬ 
helomonas vol- 
vocina Ehr. (X 
976.) 

Fig, 258. Cryptoglena 
pigra Ehr. {After Klebs, 
1892.) (X 1500.) 
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G. Ascoglena Stein, 1878. The cells of Ascoglena are sessile and affixed 

to the substratum by a cylindrical to urn-shaped lorica that is open at the 

upper end. Except for a collar-like zone at the upper end, a lorica is 
impregnated with ferric compounds^ and brownish in color. The 

Fig. 260. Ascoglena vaginicola Stein. (After 
Stein, 1878.) (X 650.) 

protoplast, whose structure is 

similar to that of Euglenay is at¬ 

tached to the base of the lorica 

by a short cytoplasmic stalk, the 

only portion of the protoplast that 
is in contact with the lorica. 

Reproduction is by division in¬ 

to two daughter protoplasts. One 
of the daughter protoplasts re¬ 

mains within the old lorica; the 

other swims away, becomes affixed 

to some object, and secretes a 

new lorica.2 

A. vaginicola Stein (Fig. 260) has 

been found in Ohio. For a descrip¬ 

tion of it, see Lemmermann (1913). 

7. Eutreptia Perty, 1852. The cells of Eutreptia are 
free-swimming and with a pronounced plasticity. There 
are two flagella of equal length at the anterior end, and 

(*ach of them has an elongate granular swelling in the 
basal portion.^ The cells are fusiform, with the ante¬ 

rior end blunter, and have a finely striate periplast. 

The gullet is conspicuous and adjoined by small vac¬ 

uoles,^ and a discoid eyespot lies adjacent to the reservoir 
portion of the gullet.^ A cell contains numerous parietal 

discoid chloroplasts, and the nucleus lies in the posterior 

portion of a cell. 
Cell division takes place while a cell is actively mo¬ 

tile, is logitudinal, and cytokinesis begins at the ante¬ 

rior end. One species has been found with thick-walled 

resting cells.® 

The types species, E. viridis Perty (Fig. 261), has been 

recorded from several widely separated stations in this country, 

of it, see Lemmermann (1913). 

Fig. 261. Eutreptia 
viridis Perty, (After 
Klehs, 1883.) (X 
300.) 

For a description 

8. Euglenamorpha Wenrich, 1923. Euglenamorpha is the only mem¬ 

ber of the family that has three flagella. The number of flagella and 

1 Klkbs, 1883. * Stein, 1878. ’ Steubr, 1904. ^ Klebs, 1883. 
®Klebs, 1883; Steuer, 1904. ® Steuer, 1904. 
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their lack of bifurcation at the point of insertion are the only morpho¬ 

logical features separating this genus from Euglena} 

Euglenamorpha is endozoic in habit and has been 

found in the intestinal tract of tadpoles of Rana. 
Probably it is widespread, but thus far it has been 

founds only in New York, Pennsylvania, and Mass¬ 

achusetts. Both the pigmented and colorless in¬ 

dividuals are referred to a single species, E. Hegneri 
Wenrich (Fig. 262). For a description of it, see Wen- 

rich, (1924). 

Family 2. Astasiaceae 

Members of this family are without chloro- 

plasts or an eyespot. They may have one or 

two flagella, but the bases of the flagella are 

without granules, and in only one species has 
Fig. 262. Euglenamorpha Heg- t,he base of the flagellum been found to be bi- 
nm Wenrich. {From Wenrich, r i rm n • i i- t 
1924.) turcate. 1 he cells never move with a gliding or 

a creeping motion. None of the genera referred 

to the family has been found to have a pharyngeal rod apparatus. 

The Astasiaceae have been combined with the Euglenaceao to form a 

single familybut differences in flagellar structure of the two show^ that 

this is unjustified. 

The genera found in this country differ as follows: 

1. With one flagellum. 2 

1. With two flagella. 4. Distlgma 
2. Cells strongly plastic. 1. Astasia 
2. Cells rigid or slightly plastic. 3 

3. Cells radially symmetrical. 3. Rhabdomonas 
3. Cells not radially symmetrical. 2. Menoidium 

1. Astasia Ehrenberg, 1830; emend., Stein, 1878. Cells of Astasia are 

free-swimming, uniflagellate, and with more or less change in shape as 

they swim through the water. There are no chloroplasts. Eyespots have 

been found in certain species referred to Astasia, but the structure of the 

flagellum shows^ that they should be referred to Euglena. The flagellum is 

without a granular swelling in the basal portion,^ and in only one species 

has the basal portion of the flagellum been found^ to be bifurcate. Re¬ 

cently divided cells have the blepharoplast at the flagellar base connected 

* Wenrich, 1924. * Doflein-Reichenow, 1929. ^ Hall and Jahn, 1929. 
* Lackey, 1934. 
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with an extranuclear centriole by a delicate rhizoplast.^ The peripleist 

may have delicate striae. Nutrition of many species is saprophytic, and 

the size and number of paramylum bodies vary greatly from species to 

species. 

Division is longitudinal and takes place while the 

cells are motile. Certain species form pentagonal 

cysts.^ 

Astasia is generally found in stagnant 

waters rich in organic matter. A.Dange- 
ardii Lemm. (Fig. 263) and A. Klebsii 
Lemm. have been found in this country. 

For descriptions of them, see E. G. Pring- 

sheim (1942). 

2. Menoidium Perty, 1852. The 

rigid colorless cells of this genus have 

a single flagellum. In front view, the 

, . outline of a cell has one side approxi- 
Fio. 263. Aaiaaia i o 
Dangeardii Lemm. matcly straight and the other convex.^ 

M N In cross section, a cell is triangular 
Powell, 1927.) (X .i -i /•i/' • 
1225.) With the straight side of the front view 

constituting the front angle of the tri¬ 

angle. The shape of a cell has been compared® to a seg¬ 

ment of an orange. The nutrition is saprophytic. There 

are several large rods or elongate rings of paramylum in 

the anterior half of a cell, and numerous small spherical 

paramylum bodies in the posterior half. 

M.falcatum Zach., M. pellucidum Perty (Fig. 264) and M. tor- 
tuosum Stokes have been found in this country. For descrip¬ 

tions of them, see Lemmermann (1913). 

um Perty. {After 
3. Rhabdomonas Fresenius, 1858. In its rigid, uni- stein, 1878.) 

flagellate, colorless, spirally ridged cells, Rhabdomonas 

closely resembles Menoidium. It differs in that the cells are not com¬ 

pressed, and this has been deemed® a sufficient justification for retaining 

it as a separate genus instead of uniting it with Menoidium. The paramy¬ 

lum bodies are similar to those of Menoidium. There is a well-devel¬ 

oped gullet, but no contractile vacuoles have been demonstrated^ adja¬ 

cent to the reservoir. The single flagellum is inserted in the reservoir and 

is without bifurcation or a granular swelling at the base. The blepharoplast 

1 Hall and Powell, 1927. * Lackey, 1934. * Pringsheim, E. G., 1942. 

^Hall, 1923. 
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at the base of flagellum is connected with an extranuclear granule by a 

delicate rhizoplast.^ The nucleus is conspicuous and generally centrally 

located. 

Fia. 265. Rhahdomonaa costata (Korshikov) Pringsh {After E. G. Pringsheim, 1936.) 
(X 1050.) 

Cell division is longitudinal, begins at the anterior end and takes place 

while a cell is actively motile (Fig. 254, page 351). 

R. incurva Fres. is widely distributed in this country, and R. costata (Korshikov) 

Pringsh. (Fig. 265) has been found in North Carolina. For a description of 

R. incurva as Menoidiurn incurvu7n (Fres.) Klebs, see Lemmermann (1913); for R. 
costata as Menoidiuin longum Pringsh., see E. G. Pringsheiin (1936). 

Fig. 266. Distigma protcus (O.F.M.) Ehr. {After Stein, 1878.) 

4. Distigma Ehrenberg, 1832. Distigma has colorless, biflagellate, spindle- 

shaped cells in which the two flagella are markedly different in length. The 

longer flagellum is directed forward, the shorter is bent to one side,^ and 

both flagella are without a granular thickening in the basal portion.® The 

protoplasm of most species is very fluid, and a cell is continually chang- 

' Hall, 1923; Hall and Jahn, 1929. 
* Pringshbim, E. G., 1942. * Lackey, 1934. 
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ing in shape as it swims through the water. The periplast has very deli¬ 

cate spiral striae. The gullet extends some distance back into a cell and 

is adjoined by several contractile vacuoles. According to the species, the 

paramylum bodies are rod-shaped or ovoid. 

Division is longitudinal and takes place while a cell is motile.^ 

D. proteus Ehr. (Fig. 266) has been reported from several localities in this 
country. For a description of it, see E. G. Pringsheim (1942). 

Family 3. Peranemaceae 

The Peranemaceae have colorless cells that may be rigid or strongly 

plastic. Locomotion is usually a creeping or a gliding movement. Some 

genera have one flagellum; others have two. Biflagellate genera have one 

flagellum (the swimming flagellum) pointing straight ahead and the other 

trailing. Neither uni- nor biflagellate genera have a granular thickening 

in the basal portion of flagella. Most genera have the gullet adjoined by 

a pharyngeal rod apparatus. In several genera, the lower end of this 

structure is level with the base of the reservoir; in some genera, as Ento- 

siphoUy it extends to the posterior end of a cell. Nutrition of Peranemaceae 

is usually holozoic, and certain genera show a pronounced selectivity with 

respect to the foods ingested. 

Division usually takes place while the cells are motile. Thick-walled 

resting cells are known for certain genera but are of rare occurrence. 

There is not a single consistent character separating this family from 

other Euglenales. Typical members of the family have a pharyngeal rod 

apparatus, are holozoic, and move in a distinctive manner. 

The genera found in this country differ as follows: 

1. With one flagellum. 

1. With two flagella. 

2. Body rigid. 

2. Body more or less plastic. 
3. Cells more or less spindle-shaped . . . 

3. Cells flask-shaped. 
4. With pharyngeal rods. 

4. Without pharyngeal rods. 
5. Feeding exclusively upon diatoms... 

5. Not feeding exclusively upon diatoms 
6. Body rigid. 
6. Body more or less plastic. 

7. Trailing flagellum the shorter. 

7. Trailing flagellum the longer. 
8. Periplast longitudinally ridged ... 

8. Periplast not longitudinally ridged. 

9. Ridges straight. 

. 2 

. 6 
12. Petalomonas 

. 3 

. 4 

... 11. Urceolus 

. 5 
10. Euglenopsis 
.. 2. Jenningsia 

... 1. Peranema 

. 7 

. 13 

. 8 

. 10 

. 9 

. 9. Notosolenus 

8. Sphenomonas 

1 Lackey, 1934. 
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9. Ridges curved... 7, Tropldoscyphus 

10. Body markedly compressed . 6. Anlsonema 

10. Body not markedly compressed. 11 
11. Pharyngeal rod reaching posterior of cell . 5. Entosiphon 

11. Pharyngeal rod, if present, not reaching posterior of cell. 12 
12. Trailing flagellum very inconspicuous. 1. Peranema 

12. Trailing flagellum conspicuous.3. Dinema 
13. Cells compressed. 6. Anlsonema 
13. Cells not compressed. 4. Heteronema 

1. Peranema Dujardin, 1841. Peranema has markedly plastic cells 

which, when fully extended, gradually broaden from a subacute apex 

to a broadly rounded base. The cells are colorless and Inflagellate. The 

swimming flagellum is conspicuous; the trailing flagellum is so closely 

applied to the celP that its existence was overlooked for a long time. 

Fio. 267. Diagrammatic sketch of Pvranema Irichophorum (Ehr.) Stein. (After Hall and 
Powell, 1928.) (X 1000.) 

The basal portion of both flagella is without a granular swelling.^ The 

periplast is ornamented with spiial striae extending backward from the 

anterior end. The gullet terminates in a large reservoir which is adjoined 

by small contractile vacuoles, and by two pharyngeal rods whose bases lie 

slightly below the base of the reservoir. The periplast external to the 

upper end of the rods is differentiated into a cytostome distinct from the 

gullet. Nutrition of Peranema is holozoic. 

Reproduction is by longitudinal division and takes place while a cell is 

motile. 

P. granulifera Penard and P. irichophorum (Ehr.) Stein (Fig. 267) have been 

found in the United States. For descriptions of them, see Lemmermann (1913). 

Fig. 268. Jenningaia diatomophaga Schaeffer. (After Schaeffer, 1918.) 

2. Jenningsia Schaeffer, 1918. Jenningsia is usually recognized as being 

distinct from Peranema^ but there are few morphological differences be¬ 

tween the two. The distinctive features of Jenningsia include a pharyn- 

' Chadepaud, 1938; Hall, 1934; Lackey, 1933; Pitelka, 1945. 

* Lackey, 1933; Pitelka, 1945. 
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geal rod apparatus with several rods, ring-shaped paramylum bodies, and a 
marked selectivity of diatoms at the source of food.^ 

There is but one species, J. diatomophaga Schaeffer (Fig. 268), and it is known 
only from the original description^ of material collected in Tennessee. 

3. Dinema Perty, 1852. Dinema has rigid ellipsoidal cells that, when 
plasmolyzed, show a separation of the spirally striate periplast from the 
cytoplasm internal to it.^ The cells are biflagellate and with the trailing 
flagellum longer and stouter than the swimming flagellum. A longitudinal 

furrow extends a short distance backward from the base of the flagella. 
The gullet is sac-shaped and adjoined by a single contractile vacuole. 
Posterior to the gullet is a pharyngeal rod apparatus similar to that of 
Peranema, The nucleus is conspicuous and lies about two-thirds the 
distance from anterior to posterior ends of a cell. 

D. griseolum Perty (Fig. 269) has been recorded® from Ohio. 
For a description of it, see Lemmermann (1913). 

4. Heteronema Dujardin, 1841; emend., Stein, 1878. 
The cells of Heteronema are biflagellate and markedly 
plastic. When fully extended, they are cylindrical to 
spindle-shaped, with a smooth surface or with the surface 
elevated in spiral ridges. Species with a smooth surface 
usually have the periplast with spiral striae. The swim¬ 
ming flagellum is directed forward and is considerably 
longer than the trailing flagellum. The flagella are in¬ 
serted in the base of the reservoir and terminate in ble- 
pharoplasts, but no rhizoplasts are evident in mature or 
dividmg cells. A pharyngeal rod apparatus lies next to onema apiraie 

the reservoir but is independent from it.^ The presence i892^Mx 
of a cytostome external to a curved member (falcate 476.) 
trichite) of the apparatus has been affirmed and denied.^ 
The nucleus is conspicuous but is variable in position. Nutrition of Heter¬ 
onema is generally holozoic, and certain of the species have a marked se¬ 
lectivity with respect to the foods ingested.® 

1 Schaeffer, 1918. * Klebs, 1892. ® Lackey, 1938. ^ Lobper, 1931. 

• Lobfer, 1931; Rhodes, 1926. • Rhodes, 1926. 
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The following species are known for this country: 11. acus (Ehr.) Stein, H. 
globiferum Stein, //. mutabile (Stokes) Ijemm, and //. spirale Klebs (Fig. 270). 

For descriptions of them, see I^mmermann (1913). 

5. Entosiphon Stein, 1878. The rigid cells of Entosiphon are ovoid, 

slightly compressed, and longitudinally furrowed with G to 12 grooves that 

are most clearly evident at the anterior end of a cell. There are two 

flagella inserted in the base of the reservoir and extending through the 

neck of the gullet. The shorter of these is a swimming flagellum and ex¬ 

tends directly forward; the longer is a trailing fla¬ 

gellum. Each flagellum is subtended by a dumbbell- 

shaped blepharoplast.’ The pharyngeal rod appa¬ 

ratus is a gradually tapering funnel, extending the 

length of a cell. It is separated from tlie reservoir 

and has a distinct cytostome at the anterior end.- 

The gullet has a short narrow neck and a rather 

large reservoir which is adjoined by several contrac¬ 

tile vacuoles. The nucleus is centrally located and 

has a large irregularly shaped endosome. Locomo¬ 

tion is generally with a gliding motion and is induced 

by act-ive vibration of the distal end of the swim¬ 

ming flagellum. Tt has been held^ that the ‘‘siphon’’ 

does not function in the mass ingestion of foods. 

Cell division is longitudinal and takes place while a 
cell is in motion. 

E. sulcatum (Duj.) Stein (Fig. 271) has been reported 

from several localities in the United States. For a de¬ 

scription of it, sec Lemmermann (1913). 

matic ventral view of 

Entosiphon sulcatum G. Anisonema Dujardin, 1841; emend., Stein, 1878. 

Anisonema have rigid cells; others 

1929.) have cells that are plastic.*^ The cells are oval in 

outline, markedly compressed, and with a longitud¬ 

inal furrow running from the insertion of flagella to the posterior end of 

a cell. All species are biflagellate and with the trailing flagellum longer 

than the swimming flagellum. There is a single contractile vacuole at 

the side of the reservoir, and the nucleus is excentrically placed with re¬ 

spect to the reservoir. Anisonema has the same elongate “siphon” as 

Entosiphon^ but this is not so prominent a structure in unstained cells.'* 

1 Lackey, 1929. * Lackey, 1929; Prowazek, 1903. 

* Klebs, 1892. 

* Doflein-Reichenow, 1929. 
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The following five species have been found in this country: A. acinus Duj., 
A. emarginata Stokes, A. ovale Klebs (Fig. 272), A. pusillum Stokes, and A. trun- 
catum Stein. For descriptions of them, 
see Lemmerrnann (1913). 

7. Tropidoscyphus Stein, 1878. This 

genus has colorless, rigid, fusiform to 

ovoid, biflagellate cells with several 

curved longitudinal ribs. The swim¬ 

ming flagellum is directed forward 

and is much longer than the trail¬ 

ing flagellum. The flagella are inserted 

in an evident gullet, but there is no 

pharyngeal rod apparatus.^ The gul¬ 

let is adjoined by one or more small 

vacuoles. The nucleus is conspicuous 

and lies midway between the ends of 

a cell. The cytoplasm contains nu¬ 

merous globules of a food reserve 

whose chemical nature is unknown 

(Fig. 273). 

T. quadrangularis Stein has been recorded from Ohio.* For a description of 
it, see Lemmerrnann (1913). 

8. Sphenomonas Stein, 1878. The rigid colorless biflagellate cells of 

Sphenomonas are spindle-shaped, and with one to four straight ribs running 

longitudinally from anterior to posterior ends of a cell. The periplast may 

have a smooth or a delicately striate surface.^ The swimming flagellum is 

Fia. 273. Tropidoscyphus ociocostatus Stein, a species not known for the United States. 
{After Stein, 1878.) (X 750.) 

markedly longer than the trailing flagellum. There may or may not be an 

evident gullet adjoined by either one or two vacuoles. If there are two 

vacuoles, only one of them is contractile.The cells do not contain para- 

mylum bodies or droplets of oil. At the center of a cell is a large sphere of 

gelatinous material, probably of the nature of a food reserve. 

^ Skuja, 1934. * Lackey, 1938. * Skuja, 1926. 

1300.) 

* Klebs, 1892. 
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S. quadrangularis Stein (Fig. 274) is known from Ohio.' For a description of 
it, see Lemmermann (1913). 

9. Notosolenus Stokes, 1884. The rigid cells of this genus are ovoid to 

campanulate, have longitudinal costae, and are somewhat compressed in 

the anterior portion. There is a long swimming flagellum and a short 

trailing flagellum. A pharyngeal rod apparatus has not been recorded 

for this genus, and the structure of the gullet has not been described. The 

cytoplasm in the posterior portion of a cell is granular; the nucleus is obscure 

and located at one side of a cell.* 

Fig. 274. Sphenomonas quad- 
rangularia Stein. {After Stein, 
1878.) (X 750.) 

Fig. 275. A, Notosolenus or¬ 
bicularis Stokes. B-C, N. 
apocamptus Stokes. {After 
Stokes 1884.) {A, X 1320; 
B, X 1750.) 

The three species, N. apocamptus Stokes (Fig. 275B~C)y N. orbicularis Stokes 
(Fig. 275A), and N. sinuatus Stokes, of this imperfectly known genus have not 
been found outside of the United States. For descriptions of them, see Stokes 
(1884). 

10. Euglenopsis Klebs, 1892. The uniflagellate cells of Euglenopsis are 

colorless, spindle-shaped, and slightly plastic. Delicate spiral striae are 

sometimes evident on the periplast’s surface. The single flagellum is in¬ 

serted at the base of an excentric gullet, lacks, a basal bifurcation or a 

granular swelling, and has a blepharoplast at its base.* There is a small 

cytostome near the point of emergence of the flagellum, and this seems to be 

1 Lackey, 1938. * Stokes, 1884. ® Hall find Powell, 1927. 
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independent from the gullet. The nutrition of Euglenopsis may be either 
saprophytic or holozoic and often results in a considerable accumulation of 
paramylum.^ The nucleus is fairly large and lies near the center of a cell. 

Fig. 276. Euglenopaia vorax 
Klebs. {After Kleba, 1892.) 
(X 1300.) 

Fig. 277. Urceolua cycloatomua 
(Stein) Meresch. {After Senn, 
1900.) (X 1330.) 

The single species, E. vorax Klebs (Fig. 276) has been found in this country. 
For a description of it, see Lernmermann (1913). 

11. Urceolus Mereschkowsky, 1877. Members of this genus have flask¬ 
shaped cells with a narrow or a widely flaring mouth above the constricted 
neck. The cells are colorless and extremely plastic. The periplast has 
coarse or delicate striae that extend spirally 
backward from the anterior end. There is a 
single long flagellum which is inserted in a 
laterally located reservoir. The reservoir is 
adjoined by a single contractile vacuole. A 
pharyngeal rod apparatus, with a flaring up¬ 
per end, lies somewhat removed from the res¬ 
ervoir. The nucleus is excentric and is toward 
the posterior end of a cell.^ 

The two species known for this country are U. 
cyclostomus (Stein) Meresch. (Fig. 277) and U. 
sabulosus Stokes. For descriptions of them, see 
Lernmermann (1913). 

1 Klebs, 1892. * Senn, 1900. 
Fig. 278. Petalomonaa abaciaaa 
(Duj.) Stein. (X 975.) 
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12. Petalomonas Stein, 1859. Cells of Petalomonas (Fig. 278) are rigid, 

more or less compressed, asymmetrical, and of various shapes. Several 

species have one or more prominent longitudinal costae. There is a single 

flagellum, laterally inserted in a depressed gullet. A pharyngeal rod appa¬ 

ratus composed of very short rods has been described^ for this genus. The 

reservoir is adjoined by a contractile vacuole. The nucleus usually lies 

midway between the poles of a cell and just beneath the periplast. Loco¬ 

motion is usually with a gliding or creeping motion and with movement of 

the flagellum restricted to the distal end. 

Cell division is longitudinal and takes place while a cell is in motion. 

Twelve species are known for the United States. For names and descriptions 

of them, see Shawhan and Jahn (1947). 

ORDER 2. COLACIALES 

The Colaciales have immobile cells per¬ 

manently encapsuled within walls and united 

in amorphous or dendroid palmelloid colo¬ 

nies. Reproduction of colonies is by meta¬ 

morphosis of the cells into naked unifla¬ 

gellate euglenoid zoospores. 

Family 1. Coaltaciacfae 

This, the only family of the order, contains 

but one genus, Colacium. 

1. Colacium Ehrenberg, 1833. Colacium 

grows epizoically upon Cyclopsj Copepods, 

Rotifers, and other members of the fresh¬ 

water zooplankton. When growing upon 

{After Stein, 1878.) animals, the cells are surrounded by a 
gelatinous sheath and affixed, with the an¬ 

terior pole downward, by means of stalks resulting from greater secretion 

of gelatinous material at the anterior end of a cell. When cell division takes 

place, each daughter cell secretes a stalk of its own, and these stalks re¬ 

main attached to the stalk of the parent cell. Repetition of cell division 

results in a dendroid colony in which the cells are borne at the extremi¬ 

ties of a repeatedly and dichotomously branched gelatinous stalk system.^ 

The cell structure is much the same as in Euglena^ the gullet and eye- 

spot lying at the cell end adjoining the stalk. When grown in culture, 

there is a formation of amorphous palmelloid colonies without stalks. 

Here the cells may be uninucleate or with two or eight nuclei.^ There may 

* Bbown, V. E., 1930. * Stein, 1878. * Johnson, 1934. 
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also be a formation of naked amoeboid stages with four to eight nuclei.^ 

Multiniicleate palmelloid and amoeboid cells may cut off uninucleate cells. 

A cell of a dendroid or palmelloid stage may have its protoplast develop¬ 

ing a single flagellum and escaping as a naked zooid that swims for but a 

few hours before becoming sessile and secreting a gelatinous envelope. A 

flagellum of the motile phase is not bifurcate at the base but does have a 

granular swelling near the base.^ 

Colacium is widely distributed in this country. Two species, C. cahum Stein 
(Fig. 279) and C. vesiculosnrn Ehr., have been found in this country. For descrip¬ 

tions of them, see Tjemmerrnann (1913). 

1 Johnson, 1934. 



CHAPTER 6 

DIVISION CHRYSOPHYTA 

The Chrysophyta have their pigments localized in chromatophores that 

are yellowish green to golden brown because of a predominanc^e of carotenes 

and xanthophylls. The food reserves include both kaicosin, a carbohydrate 

of unknown structure, and oils. 'I'he cell wall is generally composed of two 

overlapping halves and is frequently impregnated with silica. The cells 

may be flagellated or nonflagellated, and solitary or united in colonies of 

definite or indefinite shape. 

Asexual reproduction of immobile genera may be by means of flagellated 

or nonflagellated spores. There is a widespread, although not universal, 

formation of a unique type of nonflagellated spore, the statosporc. 

Sexual reproduction is usually isogamous and by a union of flagellated or 

nonflagellated gametes, but it may also be anisogamous or oogamous. 

Pascher (1914) was the first to suggest a relationship between Xantho- 

phyceae, Chrysophyceae, and Bacillariophyceae and to propose that these 

be united in a common group which he called the (chrysophyta. Previous 

to this, the Xanthophycoae were usually grouped with the Cddorophyceae, 

the Chrysophyceae with the Flagellatae, and the J3acillariophyceac were 

considered a series distantly related to the Phaoophyeeae. Among the 

reasons given by Pascher (1914, 1924) for considering Xanthophyceae, 

Chrysophyceae, and Bacillariophyceae as related to one another were 

similarities in pigmentation, similarities in nature of food reserves, cell 

walls with two overlapping halves in vegetative cells or in spores, and forma¬ 

tion of a distinctive type of spore, the statosporc. Except for similarity of 

pigments all these arguments have proved valid. In the case of the pig¬ 

ments, a fuller knowledge of them has shown that there arc certain dif¬ 

ferences in pigmentation of the three classes (see Table 1, page 3). 

Phycologists are generally agreed that there is a relationship between 

Xanthophyceae and Chrysophyceae. They are less certain about the re¬ 

lationships of the Bacillariophyceae to them, and all who place the Bacil¬ 

lariophyceae among the Chrysophyta think that their relationship to 

Xanthophyceae and Chrysophyceae is not so close as that between Xan¬ 
thophyceae and Chrysophyceae. 

CLASS 1. XANTHOPHYCEAE 

The Xanthophyceae (Heterokontae) have yellowish-green chromato¬ 

phores which contain chlorophyll a, chlorophyll e, beta-carotene, and but 

370 
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one xanthophyll. Food reserves generally accumulate as leucosin, but 

there may be an accumulation of oils. There is never a formation of 

starch. Vegetative cells of certain genera have a wall with two overlap¬ 

ping parts of equal or unequal size. The plant body may be unicellular 

or multicellular. Motile vegetative and reproductive cells have two flagella 

of different length and structure at the anterior end. 

Asexual reproduction may be by means of zoospores or aplanospores. 

Certain genera are also known to have an endogenous production of 

statospores. 

Sexual reproduction is known for a few genera. In most cases, it is 

isogamous, hut that of one genus is regularly oogamous. 

Occurrence. With a few exceptions the Xanthophyceae are fresh-water 

organisms. Most fresh-water species are aquatic, and free-floating or 

epiphytic;. Many free-floating species, especially unicellular ones, occur 

very sparingly intermingled with other free-floating algae of semipermanent 

or permanent pools of soft-water areas. 

Other members of the class are aerial. Some aerial genera, as Monociliay 

grow in tree trunks, on damp walls, or intermingled with mosses and 

lichens. Still other members of the class are terrestrial and grow inter¬ 

mingled with other algae of the soil (Botrydiopsis); or they grow in dense 

stands on drying mud, especially along the banks of streams and ponds 

(Botrydhim). 

Organization of the Plant Body. The Xanthophyceae have evolved from 

a motile unicellular ancestry, and within the class are to be found prac¬ 

tically all the types postulated in the theory of plant-body types (see page 

6). Certain of the body types are but poorly represented in the Xantho¬ 

phyceae; others have numerous examples. 

There are relatively few of the unicellular flagellate type, and none of 

these is known for this country. No examples of the volvocine type are 

known. There are a few typical rhizopodial forms and a somewhat larger 

number of palmelloid ones. The number of filamentous genera is also 

small, but these include both the branched and the unbranched type. A 

large majority of the genera are of the coccoid type, and there are two 

siphonaceous genera. 

Cell Structure. Cell walls of Xanthophyceae are usually composed of 

pectic compounds, either pectose or pectic acid, and with or without im¬ 

pregnation with some silica. Slight traces of cellulose have been found in 

walls of Trihonema^ and the wall of Botrydium has been found to consist 

almost wholly of cellulose.^ Many genera have cells whose walls are 

composed of two overlapping halves that fit together as do the two parts of a 

bacteriologist's Petri dish. In unicellular genera, the two parts may be of 

1 Tiffany, 1924. * Miller, 1927; Pascher, 1937. 
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equal length or markedly unequal in length. The two-parted nature of a 

wall cannot be made out unless the cells have been treated with certain 

reagents, including concentrated KOH. Detailed study' of the wall of one 

unicellular genus (Ophiocyiium) has shown that the longer half consists 

of successive cup-shaped layers fitted one inside the other; the shorter 

half-wall, the cover, is homogeneous in structure. In filamentous genera, 

as Tribonema, the wall of a filament is composed of a linear file of pieces 

that are H-shaped in optical section (Fig. 280). They alternately overlap 

one another so that each protoplast is enclosed by halves of two successive 

Fig. 280. Wall structure of Tribonema bomhycirium (Ag.) Derbes and Sol., after treatment 
with potassium hydroxide. A, H-piece. B, two H-pieces articulated to enclose a single 
protoplast. C-D, recently divided cells showing the intercalation of a new Il-piece. (X 900.) 

H-pieces. Each segment (H-piece) of a wall consists of two cup-shaped 

open cylinders with a common base that constitutes a transverse wall of 

the filament. When first formed, an H-piece is homogeneous in structure 

(Fig. 280C). Later on, as a cell grows in length, successive layers of wall 

material are deposited along portions of the H-piece next to the protoplast 

and in such a manner that each successively formed layer projects beyond 
the free edge of the previously formed one (Fig. 280^). 

According to the genus, the protoplast of a cell contains one, two, a few, 

or innumerable chromatophores. These are parietal in position and almost 

always disk-shaped. Chromatophores of most species are without pyre- 

noids; but those of certain species, as Botrydium, may have evident ones. 

1 Bohlin, 1897. 
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Pyrenoids, when present, are of the ‘^naked^’ type and are not intimately 

concerned with the accumulation of reserve foods. 

Food reserves accumulate either as droplets of oil or as a whitish in¬ 

soluble substance called leucosin. The presence of oils is readily demon¬ 

strated by customary microchemical tests with Sudan III or osmic acid. 

There are no specific reagents for demonstrating the presence of leucosin. 

Leucosin is thought to be a. carbohydrate, but there has been no chemical 

proof of this assumption. Not all whitish refractive granules within a 

protoplast are to be considered leucosin, since some are probably excretory 

products. 

Fio. 281. A-E, zoospore formation in Bumilleria sicula Borzi. A, ceils from which the 
zoospores have not been liberated; the shorter flagellum is not evident in the zoospores. 
B~E, free-swimming zoospores, showing the typical xanthophycean flagellation. F, aplano- 
spores of Tribonema bombyemum (Ag.) Dorbes and Sol. (X 900.) 

Many genera have uninucleate cells, but others have multinucleate ones 

and with the number a multiple of two or indefinite. The nuclei are 

usually so small that they cannot be recognized with certainty in living 

cells. In the cases where nuclei have been investigated cytologically,^ 

they have been found to have the structure typical of nuclei in other plants. 

Asexual Reproduction. Multiplication of tetrasporine and filamentous 

colonies may be vegetative and due to an accidental breaking of a colony 

into two parts. 

Most of the genera that reproduce vegetatively and all genera without 

vegetative multiplication produce one or more types of spore. Zoospores 

are formed by a majority of the genera, and they may be formed singly or 

in numbers within a cell. The zoospores are always biflagellate, with the 

* Cabter, 1919; Gross, 1937. 
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two flagella anterior in insertion and markedly different in length (Fig. 281). 

The longer flagellum, which is often four to six times longer than the shorter, 

extends straight ahead and is the propulsive organ of a zoospore. The 

shorter one, sometimes called (he “trailing flagellum,” arises from the same 

point as the longer one and extends backward from the point of insertion. 

Many of the older descriptions of xanthophyceaii zoospores as uniflagellate 

were due to a failure to observe the shorter flagellum because it lies so 

close to the body of the spore, and one by one genera which were thought 

to be uniflagellate have been shown to be biflagellate. Staining of flagella 

by special methods^ has shown that the two differ in si riicture. The longer 

is of the tinsel type and beset with a double row of delicate cilia; ihe shorter 

is of the whip type and is without cilia (Fig. 

282). Zoospores of Xanthophyceae are ahvays 

naked and arc usually pyriform. They gen¬ 

erally have one or more contractile vacuoles, 

one to a few chromatophores, but rarely an 

eyespot. 

Instead of producing zoospores, the entire 

protoplast may produce a single aplanospore 

or divide into a number of parts, each of which 

becomes an aplanospore (Fig. 28IF). Tn some 

cases, environmental conditions determine 

whether the alga sliall leproduce by means 

of zoospores or aplanospores. Thus, sub¬ 

merged thalli of Botrijdium produce zoo¬ 

spores; those growing on damp soil produce 

aplanospores.2 An aplanospore liberated from 

a parent cell may grow directly into a new plant 

(Fig. 314(7-F, page 401), or it may give rise to zoospores, which, in turn, 

give rise to new plants.^ 

Aplanospores that have the same shape as the cell in which they are 

formed arc frequently called autospores, and Hctcrococcales are the only 

Xanthophyceae producing autosporcs. More than one autospore is always 

formed within a parent cell, and each of them develops the characteristic 

shape and wall structure of the parent cell before it is liberated from the old 

parent-cell wall. 

A few flagellated and rhizopodial Xanthophyceae are known'^ to form 

spores endogenously within their protoplasts. Such spores are usually 

called cysts, but they may also be called statospores because they seem to 

be homologous with the statospores of diatoms. In the formation of a 

A B 
Fig. 282. Diagrams showing 
structure of flagella of Xantho¬ 
phyceae. A, Trihonema. 
Botrydium. (After Vlk, 1938.) 

' Vlk, 1931, 1938. ^ Rostafi^^ski and Woronin, 1877. 
^ Pascher, 1932, 1937. 

® Pascher, 1937. 
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statospore, there is an internal delimitation of a spherical protoplast that 

is separated from the peripheral portion of the cellos protoplast by plasma 

membranes only. The endogenously differentiated protoplast then se¬ 

cretes a wall with two overlapping halves of equal or unequal size. Germ¬ 

inating statospores have their contents dividing to form two or more pro¬ 

toplasts that may be liberated as naked amoeboid bodies or as zoospores.^ 

Vegetative cells may change directly into spore-like resting stages with 

much thicker walls and more abundant food reserves than vegetative cells. 

Such spore-like cells in which the spore wall is not distinct from the parent- 

cell wall are called akindes. The best examples of akinetes among Xantho- 

phyceae are generally found among filamentous genera, but their presence 

has also been recorded for nonfilamentous genera. In filamentous genera, 

only an occasional cell, several consecutive cells, or all cells in a filament 

may develop into akinetes. 

Sexual Reproduction. A union of motile gametes has been reported for 

a number of genera, but subsequent investigations have shown that many 

of these records are erroneous. Sexual reproduction by a fusion of zoo¬ 

gametes is definitely established for only two genera. In one of them 

(Tribonemd^) one gamete in a uniting pair is immobile and the other motile; 

in the other {Bolrijdium^) both of a fusing pair are motile. Gametic union 

in Botrydmm may be isogamous'^ or anisogamous.^ Sexual reproduction in 

the well-known genus Vaucheria is odgamous. 

Classification. Until the beginning of the century, such Xanthophyceae 

as were known were placed among various orders of the Chlorophyceae. 

When these genera were first recognized as constituting a distinct class,® 

called the Heterokontae, the motile genera were placed in one order and all 

other genera in another. Shortly afterward it was pointed oid/ that 

evolutionary lines evident among Chlorophyceae are also evident among 

Xanthophyceae, and that Xanthophyceae could be segregated into orders 

on the same basis as the Chlorophyceae. When classified in such a man¬ 

ner,^ the Jleterochloridales arc comparable to the Volvocales, the Hetero- 

capsales to the Tetrasporales, the Ileterotrichales to the Ulotrichales, the 

Heterococcales to the Chlorococcales, and the Heterosiphonales to the 

Siphonales. Later there was an establishment of the Rhizochloridales,® 

an order without counterpart among the Chlorophyceae. With the ex¬ 

ception of the Heterochloridales,* all these orders are represented in the 

fresh-water algal flora of this country. 

^ Pasc.ier, 1932. 2 SciiERFFEL, 1901. ® Moewus, 1940; Rosenberg, 1930. 
4 Rosenberg, 1930. ® Moewus, 1940. • Luther, 1899. 

^ Pascher, 1913. » Pascher, 1914. 
* Chlorochromonas Lewis, originally discovered in this country, has been placed 

among the Ileterochloridales (G. M. Smith, 1933), but Pascher (1937) holds that it is 
a chrysomonad and referable to the genus Ochromonas. 
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ORDER 1. RHIZOCHLORIDALES 

The Rhizochloridales include those Xanthophyceae in which the cells 

have a plasmodial organization. The amoeboid protoplast may be naked, 

or it may secrete a lorica within which it lives during the vegetative portion 

of the life cycle (Stipltococcus). Naked protoplasts may be uninucleate or 

multinucleate, and solid or reticulate. Large plasmodia result from en¬ 

largement of small uninucleate ones and not from a fusion of several small 

amoeboid ones as in Myxomycetae. 
Reproduction may be due to a division of the protoplast into two or 

more amoeboid parts, or there may be a division into a number of zoo¬ 

spores. There may also be an endogenous formation of statospores. 

Family 1. Stipitococcaceae 

This family includes those Rhizochloridales in which the plasmodial 

protoplast is surrounded by a lorica. Stipiiococcus is the only genus found 

in this country. 
i. Stipitococcus W. and G. S. West, 

1898. The protoplasts of Stipiiococcus arc 
surrounded by a campanulate lorica, open 

at the distal end and attached to some 

substratum by a minute stipe that ter¬ 

minates in a minute disk at the point of 

attachment. The protoplast, which does 

not usually fill the lorica, contains one or 

more chromotophores and may have one 

or more delicate pseudopodia projecting 

through the open end of the lorica.^ 

Reproduction may be by division of 

the protoplast into two zoospores that es¬ 

cape singly; or, the entire protoplast may 

escape from a lorica and develop flagella 

Fig. 283. Stipitococcus urccoiatusW. during or after its cscape. Zoosporcs havc 

Z' shown to havc the flagellation typi- 
jyU4.) {^A, X 7ol); tS—L, X 1U4U.; i r -vr i o 

cal of Xanthophyceae.2 

Stipitococcus is a gregarious epiphyte which is most frequently found upon 

Zygnematales. S. apiculatus Prescott, S. capensis Prescott, S. crassistipitatus 

Prescott, S. urceolatus W. and G. S. West (Fig. 283) and S. vasiformis Tiffany are 

the species known for the United States. For a description of S. capensiSf see 

Prescott and Croasdale (1937); S. apiculatus and S. crassistipitatus^ see Prescott 

(1944); for S. urceolatus^ see Pascher (1925A); for <S. vasiformis^ see Tiffany (1934). 

1 Pascher, 1937; Poulton, 1930; West, G. S., 1904. * Poulton, 1930. 
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ORDER 2. HETEROCAPSALES 

The Heterocapsales have palmelloid colonies in which the cells divide 
vegetatively. The cells, which may have such characteristics of motile 

cells as contractile vacuoles and an eyespot, have the ability to return 

directly to a motile condition. 
Reproduction may be by fragmentation of a colony or by a formation of 

zoospores. Thick-walled akinetes may also be formed. 

Family 1. Chlorosaccaceae 

Members of this family have free-floating, or sessile, colonies with an 

indefinite number of cells that may be irregularly distributed through a 
homogeneous gelatinous matrix, or regu¬ 
larly arranged at the periphery of a ma¬ 

trix. Gloeochloris is the only member 

of the family found in this country. 
1. Gloeochloris Pascher, 1932. The 

colonies of this alga, which may be 20 mm. 

or more in diameter, are spherical to sub- 

spherical, and grow free-floating or at¬ 
tached to submerged aquatics. Their 

color is a very pale yellowish green. In¬ 

crease in size of a colony is by vegetative 
cell division. The cells are ellipsoidal to 

subspherical and lie irregularly or radially 

distributed throughout a colorless gela¬ 

tinous matrix. At times, individual cells, 

or pairs of cells, are surrounded by a gel¬ 

atinous sheath of denser consistency. The 

protoplasts contain a few disk-shaped 

parietal chromatophores without pyre- 
noids, droplets of oil, and granules of 
leucosin. Vegetative cells of certain spe¬ 

cies have a contractile vacuole and an 

eyespot.^ 
Reproduction is by direct metamor¬ 

phosis of vegetative cells into zoospores. 

There may also be a formation of thick- 

walled spores with a wall composed of two overlapping halves.^ 

G. Smithiana Pascher (Fig. 284) is known from California where it was erroneously 
identified as Chlorosaccus fluidus Luther.* This species has also been recorded 
from North Carolina.* For a description of G. Smithiana^ see Pascher (1937). 

1 Pascher, 1932C. * Smith. G. M., 1933. • Whitford, 1943. 

Fro. 284. Gloeochloris Smithiana Pas¬ 
cher. A, colonies epiphytic upon Ran¬ 
unculus aqualilis L. B, portion of a 
thallus. (A, X \ B, X 600.) 
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t^AMILY 2. MaLLEODENDRACEAE 

The Malleodendraceae have dendroid, dichotomously branched, sessile 

colonies, with a cell at the free end of each of the ultimate dichotomies. 

There is but one genus, Malleodendron. 

1. Malleodendron Pascher, 1937. This sessile colonial alga has the 

cells terminal at the free ends of a two- to fourfold, dichotomously branched, 

gelatinous stalk. Branches of the gelatinous stalk system may be trans¬ 

versely stratified. A cell at the tip of an ultimate dichotomy is globose to 

pyriform and with the portion next to the stalk rounded or markedly 

flattened. Growth of a colony is by cell division in a vertical plane fol¬ 

lowed by secretion of gelatinous material from the inferior side of each 

daughter cell. The protoplast of a cell contains one to three discoid 

chromatophores and droplets of oil. 

Fia. 285. Malleodendron caespitosum Thompson. (Drawn by R. H. Thompson.) (X 800.) 

Reproduction is by metamorphosis of recently divided cells into zoo¬ 

spores which, after liberation and swimming about for a time, come to rest 

with the anterior end downward and begin forming gelatinous material on 

the side facing the substratum.' 

The only record for the occurrence of Malleodendron in this country is the dis¬ 

covery of M. caespitosum R. H. Thompson sp. nov.* (Fig. 285) near Solomons, 

Maryland. 

ORDER 3. HETEROCOCCALES 

The Heterococcales comprise the nonfilamentous Xanthophyceae in 

which the vegetative cells do not have the capacity of returning directly to a 

1 Pascher, 1937. 

* Malleodendron caespitosum R. H. Thompson sp. nov. Colonia profuse et dense 
ramosa est. Cellulae ovatae aut ellipticae; 8-18/i longae, 4-11 p latae sunt. Quisque 
cellula chromatophora viridis badius aut oleaginus et paucae vel multa grana, re* 
fringendi vim habens, continet. 
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motile condition and which rarely, if ever, divide vegetatively. The plant 

body may be strictly unicellular, or it may be multicellular and with the 

cells held together by a watery or a cartilaginous gelatinous matrix. Some 

of the aquatic genera are free-floating, others are sessile. 

As in the homologous order (Chlorococcales) of the Chlorophyceae, there 

are certain genera that reproduce exclusively by means of zoospores, 

others that reproduce by means of zoospores or autospores, and still others 

that reproduce only by means of autospores. 

The number of genera and species in this order exceed the combined 

number of all other orders. Pascher (1937, 1938, 1939) divides the Hetero- 

coccales into 10 families, all but two of which are represented in the algal 

flora of this country. 

Family 1. Pleurochloridaceae 

Members of this family have solitary free-floating cells. The cells may 

be globose, ellipsoidal, angular, or spindle-shaped; but when ellipsoidal or 

spindle-shaped the length is not markedly greater than the breadth. The 

cell wall may be smooth or ornamented and is usually homogeneous and 

not composed of two overlapping halves. 

Reproduction is by a formation of zoospores or autospores. 

This is a more or less artificial family with many genera. The genera 

found in this country differ as follows: 

1. Cells tetrahedral or triangular. 12 
1. Cells neither tetrahedral nor triangular. 2 

2. Cells hemispherical. 11. Chlorogibba 

2. Cells not hemispherical. 3 
3. Cells spherical to subspherical or ovoid. 4 

3. Cells not spherical to subspherical or ovoid. 8 
4. Cell wall smooth . 5 
4. Cell wall sculptured.8. Arachnochlorls 

5. Mature cells ovoid.3. Leuvenia 
5. Mature cells spherical to subspherical.6 

6. Cells epiphytic. 4. Perone 
6. Cells not epiphytic. 7 

7. Cells varying greatly in size. 2. Botrydlopsls 

7. Cells not varying greatly in size. 1. Diachros 
8. Cells cylindrical. 9 
8. Cells spindle-shaped. 11 

9. Cell wall smooth. 5. Monallantus 
9. Cell wall ornamented. 10 

10. Wall with small areolae. 9. Trachychloron 
10. Wall with large areolae. 10. Chlorallanthus 

11. Poles of cells not thickened. 7. Chlorocloster 
11. Poles of cells thickened or with delicate spines. 6. Pleurogaster 

12. Cells tetrahedral . 12. Tetraedrlella 
12. Cells compressed and triangular. 13. Goniochloris 
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1. Diachros Pascher, 1937. The spherical free-floating cells of this alga 

are usually solitary but at times may lie in a small colony surrounded by 

the gelatinous remains of the old parent-cell 

wall. The cell wall is colorless to reddish 

brown, thin to relatively thick, and composed 

of two overlapping hemispheres. Proto¬ 

plasts contain one to several disk-shaped 

chromatophores. 

Reproduction is by formation of two, four, 

or eight autospores which are liberated by a 

Ihen ^^(DrawrbyG. TfresLu.) Spreading apart of the two halves of the par- 
ent-cell wall.^ 

Prof. G. W. Prescott writes that he has found D. simplex Pascher (Fig. 286) in 
Michigan. For a description of it, see Pascher (1937). 

2. Botrydiopsis Borzi, 1889. The cells of Botrydiopsis arc spherical, 

free-living, and not united in colonies. Their size is extremely variable, 

but the wall is relatively thin in proportion to the size. When young, a cell 

contains but one or two chromatophores but, as it grows in size, the chroma¬ 

tophores increase in number until there are many within a cell. The 

Fiq. 287. Botrydiopsis arhiza'Borzi. (X 900.) 

chromatophores of adult cells are disk-shaped and evenly spaced from one 

another. 

Zoospore formation may take place at any stage in the growth of a cell. 

When produced by young cells, only four or eight are formed; when pro- 

^ Paschbb, 1937. 



DIVISION CHRYSOPHYTA 381 

duced by mature cells, there may be 200 or more. Zoospores have two 

flagella of unequal length.^ Frequently, and possibly because of environ¬ 

mental conditions, a cell forms aplanospores instead of zoospores. These, 

similar to zoospores, grow directly into vegetative cells. Sometimes aplano¬ 

spores develop very thick walls and have a greater amount of reserve foods.^ 

Such hypnospores appear to enter into a rest period before their contents 

divide into zoospores or aplanospores. 

B. arhiza Borzi (Fig. 287) is a widely distributed terrestrial alga in this country, 
but one frequently overlooked because it rarely occurs in quantity sufficient to 
form a conspicuous growth. One generally finds it intermingled with such other 
terrestrial algae as Vaucheria and Microcoleus. For a description of B. arhiza^ see 
Pascher (1925A). The aquatic B. ermtsis Snow described^ from Lake Erie is a 
questionable species. 

3. Leuvenia Gardner, 1910. Young cells of Leuvenia are spherical and 

have one or two parietal discoid chromatophores. As a cell becomes older 

Fig. 288. Leuvenia natana Gn.TdneT. (X 975.) 

the shape becomes ovoid or pyriform, and there is a great increase in number 

of chromatophores which are connected to one another by delicate strands 

of cytoplasm. Young cells are uninucleate; older ones are multinucleate. 

The cells are solitary, free-floating, and without a gelatinous sheath. 

Juvenile cells produce one zoospore with two flagella of unequal length. 

Adult cells have a division of the protoplast into a number of zoospores, 

each with two chromatophores and two flagella of unequal length. At the 

beginning of the swarming period, the zoospores are pyriform; toward the 

end of the period, they are of amoeboid shape. They come to rest on the 

surface of the water, assume a spherical shape, and secrete a wall.^ 

This alga was originally described as a flagellate, and the immobile 

vegetative cells were thought to be cyst-like in nature.** The alga has also 

been found embedded in large numbers within branched gelatinous strands, 

‘ Luther, 1899; Poulton, 1925; Pascher, 1937. 
* Borzi, 1895; Poulton, 1925. * Snow, 1903. ♦ Gardner, 1910. 
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and because of this it has been placed in the Heterocapsales.* It is very 

probable that the palmelloid stage is of such rare occurrence that the alga 

should be considered coccoid in nature and so placed among the Hetero- 
coccales. 

Leuvenia grows as a gr'^en, vsomewhat oily, film on the surface of semipermanent 
pools. When present at any station, it usually develops in abundance and covers 
the surface of the water. There is but one species, L. natans Gardner (Fig. 288). 
For a description of it, see Gardner (1919). 

4. Perone Pascher, 1932. Perone is a unicellular epiphytic alga in which 

the mature cells are more or less biscuit-shaped. The cell wall is smooth 

and without ornamentation. The protoplast contains several vacuoles, 

and the cytoplasm between the lies in a mesh work which contains a number 

of small discoid chromatophores. Young cells are uninucleate; older ones 
are multinucleate. 

Fig. 289. Perone dimorpha 
cher. (Drawn by G. W. Prescott.) 

Fig. 290. Monallanlus hrevicylin'- 
drus Pascher. (Drawn by G. W. 
Prescott.) 

Reproduction by means of zoospores may take place in either juvenile or 

adult colls, and older cells may produce as many as 200 zoospores. When 

liberated from a parent cell, a zoospore may develop directly into a vege¬ 

tative cell after it comes to rest upon a host; or it may lose its flagella 

and become amoeboid. The amoeboid phase may develop into a vege¬ 

tative cell or into a plasmodial mass with numerous hair-like rhizopodial pro- 
cesses.2 

The type species P. dimorpha Pascher (Fig. 289) grows epiphytically upon the 
peen cells oi Sphagnuni. Prof. G. W. Prescott writes that he has found P. dimorpha 
in Michigan, ror a description of it, see Pascher (1932A). 

5. Monallantus Pascher, 1937. This unicellular free-floating alga has 
straight cylindrical cells with a length never more than double the breadth 

The poles of a cell are broadly rounded. The cell wall is hoLgeneous 

and without sculpturing or other ornamentation. The protoplast con- 

tains one to four discoid to laminate chromatophores, with or without 

pyrenoids. Reddish droplets of oil are frequently present in the cytoplasm. 

> Paschbk, 19254. » Pascher, 19324. 
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Reproduction is by division of the cell contents to form two, rarely four, 

zoospores or autospores.^ Liberation of spores is by softening and rupture 

of the parent-cell wall. 

This genus closely resembles Rurnilleriopsis but differs in having straight, much 

shorter, cells that contain a smaller number of chromatophores. Prof. G. W. 

Prescott writes that he has found M. brevicylindrus Pascher (Fig. 290) in Michigan. 

For a description of it, see Pascher (1937). 

G. Pleurogaster Pascher, 1937. This unicellular free-floating alga has 

plump, asymmetrical, spindle-shaped cells in which the poles may be pro¬ 

longed into short stout spines or long delicate ones. One side of a cell is 

strongly convex; the opposite side is slightly convex to concave. As seen 

in transverse section, the outline of a cell is 

f A circular to broadly elliptical, never angular. 

/ # \ A The cell wall is smooth and homogeneous. The 

A o ^ ^ protoplast contains one to four pale discoid 

O ® ® ^ chromatophores and reddish droplets of oil. 
^ ^ Reproduction is generally by a division of 

^ ^ W W contents into two or four autospores, 

Ny Y \ 0 1 there may be a formation of zoospores.^ 

\ j \ I Prof. G. W. Prescott writes that he has found 

\y P. lunaris Pascher (Fig. 291) in Michigan. For a 

Fro. 2H1. PU.urnna.t,rl unaris tlescription of it, SCO Pasciier (1937). Frr.. 291. Pleurogasterl unaris 
Pasciier. {Drawn hy G. W. Pres^ 
cott.) cott.) 7. Chlorocloster Pascher, 1925. The cells of 

this alga are solitary and free-floating. They 

are narrowly to broadly, and symmetrically, spindle-shaped; straight, arc¬ 

uate or S-shaped, and with a delicate homogeneous wall, 

are a few to several parietal chromatophores with or 

without pyrenoids (Fig. 292). ^ 

Reproduction is by division of the cell contents ^ \ 

into two, four, or eight autospores which, at times, P ^ 

may have contractile vacuoles.^ One to four thick- ( ^ 

walled globose aplanospores may be formed within a \ 

cell. \ i 

Within a cell 

Prof. G. W. Prescott writes that he has found C. pyre- 

nigera Pascher in Michigan. For a description of it, see 

Pascher (1937). 

Fio. 292. Chlorocloster 
terrestris Pascher, a spe¬ 
cies not known for the 
United States. {After 
Pascher, 1925A.) 8. Arachnochloris Pascher, 1930. The cells of p^Xr,T925l) 

this unicellular free-floating alga are broadly ellip¬ 

soidal to spherical and may attain a relatively large size. The cell wall, 

which is often strongly silicified, is thin and regularly reticulate with a 

' Pascher, 1937. 
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series of small circular thinner areas. There is a single large parietal chro- 

matophore which lies at one side of a cell and has several band-like lobes 

projecting to the opposite side of the cell. 
Reproduction may be by a formation of two zoospores, or by a formation 

of two or four autospores.^ 

Prof. G. W. Prescott writes that he has found A. minor Pascher (Fig. 293) in 

Michigan. For a description of it, see Pascher (1930(7). 

Fig. 293. Arachnochloria minor Pascher. A, 
optical section of a cell. B, portion of cell 
wall. {Drawn by G. W. Prescott.) 

Fig. 294. Trachychloron biconicum 
Pascher. {Drawn by G. W. Pres¬ 
cott.) 

9. Trachychloron Pascher, 1938. Cells of this genus are solitary and 

free-floating. Most species have ellipsoidal cells; but some have biconical 

ones, more or less rhomboidal in transverse section, and with broadly 

rounded poles. The cell wall has a finely reticulate sculpturing. There 

may be a single chromatophore that is Il-shaped in optical section; or 

there may be several small disk-shaped chromatophores. 

A division of cell contents to 

form two or four autospores is the 

only method of reproduction thus 

far observed.^ 

Prof. G. W. Prescott writes that he 
has found T. biconicum Pascher (Fig. 
294) in Michigan. For a description of 
it, see Pascher (1938). 

10. Chlorallanthus Pascher, 1930. 

ChlorallanlhuSy is unicellular, free- 

floating, and with cylindrical to ellipsoidal cells with broadly rounded 

poles. The cell wall is of variable thickness from cell to cell, but always is 

sculptured with regularly arranged intersecting rows of small cirular pits. 

The protoplast contains several pa -ietal disk-shaped chromatophores, drop¬ 
lets of oil, and leucosin. 

w V 
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Pig. 295. Chlorallanthus oblongus Pascher. 
{Drawn by G. W. Prescott.) 

' Pascher, 1930C. * Pascher, 1938. 
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Reproduction is by a formation of either zoospores or autospores. These 

are liberated by a separation of the parent-cell wall into two halves.^ 

Prof. G. W. Prescott writes that he has found C. oblongus Pascher (Fig. 295) in 
Michigan. For a description of it, see Pascher (1930C). 

11. Chlorogibba Geitler, 1928. This alga has solitary, free-floating, 

more or less hemispherical cells with a crenulate outline. The cell wall is 

homogeneous and without ornamentation. There may be a single chro- 

matophore or a few parietal chromatophores. At times the chromato- 

phores are a very pale yellowish-green color. 

Fig. 296. Chlorogibba trochisciaeformis Geitler. A, top view. /?, side view. C, liberation 
of autospores. (Drawn by R. H. Thompson.) (X 3230.) 

Reproduction is by a division of the protoplast to form two or four 

zoospores.2 There may also be a formation of autospores (Fig. 296). 

Liberation of spores is by a separation of the parent-cell wall into two 

halves. 

Prof. R. H. Thompson writes that he has found C. trochisciaeformis Geitler (Fig. 
296) in Maryland. For a description of it, see Geitler (1928). 

12. Tetraedriella Pascher, 1930 (including Tetragoniella Pascher, 1930). 

This unicellular free-floating alga has tetrahedral cells in which the four 

faces may be concave or convex. Some species have spines at the corners 

of the cells; other species^ have them along the ridges connecting the 

corners of the cells. The cell wall is sculptured with circular pits that are 

not arranged in a definite manner. The protoplast contains a small num¬ 

ber of discoid chromatophores, droplets of oil, and leucosin. 

The only method of reproduction thus far observed^ is a division of the 

cell contents to form four tetrahedrally arranged autospores. 

Since the only distinction between Tetraedriella and Tetragoniella is the size of 
cells and number of chromatophores, it seems best to unite the two. Prof. R. H. 
Thompson writes that he has found T, acuta Pascher (Fig. 297) in Kansas; and 

* Pascher, 1938. * Pascher, 1932R. * Pascher, 1930C. 
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Prof. G. W. Prescott writes that he has found T. gigas (Pascher) comb. nov. (Tetra- 

goniella gigas Pascher) in Michigan. For de.scriptions of the two, see Pascher 

(1930C). 

Fig. 297. Tetraedriella acuta I’asclier. A, surface view. «, optical section. 

R. H. Thompson.) (X 2200.) 

{Drawn by 

13. Goniochloris Gcitler, 1928. This imicelhilar free-floating alga has 

markedly compressed cells that are triangular or (quadrangular in top view, 

and with or without small spin(\s at the angk's. When seen in side view, 

a cell is bisected into two symmetrical halves by a longitudinal ridge. Ihe 

cell wall is sculptured with liexagonal pits arranged in intersecting rows 

at an angle of bO deg. The protoplast contains several disk-shaped pa¬ 

rietal chromatophores, droplets of oil, leucosin, and a single excentrically 

located nucleus.^ 

Fi(}. 298. Goniochloris srnlpta Geitler. A, top view. B, side view. C, optical section. 

(Drawn by G. W. Prescott.} 

Reproduction is by division of the cell contents into two zoospores which 

eventually swim through the gelatinized parent-cell wall.^ There may also 

be a division of the cell contents to form four autospores.^ 

Prof. G. W. Prescott writes that he has found G. sculpta Geitler (Fig. 298) in 
Michigan. For a description of it, see Geitler (1928). 

Family 2. Gloeobotrydiaceae 

Members of this family are colonial and with few to many globose cells 

embedded within a homogeneous or concentrically stratified gelatinous 

matrix. 

1 Geitler, 1928. * Pascher, 1930C. 



DIVISION CHRYSOPHYTA 387 

Reproduction is by division of the contents of a cell into zoospores or 

autospores. 

The two genera found in this country differ as follows: 

1. Gelatinous matrix homogeneous, with many cells. 1. Gloeobotrys 

1. Gelatinous matrix stratified, with few cells. 2. Chlorobotrys 

1. Gloeobotrys Pascher, 1930. Gloeobotrys has free-floating amorphous 

colonies with many globose to broadly ellipsoidal cells irregularly dis¬ 

tributed through a colorless homogeneous gelatinous matrix. The cell 

walls are smooth and homogeneous. A protoplast contains three or four 

parietal disk-shaped chromatophores and droplets of oil. 

Fig. 299. Gloeobotrys limnelica (G. M. Smith) Pascher. (X 1000.) 

Reproduction is by division of the cell contents into two autospores which 

remain within the colony. As the autospores develop into vegetative 

cells, there is a complete gelatinization of the parent-cell wall. There 

may also be a formation of zoospores.^ 

G. limnelica (G. M. Smith) Pascher (Fig. 299) has been found in Wisconsin, 
Wyoming, and Lake Erie. For a description of it as Chlorobotrys limneticus G. M. 
Smith, see G. M. Smith (1920). 

2. Chlorobotrys Bohlin, 1901, The spherical or ovoid cells of Chloro¬ 

botrys are united in colonies of 2, 4, 8, 16, or more cells that are surrounded 

by a hyaline faintly stratified gelatinous envelope. C. regularis (West) 

Bohlin has a thin wall composed of two overlapping halves strongly im¬ 

pregnated with silica.2 Proof of silicification rests upon persistence of 

^ Pascher, 1930C. * Bohlin, 1901; West, W. and G. S., 1903. 
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cell walls after successive treatment with concentrated hydrochloric and 

sulfuric acids, a procedure that caused disappearance of all other algae 

present in the collection but diatoms. Protoplasts of this species contain 

several discoid chromatophores and numerous droplets of oil. There 

may also be one or two conspicuous reddish spots within a cell. 

Reproduction is by division of the cell contents into two or four auto¬ 

spores that remain equidistant from one 

another within a gelatinous envelope. 

Discoid hypnospores with silicified walls 

have also been noted.^ When a hypno- 

spore germinates, its contents divide to 

form two thin-walled aplanospores that 

are liberated by a separation on the hypno- 

spore wall into two halves. 

Chlorobotrys is most frequently encountered 
sparingly intermingled with other algae of 
soft-water bogs that are generally rich in 

desmids. The only species known for this country is C. regularis (West) Bohlin 
(Fig. 300). For a description of it, see (r. M. Smith (1920). 

Family 3. Mischococcaceae 

The Mischococcaceae have dendroid colonies with di- or trichotomously 

branched gelatinous stalks whose ultimate branches terminate in cells. 

Growth of a colony is by germination of aplanospores embedded in the 

gelatinous stalks. There is but one genus, Mischococcus. 

1. Mischococcus Nageli, 1849. Colonies of this alga are always epiphy¬ 

tic, generally on coarse filamentous algae, and consist of a dichotomously 

branched system of gelatinous tubes with spherical inflations at places 

where the tubes fork. The cells are borne singly or in pairs, one above the 

other, at the tips of the branching tubes. Each cell is surrounded by a 

wall, and within the protoplast are two t(» four yellowish-green chromato¬ 

phores. Reserve foods are stored chiefly as minute droplets of oil in the 
cytoplasm. 

Very young one-celled plants have a discoid gelatinous base by which 

they are attached to the substratum. Later, the cell divides to form two 

autospores that develop into vegetative cells without liberation from the 

parent plant and are pushed out of the old parent-cell wall by the develop¬ 

ment of a cylinder of gelatinous material that elongates to a length four to 

ten times greater than the breadth. The two daughter cells may lie 

vertically above each other in the same gelatinous tube, or they may be 

borne on separate stalks that diverge from each other. Repetition of a 

^ Bohlin, 1901. 

Fig. 300. Chlorobotrys regularis 
(West) Bohlin. (X 1000.) 
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formation of autospores and their germination eventually result in a much- 

branched colony whose history of development can be traced by the empty 

parent-cell walls persisting in the system of branched gelatinous tubes 

(Fig. 301). Instead of growing into a dendroid colony, there may be a 

development of an amorphous palmelloid colony in which the cells tend to 

lie in groups of two or four within an irregularly expanded gelatinous 

matrix.^ Reproduction may also be by means of zoospores with the 

flagellation typical of the class.^ These swim freely in all directions after 

liberation from the parent-cell wall and develop into new colonies after 

they have become affixed to a suitable substratum. 

P'lo. 301. Mi8chococcu8 confervicola Niig. (X 400.) 

M. confervicola Niig. (Fig. 301), the only species known for the United States, is 
a comparatively rare alga but has been found in several of the states. For a de¬ 
scription of it, see Pascher (1938). 

Family 4, Characiopsidaceae 

The Characiopsidaceae are unicellular and epiphytic. They may be 

sessile upon the host or affixed to it by a stipe-like prolongation of the cell 

wall. The shape of the cells varies markedly from genus to genus, but in 

all cases the cell wall is homogeneous and not composed of two overlapping 

halves. 

Reproduction is by means of zoospores or autospores. 

The genera found in this country differ as follows: 

1. Cells shorter than stipe. 3. Peronlella 
1. Cells sessile or longer than stipe. 2 

^ Borzi, 1895. * Pascher, 1938. 
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2. Cells angular.. 
2. Cells not angular. 

3. Chromatophores deeply colored. 
3. Chromatophores very pale or colorless 

. 2. Dioxys 

. 3 

.. 1. Characiopsis 
4. Harpochytritun 

1. Characiopsis Borzi, 1895. Characiopsis (Fig. 302) is always sessile, 
generally on other algae, and the cells may be solitary or gregarious. The 

Fig. 302. A, Characiopsis c}/lindrirum (Lam¬ 
bert) Leinrn. B, C. pyriformis (A. l)v.) 
Borzi. C, C. longipes (Rab.) Borzi. 
1000.) 

nucleus divides and redivides until 
adult cell.^ 

cell shape varies from species to spe¬ 
cies, but it is usually ovoid and with 
a rounded or pointed apex. At the 
base of a cell is a gelatinous stalk of 
variable length, that is always dis¬ 
coid in the region of attachment to 
the substratum and frequently with 
the discoid portion so impregnated 
with ferric compounds that it is a 
rusty-brown color. The cell wall is 
homogeneous and not composed of 
two overlapping halves. The proto¬ 
plast usually has several chromato- 
phores, and fats and leucosin in the 
cytoplasm though rarely in abun¬ 
dance. Young cells are uninucleate 
but, as a cell increases in size, the 
8, 16, 32, or 64 are present in an 

Reproduction is by division of the cell contents into 8, 16, 32, or 64 
zoospores, and these have been shown^ to have the flagellation typical of 
Xanthophyceae. There may be a formation of aplanospores instead of 
zoospores. 

Approximately a dozen species are known for the United States. For a mono¬ 
graphic treatment of the genus, see Pascher (1938). 

2. Dioxys Pascher, 1932. Dioxys (Fig. 303) has solitary, epiphytic, 
compressed, triangular cells whose angles may or may not be prolonged into 
stout spines. The cells are affixed to the substratum by an evident stipe. 
The cell walls are homogeneous and not composed of two overlapping 
halves. The protoplast of a cell contains two to several parietal disk¬ 
shaped chromatophores, droplets of oil, and leucosin. 

1 Carter, 1919. 
* POULTON, 1926. 
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Reproduction is by division of the cell contents to form two, rarely four, 
zoospores with a typical xanthophycean structure.^ There may also be a 
formation of two, four, or eight aplanospores. 

The only record for the occurrence of Dioxys in this country is the discovery in 

Kansas of two undescribed species, D. inermis R. 11. Thompson* sp. nov. (Fig. 

303i4-C) and D. tricornuta R. H. Thompsonf sp. nov. (Fig. 303D). 

Fig. 303. A~C, Dioxys inermis Thompson sp. nov. A, front view. B, side view. C, a 
cell containing aplanospores. D, D. tricornuta Thompson sp. nov. (Drawn by R. H. Thomp¬ 
son.) (X 2080.) 

3. Peroniella Gobi, 1887. This genus of epiphytic unicellular Xantho- 
phyceae differs chiefly from Characiopsis in the smaller number of chroma- 
tophores (generally one) and in the very long and more delicate stalk that 
does not always terminate in a basal disk. 

Reproduction is by means of zoospores.^ 

This is another rare alga known from relatively few localities in this country. 

The two species reported for the United State are P. Hyalothecae Gobi and F. 
planctonica G. M. Smith (Fig. 304). For descriptions of them, see Pascher (1925^4). 

^ Pascher, 1932. 

* Dioxys inermis R. H. Thompson sp. nov. Cellulae triangulae in frontato pros- 

pectu, anguste obovatae aut cellulae formae pandurae in lato prospectu sunt, et 

figuntur gracilo stipite qui in levi amplificationis finitus est. Apices libere rotundi 

sunt. Cellulae unam aut tres gilvas virides chromatophoras iacenter in peripheria 

cellulae et numerosa grana refringendi vim habienta continent. Cellulae, sine stipite 

11-15 M longae, 7-12 p latae, et 4 /x crassae sunt. Stipite 4-6 p longus est. 

t Dioxys tricornuta R. H. Thompson sp. nov. Cellulae tetrahedrae aut obpyri- 

formi ferentes robustum spinam in quoque libero apice et uno apice robusto stipite, 

non colore qui finitur in parvo disco fuguntur. Cellula uno aut quatuor virides 

chromatophoras et pauca aut multa grana, refringendi vim habienta continet. Nu¬ 

cleus centralis est. Cellulae, sine spinis, 14-16 p in maximo diametro sunt. Spinae 

4-5 p longae sunt et stipites tenues, et 6.5 p longi sunt. 

* Gobi, 1887; Pascher, 1930C; Smith, G. M., 1916C. 
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4. Harpochytrium Lagerheim, 1890. Harpochytrium has sessile, elon¬ 

gate, cylindrical cells which are usually bent in an arc. The lower end of 

a cell is gradually attenuated; the upper end may be broadly rounded or 
gradually attenuated. Certain spe¬ 

cies have very pale chromatophores; 

other species are colorless and sap¬ 

rophytic in nutrition. The proto¬ 

plasts contain numerous droplets 

of oil. 
At the time of reproduction, the 

protoplast divides transversely into 

two portions. The upper portion 

divides into a number of zoospores; 

the lower portion remains undi¬ 

vided.^ The zoospores escape 

through a pore at the apex of the cell wall. Only one flagellum has been 

recorded, but it has been suggested^ that there is a second one. 

Until the discovery of species with pale chromatophores,'^ Harpochytrium was 

placed among the fungi. Since then there has been a growing tendency to include 

it among the algae, Harpochytrium is found growing upon various algae, especially 

Fig. 305. Harpochytrium Atkinsouianum Pascher. {After Atkinson, 1903.) 

Zygnematales. The species found in the United States are H. Atkinsouianum 

Pascher (Fig. 305), //. Hyalothecae Lagerh., and H. intermedium Atkinson. For 

descriptions of them, see Pascher (1938). 

Family 5. Chloropediaceae 

The Chloropediaceae ha\'o sessile cells which may be solitary or laterally 

adjoined in a monostromatic layer resting directly on the host. 

Reproduction is by means of zoospores which become affixed to the host 

and secrete a wall after they cease swarming. 

Luiherella is the only representative of the family found in this country. 

1. Lutherella Pascher, 1930. Lutherella is epiphytic and with solitary 

* Atkinson, 1903. * Pascher, 1938. * Schiller, 1926. 

Fig. 304. Peroniella planctonica G. M. Smith. 
(X 1000.) 
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cells, or with the cells in groups of two or four. The cells are globose and, 

lacking a stipe, are affixed directly to the host. Within a cell is a single 

large parietal chromatophore with lobed margins. 

Reproduction is usually by formation of two zoospores within a cell. 

Occasionally there is a formation of two or four aplanospores that ger¬ 

minate to form vegetative cells without being liberated from the parent¬ 

cell wall. This results in groups of two or four cells.^ 

Fig. 306. Lutherclla adhaercns Pa.scher. {Draxmhy R. //. Thompson.) (X 1560.) 

Prof. R. 11. Thompson writes that he has found the type species, L. adhaerens 

Pascher (Fig. 306), in Maryland and Kansas. For a description see Pascher (1930C). 

Family 6. Centritractaceae 

The Centritractaceae have free-floating solitary cells with a cell wall 

composed of two equal or unequal overlapping halves. The cells are 

variously shaped and with or without spines. 

Reproduction is by means of zoospores or autospores. 

The two genera found in this country differ as follows: 

1. Cells cylindrical, with spines at the poles. 1. Centritractus 
1. Cells cylindrical, without spines. 2. Bumillerlopsls 

1. Centritractus Lemmermann, 1900. Cells of this unicellular free- 

floating alga are cylindrical, with a length several times the breadth, and 

with both poles prolonged into a long straight spine. The cell wall is 

composed of two halves which may overlap each other or which may lie 

1 Pascher, 1930(7. 
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some distance from each other.' The protoplast has two more or less 

longitudinal laminate chromatophores and a single nucleus. 

The method of reproduction is unknown. 

Fig. 307. Centrilractus brlonophorus (Schinidle) Leriiin. (After Schmidlc, 1900.4.) 

Centritractus resembles certain species of Ophiocvtiurn but differs in structure of 

cell wall, in oliape and number of chromatophores, and in being uninucleate. C. 

belonophorus (Schmidle) Lemm. (Fig. 307) has been found in several of the states 

east of the Mississipjn River. For a de¬ 

scription of it, sec Pascher (1925A). 

2. Bumilleriopsis Printz, 1914. 

The cells of this unicellular free- 

floating alga are cylindrical, straight 

to somewhat arcuate, with a length 

two to ten times the breadth, and 

without spines at the poles. At times, 

one of the broadly rounded poles may 

be narrower than the other. The 

cell wall is composed of two over- 
' Fig. 308. Bumillerm^si^ hreve ((lerncck) lapping halves but without One part 

covcr-like as m Ophiocytium. The 

protoplast is uninucleate and contains many small disk-like parietal 

chromatophores and droplets of oil. 

Reproduction is by division of the cell contents into several zoospores 

which escape through an opening at one pole of a cell. There may also be 

a formation of globose aplanospores.^ 

Prof. G. W. Prescott writes that he has found B. breve (Gerneck) Printz (Fig. 

308) in Michigan. For a description of it, see Printz (1914). 

Family 7. Chlorotheciaceae 

The Chlorotheciaceae have sessile or free-floating cells which are usually 

solitary but which may be joined in dendroid colonies. The cell wall is 

composed of two overlapping halves of equal or unequal size which, in 

certain genera, are known to be of unlike structure. 

1 Schmidle, 1900A; Skuja, 1934.4. ^ Printz, 1914. 
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Reproduction is by means of zoospores or autospores. 

The two genera found in this country differ as follows: 

1. Cells spherical, ellipsoidal, or pyriform. 1. Chlorothecium 

1. Cells cylindrical, usually with terminal spines. 2. Ophiocytlum 

1. Chlorothecium Borzi, 1885. This alga has solitary, sessile, globose to 

pyriform cells affixed to the substratum by a disk-like expansion of the 

side next to the substratum. The cell wall consists 

of two overlapping parts, and the protoplast within it 

contains two to four parietal discoid chromatophores 

without pyrenoids. 

Reproduction is by division of the cell contents to 

form 16, 32, 64, or more aplanospores which may ger¬ 

minate before liberation from the parent-cell wall.^ A 

germinating aplanospore produces one to four zoo¬ 

spores which become affixed after swarming and de¬ 

velop into vegetative cells. At times, there may be 

a formation of globose aplanospores with thick walls 

and nodular thickenings at the poles.^ 

Chlorothecium differs from Characiopsis in structure of the 

cell wall and in that there is not a direct division of the proto- pio. 309. Chloroihe- 

])last into zoospores. Prof. G. W. Prescott writes that he has cium Pirottae Borzi. 

found the type species, C. Pirottae Borzi (Fig. 309), in Michi- 

gan. For a description of it, see Pascher (1925A). 

2. Ophiocytium Nageli, 1849. Cells of this genus may be free-floating or 

sessile; and solitary or epiphytic upon empty cell walls of previous cell 

generations to form dendroid colonics. The cells are cylindrical, though 

sometimes with slightly dilated ends, and usually several times longer than 

broad. Sessile individuals are commonly straight; free-floating cells are 

often curved or twisted in regular spirals. Both ends of a cell are rounded 

and, according to the species, both ends bear a single spine, one end has a 

spine, or spines are lacking. Sessile species usually have a single spine, 

by which they are attached to the substratum, and the spine frequently 

terminates in a brownish disk at the point of attachment. The structure 

of the two parts of the wall has already been noted (see page 372). The 

protoplast is multinucleate^ and has several chromatophores that lie one 

above the other and are either discoid or transversely elongate into bands 

that encircle the protoplast. Sometimes the transversely elongate chro¬ 

matophores are H-shaped in optical section.^ 

1 Borzi, 1895. * Printz, 1914. ^ Bohlin, 1897; Borzi, 1895. 

* Bohlin, 1897. 
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Formation of new cells is by means of zoospores or autospores. In zoo¬ 

spore formation, a protoplast divides into four or eight zoospores that are 

liberated by a shedding of the ‘^cover^’ half of a cell wall.^ Zoospores may 

swim away from the parent-cell wall be¬ 

fore they germinate; or they may come 

to rest on the open end of the parent-cell 

wall. In the latter case, the result is a 

dendroid colony. Zoospores that do not 

escape from a parent-cell wall may de¬ 
velop into autospores.2 

Opkiocytium is frequently present, though 

never in quantity, in collections from semi¬ 

permanent or permanent pools. It is also 

a widely distributed plankton organism in this 

country. The species found in the United 

States are 0. arbusculum (A. Br.) Rab. (Fig. 

310A), 0. bicuspidatum (Borge) Lemm., 0. 

capitatum Wolle (Fig. 310R), 0. cochleare 
(Eichw.) A. Br., 0. desertum Printz, 0. majus 
Nag., 0. mucTonatum (A. Br.) Rab., and 0. 

parvulum (Perty) A. Br. (Fig. 310(7). For 

descriptions of them, see Pascher (1925A). 

ORDER 4. HETEROTRICHALES 

Members of this order have cylindrical 

cells uniseriately united end to end in 

branched or unbranched filaments. 

Reproduction may be by means of zoo¬ 

spores or aplanospores, of which one, two, or more may be formed within 

any cell of a filament. Sexual reproduction is isogamous. 

Fig. 310. A. Ophiocytium arbusculum 
'(A. Br.) Rab. B, O. capitatum Wolle. 
C, 0. parvulum (Perty) A. Br. (X 
1000.) 

Family 1. Tribonemataceae 

The Tribonemataceae include all Heterotrichales with unbranchcd fila¬ 

ments. 

The two genera found in this country differ as follows: 

1. Cell wall thick, H-pieces clearly evident. 1. Tribonema 
1. Cell wall thin, H-pieces not clearly evident. 2. Bumilleria 

1. Tribonema Derbes and Solier, 1856. Filaments of this alga are 

coriiposed of cylindrical or barrel-shaped cells that are two to five times 

' Bohlin, 1897; Borzi, 1895; Lemmbrmann, 1899. 
* Bohlin, 1897; Printz, 1914. 
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longer than broad. The manner in which the H-pieces of the wall are 

conjoined, and their structure have already been discussed (see page 

372). The protoplast of a cell is uninucleate and, according to the species, 

contains a few or many discoid chromatophores. Pyrenoids are lacking, 

and the reserves from photosynthesis are stored as oils or as granules 

of leucosin, never as starch. Old cells often have numerous small re¬ 

fractive granules within the cytoplasm, the majority of which are probably 

waste products. 

Asexual reproduction may be purely vegetative and result from accidental 

breaking of a filament; or it may result from disarticulation of certain H- 

pieces to permit escape of spores. Reproduction by means of aplano- 

sporcs is of much more frequent occurrence than by means of zoospores. 

Aplanospores may be formed singly within a cell, or more than one may be 

Fig. ;ni, Tribonema homhycinum (Ag.) Derbes and Sol. (X 600.) 

formed.^ An aplanospore, after being liberated by a pulling apart of the 

surrounding li-pieces, germinates directly into a free-floating filament. Its 

germination begins with a separation of the two halves of the aplanospore 

wall and an elongation of the protoplast into a cylindrical cell which de¬ 

velops a new wall.^ Zoospores are usually formed singly within a cell. 

They have several chromatophores and the flagellation typical of Xantho- 

phyceae.® After swarming for a time, a zoospore comes to rest on some 

firm object and secretes a cell wall which is attached to the substratum by a 

brownish discoid holdfast. One-cell germlings resemble CharaciopsiSy but 

this resemblance ceases after they have divided transversely and begun to 

grow into filaments that remain sessile until the distal portion breaks away 

and continues growth as a free-floating filament. Akinetes may also be 

formed by filaments of Tribonemaj either singly or in short series. 

Sexual reproduction is isogamous, one of a uniting pair of gametes 

coming to rest and withdrawing its flagella just before the other swims up 

to and unites with it.^ 

Tribonema and Microspora have much the same general appearance, since both 
have walls made up of H-pieces, but the two can be distinguished by the presence 
of starch in the latter. Tribonema is one of the commonest filamentous algae of 
standing waters and, during early spring, is frequently the only filamentous “green^^ 
alga in temporary pools. The species found in this country are T. bombydnum 

^ Hazen, 1902; Lagerheim, 1889; Poulton, 1925. * Lagerhbim, 1889. 
• Luther, 1899; Poulton, 1925; Pascher, 1925A. *Sohbrppbl, 1901. 
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(Ag.) Derbes and Sol. (Fig. 311), T. cylindricum Heering, T. minus (Wille) Hazen, 

T. Raciborskii Heering, and T. utriculosum (Wille) Hazen. For descriptions of 

T. cylindricum and T. Raciborskii , see Pascher (1925A); for the others, see Hazen 

(1902). 

2. Bumilleria Borzi, 1895. The unbranched filaments of this alga are 

composed of cylindrical cells that are never barrel-shaped and rarely with a 

length more than twice the breadth. The cell walls are quite similar to 

those of Trihonemaj but the articulated H-pieces are much more delicate 

and usually discernible only in cells that have formed zoospores (Fig. 

312^-C). Unlike Tribonema^ there are H-pieces here and there in a 

filament that are thicker and sometimes slightly brownish. Two such 

successively thicker H-pieces originally enclosed a single protoplast, but 

they later became separated from each other by intercalary cell divisions.^ 

Each cell contains two to eight parietal discoid chromatophorcs and 

numerous refractive droplets of oil or of leucosin. Pyrenoids are invisible 

in chromatophorcs of living cells, but they have been observed^ in chro- 

matophores of fixed and stained cells 

Zoospore formation takes place either in recently divided or in mature 

cells. Short cells give rise to a single zoospore; long cells produce two or 

four zoospores. Zoospores usually remain within the parent-cell wall for 

some time after they are formed, migrating from one end of a cell to the 

p i 
A 

Fig. 312. Bumilleria sicula Borzi. A, portion of a filament. B, H-piece. (\ zoospore. 
D-G, juvenile filaments developing from zoospores. (X COO.) 

other and continously changing in shape. They are liberated by a pulling 

apart of the two parts of the parent-cell wall in the zone where the articu¬ 

lated H-pieces overlap. The zoospores are pyriform, with two or four 

chromatophorcs in the anterior end, and several refractive granules in 

the broadly rounded posterior end. Soon after a zoospore ceases to swim, 

it withdraws its flagella, becomes spherical, and secretes a wall composed of 

two overlapping halves (Fig. 312D). The protoplast of the spherical cell 

1 Borzi, 1895; Chop at, 1913; Klebs, 1896; Pascher, 1925A. 

* Korshikov, 1930. 
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soon elongates to form a short cylinder with rounded poles and with each 

pole capped by a half of the original spherical wall (Fig. 312E). Trans¬ 

verse division of the cylindrical cell into two daughter cells and their 

repeated elongation and division result in a free-floating filament many cells 

in length, but one in which the terminal cells are rounded and capped by 

the hemispherical remains of the original spherical cell wall (Fig. 312F-G^). 

One, two, or four aplanospores may also be formed within a cell, and these 

are liberated by a separation of the surrounding H-pieces of the old parent¬ 

cell wall.^ 

Bumilleria usually grows in pools with a clayey bottom. The two species found 

in this country are B. exilis Klebs and B. sicula Borzi (Fig. 312). For descriptions 

of them, see Pascher (1925A). 

Family 2. Monociliaceae 

This family includes the Xanthophyceae with cylindrical cells united 

end to end in branched fdainents. Thus far but one genus is known for 

this country. 

Fig. 313. A~F, Monocilia viridis Gerneck. G-H, M. flavescena Gorncok. (A, after Gerneck, 
1907; B-D, after Chodat, 1909; E-F, after Poulton, 1925; G H, after Snow, 1911.) 

1. Monocilia Gerneck, 1907. The thallus of this alga consists of a 

freely branched filament, without differentiation into base and apex, that 

is always of microscopic size. Monocilia shows much the same plasticity 

of plant-body organization as Stigeoclonium, and under certain cultural 

^ Borzi, 1895; Chodat, 1913; Klebs, 1896. 
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conditions it may assume a palmelloid condition in which the cells are 

isolated or joined in small Protococcus-like packets.^ When in the pal¬ 

melloid state, it is scarcely distinguishable from Botrydiopsis, but cultural 

studies have shown that Botrydiopsis always remains unicellular, whereas 

Monocilia may be induced to return to the filamentous stage.^ The cells 

of Monocilia are uninucleate, with several discoid chromatophores, and 

store their photosynthetic reserves chiefly as oil, never as starch. 

Reproduction is by a formation of typical biflagellate xanthophycean 

zoospores.^ The zoospores are of two different types macrozoospores with 

a length double the breadth and microzoospores which are approximately 

spherical. There is no evidence that either of the two types functions as 

gametes. Aplanospores are also formed in abundance, in much the same 

number within a cell as are zoospores.^ 

The two species found in the United States are M. flavescens Gerneck (Fig. 
S\3G-H) and M. viridis Gerneck (Fig. 313A-F). For descriptions of them as 
species of Heterococcusy see Pascher (1925A). 

ORDER 6. HETEROSIPHONALES 

This order includes the multinucleate siphonaceous Xanthophyceae. 

Family 1. Botrydiaceae 

Members of this family have the siphonaceous multinucleate cell dif¬ 

ferentiated into an inflated aerial portion with chromatophores and a 

colorless tubular subterranean portion. 

1. Botrydium Wallroth, 1815. This unicellular multinucleate terrestrial 

alga consists of a vesicular, globose or branched, aerial portion (containing 

the chromatophores) and a colorless rhizoidal portion which penetrates the 

soil. The shape of the vesicular portion, which may be 1 to 2 mm. in 

diameter, is considerably influenced by environmental conditions. It is 

usually elongate cylindrical when growing in shaded habitats and spherical 

when growing in brightly illuminated places.^ The vesicular portion has a 

relatively tough wall within which is a delicate layer of cytoplasm con¬ 

taining many nuclei and chromatophores. The chromatophores are discoid 

in shape and often connected to one another by strands of dense cytoplasm. 

Pyrenoid-like bodies are often present in chromatophores of young cells, 

but there is never any starch in the protoplast, and photosynthetic re¬ 

serves accumulate as oil or as leucosin. The rhizoidal portion, which may 

» Chodat, 1909; Gerneck, 1907; Snow, 1911. * Moore and Carter, 1926. 
•Chodat, 1909; Poulton, 1925. * Poulton, 1925. 
*Kolkwitz, 1926. 
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be profusely or sparingly branched, is without chromatophores but contains 

many nuclei scattered through its dense or vacuolate cytoplasm. 

Cells of Botrydium are incapable of vegetative division, and the only 

method by which new plants may be formed asexually is through a pro¬ 

duction of aplanosporcs or hypnospores. In the formation of aplano- 

spores, there is a cleavage of the 

cell contents into uni- or multinu- 

cleate protoplasts which round up 

and secrete a wall.^ These aplano- 

spores develop directly into new 

plants (Fig. 314(7-£). Hypno¬ 

spores may be formed in all portions 

of a cell or after practically all of the 

protoplasm has migrated into the 

rhizoids and there divided to form 

hypnospores.^ 

When a cell is flooded with water, 

this may be followed by a division of 

its contents into many biflagellate 

swarmers. These are usually called 

zoospores, but they have been 

shown^ to be gametic in nature. 

Gametic union may be isogamous or 

anisogamous, and cells producing 

gametes may be homothallic or het- 

erothallic.^ The gametes are biflag¬ 

ellate, pyriform, and become apposed 

at their anterior ends when uniting 

in pairs to form a zygote. Gametes 

Fig. 314. A, Botrydium granulatum (L.) 
Grev. B, B. Wallrothii Ktltz. C~Ey ger¬ 
minating aplanospores of B. granulatum, 
{A-B, X 25; C-E, X 600.) 

which have not fused with those of opposite sex develop parthenogen- 

etically into thalli. A germinating zygote develops directly into a vege¬ 

tative thallus.^ 

Botrydium is a terrestrial alga that grows chiefly on muddy banks of streams and 
ponds and on bare soil, especially soil along the margins of paths. Whenever 
present, the alga usually occurs in abundance and frequently in quantity sufficient 
to hide the underlying soil. Of the two species found in this country, B. granu¬ 

latum (L.) Grev. (Fig. 314A, C-E) is of more frequent occurrence than B. Wallrothii 
Kiitz. (Fig. 314.B). For descriptions of these species, see Pascher (1925A). 

1 Miller, V., 1927. 
* Iyengar, 1925; Miller, V., 1927; Rostafi^iski and Woronin, 1877. 
* Moewus, 1940. 
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Family 2. Vaucheriaceae 

Members of this family have tubular, sparingly branched, siphonaceous, 

multinucleate thalli in which sexual reproduction is oogamous. There is 

but one genus, Vaucheria."^ 

Vaucheria has always been placed among the Siphonales of the Chloro- 

phyceae, but certain phycologists^ have been uncertain about this because 

of the predominance of yellow pigments in the plastids, the formation of 

oil instead of starch, and the possibility that both flagella of a pair are not 

of equal length. Evidence of a more certain nature has been obtained 

through a careful analysis of the pigments in three species of Vaucheria 

All three of these species have the pigments typical of Xanthophyceae 

instead of Chlorophyceae (see Table I, page 3). Furthermore, these 

three species lack siphonoxanthin, a xanthophyll of universal occurrence 

among Siphonales, and one found only in this order. All these data in¬ 

dicate that Vaucheria should be placed among the Xanthophyceae rather 

than among the Chlorophyceae. 

1. Vaucheria De Candolle, 1803. Vaucheria is an unseptate tubular 

coenocyte with a very sparse or fairly abundant branching. It may be 

aquatic or terrestrial in habit. Terrestrial individuals frequently have 

narrow colorless rhizoidal branches penetrating the soil. The cell wall is 

relatively thin, and just within it is a thin layer of cytoplasm with numerous 

elliptical chromatophores toward the exterior and many minute nuclei 

toward the interior. Droplets of oil, accumulating here and there through¬ 

out the cytoplasm, are the only food reserves. 

Although Vaucheria can develop transverse septa that block off injured 

portions of the coenocyte, there is but little reproduction by accidental 

breaking of filaments. Asexual reproduction of aquatic individuals is 

usually by means of multiflagellate multinucleate zoospores formed singly 

within a terminal sporangium separated from the rest of the cell by a 

transverse wall.* The entire surface of a zoospore is usually clothed with 

pairs of flagella. Terrestrial individuals may have the entire contents of a 

sporangium developing into a single multinucleate aplanospore. Develop¬ 

ment of the sporangial contents into a zoospore or into an aplanospore is 

* Vaucheria arrhyncha Heidinger, a species found in this country, has been made 
the type of a second genus (Vaucheriopsis) by Heering (1921). The major character 
for this segregation was the presumed absence of oil, but it has now been shown by 

Whitford (1943) that V. arrhyncha does contain oil. Thus there seems to be no 
valid reason for recognizing Heering^s genus. 

1 Boiilin, 1897; Feldmann, 1946; Fritscii, 1935; Pascher in Ileering (1921); 
Printz, 1927. 

* Strain, 1949. 
* Birckner, 1912; Gotz, 1897; Klebs, 1896; Strasburger, 1880. 
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in part dependent upon the external environment. A transfer of aquatic 

individuals from light to darkness, or from running to (piiet water, induces 

a formation of aplanospores.^ Flooding of terrestrial individuals frequently 

induces a formation of zoospores. Terrestrial individuals may have a 

transverse segmentation of the entire cell into short segments, each of 

which becomes a hypnospore^ (Fig- 31GA). Aquatic individuals may have 

the entire contents of a cell dividing to form a large number of micro- 

aplanospores.^ 

Sexual reproduction is odgamous, and all the fresh-water species are 

homothallic. Development of sex organs is of frequent occurrence in 

thalli growing on damp soil or in quiet water but is infrequent in thalli 

growing in swiftly flowing water. The antheridia and obgonia are borne 

adjacent to one another and either on a common lateral branch or on ad- 

A 

FiCt. 315. Vavcheria sessilis (Vauch.) DC\ A, discharge of antherozoids. B, antherozoids. 
{Drawn by J. N. Couch.) (.4, X 320; B, X G35.) 

joining lateral branches. An oogonium is separated from the subtending 

branch by a transverse wall and contains a single uninucleate egg.^ An 

antheridium is separated from the subtending branch by a transverse wall 

and contains a number of small biflagellate antherozoids with what appears 

to be a lateral insertion of the flagella (Fig. 315). Liberation of anthero¬ 

zoids takes place before daybreak,^ and according to the species, they are 

liberated through a single terminal pore, or two, three, or more lateral 

pores in the antheridial wall. Fertilization is effected by antherozoids 

swimming through a relatively large pore in the oogonial wall The 

^ Klebs, 1896. 2 DE PuYMALY, 1922; Stahl, 1879. * Smith, G. M., 1944. 

^ Couch, 1932; Davis, B. M., 1904; Mundie, 1929; Oltmanns, 1895; Williams, 

1926. 

® Couch, 1932; Mundie, 1929; Oltmanns, 1895. 



404 THE FRESH-WATER ALGAE OF THE UNITED STATES 

zygote secretes a thick wall and remains within the oogonium until liberated 

from it by a decay of the oogonial wall. It generally enters upon a dormant 

period for several months before germinating directly into a new filament.^ 

The somewhat inconclusive data^ indicate that division of the zygote 

nucleus is meiotic. 

Specific differences in Vaucheria are based entirely upon structure of mature sex 
organs and, according to the structure of the antheridium, the genus is divided^ 
into seven sections, representatives of four of them being known for the fresh-water 
flora of this country.^ For a list of the species known for the United States, see 
Prescott, 1938; for descriptions of most of them, see Heering (1921). 

Fig. 316. A, aplariospores (hypiiospores) of a terrestrial species of Vaucheria. B, sex organ 
of V. pachyderma Walz. C, sex organs of V. Gardneri var. tenuis Collins. {A, X 166 
B-C, X 186.) 

DOUBTFUL XANTHOPHYCEAE 

1. Botryococcus Kutzing, 1849. Botrijococcus is a valid genus, but one 

in which it is uncertain whether it is a member of the Xanthophyceae or 

of the Chlorophyceae. The color of the plastids and the reported structure 

of the cell wall indicate that it is a member of the Xanthophyceae; the 

reported presence of starch points toward its being one of the Chlorophyceae. 

The thallus of Botryococcus is a free-floating colony of indefinite shape 

and with a cartilaginous, hyaline, or orange-colored envelope whose surface 

is wrinkled and folded. The cells lie close to one another in groups con¬ 

nected by broad or delicate strands of the colonial envelope. The in¬ 

dividual cells are ovoid or cuneate and lie radiately arranged in a single 

layer toward the periphery of the colonial envelope. The cell wall is 

^ Mundie, 1929; Pringsheim, N., 1855; Walz, 1866. 
* Gross, 1937; Hantaschek, 1932; Williams, 1926. 
• Heering, 1921. ^ Hoppaugh, 1930. 
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transversely divided into two unequal overlapping halves,^ of which the 

lower half is much the longer. When a cell divides longitudinally to form 

autospores, the lower half of the parent-cell wall becomes a firm cup-like 

gelatinous mass with a stalk-like projection toward the center of the 

colony. The protoplasts within a cell contain a single cup-shaped chroma- 

tophore with a naked pyrenoid-like body. Minute granules of starch have 

been observed^ within the chromatophore, but not in association with 

the pyrenoid. Cells of Botryococcus produce oil in quantity and often in 

such abundance that the cell contents are completely obscured. 

There is regularly a vegetative multiplication of colonies by a breaking or 

dissolution of the strands connecting cell aggregates with one another. 

Fro. 317. Botryococcus Braunii Kutz. (X 500.) 

Autospores are the only type of reproductive body. They generally re¬ 

main within the colonial envelope, but they may be extruded singly be¬ 

cause of pressure of the colonial envelope.^ 

Botryococcus is a widely distributed plankton alga in this country. It is also 

occasionally found in permanent or semipermanent pools. The three species found 

in this country are B. Braunii Ktitz. (Fig. 317), B. protuherans W. and G. S. West, 

and B. sudeticus Lemm. For descriptions of them, see G. M. Smith (1920). 

CLASS 2. CHRYSOPHYCEAE 

Cells of members of this class have chromatophores of a distinctive 

golden-brown color because of a predominance of beta carotene and certain 

xanthophylls (see Table I, page 3). The chief photosynthetic reserves 

are leucosin, an insoluble compound of unknown composition but thought 

' Blackburn, 1936; Geitler, 1925C. 
* Blackburn, 1936; Carlson, 1906; Chodat, 1896. 
•West, W. and G. S., 1903. 
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to be a carbohydrate, and oils. According to the genus, motile vegetative 

and reproductive cells have one flagellum, or two flagella of equal or un¬ 

equal length, or, in very rare cases, three flagella. Uniflagellate cells have 

a flagellum of the tinsel type; biflagcllate cells have one tinsel type and one 

whip type of flagellum, An endogenous formation of statospores is of 

widespread occurrence. Sexual reproduction in members of the class has 

not been demonstrated beyond all doubt. 

Occurrence. Many fresh-water Chrysophyceae are restricted to cold 

brooks, especially mountain streams, and to springs. Others are found in 

the plankton of lakes and in greatest abundance during spring and autumn 

when the water is cool, and most thrive best in water relatively free from 

impurities. There are only a very few Ciirysophyceae that are aerial or 
terrestrial in habit. 

Organization of the Plant Body. When considered in the light of the 

theory of plant bodies (see page 0), the Chrysophyceae are a class in which 

there is a great wealth of flagellate forms, both solitary and colonial, but 

one in which but few algal types arc known. However, a sufficient number 

of immobile representatives are known to show that evolution within the 

Chrysophyceae has paralleled that found in the Chlorophyceae and Xantho- 

phyceae.^ The palmelloid type is represented by half a dozen or more 

genera (the Chrysocapsales), and the coccoid type (the Chrysosphaerales) 

is about as well represented. (;enera with a true filamentous organization 

(the Chrysotrichales) include one with unbranched filaments and two or 

three with branched filaments. Thus far, no siphonaceous forms have 

been found, and it is rather doubtful whether such forms exist, because 

multinucleate palmelloid or coccoid forms, the potential ancestors of a 
truly siphonaceous plant, have not been discovered. 

The Chrysophyceae are richer than any other class in forms that have 

started evolving toward an animal-like rather than a plant-like organization. 

Thus, there are several genera in which the amoeboid type of cell is the 

dominant phase in the life history, and where autotrophic nutrition is 

supplemented by a mass ingestion of solid foods.^ Some of these amoeboid 

forms have developed to a point where they have a true plasmodial or¬ 

ganization,* other rhizopodal forms have completely lost their autotrophic 
nutrition.^ 

Cell Structure. The majority of genera in the Chrysophyceae have 

protoplasts that contain but one or two golden-brown chromatophores, 

although protoplasts of certain genera, as Phacothamnion, may have several 

chromatophores. Pyrenoid-like bodies are found in the chromatophores 

of certain genera, as Chromulina and Mallomonas, but their function is 

1 Pascher, 1914, 1925. * Pasciier, 191515, 1917. » Pascher, 1916 19164. 
* Pascher, 1912. 
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not known. The autotrophic nutrition of the Chrysophyceae results in 

the accumulation of leucosin, fats, and volutin^ but never starch. Glycogen 

has also been found in the cysts of Mallomonas} Leucosin, whose chemical 

composition is unknown,^ is laid down in the form of white refractive 

granules which generally accumulate in the cytoplasm and toward the 

posterior end of the cell. Heterotrophic nutrition is both by the osmotic 

intake of dissolved organic substances^ from the surrounding medium, and, 

when the cells are amoeboid, by the mass ingestion of solid substances in¬ 

cluding bacteria and other minute organisms. 

Many of the motile forms have contractile vacuoles at the base of the 

flagella, and these vacuoles may persist even after the flagellated phase 

has been metamorphosed into an amoeboid phase. Examples of this are 

to be seen in Dinobryon'^ and Chrysamoeba.^ 

Although the Chrysomonadales are the only members of the class in 

which the nuclear phenomena have been studied intensively, it is rather 

probable that all of the class have uninucleate cells. In the genera in¬ 

vestigated, the nuclei have a distinct nucleolus, a nuclear membrane, and 

considerable chromatic material. Nuclear division is mitotic and by 

means of a spindle that is intranuclear in origin.® Centrosomes have been 

observed in association with the spindles, but the relationship between 

centrosome and neuromotor apparatus is obscaire.^ 

All biflagellatc genera in which the flagella have been studied in detail 

have one flagellum of the tinsel type (with cilia along both sides) and one 

flagellum of the whip type. Motile members of the class have naked cells, 

but the surface of the cytoplasm may be covered with plates of silica 

(Mallomonas). Some motile genera have the protoplast surrounded by an 

open lorica to which only the basal portion of the protoplast is attached. 

Coccoid and filamentous genera have the cells with definite walls. 

Asexual Reproduction. Cell division in solitary Chrysomonadales is 

always longitudinal and with an immediate separation of the two-daughter 

cell. Colonial Chrysomonadales, as Dinobryon, may form new colonies 

by one of the protoplasts swimming away and developing into a new 

colony. Multiplication of colonies may be by fragmentation both in 

flagellated and nonflagellated colonies. Chrysococcales and Chrysotri- 

chales reproduce by means of uniflagellate zoospores or biflagellate zoo¬ 

spores with the flagella of equal length. The zoospores are naked and 

with one or two chromatophores. 

The striking type of spore is the statospore. These are usually spherical, 

though sometimes ellipsoidal, and with an enclosing wall with a small 

^ Doflein, 1923. 2 Conrad, 1927. ^ Klebs, 1892; Molisch, 1913. 
^ Pascher, 19124. ® Klebs, 1892. ® Conrad, 1927; Doflein, 1916, 1918. 
^ Conrad, 1927; Doflein, 1923. ® Pascher, 1924; Scherpfel, 1924. 
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circular pore that is dosed by a conspicuous plug. The wall is silicified; 

the plug may or may not be silicified.^ Statospores of many species 

have a smooth wall and a simple plug;^ those of other species have a 

smooth wall but have the margin of the pore elevated into a flange-like 

collar (Fig. 318A). In still other cases, and where the pore margin is 

simple or elevated, the wall may be ornamented with small punctae (Fig. 

318.8), simple or forked spines (Fig. 318C), or with flange-like plates (Fig. 

Fig. 318. Statospores of Chrysophyceae. A, Chromiilina Paschci'i Hofoneder. B, Mallo' 
monas coronatn Boloch. C, Ochromonas stcllaris Dofl. D, Celloniella palensis Pascher. (A, 
after Conrad, 1920; B, after Conrad, 1027; after Doejlein, 1022A; D, after Pascher, 1929A.) 

318D). As is the case with desmids, no one type of sculpturing is char¬ 

acteristic for a particular genus; as in Chromulina, there are, from species 

to species, marked differences in ornamentation of statospores. 

The endogenous method by which statospores of Chrysophyceae are 

formed was first described in Chromxdina^ and has since been found to take 

place in much the same manner in several other genera.^ There is every 

reason for supposing that statospores of the remaining genera for which 

they are known also form statospores in a similar manner. Statospores of 

genera with motile vegetative cells are formed after a cell has come to rest, 

retracted its flagella, and assumed an approximately spherical shape. 

The first step in the process (Fig. 319d-8) is the internal differentiation of 

a spherical protoplast that is separated only by plasma membranes from 

the peripheral portion of the original protoplast, which contains contractile 

vacuoles and droplets of fat. After the plasma membranes are dilimited, 

there is a secretion of a wall between them, except for a small circular area, 

the future pore. In formation of one type of statospore, the Chromulina 

type,® the cytoplasm external to the statospore wall migrates inward 

through the pore and fuses with the cytoplasm inside the wall, after which 

there is a formation of a plug that closes the pore opening. In the Ochro¬ 

monas type of statosphore, the cytoplasm external to the wall gradually 
disintegrates as a statospore matures. 

1 Pascher, 1924; Scherffel, 1924. * Conrad, 1922. 

* CiENKOWSKi, 1870; Scherffel, 1911. 

* Conrad, 1927, 1928; Doflein, 1921 A. 

‘ Doflein, 1923. 



DIVISION CHRYSOPHYTA 409 

Statospores germinate by a dissolution of the plug, or by a separation of 

the plug from the statospore wall, and an amoeboid migration of the proto¬ 

plast from the enclosing wall (Fig. 319F-//). During or after migration of 

Fig. 319. A-E, formation of statospores of Ochromonas crenata Kleba. F-H, germination 
of statospores of Chromidina freiburgensis Dofl. {After Dojlein, 1923.) 

a protoplast from the enclosing wall there is a formation of flagella.^ 

Sometimes, as in Chromulina Pascheria Hofeneder,^ the protoplast within 

a statospore wall divides into two or four flagellated cells before the con¬ 

tents are liberated. 
Classification. Pascher^s (1912A, 1914, 1925) separation of the chryso- 

phycean algae into groups homologous with the groups into which the 

grass-green algae are segregated has met with general acceptance ever since 

it was proposed. However, his giving each group of chrysophycean algae 

the rank of a class^ seems unwarranted since the magnitude of differences 

between them does not appear to be greater than that of an order. It is a 

matter of opinion whether one should follow those who place the volvocine, 

plasmodial, and tetrasporine Chrysophyceae in separate orders^ or place 

them as suborders of a single order.^ 

1 Doflein, 1923. * Conrad, 1926; Hofeneder, 1913. * Paschbr, 1931. 

* Smith, G. M., 1933. * Fritsch, 1935, 
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ORDER 1. CHRYSOMONADALES 

This order includes those genera which are motile during vegetative 

phases of their life cycle, and in which amoeboid or rhizopodial stages are 

only temporary. According to the genus, the motile cells may be solitary 

or united in colonies of definite shape. Individual cells have the char¬ 

acteristic chromatophores and other internal structures typical of Chryso- 

phyceae. Unlike many of the genera in the corresponding order of Chloro- 

phyceae, the motile cells are not enclosed by a wall, but the peripheral 

portion of the cytoplasm (the periplast) is so rigid that the cells have a 

characteristic shape. In some genera, the periplast contains small siliceous 

scales or calcareous inclusion of characteristic shape. Some genera have a 

characteristically shaped firm envelope (the lorica) external to the proto¬ 

plast. A lorica, when present, is open at the distal end and is usually not 

in lateral contact with the protoplast. Statospores are known for a 

majority of genera in the order. 

According to the number of flagella, many phycologists' divide the 

genera into three series with a rank above that of a family. Since it is 

uncertain whether such a segregotion based solely on number of flagella 

is natural or artificial, it seems best for the present not to attempt a group¬ 

ing into categories of higher rank than a family. It must be admitted that 

certain of the families recognized on pages to follow may also be artificial, 

but these families do group together genera that have certain features in 

common. 

Family 1. Chromulinaceae 

Members of this family have uniflagellate free-swimming cells with an 

undifferentiated protoplast, in which the cells may be naked or lying within 

a lorica. The genera found in this country differ as follows: 

1. Cells without a lorica. 

1. Cells with a lorica. 
2. With one or with two chromatophores 
2. With four chromatophores. 

3. Chromatophore reticulate. 

3. Chromatophore not reticulate. 
4. Lorica globose. 
4. Lorica vase-shaped. 

. 2 

. 4 

.3 
2. Amphichrysis 
. 3. Chrysapsis 

1. Chromulina 
4. Chrysococcus 
.. 5. Kephyrion 

1. Chromulina Cienkowski, 1870. The spherical, ellipsoidal, oval, or 

fusiform cells of Chromulina have uniflagellate naked cells whose firm 

periplast is either smooth or finely granular. There may be one, two, or 

* Fritsch and West, 1929; Fritsch, 1935; Smith, G. M., 1933; Pascher, 1931. 
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even more vacuoles at the base of the single flagellum.^ A protoplast may 

contain one or two plate-like chromatophores; if two are present, they lie 

on opposite sides of a cell. In very rare cases, as C. duhia Dofl., there is a 

Fig. 320. Chromulina globosa Pascher. (After Lackey, 1939.) 

single pyrenoid within each chloroplast. The position of the nucleus is 

extremely variable from species to species, and it may be in the anterior, 

median, or posterior portion of a cell. Some species have an eyespot near 

the point of insertion of the flagellum. Leucosin is usually formed in much 

greater abundance than fats, and it ordinarily accumulates in a single large 

granule at the posterior end of a cell. 

Reproduction is by longitudinal division and may take place without a 

celks coming to rest and retracting its flagellum.^ Rhizopodial stages are 

only occasionally seen in this organism,^ and palmella stages have been 

reported for one species.'* Statospores are known for several species. 

They are smooth-walled, and some or all of the cytoplasm external to the 

statospore wall migrates inside the wall before the plug is formed. 

C. globosa Pascher (Fig. 320) and C. ovalis Klebs have been found repeatedly in 

Ohio,^ and C. ovalis has been found in Kansas.® The genus is undoubtedly of 

wider distribution in this country than the published record indicates. For de¬ 

scriptions of the two species, see Pascher (1913A). 

Fig. 321. Amphichrysis compressa Korshikov. (Drawn by R. H. Thompson.) (X 1080.) 

2. Amphichrysis Korshikov, 1929. This unicellular, uniflagellate free- 

swimming form has ellipsoid to ovoid cells that may be slightly compressed 

in the longitudinal axis. The length of the flagellum is approximately 

^ Doflein, 1923. * Doflein, 1923; Scherffel, 1911. * Scherffel, 1911. 

^ Pascher, 1910. « Lackey, 1938, 1939. • Thompson, 1938. 
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the same as that of the cell. At the anterior end of a cell are two contrac¬ 

tile vacuoles and a conspicuous eyespot. The protoplast contains four 

band-like chromatophores with lobed margins, which extend longitudinally 

for pole to pole of a cell and are flanked laterally by numerous granules of 

leucosin. 

At the time of reproduction, a cell becomes immobile, but does not lose 

its flagellum, and divides longitudinally. Cells may also round up, become 

invested with a broad hyaline gelatinous sheath, and form typical endo¬ 

genous chrysophycean cysts.^ 

Prof. R. H. Thompson writes that he has found A. cornpressa Korshikov (Fig. 
321), the only known species, in Maryland. For a description of it, see Korshikov 
(1929). 

3. Chrysapsis Pascher, 1909. Chrysapsis has naked, ovoid to irregu¬ 

larly shaped cells that may be rigid or plastic as they swim through the 

water.2 There are one or two contractile vacuoles at the base of the single 

flagellum, and an eyespot may or may not be present. The chromatophore 

Fig. 322. Chrysapsis sagene F&scher. (After Pascher, 1909A.) 

is the most distinctive feature of this genus. It is reticulate and may lie 

either at the base or at the equator of a cell. The cells usually contain 

several small leucosin granules. 

Cell division is longitudinal and may take place while a cell is actively 

motile. Often the cells become rounded, lose their flagella, and develop 

into palmelloid colonies.^ Typical chrysophycean cysts have been re¬ 

corded for two of the species.'* 

C. sagene Pascher (Fig. 322) has been found in Ohio.® For a description of it, 
see Conrad (1926). 

4. Chrysococcus Klebs, 1892. Chrysococcus has free-swimming solitary 

cells surrounded by a lorica. The lorica is more or less globose and with 

a narrow to broad circular opening at the anterior end. The protoplast 

is not attached to the lorica, and the single flagellum projects through the 

opening of the lorica. The protoplast is globose and contains one or two 

laminate golden-brown chromatophores, an eyespot, one or more vacuoles, 

and granules of leucosin. 

‘ Korshikov, 1929. * Conrad, 1920, 1926; Pascher 1909.4. 
* Conrad, 1926; Pascher, 19094. * Conrad, 1920, 1926. ® Lackey, 1939. 
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At the time of reproduction, the protoplast divides to form two daughter 
protoplasts, one of which escapes and secretes a new lorica, the other re¬ 
mains within the old lorica.^ Chrysophycean cysts have not been recorded 
for this genus. 

Chrysococcus is widely distributed in the drainage basin of the Ohio River and has 
been found in a few other localities. The following species have been found in this 
country: C. amphora Lackey, C, asper Lackey, C. cylindrica Lackey, C. hemisphae- 
rica Lackey, C. major Lackey, C. ovalis Lackey, C. rufescens Klebs (Fig. 323), and 
C. spiralis Lackey. For descriptions of them, see Lackey (1938A). 

Fig. 323. Chrysococcus rufescens Klebs. {Drawn by R. H. Thompson.) (X 2160.) 

5. Kephyrion Pascher, 1911. This genus has minute, solitary, free- 
swimming cells surrounded by a lorica. The lorica is spindle-shaped to 
ovoid and has a broad opening at the anterior end. The protoplast 
completely fills the lower half of the lorica, 
and the single flagellum projects through the 
opening at the anterior end.^ The protoplast 
contains a single parietal ehromatophore, a 
conspicuous nucleus, and is with or without an 
eyespot. Droplets of oil have been noted, 
but no leucosin granules.^ 

The method of reproduction is unknown. 

K. ovum Pascher (Fig. 324) has been reported^ N^phyrion ovum 
. . X 1 A -XU ^ f -a J^ascher. {After Pascher, 
from this country but without mention of specihc 1913A.) (x 3000.) 

localities. Dr. Lackey writes that he has found 
it in Ohio and Alabama. For a description of K. ovum, see Pascher (1913). 

Family 2. MallomonadaCeae 

The Mallomonadaccae have uniflagellate cells with a firm ornamented 
periplast and an anterior vacuolar system in which there are both con¬ 
tractile and noncontractile vacuoles. The two genera found in this country 
differ as follows: 

1. Cells solitary.1. Mallomonas 
1. Cells united in globose colonies. 2. Chrysosphaerella 

1. Mallomonas Perty, 1852. The solitary free-swimming cells of this 
chrysomonad are readily distinguishable from other uniflagellate Chryso- 

^ Klebs, 1892. 2 Pascher, 191 1R. * Lund, 1942. * Lackey, 19384. 



414 THE FRESH-WATER ALGAE OF THE UNITED STATES 

monadales by their larger size and by the siliceous plates, many of which 

bear a single long siliceous spine, upon the surface of the protoplast. The 

cells are usually longer than broad and either cylindrical, elliptical, ovoid, 

or fusiform in shape. The periplast is firm, though slightly elastic, and is 

covered with siliceous scales. According to the species, the small over¬ 

lapping scales are circular, ellipsoidal, oval, or polygonal in shape and trans¬ 

versely, diagonally, or somewhat irregularly arranged. In some species, 

ail the scales, in other species only the terminal scales, have a single long 

siliceous spine excentrically inserted on the outer surfac.e of the scale.^ 

Some species have denticulate siliceous spines at the anterior and posterior 

ends. The majority of species have two laterally situated golden-brown 

chromatophores, but a few have only one chromatophore. Two species 

have no chromatophores.^ The chief photosynthetic reserve is leucosin. 

Fig. 325. A, Mallomonas caiidata var. macrolepis Conrad. B, .U. producta Iwaiioff. (X 
500.) 

and it generally accumulates in the basal portion of the cell. The vacuolar 

system consists of a large noncon tractile vacuole, which lies in the anterior 

part of the cell, and three to seven contractile vacuoles, which may be 

apical, median, or basal in position. The single nucleus is quite large and 

with a conspicuous nucleole. There is a large extranuclcar granule (centro- 

some?) that connects with the base of the flagellum by means of a long 

rhizoplast.2 

Reproduction is by longitudinal division and while the cell is motile. 

Naked Chromulina-\ike zoospores may also be formed. These zoospores 

swarm for a time and then become immobile, spherical in shape, and sur¬ 

rounded by a gelatinous envelope. Similar palmelloid stages have been 

recorded as developing from naked amoeboid protoplasts that have escaped 

from the sheath of silceous scales.* 

^ Conrad, 1927; Iwanoff, 1900. 2 Conrad, 1927. ® Conrad, 1922. 
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Endogenously formed statospores, of the ChromuUna type, have been 

noted in several species. These are usually spherical and without spines.* 

Mallomonas (Fig. 325) is essentially a planktonic organism and usually is 
found only in dear-water lakes. In many cases, the organism is to be collected in 
greater abundance a few meters below than at the surface. About a dozen species 
are known for the United States. For a monograph of the genus, see Conrad (1933). 

2. Chrysosphaerella Lauterborn, 1896. The ellipsoidal to pyriform cells 

of this alga are radially united in spherical colonies of microscopic, that 

are partly embedded in a spherical hyaline gelatinous envelope containing 

Fig. 32(). Chrysosjihaerella longispina \j2MtQThoYW. (X 540.) 

numerous, tangentially placed, minute plates of silica. Each cell in a 

colony has a firm periplast and bears at its anterior end two short vase¬ 

shaped projections. A long straight cylindrical siliceous rod, whose length 

is approximately equal to the diameter of the colony, is inserted in each of 

the projections. At the anterior of a cell is a single long flagellum. With¬ 

in a cell are two laterally placed laminate chromatophores, a single eyespot, 

a central nucleus, and several vacuoles.f 

C. longispina Lauterborn (Fig. 326) is a widely distributed plankton organism in 
this country. For a description of it, see G. M. Smith (1920). 

* Conrad, 1927. t Lauterborn, 1899. 
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Family 3. Syncryptaceae 

The Syncryptaceae (Isochrysidaceae) have biflagellate cells with flagella 

of equal length. The cells have an undifferentiated periplast but may be 
naked or with a lorica, and solitary 

or united in colonies. 

The two genera found in this 

country differ as follows: 

1. Cells united in colonies 
1. Syncrypta 

1. Cells solitary and sessile 
2. Derepyxls 

1. Syncrypta PJhrenberg, 1833. 

The individual cells of Syncrypta 

are ovoid to pyriform and radially 

united to one another in a micro¬ 

scopical, spherical, free-swimming 

colony. Colonies, in turn, have 

the mass of closely appressed cells 

surrounded by a hyaline gelatinous 

envelope in which there are numerous granular particles. The cells have 

two flagella of equal length on t heir broadly rounded anterior ends.^ Within 

a cell are two laminate chromatophores on opposite sides 

of the cell and two contractile vacuoles. An eyespot is 

lacking.^ 

Statospores have not been observed in this genus. 

S. volvox Ehr. (Fig. 327), the only species, is a rare organism 
and thus far for this country has been found only in Illinois^ and 
Michigan.'* For a description of it, see Pascher (1913). 

2. Derepyxis Stokes, 1885. The solitary cells of 

Derepyxis have a vase-shaped lorica that is attached to 

the substratum by a stout gelatinous pedicel. The proto¬ 

plast is spherical to broadly ellipsoidal and attached to the 

lorica by numerous delicate cytoplasmic strands. There 

may be two lateral chromatophores or a single one which 

lies toward the base of the protoplast. At the anterior 

end of the protoplast are two flagella of equal length that 

extend through, and for some distance beyond, the mouth 

of the lorica. There may be one or two vacuoles, and these may be apical 

or basal in position. 

^ ScHBRFFEL, 1904. * Senn, 1900. • Kofoid, 1910. * Gustafson, 1942. 

Fiq. 328. Dere- 
pyxia dispar 
Stokes Lernm. 
{After Pascher, 
1909A.) 

Fig. 327. Syncrypta volvox lilhr. {Afttr 
Stein, 1878.) 
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Reproduction is by longitudinal division of the protoplast, after which 

one of the daughter protoplasts escapes through the open distal end of the 

lorica. The liberated biflagellate naked cell swims about for a short time 

and then affixes itself on some firm substratum and secretes a lorica. The 

statospores of Derepyxis are somewhat atypical in that they are larger than 

the cells in which they are formed.^ 

This is another genus of rare occurrence. The species known for this country 

are D. amphora Stokes, D, dispar (Stokes) Leinm. (Fig. 328), Z>. ollula Stokes, and D, 
urecolata (Stokes) Lemin. For descriptions of them, see Pascher (1913A). 

Family 4. Synuraceae 

The Synuraceae include those motile Chrysomonadales with two flagella 

of equal length in which the naked cells have a differentiated periplast. 

The two genera found in this country differ as follows: 

1. Cells with two parietal chromatophores. 1. Synura 
1. Cells with two axial chromatophores . 2. Skadovskiella 

1. Synura Ehrenberg, 1838. The cells of this alga are radially united in 

spherical to oblong-ovoid colonies that are not enclosed by a gelatinous 

sheath. The individual cells are pyriform in shape, with the anterior end 

broadly rounded and the posterior end prolonged into a hyaline stalk.^ 

The firm periplast of the cell is covered with siliceous scales that are spirally 

arranged.^ Within the cell are two laminate curved chromatophores, so 

placed that their concave faces are opposite. There is a single centrally 

situated nucleus and two or three contractile vacuoles at the base of the 

cell. These do not seem to be united into a single collective vacuole, as is 

the case with Mallomonas, Leucosin is the chief food reserve, and it 

collects in a single large granule toward the base of the cell. There is no 

eyespot. The two flagella at the anterior end of the cell are of the same 

length, but there are certain morphological and physiological differences 

between them.^ 

Cell division is always longitudinal. If the dividing cell is one that has 

recently escaped from the parent colony, the colony resulting from cell 

division is but two or four-celled.^ Ordinarily, however, cell division merely 

adds to the number of cells in the colony. Reproduction of many-celled 

colonies takes place by the cells grouping themselves radially about two 

centers and the two parts separating from each other. Failure of the 

daughter colonies to separate is probably the reason for the elongate 

colonies of Synura that have been occasionally observed.^ Reproduction 

^ Conrad, 1926; Pascher, 1909A. ^ Conrad, 1926. * Petersen, 1918. 
^ Conrad, 1926; Petersen, 1918. ® Conrad, 1922. 
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may also take place by the protoplast becoming amoeboid and slipping 

out from its scale-covered periplast. After its escape, the protoplast 

may assume a rhizopodal form; or it may develop into a naked biflagellate 

zoospore, which, in turn, may grow into a palmella stage or into a new 

motile colony.^ Synura also forms cysts endogenously.^ 

Synura is of widespread occurrence both in the plankton of lakes and in pools 
and ditches. The species known for the United States are S. Adamsii G . M. Smith 
(F'ig. 329Z?), S. caroliniana Whitford, and S. uvella Khr. (Fig. 329A). For a de¬ 
scription of S. caroliniana^ see Whitford (1942); for the other two, see Conrad (1926). 

Fig. 329. A, Synura uvella Ehr. B, S, Adamsii G. M. Smith. (X 400.) 

2. Skadovskiella Korshikov, 1927. The cells of this alga are radially 

united in free-swimming spherical colonics without a gelatinous envelope. 

The cells are ovoid and with two flagella of etjual length. Unlike Synura, 

the periplast of a cell is clothed with numerous elliptical siliceous rings, 

each with a rod-like prolongation at one pole of the ring. The internal cell 

structure also differs from that of Synura in that the two laminate chro- 

matophores are axial (not parietal), and leucosin granules lie between the 

two chromatophores. 

The method of colony formation is unknown, but it is known^ that there 

is a formation of statospores. 

Prof. R. H. Thompson writes that he has found S. sphagnicola Korshikov (Fig. 
330) in Maryland. Yor a description of it, see Korshikov (1927R). 

Family 5. Coccolithophoridaceae 

Cells of members of this family are solitary, free-swimming, and sur¬ 

rounded by an envelope in which are embedded numerous small calcareous 

disks or rings (coccoliths). 

* Pascher, 1912/1. 2 QoNRAD, 1926. * Korshikov, 19275. 
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This distinctive family has a number of genera of widespread distri¬ 

bution in the ocean. A few genera are found in fresh or brackish waters/ 

and of these Hymenomonas has been found in fresh water in this country. 

Fig. 330. Skadovskiella sphagnicola Korshikov. {Drawn by R. H. Thompson.) (X 800.) 

Hymenomonas Stein, 1878. The solitary free-swimming cells of this 

genus are readily distinguishable from other chrysomonads by the nu¬ 

merous annular bodies (coccoliths) embedded in the cellular envelope. 

The envelope surrounding a cell consists- of two concentric layers, the 

B 

Fig. 331. Hymenomonas roseola Stein. A, optical section of a cell. B, surface view of 
coccoliths. {After Lackey, 1938.) 

inner thin and firm, the outer broad and gelatinous. The coccoliths, which 

are composed of calcium carbonate,^ are embedded at the periphery of the 

gelatinous layer. The cells are globose to pyriform, with two flagella of 

equal length, and contain two parietal golden-brown chromatophores. 

^ Conrad, 19284. * Conrad, 1914, 1926. 
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At the base of the flagella are about a half-dozen small contractile vacuoles 

that discharge their contents into a single large noncontractile vacuole. 

The nucleus is small and lies at the center of a cell. Leucosin accumulates 

at the base of a cell, and either in a single large granule or a few small 

granules. 

Reproduction is by cell division, presumably longitudinal and takes 

place after a cell has become immobile and the flagella have disappeared. 

Slatospores have also been recorded.^ 

H. roseola Stein (Fig. 331) has been found repeatedly in Ohio.^ For a description 

of it, see Pascher (19134). 

Family 6. Ochromonadaceae 

The Ochromonadaceae include all the biflagellate chrysomonads in which 

there are two flagella of unequal length. The cells have an undifferentiated 

periplast and may be solitary or colonial, and naked or surrounded by a 

lorica. 

1. Cells without a lorica. 2 
1. Cells with a lorica. 5 

2. Cells solitary. 1. Ochromonas 
2. Cells united in colonies. 3 

3. Colony a flat disk. 4. Cyclonexis 
3. Colony globose. 4 

4. Center of colony with dichotomously branched gelatinous strands 

3. Uroglena 
4. Center of colony without gelatinous strands . 2. Uroglenopsis 

5. Surface of lorica smooth. 6 

5. Surface of lorica denticulate in optical section . 7. Hyalobryon 

6. Cells solitary and sessile. 6. Epipyxis 

6. Cells in free-swimming dendroid colonies. 5. Dinobryon 

1. Ochromonas Wystozki, 1887. The cells of Ochromonas are free- 

swimming, solitary, usually ellipsoidal or pyriform, and rigid or with a 

pronounced plasticity. There are two flagella of unequal length. There 

may be one or two contractile vacuoles at the base of the flagella, or there 

may be numerous contractile vacuoles irregularly distributed beneath the 

celPs surface.'^ An eyespot may or may not be present. According to the 

species, there are either one or two laminate golden-brown chromato- 

phores, and either a large or a small granule of leucosin. 

Cell division may take place while a cell is actively motile, or a cell may 

become immobile and invested with a gelatinous envelope prior to division. 

When surrounded by a gelatinous envelope, the cells may divide and 

1 Klbbs, 1892. * Pascher, 19134. * Lackey, 1938, 19384. 

* Conrad, 1926. 
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redivide and thus produce a palmelloid colony with a few or with many 

cells.^ Many of the species are known to produce statospores.^ 

0. mutabilis Klebs (Fig. 332) has been recorded from Lake Erie’' and 0. ludihunda 
Pascher from Ohio.** For descriptions of them, see Pascher (1913A). 

Fig. 332. Ochromorias mutabilis Klebs. (After Conrad, 1926.) 

2. Uroglenopsis Lemmermann, 1899. The free-swimming colonies of 

this alga have cells that are radially embedded in a single layer at the 

periphery of a copious, hyaline, spherical to broadly ellipsoidal, gelatinous 

Fio. 333. Uroglenopsis americana (Calkins) Lemm. (X 400.) 

matrix. The interior of the gelatinous matrix is farily homogeneous and 

lacks conspicuous dichotomoulsly branched radiating threads leading to 

1 Pascher, 1910. * Doflein, 19224, 1923. * Tiffany, 1934. 

* Lackey, 1938. 
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cells at the periphery.^ The cells are spherical to narrowly ellipsoidal and 

have two flagella of unequal length at the anterior end. Within a cell are 

one or two laminate to discoid, golden-brown chromatophores, a con¬ 

spicuous eyespot, and one or two vacuoles at the anterior end. Food 

reserves accumulate largely as minute droplets of oil.^ 

Cell division is longitudinal, and colony reproduction appears to take 

place by fragmentation. Resting cells, which produce four or eight zoo¬ 

spores when they germinate, have been observed,^ but it is not definitely 

known that these are true statospores. 

U. americana (Calkins) Lemm. (Fig. 333) is of wklesprea^l occurrence in res¬ 

ervoirs and in the plankton of lakes. For a description of it, see G. M. Smith 

(1920). 

Fig. 334. Uroglena volvox Khr. A~B, indivitlual cells. C, statospore. D, colony. (A-C, 
after Iwanoff, 1900; D, after Zacharias in Senn, 1900.) (A-C, X 666; D, X 130.) 

3. Uroglena Ehrenberg, 1833. The small free-swimming colonies of 
Uroglena have the cells radially arranged at the periphery of a spherical 

to ellipsoid gelatinous matrix. Within the matrix is a radiating dichoto- 

mously branched system of gelatinous threads, each free end of which 

terminates just below a cell. The thread system is best demonstrated by 

the use of appropriate stains.The individual cells are ovoid to ellipsoid 

and with two flagella of unequal length at the anterior end. Within a 

cell are a single laminate chromatophore, a conspicuous eyespot, and two 
contractile vacuoles at the anterior end. 

Cell division is longitudinal, and multiplication of a colony is by con¬ 

striction into two daughter colonies. Statospores with conspicuous plugs 
and long spines have been observed.^ 

In this country Uroglena is a much rarer organism than Uroglenopsis but has 

been collected in several of the states. There is but one species, U, volvox Ehr. 

(Fig. 334). For a description of it, see Pascher (1913A). 

1 Troitzka.ta, 1924. * Calkins, 1892. * Moore, 1897. ^ Zacharias, 1894. 
® Iwanoff, 1900. 
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4. Cyclonexis Stokes, 1886. The free-swimming minute colonies of 

this alga have the cells laterally joined to one another to form a flat discoid 

colony with a small open space at the center. Each colony contains 10 
to 30 obovatc cells, about twice as long as broad, whose anterior ends are 

broadly rounded. At the anterior end of each cell are two flagella of un¬ 

equal length; the longer straight, the shorter usually spirally twisted. 

Within a cell are one or two laterally placed laminate chromatophores and 

two contractile vacuoles toward the anterior end.^ 

Reproduction may be due to an escape of solitary cells or to a colony 

dissociating into individual cells.^ There may also be a fragmentation of 

a colony into two equal or unequal parts. 

C. annularis Stokes (Fig. 335), the only species, has been found in Massachusetts 

New Jerseyand Lake Frie.^ For a description of it, see Pascher (1913A). 

Fig. 335. Cyclonexis annularis Stokes. (After Stokes, 1886A.) 

5. Dinobryon Ehrenberg, 1835. The cells of Dinohryon are united in 

arborescent free-swimming colonies. Each cell is attached to the bottom 

of a conical, campanulate, or cylindrical lorica that has a closed pointed 

base and an open cylindrical or somewhat flaring apex. The lorica may be 

hyaline or yellowish brown, and its surface may be smooth or spirally 

sculptured. It is said to contain cellulose and to be somewhat impreg¬ 

nated with silica.^ The protoplast within the lorica is spindle-shaped, 

conical, or ovoid and is attached to the base of the lorica by a short cyto¬ 

plasmic stalk. Except for the basal stalk, the protoplast is rarely in 

contact with the sides of the lorica. The peripheral portion of the cyto¬ 

plasm is quite firm and usually smooth, though sometimes finely granulate. 

At the anterior end of the protoplast are two flagella of unequal length, the 

longer extending for some distance beyond the open mouth of the lorica, 

the shorter usually extending not much beyond it. Within the protoplast 

^ Stokes, 1886A; Whelden, 1939. * Whelden, 1939. * Stokes, 1886A. 

* Tiffany, 1934. * Lbmmermann, 1900A. 
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are one or more contractile vacuoles (apical, median, or basal in position) 

and one or two parietal laminate chromatophores. There is usually a 

conspicuous eyespot near the anterior end of the cell. The photosynthetic 

reserves accumulate chiefly as leucosin and in a single large granule toward 

the posterior end of the cell. Food reserves accumulating within the cell 

may also be partially due to heterotrophic nutrition, since Dinohryon has 
the ability to ingest solid foods. 

Reproduction is by longitudinal division into two daughter cells. In the 

colonial forms, one or both of the daughter cells become attached to the 

mouth of the old lorica and secrete a new lorica. Rhizopodial stages have 
been observed both within and free from the lorica.* There may also be 

a development of palmelloid stages.' Statospores are formed endogen¬ 

ously.^ Statospores may have two nuclei, and the suggestion has been 
made’ that these represent a stage in autogamy. 

Dimhryon is widespread in the plankton of lakes in this country and is also fre¬ 
quently encountered intermingled with algae of pools and ditches. The following 
species occur m the United States: D. bavaricum Imhof, D. campanulostipitatum 
Ahlstrom, D. cyltndneum Imhof, D. divergem Imhof (Fig. 3366'), D. pediforme 

♦Pascher, 1917,1943. • Pascheb, 1943. « Haye, 1930. » Geitler, 19354. 
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Fio. 337. A, Epi^ 
pyxio Tabellariae 
(Lemm.) comb. nov. 
B, E. calyciforme 
(Bachrn.) comb. nov. 
(X 1000.) 

(Lemm.) Steinecke, D. sertularia Ehr. (Fig. 3364), D. sociale Ehr. and D. Vanho- 
effendii Bachm. For descriptions of them, see Ahlstrom (1937). 

6. Epipyxis Ehrenberg, 1838. The cell structure 

and structure of the lorica are identical with that of 

Dinohryon. Epipyxis differs from Dinobryon in that 

the alga is sessile and its cells are never united in 

colonies. 

Epipyxis has frequently been placed as a section of 

Dinobryon^ but in recent years there has been a growing 

tendency^ to consider it generically distinct from Dinobryon. 
The five species found in this country are E. calyciforme 
(Bachm.) comb. nov. (Fig. SS7B), E. Stokesii (Lemm.) comb, 

nov., E. Tabellariae (Lemm.) comb. nov. (Fig. 3374), E. 
ntriculus Ehr., and E. eurystoma Stokes. For descriptions of 

them as species of Dinobryon^ see Pascher (19134). 

7. Hyalobryon Lau ter born, 1896. The cells of 
Hyalobryon may be solitary or united in branching 

colonies, but in either case they are epiphytic on other 

algae. Each protoplast is enclosed by a lorica, quite 

similar in shape to that of Dinobryon^ but one made up of successive 

growth rings nesting one above the other.^ As seen in optical section, the 

upper part of each growth ring appears as a minute den- 

ticulation of the outer surface of the lorica. The proto¬ 

plast within a lorica has the same structure as that of 

Dinobryon. 

There may be a formation of statospores in certain 

species,^ 

H. mucicola (Lemm.) Pascher (Fig. 338) is the only species 

recorded for this country, and it has been found only in Wiscon¬ 

sin.** For a description of it, see G. M. Smith (1920). 

Family 7. Prymnesiaceae 

Members of this family are triflagellate and with one 

flagellum differing in length and orientation from the other 

two. 
Chrysochromulina is the only genus known for this coun¬ 

try. 

I. Chrysochromulina Lackey, 1939. The naked solitary 
free-swimming cells of this chrysomonad are markedly 

compressed and circular in front view. There are three flagella, one longer 

than the other two. The longer flagellum extends directly forward from, 

Fig. 338. Hya¬ 
lobryon mucicola 
(Lemm.) Pasch¬ 
er. (X 1300.) 

1 Ahlstrom, 1937; Kriger, 1930. * Lauterborn, 1899; Pbnard, 1921. 
* Pascher, 1921. * Smith, G. M., 1920. 



426 THE FRESH-WATER ALGAE OF THE UNITED STATES 

and the other two project backward from, the point of their insertion. 

A single vacuole lies posterior to the flagella. Within a cell are two 

laminate golden-brown chromatophores extending longitudinally through 

Fig. 339. Chrysochromulina pawn Lackey. A, front view. B, side view. C, polar view. 

{After Lackey, 1939.) 

the cell; and in the posterior end of a cell are several small refringent 

bodies, presumably leucosin.^ 

The method of reproduction is unknown. 

There is but one species, C. parva Lackey (Fig. 339), known only from Ohio.^ 

For a description of it, see Lackey (1939). 

ORDER 2 RHIZOCHRYSIDALES 

The Rhizochrysidales include those Chrysophyceae which are known only 

in the rhizopodial form, or in which the flagellated phase is a temporary 

phase in the life cycle. The cells may be solitary or united in amorphous 

colonies. Some genera have cells without any enveloping structure; others 

have the protoplast surrounded by a loi-ica of characteristic shape. The 

chrysophycean nature of these organisms is evidenced by their golden- 

brown chromatophores, by the types of food reserves accumulating within 

them, and, in a few eases, by their statospores. Their nutrition is partly 

autotrophic and partly heterotrophic. in the latter case, there is a mass 

ingestion of solid foods, especially minute organisms. 

Reproduction is by cell division, colony fragmentation, and by means of 

zoospores. Statospores have b(;en observed in but few genera. 

The Rhizochrysidales aie Chrysophyceae in which a phase of temporary 

occurrence in most motile forms is the dominant one. It represents an 

evolutionary tendency toward an animal-like rather than a plant-like 

organization, which may, as in Hcterolagynion, have progressed to an 

animal-like condition where the chromatophores have disappeared. 

For the present it is best to place all genera in the same family. 

^ Lackey, 1939. 
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Family 1. Rhizochrysidaceae 

The genera found in this country differ as follows: 

1. Cells solitary or in temporary colonies. 

1. Cells permanently united in colonies. 

2. Protoplast naked . . . 

2. Protoplast surrounded by a lorica. 
3, With short pseudopodia . 

3. With long pseudopodia . 
4. Cells free-floating . 

4. Cells sessile . . 

5. Base of lorica with two prongs encircling host alga 

5. Base of lorica without prongs . 

6. Base of lorica flattened . 
6. Base of lorica rounded . 

7. All cells naked .... . . 

7. Each cell surrounded by a perforated lorica . 

. 2 

. 7 

. 3 

. 4 
1. Chrysamoeba 

.. 2. Rhizochrysis 

. 8. Diceras 

.5 
. .5. Chrysopyxls 
.6 

. 6. Lagynion 

. 7. Kybotion 
3. Cbrysidiastrum 
. 4. Heliapsis 

1. Chrysamoeba Klebs, 1893. The colls of Chrysamoeba are generally 

solitary, though occasionally united in temporary colonies. For the greater 

part of the life cycle, a cell is in an amoeboid state and with numerous, 

acutely pointed, short pseudopodia radiating in 

all directions. The protoplast may contain either 

one or two golden-brown chromatophores that 

have or lack pyrenoids.^ Each cell contains a sin¬ 

gle nucleus and, at times, a large granule of leu- 

cosin. Nutrition is in part photosynthetic and in 

part by a mass ingestion of solid foods. The 

change from an amoeboid to a flagellated state is 

accomplished by a retraction of the pscudopodia, a 

change to an ovoid shape, and the protusion of 

a single flagellum whose length is somewhat 

greater than that of the cell. During the motile 

phase, there is a contractile vacuole in the anterior end of a cell. The 

motile phase lasts but a short time,^ after which the cell becomes ap¬ 

proximately spherical and develops pseudopodia, and sooner or later the 

flagellum disappears. 

Reproduction takes place by cell division when in an amoeboid state.® 

Statospores are also formed when the cell is in an amoeboid state. 

Fig. 340. Chrysamoeba ra~ 
dians Klebs. (X 1000.) 

C. radians Klebs (Fig. 340) has been reported from various localities in this 
country. For a description of it, see Pascher (1913A). 

^ Doflein, 1921; Klebs, 1892; Penard, 1921. 
2 Penard, 1921. * Doflein, 1921. 
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2. Rhizochrysis Pascher, 1913. The primary distinction between this 

organism and the foregoing is that the amoeboid stage is the only one 

known, and that repeated observation has never revealed^ flagellated 
stages. The cells are free-floating 

and solitary, or united in small tem¬ 

porary colonies. The peripheral por¬ 

tion of the cytoplasm is usually 

prolonged into numerous delicate 

acicular pseudopodia, but in one 

species the pseudopodia are short and 

stout. One or two golden-brown 

chromatophores and a single nucleus 

occupy the central portion of a cell. 

There may be a single large contrac¬ 

tile vacuole, numerous noncontrac- 

tile vacuoles, or no vacuoles. Re¬ 

serve foods accumulate as leucosin 

and as minute droplets of oil. For 

the most part, nutrition is by inges¬ 

tion of solid foods and bacteria; small algae and protozoa have been 

found within nutritional vacuoles in the cytoplasm.^ 

Reproduction is by cell di^nsion. Thin-wailed spherical resting stages 

have been reported^ for one species, but it is questionable whe.ther these are 

true statospores. 

R. Umnetica G. M. Smith (Fig. 341) and R. Scherffelii Pascher are known for the 

United States, For a description of the former, see G. M. Smith (1920); for the 

latter, see Pascher (1913A). 

3. Chrysidiastrum Lauterborn, 1913. This genus differs from the two 

foregoing in regularly having the amoeboid cells joined one to another to 

form free-floating linear colonies of 2 to 16 cells. The cells are spherieal 

and with several long delicate acicular pseudopodia. The single chro- 

matophore within a cell is discoid to laminate and centrally located. 

C. catenatum Lauterborn (Fig. 342), the only species, has been found in the 

plankton of Wisconsin lakes.-* For a description of it, see G. M. Smith (1920). 

4. Heliapsis Pascher, 1940. Heliapsis belongs to the group of rhizo- 

podial Chrysophyceae in which the cells are united in reticulate colonies by 

cytoplasmic processes from cell to cell. It differs from others of this type 

in that each cell is enclosed by a lens-shaped lorica. The lorica has three 

to seven pores in the equatorial region, and the protoplast within it is con- 

* Doflein, 1916; Pascher, 1913A. Doflein, 1916. » Scherfpel, 1901. 
^ Smith, G. M., 1920. 

Fig. 341. Rhizochrysis Umnetica G. M. 
Smith. (X 400.) 
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nected with other cells by delicate threads of cytoplasm extending out 

from each of the pores. The amoeboid protoplast within a lorica contains 

a single chromatophore, a contractile vacuole, and granules of reserve food. 

Fig. 342. Chrysidiastrum ccUenatum h&uteThom. (X 750.) 

Reproduction is by division of a protoplast into two daughter protoplasts, 

one of which escapes by migrating through a pore in the lorica.^ In rare 

cases, there may be a divison into three or into four daughter protoplasts. 

Zoospores and statospores have not been observed. 

Fig. 343. Heliapsis mutahUia Pascher. {Drawn by R. H. Thompson.) (X 1650.) 

Prof. R. H. Thompson writes that he has found H. mutahilis Pascher (Fig. 343). 
the only species, in Kansas. For a description of it, see Pascher (1940A). 

1 Pascher, 1940^1. 
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5. Chrysopyxis Stein, 1878. The cells of Chrysopyxis are solitary, sessile, 

and surrounded by a vase-shaped lorica that is attached to the host alga 

by two prong-like outgrowths from the base. The protoplast, which stands 
free from the lorica, bears a single delicate filamentous pseudopodium that 

is branched at the distal end.^ The protoplast contains one or two con¬ 

tractile vacuoles, a laminate golden-brown chromatophore, a nucleus, 

and granules of leucosin. 

At the time of reproduction, a protoplast divides into two uniflagellate 

swarmers, one of which escapes from the lorica, swims about for a time, 

and then becomes affixed with its anterior end downward. The flagellum 

Fig. 344. A-B, Chrysopyxis Stein. A, front view. B, side view. C-F, C. stenosioma 
Lauterb. (7, front view. D, side view. E, dividing to form zoospores. F, free-swimming 
zoospore. {Drawn by H. H. Thompson.) (X 1600.) 

may persist for some time, and the posterior pole of the swarmer may send 

forth several long pseudopodia. Eventually there is a formation of a 

lorica and a development of the characteristic solitary pseudopodium. 

There may also be a production of spherical statospores.^ 

Chrysopyxis grows epiphj tic upon various filamentous Chlorophyceae. The only 

published record for its occurrence in this country is that for C. bipes Stein (Fig. 

MAA-B) from Ohio.* Prof. R. H. Thompson writes that he has found both it and 

C. stenosioma Lauterb. (Fig. 344C-F) in Maryland. For descriptions of them, see 

Pascher (1913A). 

6. Lagynion Pascher, 1912. The solitary or gregarious cells of this 

epiphytic alga are each surrounded by a lorica of definite shape and one 

1 Lauterborn, 1911. * IwANOFF, 1900. » Lackey, 1939. 



DIVISION CHRYSOPHYTA 431 

which is thought to be composed of cellulose.^ The lorica, which may be 

hyaline or brownish, haS a flattened circular base that is not attached to 

the substratum by prong-like projections. The lorica may be flask or 
bell-shaped, and at the apex has a long 

cylindrical neck that is open at the top. 

The protoplast occupies practically all 

of the lorical cavity and has a single 

long thread-like pseudopodium ex¬ 

tending for some distance beyond the 

open end of the neck. Protoplasts may 

contain one or more chromatophores.^ 

Reproduction is by longitudinal 

division of a protoplast, but the fur¬ 

ther history of the daughter proto¬ 

plasts is unknown.^ Motile stages and 

statospores have not been observed. 

Lagynion grows epiphytically upon other 

algae, especially filamentous Chlorophyceae. 

The following si)ecies have been found in 

the United States: L. am/jidlacemn (Stokes) 

Pascher (Fig. 345A), L. mmrolracheluyn 
(Stokes) Pascher (Fig. 345C), L. rediuiuyn 
Prescott, L. reflexum Prescott, L. subova- 
txim Prescott, and L. triangulare (Stokes) 

Pascher (Fig. 345R). For a description of 

L. reflexum and L. sxibovatxim, see Prescott 

mainder, see Pascher (1913A). 

Fio. .345. A, Lagynion ampnllacenm 
(Stokes) Paseher. B, L. triangulare 
(Stokes) Pascher. (\ L. macrotrachelum 
(Stokes) Pascher. D, L. Scherffelii Pas¬ 
cher, a species not found in the United 
States. (A-C, after Stokes, 18867?; D, 
after Scherffel, 1911.) 

j. reductum, see Prescott (1944); for 

and Croasdale (1937); for the re- 

Fio. 348. Kyhotion ellipsoideum R. H. Thompson, sp. nov. A, vegetative cells. B, free- 
swimming zoospore. C, zoospore immediately after cessation of motility. D, zoospore 
metamorphosing into rhizopodial stage. {Drawn by R. H. Thompson.) (X 1600.) 

7. Kyhotion Pascher, 1940. The cells of this alga are solitary, sessile, 

and surrounded by an ovoid lorica which may or may not be prolonged 

into a neck at the distal end. A lorica may or may not be encrusted with 

^ SCHERFFEL, 1911. * PaSCHER, 1912. 
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a deposit of iron compounds. The protoplast lies free from the surround¬ 

ing lorica and has a single, very delicate, filamentous pseudopodium pro¬ 

jecting through the opening at the distal end of the lorica. The protoplast 

is more or less ellipsoidal and contains a single large parietal golden-brown 

chromatophore, small granules of leucosin, and either one or two contrac¬ 

tile vacuoles. 

Reproduction is by formation of zoospores with one flagellum. A 

liberated zoospore comes to rest with the anterior end downward and may 

develop several delicate pseudopodia before rounding up and secreting a 

lorica. A formation of typical chrysophycean C3^sts has also been ob¬ 

served d 

The only record for the occurrence of this genus in the United States is the 

finding of K. ellipsoideum R. H. Thompson sp. nov.* (Fig. 34(i) near Solomons, 

Maryland. 

8. Diceras Reverdin, 1917. Diceras has solitary free-floating cells sur¬ 

rounded by a lorica. The lorica is globose to reniform and at one side has 

a small circular pore surrounded by a low collar. At opposite poles of a 

lorica are two (occasionally three) long tapering spines with a length several 

times the diameter of the lorica. The protoplast, whi(;h completely fills 

the lorica, contains one or two golden-brown chromatophores, two con¬ 

tractile vacuoles, and several small leucosin granules.^ At times, the 

protoplast may have two delicate cytoplasmic filaments projecting through 
the pore of the lorica. 

^ Pascher, 1940. 

* Kybotion ellipsoideum R. H. Thompson, sp. nov. Lorica levis, fulva, aut sine 
color; ovata aut elliptica desuper, hemisphaerica in latere aut in termino conspectu, 
est et in termino cum una tubulata cervicula, qua recta aut flexu ad utrum latus prae- 

dita. Lorica 6-8 m longa, cervicula non continens, 5-6 u lata et 4-5 ^ alta est. Zoo¬ 
spores 7-8 n longa et 4.3-5 m lata est. 

» Fott, 1937. 



DIVISION CHRYSOPHYTA 433 

Reproduction is by division of the protoplast into two daughter proto¬ 

plasts, one of which escapes from the old lorica and secretes a new lorica.^ 

In rare cases, both daughter protoplasts may escape from the lorica. 

Prof. R. H. Thompson writes that he has found D. Phaseolus Fott (Fig. 347) in 

Maryland. For a description of it, see Fott (1937). 

ORDER 3. CHRYSOCAPSALES 

The Chrysocapsales include those Chrysophyceae in which the cells are 

without flagella and are united with one another in palmelloid colonies. 

All genera of the order are colonial, but the gelatinous colonies may have 

cell division localized in the apical portion or may have it taking place 

throughout the entire colony. As in the Tetrasporales, the homologous 

order of the Chlorophyceae, the v(‘getative cells are capable of returning 

directly to a motile condition. Such a formation of swarmers results in 

formation of a new colony, but reproduction may also take place by frag¬ 

mentation of a palmelloid colony. 

Family 1. Ciirysocapsaceae 

Members of this family have colonies in which cell division may take 

place anywhere in a c.olony. The colonies may have or may lack a con¬ 

spicuous gelatinous envelope, but the colonies never have long gelatinous 

setae. There may be a direct metamorphosis of immobile cells into 

motile cells which, according to the genus, are either uniflagellate, or bi- 

flagellate and with the flagella of ecjual or unequal length. 

The genera found in the United States differ as follows: 

1. Colony with a conspicuous gelatinous envelope . 2 

1. Colony without a conspicuous gelatinous envelope.3. Phaeoplaca 

2. Colony globose.1. Chrysocapsa 

2. Colony not globose. 2. Phaeosphaera 

1. Chrysocapsa Pascher, 1912. Colonies of this alga are free-floating, 

spherical to ellipsoidal, and with the cells regularly or irregularly distri¬ 

buted through a copious, hyaline, homogeneous, gelatinous matrix.^ The 

individual cells may be spherical or ellipsoidal and with either one or two 

golden-brown discoid to laminate chromatophores. Sometimes the vege¬ 

tative cells contain an eyespot and a contractile vacuole.® Certain of the 

species have been recorded as forming biflagellate motile cells with the 

two flagella of equal length,^ and one species is said® to form uniflagellate 

motile cells. 

1 Fott, 1937. * Pascheb, 1912A. 

* Pascher, 1925; West, W. and G. S., 1903. < West, W. and G. S., 1903. 

® Pascher, 1925. 
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Both of the two species reported for this country, C. planctonica (W. and G. S. 
West) Pascher (Fig. 348)and C. paludosa (W. and G. S. West) Pascher, are known 
only from the plankton. For descriptions of them, see Pascher (1913A). 

Fig. 348. Chrysocapsa planctonica (W. and G. S. West) Pascher. (X 1320.) 

2. Phaeosphaera W. and G. S. West, 1903. Colonies of Phaeosphaera 

are of macroscopic or microscopic size, and simple or branched, solid or 

saccate, tubular cylinders. The colonial matrix is homogeneous, and 

within lie a large number of globose or ovoid cells. A cell contains one or 

Fig. 349. Phaeosphaera perforata Whitford. A, portion of a colony. B cells (A X 6* 
B, X 750.) 

two parietal laminate golden-brown chromatophores, and several minute 

granules of food reserves, presumably oil. At times, there are one or two 
contractile vacuoles.' 

The method of reproduction is unknown. 

P. perforata Whitford (Fig. 349), known only from the original description,* 
has been found repeatedly at three different stations in North Carolina. 

3. Phaeoplaca Chodat, 1925 {Placochnjsis Geitler, 1926). Phaeoplaca 

has discoid sessile colonies with the cells closely abutting in a monostro- 

1 West, W. and G. S., 1903; Whitford, i943. * Whitford, 1943. 
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matic layer. The cells, of which there are rarely more than 25 in a colony, 

are angular because of mutual lateral compression. Increase in size of a 

colony is by cell division. Each cell is surrounded by a distinct wall, and 

there is no gelatinous material between the 

cells. Within a cell are one or two yellowish- 

brown parietal chromatophores, droplets of 

oil, and granules of leucosin.^ 

Reproduction is by division of the cell con¬ 

tents to form four to eight zoospores. 

Prof. R. H. Thompson writes that he has found 

P. thallosa Chodat (Fig. 350) in Maryland. For a 

description of it, see R. Chodat (1925). 

Family 2. Naegkliellaceae 

Members of this family have the cells united 

in colonies with a broad or narrow gelatinous 

envelope bearing conspicuous, simple or 

branched, long, gelatinous setae. 

The two genera found in this country differ as follows: 

1. Colonies sessile. . ... . 1. Naegeliella 
1. Colonies free floating.2. Chrysostephanosphaera 

Fig. 351. Naegeliella flagellifera Correns. {Drawn hy R. H. Thompson.) (X 810.) 

1. Naegeliella Correns, 1892. This alga has epiphytic circular colonies 

of up to 150 cells which may be entirely monostromatic or distromatic in 

the central portion. The cells are more or less ovoid and surrounded by 

‘ Chodat, R., 1925; Gbitler, 1926A. 

Fig. 350. Phaeoplaca thallosa 
Chod. {Drawn by R. H. 
Thompson.) (X 1600.) 
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gelatinous envelopes which may be confluent with one another, or the 

individual envelopes may be more or less distinct. On the upper side of 

a young colony is a single cluster of very long, delicate, repeatedly branched, 

gelatinous setae whose basal portion is ensheathed by a common gelatinous 

envelope. Older colonies may have two or more clusters of setae. Ac¬ 

cording to the species, the gelatinous setae are with^ or without^ an axial 

cytoplasmic filament. The cells are without a wall,^ and each contains 

either one or two parietal laminate golden-brown chromatophores and 

leucosin granules. 

Reproduction is by bipartition of the protoplasm to form two zoospores.® 

One species has been described^ as producing biflagellate zoospores, and 

another described® as producing uniflagellate zoospores. 

Prof. R. H. Thompson writes that he has found Naegeliella in Kansas and has 
tentatively identified the material as N. flagellifera Correns (Fig. 351). For a de¬ 
scription of it, see Correns (1892). 

2. Chrysostephanosphaera Scherffel, 1911. The cells of this alga are 

united in a colony with a broad gelatinous envelope compressed in the 

^ Godwabd, 1933. * Correns, 1892. ® Scherffel, 3927. 
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longitudinal axis. As seen in polar view, a colony superficially resembles a 

doughnut. The surface of the envelope is covered with small granules of a 

denser gelatinous substance. The cells are arranged in a ring in the 

equatorial region of the gelatinous envelope, and with their long axes radial 

to the polar axis of the envelope. Each cell bears a cluster of long setae 

which project horizontally for some distance beyond the equator of a 

colonial envelope. The cells are ellipsoidal and with laminate parietal 

golden-brown chromatophores on opposite sides and extending from pole 

to pole. 

At a meeting of the Phycological Society of America held in 1947, Prof. R. H. 

Thompson reported finding C. globulifera Scherffel (Fig. 352), the only species, in 

Maryland and suggested that it may be a palmella stage of Cyclonexis. For a 

description of C. globulifera, see Scherffel (1911). 

Family 3. Hydruraceae 

Genera referred to this family are colonial and have the cells embedded 

in a profusely branched gelatinous envelope. The family differs from 

others of the order in that cell division and growth are restricted largely to 

apices of branches of a colony. Hydrurus is the only genus found in this 

country. 

1. Hydrurus Agardh, 1824. The profusely branched, penicillate, brown, 

gelatinous thalli of this alga are always found attached to rocks and stones 

in swiftly flowing cold-water streams. The gelatinous envelope in which 

the cells are embedded is exceedingly tough. At the apex of the envelope 

and in very young plants, the cells are uniseriately arranged,^ farther back 

in older thalli, the branches are more than one cell in diameter. The 

majority of cells in a thallus are ovoid, although some may be angular be¬ 

cause of mutual compression. Each cell contains a single golden-brown 

chromatophore that generally lies on the side of the cell toward the thallus 

apex. A chromatophore contains a conspicuous pyrenoid.'-^ The colorless 

portion of the cytoplasm contains a single nucleus, granules of reserve food, 

and five to six vacuoles. Cell division may continue until a colony con¬ 

tains hundreds of thousands of cells and has grown to a length of 30 cm. or 

more. It is very doubtful whether portions of a colony accidentally 

broken off continue to live as independent plants for any length of time. 

Reproduction by means of zoospores is of frequent occurrence and usually 

takes place during the early morning hours. Zoospores are formed by 

metamorphosis of recently divided cells at the ends of branches. Their 

shape is tetrahedral, with a single flagellum from the middle of one face 

and a single chromatophore in the corner opposite this face (Fig. 353C).^ 

After the period of swarming, a zoospore comes to rest with its anterior 

1 Klebs, 1892; RosTAFii^SKi, 1882. * Klebs, 1892; Lagerheim, 1888. 
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face downward, retracts its flagellum, becomes ellipsoidal, and secretes a 
tubular gelatinous envelope. The first divisions in this germling are 
transverse (Fig. 353Z>). Silicified statospores (Fig. 353E-G) are developed 

from cells borne jn special gelatinous stalks 
protruding from the branches. The stim¬ 
ulus causing a formation of statospores 
has been thought^ to be a rise in temper¬ 
ature of the water. 

Ilydrurus is essentially a cold-water organ¬ 
ism and is found in mountain streams in both 
the Eastern and Western United States. When 
conditions are favorable, the alga often covers 
the entire bottom of rocky torrents. The alga 
may be recognized in the field by its extremely 
tough consistency and its acrid disagreeable 
odor. Although numerous forms and species 
have been described, it is customary to refer 
them all to a single species II. foetidus (Vill.) 
Trev. (Fig. 353) and not to attempt to dis¬ 
tinguish varieties. For a description of it, see 
Pascher (1913/1). 

ORDER 4. CHRYSOTRICHALES 

The Chrysotrichales are to be distin¬ 
guished from other Chrysophyceae by 
their uniseriate filamentous organization. 
Cell structure, structure of zoospores, 
and especially the chrysophycean stato¬ 
spores show that these brown filamentous 
algae belong to the Chrysophyceae. 

Fig. 353. Hydrurus foetidus (Vill.) 
Trev. A, portion of a colony. B, 
apex of a colony. C, zoospore. D, 
germling. E, statospores before lib¬ 
eration from a colony. F-G, top and 
side views of a statospore. {B~G, 
after Klehs, 1893.) 

F vMILY 1. PhAEOTHAM NIACKAE 

This family includes those filamentous 
Chrysophyceae that have a branched 

thallus in which the cells are never organized into flat expanded plates. 
Phaeothamnion is th(‘ only genus known to occur in the United States. 

1. Phaeothamnion Lagerheim, 1884. The thallus of Phaeothamnion 
is composed of cylindrical to subovoid cells joined end to end in branched 
filaments with a conspicuous central axis and suberect lateral branches. 
At the base of a thallus is a prominent hemispherical cell that attaches 
the plant to the substratum. The basal cell is usually without chromato- 
phores; but all other cells have one, two, or several golden-brown chromato- 

‘ Klebs, 1892. 
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phores and store reserve foods mainly in the form of leucosin granules^ 

Palmelloid stages are of frequent occurrence. Usually the palmelloid stage 
consists of branched gelatinous tubes 

in which the cells are spherical and 

uniscriately arranged (Fig. 355),^ but 

the cells may be irregular in both 

shape and arrangement.^ 

Reproduction is by a formation of 

one, two, four, or eight zoospores and 

their liberation through a pore in the 

side of the parent-cell wall. Zoospores 

have been described as having two 

flagella of equal length,two flagella of 

unequal length,^ and as having but one 

flagellum. Statospores have also been 

recorded for this alga.^ 

Phaeothamnion confer I'icola 
4G0.) Phaeothamnion usually grows epiphytic Lagerh (x 

upon filaments of (fladoplioraceae. The 

only i^ublishcd record of its occurrence in this country is for P. confervicola Lagerh. 

(Fig. 354) which was found in California.^ Prof. G. W. Prescott writes that he has 

found this species in Wisconsin. For a description of it, see Pascher (1925). 

Fig. 355. Palrnella stage of a Phaeothamnion species [P. Borzianum Pascher (?)]. (X 650.) 

ORDER 5. CHRYSOSPHAERALES 

This order, homologous with the Chlorococcales of the Chlorophy- 

ceae, has cells which do not metamorphose directly into motile stages. 

^ Lagerheim, 1884; Pascher, 1925. * Borzi, 1892; Pascher, 1925. 
• Pascher, 1925. * Lagerheim, 1884. * Smith, G. M., 1933. 
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The cells may be solitary or aggregated in nonfilamentous colonies. Repro¬ 
duction is usually by a formation of zoospores. All genera are placed in a 
single family. 

Family 1. Chrysosphaeraceae 

This family, whose characters are the same as those of the order, has 
several genera, only one of which has been found in this country. 

1. Epichrysis Pascher, 1925. This unicellular epiphytic alga may have 
cells remote from one another, or it may have them densely aggregated to 
form what seems to be a crustose multicellular colony one cell in thickness.^ 

Fig. 366. Epichrysis paludosa (Korshikov) Pascher. {Drawn by R. H, Thompson.) 
(X 1660.) 

The cells are globose, without a stipe, and are affixed directly to the host. 
There is a fairly thick cell wall. Within the protoplast, and on the side 
away from the base, is a single large disk-shaped yellowish-brown chromato- 
phore. The cytoplasm contains droplets of oil and leucosin granules. 
There may also be a development of small free-floating palmelloid colonies 
cf a few cells and with considerable gelatinous material between the cells.^ 

Reproduction is by division of the cell contents into two zoospores, each 
with a single flagellum. 

Prof. R. H. Thompson writes that he has found E, paludosa (Korshikov) Pascher 
(Fig. 356) in Maryland. For a description of it, see Pascher (1925). 

CLASS 3, BACILLARIOPHYCEAE 

The Bacillariophyceae, or diatoms, include a large number of unicellular 
and colonial genera that differ sharply from other algae in the shape of 

^ Kobshikov, 1924B. * Pascher, 1925. 
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their cells. The primary feature distinguishing diatoms from other aJgae 
is that the cell wall is highly silicified and composed of two overlapping 
halves that fit together as do the two parts of a Petri dish. The siliceous 
nature of the cell wall cannot be determined by microscopical examination^ 
but diatoms may be readily recognized by the bilateral or radial markings I 
on the wall when a cell i^viewed from above. Within a cell are one to 
many, variously shaped, yellowish to brownish chromatophores, which 
contain chlorophyll a, chlorophyll c, beta-carotene, a unique carotene, and 
xanthophylls, certain of which are found only in Bacillariophyceae (see 
Table I, page 3). 

Reproduction is usually by a cell dividing into two daughter cells of 
slightly different size. Now and then there is a formation of special re¬ 
juvenescent cells (auxospores) larger in size than the cells producing them. 
Auxospores are zygotic in nature and are formed by either autogamy or 
syngamy. 

Occurrence. Diatoms are widely distributed in both fresh and salt 
waters. Certain genera are found only in fresh water; others only in the 
ocean. Such genera as occur in both fresh and salt water usually have 
species that are strictly marine or fresh-water. Marine species may be 
found in the brackish waters of estuaries and maritime marshes; fresh¬ 
water species, on the other hand, are seldom found in saline waters. 

Marine diatoms are essentially cold-water organisms, and the same is 
true to a more limited extent for fresh-water forms. They are, therefore, 
especially common during the spring and autumn. Fresh-water diatoms 
are found in a wide variety of habitats, although the greater number of 
them are strictly aquatic. A few of these aquatic species are found only 
in the plankton of ponds and lakes, where during the spring and autumn 
they may be present in sufficient quantity to give the water a distinctly 
fishy odor. The algal flora of roadside ditches, semipermanent or perma¬ 
nent pools, and streams of rivulets always includes some diatoms. When 
growing in standing water, diatoms are often to be found either as a brownish 
sludge on the bottom of a pool, or as a coating on stems and leaves of water 
plants. They also grow intermingled with or epiphytic upon other algae, 
and filaments of Cladophora, Rhizoclonium and Vaucheria are often thickly 
covered with certain of the sessile species. When diatoms grow in rapidly 
flowing water, they occur mostly in a gelatinous matrix, coating rocks and. 
stones in the bed of the stream. 

Although the diatoms are not usually considered an important part of 
the aerial algal flora, the number of species recorded from aerial habitats 
is quite large.^ Thus, an extensive survey of the aerial algae of Iceland* 
has shown that the species of diatoms far outnumber the species of 

1 Bbobb, 1927. * Pbtbrsbn, 1928. 
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other algae growing on brickwork, rocky walls, dry cliffs, among mosses 
and liverworts and on the bark of trees. Diatoms from such habitats are 
more strictly aerial than are those growing on rocky cliffs continually 
moistened by the spray from waterfalls, or by the seepage of water. Many 
diatoms are also to be found in strictly terrestrial habitats and, when grow¬ 
ing on bare soil, they may be on the closely p^^d soil of paths or on loose 
cultivated soil. Most of these forms, like tlilrB from aerial habitats, are 
of the pennate type and small-celled. Many ^ these terrestrial diatoms 
are able to withstand desiccation for weeks,^ an^ \ne case is recorded of the 
resumption of growth in dry soil after 48 years.^ Although not so im¬ 
portant an element in the subterr^p^nean algal flora as are the Myxophyceae 
or Chlorophyceae, diatoms have been found growing in soil taken from a 
depth of over 4 ft. below the surface.^ 

Some Bacillarieae have become sufficiently acclimated to the waters of 
hot springs to warrant inclusion among the thermal algae. These do not 
grow at such high temperatures as do the Myxophyceae, but they have 
been recorded^ from hot springs in Iceland (temperature, 50 to 60° C.) 
and from California springs. 

Many species of marine diatoms, especially those of the plankton, have 
a limited geographical distribution, and it is possible to follow the paths of 
ocean currents by determining the species of diatoms in the water. Fresh¬ 
water diatoms do not have so marked a geographical distribution, although 
they are found in greater abundance and variety in arctic and temperate 
regions than in the tropics. 

Diatomaceous Earth. The siliceous wall surrounding the diatom cell 
remains unaltered after the death and decay of the cell, and great numbers 
of empty walls accumulate at the bottom of any body of water in which 
diatoms live. Where conditions are exceptionally favorable and long-con¬ 
tinued, such accumulations may reach a considerable thickness. If the 
accumulating material is in an arm of the ocean, there may be a geological 
change that lifts the deposit far above and inland from the ocean. Such 
deposits of fossil diatoms, known as diatomaceous earth, are found in various 
parts of the world. Probably the best known and most extensive deposits 
in the United States are those at Lompoc, California, where the beds are 
miles in extent and in some places over 700 ft. in thickness. The thickest 
deposits of diatomaceous earth thus far discovered are in the Santa Maria 
oil fields of California. Oil wells drilled in this region show, after correction 
for dip, that there is a subterranean deposit about 3,000 ft. thick. The 
Lompoc deposit, like most others of marine origin, is composed almost ex¬ 
clusively of littoral species and contains but little foreign matter. Beds of 

^ Bkistol-Roach, 1920. » Bristol-Roach, 1919. 
• Moobs and Carter, 1926. ^ West, G. S., 1902. 
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fossil fresh-water diatoms have been found in California, Nevada, Maryland 
and several other states, but none of them is over a few feet in thickness 
Some of the fresh-water deposits are made up largely of plankton species 
and evidently were deposited in the beds of former lakes. Other fresh 
water deposits have nonplanktonic species predominating. 

Diatomaceous earth is assuming an increasing importance as a com¬ 
mercial product. More t|^ three-quarters of the world’s production is 
from the United States anWp the years 1942-1944 the production in this 
country was 524,872 The enormous quantity obtained is more 
readily visualized when oro realizes that a single ton has a volume of 50 
to 260 cu. ft. Diatomaceous earth is obtained by underground mining 
from one or two deposits in this country, but most of the deposits are 
worked as open quarries since this bulky substance can be secured much 
more economically by quarrying.^ In quarrying, the overburden of soil 
is removed, and the diatomaceous earth is then quarried by means of hand 
picks which split it into slabs that break apart in parallel cleavage planes.® 
Power saws that cut the material into slabs in situ are also used. Diatoma¬ 
ceous earth is also obtained from lake beds by dredging with a suction pump 
and carrying the material through sluiceways to settling tanks. Material 
from some deposits can be utilized directly; that from other deposits must 
be incinerated to remove the organic substances present. Producers of 
diatomaceous earth market their product as powdered earth, granules, 
manufactured brick, and sawn brick. 

The industrial uses of diatomaceous earth are varied. One of the first 
was as an absorbent for liquid nitroglycerin, to make an explosive, dyna¬ 
mite, that could be transported with comparative safety. The inert ma¬ 
terial used in the manufacture of present-day dynamite is wood meal. 
About half of the diatomaceous earth produced in this country is used in the 
filtration of liquids; about a fifth is used as a filler in the manufacture of 
various products; about an eighth is used in insulation of boilers, blast 
furnaces, and other places where a high temperature is maintained. Prob¬ 
ably the oldest commercial application is that of a very mild abrasive in 
metal polishes and tooth pastes. This use is so well known that many 
people think that it is the major use of diatomaceous, but the amount used 
in infinitesimal compared with tht used for other purposes. 

Organization of the Plant Body. Diatoms are essentially unicellular 
organisms, and colonial diatoms never have so complex bodies as the 
other algae. The strictly unicellular forms may be free-floating or sessile, 
but in either case the outermost layer of the wall is gelatinous in nature. 
Sometimes, as in Gorri'phmema^ the gelatinous sheath assumes the form of a 

^ Metcalf and Holleman, 1948. * Eabdly-Wilmot, 1928. 
• Goodwin, 1923. 
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long gelatinous stalk that affixes the cell to the substratum. In other 
caseS) the cells are united in colonies by means of their gelatinous sheaths. 
Frequently in littoral marine species, rarely in fresh-water species, the 
colonies consist of cells embedded in a gelatinous matrix, either amorphous 
masses in which the cells lie in all directions, or attenuated branching tubes 
in which all cells lie with their long axes parallel to one another. Most 
fresh-water colonial diatoms have their cellaJ^riately joined face to face. 
The mucilaginous matter connecting cell to qu may cover the whole face 
(Fragilaria, Melosira), or it may be restrictedTo a small globule at one end 
of the cell. In the latter case, the cells lie in a zigzag series (Diatoma) or 
in radiating colonies (Asterionella), 

The Cell Wall. Diatomologists have centered their attention on the 
structure of the wall, and their taxonomic treatment of the group is based 
chiefly on wall structure and ornamentation. This intense specialization 
is largely responsible for the special terminology currently used to designate 
the various parts of the wall. As already stated, the protoplast of a 
diatom cell is enclosed by a wall consisting of two overlapping halves. 
Both the diatom cell and the empty wall are chilled a frustule. In the 
latter usage of the term, the outer of the two half-walls is an epitheca; 
the inner a hypotheca} The silicified portion of each half-wall, in turn, 
consists of a more or less flattened valve whose flange-like margins are 
attached to a cingulum or connecting band. Some diatoms have additional 
connecting bands {intercalary bands) interpolated between epitheca and 
hypotheca and there may be oiie, two, or more intercalary bands. The 
connecting band is usually firmly united to the valve, but in ‘‘cleaned’^ 
diatoms and in diatomaceous earth, one frequently sees connecting bands 
that have become separated from the valve. A cingulum is not a closed 
loop but an open hoop, and one with a gap between the approximated 
ends.2 

When a frustule lies so that the valve side is uppermost, it is said to be 
in valve view; when the cingulum is uppermost, it is in girdle view. Accord¬ 
ing to the genus, a water mount will show practically all the individuals in 
valve view {Cyclotella), practically all in girdle view (Melosira, Tabel- 
laria)y or indiscriminately in valve and girdle view {Pinnularia, 
Gomphonema). 

Frustules may be perfectly S3rmmetrical, completely ftsymmetrical, or 
with intergrades between the two. The ornamentation of the valves 
(page 446), taken in conjunction with the external form, is the basis for 
division of the Bacillariophyceae into the Centrales and Pennales. Centrales 
are usually radially symmetrical in valve view, and Pennales are usually 
bilaterally symmetrical or bilaterally asymmetrical. The pennate diatoms 

^ MCller, O., 1896. *‘Palmer and Keelet, 1900. 
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may have a bilateral symmetry with respect to all three planes either when| 
the frustule is with {Amphirora data Kiitz.) or without [Pinnularia viridis 
(Nitzsch) Ehr.l appendages. They may also be bilaterally symmetrical 
with respect to one axis and not the other. The symmetry may be in the 
valve view and the asymmetry in the girdle view [Achnanthes inflata 
(Kiitz.) Grun.], or the reverse condition may obtain (Amphora ovalis 
Kiitz.)} 

Each of the two overlapping halves of the diatom wall consists of an 
organic matrix that is composed in large part of pectin.^ The wall gives 
no reaction for cellulose and callose. The watery gelatinous envelope 
surrounding many planktonic forms^ is probably pectic acid. The valve 
portions and cingulum portions of the wall are silicified, and some^ think 
that this silicification is not a simple impregnation with silica but a chemical 
combination of silicon with the organic material in the wall. Others® hold 
that there is no organic material in the silicified portion of the wall. Silici¬ 
fication may be demonstrated by destroying the organic matter, either by 
incineration, or by treatment with concentrated acids, or by treatment with 
oxidizing agents such as potassium chlorate. Cell walls with all organic' 
material removed are called cleaned diatoms. The amount of silicification 
is quite variable. It is often so scanty in plankton species that the frustules 
cannot be cleaned by the usual methods. Nonplanktonic species usually 
have highly silicified wallls. The extent to which a wall is silicified is 
dependent in part upon the amount of siliceous materials available, and it 
has been shown® that aluminium silicate is the compound most used in 
silicification. An abundance of silicates favors multiplication of diatoms,’' 
and a direct correlation has been found* between increase in number of 
diatoms and decrease in amount of silica in the water. Cultural studies 
have shown® that certain diatoms can multiply in an absence of silicon 
and have naked cells without siliceous walls. 

The siliceous material deposited in the wall of a valve is not laid down as a 
smooth sheet. Instead, the sheet is areolate or striate and with the areolae 
or striae in patterns that are characteristic for a genus or species. Some 
species, especially those of marine Centrales, have very coarse markings; 
certain of the Pennales have areolae and striae that are so fine that they are 
revealed only by the best microscopes. The coarse markings of many 
marine centric diatoms are due to thinner places in the siliceous deposit, 
which, in turn, are bounded by ridges that lie on the inner or outer face of 
the wall (Fig. 357A~B). Areolae may have very minute vertical canals 
(pores) running through them or thin places (poroids) which do not entirely 

* Miller, 1896. * Liebisch, 1928; Mangin, 1908. * Sch^rOder, 1902. 
* Mangin, 1908. * Liebisch, 1928. ® Coupin, 1922. ’ Pearsall, 1923. 
' Meloche et al., 1938. * Bachrach and Lefevre, 1929; Wibdung, 1941. 
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perforate the wall. * Pennate diatoms have areolae so small that they ap¬ 
pear as minute dots. These lie in transverse series in two vertical rows 
and have a symmetrical or asymmetrical disposition with respect to the 
longitudinal axis of a valve. In many cases, the areolae are so minute 
and so close together that there seem to be transverse striae. The areolae 
(punctae) of pennate diatoms are thin places, not perforations, in the wall. 
A few Pennales (Fig. 357C and D) have true perforations that lie^ either 
in the polar region (Diatoma) or in the median region {Tabellaria). 

Some pennate diatoms have only a longitudinal clear space (psevdoraphe) 
laterally separating the two vertical series of transverse rows from each 

Fio, 367. A-B, surface view and cross section of a portion of the wall of lathmia nervosa 
KUtz. C, median mucilage pore of FragUaria virescens Ralfs. Z>, terminal mucilage pore of 
Tabellaria fenestrata Kutz. (A-B, after Muller, 1898; C-D, after Muller, 1899.) 

other. The pseudoraphe is generally median in position but, as in 
AchnantheSy it may be excentric. Other pennate diatoms have the series 
of transverse rows longitudinally separated from each other by a vertical 
cleft in the valve, the raphe. The raphe may be straight, sigmoid, or 
undulate, and dividing the valve symmetrically. It is usually interrupted 
midway between its tow poles by a central nodule, and there are often 
similar swelling (polar nodules) at either end. If the central nodule is 
conspicuously expanded in the lateral direction, it is known as a stauros. 
The raphe is intimately connected with the movement of diatoms, and its 
detailed structure will be considered in the discussion of their movement 
(page 448). With the exception of a few genera, the epitheca and hypoth- 

^ Gbmbinhardt, 1926A; MUllbr, O., 1899. 
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eca are similar in ornamentation. The most striking dissimilarities are 
found in such genera as Achnanthes and Cocconeis, where one valve has a 
true raphe and the other only a pseudoraphe. 

Structure of the Protoplast. Immediately within the cell wall is a 
fairly thick layer of colorless cytoplasm in which the chromatophore or 
chromatophores are embedded. Internal to the cytoplasmic layer is a 
conspicuous central vacuole. Pennate diatoms often have the central 
portion of the vacuole transversely interrupted by a broad band of cyto¬ 
plasm in which lies a spherical or ellipsoidal nucleus. 

The chromatophores vary greatly in number and shape from species to 
species. Their structure is quite constant for some genera but is variable in 
others. For this reason, systems of classification based largely upon 

A 

Fig. 358. Valve and girdle views of the chromatophores of various diatoms. A, Navicvla 
radioaa Kutz. B, Rhoicosphenia curvata (Kutz.) Grun. C, Eunotia diodon Ehr. Z), Cymato~ 
pleura Solea f. interrupta. {After Ott, 1900.) 

chromatophores are unsatisfactory. Frustules of Centrales usually con¬ 
tain many discoid or irregularly shaped chromatophores; those of Pennales 
usually contain a single irregularly lobed or perforate chromatophore 
{Gomphonema, Amphi'pleuray Cymbella) or two chromatophores (Fig. 358). 
When there are two chromatophores, these are usually laminate and extend 
longitudinally along opposite sides of a frustule.^ Typically the chro¬ 
matophores are of a rich golden-brown color, but a few species have chro¬ 
matophores that are a vivid green or even a bright blue.^ The 
golden-brown color is due to the presence of several xanthophylls, among 
whichfucoxanthinis present in greatest abundance (see Table I, page 3). 

Chromatophores may contain one to several pyrenoids or may lack them 
entirely. Pyrenoids are usually ellipsoidal, biconvex, or biconcave. In 
most cases, they are embedded in the chromatophore, but sometimes they 

^ Hbinzbrling, 1908; Ott, 1900. • Molisch, 1903il. 



448 THE FRESH-WATER ALGAE OF THE UNITED STATES 

lie in a bulge on the inner face of a chromatophore or entirely separated 
from it.^ Pyrenoids of diatoms are of the naked type (f.e., devoid of a 
starch sheath), and their exact role in the metabolism of a cell is unknown. 
Possibly they may function as elaioplasts and be concerned in the formation 
of oils. 

Fats are the chief food reserves formed by the photos3rnthetic activity 
of the chromatophores. These accumulate as droplets, often of consider¬ 
able size, and either in the cytoplasm or in the chromatophores. The 
method by which fats are formed is unknown, but the fact that they serve 
as food reserves is demonstrated by their gradual disappearance when 
cells are kept continuously in a dark room. There are other food reserves 
in addition to fats. These food granules have been called volutin^ and 
have been thought to be rich in nucleic acids.* The microchemical meth¬ 
ods by which the nucleic acids were demonstrated were extremely crude, 
and one may just as well identify the volutin with the leucosin found in 
Xanthophyceae and Chrysophyceae. The paired plates sometimes seen 
in the cytoplasm immediately outside the nucleus^ are probably structures 
concerned with the development of the spindle during nuclear division and 
not food reserves. 

Diatom cells are uninucleate, and the nucleus is spherical to biconvex 
in shape. In centric species, it lies embedded in the cytoplasm next the 
wall; in most pennate species it lies in a cytoplasmic bridge across the 
middle of the protoplast. Numerous cytological investigations have shown 
that the nucleus has a definite membrane, one or more nucleoli, and a 
chromatin-linin network in the intervening space between the two. Some 
species have a centrosome lying at one side of, or in a peripheral depression 
of, the nucleus; other species lack a centrosome.^ Nuclear division is 
always mitotic, generally with the formation of a considerable number of 
chromosomes. 

Locomotion of Diatoms. Many of the free-living, and some of the 
colonial, pennate diatoms have the ability to move spontaneously. None 
of the centric diatoms moves independently. Movement is generally by a 
series of jerks and always in the direction of the major axis. After the 
cell has moved forward a short distance, it pauses for a short time and 
then, with the same jerky motion, moves backward along nearly the same 
path. Sometimes the motion is smooth instead of jerky, but there is 
always a backward and forward progression. Numerous theories have 
been advanced to account for the motility of diatoms; but a description 
of these* is of historical interest only, since Miiller^s theory of cytoplasmic 

» Mbreschowskt, 1903. * Meyer, A., 1904. • Guilliermond, 1910. 
♦ Lauterborn, 1896. * West, 1916. 
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streaming^ is now almost universally accepted as the cause of locomotion 
in Bacillariophyceae. 

The intimate connection between movement and the presence of a 
raphe was brought out very clearly when it was shown that motility is 
restricted to those pennate forms that have a true raphe.^ Movement is 
held to be due to cytoplasm streaming along the raphe from the anterior 
polar nodule to the central nodule; and from the central nodule to the 
posterior nodule. The raphe is not a simple cleft in the wall. Instead, 
it is an extremely complicated structure, and that of Pinnularia may be 
cited as fairly typical (Fig. 359). The raphe of Pinnularia^ as seen in 

Fig. 369. Structure of the raphe of Pinnularia. A, vertical longitudinal section of a frustule. 
B, surface view of a valve. C, vertical section of valve wall cut in the plane CC of Fig. F. 
D, a similar section cut at DD. E, a similar section cut at EE. F, terininal portion of valve 
showing the inner and outer fissures in surface view. (A-B, modified from MuUer^ 1889; 

C-F, after Muller, 1896A.) 

surface view, is a sigmoid cleft that runs from polar nodule to central 
nodule and thence to the other polar nodule. This cleft, as seen in vertical 
cross section midway between polar and central nodules (Fig. 359C) is not a 
vertical crevice, but >-shaped.® The upper portion of the > is called 
the outer fissure, and the lower portion is called the inner fissure. Near 
the vicinity of the polar nodule, the outer fissure bends in a semicircle 
and terminates in a linear expansion called the polar cleft (Fig. 359F). 
In the same region, the inner fissure bends in the opposite direction to the 

1 MClleb, 0., 1889, 1893, 1894, 1896, 18964, 1897, 1908, 1909. 
* MOlleb, O., 1889. » MOllbb, O., 1889,18964. 
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outer fissure and eventually terminates in a funnel cleft that opens on the 
inner face of the cell wall. The central nodule has a cylindrical projection 
toward the interior of the cell, and in this region the outer and inner fissures 
in each half of the valve wall are connected with each other by vertical 
canals. There is also a channel along the inner face of the central nodule 
that connects the inner fissures in posterior and anterior parts of the valve 
witl;i each other. The rapheal system of other pennate diatoms is es¬ 
sentially the same as that of Pinnularia^ but these differ from one another 
in minor details.^ 

According to the theory of locomotion by cytoplasmic cyclosis, there is a 
flow of cytoplasm from the anterior nodule to the posterior nodule (Fig. 
360). Beginning at the polar cleft of the outer fissure, the stream moves 
backward along the outer face of the raphe, and, on reaching the vicinity 
of the central nodule, it moves vertically inward through the valve wall, 
through the anterior vertical canal. Coincident with this streaming there 
is an upward flow of cytoplasm in the posterior vertical canal of the central 

Fig. 360. Diagram of the streaming of cytoplasm on the outer face of a Pinnularia frustule. 
The heavy arrow indicates the direction of movement of the frustule. {Modified from Midler, 
1893.) 

nodule, and this stream moves backward along the outer fissure to the 
polar cleft in the posterior polar nodule. In both the anterior and posterior 
inner fissures there is a compensatory movement of cytoplasm that travels 
in the opposite direction to that in the outer fissures. The propulsion 
of the frustule is in the opposite direction to that of the streaming of 
cytoplasm in the outer fissures. Movement is held to be due to water 
currents set up by the flowing cytoplasm and to cyclonic currents estab¬ 
lished in the region of the polar nodules. The demonstration of the cyto¬ 
plasmic circulation rests more upon observation of motion set up in the 
suspended particles, when cells are mounted in dilute india ink, than in 
direct observation of cytoplasmic flow. Girdle views of cells mounted in 
such suspensions show that there is a linear flow of particles from anterior 
polar nodule to central nodule, a whirlpool motion in the region of the 
central nodule, and a flow of particles from central nodule to posterior 
nodule. 

1 MtJLLBR, O., 1889, 1896,1909; Hustbdt, 1926, 1926A, 1928, 1928A, 1929, 1929A. 
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Cell Division. Multiplication of diatoms takes place largely by division 
into two daughter cells of slightly different size. Most cells divide during 
the midnight hours, but some, as Achnanthidium,^ divide between 7 and 
8:30 A.M. The first indication of division is an increase in cell size at right 
angles to the girdle. This is followed by a mitotic division of the nucleus, 
the plane of division being in the short axis of the cell and perpendicular to 
the valves (Fig. 361). Spindles of some diatoms have a distinct centro- 
some at each pole;^ other genera do not have centrosomes. Accompanying 
the nuclear division (generally in the time interval between prophase and 
anaphase), there is a division of the chromatophores. If the cell is one with 
a single chromatophore, its division is always longitudinal; if it has two of 
them, their division may be longitudinal or transverse.® Species with 
numerous chromatophores do not have a bipartition of them until after 
the daughter cells have been formed. Pyrenoids, at least in species with 
conspicuous ones, increase in number by division and not by formation 

C D 

Fig. 361. Four stages in the cell division of Navicvla ohlonga KUtz. {After Lauterbqm, 
1896.) 

de novo} After duplication of the cell organs, there is a cytoplasmic 
cleavage in a plane parallel to the valves, and this results in two proto¬ 
plasts, one of which lies within the epitheca and the other within the 
hypotheca of the parent-cell wall. There then follows a secretion of a 
new half-wall next to the girdle and uncovered faces of each daughter 
protoplast. The newly formed half-wall is always the hypotheca of the 
daughter cells, and the old half-wall, whether epitheca or hypotheca of the 
parent cell, is always its epitheca. It follows, therefore, that in a popu¬ 
lation descended from a single cell, half of the cells will have an epitheca 
that was secreted in the previous cell generation, a quarter of them an 
epitheca secreted two generations back, an eighth of them an epitheca 
secreted three generations back, and so on until there are two cells each 
with an epitheca derived from the original cell (Fig. 362). 

Utilization of the two old half-walls as epithecae for the two daughter 

1 Gbmeinhardt, 1925. * Lauterbobn, 1896. • Ott, 1900. 
* Heinzebling, 1908. 
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cells results in one cell being the same size as the parent and the other being 
slightly smaller (Fig. 362). Theoretically, according to Pfitzer’s law,^ 
continuation of this through a succession of cell generations would result in 
a population with certain cells appreciably smaller than the original parent 
cell and other cells only slightly smaller than the parent. There would 
also be one cell exactly the same size as the original parent cell. A corollary 
of Pfitzer^s law is that progressive diminution in size does not continue 
indefinitely because cells of a certain reduced size form rejuvenescent cells 
(auxospores, see page 453) which give rise to vegetative cells of maximum 
size for the species. 

The validity of Pfitzer’s law hag. been tested by observation of material 
growing both under natural conditions and in clones developed from a 
single cell. Certain species have been shown to have the progressive 
reduction in size of certain cells postulated by Pfitzer’s law.* In other 

Fig. 362. Diagram showing the progressive diminution in size of certain frustules through 
successive cell generations of a diatom. 

species, there is no appreciable diminution in size, even when cultures are 
carried through many generations of cells.® For certain of these species 
in which there is no reduction in size, the girdle of a half-cell has a certain 
amount of elasticity, and the new hypotheca is of the same size or greater 
than the other half-cell. Daughter cells may even become longer than the 
parent cell because of a “secondary growth.^'^ The length of time in¬ 
volved in a progression from maximal to minimal size depends primarily 
upon the rate of cell division. Undoubtedly this varies greatly from species 
to species, but even under the most favorable condition it is probable that 
this takes a relatively long time. Some indication of the time involved has 
been obtained from a study of successive deposits of diatom shells laid 
down in lakes of Switzerland. Here it has been estimated® that, for certain 
plankton species, the time interval is from 2 to 5 years. 

' Pfitzbr, 1871, 1882. * Geitler, 1932A; Meinhold, 1911. 
• Allen and Nelson, 1910, Richter, 191^ * Gembinhardt, 1927. 
• Nipkow, 1928. 
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Craticular Stages. Pennate diatoms occasionally have the protoplast 
forming successive sets of new half-walls without escaping from the original 
wall surrounding a cell. Successively formed half-walls, which are pro¬ 
gressively smaller, nest one within the other, and the later formed half¬ 
walls often have an imperfectly developed raphe. Such craiicular stages 
are immobile and result from unfavorable environmental conditions, es¬ 
pecially an increase in salt content of the water.^ Return of favorable 
conditions induces active cell division in a craticular stage and, within a 
cell generation or two, the daughter cells are normal in structure and 
migrate from the nested half-walls of the craticular stage. 

Auxospores. Sooner or later progressive diminution in size of cells of 
diatoms is compensated for by a production of auxospores. Auxospores 
are formed by cells whose size approached the minimum for the species, 
but not by those of minimal size.^ Among most Pennales, auxospores are 
formed as a result of syngamy or autogamy, but among some they are 
formed parthenogenetically. Certain Centrales are also known to have 
an autogamous fusion of nuclei in connection with production of auxo¬ 
spores. Formation of an auxospore involves a liberation of a protoplast 
from the half-walls, a considerable enlargement of the naked liberated 
protoplast, and then a secretion of a silicified wall around the protoplast. 
This wall may be smooth or sculptured. In the latter case, the sculpturing 
is not identical with that of vegetative cells of the species. The enlarged 
auxospore divides to form vegetative cells whose size is near the maximum 
for the species. Auxospores are zygotic in nature, and since division of 
the auxospore nucleus is mitotic, the first generation of vegetative cells 
and all subsequent generations of vegetative cells are diploid. 

Auxospores of Pennales. Auxospores of pennate diatoms may be formed 
in one of the following five ways: (1) by two cells conjugating to form a 
single auxospore, (2) by two cells conjugating to form two auxospores, 
(3) by two cells becoming enveloped in a common gelatinous envelope 
but each giving rise to an auxospore without conjugation, (4) by a single 
cell giving rise to one auxospore, (5) by a single cell giving rise to two 
auxospores. The first two of the foregoing methods are obviously sexual; 
superficially the last three methods appear to be asexual, but cytological 
study of them has shown that they are probably sexual in nature. 

Cells producing auxospores according to the first method (by conju¬ 
gating in pairs to form a single auxospore) may be sister cells or two that 
are not derived from a common parent cell. In either case they are en¬ 
closed by a common gelatinous envelope. They generally lie side by side 
within the envelope, but some, as Surirella saxonica Auersw,® lie end to end. 
Several species have been investigated cyiiologically and found to have a 
meiotic division of nuclei of conjugating cells. SurireUa saxonica^ the first 

1 OniTLEB, 1927Z); Libbisch, 1929. * Gxitlbb, 1932A. > Kabstbn, 1900. 
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diatom in which meiosis was demonstrated* has an enlargement of one 
and a degeneration of three of the nuclei resulting from meiosis. After this, 
the protoplasts unite to form a zygote in which the two haploid gamete 
nuclei fuse to form a single diploid nucleus. The zygote then elongates to 
form an auxospore whose long axis lies parallel to the long axes of the empty 
frustules of the conjugating cells. Conjugating cells of Cocconeis pediculus 
Ehr. and C. placentula, var. klinoraphis Geitler have an immediate de- 

Fia. 363. Diagrams showing the formation of one auxospore by the conjugation of two cells 
in the pennate diatom, Cocconeis placentula var. klinoraphis Geitler. A-D, in top view; E~G 
in side view. A~C, meiosis and degeneration of all but one daughter nucleus in each frustule. 
D, gametic union. E, young zygote. F-G, enlargement of the zygote to form an auxospore. 
{Diagrams based upon Geitler, 1927.4.) 

generation of one daughter nucleus after the first meiotic division (Fig. 
363). The persisting nucleus then divides, and one of its daughter nuclei 
degenerates. The two protoplasts, each containing a haploid nucleus, 
then unite to form a binucleate zygote which later becomes uninucleate by 
a fusion of the two nuclei.^ The zygote then enlarges and becomes an 
auxospore. 

* Kabstbn, 1912. ^ Geitler, 1927. 
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Cells producing auxospores according to the second method (by con¬ 
jugation to form two auxospores) have both protoplasts of the conjugating 
cell dividing to form two gametes. Certain species have been shown^ to 
have a meiotic division and a degeneration of two of the four haploid 
nuclei prior to the cytokinesis into two uninucleate gametes. Cells of 
other species have been shown to form four nuclei, two of which degenerate 
before cytokinesis. Presumably these nuclear divisions are also meiotic, 
but this has not been definitely established. The plane of cytokinesis in 

Fig. 364. Diagrams showing the formation of two auxospores by the conjugation of two 
cells in the pennate diatom, Cymbella lanceolata (Ehr.) Brun. A~C, meiosis and degeneration 
of two daughter nuclei in each frustule. Z>, after division of each protoplast into two gametes 
of unequal size. E, young zygotes. F-G, elongation of the zygotes to form auxospores. 
(Diagrams based upon Geitler, 1927B.) 

gamete formation may be at right angles to the long axis of the paired 
cells,® or longitudinal.* The two gametes formed by a parent cell may be 
of equaP or unequal* size. Gametes of unequal size may result from 
division of the protoplast of a parent cell,® or from enlargement of one of the 
daughter protoplasts after division.^ Even when the two gametes formed 

1 Cholnoky, 1928A; Geitler, 1927A, 1928A; Meyer, K., 1929; Subrahmanyan, 

1948. 
*Karsten, 1896, 1897; Klebahn, 1896. * Geitler, 1927A, 1928B. 
* Karsten, 1897A; Klebahn, 1896. » Cholnoky, 1928A; Karstbn 1896. 
* Cholnoky, 1928A. ^ Karstbn, 1896. 
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by a cell are morphologically alike, there may be such physiological dif¬ 
ferences as one being motile and the other passive.^ The two gametes 
formed within a cell usually unite with those of the other conjugating cell 
instead of with each other. In most cases, both gametes of a uniting pair 
are amoeboid, and their union takes place midway between the parent 
frustules. Less frequently, one gamete of a uniting pair is motile and the 
other immobile. The two gametes produced by one parent cell may be 
motile and the two produced by the other cell immobile,^ or each parent cell 
may form one motile and one immobile gamete. The latter condition is 
found among species whose parent cells produce gametes of equal or of 
unequal size.® If the two gametes are of unequal size, the smaller is the 
active one, and the conjugating frustules are so oriented that the smaller 

Fio. 365. Diagrams showing the parthenogenetic development of auxospores in each of two 
“conjugated” cells of the pennate diatom, Cocconeis placentula var. lineala (Ehr.) Cleve. 
A-C, nuclear divisions and degeneration of all but one daughter nucleus in each of the two 
frustules. D, enlargement of the protoplasts to form auxospores. ^Diagrams baaed upon 
OeiOer, 1927i4.) 

gamete in one frustule is opposite the larger gamete in the other frustule, 
and vice versa (Fig. 364). The pair of zygotes resulting from fusion of 
two sets of gametes both elongate into auxospores, considerably longer than 
the cells producing the gametes. Elongation of zygotes into auxospores 
may be in a direction parallel to the long axis of parent frustules (Fig. 
364) or at right angles to their long axes.^ 

Cells producing auxospores according to the third method (a pair of 
cells forming two auxospores without conjugation) are of rare occurrence. 
Preliminary stages resemble those where conjugation takes place, and there 
is the same double division of the nucleus and a degeneration of all but one 
of the resultant nuclei (Fig. 365). Both cells of a pair have the protoplast 
with the persisting nucleus escaping from the frustule, enlarging, and 

» Gbitlbb, 1928A. * Subra.hiiIanyan, 1948. » Gbitlbr, 1927A. 
^ Klbbahn, 1896. 
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developing into an auxospore. In at least one case of this type, it has 
been shown^ that there is no halving of the chromosome number when the 
nucleus divides and that the nucleus persisting after division is diploid. 

Production of auxospores according to the fourth method (a single cell 
producing a single auxospore) may take place in various ways. One 
diatom has been found^ to have a meiotic division of nuclei in solitary cells, 
followed by a partial degeneration of two of the four resultant nuclei. 
The protoplast then divides to form two gametes, each with a normal and 
a degenerate nucleus. These sister gametes unite to form a zygote which 
enlarges to become an auxospore. In another diatom where a single cell 
produces a single auxospore, it has been found* that meiotic division is not 
followed by cytokinesis and that there is a fusion of sister haploid nuclei 
to form a diploid nucleus in the enlarging auxospore. The evidence sup¬ 
porting such an autogamic fusion of nuclei is none too convincing. 

Fig. 366. Auxospores of the centric diatom, Meloaira variana Ag. {After Pfitzer^ 1882.) 

Production of auxospores according to the fifth method (a single cell 
producing two auxospores) is of rare occurrence, and in the cases investi¬ 
gated^ the nuclear behavior has not been worked out in detail. 

Auxospores of Centrales. Auxospores are known for a wide variety of 
Centrales, and in all cases there is a production of a single auxospore by an 
old or by a recently divided cell. Among fresh-water Centrales, auxospore 
formation is most frequently encountered in Melosira, Here the two 
halves of a frustule pull apart, and the exposed portion of the protoplast 
increases in diameter. After it has swollen to two or three times its former 
diameter and the poles have become rounded (Fig. 366), there is a secretion 
of two new silicified half-walls with markings somewhat like those of 
vegetative cells. This auxospore usually remains attached for some time 
to the filament in which it was formed. It germinates by dividing trans¬ 
versely into two daughter cells and these, in turn, divide transversely. 
Daughter cells resulting from division of an auxospore are of the same 
diameter as the auxospore; i.e,, two to three times the diameter of the 
original vegetative cell. 

For a long time, auxospores of Centrales were thought to be of an asexual 
nature, but discovery of nuclear divisions within developing auxospores 

J Geitler, 1927. * Geitler, 1939. • Geitler, 1928. * Karsten, 1897A. 
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has cast doubt upon this interpretation. Certain investigators^ have found 
a meiotic division of the nucleus in developing auxospores. Two of the 
nuclei formed as a result of meiosis unite, and the other two nuclei de- 

A i C D E 
Fiq. 367. Diagrams showing the formation of an auxospore in the centric diatom Cyclotella 
Meneghiniana Ktltz. A-C, meiotic division to form four haploid nuclei. D, degeneration 
of two nuclei and beginning of fusion of the other two nuclei. E, nuclear fusion completed 
and the protoplast enlarging to form an auxospore. {Diagrams based upon Iyengar and 
Subrahmanyan, 1943.) 

generate (Fig. 367). Other investigators,^ although not observing meiosis, 
have found one large normal nucleus and two small degenerating nuclei. 

Fig. 368. Statospores of Chaetoceroa Elmorei 
Boyer. A, two frustules, each containing an 
immature statospore. B, a mature statospore. 
{After Boyer, 1914.) 

a condition indicating that there 
is autogamy in these developing 
auxospores. These relatively few 
cases suggest the possibility that 
autogamy may be widespread 
among Centrales, and that in this 
order, as in Pennales, the vegeta¬ 
tive cells are diploid. 

Statospores, The thick-walled 
spores which are formed singly 
within a frustule and are smaller 
than the parent cell are asexual in 
nature. These statospores are 
found only in centric diatoms. 
They are best known in marine 
plankton species, but they have 
also been found in fresh-water 
species of Rhizosolmia and Chae- 
toceros (Fig. 368). In their de¬ 
velopment, the protoplast re¬ 
tracts from the enclosing wall and 

then secretes a new wall that is composed of two overlapping halves. A 
statospore wall differs from that enclosing a vegetative cell, with respect 

^ Pebsidskt, 1936; Itenqab and Subbahmanyan, 1942. 
* Cholnokt, 1933; Gboss, 1937; Rieth, 1940. 



DIVISION CHRYSOPHYTA 459 

both to ornamentation and to the spines it bears.^ The cytological details 
of statospore formation have not been followed in full. 

The pair of spores sometimes found within each cell of a filament of 
Melosira iialica Kiitz.^ and the numerous small thick-walled spores found 
within cells of Surierella^ are probably different from statospores. These 
resting spores, whose germination has not been observed seem to be 
formed at the end of a vegetative season^ and may possibly tide the diatom 
over unfavorable seasons. However, resting spores are not necessary to 
carry diatoms through unfavorable periods, since vegetative cells of many 
species successfully withstand desiccation for months or years.® 

Microspores. Many of the centric diatoms are known to produce a 
large number of microspores within a cell. A motility of microspores has 
been demonstrated for a sufficient number of species to warrant the as¬ 
sumption that microspores of all species have flagella. Microspores of 
certain genera are described® as having one flagellum; those of other species 

Fig. 369. Microspore formation in Biddulphia mobUiensis Bailey. A, recently divided 
vegetative cell. B-E, stages in repeated bipartition of protoplasts. F, niicrospores before 
liberation. G, free-swimming microspore. (After Bergon, 1907.) (A-F, X 200; G, X 1000.) 

are said^ to be biflagellate. The number of microspores within a cell is a 
multiple of two, and there may be 8, 16, 32, 64, or 128 of them. They may 
be formed by repeated simultaneous nuclear division and a cytoplasmic 
cleavage following the last series of nuclear divisions,® or a cytoplasmic 
cleavage may follow each nuclear division until 8, 16, 32, or more uninu¬ 
cleate protoplasts have been formed® (Fig. 369). All nuclear division 
during microspore formation have been described as mitotic.^® Meiosis 
has also been described in connection with microspore formation, and either 
at the beginning^^ or at the end^® of the series of nuclear divisions. 

Some phycologists think that microspores are zoospores; others think 
that they are zoogametes. The evidence that they are isogametes is very 

1 Cholnoky, 1933; Gross, 1937; Ribth, 1940. * Hustbdt, 1927. 
* West, G. S., 1912. * West, G. S., 1916. * Bristol-Roach, 1920. 
® Bergon, 1907; Schiller, 1909. ’ Pavillard, 1914; Schmidt, P., 1923. 
* Karsten, 1904; Schmidt, P., 1929. ® Bergon, 1907; Hofker, 1928. 
Karsten, 1904, 1924. “ Schmidt, P., 1927. ” Hofkeb, 1928. 
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scanty and has been found^ in but one species. Even if the fact that 
microspores are not isogametes can be established beyond all doubt, there 
is still the possibility that they are gametic in nature. A species of Chaeto- 
ceros found in a plankton haul from the middle of the Atlantic Ocean and 
studied in a living condition was found^ to be liberating motile microspores 
in abundance. These swarmed about cells with undivided contents, and 
this was thought to be the beginning of a gametic union. If this should 
prove to be the case, the microspores are to be considered male gametes 
(antherozoids) which escape from a parent cell and swim to a female cell 
containing an undivided protoplast (the egg). 

Classification. Practically all treatises on diatoms written within the 
past half century follow the classification of Schiitt (1896) which is based 
entirely upon shape, structure, and ornamentation of the frustules. This 
system has the great advantage of being equally applicable to living 
diatoms and to those known only in a fossil condition. Schiitt places all 
diatoms in a single family and establishes subfamilies, tribes, subtribes, 
and other family subdivisions to show the affinities between closely related 
genera and those more remotely related. Later workers have raised 
Schiitt’s subfamilies to the rank of orders and have given his minor cate¬ 
gories in each subfamily a correspondingly greater rank. Schiitt segregated 
diatoms into two major series: centric diatoms with the ornamentation of 
valves concentrically or radially symmetrical about a central point and 
pennate diatoms with the ornamentation of valves bilaterally symmetrical 
With respect to a line. This distinction seems to be artificial, but it is 
quite natural and correlates with many other characters. Centric diatoms, 
the Centrales, usually have many chromatophores, never more spontane¬ 
ously, produce statospores, form motile microspores, and never conjugate 
in pairs to form an auxospore. Pennate diatoms, the Pennales, usually 
have but one or two chromatophores, often have cells capable of spon¬ 
taneous movement, lack flagellated microspores, and frequently conjugate 
in pairs to form auxospores. 

ORDER 1. CENTRALES 

The Centrales have valves that are circular, polygonal, or irregular in 
outline, and have an ornamentation that is radial or concentric about a 
central point. The valves never have a raphe or pseudoraphe. Living 
species generally have protoplasts with many chromatophores. There 
may be a production of statospores or of microspores. Auxospores are 
never formed by a conjugation of two cells. 

As far as the number of genera is concerned, the Centrales and Pennales 
are about equal. However, the Centrales contain a considerably smaller 
number of species, most of which are found in the ocean, especially its 

^ Schmidt, P., 1923. * Went in Geitler, 1936. 
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plankton. Frustules of centric diatoms are discoid, cylindrical, or ir¬ 
regular in shape, and often have marginal spines, horns, or other pro¬ 
jections. Most members of the order are free-floating and occur single or 
serially united with the valves apposed. Others are sessile and in fila¬ 
mentous or dendroid colonies in which the cells are united edge to edge 
in a zigzag fashion. 

When seen in valve view, centric diatoms may always be recognized by 
the radial or concentric ornamentation with respect to a point, and by the 
absence of a raphe or a pseudoraphe. The centric nature is not so obvious 
in those species that regularly appear in girdle view when examined in 
water mounts. Fresh-water diatoms of this type include Melosiray in 
which the cells are united valve to valve, and RhizosolentUy in which there 
are numerous intercalary bands. 

Three of the four suborders into which the order is divided are represented 
in the fresh-water flora of this country. 

SUBORDER 1. COSCINODISCINEAE 

Genera belonging to this suborder have discoid or cylindrical cells that 
are usually broader than they are tall. The valve face may be flat or 
strongly convex, but nowhere on a valve are there local regions conspicu¬ 
ously elevated into horn-like processes. Margins of valves may be smooth 
or with numerous small spines or bristles. The valves are ornamented 
with radiate striations or punctations of varying degrees of coarseness, and 
the pattern of a valve may or may not be divided into definite sectors. 
The cells may be solitary or united in filaments. If in filaments, the cells 
may lie with their valves abutting on one another, or may lie some distance 
from one another and either within a common gelatinous tube or connected 
by small gelatinous strands. The chromatophores are usually numerous 
and small. 

Auxospores are known for most of the genera, and a few species have 
been found with microspores. 

Two of the families of the suborder have representatives in the fresh¬ 
water algal flora of the United States. 

Family 1. Coscinodiscaceae 

Members of this family usually have discoid cells, but some species have 
cells that are taller than they are broad. The pattern on the valve face is 
distinctly radial but never set off into distinct sectors; the ornamentation 
on the valve face may continue down over the girdle, or the girdles may be 
smooth. 

Genera found in this country may be distinguished as follows; 

1. Cells united in long filaments, girdle sculptured. 1. Melosira 
1. Cells solitary, girdle unsculptured. 2 
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2. Ornamentation of valve in two unlike concentric patterns.... 2. Cyclotella 
2. Ornamentation of valve not in two unlike concentric patterns. 3 

3. Valve surface with radiate hyaline areas. 3. Stephanodiscus 
3. Valve surface without radiate hyaline areas. 4. Cosclnodiscus 

1. Melosira, Agardh. The cells of Melosira (Fig. 370) are cylindrical 
and with a length greater than the breadth. The valves may be flat or 
convex; if convex, they usually have a marginal ring of denticulations that 
help unite the cells in filaments and supplement in function the gelatinous 
cushions borne on the central area of valve faces. The valves are always 
circular in vertical view and with the ornamentation in two parts that are 
concentric to each other. Girdles of the half-cells often have a shallow 
annular constriction (sulcus) a short distance from where two girdles over¬ 
lap. Species with a sulcus have the portion above it conspicuously orna¬ 
mented and the portion below it smooth. Species without a sulcus have 
the entire girdle ornamented. The protoplasts contain numerous discoid 
chromatophores that may be so densely crowded that they obscure the 
markings on the wall. 

Fig. 370. Melosira granulata (Ehr.) Ralfs. (X 1040.) 

Auxospore formation is of more frequent occurrence in this genus than 
in any other of the fresh-water Centrales. Microspores of a gametic 
nature have been recorded for one species.^ 

This genus is one in which there are numerous fresh-water and marine species 
and is the most frequently encountered of all fresh-water Centrales, It is often 
found in almost pure stands in pools, ditches, and slowly flowing streams. Several 
species are also found in the plankton of lakes, and these may be the dominant 
algae during early spring and late autumn months. The filamentous habit affords 
an easy method of distinguishing it from other centric forms; but the inexperienced 
phycologist sometimes does not recognize the diatomaceous nature of Melosira^ 
because it always appers in girdle view under the microscope. About 10 species 
occur in this country. For descriptions of a majority of them, see Boyer (1927). 

2. Cyclotella Kutzing, 1834. The drum-shaped discoid cells of Cyclo¬ 
tella are generally circular in valve view, although a few species have valves 
that are elliptical in outline. Most species are solitary and free-floating, 
but some have cells united in straight or spirally twisted filaments, by means 
of gelatinous threads from valve to valve, or by means of a common gelati¬ 
nous envelope. The ornamentation of a valve consists of two concentric re- 

» Schmidt, P., 1923. 
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gions: an inner smooth region, or one that is irregularly and finely punctate, 
and an outer peripheral zone with radial striae or punctae. Valves, as seen 
in girdle view, may lie parallel to each other or be ex- 
centrically undulate. Girdles of frustules are smooth, 
and there are no intercalary bands between them. The 
protoplast of a cell contains numerous discoid chromato- 
phores. 

Auxospores are produced singly within a cell and 
are formed autogamously.^ 

Although species of Cyclotella (Fig. 371) are found in MeneaWnionrSutz* 
fresh, brackish, and salt water, the genus is primarily (x 1300.) 

marine. Most of the fresh-water species in this country 
are planktonic and are widely distributed. Eleven species are known for the 
United States. For names and descriptions of them, see Boyer (1927). 

3. Stephanodiscus Ehrenberg, 1845. Frustules of this diatom are 
usually discoid, though sometimes cylindrical, and occur singly and free- 
floating. The valves are circular in outline and radially punctate. To- 

Fio. 372. Stephanodiscus niagarae Ehr. (X 1300.) 

ward the periphery of a valve, the punctae are in multiseriate rows and 
alternating with linear smooth spaces; inward from each of the multiseriate 
rows is a single row of punctae. The transition from uniseriate to multi¬ 
seriate punctation may be so abrupt that the ornamentation is divided into 
two concentric regions, or the transition may be so gradual that two con- 

1 Itenqar and Subrahmanyan, 1944. 
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centric regions are not distinguishable. External to each linear smooth 
space on a valve is a short, rather stout, spine. The girdles are smooth and 
without intercalary bands. There may be several small discoid chromato- 
phores within a cell or one or two large irregularly shaped ones. 

Auxospores are formed singly within a frustule and are either spherical 
or ellipsoidal. 

Stephanodiscits is widely distributed in the plankton of lakes in the United States. 
The species found in this country are S. astraea (Ehr.) Grun., S. carconensis Grun., 
S. Hantzschii Grun., and S. niagarae Ehr. (Fig. 372). For descriptions of S. 
astraecL, see Boyer (1927); for the other two, see Skvortzow (1937). 

4. Coscinodiscus Ehrenberg, 1838. The frustules of Coscinodiscus are 
usually discoid and are always shorter in the vertical than in the transverse 
axis. Most species have cells that are circular in valve view, but a few are 
elliptical or irregular in outline. The ornamentation varies all the way from 
minute punctae to coarse areolae, and these markings may be irregularly 
distributed, in decussating series across a valve or in radial series toward 

Fio. 373. Coacinodiacua lacuatria Grun,, a species known to occur in fresh water but not 
known for the United States. (X 1300.) 

the margins of a valve (Fig. 373). A few species have small denticulations 
on the margin of a valve, but most species lack them. There may be 
numerous small discoid chromatophores within a cell, several irregularly 
lobed chromatophores, or two laminate chromatophores. Pyrenoids are 
not generally found within the chromatophores. 
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Auxospores, known only for a few species, are formed singjy within 
frustules. 

Cosdnodiscus (Fig. 373) is a large genus with 450 or more species, practically all 
of which are marine and found chiefly in the plankton of oceans. C. suhtilia Ehr. 
is the only species known from fresh waters of the United States. For a description 
of it, see Boyer (1927). 

Family 2. Eupodiscaceae 

Genera assigned to this family differ from others of the suborder in 
having mamillate protuberances near the margin of the valves. In some 
species, the protuberances are reduced to small rounded unsculptured 
areas (ocelli). The frustules are generally discoid and circular in valve 
view, though they may be elliptical or polygonal. The ornamentation is 
usually conspicuously radiate in arrangement and sometimes differenti¬ 
ated into two concentric portions. It is never bilaterally disposed with 
respect to a line. Protoplasts of cells usually contain numerous small 
chromatophores. 

Auxospores have been recorded for the family. 
The family is distinctly marine, with both littoral and plankton species. 

Only one genus, Actinocyclus, has representatives in fresh water. 
1. Actinocyclus Ehrenberg, 1838. Ge¬ 

neric characters distinguishing this diatom 
from other genera of the family are the 
presence of a single ocellus near the mar¬ 
gin of the valve and a distinctly radiate 
areolation or punctation. The frustules 
are discoid and generally circular in valve 
view, though sometimes elliptical or el- 
liptico-rhomboidal. The ornamentation 
usually consists of rather coarse areolae, 
which are often larger toward the center 
of the valve. Toward the periphery of 
the valve, the areolations lie in evenly 
spaced, or fasciculate, radiate series. At 
the extreme periphery, the valve is smooth or finely and radiately striate. 
Several species have minute denticulations toward the margin of the valves. 
The single ocellus, which is a local lenticular thickening in the valve wall, 
is generally located near the outer border of the radiate areolations or 
punctations. Within the cell are numerous discoid chromatophores. 

Actinocyclus is a genus with several marine species. The only species occurring in 
fresh water, A. niagarae H. L. Smith (Fig. 374), was fo^fid in Lake Erie and is 
known only from the original description by H. L. Smith (1878). 

Fig. 374. Actinocyclu9 niagarae H. 
L. Smith. {From H. D. Smith, 1878.) 
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SUBORDER 2. RHIZOSOLENINEAE (SOLENOIDINEAE) 

The feature distinguishing this suborder from others is the presence of a 
large number of intercalary bands between the girdles. As a result, the 
frustules are always, often many times, longer than broad. All members 
of the group are free-floating and occur singly or in temporary catenate 
series. The valves are circular or elliptical in outline and frequently bear 
sjmimetrically or as3rmmetrically disposed long horns or spines. Between 
the girdles are many intercalary bands, whose free ends interlock with one 
another in a vertical zigzag file or in a spiral series. Most members of the 
group have cell walls that are only slightly silicified, but some have a 
fairly heavy silicification and the development of an ornamental pattern 
of punctae on both the ends and sides of the cell wall. Chromatophores 
are usually small and discoid. 

Auxospores have been recorded for most of the genera, but they are of 
much less frequent occurrence than are statospores. Some of the stato- 
spores are so different in shape from the vegetative cells that they have, in 
certain cases, been described as distinct genera. 

Family 1. Rhizosoleniaceae 

Genera belonging to this family are typical plankton diatoms and are 
widely distributed in the ocean. One genus, Rhizosoleniay has certain 
species that are found only in the plankton of fresh-water lakes. 

1. Rhizosolenia Ehrenberg, 1843; emend., Brightwell, 1858. Frustules 
of this diatom are elongate cylinders, with many intercalary bands, and 
elliptical or circular in cross section. The cells are free-floating, and 
solitary or united in straight to spirally twisted chains. The valves are 
more frequently calyptrate or naviculate than conical. The valve apex 

terminates in a single centric or excentric spine that is usually very long. 
The ends of the intercalary bands between the two girdles generally lie in 
a vertical imbricated series. Cell walls of Rhizosolenia are usually without 
markings, on either valve or girdle. The chromatophores within the 
cell are small, discoid, and some distance from one another. 
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There may be a formation of auxospores, statospores, or microspores.^ 

Frustules of freshwater species are so feebly silicified that they cannot be 
‘^cleaned/^ and the wall structure, especially that of connecting bands, is best 
brought out when cells have been allowed to dry on a slide without previous treat¬ 
ment. The two fresh-water species found in this country are R. eriensis H. L. 
Smith (Fig. 375) and R. gracilis H. L. Smith. For descriptions of them, see Boyer 
(1927). 

SUBORDER 3. BIDDULPHINEAE 

Cells of genera belonging to this suborder may be radially symmetrical 
in valve view, but more commonly they are zygomorphic. Irrespective 
of the shape, the valve ornamentation is always radially disposed with 
respect to a central point and never bilaterally symmetrical with respect to 
a line. Near its margin, the surface of a valve is elevated into two or more 
conspicuous humps or horn-like processes or has them replaced by stout 
spines. Frustules are usually longer than broad, because of intercalary 
bands between the girdles, but in most genera the development of inter¬ 
calary bands is not so extensive as in the py^ceding suborder. According 
to the genus, there are numerous small discoid chromatophores, a few large 
irregularly shaped chromatophores, or a single large laminate chromato- 
phore. 

Auxospores, statospores, and microspores are known for the suborder, 
but not all genera are known to form all three. 

Three of the four families into which the suborder is divided are repre¬ 
sented in the fresh-water flora of the United States. 

Family 1. Chaetoceraceae 

Frustules of genera belonging to this family are circular or elliptical in 
valve view. At the margin of each valve are two to several outwardly 
curving spine-like horns, often much longer than the valve. The horns may 
be solid or hollow, and smooth, punctate, or spiniferous. The two half¬ 
walls may have their girdles overlapping or separated by several inter¬ 
vening intercalary bands. The cells are always free-floating and usually 
joined in filaments by an interlocking of the horns. There may be small 
discoid chromatophores within a cell, several large irregularly shaped 
chromatophores, or a single large laminate chromatophore. 

Auxospores formed by members of this family usually have their long 
axis vertical to the transverse axis of the parent cell. The statospores have 
an ornamentation very different from that of vegetative cells. Micro- 
spores of two different sizes have been recorded for one genus. 

This is another family most of whose species are wholly restricted to 

1 Hustbdt, 1929B. 
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the plaiikton of the <5ceaii. The two genera with fresh-water species in 
this country differ as follows: 

1. Frustules without intercalary bands. 1. Chaetoceros 
1. Frustules with several intercalary bands. 2. Attheya 

1. Chaetoceros Ehrenberg, 1844. Frustules of Chaetoceros are elliptical 
in valve view, and each valve has an excentrically inserted horn near each 
pole, the two horns being symmetrically disposed with respect to the 
median axis of a valve. As seen in girdle view, the two horns are widely 
divergent and much longer than the cell. The horns may be solid or 
hollow, and smooth or ornamented with punctae or spines. The girdles 
are overlapping and without intercalary bands. Cells of Chaetoceros are 

Fio. 376. Chaetoceros Elmorei BoyQv, {After Boyer, (X 600.) 

usually joined in straight or spirally twisted chains because of interlocking 
of the horns. Cell walls of this genus are usually but little silicified and, 
consequently, without ornamentation. The chromatophores are quite 
different from species to species. There may be numerous small discoid 
chromatophores, both within the body of the frustule and the horns; several 
large chromatophores; two laminate chromatophores, one in each half-cell; 
or a single laminate chromatophore next to the girdle face. 

When auxospores are formed, the two half-cells separate and the proto¬ 
plast is extruded within a vesicle. The protoplast then develops into a 
single auxospore whose girdle axis is at right angles to the girdle axis of the 
parent cell.' Statospores have been found in several species. These are 

^ Ikari, 1921. 
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formed singly within a frustule and are enclosed by a wall whose two halves 
are unlike in shape and ornamentation (Fig. 368, page 458). Microspores 
of two different sizes have been found in one species.^ 

Chaetoceros, a genus with many species, was thought to be exclusively marine 
until discovery of a species, C. Elmorei Boyer (Fig. 376), in the plankton of Devils 
Lake, North Dakota.* Although this lake, which is located near the center of 
North America, has slightly brackish water, its algal flora is distinctly fresh water 
in nature.* C. Elmorei^ therefore, must be considered a fresh-water diatom. For a 
description of it, see Boyer (1927). 

2. Attheya T. West, 1860. Frustules of this diatom are markedly 
compressed and with many intercalary bands. As seen in girdle view, 
the outline is rectangular and with each angle continued in a long spine¬ 
like horn. In certain species, there is an additional horn midway between 
the two borne at the poles of a valve. Walls of frustules are only slightly 
silicified and without evident markings on valves or intercalary bands. 

Fig. 377. Attheya Zacharia8iBv\xa. {After Huetedt^ l^ZO.) (X 500.) 

The protoplast contains a few disk-shaped, parietally disposed, chromato- 
phores midway between the two ends. 

Statospores are known for one species.^ 

Fresh-water species of Attheya and Rkizosolenia are quite similar in general ap¬ 
pearance, but the two have been placed® in separate suborders because of differences 
in number and arrangement of the spines. A, Zachariasi Brun (Fig. 377) is widely 
distributed in the fresh-water plankton of Europe, but in the United States has only 
been found in the plankton of rivers in Ohio® and Tennessee.^ For a description of 
it, see Hustedt (1929jB). 

Family 2. Biddulphiaceab 

Frustules of genera assigned to this family are less frequently rounded 
in front view than they are two-, three-, four-, or many-angled. Orna¬ 
mentation of the valve is, however, centric about a point and never bilater¬ 
ally symmetrical with respect to a line. Toward their margins, the valves 

* SCHILLEB, 1909. * Botbr, 1914; Elmobe, 1922. > Moobe and Cabtbb, 1923. 

® Hustedt, 1929B. ‘ Boteb, 1927; Hustedt, 1929B; Meisteb, 1912. 

® Lacket et al,, 1943. ^ Lackey, 1942. 
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have one or more localized areas elevated into short stout horns that rarely 
terminate in claw-like points. In lateral view, the girdles may overlap 
each other, or there may be intercalary bands between them. Most of the 
genera belonging to the family have coarsely areolate walls and an orna¬ 
mentation of valves, girdles, and intercalary bands. Some species have 
smooth girdles, or smooth intercalary bands, or both. Diatoms belonging 
to this family may be free-floating or sessile, and solitary or colonial. The 
formation of colonies is generally due to a development of gelatinous cush¬ 
ions (at the angles) that unite the cells to each other in linear or dendroid 
zigzag series. The cells may contain numerous small discoid chromato- 
phores or a few large laminate ones. Auxospores, formed singly within the 
cells, are known for several genera. Statospores are not formed by mem¬ 
bers of this family (?). Uniflagellate microspores have been recorded. 

Biddulphia is the only genus with fresh-water representatives in this 
country. 

1. Biddulphia Gray, 1832. The frustules of Biddulphia vary so much 
in shape from species to species that it is difficult to describe them in 
general terms. However, all species have cells that are transversely 
compressed and have valves that bear cylindrical, conical, or globular 
processes at their angles. In valve view, the frustules are elliptical or 
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patterns. Within the cell wall, there may be internal septa, perpendicular 
to the valve face, but these never project into the portion of the cell encir¬ 
cled by the intercalary band. The chromatophores may be large or small 
and with a smooth or a deeply incised margin. The cells are sometimes 
solitary, but more often they are united to one another in linear or zigzag 
chains by means of gelatinous cushions that connect the processes of one 
frustule with those of the next frustule. 

Auxospores are formed singly within a cell and are of much larger 
diameter than the cell producing them. Reproduction may also take 
place by a division of the protoplast into 32 or 64 microspores^ (Fig. 369, 

page 459). 

Biddulphia is a genus of littoral marine diatoms, containing 125 or more species, 
that grow chiefly on clayey banks or on seaweeds. B. laevis Ehr. (Fig. 378) has 
been found in fresh water in Nebraska.^ For a description of it, see Boyer (1927). 

Family 3. Anaulaceae 

Features distinguishing this family from-others of the order include a 
reduction or absence of polar processes on Valves, and an internal septation 
of the frustules. The cells are usually compressed and either bilaterally 
symmetrical in valve view or asymmetrical. As far as the general outline 
is concerned, the frustules appear to be more of the pennate than of the 
centric type, but the radial or irregular disposition of the ornamentation 
around a central point, and the complete lack of a raphe or pseudoraphe, 
shows that the family belongs to the Centrales. The frustules have an 
intercalary band between the girdles, and there is an ornamentation of 
both the girdles and the intercalary bands. The internal septa lie at right 
angles to the long axis of a valve and extend vertically inward from the 
valve face to the region encircled by intercalary bands. Frustules may be 
solitary or united corner to corner in zigzag chains. 

Auxospores, formed singly within vegetative cells, are known for a few 
genera. Statospores and microspores are unknown. 

Terpsinoe is the only member of the family found in the fresh-water 
flora of the United States. 

1. Terpsinoe Ehrenberg, 1841. Frustules of this diatom are laterally 
compressed and quadrangular in girdle view. The valves are elliptical or 
triangular in outline and with markedly undulate sides. The transverse 
septa within the frustule extend across the short axis of a valve. The 
valves are irregularly punctate or with the punctae radially disposed in the 
central region. The two half-walls of a frustule are separated by an inter¬ 
calary band which is usually as conspicuously ornamented as the girdles. 

^ Berqon, 1907. * Elmore, 1922. 
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When seen in girdle view, the septa are perpendicular to the valve face and 
extend inward to the level of the intercalary bands.^ In some cases, the 
internal margin of each septum is thickened and bent at an angle to the 

other portion. The general appearance of 
these septa so strongly suggests a series of 
musical notes that the first species to be de¬ 
scribed was called T. musica. Cells of Terp- 
sinoe grow singly or in zigzag chains. 

Auxospores are formed singly within a cell 
and are much larger than the parent cell.^ 

One species, T. americana (Bailey) Ralfs (Fig. 
379), of this predominantly marine genus has 
been found in fresh water in this country. For 
a description of it, see Boyer (1927). 

ORDER 2. PENNALES 

Valves of Pennales have an ornamentation 
that is bilaterally disposed to a saggital line 
and never radially arranged with reference to 
a central point. The saggital line is medial 
or lateral in position and may be a narrow 
unomamented strip (pseudoraphe) or an 
unornamented strip in which there is a 

linear slot (raphe). A few species have valves which are nearly circular 
in outline; the great majority of species have elongate valves that are 
bilaterally symmetrical to a median axis or that are asymmetrical. The 
frustules are usually rectangular in girdle view, and bilaterally symmetrical 
or asymmetrical. Intercalary bands are usually lacking between the 
girdles. Internal septa are found in certain genera; these may lie parallel 
or vertical to the valves. The valves are without spines or processes and 
lack external appendages other than wings along the margin. Chromato- 
phores may be constant in type throughout a genus, or variable. There 
may be numerous small discoid chromatophores or one to several laminate 
chromatophores with a smooth or irregular outline. Laminate chroma¬ 
tophores may lie parallel or perpendicular to the valve face. Perhaps the 
most frequently encountered condition is that of two chromatophores on 
opposite sides of a cell and in the long axis of the girdle. Many of the 
species with laminate chromatophores have pyrenoids; those with small 
chromatophores usually lack them. The frustules may be free-floating or 
sessile; and solitary, united in filaments, or united in dendroid colonies. 

Statospores and microspores are unknown for the Pennales. Auxo- 

1 MtLLBR, O., 1881. * MUllbr, O., 188^. 

9 
Fig. 379. Terpsinoe americana 
(Bailey) Ralfs. A, valve view. 
B, girdle view, {After A. Schmidt ’» 
Atlas,) 
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spores are known for many genera. Where there is a production of a single 
auxospore by a single cell, it is due to parthenogenesis or to a union of two 
gametes or gamete nuclei formed by the cell. Generally, auxospores are 
formed by an approximation of two frustules and the direct functioning of 
their protoplasts as aplanogametes, or the two protoplasts may divide to 
form two aplanogametes which fuse in pairs to form two auxospores. All 
members of the order with a fusion of aplanogametes have been shown to 
have a reduction division immediately prior to formation of gametes. 

The order is one more abundantly represented in the fresh-water flora 
of this country than are Centrales, and Pennales are found in all habitats 
where diatoms occur. The most primitive Pennales are those with a 
pseudoraphe and numerous chromatophores. The Surirellaceae have cells 
that attained the greatest complexity. Although classification of the 
order is based entirely upon structure of cell walls, the system is to be 
considered a natural and not an artificial one. 

The four suborders into which the Pennales are divided are all well repre¬ 
sented in the fresh-water flora of this country. 

SUBORDER 1. FRAGILARINEAE 

Genera belonging to this suborder have frustules in which both valves 
have a pseudoraphe or a primitive type of true raphe. The frustules are 
generally elongate, straight or arcuate, and with parallel sides or cuneate. 
They are bilaterally symmetrical in girdle view, and with or without inter¬ 
calary bands. Internal septa are present in many of the genera and may 
completely or incompletely divide the frustule^s interior. Ornamentation 
of valves is usually delicate and either striate or punctate. In many 
cases, there is no ornamentation of the girdles. Most genera of the sub¬ 
order have protoplasts containing many small discoid chromatophores, 
but some have a few large chromatophores. The frustules may be free- 
floating or sessile, and solitary or united in band-like, zigzag, or stellate 
colonies. 

A production of auxospores is rather uncommon among members of this 
suborder. Most genera known to form auxospores have a direct develop¬ 
ment of either one or two auxospores from a single cell. The somewhat 
incomplete data seem to show that these auxospores are sexual in nature. 

The suborder is divided into four families. 

Family 1. Tabellariaceae 

The Tabellariaceae have frustules with two to many intercalary bands 
and, consequently, cells that are tabular in girdle view. Parallel to the 
intercalary bands and between them, or between girdle and intercalary 
band, are incomplete or perforate longitudinal septa. As seen in valve 
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view, the cells are narrowly linear, bilaterally symmetrical, and laterally 
inflated midway between the poles. The pseudoraphe is axial, and the 
finely punctate or striate ornamentation is symmetrically disposed with 
reference to it. The ornamentation may continue from valve to girdle and 
even to the intercalary bands, or girdles and intercalary bands may be 
smooth. Numerous small discoid chromatophores are characteristic of 
the family. Genera belonging to this family usually have the frustules 
conjoined in straight or zigzag chains by means of gelatinous cushions at 
their corners. 

The three genera found in this country differ as follows: 

1. Frustules with two perforate septa.3. Diatomella 
1. Frustules with more than two perforate septa. 2 

2. Septa straight. 1. Tabellaria 
2. Septa curved.2. Tetracyclus 

1. Tabellaria Ehrenberg, 1840. The tabular cells of this diatom are 
generally united in free-floating zigzag chains by gelatinous cushions at 
their corners. The frustules usually have numerous intercalary bands 
between the girdles. Internal to the wall, and between girdles and inter- 

Fiq. 380. A-B, Tabellaria feneatrata (Lyngb.) KUtz. C, T. feneatrata var. aaterioneUoidea 
Grun. U, C, X 400; B, X 1000.) 

calary bands, are longitudinal septa, extending almost to the center of a 
cell. These may be opposite to, or alternate with, one another. The 
valves are elongate, with an evident lateral inflation in the median portion, 
and slightly inflated at the poles. There is a rather faint narrow pseudo- 
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raphe that is slightly broader in the middle and at the ends. Lateral to 
the pseudoraphe are transverse finely punctate striae. There are one or 
two small circular pores in the middle part of a valve.^ Within a cell are 
numerous minute discoid chromatophores. 

Auxospores are formed by solitary cells, but the method by which they 
are produced is unknown. They may be formed singly^ or in pairs* within 
a cell. 

V 1 IT7 

Li_UL 

Tabellaria is a common diatom of streams, ponds, and pools; it is also often found 
in the plankton of lakes. The cells are usually united in zigzag chains, but those in 
the plankton are sometimes stellately united with one another in much the same 
fashion as in Asterionella. The species found in this country are T. binalis (Ehr.) 
Grun. T. fenestrata (Lyngb.) Kiitz. (Fig. 380), 
and T. floccosa (Roth) Kiitz. For descriptions 
of them, see Boyer (1927). 

2. Tetracyclus Ralfs, 1843. In its com¬ 
pressed frustules joined comer to corner 
in zigzag chains, this genus is quite like 
Tabellaria, It differs in that the longi¬ 
tudinal septa extending inward from poles 
of the intercalary bands rarely extend 
more than a third of the distance to the 
middle of a cell and are more or less curved at their apices. Another dif¬ 
ferences is the series of conspicuous internal costae (false septa) on the 

valves. These are usually transverse but may 
be oblique or interrupted in the middle. The 
protoplasts have numerous small chromato¬ 
phores. 

Auxospores have not been found in this genus. 

The two species found in fresh water in this coun¬ 
try are T. lacustris Ralfs and T.rupestria (A.Br.) 
Grun. (Fig. 381). For descriptions of them, see 
Boyer (1927). 

Fig. 381. Tetracyclus rupestris (A. 
Br.) Grun. A, girdle view. B-C, 
valve views. Z>, valve view at level 
of one of the septa. (X 1300.) 

Fig. 382. Diatomella BcUfouri- 
ana Grev. {After W, Smith, 

1866.) 3. Diatomella Greville, 1855. The flattened 
rectangular fnistules of this diatom may occur 

singly or adhere corner to corner in zigzag chains. There are two inter¬ 
calary bands between the girdles. Frustules have two longitudinal septa 
that extend the whole length of a cell. As seen in valve view, each 
septum has a circular perforation at each pole and one of larger diameter 
midway between the two polar ones. The valves are ellipticolanceolate 

1 Gemeinhardt, 1926A. * Geitler, 1927B. • Scntlrr, 1896. 
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in outline and somewhat tumid in the middle. Across their faces are 
delicate transversely punctate striae. There may be a smooth central 
area, but there is no pseudoraphe.^ 

This genus is of rare occurrence throughout the world. The only known species, 
^ D. Balfouriana Grev. (Fig. 382), has been found in Yellowstone National Park.* 

For a description of it, see Boyer (1927). 

Family 2. Meridionaceae 

Frustules of the Meridionaceae are elongate-cuneate in both valve and 
girdle views. The cells may be united valve to valve in fan-shaped 
colonies, borne on stout stipes of various length; or they may be united to 
form flat free-floating filaments. If the filaments are long enough, they 
make one or two flat spiral turns. Half-cells of the frustules are separated 
by one or two intercalary bands and not by several bands as is usually the 
case with Tabellariaceae. The frustules may have internal septa that 
extend part way across a cell and may be longitudinal or transverse. The 
ornamentation of valves consists of coarsely or finely punctate transverse 
striae that lie lateral to an unornamented saggital strip, the pseudoraphe. 

The pseudoraphe is never inflated in the 
median portion and only rarely so at its 
apices. Within a cell are numerous small 
discoid chromatophores. Auxospores are 
formed singly within solitary cells. 

Three of the four genera of the family 
are marine; the remaining one, Meridioriy 
is found only in fresh water. 

1. Meridion Agardh, 1824. Meridion 
differs from other diatoms in having 
free-floating, fan-shaped or flat-spiral, 
colonies made up of wedge-shaped cells 
joined valve to valve. There are one or 
two intercalary bands between the girdles. 
Internal to the frustule walls are trans¬ 
verse septa which are so rudimentary that 
they appear to be costae borne on the 
valve and girdle faces. The valves are 
cuneate, clavate, or obovate and with very 

delicate transverse striae in addition to the costae. There is a rather in¬ 
distinct pseudoraphe in the sagittal axis of a valve. Within a cell are many 
discoid chromatophores that lie partly next to the girdle and partly next to 
the valve sides. Many of the chromatophores contain a single p3rrenoid. 

* Boteb, 1927; SchOnfbldt, 1907,1913. ^ • Botbr, 1927. 

Fiq. 383. Meridiem drcvlare (Grev.) 
Ag. A, portion of a colony. R-C, 
girdle and valve views of a single frus¬ 
tule. (A, X 660; B-C, X 1300.) 
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Auxospores of rather irregular shape are formed singly within a cell.* 

Meridion is a diatom which often develops in abundance in ditches and semi¬ 
permanent pools. The species known for the United States are M. drcidare 
(Grev.) Ag. (Fig. 383), M. constrictum Ralfs, and M. intermedium H. L. Smith. 
For descriptions of them, see Boyer (1927). 

Family 3. Diatomaceae 

This family is similar to the foregoing in having transverse septa or 
costae across the face of a valve, but differs in having valves that are 
bilaterally symmetrical in both their longitudinal and transverse axes. 
As seen in girdle view, a frustule may be symmetrical in both axes, or 
symmetrical in the longitudinal axis and asymmetrical in the transverse 
axis. Some genera have cells that are frequently united in zigzag or flat 
filaments; other genera have cells that are always solitary. The valves 
have transverse striae in addition to costae, and there may be a conspicuous 
pseudoraphe down the middle of a valve, or only an indistinct one. Girdles 
of the frustule are usually separated from eaCh other by intercalary bands. 
Most species have numerous small discoid chromatophores within a cell. 

Auxospores, so far as known, are formed singly within a cell. 
The two genera with fresh-water representatives differ as follows: 

1. Girdle view rectangular. 1. Diatoma 
1. Girdle view cuneate. 2. Opephora 

1. Diatoma DeCandolle, 1805. The frustules of Diatoma are generally 
united to one another in linear to zigzag, free-floating or sessile, chains by 
gelatinous cushions at the comers of each 
frustule. Individual frustules are lanceo¬ 
late to linear in valve view and sometimes 
slightly dilated at their apices. The two 
girdles may be separated from each other 
by one or more intercalary bands. Inward 
from a frustule wall are several transverse 
septa which appear as costae that run 
transversely across the valves and then 
down the girdle to the intercalary bands. 
Between the costae, on valve and girdle, 
are delicate punctate striations. In the 
middle of a valve is a narrow pseudoraphe 
without a lateral expansion between its two 
ends. Near the end of a valve is a smaU ^lo. as*, as. ^ve md ^ 
elliptical pore, which is propably con- dan (Ehr.) Gnm. C, valve view of 

D, vidgare Bory. 'D, valve view of 
* OxXTLEB, 1927B. D. donoatum (Lyngb.) Ag. (X 1300.) 
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cemed with the secretion of the gelatinous cushions that bind cells one to 
another.^ The cells contain numerous elliptical chromatophores that lie 
next to both valve and girdle sides of the wall. 

Auxospores are formed singly within a cell.^ 

The transversely costate frustules of Diatoma superficially resemble those of 
• Meridion and of Denticula. Diatoma may be distinguished from Meridion by the 

transverse symmetry of the valves, and from Denticula by the capitate ends of the 
septa as seen in girdle view. The species known for the United States are D. 
anceps (Ehr.) Kirchn., D. elongatum (Lyngb.) Ag. (Fig. 384D), D. hiemale (Lyngb.) 
Herib. (Fig. 384A-5), and D. vulgare Bory (Fig. 3840). For descriptions of them, 
see Boyer (1927). 

2. Opephora Petit, 1888. The frustules of this diatom are usually 
symmetrical in both axes when seen in valve view but are transversely 
asymmetrical in girdle view. Opephora has conspicuous transverse costae 

Fig. 386. Opephora 
Martyi Herib. {After 
Meiater, 1912.) 

on its valves, and through the sagittal axis is a 
broad pseudoraphe that bisects each costa. Costate 
parts of the frustule wall are often finely punctate, 
but the remaining portions of the wall are smooth. 
Girdle portions of a frustule wall have costae down 
to the place where the girdles overlap each other or 
are separated by an intercalary band. 

This genus has a few marine and one fresh-water 
species. The fresh-water species, 0. Martyi Herib. (Fig. 

385), has been found in Michigan.® For a description of it, see Boyer 
(1927). 

Family 4. Fragilakiaceae 

Genera of this family are distinguishable from others in the suborder by 
the lack of costation on the valves and by the lack of internal septa. Most 
genera have valves that are symmetrical in both axes. The cells are 
sessile or free-floating, and solitary or united in colonies. Free-floating 
colonies may have the cells stellately united, or in band-like to zigzag 
chains. Sessile colonies usually have the cells borne at the ends of re¬ 
peatedly branched gelatinous stalks. The valves are elongate, and either 
with parallel sides, with undulate sides, or with the median portion in¬ 
flated. Each valve is transversely striate or punctate, and there is gen¬ 
erally a conspicuous pseudoraphe down the middle. The ornamentation 
is sometimes lacking midway between the poles of a valve. Girdles may 
overlap each other or be separated by one to several intercalary bands. 
Different species of the same genus often show marked diversity in number 
and shape of the chromatophores.^ 

® Gemeinhardt, 1926A, 1928. * Geitlbr, 1927B. ® Boter, 1927. 
^ Heinzsrlino, 1908. 
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Auxospores are formed either singly^ or in pairs* within solitary cells. 
The three fresh-water genera in this country differ as follows: 

1. Ends of valves the same size. 2 
1. Ends of valves dissimilar in size. 3. Asterlonella 

2. Cells in filamentous, or in flat stellate, colonies. 1. Fragllarla 
2. Cells solitary, or in colonies with cells radiating in all directions... 2. Synedra 

1. Fragilaria Lyngbye, 1819; emend., Rabenhorst, 1864. The frustules 
of Fragilaria are linear to fusiform in valve view, bilaterally symmetrical, 
and often with the poles attenuated and the sides with one or more in¬ 
flations. They are rectangular in girdle view and usually with one or 
more intercalary bands between the girdles. The cells are united in 
free-floating or sessile colonies. The colonies may be band-like filaments 
with the cells joined valve to valve; or in zigzag filaments with the cells 
joined to one another by gelatinous cushions at their corners; or, in very 

.. 

M1 n h 1H till t 

Fig. 386. Fragilaria crotonenais var. praelonga Grun, (X 1000.) 

rare cases, in flat stellate colonies with the cells united to one another at 
their corners. The valves are ornamented with delicate transverse striae 
or fairly coarse transverse rows of punctae. The pseudoraphe through the 
sagittal axis of a valve may be delicate and indistinct, or broad and con¬ 
spicuous. According to the species, there are small discoid chromatophores 
or one to four large laminate chromatophores with pyrenoids.® 

Auxospores are formed singly within a cell.^ 

Fragilaria (Fig. 386) is a diatom of frequent occurrence in pools, ditches, slowly 
flowing streams, and in the plankton of lakes. About a dozen species are known 
for the United States. For names and descriptions of these species, see Boyer 
(1927). 

2. Synedra Ehrenberg, 1830. The frustules of Synedra (Fig. 387) are 
usually narrow and many times longer than broad. They may be solitary 
and free-floating, in radiate free-floating colonies, or epiphytic and in 
radiating or fan-shaped colonies that are either sessile or attached to the 
host by a gelatinous stalk. The valves are linear to linear lanceolate and 
usually straight though sometimes curved. Their ends may be attenuated, 
capitate, or of the same diameter as the median portion. The omamenta- 

1 Klebahn, 1896. * Kabsten, 18974. • Hbinzbbling, 1908. 
< Klebahn, 1896. 
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tion, which is often lacking midway between the poles, consists of transverse 
striae or punctae, through which runs a conspicuous pseudoraphe. Most 
species have one or two pores in the polar region of a valve.^ The pores 
are concerned in extrusion of the gelatinous material that unites the cells in 
colonies. As seen in girdle view, the frustules are elongate and with 
truncate apices. The ornamentation of the girdle is as conspicuous as that 
of the valve. Fresh-water species have but two chromatophores and these 
lie next to the valve faces.^ Each chromatophore usually contains three 
or more pyrenoids. 

Fig. 387. A, Synedra aplendena Katz. B, <S. auhaequalia (Grun.) V.H. (X 400.) 

A single cell may produce either one or two auxospores. Production of 
one auxospore is due to a fusion of two gametes formed within a frustule.* 
“Regeneration forms,’^ which increase the size of a cell without auxospore 
formation, are also known.^ 

Synedra (Fig. 387) is a diatom found in a wide variety of habitats. The smaller 
fresh-water species are mostly sessile and grow in the form of a brownish-green 
coating on stones and woodwork in running water. The larger species are gen¬ 
erally free-floating, or epiphytic upon submerged vegetation in ditches, pools, and 
lakes. Synedra is also found in the plankton of lakes. Twenty-five species have 
been found in the United States. For names and descriptions of them, see Boyer 
(1927). 

3. Asterionella Hassall, 1850. The frustules of this diatom are linear 
in valve view and with inflated ends. They are joined to one another by 
gelatinous cushions at their edges to form flat stellate colonies in which all 
the cells lie in approximately the same plane. Usually the inflated ends 
in contact with other cells are broader than the free ends. The valves are 
very delicately and transversely striated and with an indistinct pseudoraphe 
through the sagittal axis. It has been held*^ that there are two minute 
pores near the pole of a valve and that the gelatinous cushions which hold 
the frustules in colonies are extruded through these pores. Within a cell 
are two chromatophores which lie axially to each other.® 

Auxospores have not been noted in this genus. 

AaterumeUa is a genus whose fresh-water representatives are usually found only 
in the plankton of lakes. Here they may be so abundant as to give the water a 

» Gbmbinhabdt, 1926A. * Gemeinhardt, 1926. * Geitler, 1939. * Gemeinhardt, 1926A. • Gemeinhardt, 1928. * SchOnfeldt, 1907. 
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fishy taste.^ The species found in the United States are A, formosa Hass. (Fig. 
388), A. gracilUma Heib., A, inflata Heib., and A. Rcdfsii W. Smith. For a de¬ 
scription of A. gracilUma^ see Meister (1912); for the others, see Boyer (1927). 

Fig. 388. Aaterionella formosa Hass. (X 530.) 

Family 5. Eunotiaceae 

Members of this family have arcuate valves with an asymmetrically 
disposed pseudoraphe or a primitive true raphe along the concave side. 
The valves are transversely striate or punctate and sometimes with the 
striation uninterrupted across the valve face. Costae and internal septa 
are lacking. The girdle view is rectangular or cuneate. The girdles are as 
strongly ornamented as the valves, and they may be separated from each 
other by smooth or more delicately sculptured intercalary bands. Frus- 
tules may be free-floating or epiphytic; and solitary, or united valve to 
valve in filaments or in fasciculate clusters. The cells usually contain two 
laminate chromatophores. 

Auxospore formation is of extremely rare occurrence, but when it 
does take place it is by the conjugation of two cells to form’ a single 
auxospore. 

The genera found in this country differ as follows: 

1. Valves alike at both ends. 2 
1. Valves inflated at one end. 4. Actlnella 

2. Sides of valves dentate. 2. Amphlcampa 
2. Sides of valves not dentate. 3 

3. Concave side of valve tumid in center. 3. Ceratonels 
3. Concave side of valve not tumid in center. 1. Eunotla 

* Whipple, 1927. 
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1. Eunotia Ehrenberg, 1837. Frustules of Eunotia are free-floating or 
epiphytic, and solitary or united valve to valve in filamentous colonies. 
They are more or less arcuate in valve view and with the two poles of the 
same size (Fig. 389). The concave margin is usually a smooth curve. 

Fig. 389. A, Eunotia pectinalis (KUtz.) Hab. 5, E. pectinalia var. undulata Ralfs. 
(X 1000.) 

The convex margins vary all the way from smooth curves, except for the 
polar inflations, to a curved outline that is strongly undulate. Near each 
pole is a fairly conspicuous polar nodule, and diagonally from the polar 
nodule to the concave margin is a short raphe whose length is but a small 
fraction of the distance from the pole to the middle of a cell. Central 
nodules are lacking. Between the polar nodule and the end of a valve is a 
small pore through which gelatinous material is secreted.^ There is no 
costation or septation of the valves. The frustules are rectangular in 
girdle view and with the girdles as strongly ornamented as the valves. 
There are usually intercalary bands between the girdles, and these may be 
smooth or more delicately ornamented than the girdles. Within the proto¬ 
plast are two laminate chromatophores (one next to each valve) that some¬ 
times have their margins extending down the girdle side. There are no 
pyrenoids. 

Auxospores are formed by the approximation of two cells and conjugation 
of their protoplasts to form a single auxospore.^ 

Eunotia (Fig. 389) is more abundant in soft-water than in hard-water regions 
and is of frequent occurrence in pools and ditches but not usually in quantity. 

About 30 species are known from fresh waters of this 
country. For names and descriptions of them, see 
Boyer (1927). 

Fig. 390. Amphicampa 2. Amphicampa Ehrenberg, 1870. This genus 
6^^1870) Ehren^ arcuate cells of much the same shape as Eu¬ 

notia, The valves differ from those of Eunotia 

in having both the concave and convex margins dentate-undulate, and in 
the acute instead of rounded apices of the lateral undulations. The valves 
have transverse striae which extend without interruption across the face of 
a valve. The girdle view is rectangular. 

^ Hustedt, 1926. * Kleuahn, 1896. 
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A, eruca Ehr. (Fig. 390) has been recorded from California.^ For a description 
of it, see Boyer (1927). 

3. Ceratoneis Ehrenberg, 1840. The frustules of this diatom are arcuate 
in valve view, with rostrate-capitate apices, and with a more or less promi¬ 
nent tumescence (pseudonodule) in the middle of the concave side. The 

Fig. 391. Cerotonew arcwa (Ehr.) Ktttz. (X 1300.) 

valves are transversely striated and have a conspicuous pseudoraphe that 
lies somewhat toward the concave margin. The girdle view is linear, with 
parallel sides and truncate ends. The frustules are usually solitary but 
sometimes are united valve to valve in short filaments. 

Ceratoneis is a genus which, according to European diatomists, is usually found in 
running water, notably that of mountain streams. C. arcus (Ehr.) Kiitz. (Fig. 391) 
is known for the United States. For a description of it, see Boyer (1927). 

4. Actinella Lewis, 1863. The frustules of Actinella are linear in valve 
view and with dissimilar extremities. One extremity of a valve is broadly 
rounded, the other is inflated and with a retuse to apiculate apex. The 
sides of the valves may be smooth curves except for the polar inflation, or 

Fio. 392. Actinella punctata hewis. (X 1300.) 

they may be undulate. Across the face of a valve are delicate transverse 
rows of punctae, and the rows are vertically interrupted by a pseudoraphe 
that lies toward the concave margin of a valve. The valves are sometimes 
ornamented with small intramarginal spines in addition to the striae. 
Near each extremity of a valve is a simple polar nodule, and diagonally 
from this and thence along the concave margin is a raphe. At the extreme 
apex of a frustule is a large pore.^ As seen in girdle view, the frustules are 
elongate-cuneate and transversely striate next to the lateral margins only. 
The cells may be solitary or united valve to valve in small clusters. 

Actinella is a rare fresh-water diatom, thus far found only in the Western Hemi¬ 
sphere. A, punctata Lewis (Fig. 392) is the only species known to occur in this 
country. For a description of it, see Boyer (1927). 

^ Boteb, 1927. * Hustbdt, 1926. 
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SUBORDER 2. ACHNANTHINEAB 

Genera belonging to this suborder differ from other pennate diatoms 
in having frustules with a pseudoraphe on one valve and a true raphe on the 
other. The cells are symmetrical in both axes when seen in valve view, 
but they are longitudinally or transversely as3rmmetrical when viewed from 
the girdle side. Members of the suborder are rarely free-floating; usually 
they are sessile and borne either on gelatinous stalks or with one valve 
apposed directly to the substratum. The ornamentation consists of trans¬ 
verse striae or rows of punctae, symmetrically disposed with reference to 
the median axis. One genus has incomplete longitudinal internal septa; 
other genera lack them. Some species have numerous small discoid 
chromatophores, but the great majority have a single laminate one, often 
with irregularly lobed margins, that lies next to the valve or girdle 
side. 

There may be an approximation of two cells and a fusion of their proto¬ 
plasts to form a single auxospore, or the two cells may have their protoplast 
dividing into two gametes and fusing in pairs to form two auxospores. 
Nuclear divisions prior to auxospore formation are meiotic. Two ap¬ 
proximated cells may also form auxospores without conjugation; in one 
case, this has been shown to be due to parthenogenesis. 

Family 1. Achnanthaceab 

All genera of the suborder are placed in a single family, the Achnan- 
thaceae. 

The genera found in this country differ as follows: 

1. Frustules cuneate in girdle view. 2. Rhoiocosphenia 
1. Frustules not cuneate in girdle view. 2 

2. Longitudinal axis of cells bent or curved. 1. Achnanthes 
2. Transverse axis of cells bent or curved. 3. Cocconeis 

1. Achnanthes Bory, 1822. The cells of this diatom are linear-elliptical 
to navicular in valve view and longitudinally bent or curved in girdle view. 
Sometimes the cells are free-floating, but in the great majority of cases they 
are attached to some firm object by means of a gelatinous stalk. Sessile 
forms may have the cells united valve to valve in small libriform packets 
or, in very rare cases, in long filaments. The two valves of a cell are 
dissimilar. The epitheca is always with a pseudoraphe and convex; the 
hypotheca is usually concave and with a raphe, rather inconspicuous polar 
nodules, a distinct central nodule, and sometimes a stauros. Valves may 
be alike in their transverse striation or punctation, or one may have trans¬ 
verse striae and the other somewhat radiate striae. The girdles are 
longitudinally bowed or bent, usually strongly ornamented, and sometimes 
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separated from each other by intercalary bands. There may be but a single 
chromatophore that lies next to the epitheca, two chromatophores next to 
the epitheca, or numerous small 
discoid chromatophores. 

Auxospores are formed by the 
approximation of two frustules, 
the division of each protoplast into 
two gametes, and the fusion of the 
gametes in pairs to form two auxo¬ 
spores. Elongation of auxospores 
may be parallel with, or at right 
angles to, the long axes of the par¬ 
ent frustules.^ 

Species of Achnanthes (Fig. 393) are 
found in both fresh and salt waters. 
Fresh-water species usually grow epi¬ 
phytically upon filamentous Chlorophy- 
ceae or upon submerged phanerogams. 

c 
Fio. 393. A-C, Achnanthes coarctcUa (Br6b.) 
Grun. A, valve view of hypotheca. B, valve 
view of epitheca. C, girdle view. D-E, 
A. lanceolata (Br6b.) Grun. Z>, valve view 
of hypotheca. E, valve view of epitheca. 
(X 1300.) 

About a dozen species occur in the United States. For names and descriptions of 
these species, see Boyer (1927A). 

2. Rhoicosphenia Grunow, 1860. The wedge-shaped frustules of Rhoi- 

cosphenia are sessile and attached at their narrower ends to a more or less 
branching system of gelatinous stalks affixed to 
submerged phanerogams or to coarse filamentous 
green algae. Sometimes the stalk system is re¬ 
duced to a gelatinous cushion. As seen in valve 
view, the frustules are oblanceolate in outline. 
The epitheca has a median pseudoraphe, and 
lateral to it are transverse rows of rather delicate 
striae. The hypotheca has a median raphe, with 
central and polar nodules, and parallel striae that 
are sometimes somewhat radially disposed with 
reference to the central nodule. When seen in 

Fig. 394. Rhoiwsphenia gii.(Ue view, thefrustules are distinctly cuneate and 

girdle view. B, valve view distinctly curved in the longitudinal axis. There 
of epitheca. c, vaiye^ew Qj>e unomamented intercalary bands between the 
o ypot eca. X striately ornamented girdles. Within the frus¬ 

tules are two longitudinal septa, parallel to the valve face. Each 
septum has a single large oval perforation, as wide as the valve and some¬ 
what shorter. There is a single laminate chromatophore next to one side 

> Kabstbn, 1897. 
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of the girdle, which is often so large that it extends across the valve to the 
opposite side of the girdle. 

Anxospores are formed by conjugation of sister cells to form a single 
zygote, and there is a meiotic division followed by degeneration of three 
nuclei in the conjugating protoplasts.^ 

R. curvata (Ktitz.) Grun. (Fig. 394), the only species found in this country, is of 
frequent occurrence on filaments of Vaucheriay Cladophora, and Oedogonium. For 
a description of it, see Boyer (1927A). 

3. Cocconeis Ehrenberg, 1838. Frustules of this diatom are broadly 
elliptical in valve view and transversely curved in girdle view. The two 
valves are similar in outline but dissimilar in structure. The epitheca has 

an axial pseudoraphe and lateral to it 
transverse striae or punctae. The hypo- 
theca has a median, straight or sigmoid, 
raphe with central and polar nodule. 
Ornamentation of a hypotheca may be 
like or unlike that of the epitheca. In¬ 
ternal to the valves are incomplete trans¬ 
verse septa. There is usually a single 
laminate chromatophore, with one or 
two pyrenoids, and with a large lateral 
foramen in which the nucleus lies. The 
chromatophore almost always lies adja¬ 
cent to the epithecal valve. 

Auxospores are formed by an approximation of two cells and conjugation 
of their protoplasts to form a single auxospore. Nuclear division preceding 
gametic union halves the number of chromosomes.^ There may also be a 
parthenogenetic development of each gamete into an auxospore. 

A majority of the species of Cocconeis are marine. Fresh-water species grow 
epiphytical upon submerged phanerogams and upon filamentous Chlorophyceae, 
and with the hypotheca flattened against the host. Cocconeis is most frequently 
encountered upon old, slowly growing, filaments of Vaucheria and Clodophora^ and 
often in such profusion as to cover the host completely. The species found in the 
Unites States are C. flexulla (Kiitz.) Cleve, (7. minuta Cleve, C. Pediculus Ehr. 
(Fig. 395) and C. placentula Ehr. For descriptions of them, see Boyer (1927A). 

SUBORDER 3. NAVICULINEAE 

A majority of the fresh-water Pennales belong to the suborder Navi- 
culineae, one in which both valves have a true raphe and in which the 
raphe is axial on a valve and not in a marginal keel. Members of the sub- 

* Cholnokt, 1927; Geitler, 1928B. * Gbitler, 1927. 

Fig. 396. Cocconeis Pediculus Ehr. 
A, hypotheca. epitheca. (X 1300.) 
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order are mostly solitary and free-floating, but some are sessile and borne 
at the ends of branched gelatinous stalks or they lie side by side within 
profusely branched tubular gelatinous envelopes. Most of the genera have 
frustules that are longitudinally and transversely symmetrical in valve 
view and with both poles of the same shape. A few genera have valves that 
are asymmetrical in the longitudinal or in the transverse axis. Girdle 
views of frustules are usually symmetrical in both axes, but they may be 
asymmetrical in one axis. Most genera have girdles that overlap each 
other and are without intercalary bands. There are usually two laminate 
chromatophores that lie opposite to each other next to the long sides of the 
girdle. 

Auxospores result from the approximation of two frustules and the union 
of their protoplasts to form a single auxospore, or the protoplasts of each 
frustule may divide into two gametes which unite in pairs to form two 
auxospores. These two gametes may be equal or unequal in size; if of equal 
size, one may be amoeboid and the other immobile. Several genera are 
known to have a reduction division prior to gametic union. There are 
also cases where the two approximated frustules form auxospores without 
conjugation, and some of these are known to be due to parthenogenesis. 

The suborder is divided into three families. 

Family 1. Naviculaceab 

This, the largest family of the Bacillariophyceae, has frustules whose 
valves are symmetrical in both axes. Both valves are alike, and they may 
be elliptical, lanceolate, or boat-shaped in outline. The sagittal axis is 
usually linear, though it may be sigmoid, and the valve face usually lies in 
one plane, though it may be convex or twisted. Each valve has a raphe 
with distinct central and polar nodules that vary considerably in shape 
from genus to genus. A majority of the genera have transversely punctate 
or striate valves, though a few have punctae that lie in decussating series. 
In one or two cases (as Amphipleura), the ornamentation is so delicate 
that it can be resolved only under the most favorable conditions. The 
girdle view is usually symmetrical in both axes. Most genera have two 
laminate chromatophores, symmetrically or asymmetrically disposed with 
respect to the girdle. 

Auxospores are formed by the different methods noted for the suborder. 
The genera found in this country differ as follows: 

1. Frustules internally septate. 15. Mastogloia 
1. Frustules not internally septate. 2 

2. Valves without a keel. 3 
2. Valves with a sigmoid sagittal keel. 14. Amphlprora 

3. Ornamentation of valve interrupted by longitudinal blank spaces.4 
3. Ornamentation of valve not interrupted by longitudinal blank spaces— _7 
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4. Longitudinal blank spaces zigzag. 5. Anomoeonels 
4. Longitudinal blank spaces not zigzag. 6 

6. Longitudinal blank spaces near axial field. 6. Diplonels 
5. Longitudinal blank spaces near sides of valve. 6 

6. Transverse ornamentation of valve punctate. 4. Neidlum 
6. Transverse ornamentation of valve not evidently punctate. 3. Calonels 

7. Axial field and raphe sigmoid. 8 
7. Axial field and raphe straight. 10 

8. Punctae on valve in transverse rows. 13. Scollopleura 
8. Punctae on valve in intersecting rows. 9 

9. With transverse and oblique rows. 12. Pleurosigma 
9. With transverse and longitudinal rows. 11. Gyrosigma 

10. Raphe between siliceous longitudinal ribs. 11 
10. Raphe not between siliceous longitudinal ribs. 13 

11. Length of central nodule at least half that of valve. 8. Amphipleura 
11. Length of central nodule less than half that of valve. 12 

12. Transverse ornamentation of valve costate. 10. Brebissonia 
12. Transverse ornamentation of valve, when evident, finely punctate. 

9. Frustulia 
13. Stauros extending to sides of valve. 7. Stauronels 
13. Stauros, if present, not extending to sides of valve. 14 

14. Valve with smooth transverse costae. 2. Pinnularla 
14. Valve with transverse striae or transverse rows of punctae_ 1. Navicula 

1. Navicula Bory, 1822. Frustules of Navicula (Fig. 396) are symmetri¬ 
cal in all three planes. The valves are elongate, usually attenuated toward 
the poles and with capitate, rounded, or rostrate apices. The raphe is 
distinct, axial, straight, and with well-defined but small central and polar 

Fio. 396. A, Navicula gracilis Ehr. B, N, rhyncocephala Kutz. (X 1300.) 

nodules. The axihl field in which the raphe lies is fairly narrow and either 
without lateral expansions or expanded in the region of the polar nodules 
or in the region of the central nodule. The expansion in the region of the 
central nodule is never broad enough to be considered a stauros. Orna¬ 
mentation lateral to the axial field consists of parallel striae or rows of 
pimctae that are either strictly transverse or somewhat radiate in the 
region lateral to the central nodule. The frustules are rectangular in 
girdle view, with smooth girdles and without intercalary bands. Most 
species have two laminate chromatophores that lie on opposite girdle 
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sides and sometimes overlap a portion of the valve face. More rarely 
there are four or eight chromatophores. Frustules of Navicula are gen¬ 
erally solitary and free-floating. In certain marine species, they lie with 
their long axes parallel within repeatedly branched tubes that become 
progressively smaller with each branching. 

Auxospores are formed by approximation of two cells and division of each 
protoplast into two gametes which fuse in pairs to form two auxospores. 
It is definitely known for one species^ that meiosis precedes gamete for¬ 
mation. 

This is a large genus for which more than 40 fresh-water species occur in this 
country. For descriptions of most of the species found in this country, see Boyer 
(1927il), and Cleve (1895). 

2. Pinnularia Ehrenberg, 1840. The symmetrical frustules of Pinnu- 
laria (Fig. 397) have valves that are usually with rounded poles and straight 
parallel sides. Some species have valves that are inflated in the middle of 
their sides or are symmetrically undulate. The axial field in which the 
raphe lies is broad, sometimes over a third.,the diameter of the valve, and 
often expanded next to the central and polar nodules. The raphe is a 
complicated structure (see page 449) with a straight or somewhat sigmoid 
outer fissure. Lateral to the axial field are smooth parallel transverse 
costae which may be somewhat radiate near the central nodule and con¬ 
vergent near the polar nodules. The costae are tubular channels in the 
valve wall, and each of them is connected with the celFs lumen by an 
elongate-elliptical opening (Fig. 397). The two longitudinal lines evident 

Fig. 397. Pinnularia viridia (Nitzsch) Ehr. (X 976.) 

on either side of the axial field are successive poles of the openings. As 
seen in girdle view, the frustules are rectangular, with smooth girdles, 
and without intercalary bands. Within a cell are two laminate chro¬ 
matophores, generally with pyrenoids, that lie on opposite sides of the 
girdle. Frustules of Pinnularia are usually solitary and free-floating. 
In very rare cases,* the cells lie girdle to girdle in short band-like filaments. 

A majority of the species are fresh water in habit, and sometimes Pinnularia is 
present in abundance in semipermanent or permanent pools of soft-water localities. 
Boyer (1927A) lists and describes 42 species for the United States. 

^ Subrahmanyan, 1948. * Hustbdt, 1926A; Palmer, T. C., 1910. 
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3. Caloneis Cleve, 1894. The frustules of Caloneis (Fig. 398) are quite 
variable in valve view and may be linear, linear-lanceolate, elliptical, or 
panduriform in outline. They often are laterally inflated midway between 
the poles. The raphe down the middle of the axial field is always straight 
and with rounded central and polar nodules. There are always transverse 
striae lateral to the axial field, and these lie parallel to one another through¬ 
out the length of a valve or are slightly radiate in the median portion of a 

nil PPM ■■il 
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Fig. 398. Caloneis sUicvla (Ehr.) Cleve. (X 1300.) 

valve. Within the lateral margins of a valve are one or more longitudinal 
lines or smooth areas which cross the striae at right angles. As seen in 
girdle view, the frustules are rectangular. Empty frustules are often 
yellowish brown. There are usually two chromatophores within a cell, 
and these lie asymmetrically disposed against opposite sides of the girdle. 
Each chromatophore may contain two pyrenoids.^ 

This genus has numerous species, both in fresh and salt waters. Eleven fresh¬ 
water species are known for the United States. For names and descriptions of them 
see Boyer (1927^4) and Cleve (1894). 

4. Neidium Pfitzer, 1871. Valves of Neidium (Fig. 399) are linear, 
linear-lanceolate, elliptical, or gibbous in outline and with acute, obtuse, 
subcapitate, or subrostrate poles. The axial field is usually narrow and 
with a small circular or transversely oval lateral expansion in the middle. 

The raphe is straight and with the ends next to the central nodule facing 
in opposite directions. There is often a bifurcation of the raphe in the 
portion next to each polar nodule. The valves are ornamented with 
transverse rows of punctae, and next to the valve margin are one or more 
blank spaces that bisect the transverse ornamentation at right angles. 
The frustules are rectangular in girdle view and without intercalary bands. 

> Hsinzbbling, 1908. 
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Empty frustules are often yellowish or brownish. A cell contains two 
longitudinally incised chromatophores, each with a single pyrenoid. The 
incision is sometimes so deep that there appear to be four chromatophores.^ 

This exclusively fresh-water genus resembles Caloneis in the longitudinally in¬ 
terrupted transverse ornamentation, but differs in having punctae instead of striae 
and in the bending of the raphe next to the central nodule. Boyer (1927A) lists 
and describes 10 species for the United States. 

5. Anomoeoneis Pfitzer, 1871. Frustules of this diatom are linear, 
linear-lanceolate, rhombic, or elliptical in valve view; with smooth or 
gibbous sides and with acute, obtuse, or subcapitate apices. The valves 
have a narrow axial field that often has a small circular expansion midway 
between the two ends. The raphe is straight and with straight ends next 
to the central nodule. On the valve face are delicate transverse striae, 
each of which is interrupted by several hyaline spaces. Since the hyaline 
spaces in successive striae do not coincide, the result is a longitudinal pattern 
of zigzag clear spaces on the valve face. As seen in girdle view, the frustules 

! sill 'Ill'll!;!,■||!1|;|),'II|K^ 

Fig. 400. Anomoeoneis aerians (Br6b.) Cleve. (X 1300.) 

are rectangular and without intercalary bands. There is a single laminate 
chromatophore, with deep longitudinal incisions, that lies next to one side 
of the girdle and partly underlies each valve. 

Auxospores are formed by two sister cells that lie within a common 
gelatinous envelope. There is a meiotic division of the nuclei followed by 
a formation of two unequal-sized gametes in each cell. The gametes unite 
in pairs to form two auxospores.^ 

Anomoeoneis is another genus of naviculoid diatoms found only in fresh waters. 
It may be distinguished from other members of the family by the zigzag series of 
transverse dashes on the valves. The following species have been found in this 
country: A. exilis (Kutz.) Cleve, A. follis (Ehr.) Cleve, A. polygramma (Ehr.) 
Cleve, A. sculpta (Ehr.) Cleve, A. serians (Ehr.) Cleve (Fig. 400), A, sphaerophora 
(Klitz.) Cleve, and A. Zellensis (Grun.) Cleve. For descriptions of them, see 
Boyer (1927A). 

6. Diploneis Ehrenberg, 1844. Frustules of DipUmeis are more fre¬ 
quently elliptical in valve view than they are linear or with a constriction 

^ Heinzerlino, 1908. * Cholnoky, 1928A. 
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in the middle. The central nodule is more or less quadrate and with its 
lateral margins anteriorly and posteriorly prolonged into horns which lie 
on either side of the raphe. On each side of the horns and central nodule 
is a broad or narrow furrow, and lateral to the furrows are transverse 
costae or rows of punctae, that may extend to or across the furrows. The 

frustules are rectangular in girdle view. 
Within a cell are two chromatophores, with 
or without deep longitudinal incisions, that 
lie next to either the valve or girdle faces.^ 

This genus differs from others in the horn-like 
processes from the central nodule. This feature 
is quite prominent in most marine species; but is 
less evident in fresh-waterones, all of which have a 

more delicate ornamentation of the valves. The fresh-water species of this country 
are D, elliptica (Kiitz.) Cleve (Fig. 401), D. ocula (Br6b.) Cleve, D. ovalis Hilse, 
and D. puella (Schum.) Cleve. Fora description of D. ovalis^ see Cleve (1894); 
for the others, see Boyer (1927^4). 

Fig. 401. Diploneia elliptica 
(Ktttss.) Cleve. (X 1300.) 

7. Stauroneis Ehrenberg, 1843. The frustules of Stauroneis (Fig. 402) 
have much the same shape as those of Navicula. The axial field of a valve 
is narrow but conspicuous, and through the middle of the field there is a 
straight raphe with fairly small polar nodules. The central nodule is 
thickened and transversely extended to the lateral margins of the valve. 
There is no ornamentation in this 
thickened nodule, the stauros. The 
ornamentation of a valve consists 
of slightly radiate partillel striae or 
rows of punctae. The stauros and 
axial field divide the ornamentation 
into four parts. Within a frustule are two chromatophores that lie on 
opposite sides of the girdle and extend to the valve sides. Each chromato- 
phore contains two to four pyrenoids.* 

Auxospores are formed in pairs between two approximated cells.* 

Fig. 402. 

1300.) 
Stauroneis anceps Ehr. (X 

Stauroneis is easily recognized because of the stauros. There are numerous 
species in both salt and fresh waters. Of the latter, some 15 species occur in the 
United States. For names and descriptions of them, see Boyer (1927A). 

8. Amphipletira Kiitzing, 1844. The frustules of Amphipleura are linear- 
lanceolate in valve view and with the lateral margins attenuated to the 
rounded apices. The central nodule is greatly elongate, extending for half 
the length of the valve or more and terminating at each end in two parallel 

^ Heinzerling, 1908. * Heinzerung, 1908. • Klebahn, 1896. 
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prolongations united at their extremities with the polar nodules. Within 
the prongs lies a short straight raphe. The valve face appears to be 
smooth, but photography under special conditions of illumination shows^ 
that it has transverse rows of extremely minute punctae. There are two 
chromatophores next to the girdle side of a cell, and these may be with or 
without pyrenoids.2 Amphipleura is a free-floating solitary diatom. 

Auxospores are formed in pairs between two cells.® 

Fig. 403. Amphipleura pellucida Kttta. (X 976.) 

Amphipleura has long been a favorite test object for demonstrating the resolving 
power of microscopes. The two fresh-water species found in this country are 
A, Lindkeimeri Grun. and A. pellucida Kiitz. (Fig. 403). For descriptions of them, 
see Boyer (1927A). 

9. Frustulia Agardh, 1824; emend., Grunow, 1865. As seen in valve 
view, the frustules are linear-elliptic to rhombo-lanceolate in outline. In 
the middle of the sagittal axis is a rather short, vertically elongated, central 
nodule, and projecting axially from it are two siliceous ribs whose apices 
are united with the polar nodules. The raphe lies between the parallel 
siliceous ribs. The whole sagittal structure may be compared to two long 
tumbuckles connected by a very short rod. In Amphipleura there are 
two short tumbuckles connected by a long rod. The valve face is orna¬ 
mented with delicate punctae that usually lie in transverse rows but some¬ 
times in slightly radial rows in the median portion of a valve. In girdle 
view, the frustules are rectangular in outline and without intercalary bands. 

There are two chromatophores, sometimes with longitudinal incisions, that 
lie on opposite sides of the girdle and are connected by a cytoplasmic 
bridge. Frustules are more often solitary and free-floating than sessile 
and enclosed within a gelatinous matrix. Sometimes the matrix is tubular 
and with the cells lying parallel to one another. 

Auxospores are formed in pairs between two approximated frustules and 
are probably the result of conjugation of gametes.^ 

^ Giffobd, 1892; Van Heubck, 1890. * Hsinzebling, 1908. 
• SchOnfeldt, 1907. * Klbbahn, 1896. 
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Species of FriLsttdia are found in both fresh and brackish waters. The three 
fresh-water species found in this country are F. rhomboides (Ehr.) De Toni (Fig. 
404), F. viridvla (Br4b.) De Toni, and F, vulgaris (Thw.) De Toni. For descriptions 
of them, see Boyer (1927^4). 

10. Brebissonia Grunow, 1860. Valves of Brebissonia are rhomboidal- 
lanceolate and with acutely rounded or subrostrate apices. The raphe is 
straight, and both halves lie between inconspicuous, parallel, longitudinal 
ridges. On either side of the axial field are somewhat diagonal punctate- 
costate striae with the diagonal arrangment most pronounced at the poles 
of a valve. As seen in girdle view, the frustules have rectangular ends and 
somewhat convex or concave sides. There are usually several smooth 
intercalary bands between the highly ornamented girdles. A cell contains 
a single chromatophore that lies next to one side of the girdle and extends 
laterally across beneath both valves. The chromatophore has two deep 
longitudinal incisions in the plane of the girdle and contains a large ir¬ 
regularly shaped pyrenoid.^ The frustules are always sessile and borne 
singly at the tips of long dichotomously branched gelatinous stalks. 

Fig. 406. Brebissonia Boeckii (Ehr.) Grun. {From Boyer, 1916.) 

Auxospores are formed by the apposition of two frustules, after which 
there is a transverse division of each protoplast to form two gametes that 
fuse in pairs to form two auxospores. The finding^ of a functional and a 
nonfunctional nucleus in each gamete indicates that meiosis takes place 
prior to division. 

The two species known for this country are B. Boeckii (Ehr.) Grun. (Fig. 405) 
and B, Palmeri Boyer. For descriptions of them, see Boyer (1927A). 

11. Gyrosigma Hassall, 1845; emend., Cleve, 1894. Valves of Gyro- 

sigma (Fig. 406) are sigmoid in outline, gradually attenuated toward the 
acute or broadly rounded poles, and convex. In girdle view, the frustules 
are elliptico-lanceolate in outline and with the overlapping portion of 
girdles lying in a straight line between the two poles. The axial field is a 
narrow strip down the sigmoid sagittal axis and is usually slightly dilated 
near the central nodule. The raphe has the same sigmoid curvature as the 
axial field and has small central and polar nodules. The valve face is 

Hbinzsblinq, 1908. * Ka.b8tbn, 1897. 
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ornamented with two systems of parallel lines that cross one another at 
right angles. One system of lines is longitudinal and parallel to the sigmoid 
axial field; the other system has lines parallel with the transverse axis of the 
valve. There are two chromatophores that lie on opposite sides of the 
girdle and partly overlap the valve face. Chromatophores may have a 
smooth or an irregular outline and generally contain several pyrenoids. 

Twelve species of Gyrosigma are known from fresh waters of the United States. 
For names and descriptions of them, see Boyer (1927^4). 

Fig. 406. Oyroaigma acuminaium (Kutz.) Cleve. (X 976.) 

12. Pleurosigma W. Smith, 1852; emend., Cleve, 1894. The frustules of 
Pleurosigma (Fig. 407) have much the same general outline and the same 
sigmoid raphe as in Gyrosigma^ but the parallel lines on the valve face are 
arranged in a different fashion. In Pleurosigma the striae lie in three 
series; one series being parallel to the transverse axis of the valve and the 
two others oblique to the axial field. There is more variation in chro¬ 
matophores from species to species than in Gyrosigma since there may be 
two, four, or many within a cell. 

Fig. 407. Pleurosigma delicatulum W. Smith. A, valve view. B, ornamentation of central 
portion of valve. (A, X 496; B, X 1300.) 

Auxospores are formed by the approximation of two cells to form two 
auxospores.^ 

Most species of Pleurosigma are found in salt or brackish water. The two species 
found in fresh water in this country are P. Boyeri Keeley and P. delicatulum W. 
Smith (Fig. 407). For descriptions of them, see Boyer (1927il). 

13. Scoliopleura Grunow, 1860, Valves of this diatom are straight and 
naviculoid to elliptical in outline. Unlike other straight pennate diatoms, 

^ Kabstbn, 1899. 
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the axial field is distinctly sigmoid. The raphe is also sigmoid and with 
rather small central and polar nodules. Ornamentation lateral to the 

axial field consists of transverse or slightly radiate striae or trows of punctae. In certain species, the ornamentation 
also has a longitudinal line bordering both sides of the 
axial field. The frustules are elliptico-lanceolate in 
girdle view and with the zone where the girdles overlap 
somewhat sigmoid. There are four chromatophores in a 
frustule, two next to each long side of the girdle, and the 

rWili S symmetrically disposed with respect to one an- 
other when seen in valve view. Each chromatophore con¬ 
tains a single pyrenoid. 

Most species of the genus are marine. The type species S. «petsonis Grun. (Fig. 408) has been found in salt marshes border¬ 
ing Great Salt Lake. It is interesting to note that the type lo¬ 
cality for this species is Neuseidlersee, a salt lake in Hungary. 
For a description of S. petsonis, see Boyer (1927A). 

14. Amphiprora Ehrenberg, 1843; emend., Cleve, 1894. 
Fio. 408. Sco- As seen in valve view, the frustules of Amphiprora are 
^^e«ra naviculoid in outline and with rather sharp poles. Longi- 
Cieve] 1894.) tudinally along the valve is a keel that is slightly to con¬ 

spicuously sigmoid and vertical to the valve face. In 
the outer margin of the keel is a raphe, of the same sigmoid shape as the 
keel, and along the raphe are small central and polar nodules. Both the 
valve face and the keel are orna¬ 
mented with parallel striae or rows ^- 
of punctae, that are more or less ) 
parallel to the transverse axis of a grr 
valve. The frustules are broader in 
girdle view than in valve view and ^ ) 

with an outline quite similar to that ^ 
of an hourglass (Fig. 409). The re- Fio. 409. Amphiprora paludoaa W. Smith, 

a species known to occur in fresh water, but 
semblance of the outline to an hour- known for the United States. (X 

glass is due to the sigmoid nature 976.) 

of the keel. Between the two 
girdles are several intercalary bands which may be straight or sigmoid. 
Both girdle and intercalary bands are usually ornamented with parallel 
striae or rows of punctae. In most cases, there is a single chromatophore, 
with irregularly incised edges, next to the girdle side of a frustule; some¬ 
times there are two chromatophores.^ This diatom is either free-floating 

> HxiMZEBLlNG, 1908. 

Fig. 409. Amphiprora paludoaa W. Smith, 
a species known to occur in fresh water, but 
one not known for the United States. (X 
976.) 
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and solitary, or sessile and embedded in a gelatinous matrix adhering to 
the surface of stones or woodwork. 

Most species of Amphiprora (Fig. 409) are restricted to marine or brackish wat¬ 
ers; a few occur in fresh water. A. ornata Bailey is the only fresh-water species 
known for the United States. For a description of it, see Boyer (1927A). 

15. Mastogloia Thwaites, 1856. Frustules of Masiogloia are lanceo¬ 
late, elliptical, or rhombic in valve view and with broadly rounded, acute, 
or rostrate poles. The genus differs from others of the family in having 
two longitudinal internal septa. Each septum has a large, centrally 
located, oval perforation and several small linear perforations parallel to 
one another and vertical to the lateral margins (Fig. 410C). When empty 
frustules are seen in valve view, the linear 
perforations of the septa appear as lateral 
canaliculi that seem to constitute a part of 
the valve ornamentation (Fig. 410A). 
Valves which have been separated from the* 
rest of the frustule show that this is not the 
case, since they have no sign of the lateral 
canaliculation observable when they are 
attached to the frustule. Detached valves 
(Fig. 410B) show that the valves have a 
narrow axial field, containing a straight 
raphe with small central and polar nod¬ 
ules, and transverse striae or rows of 
punctae lateral to the axial field. As seen 
in girdle view, the frustules are rectang¬ 
ular in outline, with smooth girdles, and 
with the internal septation appearing as a 
file of small rectangles between the valve 
and the girdle. Within a cell are two chromatophores that lie next to 
the girdle side and have lateral projections almost completely covering 
the inner face of the valves. Frustules of this diatom usually occur 
within a copious irregularly expanded gelatinous matrix. 

Auxospores are formed by an approximation of two frustules and a 
formation of a pair of auxospores.^ 

• 

Mastogloia has many marine species, the majority of which are found in tropical 
or subtropical waters and are epiphytic on various seaweeds, ilf. Danseii Thw. 
(Fig. 410) and M, Grevillei W. Smith have been found in inland fresh or salt waters 
in this country. For descriptions of them, see Boyer (1927A). 

Fig. 410. Mastogloia Danseii 
Thw. A, valve view showing 
valve and internal septum. B, 
valve. C, internal septum. (X 
1300.) 

1 Mbistbb, 1912. 
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Family 2. Gomphonemataceae 

Members of this family have frustules that are longitudinally symmetrical 
in valve view but transversely asymmetrical. The same condition obtains 
in girdle view, since the frustules are broader at one end. The dendroid 
colonial habit is sometimes given as a second character of the family, but 
this is not unique for Gomphonemataceae since it is also found in certain 
genera of Achnanthaceae and Naviculaceae. As in other families of the 
order, both valves have a true raphe. There is but one chromatophore 
within a cell. 

Auxospores are formed by an approximation of two cells and their forming 
two gametes that conjugate to form two auxospores. Certain species are 
known to have a meiotic division of nuclei prior to auxospore formation. 

The two genera of the family, both found in this country, differ as 
follows: 

1. With longitudinal lines adjoining valve margin. 2. Gomphonels 
1. Without longitudinal lines adjoining valve margin. 1. Gomphonema 

1. Gomphonema Agardh, 1824. This genus is to be distinguished from 
other naviculoid diatoms by having frustules that are transversely asym¬ 
metrical in both valve and girdle views. The valves are straight, lanceo¬ 
late, or clavate, and with one pole capitate or broader than the other. 

Fio. 411. A-B, valve and girdle views of Gomphonema Vibrio Ehr. C, G. Augur Ehr. Z), 
G. olivaceum (Lyngb.) Ktttz. (X 1300.) 

There is a straight, rather narrow, axial field, through the center of which is 
a raphe with conspicuous central and polar nodules. Lateral to the axial 
fields are transverse or somewhat radiate rows of delicate or coarse punctae. 
In several species, the axial field is somewhat inflated midway between 
its poles, and there are one or more isolated and asymmetrically disposed 
punctae. As seen in girdle view, the frustules are usually cimeate in out- 
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line and with smooth girdles. There is a single chromatophore that lies 
next to one girdle face and has several lobes extending to the valves faces 
and often reaching the opposite girdle face. A chromatophore usually has 
a single ellipsoidal pyrenoid. Frustules of Gomphonema are usually epi¬ 
phytic and borne at the tips of a dichotomously branched system of gelatinous 
stalks. Sometimes the frustules are sessile. Free-floating individuals are 
often encountered in collections, but these are probably individuals that 
have accidentally broken away from their stalks. 

Auxospores are formed by an approximation of two cells and a division 
of their protoplasts into two gametes that fuse to form two auxospores. 
There is a meiotic nuclear division prior to auxospore formation.^ 

Gomphonema (Fig. 411) is a genus with many more fresh-water than marine 
species. About 20 species have been found in fresh waters in this country. For 
names and descriptions of them, see Boyer (1927A). 

2. Gomphoneis Cleve, 1894. The frustules of Gomphoneis have the 
same shape as those of Gomphonema, and their valves have the same trans¬ 
verse or slightly radiate punctation. Their valves differ from those of 
Gomphonema in having a longitudinal line next to both lateral margins. 

The three fresh-water species found in this country are G, elegans (Grun.) Cleve, 
G. herculeana (Ehr.) Cleve (Fig. 412), and G, mamilla (Ehr.) Cleve. For descrip¬ 

tions of them, see Boyer (1927A). 

Fig. 412. Gomphoneis herculeana (Ehr.) Cleve. (X 976.) 

Family 3, Cymbellaceae 

Any diatom with both valves bearing a raphe and with valves that are 
longitudinally asymmetrical is placed in the Cymbellaceae. The longi¬ 
tudinal asymmetry is due to the fact that one side of a valve is convex and 
the other side is less convex, straight, or concave. The frustules are 
symmetrical in all other planes. The valvular asymmetry also extends to 
the ornamentation, and the axial field with its included raphe is never in the 
sagittal axis of a valve. Ornamentation of a valve face may be like that 
of Naviculaceae and consists only of striae or transverse rows of punctae, or 
there may be transverse costae in addition. As seen in girdle view, the 
frustules are symmetrical in both axes, though quite variable in outline, 

' Cholnoky, 1929; Meybb, K., 1929. 
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and they may have sides that are parallel, convex, or constricted in the 
middle. Some genera have intercalary bands between the girdles; others 
lack them. There is usually a single large chromatophore within a cell, 
next to the girdle side, but some members of the family have two sym¬ 
metrically disposed chromatophores. 

Auxospores are known for all genera, and these are formed in pairs 
between two approximated frustules. The two gametes formed by each 
cell may be equal or unequal in size. A meiotic division of nuclei during 
gamete formation has been shown for some genera and is to be inferred in 
the case of others. The two auxospores formed by conjugation of gametes 
in pairs may have their long axes either parallel or at right angles to long 
axes of the parent frustules. 

The four genera of the family, all of which are represented in the fresh¬ 
water flora of this country, differ as follows: 

1. Valves without transverse costae. 2 
1. Valves with transverse costae. 3 

2. Valves flat. 1. Cymbella 
2. Valves strongly convex. 2. Amphora 

3. Central portion of raphe acute-angled. 3. Epithemia 
3. Central portion of raphe not acute-angled. 4. Rhopalodla 

1. C3rmbella Agardh, 1830. Frustules of Cymbella are more or less 
longitudinally asymmetrical in valve view and with a lunate, subnaviculate, 
or subrhombic outline. The great majority of species have lunate valves, 
which are gradually attenuated from the middle to the broadly rounded or 
acute poles, with the concave side a smooth curve or somewhat tumid in the 
middle. The axial field is either broad or narrow and generally laterally 
expanded adjacent to the central nodule. It always lies excentric to the 
sagittal axis and usually some distance inward from the concave margin. 

Fio. 413. Cymbella lanceolate (Ehr.) Brun. (X 650.) 

The raphe has the same curvature as the axial field and has well-defined 
central and polar nodules. A raphe may extend the whole length of a 
valve, or its polar nodules may lie some distance in from the poles of a 
valve. Ornamentation of a valve is always somewhat radiate and consists 
of either striae or rows of punctae. Some species have one or more asym¬ 
metrically disposed punctae in the median expansion of the axial field. 
As seen in girdle view, frustules have parallel sides, smooth girdles, and are 
without intercalary bands. A cell contains a single chromatophore, that 
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lies next to the convex girdle side and often overlaps both girdle sides. 
Some species are solitary and free-floating, others grow affixed. Sessile 
species may have the cells borne at the tips of stout gelatinous stalks, or the 
cells may lie seriately within sparingly branched gelatinous tubes. 

Auxospores are formed in pairs between two approximated cells. In 
certain stalked species it has been shown^ that the two are sister cells and 
that each protoplast divides into two gametes of unequal size. When 
conjugation takes place, there is a union of the larger gamete in one cell with 
the smaller in the other. Nuclear divisions prior to gamete formation are 
meiotic. 

Cymbella (Fig. 413) is a distinctly fresh-water genus, although a few species are 
found in brackish waters. Thirty-three species, over half of which are widely dis¬ 
tributed, are known for this country. For names and descriptions of them, see 
Boyer (1927A). 

2. Amphora Ehrenberg, 1840. As seen in valve view, the frustules of 
Amphora resemble those of Cymbella but the axial field is more strongly 
excentric and always lies toward the concave^ side of a valve. The raphe is 
gibbous instead of a smooth curve and often has its central nodule very 
close to the concave margin of 
the valve. Generic differences 
between Amphora and Cymbella 

are more pronounced when the 
frustules are seen in girdle view. 
In Amphora, the cells are broadly 
elliptical in outline and with trun¬ 
cate ends* When the concave 
side lies uppermost, both raphes 
are visible and lie very close to 
the girdles. The girdles are usu¬ 
ally separated from each other by 
several intercalary bands which 
are ornamented with punctae or 
striae. The width of girdles and 
intercalary bands is not the same throughout their perimeter, and the por¬ 
tion encircling the convex girdle face is usually considerably broader than 
that on the concave face. The greater breadth of the convex girdle 
side results in most frustules lying with the concave side uppermost 
when examined in water mounts (Fig. 414B). Even under such con¬ 
ditions, one has little difficulty in making out the valve structure and 
noting the features that distinguish the species one from another. Some 

^ Cholnokt, 1929; Geitleb, 1927A. 

Fig. 414. Amphora ovalia Kttt». At valve 
view. B, girdle view. (X 1300.) 
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si)ecies have a single chromatophore which lies next to the concave girdle 

face and project across to the opposite girdle face; others have two or 

four chromatophores.^ Most species are sessile and with their concave 

face attached to the substratum. 

Auxospores are formed in pairs between two approximated frustules.^ 

A single cell may also give rise to a single auxospore, and it is thought® 

that this is due to autogamy. 

Amphora is a large genus, with over 200 species, but only with a few fresh-water 
species. Most of the marine species are restricted to tropical waters. The species 
found in this country are A. coffaeiformis (Ag.) Kiitz., A. delphiniana Bailey, A. 
ovalis Kiitz (Fig. 414), and A. venata>¥M,z. For a description of A. venata^ see 

Cleve (1895); for the others, see Boyer (1927A). 

3. Epithemia de Br^bisson, 1838. Frustules of this diatom are slightly 

arcuate in valve view and with broadly rounded or subcapitate poles. One 

side of a valve is strongly and convexly curved, the opposite side is slightly 

or strongly concave. For the greater part of its length, the axial field lies 

next to the concave side of a valve, but its central portion bends sharply 

inward from the valve margin. This is the prominent, inwardly pointed, 

V-shaped structure that lies midway between the poles on the concave side. 

The axial field contains a raphe with central and polar nodules. The outer 

Fig. 416. Epithemia Zebra (Ehr.) Kutz. A, valve view. B, girdle view. (X 1300.) 

fissure of a raphe is a simple slot; the inner fissure contains a number of cir¬ 
cular pores that open toward the celTs interior.*^ Across the valve face are 
what appear to be transverse costae, but these are transverse septa. Be¬ 
tween the septa are two or more transverse rows of punctae on the valve 
face, and these may be so large that they form a distinctly reticulate pat¬ 
tern. Girdle views of frustules are always rectangular in outline and with 
smooth girdles, or smooth girdles and intercalary bands, between the valves. 
Views of frustules from this side show that the transverse septa evident in 
valve view extend only as far inward as the juncture of valve and girdle. 

1 Heinzerlinq, 1908. * Klebahn, 1896. * Gbitler, 1929. 
< Hustept, 1928. 
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Some species have a longitudinal septum at the juncture of valve and girdle 
and one with rounded perforations between the transverse septa. The 
capitate ends of transverse septa, as seen in girdle view, are the longitudinal 
septum. There is usually a single chromatophore next to the concave 
girdle side, that has irregular projections extending along both valve faces. 
Epithemia is a solitary diatom that usually is epiphytic upon submerged 
plants and with its concave girdle side next to the substratum. 

Auxospores are formed in pairs between two frustules and, unlike most 
other diatoms, elongate at right angles to long axes of the empty parent 
frustules. Protoplasts of each frustule divide into two gametes of equal 
size which fuse in pairs,^ and nuclear divisions preceding gamete formation 
are meiotic.^ 

Epithemia is found only in fresh and braokish waters. The fresh-water species 
of this country are E, Argus (Ehr.) Kiitz., E. gibherula (Ehr.) Ktitz., E. Hyndmanni 
W. Smith, E. Muelleri Fricke, E. ocellata (Ehr.) Kiitz, E. sarex Kiitz., E. turgida 
(Ehr.) Kiitz., and E. Zebra (Ehr.) Kiitz. (Fig. 415). For a description of E. 
Muellerij see Meister (1912); for the others, see Boyer (1927A). 

4. Rhopalodia 0. Muller, 1895. This genus has frustules with broader 
girdle faces than valve faces and, consequently, lies girdle side up when 
viewed in water mounts. As seen in girdle view, the frustules are linear, 
linear elliptic, or clavate, inflated in the median portion, and with broadly 

Fig. 416. Rhopalodia gibba (Ehr.) O. Mullor. A^ girdle view. B, valve view. (X 650.) 

rounded poles. In valve view, the cells are lunate to reniform, often with 
the convex margin medianly inflated, and usually with acute apices. The 
axial field, which is visible throughout the whole length of a valve, lies next 
to the concave margin of a valve. The portion of the valve face bearing 
the axial field is elevated in a keel-like fashion and through the center of 
the field is a raphe with central and polar nodules. Outside of the axial 
field, the valve face is ornamented with transverse costae. Between two 
successive costae are one or more delicate striae. The girdle view has an 
unomamented girdle zone that is with or without intercalary bands between 
the girdles. Each cell contains, next to the girdle, a single laminate 

1 Karsten, 1896. * Cholnoky, 1929. 
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chromatophore with, irregular margins. Frustules of this diatom are usu^ 
ally solitary and free-floating. 

Auxospores are formed between two apposed cells which are generally of 
different size and with their concave faces opposite each other. The proto¬ 
plast in each cell divides into two equal-sized gametes, which fuse in pairs. 
Nuclear divisions accompanying gamete formation are probably meiotic. 
As in Epithemiay the auxospores elongate at right angles to long axes of 
the parent frustules.^ 

All species of Rhopalodia are fresh-water in habit. The two species found in 
this country are R. gibba (Ehr.) 0. Muller (Fig. 416) and 0. ventricosa (Kiitz.) 0. 
Mtiller. For descriptions of them, see Boyer (1927A). 

SUBORDER 4. SURIRELLINEAE 

Genera belonging to this suborder have both valves alike and the raphe 
in each valve more or less concealed in a keel at one or both sides of the 
valve. The frustules may be transversely symmetrical and longitudinally 
symmetrical in valve view, or symmetrical in both axes. Most genera have 
flattened valves, but a few have curved or undulate ones. Girdle views of 
frustules are usually symmetrical in both axes, but they may be asymmetri¬ 
cal in one axis. The frustules may be rectangular or rhombic in transverse 
section. Chromatophores usually lie next to the valve face, and there may 
be a chromatophore next to one valve only, or next to both valves. 

Auxospores are formed by the apposition of two frustules and the union 
of their protoplasts to form a single auxospore; or the protoplast in each 
cell may divide into two gametes which unite in pairs to form two auxo¬ 
spores. When two gametes are formed, they are alike in size, but one may 
be mobile and the other immobile during gametic union. Certain species 
are known to have a meiotic division of nuclei prior to conjugation, and the 
formation of nonfunctional nuclei in other species indicates a similar reduc¬ 
tion in number of chromosomes. 

The suborder is divided into two families. 

Family 1. Nitzschiaceae 

Genera belonging to this family have a single excentric keel next to one 
lateral margin of a valve, and a raphe adjacent to or concealed by the keel. 
There is also a series of large or small dots in the region of the keel. The 
frustules are elongate and straight or sigmoid in valve view. The valves 
are S3anmetrical with respect to the transverse axis and asymmetrical with 
respect to the longitudinal axis. Frustules may be rectangular or rhombic 

^ Klbbahn, 
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in transverse section and with or without an internal septation. There are 
usually two laminate chromatophores, one next to each side of the girdle. 

Auxospores are formed in pairs between two frustules. 
The three genera found in this country differ as follows: 

1. Frustules without transverse septa. 2 
1. Frustules with transverse septa. 3. Dentlcula 

2. Valves with raphes diagonally opposite. 1. Nitzschla 
2. Valves with raphes opposite each other. 2. Hantzschia 

1. Nitzschia Hassall, 1845. Frustules of Nitzachia (Fig. 417) are usually 
elongate and of extremely varied outline as seen in valve view. The valves 
may be straight or sigmoid; linear to elliptical in outline; with or without 
the lateral margins constricted in the middle; and with acute, subrostrate, 
or attenuated apices. Next one margin of the valve is a keel in which the 
raphe lies (Fig. 417). The keeled margin of one valve faces the unkeeled 
margin of the other valve. The raphe has small central and polar nodules, 

B 

Fig. 417. Nitzschia Brebissonii W. Smith. At valve view. B, girdle view. (X 376.) 

and the rapheal fissure has a uniseriate row of circular pores that open 
toward the cell’s interior.^ These “carinal dots” are quite conspicuous and 
are the chief character by which one recognizes the genus. Across the 
face of the valve are transverse striae or rows of punctae. Unlike most 
other pennate diatoms, the girdle and valve sides are not at right angles to 
one another. Transverse sections of frustules are therefore rhombic in¬ 
stead of rectangular in outline. The girdle view of the frustule is elongate, 
straight or sigmoid, and often with the ends somewhat attenuated. Within 
the cell are two chromatophores that lie axial to each other. Both chroma¬ 
tophores are on the same girdle side and usually with convolute margins 
overlapping the valve face.^ The cells may be solitary and free-floating or 
in dense fascicles within simple or branched gelatinous tubes. 

Sexual auxospores are formed by a more or less X-like apposition of two 
cells which become connected to each other by a gelatinous conjugation 
tube. The protoplast in each cell divides longitudinally into two equal¬ 
sized gametes, and one gamete from each cell migrates through the con¬ 
jugation tube and fuses with a gamete in the other cell. The two auxo¬ 
spores thus formed eventually become much longer than the parent cells. 
Nuclear divisions preceding gamete formation are reductional.’ 

^ Hustsdt, 1929. * Hbikzbbuko, 1908. * Obitudb, 19284. 
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There are numerous ‘species of Niizschia (Fig. 417) in fresh, brackish, and salt 
waters. For names and descriptions of the 33 fresh-water species found in this 
country, see Boyer (1927A). 

2. Hantzschia Grunow, 1880. Frustules of this diatom have much the 
same shape as those of Niizschia and have the same marginal keel at one 
side of the valve. The raphe has the same structure and the same system 

Grun. A, valve view. B, girdle view. 
(X 1300.) 

of carinal dots as is found in Niizschia} 

The genus differs from Niizschia in 
two respects: the frustules are rec¬ 
tangular instead of rhombic in trans¬ 
verse section, and the keeled margins 
of a pair of valves lie opposite instead 
of diagonal to each other. 

Auxospores are formed in pairs be¬ 
tween two cells.^ 

Hanizschia, a genus with fewer species than the foregoing, is found in both fresh 
and salt water. H. amphioxys (Ehr.) Grun. (Fig. 418) and H. elongaia Grun. are 
the only fresh-water species found in this country. For descriptions of them, see 
Boy^r (1927A). 

3. Denticula Kiitzing, 1844; emend., Hustedt, 1928. Frustules of this 
diatom are usually elongate and have a symmetrical outline in all axes. 
The valves are linear, lanceolate, or elliptical in out¬ 
line and bear an almost wholly concealed keel next 
to one margin. Within the marginal keel is a straight 
raphe with small central and polar nodules. The 
internal face of the rapheal fissure has the same 
series of circular openings as in the two preceding 
genera, but these pores are much less evident than 
in Niizschia and Hanizschia} Internal to the valve 
face is a series of transverse parallel septa that ap¬ 
pear as transverse costae when a frustule is seen in valve view. On the 
valve face between two successive ‘‘costae’^ are several transverse striae 
or rows of punctae which extend without interruption across the valve 
face. The frustules also contain two longitudinal septa, each with a single, 
large, transversely oval perforation between two successive transverse septa. 
As seen in girdle view, the frustules have truncate poles and somewhat con¬ 
vex sides. Between the girdles are several intercalary bands. The trans¬ 
verse septa extend to the juncture of valve and girdle and have capitate 
ends, which represent the only portion of the longitudinal septa visible 

^ Hustedt, 1928A. * Klebahn, 1896. ^ * Hustedt, 1928. 

Fig. 419. Denticida 
thermalis KUtz. A, 
valve view. B, girdle 
view. (X 1300.) 
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when frustules are viewed from this side. The frustules are either solitary 
and free-floating, or united valve to valve in short band-like filaments. 

Denticula was thought to be closely related to Tetracyclus and Diatomella and 
placed in the Fragilariaceae until it was shown' to have a true raphe. Although 
there are several fresh-water species, only one of these, D. thermalis Kiitz. (Fig. 
419), has been found in this country. For a description of it, see Boyer (1927A). 

Family 2. Surirellaceae 

Genera belonging to this family are to be distinguished by the marginal 
position of the raphe and by the presence of a raphe on both margins of a 
valve. Even when one cannot make out the raphe with certainty, one 
can recognize members of the Surirellaceae by the marginal keel in which 
the raphe lies. The Surirellaceae may also be recognized by their distinc¬ 
tive costation in which the costae are much more prominent near the mar¬ 
gins of a valve than at the center. Frustules of Surirellaceae are usually 
quite large and with the valves symmetrical in both axes or only longitu¬ 
dinally symmetrical. The valve face may,be flat, or with transverse undu¬ 
lations, or curved in a saddle-like fashion. Girdle views are correspondingly 
rectangular, sinuate, or quite irregular. There is a single chromatophore. 

Auxospores are formed by apposition of two cells and the union of their 
protoplasts to form a single auxospore. A unique feature of this family is 
the apposition of cells end to end instead of side by side. Meiosis has been 
shown to take place prior to conjugation. Auxospores may also be formed 
by a parthenogenetic development of an auxospore in each of two apposed 
cells. 

The three genera found in this country differ as follows: 

1. Face of valve transversely undulate.— 1. Cymatopleura 
1. Face of valve not transversely undulate. 2 

2. Face of valve flat or spirally twisted. 2. Surlrella 
2. Face of valve markedly bent and frustule saddle-shaped— 3. Campylodlscus 

1. Cymatopleura W. Smith, 1851. This diatom has frustules that are 
elliptical, naviculoid, or linear in outline when seen in valve view. The 
valve face is transversely undulate, a feature which shows to best advantage 
when cells are viewed from the girdle side. Along both sides of a valve is a 
marginal keel containing a raphe. The valves have broad transverse costae 
next to their lateral margins, but these are sometimes so short that they 
seem to be a marginal beading on the valve. In addition to the costation, 
there is a delicate transverse striation across the valve face. At times, the 
transverse striation is interrupted by a narrow smooth space (pseudoraphe) 

^ Hustbdt, 1928. 
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through the sagittal axis of a valve. Many species have the pseudoraphe 
and striation so obscure that they cannot be made out with certainty. As 
seen in girdle view, the frustules are linear and with the sides markedly un¬ 
dulate. There seems to be a chromatophore next to each valve, but this 
has been interpreted^ as a single chromatophore since the two are joined by 

Flo. 420. Cymatopleura elliptica (Br6b.) W. Smith. (X 976.) 

a bridge of pigmented C5rtoplasm. The frustules occur singly and free- 
floating. 

Auxospores are formed by a juncture of two cells end to end and a union 
of their protoplasts to form a single auxospore.* It has also been shown* 
that two cells joined end to end may each form auxospores without conjuga¬ 
tion. The presence of a functional and a nonfunctional nucleus in each of 
the two auxospores indicates that there is the same parthenogenesis, with¬ 
out a reduction in chromosome number, that has been definitely established 
for Cocconeia. 

Cymatopleura is a genus with relatively few species, but one found in both fresh 
and brackish waters. The three species found in this country are C. elliptica 
(Br4b.) W. Smith (Fig. 420), C. hibernica W. Smith, and (7. solea (Br4b.) W. Smith. 
For descriptions of them, see Boyer (1927A). 

2. Surirella Turpin, 1828. The frustules of Surirella (Fig. 421) are 
linear, elliptical, or ovate in valve view and with broadly rounded to sub¬ 
acute poles. The entire valve face may lie in one plane, or it may be spi¬ 
rally twisted. Along both sides of a valve is a marginal keel, containing a 
raphe with small central and polar nodules. Along the inner face of the 
rapheal fissure is a series of circular pores opening to the celPs interior.^ On 
the valve face and inward from its margins are parallel, evenly spaced, long 
or short, transverse costae. In addition to the costae, there are very deli¬ 
cate striae across the valve face, and interrupted through the sagittal axis 

> Hbinzxrling, 1908. * Klbbahn, 1896. * Karstbn, 1900. 
< Hubtsdt, 1929il. 
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of a valve by a linear to lanceolate smooth space, the pseudoraphe. The 
girdle view is more often rectangular than it is naviculoid, cuneate, or sig¬ 
moid in outline, and it always has smooth girdles between the strongly co¬ 
state valves. As in CymcUopleuray there is but one chromatophore. The 
frustules are usually solitary and free-floating. 

Fia. 421. SurtreUa apUndida (Ehr.) KUts. (X 400.) 

Auxospores are formed by a union of two cells end to end and a fusion of 
their protoplasts to form a single auxospore.^ Nuclear division prior to 
fusion has been shown* to be meiotic. 

Surirella (Fig. 421) is a genus with nearly 200 species that are found in fresh 
brackish, and salt waters. There are about 35.fresh-water species in this country. 
For descriptions of most of them, see Boyer (1927A). 

Fio. 422. Campylodiacua hibemiau Ehr. A, valve view from above. J9, valve view from 
the aide of a bent fnistule. (X 660.) 

3. Campylodiscus Ehrenberg, 1841. This diatom has valves which are 
circular to subcircular in outline and so bent that the whole frustule is dis¬ 
tinctly saddle-shaped. Around the periphery of a valve are costae that 

^ Eabbtbn, 1900. * Kabstbn, 1912. 
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converge toward the punctate or striate central portion of the valve face. 
There is a marginal raphe as in the two previous genera. There is, also, a 
more or less distinct pseudoraphe through the center of a valve, and the one 
in the hypotheca lies at right angles to that in the epitheca. Because of 
the bent frustules, the girdle view is variously shaped according to the side 
from which it is seen. Within a cell is a single chromatophore with 
a broadly expanded lamina next to each valve face and a connecting band 
between the two. The frustules are solitary and free-floating. 

The general appearance of the frustules suggests that this diatom belongs to the 
Centrales, but the disposition of ornamentation with respect to a line shows that 
it is a member of the Pennales. There are over 100 species, only a very few of which 

are found in fresh water. The fresh-water species of the United States are C. 
ellipticus (Br6b.) W. Smith, C. hibernicua Ehr. (Fig. 422), and C. noricus (Br6b.) 
W. Smith. For descriptions of them, see Boyer (1927^4). 



CHAPTER 7 

DIVISION PHAEOPHYTA 

The Phaeophyta, or brown algae, have many-celled thalli that are usually 
of macroscopic size and distinctive shape. The brown algae differ from 
other algae in structure of reproductive organs, in structure of motile re¬ 
productive cells, in chemical nature of food reserves, and in pigments found 
in their chromatophores. 

The chromatophores are a yellowish brown because xanthophylls are 
present in greater amount than are chlorophylls and carotenes. There are 
six xanthophylls, three of which are found only in brown algae (see Table 
I, page 3). The two chlorophylls are chlorophyll a and chlorophyll c. 

Carbohydrate food reserves are stored in a dissolved state, but it is uncer¬ 
tain whether these accumulate in the vacuoles, in the cytoplasm, or through¬ 
out the protoplast. The two principal reserves are laminariUy a polysac¬ 
charide found only in brown algae, and mannitol, a hexanhydric alcohol 
also found in fungi and a variety of other plants. 

Throughout the entire division, there is a remarkable uniformity in struc¬ 
ture of motile reproductive cells, whether zoospores or gametes. These are 
pyriform and with two laterally inserted flagella of unequal length. 

Reproductive organs are of two kinds, neither of which is found in any 
other group of algae. The one-celled or unilocular reproductive organ is 
always a sporangium and borne on a diploid thallus. At first it contains a 
single nucleus, and division of this nucleus is always meiotic. Following 
meiosis there are simultaneous mitotic divisions until there are 8,16, 32, 64, 
128, or 258 nuclei. There then follows a cleavage of the sporangial con¬ 
tents into uninucleate protoplasts which are metamorphosed into zoospores 
or, in very rare cases, nonflagellated spores. The other kind of reproduc¬ 
tive organ is many-celled and with each cell containing a single gamete or a 
single zoospore. If these plurilocular reproductive organs are borne on hap¬ 
loid thalli, they are always gametangial in nature and produce gametes 
whose nuclei have the haploid number of chromosomes. If the plurilocular 
organs are borne on diploid thalli, they are sporangial in nature and produce 
zoospores whose nuclei have the diploid number of chromosomes. 

Except for the Fucales, exemplified by Fucua and SargaasuMf all other 
orders of Phaeophyta have a life cycle in which there is an alternation of 
two independent multicellular generations, one haploid, the other diploid. 
In some orders, the two generations are identical in size and structure; in 
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others, the two are dissimilar in both size and structure. If the two are dis¬ 
similar, the haploid generation, the gametophyte, is always the smaller and 
simpler of the two. If a brown alga is one in which the sporophytes pro¬ 
duce unilocular sporangia exclusively, the life cycle is a regular succession 
of haploid gametophytes and diploid sporophytes. If the brown alga is 
one in which the diploid generation, the sporophyte, also produced pluriloc- 
ular sporangia, the spores from them are diploid and so a sporophytic gen¬ 
eration may be succeeded by another diploid sporophytic generation. 

The Phaeoph3rta include approximately 200 genera, all but four of which 
are exclusively marine. Of the genera known to occur in fresh water only 
one, Herihandiellay is known for the United States. 

1. Heribaudiella Gomont, 1896^, emend., Svedelius, 1930. The thallus 
of this alga is an irregularly expanded crust growing on rocks. At first, the 
crust is one cell in thickness; later it becomes a dozen or more cells in thick- 

Fig. 423. Heribaudiella fluviatilia (Gom.) Svedelius. A, vertical section of a thallus with 
unilocular sporangia. B, vertical section of a thallus with plurilocular reproductive organs 
(gametangia ?). {A, after FlahauU, 1883; B, after Svedeliaa, 1930.) {A, X 466; B, X 690.) 

ness and consists of erect, simple or forked, vertical rows of cells laterally 
adjoined to one another without intercellular spaces. The cells are uni¬ 
nucleate and with several disk-shaped chromatophores. Some thalli have 
the uppermost cells of the crust enlarging greatly and developing into uni¬ 
locular sporangia that lie close to one another but scarcely constitute a 
sorus (Fig. 423i4). Other thalli produce plurilocular reproductive organs, 
one cell broad and several cells in height^ (Fig. 423B). Presumably these 
two kinds of thalli are, respectively, sporophyte and gametophyte, but this 
is not definitely established. 

H, flymaUlia (Gom.) Svedelius (Fig. 423) has been found on stones in a brook in 
Connecticut.* Since the brook empties into ocean and the alga was found a short 

> Svedelius, 1930. 
* Holden in Phycotheca Boreali-Americana, No. 536. 
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distance above the high tide levels there is a possibility that the specimens identified 

as H, flymatilis are in reality the marine alga Lithoderrm fatiscens Aresch. As found 

in Europe,' H, flvmatilis grows in swiftly flowing streams where the streams are 

shaded by overhanging ledges or by overhanging vegetation. For a description of 

H, flymatiliSf see Svedelius (1930). 

' Fbitsch, 1929A; Svedelius, 1930. 



CHAPTER 8 

DIVISION PYRROPHYTA 

Members of this division have their pigments localized in chromato- 
phores which are usually greenish tan to golden brown. The pigments are 
chlorophyll a, chlorophyll c, beta-carotene, and four xanthophylls, three of 
which are found only in members of the division (see Table I, page 3). Pho¬ 
tosynthetic reserves generally accumulate as starch or starch-like com¬ 
pounds, but they may also accumulate as oils. The nucleus is distinctive 
in that the chromatin lies in numerous bead-like threads. Cell walls, when 
present, generally contain cellulose. 

Certain characters in common to dinoflagellates, desmokonts, and crypto¬ 
monads were first pointed out by Pascher.^ Chief among these are two 
flagella unlike in movement and shape, and the formation of starch by 
chromatophores that are brownish. Later Pascher^ named the three groups 
8f organisms the Dinophyceae, the Desmokontae, and the Cryptophyceae 
and called the combined groups the Pyrrophyta. The relationship of the 
Cryptophyceae to Dinophyceae has been questioned.* Chief among the 
arguments for excluding the Cryptophyceae from the Pyrrophyta are the 
markedly different structure of their nuclei and the presence of a gullet.^ 
If, as will be done on subsequent pages (see page 624), the Cryptophyceae 
are considered a class of uncertain systematic position, the Pyrrophyta con¬ 
tain but two classes: Desmokontae and Dinophyceae. 

CLASS 1. DESMOKONTAE 

Motile cells of Desmokontae lack a transverse furrow and have 
two apically inserted, somewhat flattened flagella that differ from each 
other in orientation and type of movement. Motile cells with a cell wall 
have the wall vertically divided into two halves (valves) that are without 
subdivision into definitely arranged plates. The protoplast contains 
brownish chromatophores. 

This class contains only a few genera, all rare organisms and found al¬ 
most exclusively in the ocean. There are two general types of vegetative 
cell: the motile flagellated cell and the immobile cell without flagella. 
These two types have been used^ as a basis for dividing the class into two 

1 Pascher, 1911. * Pascher, 1914. * Fritsch, 1935; Graham (in press). 

* Graham (in press). ‘ Pascher, 1927. 
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orders, only one of which is represented in the fresh-water flora of this 
country. 

ORDER 1. DESMOMONADALES 

The Desmomonadales include all genera with flagellated motile vegeta¬ 
tive cells. The segregation into families is based upon the presence or ab¬ 
sence of a wall. 

Family 1, Prorocentraceae 

Members of this family have cells with a definite wall and one longitu¬ 
dinally divided into two halves (valves). One genus of the family is known 
from fresh waters in the United States. 

1. Exuviaella Cienkowski, 1882. The cells of this flagellated unicellular 
alga are ellipsoidal and somewhat compressed. The protoplast is sur¬ 
rounded by a cellulose wall consisting of two lon¬ 
gitudinally apposed valves which are evident 
when a cell is viewed from the side. Jhere 
are two flagella at the anterior end, and in certain 
species they project through an evident pore in the 
wall. One flagellum projects vertically forward, 
and its lashing propels the cell through the water. 
The other flagellum stands at right angles to the 
propulsive flagellum: its movement is undulatory 
and causes a rotation of a cell as it moves through 
the water. The protoplast contains two brownish 
chromatophores, with or without pyrenoids. Re¬ 
serve foods include granules, probably of a starch¬ 
like nature, and small droplets of oil. There is a 
conspicuous nucleus at the base of a cell. 

Reproduction is by longitudinal bipartition. 
Each daughter cell receives one valve from the parent cell and secretes an 
entirely new one. 

Prof. R. H. Thompson writes that he has found E. compressa Ostenf. (Fig. 424) 
in a swamp near Solomons Island, Maryland. E. compressa is a marine organism, 
but the salinity of the swamp water in which it was found in Maryland is so low that 
the water cannot even be considered brackish. For a description of E» compressa^ 
see Schiller (1933). 

A B 
Fig. 424. Exuviaella com- 
pressa Ostenf. A, front 
view. B, side view. 
{Drawn by R. H. Thomp¬ 
son.) (X 800.) 

CLASS 2. DINOPHYCEAE 

The most distinctive feature of the class is the structure of motile vege¬ 
tative cells and of zoospores of immobile genera. These are always com¬ 
pletely or incompletely encircled by a transverse or by a spiral groove. 
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Motile cells are always biflagellate and with the two flagella inserted in the 
groove. One flagellum lies in the groove and encircles the cell; the other 
extends backward from the groove. Most members of the class have 
brownish chromatophores, but some are colorless and with a saproph3diic or 
holozoic mode of nutrition. A few genera have naked protoplasts, but the 
great majority have cellulose walls that may be homogeneous or may con¬ 
sist of a definite number of articulated plates. Food reserves are stored as 
starch or as oil. 

Reproduction of motile genera is usually by vegetative cell division, 
either while a cell is in motion or after it has come to rest. Motile genera 
may also produce aplanospores (cysts). Reproduction of immobile genera 
may be by means of zoospores or autospores (aplanospores). 

Sexual reproduction is very infrequent. 
Occurrence. The great majority of Dinophyceae are motile unicellular 

flagellates (dinoflagellates). Most dinoflagellates grow in the plankton of 
the ocean, especially that of warmer portions. Surface-dwelling marine 
dinoflagellates usually have chromatophores, but several of them and all 
deep-dwelling ones are without photosynthetic pigments. Fresh-water 
dinoflagellates are most abundant in pools, ditches, and small lakes with 
considerable vegetation. They are not uncommon in plankton catches 
from large lakes, but rarely occur in abundance. Some of the fresh-water 
species thrive best in hard waters; others are found in greatest numbers in 
soft waters.^ 

The nonflagellated genera (phytodinads) are rare organisms and usually 
found epiphytic upon the coarser filamentous Chlorophyceae. The para¬ 
sitic forms, of which there are several genera, are found within and upon 
various animals.* 

Organization of the Plant Body. The Dinophyceae resemble the Chryso- 
phyceae in their richness in species with flagellated vegetative cells and in 
their poverty of types with a true algal organization. However, a sufficient 
number of Dinophyceae have been discovered to show that evolution within 
the class has been in accordance with the theory of plant-body types (see 
page 6). There are no members of the class showing evolution along the 
volvocine line. The first step in the tetrasporine line of evolution, the 
development of palmelloid colonies, is found in one species only, Gloeodi- 

nium montanum Klebs.* Two of the genera belonging to the tetrasporine 
series (Dinothrix Pascher^ and Dinoclonivm Pascher®) have a truly filamen¬ 
tous orgsmization (Fig. 425). Reproduction in these filamentous genera is 
by each cell forming one or two Gymnodiniuni’like zoospores. The third 
evolutionary tendency, the chlorococcine type, has several t^epresentatives 

^ HOll, 1928. > Chatton, 1920. * Klbbs, 1912; Killian, 1924. 
* Paschsb, 1914, 1927. > Pabchsb, 192;[^ 



DIVISION PYRROPHYTA 617 

among the Dinophyceae. Some of these unicellular forms are free-floating 
(Fig. 426), others are sessile.^ Reproduction of the chlorococcine Dino¬ 
phyceae may be by means of zoospores, aplanospores, or autospores. One 
member of the series produces zoospores of two different sorts.® It is not 
known that any of these chlorococcine genera are multinucleate, and no 
genera have as yet been discovered with a truly siphonaceous organization. 
The fourth possibility in evolution from a unicellular motile ancestor, rhizo- 
podial vegetative cells, has also been found in the Dinophyceae.® 

Cell Wall, Certain of the dinoflagellates have naked protoplasts in which 
the cyiioplasmic surface may be smooth or longitudinally ridged. Most of 
these are marine, but species of certain genera, as Gymnodinium and Gyro- 
diniunty have been found in fresh waters. Genera with the protoplast en- 

Fio. 426. Filamentous Dinophyceae. A, Dinothrix paradoxa Pascher. 5-C, Dinodonium 
Conradi Pascher. {From Pascher, 1927.) 

closed by a wall may have one that is delicate or one that is relatively heavy. 
Walls of many species give a definite cellulose reaction, but certain species 
do not appear to have cellulose in their walls.^ The cell wall may consist of 
a single layer, or it may be differentiated into two layers, the outer of cellu¬ 
lose, and the inner of unknown chemical composition.® Dinoflagellates 
rarely have an outer sheath of pectic material, but ph3rtodinad8 often have 
the cells surrounded by a wide pectic sheath. 

Walls of Dinophyceae may be homogeneous in structure or composed of 
interlocking plates. All the phytodinads have homogeneous walls. A few 

^ Geitler, 1928; Klebs, 1912; Pascher, 1927. * Pascher, 1928. 
* Pascher, 1915C. ^ Shilling, 1891. * Mangin, 1907, 1911. 
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dinoflagellates have •homogeneous walls, but the great majority have one 
composed of a specific number of plates. The number and arrangement of 
the plates are important in classifying the ‘‘armored^' dinoflagellates, and 
several nomenclatorial systems have been proposed to describe their 
arrangement. The system of Kofoid* is based upon the fact that the trans¬ 
verse girdle divides the wall into two parts, epitheca and hypotheca, each 
with the plates in definite transverse bands or series (Fig. 427). Plates 
in the uppermost series of the epitheca are called apical plates] those in the 

Fig. 426. Chlorococcine Dinophyceae. A~C, Tetradinium minus Pascher. D-E, Dinas- 
iridium sexangulare Pascher. (From Pascher^ 1927.) 

series adjoining the girdle are precingular plates. Some genera have an in¬ 
complete band of anterior intercalary plates between the apical and precingu¬ 
lar series. In the hypotheca there is a series of postcingular plates next to 
the girdle and one or two antapical plates at the lowermost part of the cell. 
Occasionally there is a single posterior intercalary plate between these two 
series. Many genera have a thin membranaceous ventral plate^ scarcely 
comparable to the other plates, intercalated in the girdle region and extend¬ 
ing through the precingular and postcingular series. The maximum num- 

‘ Kofoid, 1907, 1909. 



DIVISION PYRROPHYTA 519 

ber of plates known for any species is four apicals, three anterior intercalary, 
seven precingular, five postcingular, one posterior intercalary, and two 
antapicals. 

The plates are usually covered with minute spines or with a fine reticulum 
of small ridges. The plates of many species also have minute pores. These 
are not arranged in a definite pattern but are usually more numerous near 
the margin than at the center.^ The lines of juncture between the plates, 
the sutures, are sometimes inconspicuous (Hemidintum), but usually they 
are strongly evident and with a longitudinal 
or transverse striation {Peridinium, Cera- 
tium). As seen in cross section, the abut¬ 
ting margins of the plates may overlap each 
other, or they may be slightly infolded along 
the line of mutual contact.^ 

Structure of the Protoplast. The chrom- 
atophores of Dinophyceae are quite vari¬ 
able in color and in shape. A majority of 
the species have rod-shaped, discoid, or ir¬ 
regularly band-shaped chromatophores at 
the periphery of the protoplasts. Some spe¬ 
cies have a stellate axial chromatophore with 
numerous radiating processes.^ Many of 
the species have pyrenoids; these may be 
within the chromatophores or external to 

them. ^27 Arrangement of the 
Cells of Dinophyceae store their photosyn- plates of Peridinium vdaconsinen- 

thetic reserves as starch or as oils. As a gen- vertical view from 
® above. B-C, lateral view from 

eral rule,® the chief food reserve of fresh- the front and rear. />, vertical 

water species is starch and that of marine below. Apical plates 
. ^ are in stipple, mtercalary plates 

species is an oil. In some cases starch for- are cross-hatched, precingular and 

mation is associated with pyrenoids; in other postcmguiar plates are shaded 
; with diagonal lines, 

cases there are no pyrenoids and the starch 
is deposited either in the chromatophore or in the cytoplasm.® Mass 
ingestion of foods is found in both the ‘‘unarmored” and the “armored” 
dinoflagellates with chromatophores; this holozoic method of nutrition 
may be fully as important as the holophytic. Algae and protozoa are 
among the most easily recognized of the ingested foods, and in some of 
the cases reported for fresh-water dinoflagellates^ the ingested organism 
has a size about half that of the dinoflagellate. The method by which 

^ Kofoid, 1909. * Werner, 1910. * Gbitler, 1925E. * Conrad, 1926. 
• Klbbs, 1912; Killian, 1924. ® BOtschli, 1886; Klbbs, 1912. 
’ Hopenbdbr, 1930; WoLOszYSKfjA, 1917. 
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the armored species ingest food is not fully known, but it probably takes 
place by means of pseudopodia extruded from the girdle region.^ Nutri¬ 
tion of species without chromatophores is wholly saprophytic or holozoic. 
Several species have short, radially disposed rodlets (rhabdosomes) in the 
peripheral portion of the cytoplasm. The precise nature of the rhabdo- 
somes is unknown, but it has been thought that they are formed as a result 
of a saprophytic mode of nutrition.* Under certain conditions, for in¬ 
stance, when the cells are placed in a strong salt solution, the rhabdosomes 
are discharged from the cell.* 

Many of the dinoflagellates, and most zoospores of Phytodinae, have 
a large eyespot of simple structure. In one family of marine forms,* there 
is a definite ocellus composed of two parts, a refractive hyaline lens, and a 
surrounding pigment mass. 

Fig. 428. Cell division of Oxyrrhia marina Diij. {After Hall, 1925A.) (X 1170.) 

All of the dinofiagellates have a single centrally located nucleus of large 
size. The nucleus is surrounded by a distinct membrane and contains a 
conspicuous nucleole. Early karyological studies on dinoflagellates de¬ 
scribe a reticulate arrangement of the chromatin and linin,^ but more recent 
investigations* show that the resting nucleus has moniliform chromatin 
threads with a parallel or spiral arrangement. This arrangement persists 
even when the cells enter upon a resting aplanosporic condition. Nuclear 
division is mitotic and with or without a persistence of the nuclear mem¬ 
brane. 

The two genera in which the neuromotor apparatus has been demon¬ 
strated, Ceratiuwf and Oxyrrhis^ have one of the blepharoplast-rhizoplast- 
centriole type. The centriole is extranuclear and connected with two 

^ Hofeneder, 1930. * Kopoid and Swbzy, 1921. • WoloszyIJska, 1927. 
* Borgert, 1910; Jollos, 1910; Lautbrborn, 1896. 
* Entz, 1921; Hall, 1925.1925A; Kofoid and Swezy, 1921. 
* Hall, 1926. * Hall, 1926A. 
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widely diverging rhizoplasts, each extending to the plasma membrane and 
terminating in a blepharoplast (Fig. 428). One blepharoplast subtends 
the flagellum that encircles the cell; the other subtends the flagellum that 
extends longitudinally backward from the point of insertion. These two 
flagella always differ morphologically and in their method of movement.^ 
The longitudinal flagellum is thread-like and waves in broad curves, or 
with an active vibration at the distal end. The transverse flagellum is 
usually, if not always, ribbon-like and moves in a spiral or undulatory 
manner. Nuclear division is accompanied by a division of the centriole 
into two daughter centrioles that remain connected with each other by a 
fine fibril, the paradesmose.^ The two rhizoplasts, still attached to the 
original blepharoplasts, are distributed one to each daughter centriole, 
but each of the daughter centriles soon develops a second rhizoplast and 
blepharoplast. 

The pulsules of dinoflagellates bear a superficial resemblance to con¬ 
tractive vacuoles but have a distinct membrane and are noncontractile. 
There are usually two pulsules, but sometimes there are more or less evanes¬ 
cent accessory pulsules.^ Each pulsule apparatus consists of a sac-like 
vacuole that is connected with the cell’s exterior by a slender canal opening 
into a flagellar pore of the cell wall. Pulsules are concerned with the in¬ 
take of fluids into the protoplast and not, as might be supposed, with the 
discharge of liquids.^ 

Vegetative Multiplication. The usual method of multiplication in the 
dinoflagellates is by means of cell division. This may take place while 
the cells are actively motile, or they may come to rest before they divide. 
The plane of division is always more or less oblique. In the division of 
armored dinoflagellates, each of the daughter cells m^y receive a portion 
of the parent-cell wall, or the daughter cells may develop entirely new 
walls. Ceratium (Fig. 429) exemplifies the genera in which there is a re¬ 
tention of the parent-cell wall. Dividing cells of this dinoflagellate have 
the wall breaking along a predetermined zigzag line, in such a manner as 
to distribute certain precingular and postcingular plates to each daughter 
cell." 

Species with the daughter cells forming entirely new walls may have 
the protoplast dividing while still within the parent-cell wall, or may have 
it escaping from the parent-cell wall before it divides. Species in which 
the protoplast divides while still within the parent-cell wall may have the 
daughter protoplasts secreting walls before liberation, or may have them 
developing into Gymnodinium’like swarmers which do not form a wall 
until after liberation from the parent-cell wall.® Species where the proto- 

1 Kofoid and Swbzt, 1921. * Hall, 1925A. • Kofoid, 1909. 
<Kofoid, 1907; Lautbrbobn, 1896. ‘Diwald, 1938. 
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plast is liberated before division usually have it surrounded by a gelatinous 
envelope. 

Asexual Reproduction. Asexual reproduction of phytodinads is by 
means of zoospores, aplanospores, or autospores. Both of the filamentous 
genera and certain of the coccoid genera have the protoplast of a cell di¬ 
viding to form two, four, or eight naked gymnodinoid zoospores that are 
liberated through a pore in the parent-cell wall (Fig. 425) or are liberated 
by a gelatinization of the parent-cell wall.^ 

Fig. 429. Cell division of Ceratium hirundinella (O.F.M.) Schrank, showing the method of 
distribution of plates to daughter cells. {After LaiUerborn^ 1895.) 

As is the case with Chlorophyceae and Xanthophyceae, division of the 
protoplast of a cell may be followed by a formation of aplanospores in¬ 
stead of zoospores. Aplanospores are usually globose, but in some cases 
they have a complicated outline and one quite unlike that of the vege¬ 
tative. In many genera belonging to the Dinococcales, the aplanospores 
are of the same shape as a vegetative cell (Fig. 426). Such aplanospores 
are autospores. 

The so-called cysts of dinoflagellates are comparable to aplanospores of 
phytodinads and other algae. Fresh-water dinoflagellates may form aplano¬ 
spores at any time, but they usually form them in greatest abundance at 

I Pascher, 1927. 
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the close of an active vegetative period.^ A periodic formation of aplano- 
spores has also been observed® in a dinoflagellate growing in culture. 
Aplanospore formation in marine species has been thought^ to be corre¬ 
lated with holozoic nutrition and to be due to ingestion of large food 
bodies. Most dinoflagellates have the entire protoplast rounding up to 
form a single aplanospore but cases have also been reported^ of a forma¬ 
tion of two aplanospores. Formation of aplanospores may take place 
within the parent-cell wall, or the protoplast may escape from the wall 
before it rounds up and secretes a new thick wall. A majority of the 
dinoflagellates produce globose aplanospores, but certain of them form 
angular or lunate ones that may or may not have stout spines. The pro¬ 
toplast of a germinating aplanospore may develop directly into a gymno- 
dinoid zoospore (Fig. 430A-C), or it may divide to form two such zoospores. 

Fig. 430. A~C, Aplanospores of Glenodinium uliginoaum Schilling. D, germination of 
aplanospore of Hemidinium nasutum Stein. {From Woloazyriaka, 1925.) 

Zoospores may be liberated by a splitting^ or by a gelatinization® of the 
aplanospore wall (Fig. 430). 

Sexual Reproduction. Relatively few students of Dinophyceae have 
recorded sexual reproduction. The older accounts of a fusion of aplano- 
gametes were generally accepted with strong reservations because it was 
thought that they might have been based upon a misinterpretation of cell 
division. The description of a true conjugation of aplanogametes in 
CeratiunO seems fairly well substantiated. Here two cells become apposed 
to each other and establish a conjugation tube in which the two proto¬ 
plasts unite to form a zygote. 

A fusion of free-swimming gymnodinoid zoogametes has been described 
for Glenodinium,^ This dinoflagellate was grown in culture and found to 
be heterothallic and to have a union of gametes only when the two came 
from clones of opposite sex. The zygote formed by a union of these 

1 West, G. S., 1909A. * Diwald, 1938. * Kofoid and Swezy, 1921. 
^ Klebs, 1912. * Diwald, 1938; West, G. S., 1909A. • Woloszt^^ska, 1926. 
^ Entz, 1924; Zedebbauer, 1904. ® Diwald, 
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gametes is spherical * and with a smooth wall. When it germinates, its 
protoplast divides to form four gynodinoid zoospores, and zoospore forma¬ 
tion is preceded by a meiotic division of the zygote nucleus. 

Classification. Evolution of Dinophyceae from a motile unicellular 
ancestor has paralleled that in Chlorophyceae, Xanthophyceae, and Chrys- 
ophyceae, and certain of the types in these classes have their counterpart 
among the Dinophyceae. Thus the Dinophyceae can be classified in a 
similar manner. The motile genera (dinoflagellates) have been segre¬ 
gated^ into four orders; and the nonmotile genera (phytodinads) have also 
been segregated* into four orders. Two of the orders with motile vege¬ 
tative cells and two of the orders with immobile vegetative cells are repre¬ 
sented in the fresh-water flora of this country. 

ORDER 1. GYMNODINIALES 

Members of this order are without cell walls, but the naked cells may have 
a very firm periplast and one that is longitudinally striated. All species 
have a transverse furrow (girdle) that is a descending left-wound spiral 
with the separated ends connected to each other by a vertical furrow 
(sulcus) that may project beyond the upper or lower ends of the girdle. 
Both flagella are inserted in the sulcus, the transverse flagellum at the 
level of the upper end of the girdle, and the longitudinal flagellum at or 
below the level of the lower end of the girdle. The shape and coloration 
of the chromatophores are extremely variable. 

Reproduction is by cell division, and this is usually in the vertical axis 
of a cell. Members of the order may also form aplanospores (cysts) that 
are spherical and surrounded by a definite wall. 

All genera in the fresh-water flora of this country belong to the family 
Gymnodiniaceae. 

Family 1. Gymnodiniaceae 

This family includes the genera with cells which are not compound and 
which lack such specialized structures as ocelli, nematocysts, and ten¬ 
tacles. 

The genera found in this country differ as follows: 

1. Transverse furrow approximately transverse. 2 
1. Transverse furrow descending diagonally. 2. Gyrodinitun 

2. Epicone and hypocone approximately equal. 1. Gjrmnodinitun 
2. Epicone and hypocone unequal in size. 3 

3. Epicone longer and broader than hypocone. 3. Massartia 
3. Hypocone longer and broader than epicone. 4. Amphldlnium 

^ Lindbmann, 1928. * Paschbr, 1931. 
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1. G3rmnodmium Stein, 1883; emend., Kofoid and Swezy, 1921. The 
cells of Gymnodinium are approximately ovoid and with the portions 
above and below the transverse furrow (girdle) dissimilar in shape. The 
girdle is approximately equatorial in position and usually in a slight de¬ 
scending left spiral. The longitudinal furrow (sul¬ 
cus) may extend to the cell apices, or only a short 
distance from the girdle. It often extends farther 
along the lower cell-half (hypocone) than the upper 
cell half (epicone). The cells are naked and with the 
surface of the cytoplasm smooth or longitudinally 
striated or ridged. There are two flagella: one 
transverse and encircling the cell in the girdle 
region, the other straight and directed backward 
from the hypocone portion of the sulcus. The nu¬ 
cleus is central or in the posterior portion of a 
cell. Most species have numerous, discoid, or nar¬ 
rowly elliptical, variously colored chromatophores, 
but some species are without them. 

Vegetative multiplication is by cell division and 
takes place while the cells are motile. The aplano- ^ ^ . 

^ t . 1 111 T Yio, 431. Oymnodintum 
spores are usually thm-walled and globose. In most neglectum (SchiiUng) 
cases, they are formed singly, but sometimes' a cell 

son, 1947.) (X 1060.) 
forms two of them. 

A majority of the many species of Gymnodinium (Fig. 431) are marine, but 13 of 
them have been found in fresh waters in this country. For descriptions of several 
of them, see Thompson (1947); for a monographic treatment of the genus, see Kofoid 
and Swezy (1921). 

2. Gyrodinium Kofoid and Swezy, 1921. The chief difference between 
this genus and other genera of naked gymnodinoid dinoflagellates is in the 
girdle. Here the girdle is a conspicuous descending left-hand spiral and 
one where the distance between upper and lower ends is at least one-fifth 
the length of the cell. In other respects, the cells resemble those of Gym- 
nodinium. 

G. pusillum (Schilling) Kofoid and Swezy (Fig. 432) has been found in Maryland.* 
For a description of it, see Thompson (1947). 

3. Massartia Conrad, 1926. This genus differs from Gymnodinium and 
closely related genera in greater length and breadth of the upper cell-half 
(epicone) in comparison with the lower cell-half (h3rpocone).* In other 
respects, the cells are quite similar to those of Gymnodinium. 

^ Klebs, 1912. • Thompson, 1947. • Conrad, 1926A. 
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M. Musei (Danysz.) Schilling (Fig. 433) is known from Maryland,^ and M. vorti- 
cella (Stein) Schilling has been found in Iowa.* For a description of the former, see 
Thompson (1947); for the latter, see Schilling (1913), under Gymnodinium vorticella 
Stein. 

4. Amphidinium Claparfede and Lachmann, 1858. This genus differs 
from other Gymnodiniaceae in that the lower cell-half (hypocone) is longer 
and broader than the upper cell-half (epicone). In other respects, the 
cells are quite similar to Gymnodinium, 

Fig. 432. Gyrodinium 
pusUlum (Schilling) Ko- 
foid and Swezy. {From 
Thompson, 1947.) (X 
1615.) 

Fig. 433. Massartia 
Musei (Danysz.) Schil¬ 
ler. {From Thompson, 
1947.) (X 1615.) 

Fig. 434. Amphidi¬ 
nium Klebsii Kofoid 
and Swezy. {Drawn 
by R. H. Thomjh- 
son.) (X 1615.) 

Dr. R. H. Thompson writes that he has found A. Klebsii Kofoid and Swezy (Fig. 
434), a marine species, in a fresh-water pond close to the ocean in Maryland. For a 
description of it, see Kofoid and Swezy (1921). 

ORDER 2. PERIDINIALES 

The Peridiniales have biflagellate, solitary, motile, vegetative cells sur¬ 
rounded by a wSll composed of a definite number of plates arranged in a 
specific manner. Most members of the order are marine, but genera be¬ 
longing to four of the numerous families recognized in the system of Linde- 
mann® are found in the fresh-water flora of this country. 

* Thompson, 1947 * Prescott, 1927. • Lindbmann, 1928. 
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Family 1. Glenodiniaceae 

This family differs from others of the order in the much thinner walls, 
which may be so thin that the cells seem to be naked. In spite of its 
thinness, the wall consists of a definite number of polygonal plates of un¬ 
equal size arranged in a definite manner. 

The two genera found in fresh waters in this country differ as follows: 

1. Transverse furrow completely encircling cell. 1. Glenodinium 
1. Transverse furrow incompletely encircling cell. 2. Hemidlnlum 

1. Glenodinium Stein, 1883. Cells of Glenodinium (Fig. 435) are asym¬ 
metrically globose and sometimes somewhat dorsoventrally flattened 
They are surrounded by a thin wall with a definite number of plates.' 
The number of precingular, anterior intei«klary, and apical plates is vari¬ 
able from species to species. The lower'fialf-wall of a cell (hypotheca) has 

■ five or six postcingular and two antapical plates. All plates are generally 
smooth and with delicate sutures between them. The girdle is median, 
a very slight spiral, and completely encircles the cell. The sulcus^s usually 
restricted to the posterior half of a cell. Most species have numerous 
chromatophores, and some have a distinct eyespot. ^ 

Aplanospores may be globose or angular, and they usually have a heavy 
wall. 

Sexual reproduction is isogamous and by a fusion of gymnodinoid 
gametes.2 The zygote is globose, smooth-walled, and germinates to form 
four gymnodinoid zoospores after a meiotic division of the nucleus. 

Ecologically this genus is unusual in that a majority of the 20 or^zhore species are 
found in fresh waters. Thirteen species have been found in fresh water in the 
United States. For a monographic treatment of the genus, see Schiller (1933). 

2. Hemidinium Stein, 1833. The cells of Hemidinium are ellipsoidal, 
somewhat compressed, and with a girdle that incompletely encircles the 
cell in a descending left spiral. The sulcus is restricted to the lower half- 

1 Lindemann, 1928; WoLOszYf5:sKA, 1917A. * Diwald, 1938. 
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cell wall (hypotheca). For a long time, this dinoflagellate was thought to 
have a naked protoplast but it was eventually shown^ to have a delicate 
wall and one composed of a definite number of plates. The upper half¬ 
wall (epitheca) has six precingular and six apical plates; the hypotheca 
has five postcingular, one posterior intercalary, and one antapical plates. 
The protoplast contains numerous yellowish to brownish chromatophores. 
An eyespot may or may not be present. The nucleus is ellipsoidal and 
lies in the lower half of a cell. 

Cell division takes place while cells are motile and in an approximately 
transverse plane. The aplanospores are spherical and thin-walled. A 
germinating aplanospore^ gives rise to a spherical nonflagellated cell sur¬ 
rounded by a broad, concentrically stratified, gelatinous sheath. Divi¬ 
sion of such cells may result in a Gloeodinium-like colony. 

Fig. 430. Hemidinium naatUum Stein. (X 975.) 

This genus is readily differentiated from other fresh-water dinoflagellates of this 
country by its incomplete girdle. The two species known for the United States are 
H. ncmtum Stein (Fig. 436) and //. ochraceum Levander. For descriptions of them, 
see Thompson (1947). 

Family 2. Gonyaulacaceae 

This is one of the families with thick walls with clearly evident plates. 
It differs from other families in which the wall is thick in that the hypo¬ 
theca has but one antapical plate and has this adjoined by an intercalary 
plate. 

Oonyavlax is the only genus with fresh-water species in this country. 
1. Gonyaulaz Diesing, 1866; emend., Kofoid, 1911. This genus was 

first segregated from Peridinium because of the pronounced helicoid girdle. 

^ WoLOSZTi^sKA, 1925. * Prescott, 1^27. 
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The upward extension of the sulcus to the cell apex was formerly given 
as another distinctive character, but this is not true of all species.^ The 
number and arrangement of the plates differ from that in Peridinium, 
Gonyaulax has a hypotheca with six postcingular, one posterior inter¬ 
calary, and one antapical plate, in contrast with the five postcingular and 

two antapical plates of Peridinium, Epithecae of Gonyaulax have six pre- 
cingular, one to three anterior intercalary, and one to six apical plates. 
The cells usually contain several discoid yellowish-brown chromatophores. 

G. palmtre Lemm. (Fig. 437) is the only fresh-water species thus far found in this 
country. For a description of it, see Eddy (1930). 

Family 3. Peridiniaceab 

This is another of the families with thick walls with clearly evident 
plates. It differs from other families in which tlie wall is thick in that the 
hypotheca has two antapical plates. 

Fio. 438. Peridinium wiaconaineneis Eddy. A-B, lateral views from the front and rear. 
C, vertical view from above. D, vertical view from below. (X 650.) 

Peridinium is the only genus with fresh-water species in this country. 
1. Peridinium Ehrenberg, 1830; emend., Stein, 1833. Cells of Peri¬ 

dinium (Fig. 438) are free-swimming and have a circular, oval, or angular 
outline as seen in front view. The cell wall is thick and with the sutures 

1 Kofoid, 1011. 
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between the plates strongly evident. Some species have small spines at 
the posterior end of a cell. The wall has six to seven precingular, none to 
eight anterior intercalary, and three to five apical plates in the epitheca; 
the hypotheca has five postcingular and two antapical plates. Plates of 
most species are conspicuously ornamented with spines or with a reticulum 
of small ridges. Sutures between the plates are broad and often with a 
longitudinal or a transverse striation. The girdle lies midway between the 
poles and is transverse or a very slight descending spiral. There is gen¬ 
erally a conspicuous sulcus that extends but little into the epitheca. The 
girdle and sulcus portions of the wall consist of distinct plates, but the 
exact number of these cannot be determined with certainty. The proto¬ 
plasts usually contain numerous yellowish-brown chromatophores. Some 
of the fresh-water species have an eyespot. 

Cells of Peridinium become immobile before they divide. Sometimes 
there is a contraction and division of the protoplast while still within the 
wall, but more often the protoplast escaped from the wall before dividing.^ 
Aplanospores of Peridinium are usually thick-walled and globose. Cer¬ 
tain species produce thin-walled aplanospores that soon germinate into a 
GloeodiniumAike stage.^ 

Approximately 20 fresh-water species of Peridinium have been recorded for the 
United States. For a monograph of the fresh-water species of the genus, see Lef^vre 
(1932). 

Family 4. Ceratiaceae 

The Ceratiaceae are immediately distinguishable from other Peridiniales 
by the prolongation of both epitheca and hypotheca into long horns. The 
epitheca always has one horn; the hypotheca may have one to three horns. 

Ceratium is the only genus with fresh-water species existing in this 
country. 

1. Ceratium Schrank, 1793. Ceratium differs from other dinoflagellates 
in that the anterior and posterior ends are continued in long horns. There 
is a single horn at the apical pole; the posterior pole bears two or three 
antapical horns. The cell wall is fairly heavy, and all fresh-water species 
have plates with a reticulate ornamentation. The epitheca has a series 
of four precingular plates and four apical plates, the vertical extension of 
the latter resulting in the apical horn.® The hypotheca has five post¬ 
cingular and two antapical plates. The girdle is transverse and inter¬ 
rupted by a large membranaceous ventral plate articulated with the pre¬ 
cingular and postcingular plates. The protoplast has numerous discoid 
chromatophores and a large centrally located nucleus. 

1 Lindemann, 1919. * West, G. S., 1909A. » Kofoid, 1907,1908. 
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Cell division takes place while the cells are motile and with an intact 
wall. Following the division of nucleus and neuromotor apparatus,^ there 
is a diagonal division of the protoplast. One of the daughter cells (Fig. 
429, page 522) is clothed with the four apical, two precingular, and three 
postcingular plates of the parent-cell wall; the other daughter cell receives 
two precingular, two postcingular, and the two antapical plates of the 
parent-cell wall.^ This is followed by a reciprocal development of the 
missing plates and horns by each daughter cell. 

Most studies of aplanospore formation have been upon a fresh-water 
species, C. hirundinella (O.F.M.) Schrank. Its aplanospores are angular, 
thick-walled, and formed by a retraction of the protoplast from the wall 
of the vegetative cell. The aplanospores are uninucleate (rarely binu- 
cleate)^ and densely packed with reserve foods, chiefly glycogen.^ They 
are strongly resistant to desiccation and remain viable for several years. 
When an aplanospore germinates,® the protoplast develops into a naked 

zoospore that is Gymnodinium-like when first liberated, but which assumes 
a Ceraiiiim-like shape within a few hours and begins to secrete a wall. 

Sexual reproduction is by an apposition of two cells and an establish¬ 
ment of a conjugation tube in which the two protoplasts unite to form a 
zygote.® 

Only two of the many species are found in fresh water and both of them, C. 
caroliniana (Bail.) Whitford and C. hirundinella (O.F.M.) Schrank (Fig. 439), have 
been found in the United States. C. hirundinella is widely distributed in the plank¬ 
ton of ponds and lakes. Seasonal changes in the environment, especially changes in 
temperature, have a pronounced effect upon the shape of cells of this species. For 

descriptions of C. caroliniana (as C, curvirostre Huitf.-Kaas) and of C. hiruvdimlla^ 
see Schilling (1913). 

1 Entz, 1921; Hall, 1926. * Kofoid, 1908; Lautbbbobn, 1895. 

* Hall, 1925. * Entz, 1925. ® Hubeb and Nipkow, 1922. 

• Entz, 1924; Zbdbbbaxjbb, 1904. 
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ORDERS. DINOCAPSALES 

The Dinocapsales are palmelloid Dinophyceae with a temporary motile 
gymnodinoid stage. The order corresponds to the Tetrasporales of Chloro- 
phyceae, Heterocapsales of Xanthophyceae, and Chrysocapsales of Chryso- 
phyceae.^ There is but one family. 

Family 1. Gloeodiniaceab 

The two genera found in this country differ as follows: 

1. Cellular envelope with many layeijs. 2. Urococcus 
1. Cellular envelope homogeneous or with few layers. 1. Gloeodinlum 

1. Gloeodinitsm Klebs, 1912. Gloeodinium has large subspherical non- 
flagellated cells united in small packet-like colonies by a common, homo¬ 

geneous or concentrically stratified, gelatinous 
envelope. The cells are uninucleate and con¬ 
tain many small brownish chromatophores that 
are sometimes radially arranged.* The proto¬ 
plasts contain considerable starch, varying 
amounts of a colorless oily substance, and drop¬ 
lets of oil. A cell divides into two daughter 
cells that are retained within the parent-cell 
envelope for a considerable time, and often 
until one or both daughter cells have divided. 
Such colonies rarely develop beyond the 

Fig. 440. Gloeodinium mon- four- or eight-celled stage because of gelatiniza- 
tonwm Kebs. (Fr^ Thomp- disintegration of the original envelope. 
«on, 1949.) (X 726.) jx* luu rij 

Reproduction may also be by means of naked 
gymnodinoid zoospores, and this occurs more frequently at certain times 
of the year than at others.* 

The only known species, G. montanum Klebs (Fig. 440), has been found in Mary¬ 
land, Wisconsin, and Ohio. For a description of it, see Kdebs (1912). 

2. Urococcus Kiitzing, 1849. The cells of Urococcus are spherical, and 
each is surrounded by a firm gelatinous envelope with many concentric 
strata. At first, the sheath is of uniform thickness; later it becomes much 
thicker on one side and with concentric layers that do not completely 
encircle the earlier formed ones. The cells are usually solitary, but at 
times two to four, each with a conspicuous sheath, lie within a common 

‘ Pabchsr, 1927. * Killian, 1924; Klbbs, 1912; Thompson, 1949. 
* Killian, 1924; Thompson, 1949. ^ 
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sheath derived from a parent cell. The entire protoplast is brownish and 
with the central portion darker than the peripheral portion. It is im¬ 
possible to determine whether the coloration is due to a single chromato- 
phore or to many chromatophores so densely crowded against one another 
that there appears to be but one. The protoplast contains numerous 
granules (starch ?) and a few large to small reddish globules of oil. 

Reproduction is usually by cell division, but there may also be a forma¬ 
tion of naked gyixmodinoid zoospores. 

It is an almost universal practice among phycologists to refer Urococcus to the 
Chlorophyceae. In a recent letter Prof. R. H. Thompson suggests that U. insignia 
(Hass.) Kiitz. (Fig. 441) should be placed among the Dinophyceae since he has dis¬ 
covered that it produces gymnodinoid zoospores. Other species assigned to the 

Fig. 441. Urococcus insignia (Hass.) KUtz. (X 660.) 

same genus as U. insignia cannot be placed in this genus with certainty until 
their cells have been critically studied in a living condition. There are several 
records of the occurrence of U, insignia in this country. For a description of it, see 
Collins, (1909). 

ORDER 4. DINOCOCCALES 

The Dinococcales are unicellular, have homogeneous cellulose walls, 
and have globose, lunate, pyramidate, or stellate vegetative cells that are 
without transverse grooves or flagella. The cells contain numerous brown 
chromatophores and store their photosynthetic reserves as starch or as 
oils. The cells do not divide vegetatively, and new cells are formed by a 
division of the cell contents into zoospores or auxospores. Zoospores bear 
a very close resemblance to species of Gymnodinium and have the same 
naked protoplasts, transverse furrow, eyespot, and flagellation as is found 
in that genus. 

Immobile cells of certain genera, as Cyatodinium and Hypnodiniumf have 



634 THE FRESH^WATER ALGAE OF THE UNITED STATES 

been considered cyTst-like in nature, and these genera have been placed^ 
in the Gjrmnodiniales because of the structure of their motile stages. 
Since the motile phase in these genera is very transitory, it seems more 
logical to follow those^ who interpret the motile stages as zoospores and 
consider these genera homologous with zoospore-producing unicellular 
Chlorococcales. 

Family 1. Phytodiniaceae 

Members of this family have variously shaped, solitary, free-living cells 
that may be sessile or free-floating. The protoplast of a cell is completely 
surrounded by a homogeneous Cellulose wall. 

Reproduction is by means of gymnodinoid zoospores or of autospores. 
The genera found in this country differ as follows: 

1. Cells free-floating. 2 
1. Cells sessile. 3 

2. Cells lunate. 1. Cystodinium 
2. Cells globose. 2. Hypnodinium 

3. Cells globose to ovoid. 3. Stylodinium 
3. Cells more or less angular. 4 

4. Body of cell compressed. 5. Raclborskia 
4. Body of cell not compressed. 4. Tetradinium 

1. Cystodinium Klebs, 1912. The cells of Cystodinium are solitary and 
free-floating, arcuate to lunate, and with or without the poles prolonged 
into spines. The cell wall is homogeneous and composed of cellulose.^ 
The protoplast, which completely fills the wall contains numerous golden- 
brown to chocolate-brown chromatophores, a conspicuous nucleus, and a 
relatively large red globule of oil. 

The cells do not divide vegetatively. Instead, the protoplast divides 
to form two or four daughter protoplasts, each with a girdle, sulcus, and an 
eyespot.^ These may become zoospores that are liberated from the parent¬ 
cell wall. Liberated zoospores remain motile for a very short time (usu¬ 
ally less than half an hour) and begin developing into typical vegetative 
cells immediately after they become immobile.* In other cases, the gym- 
nodinoid daughter cells never develop evident flagella, assume the shape 
characteristic of vegetative cells while still within the parent-cell wall, and 
form walls before they are liberated by a gelatinization of the parent-cell 
wall.® 

» Klebs, 1912; Kofoid and Swezy, 1921; Lindmann, 1928. 
* Fritsch, 1935; Pascher, 1927. * Klebs, 1912. 
* Klebs, 1912; Thompson, 1949. ® Pascher, 1927; Thompson, 1949. 
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C. hataviense Klebs has been found in Maryland and Kansas, and C. inera Geitler 
(Fig. 442) has been found in Maryland.' For a description of C. hataviense^ see 
Klebs (1912); for C. inera, see Geitler (1928E). 

Fig. 442. Cyatodinium inera Geitler. A, vegetative cell. B, formation of zoospores. 
{From Thompaon^ 1949.) (X 725.) 

2. Hypnodinium Klebs, 1912. Hypnodinium has free-floating, solitary, 
spherical cells with a homogeneous cellulose wall. The protoplast con¬ 
tains numerous yellowish-brown chromatophores grouped in rosettes and 
the rosettes forming a reticulum.^ The protoplast has a permanent gym- 
nodinoid organization into girdle and 
sulcus, but without flagella, and usu¬ 
ally contains a conspicuous globule of 
reddish oil. 

At the time of reproduction, the 
protoplast contracts and divides to 
form two autospores which form a 
wall before liberation by a bursting of 
the parent-cell wall.^ 

A formation, liberation, and fusion 
in pairs of many small motile gymno- 
dinoid cells have also been observed.® 

H. sphaericum Klebs (Fig. 443) has 
been found in Maryland."* For a descrip¬ 
tion of it, see Klebs (1912). 

3. Stylodinium Klebs, 1912. Stylodinium has solitary, stipitate, glo¬ 
bose to ovoid, or somewhat quadrate cells. The stipe is composed of ge¬ 
latinous material, and its length varies from less than half to more than 
double the diameter of a cell. The protoplast contains numerous parietal, 
discoid to elliptical, golden-brown chromatophores and a conspicuous 
globule of reddish oil. 

' Thompson. 1949. * Klebs, 1912; Thompson, 1949. « Pasghbr, 1914. 
^ Thompson, 1949. 

Fig. 443. Hypnodinium aphaericum Klebs. 
{From Thompaon, 1949.) (X 1726.) 
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B^production may be by a bipartition into two g3rmnodinoid zoospores 
that are liberated by a rupture of the parent-cell wall.^ There may also 
be a rounding up of the protoplast into a single globose aplanospore that 
is also liberated by rupture of the parent-cell wall.^ 

Fig. 444. Stylodinium glohoaum Klebs. A, vegetative cell. J5, formation of zoospores. 
C, cell after liberation of zoospores. (From Thompson, 1949.) (X 726.) 

S, globoaum Klebs (Fig. 444) and S. longipes Thompson have been found in Mary¬ 
land.* For a description of S. glohosum^ see Klebs (1912); for S> longipeSf see 

Thompson (1949). 

Fig. 446. Tetradinium javanicum Klebs. (From Thompson, 1949.) (X 726.) 

4. Tetradinium Klebs, 1912. Tetradinium has solitary epiphytic py- 
ramidate cells whose angles are prolonged into simple or bifurcate spines. 
The cell is attached to the host by a short stipe which may be so short 
that the cell appears to be sessile.® The cell wall is homogeneous and com¬ 
posed of cellulose. The protoplast contains numerous ellipsoidal golden- 

* Paschbb, 1927; Thompson, 1949. * Klsbs, 1912. * Thompson, 1949. 
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brown to chocolate-brown chromatophores most of which are parietal, a 
large nucleus, granules of starch, and a single conspicuous globule of red¬ 
dish oil. 

Reproduction is by division of the protoplast into two g3rmnodinoid 
zoospores which are liberated through a rent in the parent-cell wall.^ 

T, jovanicum Klebs (Fig. 445) has been found epiphytic upon filamentous algae 
and upon submerged phanerogams, including Myriophyllum and Potamogeton, in 
Maryland.* For a description of it, see Klebs (1912). 

5. Raciborskia Woloszyfiska, 1919. Radborskia has solitary, epiphytic, 
compressed, more or less bean-shaped cells with a short stout spine at both 
poles of the major axis. The convex face of a cell is attached to the host 
by a short stipe midway between the poles of a cell. The cell wall is 
homogeneous. The protoplast contains numerous, irregularly band¬ 
shaped, parietal, brown chromatophores; or it has the chromatophores 

Fig. 446. Raciborskia hicomia Woloszy^ska. {From Woloatyhska, 1919.) 

aggregated in a parietal network.* Some species have a single large pyre- 
noid. There are also frequently numerous starch grains within a cell. 

Reproduction is by division of a protoplast into two gymnodinoid zoo¬ 
spores which, after liberation and swimming about for a time, come to rest 
on a substratum and metamorphose into vegetative cells.* 

Prof. G. W. Prescott writes that he has found the type species, R. bicomia Wolosz. 
(Fig. 446) in Wisconsin. For a description of it, see Woloszydska (1919). 

Family 2. Blastodiniaceab 

The Blastodiniaceae are always parasitic upon animals, either as ecto¬ 
parasites or as endoparasites. Vegetative cells are immobile, without 
flagella, and amoeboid or surrounded by a wall through which a haustorium 
projects. 

Reproduction is generally by a formation of gymnodinoid zoospores. 

* Thompson, 1949; Woloszy^^ska, 1919. » Thompson, 1949. 
*Paschbb, 1932D; Woloszt^yska, 1919. 
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This family is a highly artificial one in which the various genera have 

relatively little in common beyond their gjunnodinoid zoospores and their 

parasitism upon animals. Because of their naked motile swarmers, the 

family has been placed among the Gymnodiniales.^ Such a treatment 

ignores the fact that the motile phase of the life cycle is transitory and that 

the immobile phase is the dominant one and vegetative in nature. Oddi- 

nium, the only genus known for this country, has much in common with 

genera obviously belonging to the Dinococcales. 

1. OSdinium Chatton, 1912. Oddinium is a 

unicellular ectoparasite growing on various ani¬ 

mals. The cell consists of a globose to pyriform 

portion, surrounded by a cellulose wall, and a naked 

branched rhizoidal portion whose attenuated 

branches penetrate tissues of the host. The por¬ 

tion of the protoplast within the wall contains 

numerous chromatophores, granules of starch, and 

a conspicuous nucleus. A cell increases in size to 

several times its original diameter, but remains uni¬ 

nucleate during the entire period of enlargement.* 

Reproduction may take place at any stage during 

enlargement of a cell. First, there is a retraction 

of the pseudopodial rhizoidal portion and a se¬ 

cretion of a cellulose layer that closes the opening through which the 

pseudopodia projected.* There is then a division of the nucleus, a bipar¬ 

tition of the protoplast, and a secretion of a wall about each of the two 

daughter protoplasts. The two daughter cells within the old parent-cell 

wall divide simultaneously, and simultaneous divisions may continue until 

there are 128 daughter cells. The contents of each cell of the last genera¬ 

tion then divide to form two gymnodinoid zoospores. The zoospores 

escape from the surrounding walls, swim freely through the water, and 

develop into vegetative cells after becoming attached to the host 

The only known fresh-water species is 0. limneticum, Jacobs (Fig. 447), which was 

discovered parasitic on the epidermal covering of any part of the body of nine species 

of fish in Minnesota.* For a description of it, see Jacobs (1946). 

> Fbitsch, 1936; Graham (in press); Lindemann, 1928. 

• Brown, 1934; Jacobs, 1946; Niorelli, 1936. 

* Jacobs, 1946; Niqrelu, 1936. * Jacobs, 1946. 

Fio. 447. Oodinium Urn- 
netici/m Jacobs. (X 750.) 



CHAPTER 9 

DIVISION CYANOPHYTA 

The Cyanophyta, or blue-green algae, are a distinctive group sharply 
delimited from other algae in a number of respects. They are the only 
algae in which i:he pigments are not localized in definite chromatophores. 
The pigments are localized in the peripheral portion of the protoplast and 
include chlorophyll a, carotenes, and distinctive xanthophylls (see Table 
I, page 3). In addition there is a blue pigment (c-phycocyanin) and a 
red pigment (c-phycoerythrin). Another unique feature of Cyanophyta 
is a primitive type of nucleus, the central body, which lacks a nucleolus and 
a nuclear membraney Equally important, adthough negative in character, 

'^are the lack of flagellated reproductive cells and the total lack of gametic 
union in all members of the division. 

All the Cyanophyta are placed in a single class, the Myxophyceae 
(Cyanophyceae^ 

Occurrence. M3rxophyceae are found in a wide variety of habitats,'^ 
and one can rarely examine a collection of fresh-water algae without en¬ 
countering at least a few individuals of the class. Samples taken from 
permanent or semipermanent pools usually contain representatives of 
both the filamentous and the nonfilamentous genera, but neither type is 
ordinarily the dominant alga of the station. At times, one may encounter 
a pool which is practically a pure culture of some blue-green alga, usually 
an Anabaena or an Oscillatoria, On the other hand, temporary pools and 
puddles that have been standing but a week or two usually have an algal 
flora composed entirely of blue-green algae, and one in which a single 
species frequently predominates. Species of Oscillatoria and Phormidium^ 
are most frequently encountered in such pools. 

Blue-green algae are always present in plankton catches from fresh- < 
water lakes and ponds. These ar^ usually species of Chroococcus, Coeh- 
sphaerium, Polycystis, or Anabaena, The proportion of Myxophyceae 
with respect to other algae is dependent on both the time of the year and 
the chemical composition of the water. The blue-greens usually occur in 

^abundance only during the warm months of a year, but certain species, as 
Oscillatoria prolifica (Grev.) Gom., may also develop in quantity during 
the winter.^ Soft-water lakes ordinarily have more Chroococcales than 

* SBara, G. M., 1920. 
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other Myxophyceae, but these never predominate at any season of the 
year.' Hard-water lakes, on the other hand, exhibit a pronounced seasonal 
variation in the volume and percentage of Myxophyceae, which are usually 
the dominant organisms during the late siunmer and early fall. Not infre¬ 
quently, in such lakes, there is a development of one or two species to such 
an extent that the water is discolored by them. This water bloom, which 
may also be caused by algae of other classes, may be of sporadic occurrence 
or may occur annually.* In the case of some small ponds in California, 
the water is in ‘‘bloom” throughout the year. Instances have been re¬ 
corded where the blooming of a lake has caused the death of fish* or where 
the water is injurious to livestock .drinking it,^ but such effects are very 
uncommon. The disagreeable tastes and odors caused by the death and 
decay of the algae causing the bloom are of far greater economic impor¬ 
tance, especially in lakes and reservoirs used for domestic water supplies, 
and sanitary engineers have studied at length the problem of eradicating 
algal growths.® 

J Blue-green algae constitute an important part of the algal flora of many 
subaerial habitats, and representatives of certain genera are usually found 
in such stations. Cliffs moistened by the spray from waterfalls and drip¬ 
ping rocky ledges are especially rich in Myxophyceae. Frequently there 
is a very definite correlation between the chemical composition of the sub¬ 
stratum and the algae growing upon it. Siigonerm minutum (Ag.) Hass., 
for example is reported® as occurring only on siliceous rocks, while in the 
same region Schizothrix Lenormandiana Com. and Symploca dubia Com. 
are restricted to moist calcareous rocks. Even more widespread is the 
growth of blue-greens on the surface of the soil or at some distance below 
its surface. These terrestrial alga^ jtre not usually conspicuous, but in 
certain parts of the country, especially those regions with a pronounced 
rainy season, the soil algae may develop to such an extent that they form 
patches of several square yards extent. In rare cases, the development 
of the soil algae is so extensive that it affects the color of the landscape.^ 
The Myxophyceae are an important element in the subterranean algal 
flora. Subterranean Myxophyceae are generally restricted to the upper 
50 cm. of the soil, although they have been found as deep as 2 m. below the 
surface.® 

Blue-green algae growing within, and in the outflow from, hot springs 

1 Smith, G. M., 1924; Wbisbnbbrg-Lund, 1905; Wbst, W. and G. S., 1909. 
• See G. M. Smith, 1924, for literature. 
• Baldwin and W&ipplb, 1906; Haine, 1918. 
< Francis, 1878; Gillam, 1925; Nelson, 1903. 
• See Whipple, 1927, pp. 49-70, for a discussion of this subject. 
• Fr^^mt, 1925. ’ Wbst and Fritsch, 1927. 
*Moobb and Cartbr, 1926; Moorb and I^rer, 1919. 
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have always excited the botanist’s interest and have been studied in prac¬ 
tically every country in which there are hot springs. Among the thousands 
of such springs in the western part of the United States, the best known 
and most thoroughly investigated are those of Yellowstone National Park. 
Here blue-green algae have been found growing in water with a tempera¬ 
ture of 85° C.' Practically all the thermal algae are species which have 
become adapted to hot waters and which are not found elsewhere. 

In hot springs whose waters are highly charged with soluble calcium 
and magnesium compounds, especially bicarbonates, the algae cause a pre¬ 
cipitation of the calcium and magnesium salts in the form of an insoluble 
carbonate. The amount of carbonates thus precipitated is so considerable 
that the material deposited (travertine) may attain a thickness of 2 to 4 
mm. during the course of a week. The terraces of travertine thus formed 
are usually brilliantly colored by the overlying layer of algal material. 
A deposition of carbonates through the agency of blue-green algae may 
take place elsewhere than in hot sprmgs. Marl deposits formed at the 
bottom of shallow lakes are thought to be due almost wholly to the action 
of blue-green algae. 

The action of perforating blue-green algae which grow within the shells 
of molluscs is just the reverse of that described in the preceding paragraph. 
Here, the algae cause a change of insoluble calcium and magnesium com¬ 
pounds into soluble ones. A similar change into soluble compounds has 
been ascribed to a blue-green alga growing on calcite veins in lithothamnic 
limestones.^ 

Many Myxophyceae regularly grow in association with other organisms. 
In some cases, the association is one of simple epiphytism, as Chamaesiphon 
growing on filaments of Cladophoraceae. In other cases, the alga is endo¬ 
phytic or endozoic and, according to the species, grows within or between 
cells of the organism within which it grows. The association may be one 
of parasitism, hel^^m. or symbiosis. The best examples of a true para¬ 
sitism are the Oscillatoriaceae which live within the digestive tracts of 
man and other animals.* The blue-green algae growing within the proto¬ 
plasts of cells of rhizopods, cryptomonads, diatoms, Tetrasporales, Chloro- 
cocclaes, and Phycomycetes are clear-cut cases of helotism. With the 
exception of diatoms, all these hosts are colorless, even though they belong 
to genera that normally contain chromatophores. The enslaved blue- 
green alga furnishes not only suflicient carbohydrates to meet the meta¬ 
bolic needs of the host, but also carbohydrates in sufi&cient abundance to 
permit accumulation of food reserves by the host. The storing of food 
reserves is not due to a saprophytic mode of nutrition because it has been 

^ CoFELAND, J. J., 1936. *MttLLER, H., 1923. 
• Lakobron, 1924; Petit, A., 1926. 
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shown^ that host individuals without endocellular blue-green algae lack 
reserve foods. 

The symbiotic relationship between a blue-green alga and another plant 
may be a case of “space parasitism,or the symbiosis may also involve 
nutrition relationships. A nutritional relationship is clearly the case with 
those lichens where the algal component is regularly a blue-green alga and 
one belonging to such genera as ChroococcuSy Gloeocapsa, Nostoc, Scyto- 
nema, or Stigonema, The relationship is not so clear with the Nostocaceae 
growing in intercellular cavities within thalli of certain liverworts, or grow¬ 
ing between cortical cells in roots of cycads. For the liverworts which 
regularly contain Nostocaceae within their thalli, it has been affirmed- and 
denied® that the presence of the alga is beneficial to the liverwort. If the 
relationship is one of symbiosis, it is probable that the liverwort utilizes 
atmospheric nitrogen fixed by the blue-green alga.'^ Possibly this is also 
the case with the blue-green algae growing in roots of cycads. 

Organization of the Thallus. Most algae, other than the Myxophyceae, 
can be considered from the standpoint of the theory of plant-body types 
(see page 6); a theory which holds that only a limited number of basic 
types of body construction can be evolved from a motile, unicellular, an¬ 
cestral form. Since primitive motile forms are not known for the blue- 
green algae (and probably have never been present in their ancestry), these 
cannot be used as a starting point for the evolution of body types among 
the Myxophyceae. The lack of a definite nucleus also precludes evolution 
along the siphonaceous line of development. The only types of body con¬ 
struction possible in the Myxophyceae are those in which immobile cells are 
solitary or united in filamentous or nonfilamentous colonies. 

A few Myxophyceae, as certain species of Chroococcus, have an immediate 
separation of the daughter cells after cell division and are, therefore, truly 
unicellular. In the great majority of species, the daughter cells remain 
united following division, and the colonies resulting from this adhesion 
have either a filamentous or a nonfilamentous organization. 

Organization into nonfilamentous colonies, a feature characteristic of all 
genera of the Chroococcales, results from a confluence of the gelatinous 
envelope surrounding the individual cells. The confluence may be so com¬ 
plete that all traces of the individual sheaths disappear (Aphanocapsay 
AphanothecBy Polycystis) or the sheaths surrounding the individual cells 
may still be discernible (Chroococcus, GloeocapsUy Gloeothece), Broadly 
speaking, the genera with distinct individual sheaths around the cells show 
a strong tendency toward colonial dissociation and do not produce such 
large colonies as do those genera in which the cells are embedded in ^ homo- 

1 Paschek, 1929. * Molisch, 1926. » Peirce, 1906; Takesiqe, 1937. 
* Molisch, 1935. 
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geneous gelatinous matrix. The shape of nonfilamentous colonies is de¬ 
pendent upon the planes in which the cells divide. If the divisions are in 
two planes, the result is a layer one cell in thickness, and either a flat plate 
(Merismopedia) or a hollow sphere (Coelosphaerium), When the divisions 
are in three planes, their sequence may be so regular that there is a forma¬ 
tion of a cubical colony (Eucapsis)y but usually they are so irregular that 
there is no definite orientation of the cells within the massive colony (Poly- 
cystiSy Aphanothece), 

Organization into filamentous colonies results from successive divisions 
in the same plane. Cells organized in this fashion may be held together 
by walls that abut on one another (Oscillatoria) y but commonly there is 
also a cylindrical sheath of gelatinous material surrounding the colony 
(Lynghya). In such filamentous colonies, the simple row of cells is called 
a trichome and the trichome with its enclosing sheath is called a filament. 
Filaments may contain but a single trichome; or, as in SchizothriXy there 
may be several trichomes within a common sheath. Most genera have 
unbranched trichomes that may be straight, twisted in regular spirals, or 
irregularly contorted. Genera with branoKed trichomes, as Nostochopsis 
and Hapalosiphon, do not usually have the branches twisted. When there 
is more than one trichome within a sheath, the individual trichomes are 
often arranged in such a fashion as to appear to be branched. When, as 
in TolypothriXy this arrangement exists it is called false branching. 

The Cell Wall. The wall surrounding protoplasts of nonfilamentous 
Myxophyceae is composed of two concentric portions; an inner thin firm 
layer immediately outside of the plasma membrane and an outer more 
gelatinous portion (the sheath) that is often of considerable thickness. 
Filamentous blue-greens have the gelatinous sheath restricted to free faces 
of the cells. The sheath consists of pectic compounds; the inner firm por¬ 
tion contains a certain amount of cellulose.^ 

The sheath surrounding individual cells, or that surrounding individual 
trichomes, may be distinctly stratified. In other cases, sheaths surround¬ 
ing individual cells or around individual trichomes show no indication of 
stratification. In many plankton species of Chroococcus and Anabaenay 
the homogeneous sheath is of so watery a consistency that it is not evident 
unless india ink is added to a water mount of the alga. Instead of being 
colorless, a sheath may be brown or red or violet. Yellow and brown 
coloration of a sheath is due to a mixture of the pigments fuscorhodin and 
fuscochlorin.^ Red and violet coloration is due to a pigment called gloeo- 
capsin. 

Structure of the Protoplast. From the earliest attempts to determine 
structure of the myxophycean cell,* there has been a recognition of the fact 

^ Ktun, 1943. * Schmitz, 1879, 1880. 
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that it is differentiateid into a pigmented outer portion, sometimes call^ 
the chroimpkiamy and an inner colorless portion, the central body. All 
investigations by means of cytological techniques find that all or a portion 
of the central body is differentially stainable in much the same fashion as is 
the chromatic material of true nuclei.'^The demonstration^ of a positive 
Feulgen reactioiyn the central body shows that it is to be considered nu¬ 
clear in nature. '^However, the central body is a nucleus without a definite 
nuclear membrane or nucleoli. Opinions vary concerning organization of 
the central body. There are those* who think that the nuclear material is 

B 
Fig. 448. Cell structure of various Myxophyceae. A, Chroococcus turgidua N&g. B, struc¬ 
ture and division of cells of Andbaena cirdnalia (Kutz.) Rab. C, structure and division of 
cells of OadUatoria princepa Vauch. {A, after Acton, 1914; B, after Haupt, 1923; C, after 
Olive, 1904.) 

regularly or irregularly localized at certain juncture points of the funda¬ 
mental protoplasmic reticulum. According to the species, the nuclear 
material may be very irregularly distributed throughout the central por¬ 
tion of a cell or it may be organized into a definite reticulum (Fig. 448il). 

Others hold that the central body is entirely nuclear in nature. Advo¬ 
cates of this interpretation of the central body are not in agreement 
as to the method by which it divides. Some* think that in division of the 

^ PouAKSKT and Petruschbwsky, 1929. 
•Acton, 1914; Guillibbmond, 1906, 1926. 
» BaumgXbtbl, 1920; Brown, W. H., 1911; Lee, 1927; Olive, 1904; Phillips, 1904; 

PouANSKT and Pbtruschbwskt, 1929. 
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central body there is a spindle apparatus resembling the spindle apparatus 
that effects a qualitative and a quantitative division of nuclear material- 
Others^ hold that division of the central body is antitotic and results only 
in a quantitative division of the nuclear material. 

The chromoplasm, the pigmented portion of the protoplasm external 
to the central body, usually has a finely alveolar structure. Embedded 
in it are a number of small spherical or irregularly shaped granules. In 
some species, these bodies are irregularly distributed; in other species, 
they are so regularly distributed as to be a character of taxonomic impor¬ 
tance. It is clear that all these bodies are not of the same chemical com¬ 
position and that some of them, probably the majority, are reserve food 
materials. Evidence for this is seen both in their greater abundance in 
reproductive cells and in their gradual disappearance during periods of 
active growth, or when plants are kept for some time in a dark room. 
Many phycologists think that the granules of carbohydrate food reserves 

Fig. 449. Anah<iena circinalis var. macroapora (Wittr.) De Toni, with pseudovacuoles in the 
vegetative cells and the akinete. (X 825.) 

are identical with glycogen, but there is evidence that they are more closely 
related to starch. Because of this, it has been suggested* that the carbo¬ 
hydrate be called cyanophycean starch. Other bodies, the cyanophycin- 
granules, are of a proteinaceous nature. 

Pseudovacuoles. As is the case with so many other problems connected 
with Cyanophyta, there is diversity of opinion concerning the so-called 
pseudovacuoles or gas vacuoles. These are frequently present in certain 
plankton species of Coelosphaeriuniy PolycystiSy and Anobaena (Fig. 449). 
Some blue-greens of the plankton, as Coelosphaerium Kuetzingianum Nag. 
and Chroococcus limneticus Lemm., never have them. At times, all indi¬ 
viduals of a given species in a plankton catch will contain pseudovacuoles; 
at other times, certain individuals only will have them. In the latter case, 
the pseudovacuoles frequently appear iu the cells a few hours after collec¬ 
tion and storage in tightly stoppered bottles. When viewed in a mass, 
the algae with pseudovacuoles are of a pale yellowish green. Under low 
powers of the microscope, the vacuoles appear as black bodies, larger than 
other inclusions, which are frequently present in such numbers that it is 

' Acton, 1914; Oabdneb, 1906; Guillibbmond, 1906; Hbglbb, 1911. 
• Ktlin, 1943. 
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impossible to distingjuish between central body and chromoplasm. Their 
reddish color when examined under high magnification is probably a re¬ 
fraction phenomenon. Investigations seem to prove that a partial vacuum, 
or pressure, will cause the vacuoles to disappear and gas bubbles to collect 
at the surface of the cells.^ This has been interpreted as showing that the 
pseudovacuoles are gas-filled cavities, but it has also been held^ that in 
reality a pseudovacuole is a cavity filled with a viscous substance. The 
formation of pseudovacuoles has been ascribed^ to anaerobic respiration 
induced by an oxygen deficiency in water at the bottom of a lake. When 
this has continued for some time, the gas-filled cavities make the alga so 
buoyant that it rises to the surface of the water. 

Pigments and Chromatic Adaptation. The chromoplast of a cell con¬ 
tain but one chlorophyll (chlorophyll a), beta-carotene and a second caro¬ 
tene found only in blue-green algae (flavicin), and two xanthophylls also 
found only in blue-green algae. In addition, the chromoplasm contains 
two proteinaceous pigments of the type known as phycobilins. One of 
these pigments, c-phycocyanin, is blue, the other, c-phycoerythrin, is red. 

Not all these pigments are always present, or present in equal amounts. 
Some Myxophyceae, as Phormidium corium Gom. and OscillcUoria tenuis 

Ag., lack c-phycoerythrin; others, as Microchaete tenera Thur., lack or con¬ 
tain only small traces of c-phycocyanin.'* From the theoretical stand¬ 
point, variations in the proportions of red, blue, and yellow pigments would 
make possible any color in the chromoplasm of Myxophyceae. The oc¬ 
currence of grass-green, blue-green, olive, yellow, oraiTge, pink, red, violet, 
purple, brown, and blackish Myxophyceae shows how closely this theoret- 

, ical condition is found in nature. However, it should be noted that all 
! such shades and colors are not due entirely to pigments in the chromo¬ 
plasm but may be due partially to colors in the gelatinous envelope of a 
colony. 

The causes for the development of the various pigments in different 
proportions are not known with certainty. The theory of complementary 
chromatic adaptation was first applied to Myxophyceae to explain experi¬ 
ments with Oscillaioria sancta Kiitz. and 0. caldiorum Hauck, which showed 
that individuals cultivated in light of different colors assumed different 
colors.® This thepry, originally proposed® to explain variation in color of 
Rhodophyceae, holds that the color of light-absorbing portions of a proto¬ 
plast is directly complementary to the quality (color) of the light in which 
the plant is growing. Such complementary color changes among Cyano- 
phyta, sometimes called the Gaidukov phenomenon^ have been found to 

^ Klebahn, 1922, 1925. * Van Goor, 1925. * Canabaeus, 1929. 
* Boresch, 1921. « Gaidukov, 1902, 1903. 
* Engblmann, 1883,1884. 
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hold for certain species but not for others.^ Thus, in one series of experi- 
ments^ only 4 out of 18 species gave a definite Gaidukov response. 

The ability to chromatic changes has been thought^ to be due to varia¬ 
tions in the amount of pigments formed by a cell and to be limited to species 
capable of producing both c-phycocyanin and c-phycoerythrin in consider¬ 
able amounts. Most experiments with light and changes in color of a 
blue-green alga have been with respect to the quality of light. That in¬ 
tensity of illumination must also be taken into consideration is shown by 
the bluish color of cultures when daylight illumination is intense and the 
reddish color when the intensity is reduced.^ The best natural example 
of the effect of diminished intensity of light is the universal red color of 
Myxophyceae that grow at any considerable depth below the surface of a 
lake or other deep body of water. A change in color may also be due to 
other factors than light, chief among which is depletion of nitrogen in the 
substratum. Opponents of the theory of complementary chromatic adap¬ 
tation® hold that nutritional effects are the sole cause for the color changes 
found in cultures of blue-green algae. 

Movements of Myxophyceae. Many filamentous blue-green algae, es¬ 
pecially members of the Oscillatoriaceae, have the ability to move spon¬ 
taneously. The movement may be a forward and backward gliding of a 
trichome, a spiral progression and retrogression, or a slow waving of the 
terminal portion of a trichome. Movements of Nostocaceae are most 
noticeable in hormogonia or in germlings of a few cells. These move¬ 
ments are chiefly a forward and backward locomotion in the plane of the 
long axis. A waving of the terminal portion of a trichome, although re¬ 
ported for Anahaena,^ is very rare for Nostocaceae. Oscillatoriaceae gen¬ 
erally show both a waving and an axial movement. Axial progressions 
and retrogressions are frequently accompanied by a rotation in a straight 
or a spiral line. 

Movements of Myxophyceae are markedly affected by external conditions, 
chief among which are light and temperature. Increased illumination is 
accompanied by greater activity; increases in temperature from 0 to 30° C. 
show a doubling of the speed for each 10 deg. of increase in temperature.^ 

Locomotion by means of a secretion of gelatinous materials from a cell 
has been repeatedly observed in desmids.® As applied to the Myxophy- 

* Boresch, 1919, 19214; Gaidukov, 1923; Harder, 1922; Sargent, 1934; Susski, 

1926. 
* Boresch, 19214. » Boresch, 19214; Kylin, 19124, 19374. 
* Kylin, 19374. 
® Magnus and Schindler, 1912; Pringsheim, E. G., 1914; Schindler, 1913. 

* Castle, 1926. 
^ Burkholder, 1934; Nibnburg, 1916; Pie per, 1913; Schmid, 1918. 
* Schroder, 1902. 
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ceae, it is held that locomotion along the longitudinal axis is due to a rapid 
swelling of gelatinous material secreted through the wall.^ Some advocates 
of this view think that the gelatinous material is secreted through minute 
pores in the cell wall, and that rotating movements are due to the arrange¬ 
ment of the pores in two crossing spiral series. The terminal cells of the 
trichomes have been held to be of major importance in such movements, 
but it has been shown^ that trichomes whose apical cells have been killed 
by means of sulfuric acid do not lose their capacity for locomotion. Not 
all recent workers have subscribed to the theory of locomotion through 
slime secretion, and movements of mjrxophycean trichomes have been 
ascribed to rhythmic waves of alternate expansions and contractions pass¬ 
ing along the length of the trichonie.® 

Vegetative Reproduction. In all species of Chroococcales, the only 
regular method of reproduction is that of cell division. Ordinarily the 

Fio. 460. A-C, hormospores of WestieUa lanota Fr6iny. D, hormogonia of Lynobya Birgei 
G. M. Smith. (A-C, after Frimy, 1930.) (A-C, X 330; D, X 660.) 

two daughter cells remain united to each other within a common gelat¬ 
inous envelope, and the indefinite repetition of cell division may result in 
a colony containing many cells. Colony reproduction is a matter of chance 
and depends upon accidental breaking of the colonial envelope. If the 
envelope is soft and tends to dissolve, as Chroococcus, Gloeocapsaf or Doc- 

tylococcopsis, the colony never grows to a large size before it becomes sepa¬ 
rated into two or more daughter colonies. In genera with a tough envelope, 
as in Aphanothece or Codosphaeriumy the colony usually becomes many- 
celled before it breaks inty? smaller portions. 

In filamentous species, the trichomes are, from the theoretical stand¬ 
point, capable of indefinite growth in length; but under ordinary conditions 
the filament sooner or later becomes broken. Breaking may result from 
animals feeding on the filament, from the death of certain cells in the row, 

> Fechneb, 1915; Habdbb, 1918; Pbell, 1921; Schmid, 1918, 1921, 1923. 
* Schmid, 1923. * Ullbich, 1926, 1929. ^.. 
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or from a weaker adhesion between certain cells than between others. 
Instances of the last sort are confined largely to those genera which produce 
heterocysts, and the zone of weak adhesion is where a heterocyst and a 
vegetative cell abut on each other. Short sections of the trichome specie 
fically delimited (hormogonia) constitute an important method of propa¬ 
gation among the filamentous Myxophyceae (Fig. 450I>). Hormogonia 
are delimited by a development of double concave disks of gelatinous 
material (separation disks) between two adjoining vegetative cells. The 
formation of separation disks is most noticeable in the larger species of 
Oscillatoria and Lynghya, In these genera, the hormogonium may be but 
two or three cells in length or it may be several cells long. Hormogonia 
have an even greater capacity for locomotion than vegetative trichomes, 
and sooner or later after they are formed they slip away from the filament 
in which they are developed and grow into new filaments. Hormogonia 
usually develop directly into a typical plant, but occasionally, as in Nostoc,^ 

the juvenile structure coming from the hormogonium has but little resem¬ 
blance to the adult plant. 

In the Scytonemataceae and the Stigonemataceae, hormogonia devel¬ 
oped at the ends of branches may have the walls of their cells becoming 
much thicker (Figs. 450A and B), These multicellular spore-like bodies 
are called hormospores.^ The hormospores germinate directly into new 
filaments (Fig. 450C). 

Spore Formation. Swarm spores and flagellated gametes have never 
been observed in the Myxophyceae. Nonmotile resting spores are com¬ 
monly formed in all families of the Hormogonales except the Oscillatoria- 
ceae. The development of these spores begins with the enlargement of 
certain cells of the trichome and an accumulation of food reserves within 
them. During the later stages of their development, there is an appre¬ 
ciable thickening of the cell wall, a thickening which often results in the 
differentiation of distinct exospore and endospore wall layers. This type 
of resting spore, which contains the entire protoplast of the parent cell and 
in which the original wall of the vegetative cell comprises a part of the 
spore wall, is called an akinete. Akinetes of Myxophyceae are usually 
formed singly or in pairs, but in rare cases, as in Nodvlaria, they are formed 
in chains of half a dozen or more. An akinete may be formed at a specific 
place in the trichome, or its location may not be predetermined. When 
akinetes are developed in predetermined places, they always lie next a 
heterocyst, either at the end of the trichome (as in Cylindrospermum or 
Olo€otrichia)y or in the middle of the trichome (as in Anabaena Lemmer- 
manni P. Richt.). Akinetes that develop from cells which do not abut on 
heterocysts may be close to, or remote from, the heterocyst. 

^ Gbitler, 1921. * Bobzi, 1914; Geitleb, 1930A. 
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Resting spores of the akinete type are structures for tiding the alga over 
unfavorable periods, and they usually germinate into vegetative filaments 
as soon as favorable conditions return. One of the best examples of this 
is to be seen in the regular germination of the akinetes of terrestrial species 
of Cylindrospermum immediately after a heavy rain and a thorough soak¬ 
ing of the dry soil. On the other hand, these resting cells may retain their 
viability for extremely long periods if conditions are unfavorable, and it 
has been shown that there was a germination of such cells in samples of 
dried soil that had been stored for 70 years.^ However, akinete formation 
is not absolutely necessary to tide the alga over long unfavorable periods, 
since, in the experiments just cited, it was found that after a period of 
50 years there was a growth of species that do not form akinetes. 

When an akinete germinates (Fig. 
451), it usually grows directly into a 
more or less typical vegetative fila¬ 
ment, but there may be a formation 
of a juvenile structure that has but 
little resemblance to the mature trie- 
home.^ Germination ordinarily be¬ 
gins with a transverse division of the 
protoplast of the akinete, and several 
additional transverse divisions may 
occur before the rupture of the spore 
wall. Following this, the end portion 
of the old wall becomes softened, or 
ruptures as a cap-like lid, and the 
young trichome grows through the 
opening thus formed. These germ- 
ling stages are frequently motile and, 

while few-celled, they may advance from, and retract into, the old akinete 
wall.^ Infrequently, as in Nostoc commune Vauch., germination begins 
with a rejuvenescence which results in a gelatinization of the inner spore- 
wall layer and a bursting of the outer layer. After these changes in the 
wall, the undivided contents of the akinete are extruded or there may 
be a single transverse division before extrusion occurs. 

Endosporesy which are regularly formed by all genera of the Chamaesi- 
phonales and occasionally found elsewhere [as in certain individuals of 
Gomphosphaeria aponina Kiitz.^ and of Phormidium autumnale (Ag.) 
Gom,*], are an entirely different type of spore. Endospores, also called 
gmidia or coniduiy are formed by a repeated division of the protoplast 

^ Bristol-Roach, 1919, 1920. • Bristol-Roach, 1920. 
* Harder, 1918. ^Bchmidlb, 1901. << Brand, 1903. 

Fia. 451. Germination of akinetes of 
Myxophyceae. A, Anabaena oscillarioides 
Bory. B-C, A. aphaerica B. and F. D-E, 
Nostoc muscorum Kutz. {After Bristol- 
Roach, 1920.) (X 825.) 
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within a cell wall. The numerous endospores within the old cell wall, 
the sporangium wall, are usually spherical in shape, but, as in the case 
of certain marine Chamaesiphonales, they may be angular by mutual 
compression. A distinction is sometimes made between this type of 
internal division, which involves the entire protoplast, and that found in 

Chamaesiphon where the endospores are successively cut off at the distal 
end of the protoplast (Fig. 484, page 572). Spores produced in this 
fashion have been called exospores,^ but such a distinction is needless 
since the exospore is only a specialized type of endospore. 

Sometimes certain Chroococcales have successive cell divisions follow¬ 
ing one another so closely that the daughter cells are very much smaller 

than ordinary vegetative cells. These nannospores^ look very much like 
endospores but are not true spores. 

Heterocysts. Most filamentous M3rxophyceae, except the Oscillatoria- 

ceae, produce the special type of cell known as a heterocyst. Heterocysts 
differ from vegetative cells, and from spores, in the organization of their 
walls and in their transparent contents. These bodies usually occur singly, 

and they may be strictly terminal in position {Rivularia^ Cylindrospermuniy 

Anahaenopsis)y or they may be intercalary {Anabaenay NostoCy Stigonema). 
Hererocysts arise by a metamorphosis of vegetative cells and usually only 
from recently divided ones. The metamorphosis may involve a change 

into a shape different from that of the vegetative cell (Diphlocolon)y but 
more commonly there is no appreciable change from the shape characteristic 
of the vegetative cell. The first noticeable step in the development of a 
heterocyst is the secretion of a new wall layer internal to that originally 
surrounding the cell. Depending on the parent celPs terminal or inter¬ 

calary position in the trichome, there is a pore at one or both poles of the 

new wall. Cytoplasmic connections with adjoining vegetative cells are 
usually evident in the developing heterocyst, but as it approaches maturity, 
the cytoplasmic connections are replaced by prominent button-like thick¬ 
enings of wall material, the polar nodules. The protoplast within the 
heterocyst becomes more and more transparent after the polar nodules 
have been formed. Preparations stained with Heidenhain^s iron-alum- 
haemotoxylin show that the transparent appearance of the cell is not due 

to an emptying of its contents but to a transformation of the protoplast 

into some homogeneous, viscous substance. 
The nature and function of the heterocyst are a topic that has been de¬ 

bated at length but present-day opinion is more or less unanimous that they 
are spore-like in nature.* The general agreement concerning the nature 
of these bodies has come through the accumulation of well-authenticated 

^ Geitleb, 1925. * Geitler, 1925, 1930A. 
> BaAND, 1901,1903; Canabaeus, 1929; Geitleb, 1921; Pbingsheim, N., 1855.: 
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cases in which the protoplasts do not disappear from the heterocyst, and in 
which the heterocyst germinates to form a new filament (Fig. 452). The 
changes in the nature and structure of the cell wall show that the hetero¬ 
cysts are not analogous to akinetes. The nonakinete nature of the hetero¬ 
cyst is also seen in Anubaena Cycadeae Reinke' where it has been shown that 
there is a formation, and a subsequent germination, of endospores within 
a heterocyst. These observations indicate that heterocysts are reproduc¬ 
tive structures, but structures which have become functionless as such, 
except in occasional instances. 

Although ordinarily functionless as 
spores, or sporangia, heterocysts have, 
in many instances, taken on certain 
secondary functions. Sometimes they 
have a definite relationship to the 
place where akinetes are formed and, 
as was shown on page 549, certain 
species only develop akinetes next to 
a heterocyst. In other cases, as in 
Anabaenopsis and certain species of 
NostoCf the filaments always break 
where two heterocysts adjoin or at 
the juncture of a heterocyst and a 
vegetative cell. In such cases, hetero¬ 
cysts serve as a specific device for 
colony reproduction. Genera with a 
true branching (Stigonema) or with a 
false branching (Tolypothrix) may have 
a definite correlation between position 
of heterocysts and the origin of true or 
false branches. 

Classification. There is no need to enter into a discussion of the vari¬ 
ous systems proposed for a classification of the Myxophyceae since most 
of them are in accord concerning related groups of genera. The systems 
that have been proposed differ chiefly in the rank given to groups of related 
genera. The classification given here follows the practice of those who 
recognize but three orders in the class. 

ORDER 1. CHROOCOCCALES 

The assemblage of genera placed in this order is one characterized by 
negative rather than by positive characters and is the residuum left after 
an exclusion of all strictly filamentous genera and of all genera that regu- 

1 Spbatt, 1911. 

Fig. 462. Germination of heterocysts 
of Myxophyceae. A, Anabaena hallen- 
818 (Jancz.) B. and F. B, Nostoc com¬ 
mune Vauoh. C-D, Anabaena Cycadeae 
Heinke. {A-B, after Geitler, 1921; C-D, 
after SpraU, 1911.) (A-B, X 2500; 
C-Z>, X 2200.) 
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larly form endospores. Generic differences within the order may be rela¬ 
tive rather than absolute, and in certain cases it is extremely difficult to 
distinguish between juvenile thalli of many-celled genera and genera which 
have thalli with a few cells when fully mature. 

It is also impossible to arrange the various genera in anything like a 
logical evolutionary sequence. A separation of the coccoid from the bacil- 
loid genera appears logical at first glance, but the two types intergrade so 
closely that such a separation is more or less artificial. From the evolu¬ 
tionary standpoint, the unicellular members of the order are more primitive 
than those that are regularly colonial; but one cannot state with certainty 
that all known unicellular genera are really primitive. 

Cell division and colony fragmentation are the only methods of repro¬ 
duction. Endospores have been recorded for a couple of the genera, but 
in these genera they are not regularly formed. The order is divided into 
two families. 

Family 1. Chroococcaceab 

A few of the genera in this family are unicellular; the majority are 
colonial. When the cells are united in colonies, there is no tendency 
toward a pseudofilamentous organization in the colony or any part of it. 

The genera found in this country differ as follows:* 

1. Cells free-living. 2 
1. Cells endophytic in colorless algae. 21 

2. Cells arranged to form a colony of distinctive shape. 3 
2. Cells, if in colonies, not in a colony of distinctive shape. 8 

3. Cells arranged in a hollow sphere. 4 
3. Cells not arranged in a hollow sphere. 6 

4. Interior of colony with radiating gelatinous strands. 20. Gomphosphaerla 
4. Interior of colony without radiating strands. 6 

5. Cells spherical to ellipsoidal. IS. Coelosphaerltim 
5. Cells pyriform. 19. Marssonlella 

6. Colony cubical. 7. Eucapsls 
6. Colony a monostromatic sheet. 7 

7. Cells in regular transverse and vertical rows. 16. Merismopedia 
7. Cells irregularly arranged. 17. Holopedium 

8. Cells spherical. 9 
8. Cells ellipsoidal, cylindrical, or spindle-shaped. 14 

9. Cells solitary or in colonies with less than 50 cells. 10 
9. Cells in colonies with hundreds of cells..... 12 

10. Gelatinous sheath around cells inconspicuous.3. Sjmechocystls 
10. Gelatinous sheath around cells clearly evident. 11 

11. Sheath colorless... 1. Chroococcus 

* Tetrapedia Reinsch has been found in the United States, but it is one of very 
doubtful validity and probably based upon an erroneous interpretation of certain 
Chlorococcales. 
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11. Sheath variously colored. 
12. Each cell with an evident gelatinous sheath. 

12. Individual cells without evident sheaths. 
13. Cells densely aggregated. 
13. Cells remote from one another. 

14. Cells spindle-shaped. 
14. Cells ellipsoidal or cylindrical. 

15. Cells solitary or in colonies of less than 50 cells. 
15. Cells in colonies with hundreds of cells. 

16. Each cell with an evident gelatinous sheath. 
16. Each cell without an evident gelatinous sheath.... 

17. All cellular sheaths of uniform thickness. 
17. Sheaths of certain cells prolonged into a stipe. 

18. Colls solitary or 2 to 4 grouped pole to pole. 
18, Cells in colonies of a few cells. 

19. Colony tubular, with pointed ends . 
19. Colony not tubular. 

20. Each cell with an evident sheath . 
20. Each cell without an evident sheath. 

21. Host epiphytic, with long gelatinous setae. 
21. Host free-floating, with 2 to 8 cells inside a common wall 

. 2. Gloeocapsa 
... 6. Chondrocystis 
. 13 
. 5. Polycystis 
_ 4. Aphanocapsa 
13. Dactylococcopsis 
. 15 
. 16 
. 19 
. 17 
. 18 
. 9. Gloeothece 
. 10. Chroothece 
.. 8. Synechococcus 
.. 11. Rhabdoderma 
... 12. Bacilloslphon 
.20 
. 15. Anacystls 

. 14. Aphanothece 
22. Gloeochaete 
21. Glaucocystis 

Fig. 453. A, Chroococcus turgidus (KUtz.) Nftg. B, C. limneticus Lemm. (X 825.) 

^1J Chroococcus Nageli, 1849. The spherical cells of Chroococcus (Fig. 
453), which are usually hemispherical for some time after division, are 
surrounded by a hyaline, homogeneous or lamellated, gelatinous sheath. 
The cells may be united in colonies of two to several by persistence and dis¬ 
tension of the sheath of the original parent cell. The cell contents are 
variously colored and either homogeneous or granular. 

Most of the criteria established to distinguish between Chroococcus and Gloeo¬ 
capsa break down at one point or another. The most consistent one seems to be 
that of Daily^ who differentiates between the two on the basis of color or lack of 

» Daily, 1942. 
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color in the gelatinous sheath. When delimited in such a fashion, one can say with 
certainty that C. limneiicus Lemm. (Fig. 453B), C. rufescens (Br6b.) Nag., and (7. 
turgidm (Kutz.) Nag. (Fig. 453A) occur in this country. For descriptions of them, 
see Daily (1942). 

GloeocsLpssL Kiitzing, 1843. This genus resembles Chroococcus in 

having colonies composed of a few spherical cells, each surrounded by a 

homogeneous to lamellated sheath. It differs from Chroococcus in that the 

sheath is colored yellow, brown, red, blue, or violet. As in Chroococcus^ 

reproduction is by cell division and fragmentation of colonies. 

Over 20 species have been reported from the United States, but certain of them 
undoubtedly belong elsewhere or should be considered synonyms. Typically Gloeo- 
capsa is found growing in extensive strata on damp rocks. Among the indubitable 
species found in this country are G. aurata Stiz., G. magma (Br4b.) Klitz. (Fig. 454), 
and U. rupestris Klitz. For descriptions of them, see Daily (1942). 

Fig. 454. Gloeocapsa magma Fig. 466. Synechocystis aquatilia 
(Br6b;) Kutz. (X 1666.) Sauv. (X 1960.) 

3. Synechocystis Sauvageau, 1892. The cells of this alga are spherical, 

except immediately after division, and are without an evident gelatinous 

sheath. They may be solitary or aggregated in colonies of a few cells. 

Synechocystis stands in much the same relationship to genera with globose cells 
as does Synechococcus with respect to genera with cylindrical cells. The species 
recorded for the United States are S. aquatilis Sauv. (Fig. 455), S, minuscula Woro- 
nichin, and S. thermalis Copeland. For a description of S. thermalis, see J. J. Cope¬ 
land (1936); for the other two, see Geitler (1930A). 

4. Aphanocapsa Nageli, 1849. Adult colonies of Aphanocapsa (Fig. 

456) are always many-celled and with a firm colonial matrix in which there 

are no evident individual sheaths around the cells. The cells are spherical, 

except immediately after division, and lie some distance from one another 

within the colonial matrix. Protoplasts of cells are usually without evi¬ 

dent granular inclusions. 
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Aphanocapsa is usually aquatic in habit, and either free-floating or adhering to 
submerged vegetation or rocks. About a dozen species have been found in this 
country. For descriptions of most of the species of the genus, see Geitler (1930A). 

5. Polycystis Kiitzing, 1849 (Mi¬ 

crocystis* Kutzing, 1833; Claih- 

rocystis Henfrey, 1856). The col¬ 
onies of this alga are always 
free-floating, and either spherical, 
ellipsoidal, irregularly elongate, or 
clathrate masses of microscopic or 
macroscopic size. The cells are 
spherical and lie close to one another 
with a common gelatinous matrix 
of so watery a consistency that the 
margins of the matrix are usually 
not evident unless demonstrated by 
means of special techniques. The 

cells frequently contain numerous pseudovacuoles. 

Polycystis is essentially a planktonic genus of fresh waters and one that often 
causes ^ Vater blooms” in hard-water lakes. Some phycologists consider the genus 
one with many species; other phycologists consider it one with a few species with 

Fig. 457. A, Polycystis aeruginosa Ktttz. B, P. incerta Lemm. (X 826.) 

* Drouet and Daily, in Daily (1921), have shown why the generic name Microcystis 
is untenable. ^ 

Fig. 456. Aphanocapsa pulchra (Kutz.) 

Rab. (X 825.) 
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numerous growth forms. According to the latter interpretation, the species found 
in this country are P. aeruginosa Kiitz. (Fig. 457A), P. glauca (Wolle) Drouet and 
Daily, and P. incerta Lemm. (Fig. 457P). For a description of P. glauca as Micro- 
cystis glauca (Wolle) Drouet and Daily, see Drouet and Daily (1939); for the other 
two, see Daily (1942). 

6. Chondrocystis Lemmermann, 1899. Chondrocystis grows in cartilagi¬ 
nous cushion-like masses, sometimes several feet in thickness and with the 
colonies in the bottom portion incrusted 
with lime. The individual cells are 
globose, and each is surrounded by a 
narrow but distinct sheath. External 
to the narrow sheath is a much wider 
homogeneous one, which may enclose 
from one to several cells. These latter 
sheaths are so densely aggregated that 
they are angular by mutual compres¬ 
sion. 

This is a genus of somewhat questionable 
validity. There is but one species, C, 
Schauinslandii Lemm. (Fig. 458), and North 
Dakota^ is the only place where it has been found in this country. For a descrip¬ 
tion of it, see Lemmermann (1905). 

7. Eucapsis Clements and Shantz, 1909. This genus differs sharply 
from all other Chroococcales in its regularly cubical colonies. It resembles 

Merismopedia in the regular spacing of the cells, 
but cell divisions are successively in three, instead 
of in two planes. The result is a cubical, instead 
of a flat, colony. The number of cells in a colony 
is regularly a multiple of two and may be over 500. 

The single species, E. cdpina Clements and Shantz (Fig. 
459), has been reported from a number of localities in 
this country. In some collections, the number of cells in 
all colonies was small, and it has been held* that in such 
cases the alga identified as Eucapsis should be considered 
a species of Chroococcus. For a description of E, alpina, 
see Clements and Shantz (1909). 

8. Synechococcus N&geli, 1849. Synechococcus has broadly ellipsoidal 
to straight or curved cylindrical cells that are without or with a very 
inconspicuous gelatinous sheath. Cell division is transverse and usually 

' Moobb and Cabtbb, 1923. * Dboubt, 1942$. 

Fia. 459. ‘ Eucaptia al¬ 
pina Clements and 
Shant*. {After Clem- 
ente and Shantz, 1909.) 
(X 600.) 

Fio. 458. Chondrocyetie Schauinslandii 
Lemm. {After Lemmermann, 1905.) 
(X 760.) 
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followed by a sepai*ation of the two daughter cells, but sometimes they 
remain united pole to pole to form colonies of from two to four cells. 

Twelve species have been recorded for this country. One species, S. aeruginoms 
Nag. (Fig. 460) is widely distributed, all others are known only from hot springs of 

Yellowstone National Park. For a description of 

Fig. 460. Synechococcua aerugi- 
noaua Nag. (X 1300.) 

S. aeruginosa, see Daily (1942); for descriptions of 
the thermal species, see J. J. Copeland (1936). 

9. Gloeothece Nageli, 1849. Cells of Gloe- 

othece are cylindrical, with broadly rounded 
poles, and surrounded by a firm envelope. 
Cell division is at right angles to the long axis. 
After division, the envelopes of daughter cells 
may adhere to one another, but the adhesion 
is so insecure that cells are constantly break¬ 
ing away so that a colony never contains more 
than a few cells. 

Gloeothece occurs free-floating among other aquatic algae or grows in moist places 
such as damp rocks. The species found in this country are G. confluens Nag., G. 
distans Stiz., G. Goeppertiana (Hilse) Forti, G. linearis Nag. (Fig. 461 A), and G. 
membranacea (Rab.) Born. For descriptions of them, see Geitler (1930A). 

Fig. 461. A, Gloeothece linearis Nag. B, G. linearis var. composUa G. M. Smith. (X 1000.) 

10. Chroothece Hansgirg, 1884. The cells of Chroothece are broadly 
ellipsoidal to cylindrical, and each has a broad firm gelatinous envelope. 
The cells may be solitary or seriately jointed pole to pole in colonies of a 
few cells. Solitary cells and cells united in colonies frequently have one 
pole of the gelatinous sheath continued in a homogeneous or lamellated 
stripe-like prolongation. 
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The only record^ for the occurrence of this genus in the United States is the find¬ 
ing of C. monococca (Kiitz.) Hansg. (Fig. 462) in Ohio and Indiana. For a descrip¬ 
tion of it, see Daily (1942). 

11. Rhabdoderma Schmidle and Lauterborn, 1900. Rhabdoderma has 
cylindrical, straight or arcuate, cells with broadly rounded poles. The 
cells lie embedded within a common homogeneous colonial envelope and 

Fig. 462. Chroothece monococca (KUtf.) Hansg. {After Daily, 1942.) 

lie SO oriented that their long axes are parallel to one another. The colonies 
never contain more than a few cells. 

In the United States, this genus is known only from the plankton. The two 
species found in this country are R. Hneare Schmidle and Lauterborn (Fig. 463) and 
R. sigmoidea Moore and Carter. For descriptions of them, see Geitler (1930^4). 

12. Bacillosiphon J. J. Cope¬ 
land, 1936. This genus has hun¬ 
dreds of cells united in a colony. 
The colonial matrix is elongate, 
spindle-shaped, and frequently 
with the superficial portion in- 
crusted and impregnated with 
lime. The cells are cylindrical 
with broadly rounded poles, and 
all lie with their long axes parallel to the long axis of the colonial matrix. 
Colony reproduction is by escape of cells through the polar portion of the 
colonial matrix. 

The single species, B. induratus J, J. Copeland (Fig. 464) is known only from 
the Mammoth Hot Springs area of Yellowstone National Park. For a description 
of it, see J. J. Copeland (1936). 

13. Dactylococcopsis Hansgirg, 1888. The linear, arcuate, or sigmoid 
cells of this genus differ markedly from those of other Chroococcaceae 

Fig. 463. Rhabdoderma lineare Schmidle and 
Lauterborn. (X 1000.) 

^ Daily, 1942. 
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with elongate cells* in that they have sharply pointed ends. The cells are 
united in colonies that never contain a large number of cells, and the 
cellular envelopes are completely fused with one another to form a homo¬ 
geneous colonial matrix. 

Fig. 464. BaciUoaiphon induratus J. J. Copeland. A, apex of a colony. B, cells. {After 
J, /. Copeland, 1936.) {A, X 340; B, X 820.) 

Two species, D. antarctica Fritsch and D. Smiihii R. and F. Chodat (Fig. 465), 
are known for this country. For descriptions of them, see Geitler (1930A). 

14. Aphanothece Nageli, 1849. The cells of Aphanothece (Fig. 466) 
are cylindrical, with broadly rounded poles, and are without evident in¬ 
dividual sheaths. They are united in colonies composed of many cells 

and are irregularly oriented within 
the homogeneous, globose to amor¬ 
phous, colonial matrix. 

This genus has been placed^ as a syn¬ 
onym of AnacystiSj but the lack of indi¬ 
vidual cellular sheaths mentioned in the 

Fig. 466. Daaylococcop^ SmUhU R. and description of the type species {A. mi- 
F. Chodat. (X 826.) croscopica Nag.) seems to justify con¬ 

sidering the two distinct. Aphanothece 
is usually aquatic in habit, and certain species are known only from the plankton. 
About a dozen species have been reported from the Ufiited States. For descrip¬ 
tions of most of the species of the genus, see Geitler (1930A). 

16. Anacystis Meneghini, 1837. The cells of Anacystis are cylindrical 
with broadly rpunded poles, and with a length IJ/^ to 3 times the breadth. 
There is a more or less evident sheath around each cell or pair of daughter 
cells. The outer portions of sheaths of cells are confluent with one another 
to form a homogeneous colonial matrix containing many cells and thus an 

1 Dailt, 1942. 



Fig. 466. A, Aphanothece atagnina (Spreng.) A. Br. B, A, dalhrata W. and G. S. West. 
(A, X 825; X 1000.) 

there is a clearly evident sheath around the individual cells. When restricted in 
this manner, the species found in this country are A, marginata Menegh., A. penio- 
cystis (Kiitz.) Drouet and Daily, and A. rupestria (Lyngb.) Drouet and Daily (Fig. 
467), all of which are usually found growing on 
damp rocks. For descriptions of them see 
Daily (1942), 

16. Merismopedia Meyen, 1839. This 
distinctive genus has many-celled free- 
floating colonies, one cell in thickness, in 
which the cells are regularly arranged in 
vertical and transverse rows. The cells 
are broadly ellipsoidal. Individual sheaths 
around the cells are rarely distinct and 
are usually fused with one another to form 
a homogeneous colorless colonial matrix. 
The regular arrangement of cells in a colony results from the fact that 
successive cell divisions are at right angles to each other and in two 
planes. Small colonies are usually perfectly flat; large colonies, although 
one cell in thickness, are usually more or less bent and distorted. 

Fig. 467. Portion of a colony of 
Anacystia rupestria (Lyngb.) Drouet 
and Dailey. 

» Daily, 1942. 
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Merismopedia generally occurs sparingly intermingled with other free-floating 
algae of ponds and semipermanent pools. It is also a frequent, though never impor¬ 
tant, component of the fresh-water plankton. The species found in this country 
are M. angularis Thompson, M. corwoluta Br4b., M. elegans A. Br. (Fig. 468A), M. 
glauca (Ehr.) Nag., M. major (G. M. Smith) Geitler, M. punctata Meyen (Fig. 

4685), and M. tenuissima Lemm. For a description of M. angularis^ see Thomp¬ 
son (1938); for the others, see Geitler (193QA). 

17. Holopedium Lagerheim, 1883. In its monostromatic colonies Holo- 

pedium resembles Merismopediay but it differs in that the cells are irregu¬ 
larly arranged instead of in recti¬ 
linear series. The irregular cellular ar¬ 
rangement is due to the fact that succes¬ 
sive cell divisions are not at right angles 
to each other. Holopedium also differs 
in that the long axes of the ellipsoidal 
cells lie perpendicular to the flattened face 
of a colony. 

All four species known for this country are 
rare algae. These are H, geminatum Lagerh. 
(Fig. 4695-C), H. irregulare Lagerh. (Fig. 
469A), H. ohvolutum Tiffany, and 5. pulchel- 

him Buell. For a description of H, ohvoluJtumy see Tiffany (1934); for H, pulchel- 
luMy see Buell (1938); for the other two, see Geitler (1930A). 

18. Coelosphaerium Nageli, 1849. The spherical, ellipsoidal, reniform, 
or irregularly shaped colonies of this alga have a hyaline, homogeneous or 
radially fibrillar, colonial matrix in which the cells lie in a single layer a 
short distance inward from the surface. The individual cells may lie 

C 
Fig. 469. A, Holopedium irregulare 
Lagerh. B-C, H. geminatum Lagerh. 
{After Lagerheim, 1883.) {A, X 960; 
B-C. X 480.) 
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equidistant from one another or be unevenly spaced. In one species, the 
cells are ovoid to subpyriform and lie with their long axes radial to the 
center of a colony. The other species have spherical to subspherical cells. 
According to the species, the protoplasts are homogeneous and of a pale 
to a bright blue-green color, or densely filled with pseudo vacuoles. 

Fig. 470. A, Coelosphaeriiim Kuetzingianum Na,g. B, C. Naegelianiim Unger. (X 600.) 

Certain species of Coelosphaeriufn. are widely distributed plankton organisms and 
at times an important component of “water blooms.” The species found in this 
country are C. confertum W. and G. S. West, C, dubiurn Grun., C. Kuetzingianum 
Nag. (Fig. 470A), C. minutissimum Lemin., and C. Naegelianum Unger (Fig. 470.B). 
For descriptions of them, see Geitler (1930A). 

19. Marssoniella Lemmermann, 1900. 
The chief distinctions between this genus and 
Coelosphaerium are the smaller number of 
cells in a colony, the pyriform shape of the 
cells, and their radial arrangement with their 
broader ends toward the center of a colony. The colonial matrix is ex¬ 
ceedingly delicate and usually visible only when demoustrated by the 
india-ink method. 

M. elegans Lemm. (Fig. 471) has been found in certain of the North Central states. 
For a description of it, see Geitler (1930A). 

20. Gomphosphaeria Kiitzing, 1836. As in Coelosphaerium, the cells 
lie in a single layer a short distance in from the surface of the colonial 
matrix. Here, the cells show a much stronger tendency to remain closely 
appressed in twos or fours for some time after division and to be more 
unevenly spaced than in Coelosphaerium, The shape of individual cells 
may be spherical or pyriform; their protoplasts may be homogeneous or 
finely granular in structure and of a pale gray to a bright blue-green color, 

Gomphosphaeria has a colonial matrix quite different from that of 
Coelosphaerium. In Gomphosphaeria the sheath surrounding a cell is 

Fig. 471. Maraaoniella elegans 
Lemm. (X 800.) 
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stalked, and cell division is accompanied by a division of the distal portion 
of the stalk. The ultimate result of repeated cell division is a radiately 
branched mass of dense gelatinous material at the center of a colony, and 
one in which each ultimate branch terminates in a cell. 

Fio. 472. A, Gomphosphaeria aponina Ktttz. B, G. lacuatris Chod. (X 825.) 

Both of the two species found in this country, G. aponina Kiitz. (Fig. 472A) and 
G. lacuatris Chod. (Fig. 472B), are widely distributed. For descriptions of them, 
see G. M. Smith (1920). 

21. Glaucocystis Itzigsohn, 1854. For a long time, Glaucocystis was 
described as an Odcy«<i5-like organism with two to eight ovoid to spherical 

Fio. 473. Glaucocyatia Nostochinearum Itz. A, host cell containing several cells of Glauco- 
cy9t%8» B, four-celled colony of host, (X 600.) 

autospores, with polar and equatorial nodules, inside an expanded parent¬ 
cell wall. The protoplast was described as having an axial chromato- 
phore of a bright blue-green color, with numerous vermiform projections 
toward the plasma membrane. Then the view was expressed^ that this 

^ Gbitlbr, 1924. 
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^'organism” is in reality an association of two algae: a rod-shaped member 
of the Chroococcales, and a colorless member of the Chlorophyceae closely 
allied to Oocystis, When interpreted in this manner, the generic name has 
been restricted^ to the myxophycean component of the association. There 
has, as yet, been no demonstration that the chloroplast-like organisms can 
live independently of the host, but the fact that the blue-green components 
of another ‘^alga'* of this sort (Cyanoptyche Pascher) can live and divide 
independently of the host^ gives a justification for accepting the view that 
the chloroplast-like structures in GlaitcocysHs are blue-green algae. 

Glaucocystia with its host is usually found sparingly intermingled with other free- 
floating algae in soft-water regions. The three species found in this country are 

Fig. 474. Gloeochaete Wittrockiana Lagerh. (X 400.) 

Cr. duplex Prescott, G. Nostochinearum Itz. (Fig. 473), and G. oocystiforme Prescott. 
For a description of G. Nostochinearum^ see Brunnthaler (1915); for the other two, 
see Prescott (1944). 

22. Gloeochaete Lagerheim, 1883. Gloeochaete is another instance of 
endophytism of a unicellular myxophycean within the cells of a colorless 
member of the Chlorophyceae. The host is a colorless member of the 
Tetrasporaceae, which grows epiphytic upon filamentous algae, and has 
one, two, four, or eight cells embedded within a rather broad hyaline 
matrix. Each cell is furnished with one or two long gelatinous bristles. 
The host reproduced by means of flagellated zoospores which have a single 
nucleus and two contractile vacuoles at the base of the flagella.^ The cells 
of the m3rxophycean endophyte are ovoid to sausage-shaped, and they lie 
close together in a cup-shaped region corresponding in shape and position 
to the cup-shaped chloroplasts in cells of Volvocales. Starch is often 
present in such abundance in the host that it is quite dfficult to make out 
individual cells of the endophyte. 

Until the dualism of the association called Gloeochaete was pointed out,* this 
*^alga” appeared quite out of harmony with other Myxophyceae because it had long 

^ Pascher, 1929. * Danoeard, 1889; Korshikov, 1917. 
* Oeitler, 1925; Pascher, 1929. 
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gelatinous bristles. It could not be placed in the Chlorophyceae because of its 
brilliant blue-green ^^chloroplasts.” With the recognition of its dual nature, the 
specific name Gloeochaete has been restricted' to the myxophycean component of the. 
association. The single species, G. Witrockiana Lagerh. (Fig. 474) has been found 
at several widely separated stations in this country. For a description of it, see 
Lagerheim (1883). 

Family 2. Entophysalidaceae 

Members of this family differ from the Chroococcaceae in the pseudofila- 
mentous arrangement of their cells. All cells in a colony may be in pseudo- 
filamentous arrangement, or the pseudofilamentous tendency may be re¬ 
stricted to cells near the surface .of a colony. Certain Chamaesiphonales, 
as Pleurocapsa, sometimes have a pseudofilamentous tendency, but such 
Chamaesiphonales may always be distinguished from Entophysalidaceae 
by their formation of endospores. Cells of genera belonging to Entophy¬ 
salidaceae may have their sheaths distinct from, or confluent with, one 
another. 

The only method of reproduction in the family is by cell division and 
fragmentation of colonies. 

The two genera found in this country differ as follows: 

1. Entire colony pseudofilamentous. 2. Heterohormogonium 

1. Only the upper portion of colony pseudofilamentous. 1. Entophysalis 

1. Entophysalis Kiitzing, 1843. The spherical cells of this genus are 
united in Gloeocapsa-like groups of two or four, with a tough homogeneous 
sheath around each group. The entire mass of Gloeosapsa-\ike groups may 

be arranged in psuedofilamentous vertical 
series, or the groups may be laterally 
united to form an extended stratum from 
which arise numerous pseudofilamentous 
vertical outgrowths. In either case, the 
plant mass is an expanded layer of leathery 
texture. 

Entophysalis is a genus more frequently encoun¬ 
tered in marine than in fresh-water habitats. The 
three species found in fresh waters in this country 
are E, Cornuana Sauv. {Radiasia Cornuana 
Sauv.), E. mapnoKoe Farlow (Fig. 475), and E. 
rivularis (Klitz.) Drouet {Oncobrysa Cesatini 
Rab.). For descriptions of them,-see Geitler 
(1931). 

' Pascher, 1929. 
Fio. 475. Entophyddlis magnoliae 
Fallow. (X 976.) 
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2. Heterohormogonium J. J. Copeland, 1936. This distinctive alga has 
broadly ellipsoidal cells uniseriately arranged a slight distance from one 
another within a tubular homogeneous gelatinous sheath. The cells are 
so oriented that their long axes are perpendicular to the long axis of the 
sheath. Cell division is usually in the longitudinal axis of a cell. Now 
and then two or three adjacent cells divide transversely. A lateral separa¬ 
tion of the two series of daughter cells and a subsequent splitting of the 
sheath next to the uniseriate portion result in a branched colony. 

Reproduction is by breaking of a colony and by liberation of single cells 
at the tips of a colony. 

Fig. 476. Heterohormogonium schizodichotomum J. J. Copeland. A, portion of a colony. 
B-C, stages in formation of branches. {After Copeland, 1936.) (X 1235.) 

The systematic position of this genus is uncertain. Its lack of a truly filamen¬ 
tous organization excludes it from the Oscillatoriaceae, and its lack of endospores 
excludes it from the Chamaesiphonales. The pseudofilamentous organization sug¬ 
gests that .it belongs to the Entophysalidaceae rather than the Chroococcaceae. 
The single species, H. schizodichotomum J. J. Copeland (Fig. 476), is known only 
from the Mammoth Hot Springs of Yellowstone National Park. For a description 
of it, see J. J. Copeland (1936). 

ORDER 2. CHAMAESIPHONALES 

Members of this order regularly have a formation of endospores. In this 
respect, they are quite different from other Myxophyceae, and the regular 
production of endospores by any genus is a sufficient justification for re¬ 
ferring it to the order. Some genera have unicellular thalli; other genera 
are multicellular and amorphous, crustose, or pseudofilamentous. 

Chamaesiphonales are of much commoner occurrence in the ocean than 
in fresh waters. Certain of the fresh-water species are apt to be overlooked 
because of the lack of a distinctive vegetative organization. According 
to the structure of the plant body and the manner in which endospores are 
formed, the order is divided into families, three of which have representa¬ 
tives in the fresh-water flora of this country. 



668 THE FRESH‘WATER ALOAE OF THE UNITED STATES 

. Family 1. Pleurocapsaceae 

Thalli of members of this family are multicellular as a result of vegetative 
cell division. The thalli may have the cells organized into a continuous 
stratum, or they may be differentiated into a chroococcoid basal portion and 
an erect filamentous portion. Endospores are the only type of spore, and 
they may be formed in all cells of a thallus or only in certain cells. In the 
latter case, the cells functioning as sporangia are usually larger than other 
cells and definitely localized, either in the basal, median, or upper portion 
of a thallus. 

The genera found in fresh waters in this country differ as follows: 

1. Thallius perforating a calcareous substratum . 4. Hyella 
1. Thallus not perforating a calcareous substratum. 2 

2. Thallus not sessile. 3. Myzosarclna 
2. Thallus sessile and adherent to substratum. 3 

3. Upper portion of thallus with cells in vertical rows. 1. Pleurocapsa 
3. Cells not in vertical rows. 2. Xenococcus 

1. Pleurocapsa Thuret, 1885. The crustose thalli of Pieurocapsa are dif¬ 
ferentiated into a basal stratum and an erect portion. The basal portion 

is organized into a much-branched, 
rhizoidal, filamentous system; the 
erect portion is also filamentous, 
either uniseriate or multiseriate; and 
the sheaths enclosing the branches 
are laterally fused with one another. 
The distal portions of erect filaments 
are usually branched. Sporangia may 
be of the same size as vegetative cells 
or considerably larger. They may be 
terminal or intercalary in position. 

Fig. 477, 
Geitler. 

Pleurocapsa minor Hansg., em. 
{After Geitler, 1926B.) (X 800.) 

The species found in the United 
States are P. fluviatilis Lagerh., P. minor 
Hansg. em. Geitler (Fig. 477) and P. 

entophysaloideSf Setchell and Gardner, the latter a marine species which is also 
found in Great Salt Lake. For descriptions of them, see Geitler (1931). 

2. Xenococcus Thuret, 1880. Cells of this sessile alga are usually ar¬ 
ranged in a stratum one cell in thickness. Many of the species have cells 
that are angular by mutual compression, but sometimes the cells are rather 
remote from one another and rounded. In the latter ca§e, a gelatinous 
envelope is frequently evident around each cell. The cell contents are a 
pale blue-green to a dark violet and usually homogeneous in structure. 
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Growth of a colony is by cell division in a plane vertical to the substra¬ 
tum. Any cell of a colony may also have a division of its contents into 
many endospores. 

Fio. 478. Xenococcua Schouahoei yar. paUida Hansg. (X 1300.) 

The two species recorded frpm fresh waters in this country are X. Kerneri Hansg. 
and H. Schousboei Thur. (Fig. 478). For descriptions of them, see Geitler (1931). 

3. Myxosarcina Printz, 1921. This genus has the cells united in cu- 
boidal, globose, or ovoid free-living colonies with 50 to 60 cells surrounded 
by a firm gelatinous envelope. The cells lie close to one another, and 

Fig. 479. Myxosarcina amethyaiina J. J. Copeland. A^ adult colony. B, portion of a 
colony producing endospores. C-Et germination of endospores. F-O^ juvenile colonies. 
{After Copeland, 1936.) 

portions of cells in contact with other cells are cubical or polygonal. Re¬ 
production is by repeated division of the contents of a cell into a large 
number of endospores any one of which, after escape from the parent cell, 
is capable of developing into a new colony. 

The only species thus far found in this country is M, amethystina J. J. Copeland 
(Fig. 479), and it is known only from a single hot spring in Yellowstone National 
Park. For a description of it, see J. J. Copeland (1936). 

4. Hyella Bomet and Flahault, 1888. The thalli of this alga are tangled 
filamentous masses growing within the shells of moUusks or, in the ease of 
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some marine species, within thalli of other algae. Two kinds of filaments 
are recognizable within the host: (1) primary or basal filaments which grow 
mainly in a horizontal direction through the substratum and by repeated 
branching and rebranching develop into a much tangled uniseriate or 
multiseriate felty mass; and (2) secondary filaments which are always 
uniseriate and much shorter than the primary branches, but with longer 
and narrower cells. Sporangia containing several endospores develop 
either in the secondary branches or directly in the basal branches. 

The sole fresh-water record for this country is the finding of H. fontUna Huber 
and Jadin (Fig. 480) in shells of mussels in Connecticut.^ For a description of it, 
seeGeitler (1931). 

Fio. 480. HyeUa fontana Huber and Jadin. (X 650.) 

Family 2. Dermocarpaceae 

The Dermocarpaceae have cells incapable of dividing vegetatively. 
Sessile species may have the cells-remote from one another or may have 
them so densely aggregated that the group seems to be a multicellular 
crustose thallus. In division of cell contents to form endospores, the en¬ 
tire protoplast becomes divided into endospores. Division to form endo¬ 
spores may be entirely transverse or in three planes. 

The genera in the local flora differ as follows: 

1. Cells sessile. 2 
1. Cells not sessile. 2. Pluto 

2. Divisions forming endospores all transverse.3. Stichoslphon 
2. Divisions forming endospores in three planes. 1. Dermocarpa 

1. Dermocarpa Crouan, 1858. Dermocarpa (Fig. 481) is unicellular and 
with spherical, ovoid, or pyriform cells. The cells are always sessile and. 

when one end is broader than the other, the 
narrower end is usually affixed to the sub¬ 
stratum. Frequently the sessile cells lie so 
close to one another that the alga seems to 
be multicellular. Endospores are formed by 

Fig. 481. Dermocarpa padfica repeated division of the protoplast in three 
Setohell and Gardner, a marine 
species. ^ Collins, 1897. 
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planes. The number of endospores may be only four, but in most species 
a cell forms a large number of endospores. 

The species found in this country are D. Gardneriana Drouet, D. Hollenbergii 
Drouet, D. minwto Drouet, D. rostrata J. J. Copeland, D. Setchellii Drouet, and D. 

Solheimii Drouet. For a description of D. ros- 
trata, see J. J. Copeland (1934); for the others, 
see Drouet (1942, 1943). 

2. Pluto J. J. Copeland, 1936. Pluto has 
free-living solitary spherical cells without an 
evident gelatinous sheath. The cells do not 
divide vegetatively. Reproduction is by a 
pyramidate division of the cell contents to 
form four endospores which, after libera¬ 
tion from the parent-cell wall, enlarge di¬ 
rectly into vegetative cells. 

It has been held^ that this genus should not 
be considered generically distinct from Dermo- 

carpa^ but the free-living habit and the distinctive division forming the endospores 
seem to warrant its recognition. The single species, P. caldarius (Tilden) J. J. 
Copeland (Fig. 482) is widespread in hot springs in the western part of this coun¬ 
try. For a description of it, see J. J. Copeland (1936). 

3. Stichosiphon Geitler, 1931. This epiphytic unicellular alga has el¬ 
lipsoidal to pyriform cells surrounded by a broad gelatinous sheath. Sooner 
or later there is a repeated transverse division 
of the entire cell contents to form a single row 
of endospores which are liberated through an 
opening at the free end of the cellular sheath. 

Members of this rare genus were first described as 
species of Chamaesiphoriy but later segregated as a 
separate genus because endospore formation is not 
restricted to the apex of a protoplast. The only re¬ 
cord for the occurrence of Stichosiphon in this coun¬ 
try is the finding of S. regularis Geitler (Fig. 483) in 
Florida.* For a description of it, see Geitler (1931). 

Family 3. Chamaesiphonaceae 

The single genus of this family, Chamaesiphoriy 

has sessile cells incapable of dividing vegetatively. The formation of en¬ 
dospores (frequently called exospores) begins at the distal end of a cell, is 
basipetalous, and never continues to the base of the protoplast. 

* Dboubt, 1943A. *Whbldbn, 1941. 

Fig. 483. Stichoaiphon regv^ 
laria Geitler. {After Whelden, 
1941.) 

A B C 

D E F G 
Fig. 482. Pluto caldarius (Tilden) 
J. J. Copeland. A-E, stages in 
development of endospores. F, 
endospore. G, nearly mature vege¬ 
tative cell. {After Copeland, 1936.) 
(X 1600.) 



672 THE FRESH-WATER ALGAE OF THE UNITED STATES 

1. Chaxnaesiphon Braun and Grunow, 1865. The cells of Chamae- 

siphon may be ovoid, pyriform, or cylindrical. Proportions between length 
and breadth of cylindrical cells range from a length 2 to 3 up to 20 to 25 
times the diameter. Chamaesiphon usually grows epiphytically upon fila¬ 

mentous Chlorophyceae. These epi¬ 
phytic cells may be remote from one 
another, but more frequently they 
are gregarious and in a single layer; 
or, as a result of germination of en- 
dospores in situ, they may lie in a 
stratum more than one cell in thick¬ 
ness. The vegetative cells are en¬ 
closed by a sheath, which is usually 
thin and hyaline but which may be 
thick and colored. At the basal end 
of a cell, the sheath is sometimes 

12W) incruatana Gnin. drawn out into a distinct stipe. 
Endospores are formed in basipet- 

alous succession, and the major part of a protoplast may be devoted to 
spore formation, or spore formation may be restricted to the apex of a cell. 

Species of Chamaesiphon are most frequently encountered on old filaments of 
Oedogonium, and of Cladophoraceae. They are rarely present on actively growing 
filamentous algae. The species found in this country are C. confervicola A. Br., C, 
eurvaius Nordst., C. cylindricus Petersen, C. gracilis Rab., C. incrustans Grun. (Fig. 
484), C. minimus Schmidle, C. minutus (Rostaf.) Lemm, and C. polonicus (Rostaf.) 
Hansg. For descriptions of them, see Geitler (1931). 

ORDER 3. OSCILLATORIALES 

This order includes all genera in which the thallus is multicellular and 
filamentous in organization. The trichomes may be uniseriate or multi- 
seriate, and branched or unbranched. They may be naked or enclosed in 
a sheath; in the latter case, a single trichome may lie within a sheath, or 
the filament may consist of several trichomes within a common sheath. 
Trichomes may be of the same diameter throughout, attenuated toward 
both ends, or attenuated from base to apex; and straight, arcuate, or spi¬ 
rally or irregularly twisted. Sheaths surrounding trichomes are, according 
to the species, homogeneous or lamellated, firm or mucous, and hyaline or 
variously colored. The cell shape is quite constant for any species and 
may be spherical, ellipsoidal, discoid, or cylindrical. All cells of a fila¬ 
ment may be vegetative in nature; or there may be a formation of hetero¬ 
cysts, akinetes, or both. 

Reproduction is by breaking of a trichome into few-celled segments 
(hormogonia) and by a formation of akinet^. 
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SUBORDER 1. OSCILLATORINBAE 

Members of this suborder reproduce by means of hormogonia only, 
and never form either heterocysts or akinetes. The trichomes are always 
uniseriate, unbranched and, except for the apical and immediately adjacent 
cells, are of the same diameter throughout. A majority of the genera have 
firm or gelatinous, homogeneous or lamellated, hyaline or colored sheaths 
about the trichomes. Some genera have several trichomes within a com¬ 
mon sheath; others have only one trichome within a sheath. 

There is but one family, the Oscillatoriaceae. 

Family 1. Oscillatoriaceae 

Generic differences within the family are based upon number of tri¬ 
chomes within a sheath and upon structure of the sheath. 

The genera found in the United States differ as follows:* 

1. Trichomes without a sheath... 2 
1. Trichomes with a sheath. 6 

2. Trichomes straight, curved, or in irregular spirals. 3 
2. Trichomes in regular spirals. 4 

3. Trichomes with less than 20 cells. 4. Borzla 
3. Trichomes with hundreds of cells. 3. OsclUatorla 

4. Dissepiments distinct. 2. Arthrosplra 
4. Dissepiments lacking. 1. Splrulina 

6. One trichome within a sheath. 6 
6. More than one trichome within a sheath. 11 

6. Sheaths watery laterally confluent with one another. 7 
6. Sheaths firm, not confluent with one another. 9 

7, Filaments growing in erect tufts. 10. Sjrmploca 
7. Filaments not growing in erect tufts. 8 

8. Filaments interwoven in an extended stratum. . 6. Phormidlum 
8. Filaments parallel, in a free<floating scale-like mass.7. Trichodesmium 

9. Trichomes with less than 20 cells. 6. Romerla 
9. Trichomes with hundreds of cells. 10 

10. Sheaths colorless or brownish. 8. Lyngbya 
10. Sheaths purplish. 9. Porphyroslphon 

11. Sheaths firm. 13. Schlzothrix 
11. Sheaths watery. 12 

12. Many trichomes within a common sheath. 11. Microcoleua 
12. Few trichomes within a common sheath. 12. Hydrocoleum 

1. Spirulina Turpin, 1827. Filaments which do not show a transverse 
septation and which are regularly twisted into narrow spirals, with suc¬ 
cessive turns close together or remote from one another, are usually re- 

^ Daaygloea Thwaites is to be excluded from the algal flora of this country beciause 
the material identified as D. amorpha Berk, has been shown (Drouet, 19^) to; be 
Schlzothrix MuelUri N&g. 
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ferred to Spirvlina. Critical study^ has shown that several species which 
appear to be unseptate are, in reality, septate and should be transferred to 
Arthrospira, The species which have no septa also differ in that the central 

body is not transversely interrupted 
throughout the length of a cell.^ 

Fresh-water species of Spirulina do 
not grow in such extensive strata as do 
marine and brackish-water species. 
Over a dozen species have been re¬ 
corded for this country, but for certain 
of them it is uncertain whether they 
should be placed in Spirulina or Ar- 
throspira. Among the species found in 

this country which seem to belong to the genus are S. labyrinthiformis Gom., S. 
major Kiitz. (Fig. 485A), S, princeps (W. and G. S. West) G. S. West (Fig. 4855), 
and S. suhtilissima Kiitz. For descriptions of them, see Geitler (1932). 

2. Arthrospira Stizenberger, 1852. The trichomes of Arthrospira are 
twisted to form regular spirals and are not enclosed by a sheath. In some 
cases, the trichome is evidently multicellular; in other cases, as noted in 

Fig. 486. Arthrospira Jenneri (Ktttz.) Stiz. (X 800.) 

connection with Spirulina, the transverse walls of trichomes are very 
obscure and demonstrable only by staining. 

The two species found in this country which unquestionably belong to Arthro¬ 
spira are A. Gomontiana Setch. and A. Jenneri (Kiitz.) Stiz (Fig. 486). For descrip¬ 
tions of them, see Geitler (1932). 

^ Oscillatoria Vaucher, 1803. The filaments of Oscillatoria (Fig. 487) 
may occur singly or interwoven with one another to form a stratum of 
indefinite extent. The individual trichomes are unbranched, cylindrical, 
and entirely without, or with barely perceptible, evanescent sheaths. 
Species with narrow trichomes have cylindrical cells in which the length 
may be equal to or greater than the breadth; those with broad trichomes 
have cells in which the diameter is always greater than the length. Free 
ends of trichomes may be rounded and of approximately the same diameter 
as the rest of a trichome; or the terminal cells may taper to a subacute 

* Crow, 1927; Dobell, 1912; Schmid, 1920, 1921A. * Dobell, 1912. 

Fig. 486. A, Spirulina major Kutz. S, 
princeps (W. and G. S. West) G. S. West*. 
(X 1000.) 
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point. Apical cells of trichomes may have walls like those of other cells, 
or the free face may be thickened into a calyptra. According to the species, 
the protoplasts are homogeneous, granulate (with the granules definitely 
or indefinitely distributed), or with nu¬ 
merous pseudovacuoles which completely . 
obscure the protoplast’s structure. S 

Oscillatoria is one of the most ubiquitous of 
algae. The determination of species is extremely m 
difficult, and Gomont’s monograph^ is indis- k||¥ 
pensable for exact determination of members 
of this genus. Over 40 species are definitely ^ 
known to occur in the United States. I';: 

4. Borzia Cohn, 1883. Trichomes of 
Borzia are without a gelatinous sheath 
and are usually composed of 3 to 8 cells. 
Terminal cells of a trichome are hemis¬ 
pherical, and other cells are barrel-shaped. ' 

ABO 

This genus may be looked upon as one that OscUlaioria forimsa 

IS m a permanent hormogonial condition. As splendida Grey, (x 825.) 
far as the United States is concerned, it is 
known only from Indiana where B. trilocularis Cohn (Fig. 488) has been collected* 
at two different stations. For a description of it, see Gomont (1892A). 

5. Romeria Koczwara, 1932. The trichomes of Romeria are short, 
curved to spirally twisted, and rarely with more than a dozen uniseriately 

Fig. 488. Borzia trilocularis Cohn. {After Fig. 489. Romeria elegans var. nivicola Kol. 
OomorU, 1892A.) (X 1200.) {After Kol, lUl,) (X 1000.) 

arranged cells. There may or may not be an evident gelatinous sheath 
external to a trichome. The cells are cylindrical, with more or less broadly 
rounded poles, and with a length twice to several times the breadth. 
Heterocysts and akinetes are never formed, and reproduction is by frag¬ 
mentation of trichomes. 

1 Gomont, 1892, 1892A. * Daily, 1943. 
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It is uncertain whether this genus should be considered one of the Chroococca- 
ceae and allied to Oloeothece^ or be considered one of the Oscillatoriaceae. The 
homogeneous sheath extending the entire length of a chain of cells indicates that 
it should be placed among the Oscillatoriaceae. In this country, the genus is 
known' only from snow fields in Yellowstone National Park. For a description 
of the alga found there, R. elegans var. nivicola Kol (Fig. 489), see Kol (1941). 

6. Phormidium Kiitzing, 1843. The trichomes of Phormidium (Fig. 
490) show much the same range of form as those of Osdllatoria and, as far 

as their shape is concerned, no morph¬ 
ological distinctions can be made between 
the two, except that cells of many Phorm¬ 

idium species are barrel-shaped rather than 
discoid or cylindrical. Trichomes of Phor¬ 

midium ‘are always enclosed by a watery 
gelatinous sheath, and very commonly 
sheaths of filaments are confluent with 
one another. The plant mass resulting 
from this coalescence of sheaths may have 
the trichomes approximately parallel to, or 
densely interwoven with, one another. 

In structure of its sheath, Phormidium is a 
genua which stands intermediate between Os- 
cillatoria, which lacks a sheath, and Lynghya^ 
which has a clearly defined one. Although 
it is sometimes difficult to demonstrate the 

individual sheaths surrounding trichomes of Phormidium^ there is little difficulty 
in distinguishing between the confluence of sheaths characteristic of it, and the 
lack of sheaths characteristic of Oscillatoria. The various species of the two 
genera were indiscriminately transferred from one genus to the other until this 
feature was recognized by Gomont,* the first to clear up the taxonomy of the 
two genera. 

Phormidium is primarily subaerial in habit and often grows in extensive patches 
on moist rocks or damp soil. More than 25 species are definitely known to occur 
in this country. For monographic treatments of the genus, see Gomont (1892, 
1892A), and Geitler (1932). 

7. Trichodesmium Ehrenberg, 1830. The filaments of this alga are 
laterally joined to one another to form free-floating, spindle- to scale¬ 
shaped colonies. The trichomes are cylindrical, straight or spirally twisted, 
and of the same diameter throughout or with the apices slightly attenuated. 
Sheaths surrounding the trichomes are so delicate as to be almost imper¬ 
ceptible. According to the species, the cells are cylindrical or barrel- 

' Kol, 1941. * Gomont, 1892, 1892A> 

Fio. 490. Phormidium autumncde 
(Ag.) Gom. (X 800.) 
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shaped) and with homogeneous to granulose protoplasts, or with the proto¬ 
plast filled with numerous pseudovacuoles. 

T, lacuatre Klebahn (Fig. 491), the only fresh-water species of the genus, is a 
widely distributed plankton organism in this country. For a description of it, see 
G. M. Smith (1920). 

Fig. 491. Trichodesmium lacuatre Klbbahn. (X 1000.) 

8. Lyngbya Agardh, 1824. Filaments of Lyngbya (Fig. 492) may occur 
singly, or interwoven into a free-floating mass or an extended stratum. 
The genus is sharply differentiated from preceding members of the family 
by the firm, relatively thin, hyaline to yellowish-brown, homogeneous or 

Fio. 492. A, Lyngbya contorta Lemm. B, L. Birgei O. M. Smith. (A, X 1000; B, X 826.) 

lamellated sheaths which enclose but a single trichome and which generally 
project for some distance beyond it. The trichomas are cylindrical, more 
commonly with rounded than with'slightly attenuated apices, and either 
straight, flexed, or twisted into regular spirals. Cell 'contents may be 
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homogeneous, granulose, or with numerous pseudo vacuoles; and gray, 
pale to bright blue-green, dr variously colored. 

Fresh-water species of this genus are more often aquatic than aerial in habit, 
and certain of the aquatic species are found only in the plankton. Over 35 species 
have been reported for this country. For monographic treatments of the genus, 
see Gomont (1892A), and Geitler (1932). 

Fig. 493. Porphyroaiphon Notarisii (Mencgh.) Katz. (X 600.) 

9. Phorphyrosiphon Kiitzing, 1850. This alga is quite like Lyngbya 

in its unbranched filaments with a firm sheath extending beyond the ends 
of the single trichome. The chief feature distinguishing it from Lyngbya 

is the purplish-red color of the many-layered sheath. 

The only species, P. Notarisii (Menegh.) Kiitz. (Fig. 493) is widely distributed 
in the United States. For a description of it, see Gomont (1892). 

Fig. 494. Symploca muatorum (Ag.) Gom. (X 480.) 

10. Symploca Kiitzing, 1843. The plant mass of this subaerial alga 
grows in the form of an extended stratum, from which arise numerous 
vertical conical tufts. Individual trichomes are surrounded by a definite, 
firm or mucous, sheath (Fig. 494). In many cases, sheaths of the fila¬ 
ments are confluent with one another in the median portion of filaments 
but not at their extremities. Under such conditions, the plant mass 
appears to be falsely branched. The individual trichomes are not at¬ 
tenuated at their apices, but the terminal cells may be rounded, and with 
or without a calyptra. 

Symploca is usually found growing on moist cliffs or on damp soil. Eleven 
species have been found in the algal flora of this country. For descriptions of most 
of the species of the genus, see Geitler (1932). 

11. Microcoleus Desmazi^res, 1823. ^ The filaments of this alga have 
a wide, cylindrical, imbranched, homogeneous sheath of an extremely 
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gelatinous nature. Within a sheath is a central core of many parallel 
trichomes which are spirally and tightly interwoven. The individual 
trichomes have acute or obtuse ends and conical or capitate apical cells. 

Marine and fresh-water species of Microcoleus (Fig. 495) are usually found on 
damp soil or on mud. About a dozen fresh-water species are known for the United 
States. For descriptions of most of the species of the genus, see Geitler (1932). 

B 

Fig. 495. Microcoleus vaginatus (Vauch.) Gom. A, iilament. B, trichorae. (X 300.) 

12. Hydrocoleum Kiitzing, 1843. Hydrocoleum has much the same type 
of wide diffluent sheath as Microcoleus but contains only a few loosely ag¬ 
gregated trichomes within a common sheath. Its sheaths may at times 

Fig. 496. Hydrocoleum homeoirichum Ktttz. A, filament. B, trichome. (X 326.) 

have a certain amount of branching and show some evidence of lamella- 
tion. The individual trichomes differ from those of Microcolem in that 
they have more or less attenuated ends, capitate apical cells, and interior 

cells that are always broader than they are long. 

This genus grows in both aerial and aquatic habitats. The species found in this 
country are H. glutinosum (Ag.) Gon., H. Groesbeckianum Drouet, and H. homoeo- 
trichum Kiitz. (Fig. 496). For a description of H. Qroesheckidnum, see DrOuet 
(1943); for the other two, see Gomont (1892). 
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13. Schizothrix Kiitzing, 1843. In contrast with the two foregoing 
genera, the filaments of Schizothrix (Fig. 497) are enclosed by a firm wide 
sheath that is usually lamellated and in certain species is always colored 
when old. In the median portion of a filament, there are two or more 
trichomes twisted around one another. The sheaths branch freely toward 
their ends, and the ultimate branchlets usually contain but a single tri- 
chome. 

Although Schizothrix may occur free-floating, it is more often found on damp soil 
or on dripping rocks. The general appearance of the plant mass is quite variable 
from species to species and has been utilized in dividing the genus into sections. 
About 30 species occur in this country. For descriptions of most species of the 
genus, see Geitler (1932). 

Fio. 497. Schizothrix purpuraacena (Kutz.) Gom. (X 300.) 

SUBORDER 2. NOSTOCHINEAE 

The trichomes of this suborder may be uniseriate or multiseriate; of 
uniform thickness throughout or attenuated either from base to apex or 
from the middle to both extremities; straight, twisted in regular spirals, 
or irregularly contorted; unbranched or with a true or false branching. 
Sheaths are usually present in the various genera of the suborder and may 
enclose one or many trichomes. According to the species or genus, the 
sheaths are hyaline or colored, homogeneous or stratified, and firm or 
gelatinous. 

The presence of heterocystis is the most distinctive feature of the sub¬ 
order, but there are a few genera in which they do not occur. The first 
heterocysts to appear are developed when a trichome is quite young, and 
additional ones may be formed throughout the further growth of the tri¬ 
chome. Heterocysts may be formed at definite places in a trichome, or at 
no definite place; and singly or in very short series. Many of the genera 
that develop heterocysts also produce akinetes; other genera with hetero¬ 
cysts do not fopn akinetes. 

The basic features on which the suborder is divided into four families 
are the organization and structure of the trichome. 

Family 1. Nostocaceae 

Trichomes of Nostocaceae are always mibranched, uniseriate, and with¬ 
out any appreciable attenuation at their apices. They are alwa3rs sur- 



DIVISION CYANOPHYTA 581 

rounded by a sheath but may be straight, in regular spirals, or irregularly 
twisted. Sheaths surrounding trichomes are homogeneous. In rare cases, 
they are firm and narrow; usually they are copious, gelatinous, hyaline or 
colored, and distinct or confluent with one another to form colonies con¬ 
taining many trichomes. The cells are spherical or cylindrical and with 
or without constrictions at the cross wails. Protoplasts of vegetative cells 
may have a homogeneous or granulose structure, and their color may be 
blue-green or otherwise. 

Heterocysts are regularly formed by all genera, and they may be ter¬ 
minal or intercalary, and solitary or catenate. Akinetes are also of fre¬ 
quent occurrence in all genera, and they may be formed adjacent to, or 
remote from, the heterocysts. They are usually larger than vegetative 
cells and often of different shape. 

The genera found in this country differ as follows: 

1. Heterocysts always terminal. 2 
1. Heterocysts intercalary. 3 

2. Heterocysts at only one end of a trichome...7. Cyllndrospermum 
2. Heterocysts at both ends of a trichome..3. Anabaenopsis 

3. Length of cells less than breadth. &. Nodularia 
3. Length of cells equal to or greater than breadth. 4 

4. In colonies with trichomes parallel.6 
4. If in colonies, not with trichomes parallel. 6 

5. Colonies small, plate- or scale-like. 6. Aphanlzomenon 
5. Colonies large, tubular, hollow.6. WoUea 

6. Trichomes solitary or intertwined in an amorphous mass. 7 
6. Trichomes much twisted into a mass of definite form with a firm gelatinous 
envelope. 4. Nostoc 

7. Sheaths qf trichomes firm and narrow. 2. Aulosira 
7. Sheaths of trichomes watery and broad. 1. Anabaena 

1. Anabaena Bory, 1822. Filaments of Anabaena (Fig. 498) occur either 
singly or in floccose colonies, and free-floating or in a delicate mucous stra¬ 
tum. The trichomes are of the same thickness throughout or slightly 
attenuated at their apices; straight, circinate, or irregularly contorted; and 
occur singly within a sheath. Sheaths surrounding trichomes are always 
hyaline and generally of so watery a nature that they cannot be seen unless 
demonstrated by special methods. They may be broad or narrow, and 
many plankton species have sheaths several times broader than the vegeta¬ 
tive cells. The cells are usually spherical or barrel-shaped, rarely cylin¬ 
drical, and never discoid. Protoplasts of vegetative cells are either homo¬ 
geneous, granulose, or filled with numerous pseudovacuoles; and gray, 
blue-green, or variously colored. Heterocysts are usually of the same shape 
as vegetative cells, though slightly larger, are always intercalary in origin, 
are generally solitary, and sevend are usually present in any trichon^. 
Akinetes may develop only next to heterocysts, only remote from them, or 
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in both positions; and singly or in very short catenate series. They are al¬ 
ways larger than vegetative cells, and generally cylindrical and with 
rounded ends. 

Descriptions of Anahaena and of Nostoc often leave the impression that it is 
difficult to distinguish between the two. In actual practice one has no such diffi¬ 
culty, since Nostoc always has a firm gelatinous envelope in which the trichomes 
are always much contorted; whereas Anabaena always has an extremely watery 
gelatinous sheath, never forms colonies of definite form, and, except for certain 
plankton species, never has contorted trichomes. 

c 
Fig. 498. A^ Anabaena circinalia (KUtz.) Rab. B, A. spiroides Klebahn. C, A. Levanderi 
Lemm. (X 600.) 

The shape and size of vegetative cells, heterocysts, and akinetes, as well as the 
relative position of heterocysts and akinetes, are all essential characters in deter¬ 
mining species of Anahaena. For this reason, attempts to make specific deter¬ 
minations from immature trichomes are futile. Anabaena is primarily an aquatic 
alga and one not usually found in temporary pools. It often occurs in abundance 
in permanent and semipermanent pools and practically pure collections of a single 
species are not uncommon. Several species are known only from the plankton of 
ponds and lakes, and these may occur in such profusion as to cause a “water bloom.’’ 
About 30 species have been found in the United States. For descriptions of most 
species of the genus, see Geitler (1932). 

2. Aulosira Kirchner, 1878. Filaments of Avlosira are straight 
or curved, of uniform diameter throughqjjt, and contain but one trichome. 
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The trichome is composed of cylindrical cells with flattened ends, and the 
cell length is usually equal to or greater than the breadth. The sheaths are 
narrow, homogeneous, and of a firm texture. Heterocysts are always in¬ 
tercalary and more or less cylindrical. Akinetes are usually formed in 
catenate series which may be adjacent to or remote from heterocysts. 

Aulosira resembles Anahaena but differs in shape of the cells and in the firmer 
sheath. A. implexa Bornet and Flahault (Fig.* 499) has been found at several 
widely separated localities in the United States. For a description of it, see Daily 
(1943). 

3. Anabaenopsis Woloszyhska, 
1912; emend., Miller, 1923. This 
genus, first considered a section of 
Anahaena but later given generic 
rank, differs in having the hetero¬ 
cysts strictly terminal and in having 
these at both ends of a trichome. 
The cell structure is similar to that 
of Anahaena; but unlike other genera 
with strictly terminal heterocysts, 
the akinetes may be formed remote 
from the heterocysts. The terminal 
position of heterocysts is due to both 
cells from an intercalary cell divi¬ 
sion developing into heterocysts 
(Fig. 5005 and D), The trichome 
breaks either while the heterocysts 

Fig. 500. Anahaenopais Elenkinii Miller. 
A, filament with a ripe and an immature 
heterocyst. B, a filament with both hetero¬ 
cysts mature. C, filament with an akinete. 
D, fragmentation of a filament. (X 650.) 

are maturing or just after they have matured. Thus it frequently happens 
that the heterocyst at one end of a trichome is mature and that at the other 
end is immature (Fig. 500^4). 

Anabaenopsis is primarily a plankton alga. The species found in this country 
are A, ArnoWu Apetk., A. drcularis (W. and G. S. West) Miller, A. ElenhifiH 
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Miller (Fig. 500), and A. Raciborskii Wolosz. For descriptions of them, see Geitler 
(1932). 

/'"’I 
4^'Nostoc Vaucher, 1803. The trichomes of Nostoc (Fig. 501) are always 

mtich contorted and embedded within a gelatinous sheath of an exceedingly 
firm consistency. Young colonies of Nostoc are of microscopic size, approxi¬ 
mately spherical, and solid. As a colony increases in size, it may retain its 
original shape, have a smooth or verrucose surface, and remain solid or be¬ 
come hollow; or it may become lobulate and, if hollow, rupture into a firm 
irregularly expanded sheet with tom margins. Mature colonies are of 
macroscopic size and usually a few centimeters in diameter, but they may, 
as in iV. amplissimum Setchell, attain a diameter of 50 cm. Heterocysts are 
intercalary, generally solitary, and of much the same size and shape as 

Fio. 601. At portion of a thallus of Nostoc Linckia (Roth.) Born. B-C, germination of 
hormogonia of an undetermined species of Nostoc, (X 860.) 

vegetative cells. A formation of hormogonia is very common in Nostoc 

and results from rupture of a trichome where heterocyst and vegetative cell 
adjoin. The large number of trichomes within an adult colony is largely 
the resultant development of these hormogonia into trichomes without be¬ 
ing liberated from the colonial sheath. Akinetes do not usually develop 
until a colony is mature. When akinete formation does take place, many 
more vegetative cells are metamorphosed into akinetes than is the case in 
Anabaena, and it is not unusual to find that all vegetative cells between two 
successive heterocysts have developed into akinetes. 

Nostoc is a common alga of both terrestrial and aquatic habitats. Terrestrial 
species grow on bare soil or intermingled with leafy plants, especially mosses. It 
may also be a subterranean alga and has been found at a depth of about a meter 
below the surface of the soil.^ Strictly aquatic species occur either free-floating in 
pools, lying on the bottom of pools, or attached to submerged vegetation. Some 

1 MooRn ftfid Oarticr. 1Q2A. 
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species favor swiftly running water, and it is not unusual to find them clothing the 
rocks in small mountain streams. Aside from their symbiotic association with 
fungi to form lichens, the chief association with other plants is the endophytism 
within thalli of bryophytes. Approximately 20 species occur in the United States. 
For descriptions of most species of Nostocy see Geitler (1932). 

5. Wollea Bomet and Flahault, 1888. 
Mature colonies of Wollea are vertically 
elongated, somewhat membranaceous, un¬ 
branched tubes 5 to 10 cm. long, that are 
closed at the distal end. The trichomes 
within the colonial matrix are numerous, 
erect, and mostly parallel with one another. 
The cells are cylindrical; the heterocysts are 
barrel-shaped; and the akinetes, which are 
formed in short catenate series adjacent to 
heterocysts, are cylindrical and considerably 
longer than vegetative cells. 

There is but one species, W. saccala (Wolle) 
Bornet and Flahault (Fig. 502). For a descrip¬ 
tion of it, see Geitler (1932). 502. Wollea saccala (Wolle) 

B. and F. A, habit sketch of a 

6. Aphanizomenon Morren, 1838. Tri- ^ jJTd, xfibt' 
chomes of this alga are either straight, 
flexed, or curved, and laterally joined to one another in small, macro¬ 
scopic, free-floating, feathery, or scale-like colonies. The sheaths sur¬ 
rounding individual trichomes are exceedingly delicate and confluent 

Fio. 603. Aphanizomenon fioe-aquae (L.) Ralfs. A, small colony. B-C, trichomes with 
akinetes. (A, X400; B-C, X 1000.) 

with one another. The cells are cylindrical or barrel-shaped and longer 
than they are broad. Heterocysts are intercalary and cylindrical; akinetes 
are cylindrical, with a length 5 to 12 times the breadth, and not formed ad¬ 
jacent to heterocysts. 
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All members of the genus are known only from the fresh-water plankton. The 
single species found in this country, A. flos-aquas (L.) Ralfs (Fig. 503), is widely 
distributed but rarely found in abundance. For a description of it, see G. M. 
Smith (1920). 

Fig. 604. Cylindrospermum muscioda Katz. (X 900.) 

7. Cylindrospermum Kiitzing, 1843. Cylindrospermum (Fig. 504) is 
sharply differentiated from other genera of the family by the regular occur¬ 
rence of heterocysts at only one end of the trichomes and by the formation 
of akinetes only next to the heterocysts. The trichomes are generally 
short, either straight or flexed, and of the same diameter throughout. 
Sheaths surrounding a single trichome are extremely mucous and may be 
confluent with one another. The cells are cylindrical, with rounded ends, 
and about twice as long as broad. The strictly terminal heterocysts are 

Fig. 606. A, Nodularia apumigena Mert. B, N, spumigena var. minor Fritsch. (X 800.) 

approximately the same size as vegetative cells, but the akinetes, which are 
always formed next to them and singly, are generally much longer and 
broader than vegetative cells. Unlike Anabaena, one can rarely find fila¬ 
ments that do not show at least the early stages of akinete formation. 

Some species of the genus are terrestrial in habit; others are aquatic. Eleven 
species have been reported for the United States. For descriptions of most of the 
species of the genus, see Geitler (1932). 

8. Nodularia Mertens, 1822. This genus differs from all others of the 
family in that vegetative cells, heterocysts, and sometimes the akinetes, are 
broader than they are long. The trichomes, which are borne singly within 
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a sheath, are of the same diameter throughout or slightly attenuated at 
their apices, and straight or slightly flexed. There is usually a distinct 
fairly firm sheath, and the filaments are more commonly free from one 
another than with their sheaths confluent. Heterocysts are always inter¬ 
calary, discoid, and generally somewhat broader than vegetative cells. 
Akinetes arise from cells remote from heterocysts and are usually formed in 
catenate series of two to a dozen. Sometimes all cells between two succes¬ 
sive heterocysts develop into akinetes. 

Nodularia is more commonly aquatic than terrestrial and usually grows sparingly 
intermingled with other free-floating algae of pools and ditches. The species found 
in this country are N. Harveyana (Thw.) Thuret, N. aphaerocarpa Bornet and 
Flahault, and N. spumigena Mert. (Fig. 505). For descriptions of them, see Geitler 
(1932). 

Family 2. Scytonemataceab 

Genera referred to this family are characterized by uniseriate falsely 
branched trichomes that are of the same diameter throughout or somewhat 
attenuated toward their apices. The filaments always have a firm, sharply 
defined, sheath which may be hyaline or colored, and homogeneous or 
lamellated. In the majority of genera, there is but a single trichome within 
a sheath. False branching results from segmentation of a trichome into 
hormogonia, followed by a development of the hormogonia into trichomes 
without their liberation from the sheath. Ends of trichomes developing 
from hormogonia grow through the old sheath of the parent filament, either 
singly or in pairs, and then secrete a sheath of their own. More rarely, a 
common sheath encloses several parallel or much contorted trichomes. 

Heterocysts are generally present at all stages of development, akinetes 
are frequently lacking. In many genera, the region of outgrowth of false 
branches is more or less definitely correlated with the position of hetero- 
cysts. Heterocysts are never found in Plectonema, but the false branching 
makes it more logical to put this genus in the Scytonemataceae than in the 
Oscillatoriaceae. 

The genera found in this country differ as follows: 

1. Filaments with heterocysts. 2 
1. Filaments without heterocysts.3. Plectonema 

2. One trichome within a sheath.3 
2. More than one trichome within a sheath.5 

3. False branching abundant.4 
3. False branching sparse, heterocysts basal, or basal and intercalary.. 6. Fremyella 

4. False branches usually arising singly.2. Tolypothriz 
4. False branches usually arising in pairs. 1. Scytonema 

5. Trichomes much contorted.4. Dlplocolon 
5. Trichomes parallel.5. Deamonaina 
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1. Sc3rtonema Agardh, 1824. The primary feature distinguishing this 

alga from Tolypothrix is the lateral origin of false branches in pairs, and at a 

point approximately midway between two heterocysts. Here and there in 

a filament there may be TolypothrixAIke false branches, but these do not^ 

lie next to heterocysts in the manner so characteristic of Tolypothrix, Tri-^ 

chomes of Scytonema (Fig. 506) are usually of the same diameter through¬ 

out and with cylindrical cells. Sheaths 

surrounding trichomes are always of an 

exceedingly firm texture, hyaline or 

colored and if colored, the color is gen¬ 

erally yellowish or brownish. Sheaths 

may be homogeneous or lamellated, and 

with the lamellae parallel or oblique. 

Species with oblique lamellae have them 

running in an arc from the interior to 

periphery of a sheath where they end in 

a wing-like expansion. The heterocysts 

are intercalary and are borne singly or in twos or threes. They are of ap¬ 

proximately the same size as vegetative cells. Akinetes are of rare occur¬ 

rence and are but little larger than vegetative cells. 

Scytonema (Fig. 606) is usually found in subaerial habitats and with the fila¬ 
ments interwoven into a felty mass of considerable extent. Some species seem to 
grow best on damp soil, others on 
the dripping faces of rocky cliffs. 
Approximately 20 species occur in this 
country. For descriptions of most of 
the species of the genus, see Geitler 
(1932). 

2. Tolypothrix Kutzing, 1843. 

False branches of this alga arise 

singly and immediately adjacent 

to heterocysts. Pairs of false 

branches are occasionally present 

in a filament, but these Scytonema- 

like branches are of much rarer occurrence in Tolypothrix th^tn are Toly- 

pothrix-like branches in Scytonema, The general appearance of the filament 

of Tolypothrix is quite like that of Scytonema^ but the sheaths are gen¬ 

erally narrower and never have the oblique lamellation found in that genus. 

The heterocysts are always intercalary and may besolitary or in short series 

of two to six. 

Tolypothrix is more frequently aquatic than subaerial. When aquatic, it usually 
grows in small clumps or tufts, and either^termingled with otW free-floating 

Fio. 607. A, Tolypothrix tenuis Ktttz. 
T, lanata (Desv.) Wartm. (X 375.) 

B, 

Fio. 506. Scytonema arcangelii B. and 
F. (X 376.) 



DIVISION CYANOPHYTA 589 

algae or attached to submerged stones or wood. The species found in this country 
are T, byssoidea (Berk.) Kirchn., T, diatorta (FI. Dan.) Wartm., T. lanata (Desv.) 
Wartm. (Fig. 507jB), T. Umbata Thur., T. penidllata (Ag.) Thur., T. Setchellii 
Collins, and T, tenuis Kiitz. (Fig. 507A). For descriptions of them, see Geitler 
(1932). 

Fig. 608. Plectonema Tomaainiana (Ktttz.) Born. (X 486.) 

3. Plectonema Thuret, 1875. Filaments of this alga have the same firm 
sheath as Tolypothrix and the same false branching, but they never have 
heterocysts. The trichomes have discoidal or cylindrical cells, which are 
usually somewhat constricted at the cross walls. Sheaths surrounding tri- 

Fig. 509. DipLocoUm Heppii Nitg. (X 650.) 

chomes are relatively narrow, firm, homogeneous or lamellated, and hyaline 
or brownish yellow. The sole method of reproduction is by hormogonia; 
akinetes and heterocysts are never formed. 

PlecUmema (Fig. 509) is found in aquatic and subaerial habitats, particularly 
among mosses and liverworts growing on damp rocks. Approximately a dozen 
species have been recorded for the United States. For descriptions of most of t^e 
species of the genus, see Geitler (1932). 
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4. Diplocolon Nagdi, 1857. This genus differs from others of the family 
in having several contorted trichomes within a common sheath. The tri- 
chomes may be somewhat attenuated at their apices, and each is surrounded 
by a sheath of its own. The general appearance of the filaments is like that 
of certain species of NostoCy but the false branching shows that Diplocolon 
is one of the Scytonemataceae and not the Nostocaceae. Heterocysts are 
regularly formed by Diplocolon and are probably intercalary in origin, but 
the abundant formation and germination of hormogonia within a common 
sheath give many heterocysts a terminal position in a trichome. Akinetes 
are unknown. 

The only well-authenticated record for the occurrence of this genus in the United 
States is the collection^ of D. Heppii Nag. (Fig. 509) at Niagara Falls. For a de¬ 
scription of this species, see Bornet and Flahault (1887). 

5. Desmonema Berkeley and Thwaites, 1849. This curious genus dif¬ 
fers from other genera of the family in having several parallel trichomes 

within a common sheath, heterocysts restricted to the basal portion of tri¬ 
chomes, and an appreciable attenuation at the apical ends of trichomes. 
The plant mass grows as an expanded stratum with numerous penicillate 
tufts and, when detached from the substratum, frequently falls apart into 
individual penicillate tufts. Akinetes are formed either singly or in short 
series. 

D. Wrangelii (Ag.) B. and F. (Fig. 510), the only species, has been collected 
from several widely separated localities in this country. For a description of it, 
see Geitler (1932). 

6. Fremyella J. De Toni, 1936 {Microchaete Thuret, 1875). The fila¬ 
ments of Fremyella always have only one trichome within a firm, narrow, 
homogeneous or lamellated sheath. The trichomes are sometimes some¬ 
what attenuated at their free ends and always with heterocysts at their 

* WOLLB, 1877. 
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basal ends. Soxnetimes there are also intercalary heterocysts. A forma¬ 
tion of akinetes is of common occurrence and may take place adjacent to, 
or remote from, heterocysts, and singly or in short series. The filaments 
grow irregularly intertwined with one another in stellate or cushion-shaped 
tufts. False branching, which is the justification for including this genus in 
the Scytonemataceae, is found only here and there in filaments but seems 
to be present with sufficient regularity to warrant placing it in the Scytone¬ 
mataceae instead of in a special family closely allied^to the Nostocaceae. 

Fremyella may grow in standing water and generally on water weeds, or it may 
grow on damp rocks. The species found in this country are F. diplosiphon (B. and 
F.) Drouet, F. robusta (Setchell), and F. tenera (Thur.) J. De Toni (Fig. 511). 
For descriptions of them as species of Microchaetey see Geitler (1932). 

Family 3. Stigonemataceae 

The character immediately 
separating the Stigonemataceae 
from other families of the sub¬ 
order is the presence of true bran¬ 
ches in the trichomes of the 
various genera. The main axis 
from which branches arise is 
usually conspicuous and may be 
uniseriate, biseriate, or multise- 
riate. Branches may have 
narrower and longer cells than 
the main axis. Both branches 
and axis may be uniseriate, both 
may be multiseriate, or the axis 
may be multiseriate and the 
branches uniseriate. Branches 
usually arise near the growing 
apex of a trichome and result 
from cell division at right angles to the previous plane of division. How¬ 
ever, they may also be formed in older parts of the main axis. Branches 
may grow from all sides of a main axis, or they may be strictly unilateral; 
they maj’’ be without secondary branches or repeatedly branched. Accord¬ 
ing to the genus, the sheath surrounding a trichome is narrow or copious, 
homogeneous or lamellated, and hyaline or variously colored. If colored, 
the color is generally yellowish, brownish, or blackish. 

Heterocysts are formed by most genera of the family and may be ter¬ 
minal or intercalary. Genera with intercalary heterocysts generally pro¬ 
duce them abimdantly in the main axis or the branches and, if the trichon(ie 

Fig. 611. Fremyella tenera (Thur.) J. De Toni. 
(X 800.) 
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is multiseriate, develop heterocysts from superficial instead of interior cells. 
In a few genera, heterocysts are formed terminally on short lateral branches. 
Akinetes have been recorded for most of the genera, but they are of rare 
occurrence. 

The genera found in this country differ as follows: 

1. Trichomes with heterocysts. 2 
1. Trichomes without heterocysts. 6 

2. Sheaths distinct, free from one another or partly confluent. 3 
2. Sheaths confluent with one another.4. Nostochopsis 

3. Filaments free from one another. 4 
3. Filaments united in a cushion-like mass.3. Capsoslra 

' 4. Trichomes wholly or partly multiseriate. 1. Stigonema 
4. Trichomes wholly uniseriate. 5 

6. Branches mostly parallel to axis bearing them. 6. Thalpophila 
5. Branches not parallel to axis bearing them. 2. Hapaloslphon 

6. Branching predominately dichotomous. 7. Colteronema 
6. Branching not predominately dichotomous.5. Albxightia 

1. Stigonema Agardh, 1824. The branching trichomes of Stigonema 

have main axes that are partly or wholly multiseriate. Branches may arise 

Fiq. 512. Stigonema turfaceum (Enj^. Bot.) Cooke. (X 500.) 

from all sides of an axis and be repeatedly rebranched, or may be borne 
unilaterally and unbranched. The sheath surrounding a trichome is al¬ 
ways of a firm texture, with a smooth or rough surface, homogeneous or 
lamellated, and hyaline or colored a yellowish brown, brown, or black. 
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Cells of Stigonema are usually spherical, but in young branches and axes 
they may be flattened by mutual pressure. In old filaments, the cells fre¬ 
quently lie some distance from one another, and each is surrounded by a 
sheath of its own. Such old filaments are not unlike elongate colonies of 
Chroococcus or Aphanocapsa. Heterocysts may be formed in the main axis 
or in the branches. If formed in a multiseriate portion of a trichome, they 
develop from superficial rather than deep-seated cells. A formation of 
hormogonia is confined largely to the ends of young branches, and they 
may develop with or without relationship to position of the heterocysts. 

The specific limits between Stigonema and Hapalosiphon are not clear-cut. 
Certain Stigonema species show a close approach to Hapalosiphon in their prac¬ 
tically uniseriate axes; and certain Hapalosiphon species resemble Stigonema in 
having occasional secondary branches and in having all cells in a trichome of the 
same shape. Stigonema grows on 
wet rocks, on moist earth, and in 
free-floating clumps intermingled 
with other algae. It is more fre¬ 
quently found on wet rocks than the 
two other types of habitat. The 
species found in this country are S, 
harmoides (Kiitz.) B. and F., S. in- 
/orme Kiitz., S. mamillosum (Lyngb.) 
Ag., S. minutum (Ag.) Hass., S, 
ocellatum (Dillw.) Thur., S. panni- 
forme (Ag.) B. and F., S. thermale 
(Schwabe) Borzi, and S. turfaceum 
(Engl. Bot.) Cooke (Fig. 512). For 
descriptions of them, see Geitler 
(1931). 

2. Hapalosiphon Nageli, 1849. 

Filaments of Hapalosiphon are ^ rto « , . ^ v 
- . . , ,, , Fig. 613. HapcUosiphon pwnvdus (Kttta.) 

mostly uniseriate, though occa- Hansg. (x 660.) 

sionally biseriate in part, and 
freely branched, but with the branching largely unilateral, and only here and 
there are branches secondarily branched. Sheaths surrounding a trichome 
are narrow but firm, usually colorless, and with a smooth surface. Veg¬ 
etative cells are generally cylindrical, though in some cases they are sub- 
spherical. Cells of axes are usually but little longer than broad; those of 
branches, though of the same diameter, are frequently longer than they 
are broad. Heterocysts are intercalary and developed almost exclusively 
from cells of the main axis. Akinetes, when present, are formed in abundance 
and often with a development of all cells in the main axis into them. As 
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is the case with Stigonema, the formation of hormogonia is restricted to the 
branches. Hormogonia of Hapalosiphm are not strictly terminal and 
usually contain many cells. 

Hapalosiphon is found more frequently in aquatic than in terrestrial habitats, 
and is more abundant in soft-water than in hard-water areas. The species found 
in the United States are H. aureus W. and G. S. West, H. flexuosus Borzi, H. fort- 
tinalis (Ag.) Born, //. hihernicus W. and G. S. West, H. laminosus (Kutz.) Hansg., 
H, pumilus (Ktitz.) Hansg. (Fig. 513), and H, Welwitschii W., and G. S. West. 
For a description of H, laminosus as Mastigocladus laminosus (Kutz.) Cohn, see 
Geitler (1931); for descriptions of the others as species of Hapalosiphon^ see the 
same. 

3. Capsosira Kiitzing, 1849. The thalli of Capsosira are small hemi¬ 
spheres (1 to 2 mm. in diameter) and always with their lower surface affixed 

to some firm substratum. When viewed 
in vertical section, they often have con¬ 
centric greenish and yellowish zones. The 
filaments are uniseriate, repeatedly branched, 
and without a definite main axis. The 
sheaths surrounding trichomes are thick, 
hyaline or yellow, and not confluent with one 
another. The cells are subspherical or 
barrel-shaped. Formation of hormogonia is 
largely restricted to the ends of branches, and 
each hormogonium contains about a dozen 
cells. Heterocysts may be intercalary or 
lateral and are formed in a StigonemaAike 

manner. The akinetes are subspherical and 
with a thick brownish wall. 

In this country C. Brebissonii Kiitz. (Fig. 514), the only species, is known only 
from New England. For a description of it, see Geitler (1931). 

4. Nostochopsis Wood, 1869. The thallus of Nostochopsis is of a firm 
gelatinous texture, of definite macroscopic shape, and either solid or hollow. 
When young, it is always sessile, and it may remain sessile throughout its 
entire development; or it may become detached and free-floating. The 
trichomes within a thallus are uniseriate, freely branched, and with the 
branches often elongate and torulose. Sheaths surrounding trichomes are 
wholly confluent with one another. The cells are always longer than broad 
and either cylindrical or barrel-shaped. Heterocysts may be intercalary, 
but more commonly they are formed from the terminal cells of short lateral 
branches. 
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Nostochopsis differs markedly from other Stigonemataceae found in this country 
in that most heterocysts are borne terminally on short lateral branchlets. N» 
lobatu8 Wood (Fig. 515), the only species in the local flora, has been found in several 
of the eastern states. For a description of it, see Geitler (1931). 

Fio. 616. Noatochopaia lobatua Wood, with immature heterocysts on short lateral braAches. 
(X 860.) 

5. Albrightia J. J. Copeland, 1936. Albrightia has uniseriate, sparsely 
branched, relatively long trichomes with major axes and branches of the 
same size. A filament has a conspicuous sheath of firm texture that is 
usually homogeneous in structure. The cells are ellipsoidal, and cell divi¬ 
sion is restricted largely to the tips of branches. Reproduction is by means 

Fio. 616. Albrightia tortuoaa J. J. Copeland. {After Copeland 1936.) (X 660.) 

of hormogonia composed of a few cells. There is no formation of hetero¬ 
cysts or of akinetes. 

The single species. A, tortuoaa J. J. Copeland (Fig. 516) is known only from hot 
springs in the Lower Geyser Basin of Yellowstone National Park. For a descrip¬ 
tion of it, see J. J. Copeland (1936). 
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6. Thalpophila Borzi, 1906. The trichomes of ThalpophUa are uniseri- 
ate, branched, with the branching predominately unilateral, and with the 
branches lying parallel to the axis bearing them. There is but one tri- 
chome within a filament. Branching of a trichome may be so profuse that 
there may be hundreds of branches organized into a cord-like strand. 
Heteroc3r8ts are intercalary, but there is no correlation between their posi¬ 
tion and that of the branches. Akinetes are formed adjacent to hetero¬ 
cysts and in catenate series of as many as 50. 

In this country Thalpophila is known only from the swiftly flowing portion of the 
overflow from a continuously erupting geyser in Yellowstone National Park.* For 

Fiq. 617. ThaipophUaimperialis 3,3, Coiielsjid, {After Copeland, 1Q36.) (X 700.) 

a description of the species, T, imperialis J. J. Copeland (Fig. 617), growing in this 
rill, see J. J. Copeland (1936). 

7. Colteronema J. J. Copeland, 1936. The filaments of this genus are 
branched and with the branching predominantly dichotomous through the 
terminal cell of a branch functioning as an apical cell that divided vertically. 
A filament is differentiated into a prostrate branched portion and a series of 
erect branches. A trichome is uniseriate and composed of ellipsoidal cells 
joined pole to pole. The sheath surrounding a trichome is divergently 
lamellated and also transversely lamellated near the ends of branches. 
There is no formation of heterocysts or of akinetes. Reproduction is by 
means of hormogonia which are formed near the ends of branches. 

The single species, C. funebre J. J, Copeland (Fig. 518), is known* only from a 
single hot spring ip Yellowstone National Park. For a description of it, see J. J. 
Copeland (1936). 

1 Copeland, J. J., 1936. * Copeland, J. J., 1936. 
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FAiiaLY 4. Rivulariaceae 

Genera belonging to this family have uniseriate trichomes that are con¬ 
spicuously attenuated from base to apex, or from the middle toward both 
extremities. There may be a single trichome within an unbranched sheath, 
or the sheath may be falsely branched and contain several trichomes. 
Sheaths surrounding trichomes are of a firm texture, homogeneous or lamel- 
lated, and hyaline or colored. 
Frequently they are more gela¬ 
tinized at their distal ends and 
broader, or the gelatinization may 
be so extensive that they are 
wholly confluent with one another 
to form a homogeneous colonial 
matrix. 

Heterocysts are regularly 
formed by most genera of the 
family, but some genera never 
form them. If the genus is one 
with heterocysts, certain of them 
are always basal and borne singly 
or in short series of two, three, 
or more. There may also be in¬ 
tercalary heterocysts. The false 
branching so characteristic of the 
family may result from breaking 
of a trichome just below an in¬ 
tercalary heterocyst, the upper 
portion of the basal half then 
growing through the original 
sheath and secreting a sheath of 
its own. Indefinite repetition of ’’’ 
this results in repeatedly and 
falsely branched filaments which are united with one another into 
spherical, hemispherical, penicillate, or caespitose colonies. False branch¬ 
ing may also result from germination of hormogonia within the sheath of 
the parent filament. Hormogonia are usually formed toward the attenuated 
end of a trichome and, as they germinate, one end becomes attenuated to 
a fine hair-like point and the other develops a heterocyst. After differen¬ 
tiation of the two extremities, further cell divisions are restricted to the 
lower portion of a trichome and are most numerous in the portion adjoin¬ 
ing the heterocyst. Sometimes both ends of a hormogonium become 
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attenuated, and the young trichome breaks transversely into two parts in 
the plane where two adjoining heterocysts have been formed in its median 
portion. 

Some of the genera which regularly form heterocysts also form akinetes; 
others lack akinetes. Akinetes are generally formed singly and next to 
basal heterocysts. They are much longer and somewhat broader than vege¬ 
tative cells. 

The genera found in this country differ as follows: 

1. Trichomes pointed at both ends. 9 
1. Trichomes pointed at one end only. 2 

2. Heterocysts lacking.   3 

2. Heterocysts present.4 
3. Pointed ends of trichomes parallel.1. Amphithrix 
3. Pointed ends of trichomes not parallel.2. Calothrix 

4. Filaments united in spherical or hemispherical colonies. 6 

4. Filaments solitary or not in rounded colonies. 7 

6. One trichome within a sheath.6 
6. Two to several trichomes within a sheath.6. Sacconema 

6. Trichomes without akinetes.4. Rivularia 

6. Trichomes with akinetes. .5. Gloeotxichla 
7. With several laterally adjoined trichomes ii\ a sheath.3. Dichothrix 
7. Trichomes of a filament not laterally adjoined.8 

8. With false branches at regular intervals.7. Scytonemopsis 
8. False branches, if present, not at regular intervals .2. Calothrix 

9. Trichomes with less than 20 cells.9. Rhaphidiopsis 
9. Trichomes with more than 50 cells T.8. Hammatoidea 

1. Amphithrix Kiitzing, 1843; emend., Bornet and Flahault, 1886. The 
filaments of Amphithrix are distromatic and consist of a lower portion com¬ 
posed of densely interwoven trichomes (so closely packed that they appear 
to be pseudoparenchymatous), and of an upper portion with numerous erect 

trichomes attenuated to hair-like 
points at their distal ends. The erect 
trichomes are parallel to one another. 
Heterocysts and akinetes are never 
formed. Reproduction is by means of 
hormogonia, which may be fohned 
singly or in series. 

A. janthina (Mont.) B. and F. (Fig. 519) is known from states bordering both 
the eastern and western seaboards of this country. For a description of it, see 
Geitler (1931). 

2. Calothrix Agardh, 1824. Trichomes of Calothrix (Fig. 520) may taper 
from base to apex and terminate in a fine hair-like point, or the basal por¬ 
tion may be cylindrical and the attemmtion restricted to the upper portion 

Fig. 619. Amphithrix janthina (Mont.) 
B. andF. (X 1300.) 
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of a trichome. In a few species, attenuation at the distal end is quite 
abrupt. Sheaths surrounding trichomes are of the same thickness through¬ 
out, homogeneous or distinctly stratified, and hyaline or colored. There 
is but a single trichome within a sheath, but the filaments may be simple or 
with false branches here and there. Vegetative cells in the lower portion 
of a trichome are discoid and with or without constrictions at the trans¬ 
verse walls; cells toward the apex are often cylindrical. Heterocysts may 
be intercalary, but a typical Calothrix trichome always has a basal hetero¬ 
cyst, which, not infrequently, lies external to the sheath of the filament. A 

few species never form heterocysts. Akinetes are known for a few species 
only. 

The filaments may occur singly or united with one another to form strata 
of macroscopic or microscopic size. Sometimes the stratum is penicilli- 
form, pulvinate, or stellate. 

Calothrix (Fig. 520) grows attached to submerged rocks or to woodwork, and in 
flowing or standing water. The plant mass may be incrusted with, or free from, 
lime. Certain species grow epiphytic upon other algae. More than a dozen species 
have been found in this country. For descriptions of most species of the genus, 
see Geitler (1931). 

3. Dichothrix Zanardini, 1858. Dichothrix is closely related to Calothrix 

but differs from it in having several trichomes, each enclosed by its own 
sheath, that lie more or less parallel to one another within a common sheath. 
The filaments of Dichothrix are freely and falsely branched, but the ultimate 
branchlets usually contain one trichome only. Trichomes of Dichothrix 

may have the same attenuation from base to apex as is found in Calothrix, 

or they may be attenuated in the distal portion only. Sheaths surround¬ 
ing the trichomes may be hyaline, yellowish, or deep orange-brown; homo¬ 
geneous or stratified. If stratified, the lamellae may be parallel or diver¬ 
gent. Heterocysts are usually solitary and basal, but there may be addi¬ 
tional intercalary ones. 

Species of Dichothrix are not uncommon upon submerged rocks in streams and . 
ponds, and on moist cliffs. Submerged plant masses may be smooth and plush- 
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like, or distinctly tufted. The species found in this country are D. Baueriarui 
(Grun.) B. and F., D, caharea Tilden, Z>. compacta (Ag.) B. and F., Z). gypsophila 
(KW) B. and F., D. Ho&fordii (Wolle) Bom., D. inyoensia Drouet, D. Nordatedtii 
B, and F., and D. Orsiniana (Kutz.) B. and F. (Fig. 521). For a description of 
D, inyoensia^ see Drouet (1943); for the others, see Geitler (1931). 

4. Rivularia Roth, 1797; emend., Agardh, 1812. Rivularia differs from 
preceding members of the family in having the sheaths surrounding the in¬ 
dividual trichomes partially or wholly confluent with one another, and in 
having the trichomes radiately arranged within a hemispherical, globose, or 
irregularly expanded plant mass of macroscopic size. The trichomes are 
usually attenuated from base to apex and have basal heterocysts. The 
sheaths surrounding them may be distinct toward the lower portion and 
either homogeneous or lamellated, but they are always more or less con- 

Fio. 622. Rivviaria dura Roth. (X 486.) 

fluent with one another at their distal ends. The radiate arrangement of 
trichomes within a thallus is the result of repeated false branching in the 
basal portion of trichomes, but there is usually so much displacement of the 
branches that the false branching can be demonstrated only in juvenile 
colonies. Akinetes are not formed by species of Rivularia, 

Species of Rmdana grow upon submerged stones, woodwork, and water plants. 
They are also of frequent occurrence on wetT rocks of cliffs. The thalli are of an 
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exceedingly firm consistency and often so tough that they can be crushed only with 
difficulty. Sometimes thalli are heavily incrusted with lime. The species found 
in this country are R, Biasolettiana Menegh., R. campacta Collins, R. dura Roth 
(Fig. 522), R. globiceps G. S. West, R. haematites (DC) Ag., R. minutula (Ktitz.) 
F., and R. planktonica Elenkin, For a description of R. compacta, see Collins 
(1901); for the others, see Geitler (1931). 

5. Gloeotrichia J. G. Agardh, 1842. Gloeotrichia differs from Rividaria 

only in its regular formation of akinetes and in the gelatinous texture of its 
thalli. Trichomes of Gloeotrichia have the same regular attenuation from 
base to apex, but they are enclosed by more gelatinous sheaths which are 

Fio. 523. Oloeotrichia echinulata (J. £. Smith) Richter. A, filament with an akinete. R, 
portion of a sterile colony. (X 400.) 

often wholly confluent with one another. The genus always has basal 
heterocysts and sometimes intercalary ones in addition. The akinetes 
are always elongate and at the base of trichomes. There may be but a 
single akinete, in which case it lies next to the heterocyst. If more than 
one are present, they may be formed in short catenate series or separated 
from one another by two or three intervening vegetative cells. 

Oloeotrichia is always aquatic. It may be either free-floating or sessile at all 
stages of its development; or it may be sessile at first and free-floating later on. 
The species found in this country are O, echinulata (J. E. Snaith) Richt. (Fig. 
523), G, natans (Hedw.) Rab., O, Pilgeri Schmidle, and 0. Pisum (Ag.) Ihur. 
For descriptions of them, see Geitler (1931). 

6. Sacconema Borzi, 1882. Thfe genus has a gelatinous thallus much 
like that of Rimlaria and Oloeotrichia^ but there are usually two or more 
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trichomes within a common sheath. The individual trichomes are atten¬ 
uated from base to apex, and the sheaths surrounding them are lamellated 
and with expanded funnel-like apices. The heterocysts are basal and soli¬ 
tary. Akinetes are formed at the base of the trichomes. 

Fio. 624. Sacconema rupestre Borzi. (X 326.) 

In this country, S. rupestre Borzi (Fig. 524) is known only from Massachusetts 

and Connecticut. For a description of it, see Geitler (1931). 

7. Scytonemopsis Kisselawa, 1930. The filaments of this genus are 
falsely branched and with false branches borne singly or in pairs along the 

Fio. 626. Sci/tonemopaia hydnoidea J. J. Copeland. A, prostrate filament with paired 
branches. B, portion of an erect filament. C, old filament with akinetes. {After Copeland, 
1936.) (X 360.) 

length of a filament. The trichomes are very gradually attenuated at one 
end. Sheaths surrounding trichomes may be homogeneous or lamellated, 
and with the layers parallel or divergent. Heterocysts are usually borne 
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terminally at the base of a trichome, but there are frequently also inter¬ 
calary ones. Akinetes are formed in catenate series remote from hetero- 
cysts. 

The only record for the occurrence of the genus in this country is in hot springs 

of the Upper Geyser Basin of Yellowstone National Park. For a description of the 
species, S. hydnoides J. J. Copeland (Fig. 

525), found in these hot springs, see J. 

J. Copeland (1936). 

8. Hammatoidea W. and G. S. 
West, 1897. Hammatoidea has un¬ 
branched uniseriate trichomes that 
are conspicuously attenuated at both 
ends. The sheaths are firm, stratified, 
and may be yellowish brown in old 
filaments. The filaments are falsely 
branched, and the false branches are 
frequently U-shaped. There is no for¬ 
mation of heterocysts or of akinetes. 
Reproduction is by means of hormo- 
SOnia. Fig. 526. Hammatoidea Normanii W. 
® and G. S. West. {After W, and G. S. 

This very rare genus is usually found West, 1897.) (x 260.) 

epiphytic upon gelatinous envelopes of 

other algae. Both H. Normanii W. and G. S. West (Fig. 526) and H, yellowatonen- 
sis J. J. Copeland have been recorded from but one locality in this country. For 

a description of H. Normanii, see Geitler (1931); for H. yellowstonensis, see J. J. 

Copeland (1936). 

Fig. 627. Raphidiopsia curvata Fritsch and Rich. {After FrUsch and Rich, 1929.) (X 600.) 

9. Raphidiopsis Fritsch and Rich, 1929. The solitary, more or less 
curved trichomes of this alga are short, usually with less than 20 cells, and 
without a sheath. Both poles of a trichome may taper to a fine point, or 
one pole may be tapered and the other be broadly rounded. The cells are 
cylindrical and may or may not contain numerous pseudovacuoles* There 
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is no formation of heterocysts, but akinetes may be produced singly or in 
pairs midway between the ends of a trichome. Reproduction is usually by 
a transverse breaking of a trichome into two equal halves. 

There is but one species, R. curvata Fritsch and Rich (Fig. 527), and in this 
country it is known only from Ohio.* For a description of it, see Fritsch and Rich 
(1929). 

* Daily, 1045. 



CHAPTER 10 

DIVISION RHODOPHYTA 

The Rhodoph3rta, or red algae, have multicellular thalli of microscoiric 
or macroscopic size and often of distinctive shape.’^'iled algae differ from 
all other algae in structure of their sexual organs, in mode of fertilization, 
and in having fertilization followed by formation of a spore-producing 
structure, the so-called cystocarpT^ Pigments of Rhodoph3rta are localized 
in chromatophores."' In addition to chlorophylls, a carotene, and a xantho- 
phyll, the chromatophores contain f-phycoerythrin and r-phycocyanin (see 
Table I, page 3). Many Rhodophyta have the r-phycoer^hrin pres¬ 
ent in such abundance as to mask the other pigments and thus give the 
thalli a distinctive red colors However, color^is not a certain criterion for 
recognizing ‘^red’’ algae because in many marine species growing high in the 
intertidal zone, and in a majority of fresh-water species, the color may be 
greenish, olive-green, or brownish. 

The division contains but one class, the Rhodophyceae. 
Occurrence, Fresh-water Rhodophyceae constitute but an insignificant 

portion of a class that has many representatives in the ocean. Such genera 
as do occur in fresh waters are usually without representatives in the ocean. 
With the exception of Porphyridium, a genus of somewhat doubtful aflSni- 
ties,'all fresh-water Rhodophyceae are aquatic in habit."" Furthermore, the 
great majority of these are rather closely restricted to the well-aerated 
waters of rapids, falls, and dams in cold rapidly flowing streams. Well- 
aerated and cold waters are not essential for growth of all fresh-water 
Rhodophyta, and Asterocytis and Compsopogon may be cited as genera 
which are found in quiet and relatively warm waters. 

The Cell Wall. The wall surrounding a protoplast is differentiated into 
a relatively firm, thin, inner portion and an outer gelatinous portion of 
variable breadth. The inner portion has been shown^ to contain consider¬ 
able amounts of cellulose. The nature of the gelatinous materials has been 
studied most extensively in marine algae yielding gel-forming substances 
including agar and carrageenin.'^ The gel substances are not identical in 
all cases, but all appear to be galactan etheral sulphates.* 

Members of the Bangioideae have cell walls without evident perforations. ^ 
Cells of Florideae, on the other hand, regularly have a pore-like opening of 

606 
^ Ktun, 1942. * Tsbno, 1945. 
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variable size in the wall between two sister cells, and an evident cytoplasmic 
connection between protoplasts of sister cells. 

Structure of the Protoplast. Protoplasts of Bangioideae are usually 
without a vacuole; those of Florideae usually have a large central vacuole 
and the protoplasm restricted to a peripheral layer next to the cell wall. 

The protoplasts have their pigments localized in definite chromatophores. 
Many Bangioideae and certain primitive Florideae have but a single axial 

'stellate chromatophore within a cell. At the center of these chromato¬ 
phores is a dense colorless proteinaceous body, the pyrenoid. These pyre- 
noids are of the “naked” type and^ack the encircling sheath of starch 
granules found around pyrenoids of Chlorophyceae. Cells of a few Bangi- 
ales and of many Florideae have more than one chromatophore, and in some 
cases the number runs into the thousands. When there is more than one 
chromatophore, these are usually disk-shaped and parietal.'^ 

Chromatophores of Rhodophyceae contain green (chlorophylls), yellow- 
orange (carotene), yellow-brown (xanthophyll), red (r-phycoerythrin), and 
blue (r-phycocyanin) pigments. Variations in proportions of these pig¬ 
ments account for the diversity of shades and colors of the chromatophores 
and consequently of the thallus. Intense illumination seems to favor the 
formation of r-phycocyanin and retard the formation of r-phycoerythrin in 
both fresh-water and marine Rhodophyceae. Since most fresh-water mem¬ 
bers of the class grow but a few centimeters below the surface of the water 
and where there is little screening out of sunlight, they rarely have the red 
color typical of a majority of marine species. On the other hand, when 
fresh-water species are found growing 15 to 30 m. below the surface of a 
lake, they are usually of a deep red color.^ These deep-water species are 
growing under conditions of greatly diminished illumination, and where the 
intensity of violet rays is more than 100 times that of the red rays (see 
Table III, page 15). 
'^Food reserves of Rhodophyceae are generally stored in the cytoplasm, 

outside the chromatophores, and in the form of small granules. 'The gran¬ 
ules consist of floridean starch, a carbohydrate allied to the starch of green 
plants and to glycogen but not identical with either.^Rhodophyceae may 
also form the soluble carbohydrate floridoside, a compound composed of 
one molecule of galactose and one of glycerin.® 
‘^The great majority of red algae have cells that are uninucleate at all 

times.'' "A nucleus has a distinct nuclear membrane, a nucleolus, and a cer¬ 
tain amount of chromatic material.'^ "Nuclear division is similar to that of 
higher plants and may be mitotic or meiotic according to the place where it 
occurs.'^ 

‘ Oberdorfer, 1927; Zimmbrmann, 1927. * Kylin, 1943. 

* Colin and Auoier, 1933. 
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Asexual Reproduction. Vegetative multiplication by fragmentation of 
a thallus is of much less frequent occurrence among !l^odophyceae than 
among other multicellular algae. 

Many Rhodophyceae reproduce asexually by means of spores. Perhaps 
the simplest instance of spore formation is to be found in Asterocytia where 
the protoplasts of certain cells in a fila¬ 
ment are ejected from the enveloping 
gelatinous sheath (Fig. 528A) and drift 
away and develop into new filaments if 
they lodge on a suitable substratum.^ 
Certain other Rhodophyceae have a 
division and redivision of vegetative 
cells into spores (Fig. 528B). These 
neutral spores are naked and usually 
amoeboid when first liberated, but with¬ 
in a day or two they round up, secrete a 
wall, and by cell division develop into a 
new thallus (Fig. 52SC-G), 

Still other Rhodophyceae form defi¬ 
nite sporangia containing either one, 
four, or more spores. If a sporangium 
contains one spore, it is a monosporan¬ 

gium and the spore a monospore) if there 
are four spores, the sporangium is a tet- 

rasporangium and the spores are tetra- 

spores; if there are more than four spores, the sporangium is a poly spor¬ 

angium and the spores are poly spores, '^one of these spores develop 
flagella either before or after liberation from a sporangium, and all disper¬ 
sal of spores is effected by water currents or wave action. Liberation of 
spores is by a rupture of the sporangial wall and, when first liberated, 
the spores are naked. Liberated spores may form a wall before they 
become lodged on some firm substratum, or walls may not be formed until 
after lodgment of spores. 

Sexual Reproduction. Sexual reproduction is of widespread occurrence 
among Rhodophyceae':^ Gametic union is effected by water currents carry¬ 
ing a nonflagellated male gamete (spermatium) to the prolonged distal end 
{trichogyne) of the one-celled female sex organ {carpogonium)f After a 
spermatium becomes lodged against a trichogyne, the spermatial nucleus 
migrates into the trichogyne, down it, and fuses with the single nucleus in 
the protoplast of the carpogonium. In some Rhodophyceae, the resultant 
zygote divides to form a number of carpospores. In other Rhodophyceae, 

Fia. 528. Liberation and germination 
of neutral spores of Bangiales. A, Aster- 
ocytis ramosa (Thw.) Gobi. B-G, Bangia 
fuscopurpurea (Dillw.) Lyngb. lib¬ 
eration of spores. C-0, germination of 
spores. (A, after WUle, 1906; after 
Darbishire, 1898; C-G, after Kylin, 1922.) 
U, X 240; B, X 210; C-G, X 260.) 

1 WiLLB, 1900. 
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carpospores are fonned on a filamentous structure. This filamentous struc¬ 
ture may grow directly from the carpogonium, or from a thallus cell into 
which there has been a migration of the zygote nucleus or one of its daughter 
nuclei. The mass of spores and structures associated with them constitutes 
the cyatocarp. 

Classification. The Rhodophyceae are divided into two subclasses: the 
Bangioideae and the Florideae. 

SUBCLASS 1. BANGIOIDEAE 

The Bangioideae, sometimes called the Protoflorideae, have a number of 
distinctive characters. Cell division may take place anywhere in a thallus, 
instead of being restricted to apical* cells, and there are never cytoplasmic 
connections between the cells. 

Asexual reproduction is by means of naked nonflagellated neutral spores. 
A protoplast of a vegetative cell may be liberated and become a neutral 

spore (Fig. 528A); or a vegetative cell may 
divide to form a number of neutral spores 
(Fig. 52SB-G); or a vegetative cell may di¬ 
vide into two daughter cells, one remaining 
vegetative, the other producing one or 

Fig. 629. Fertili2ation and devel- more neutral spores. 
opment of carpospores of Porphyra Sexual reproduction, SO far as it has been 
lencoaticta Thur. (After Berihold, i i • n i i . , i. . . /. 
1882.) (X 450.) recorded m the subclass, is by division of 

vegetative cells to form a number of sper- 
matia which are carried to, and fuse with, vegetative cells that have be¬ 
come metamorphosed into carpogonia. Gametic union is followed by a re¬ 
peated bipartition of the zygote into a number of carpospores (Fig. 529). 

There is but one order, the Bangiales. 

ORDER 1. BANGIALES 

Thalli of Bangiales may be unicellular; with simple or branched filaments 
that are uniseriate or multiseriate; or with expanded blades either one or 
two cells in thickness. 

Since sexual reproduction is known for but few members of the order, the 
segregation into families is based chiefly upon the manner in which neutral 
spores are formed. 

Family 1. Goniotrichaceae 

Members of this family have the cells united in branched uniseriate fila¬ 
ments. Asexual r^roduction is by escape of protoplasts from vegetative 
cells and a functioning of the liberated protoplasts as neutral spores. 
Sexual reproduction has not been found in any member of the family. 

Aaterocystis is the only genus found in fresh waters of this country. 



DIVISION RHODOPHYTA 609 

1. Asteroc3rtis Gobi, 1878, The cells of Aaterocytis are spherical, or cylin¬ 
drical and with broadly rounded poles. Within them is a single bright blue- 
green stellate chromatophore with a single large pyrenoid at its center. 
Each cell is surrounded by a broad gelatinous sheath, that is quite distinct 
from the colonial sheath. The plane of division is always at right angles 
to the long axis of a cell, and repeated cell division results in a uniseriate 
filament in which the cells are held together by a common gelatinous en¬ 
velope. In rapidly growing filaments, the cells lie close together; in slowly 
growing ones, they lie some distance from one another. Branching of fila¬ 
ments is “false,’’ and the false branches arise by a cell in a filament changing 
its orientation and then dividing repeatedly.^ Chroococcus-like or Stigo- 

nemaAike (Fig. 530B) stages may result from a division of cells in all planes. 

Fig. 630. Aaterocytis amarctgdina (Reinsch) Forti. (A-B, X 325; C, X 650.) 

Vegetative cells of a filament may function directly as neutral spores and 
be ejected from the colonial sheath as naked protoplasts. These spores 
secrete a wall and grow into new filaments when they lodge on a suitable 
substratum.^ 

A. smaragdina (Reinsch) Forti (Fig. 530) has been collected at several widely 

separated localities in this country and has usually been found epiphytic upon 

Cladophora, For a description of it, see Pascher and Schiller (1925). 

Family 2. Erythrotrichiaceae 

Genera of this family may have the cells seriately united in branched or 
unbranched filaments, or organized into laminate or cylindrical thalli. 
Cells of most genera have a single axial stellate chloroplast, but those of 
certain genera have numerous discoid chromatophores. 

* Geitler, 1924A. • Geitler, 1924A; Wills, 1900. 
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Neutral spores are.fonned singly within the smaller of two daughter cells 
formed by diagonal division of a vegetative cell. 

All the genera but Compsopogon are marine. 
1. Compsopogon Montagne, 1850. The bluish to violet-green thalli ot 

Compsopogon are filamentous, more than one cell broad in older portions, 
and freely branched. Near their extremities, the branches consist of a um- 
seriate row of discoid ceUs any one of which may divide transversely. A 
short distance back from the apex, the cells divide vertically, and repeated 
vertical divisions result in differentiation of a peripheral layer of cells around 
a central axial cell. The axial cell enlarges greatly and does not divide far¬ 
ther; the peripheral cells divide repeatedly and may produce a corticating 

B 

tissue that may be more than one cell in thickness. Each of the original 
cells in the distal portion of a filament thus becomes converted into a corti¬ 
cated segment, externally evident by slight constrictions in older parts of a 
filament. Filaments of Compsopogon may be free-floating or sessile. If 
sessile, they are attached by rhizoidal outgrowths, analagous to those of 
Bangia, from corticating cells in lower segments of a filament. 

The cells are uninucleate and contain many spherical chromatophores. 
Some of the chromatophores lie immediately about the nucleus; but the 
majority are toward the periphery of the protoplast. 
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Any superficial corticating cell of a filament, as well as cells in the uni- 
seriate portion, may divide vertically into two daughter cells, one of which 
develops a papillate outgrowth and becomes densely filled with chromato- 
phores. The protoplast of this cell is then discharged as a naked neutral 
spore and the mechanism causing its discharge is the increased turgidity of 
the sterile sister cell. Instead of immediately becoming a neutral spore, the 
fertile cell may divide and redivide into a number of smaller cells each of 
which is discharged as a naked neutral spore.^ 

C. coeruleus (Balbis) Mont. (Fig. 531) is widely distributed in the southern part 
of this country, and in Arizona it may grow in such profusion in irrigation ditches 
as to be a nuisance. It has also been collected in Massachusetts^ and Ohio^ where 
it is thought to have been introduced with plants imported from warmer regions by 
nurserymen. When introduced into these northern areas, it has not become a 
permanent member of the flora because it is unable to survive the cold winter 
months. For a description of C. coeruleus, see Wolle (1887). 

Family 3. Bangiaceae 

The Bangiaceae differ from other Bangiales in that there is a repeated 
division of a vegetative cell to form many neutral spores. Members of this 
family are also known to reproduce sexually and to have a direct division of 
the zygote into carpospores. 

Bangia is the only genus with species found in fresh water. 
1. Bangia Lyngbye, 1819. The filaments of Bangia are unbranched and 

grow attached, generally to woodwork, by means of rhizoidal outgrowths 
from the lower cells. Young filaments are uniseriate; older ones are fre¬ 
quently iqore than one cell in diameter. Each cell in the filament contains 
a massive stellate chromatophore, with a single pyrenoid at its center. 
The color of the chromatophore is usually a purplish or a brownish red. 

Asexual reproduction is by means of neutral spores, formed by the re¬ 
peated division of vegetative cells. Sexual reproduction is by a union of 
spermatia, which arise by the repeated division of certain cells of male 
plants with metamorphosed vegetative cells (carpogonia) of female plants. 
After the union of the gametes the zygote divides to form four to eight 
carpospores.'* 

The length of the filaments, the number of cells in diameter, and the color are 
so dependent upon the age of the plant that all marine individuals are placed in a 
single species, B. fuscopurpurea (Dillw.) Lyngb. (Fig. 532A). This is considered 
distinct from the Bangia found in fresh waters* [B, atropurpurea (Roth) Ag. (Fig. 

1 BrC-hl and Biswas, 1923; Thaxteb, 1900. * Collixs, 1916. 
* Masters, 1940. 
* Berthold, 1882; Darbishire, 1898; Ktlin, 1922; Robenvinge, 1909. 
* Hamel, 1924-1926. 
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632B~2))]. B, atropurpurea has been recorded^ from the United States, but the 
statement that it was found ‘^attached to wood and stones in streams more or less 
subject to tides^^ suggests that the alga found was in reality B. fuscopurpurea, B, 
atropurpurea is a widely distributed fresh-water alga in Europe, especially in hard 
waters. For a description of B. atropurpurea^ see Pascher and Schiller (1925). 

Fio. 532. A, basal portion of thallus of Bangia fuscopurpurea (Dillw.) Lyngb. B-D, por¬ 
tions of thaUus of B. atropurpurea (Roth) Ag. (A, after Kylin, 1922; B-D, after Pascher and 
SchiUer, 1926.) (A, X380; B-D, X 1100.) 

Bangioideae op Uncertain Position 

1. Porph3rridiuni N^geli, 1849. This is the only one of the fresh-water 
Rhodophyceae that is strictly terrestrial. It grows on damp soil or on 
moist woodwork as a thin, gelatinous, blood-red layer of indefinite extent. 
The cells are approximately spherical, and each is surrounded by a gelati¬ 
nous sheath.* In cell division there may be a bipartition of the cell con¬ 
tents, or the cell contents may be simultaneously divided into four or more 
parts.* After cell division, a portion of the sheath becomes drawn out into 

» WOLLB, 1887. 
* Brand, 1908, 1908A, 1917; Geitleb, 1924A; Lewis and Zirkle, 1920. 
» Geitleb, 1944. 
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a strand or stalk, which sooner or later becomes confluent with the gelati¬ 
nous matrix in which the cells are embedded (Fig. 533C). Each cell contains 
a massive, dark-red, stellate chroma- 
tophore with a central pyrenoid, but 
rapidly dividing cells may have chroma- 
tophores that are irregular in shape. 

The only method of reproduction 
is cell division. Under unfavorable 
conditions, the cells become metamor¬ 
phosed into aplanospore-like stages 
closely resembling vegetative cells, 

P. CTuentum (Smith and Sowerby) Nag, 
is widely distributed in this country. For 
a description of it, see Pascher and Schiller 
(1925). 

SUBCLASS 2. FLORIDEAE 

Although thalli of Florideae exhibit 
the greatest diversity of form from 
genus to genus, they are all fundamen¬ 
tally alike in their restriction of cell di¬ 
vision to apical cells, and in the cyto¬ 
plasmic connection between sister cells. 
The male gametes (spermatid) are 
formed singly within a male sex organ 
(spermatangium). The female sex organ (carpogonium) is always devel¬ 
oped from the terminal cell of a special filament, the carpogonial filament. 

Gametic union is followed by a development of gonimoblast filamentSy 
either from the base of the carpogonium or from another thallus cell into 
which has migrated a derivative from the zygote nucleus. All or certain of 
the cells*of a gonimoblast filament develop into carposporangiay each con¬ 
taining a. single carpospore, '^The carposporangia, gonimoblast filaments, 
and structures associated with them jointly constitute the cystocarp'/ Car- 
pospores are liberated by rupture of the carposporangial wall and, after 
liberation, develop into thalli identical in vegetative structure with those 
producing them. If division of the zygote nucleus is meiotic, the carpo- 

jspores develop into haploid thalli producing spermatangia and carpogonia. 
If division of the zygote nucleus is mitotic, the carpospores develop into 
diploid thalli that bear tetrasporangia or polysporangia in which nuclear 
division is meiotic. Tetraspores and polyspores develop into haploid thalli 
producing spermatangia and carpogonia.*^ 

Structure of the Thallus. Although the fresh-water Florideae do hot 
exhibit the variation in size and form found among marine species, they in- 

Fio. 633. Porphyridium cruentum (Smith 
and Soerly) Nag. A, surface view of a 
living cell. B, optical section of a living 
cell. C, from stained preparations show¬ 
ing cell structure and the gelatinous 
sheaths. (A-B, after OeUler, 1924; C, 
alter Lewie and Zirkle, 1920.) 
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elude those that are macroscopic size and with some internal differentia¬ 
tion of tissues. 

All the fresh-water Florideae found in this country, with the exception of 
Thoreay are of the central filament or monoaxial type. In the simplest case, 
exemplified by the Chantransia stage of Lemanea (Fig. 534B), the successive 
division of the apical cell in the same plane results in a uniseriate main axis. 
Derivatives once or twice removed from the apical cell send out tubular pro¬ 
jections at their upper end, and each of these soon becomes separated from 

Fio. 534. Diagrams of thallus apices of Florideae. A, Batrachospermum. B, Chantransia 
stage of Lemanea. 

the rest of the cell by a transverse wall. The cell thus cut off is the apical 
cell of a lateral branch which may grow as rapidly as the main axis. 

Batrachospermum (Fig. 534A) has a more complicated thallus than one 
of the Chantransia type. There is a single apical cell which forms deriva¬ 
tives by transverse division only. Each derivative cut off by an apical cell 
increases in length and breadth as it comes to lie farther and farther back 
from the apical cell, so that the axial portion in older parts of a thallus is 
composed of very large cylindrical cells. Axial cells, a few cells back from 
the apical cell, send out four lateral projections which soon become cut off 
by transverse walls. Each of the cells formed in this manner is the initial 
of a lateral branch which forks repeatedly but never becomes very long. 
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Near the upper end of a thallus, the lateral branches borne by each axial 
cell touch one another but, as the axial cells elongate, the whorls of lateral 
branches become separated from one another. After the lateral branches 
have become well differentiated, their basal cells give rise to rhizoid-like 
multicellular outgrowths which grow downward and completely ensheath 
the large axial cell. Because of these ensheathing cells, the central axis of a 
thallus appears to be a multicellular structure. 

At first glance, a mature thallus of Lemanea appears to have but little in 
common with the filamentous types just described, but a study of the se¬ 
quence in which derivates are formed from the apical cell at the distal end 
shows that it has essentially the same organization. The apical cell divides 
only in a transverse plane (Fig. 
535A). A short distance back 
from the thallus apex, each deri¬ 
vative cut off by the apical cell 
gives rise, by periclinal divisions, 
to an axial cell surrounded by four 
pericentral cells^ (Fig. 535B). 
The axial cell, which does not di¬ 
vide again, eventually elongates 
to many times its original length. 
The four pericentral cells, by peri¬ 
clinal and anticlinal divisions, give 
rise to a cylindrical mass of paren¬ 
chymatous tissue that ensheaths 
the axial cell and is in contact with 
it by means of four ^^tie cells” (Fig. 
535C-B). 

The multiaxial type of thallus, 
represented only by Thorea in the 
fresh-water flora of this country, 
has a central core of axial fila¬ 
ments, each terminating in an apical cell. Lateral branches on axial fila¬ 
ments are developed only on sides not in contact with other axial filaments. 

Asexual Reproduction. Among Florideae asexual reproduction of the 
sexual generation may be by means of either monospores or tetraspores. 
Reproduction by means of monospores may be restricted to juvenile {Charts 
transia) stages, as in Thorea and certain species of Batrachospennumy or 
there may be a formation of them by adult plants. 

Sexual Reproduction. Spermatangia, each containing a single sper- 
matium, are formed terminally at the ends of filaments. These filaments 

1 Atkinson, 1890; Kylin, 1923. 

A 
Fig. 636. Structure of the terminal portion 
of thallus of Lemanea Jluviaiilis Ag. A, sur¬ 
face view of apical portion. B-D, transverse 
sections at successive levels. E, longitudinal 
section some distance back from the apex. 
(After Kylin, 1923.) 
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may stand free from one another, or they may be laterally adjoined to form 
a continuous stratum bearing spermatangia. The spermatia are liberated 
from the spermatangia by a rupture of the spermatangial wall. 

Carpogonia of Florideae are borne terminally on a branched or 
unbranched carpogonial filament consisting of a definite or an indefinite 
number of cells. The carpogonium regularly has a conspicuous trichogyne. 
Spermatia are carried by water currents to the carpogonium. They lodge 
against the trichogjme, and the trichogyne wall breaks down where it is in 
contact with a spermatium. The spermatium nucleus then migrates into 
the trichog3me and down it to the nucleus at the base of the carpogonium. 
During this migration, it may or may not divide to form two daughter 
nuclei, fn any case, there is a fusion of but one male nucleus with the single 
carpogonial nucleus. 

Fig. 636, Development of the carpogonium and cystocarp of BcUrachoapermum monUiforme 
Roth. A, young carpogonium. B-C, mature carpogonium before and after fertilization. 
D-E, early stages in development of gonimoblast filaments. F, mature cystocarp. {After 
Kylin, 1917.) {A-E, X 900; F, X 760.) 

All fresh-water Florideae of this country are similar to Batrachospermum 
in that descendants from the zygote nucleus each migrate into a protrusion 
from the carpogonial base, and the protrusion becomes separated from the 
carpogonial base by a cross wall. Although not definitely established for 
Batrachospermum, it is very probable that division of the zygote nucleus is 
meiotic, a fact definitely established for certain rather closely related marine 
Florideae. The cells cut off at the carpogonial base are initial cells, each 
of which develops into a branched gonimoblast filament with carposporan- 
gia at the tips of the branches.' Each carposporangium contains a single 
carpospore that is liberated by a terminal rupture of the carposporangial 
wall (Fig. 536). The gonimoblast filaments, plus the carposporangia and 

^ Davis, B. M., 1896; Kylin, 1917; Ousterhout, 1900; Schmidlb, 1899. 
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the remains of the old carpogonium, constitute the cystocarp. Carpo- 
spores that have lodged upon a suitable substratum develop into new thalli 
that bear spermatangia and carpogonia when mature. 

Classification. The various orders recognized among the Florideae^ differ 
from one another in the place where the gonimoblast filaments develop and 
and in the place at which meiosis occurs in the life cycle. Only one (Ne- 
malionales) of the six orders into which the Florideae are divided is repre¬ 
sented in the fresh-water flora of the United States. 

ORDER 1. NEMALIONALBS 

Thalli of Nemalionales may be of the monoaxial or multiaxial type; and 
microscopic, or macroscopic and of definite form. The gonimoblast fila¬ 
ments grow directly from the base of the 
carpogonium, and there is never a forma¬ 
tion of true auxiliary cells. Most members 
of the order have a meiotic division of the 
zygote nucleus. A few genera whose nu¬ 
clear cycle is unknown produce tetraspores. 

Family 1. Ch ante a nsi ace ae 

The Chantransiaceae have microscopic, 
freely branched, uniseriate, filamentous 
thalli in which the central axis is obscure, 
and lateral branches are the same length as 
it is. 

The only known method of reproduction 
in a majority of the species is by means of 
either monospores or tetraspores. Those 
species whose sexual reproduction is known 
have a development of gonimoblast fila¬ 
ments from the base of the carpogonium. 
Certain members of the family have both 
sexual and tetrasporic thalli. This suggests 
that they should not be placed among the 
Nemalionales but, until the life histories are more fully known, it is better 
to follow the conventional practice of including them among the Nemalio¬ 
nales. 

There is diversity of opinion concerning the fundamental characteristics 
of genera within the family. The segregation according to structure of the 
chromatophore* seems the most logical. Avdouindla is the only genus in 
the fresh-water flora of this country. 

^ Ktlin, 1928. * Papbnfuss, 1946. 

Fiq. 637. . AuiouineUa violacea 
(Kuts.) Hamel. A, carpogonium. 
B, cystocarp. C, portion of a 
branch with monospores. (After 
Murray and Barton, 1891.) (A-B, 
X 600; C, X 333.) 
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1. Audouinella Bory, 1823; emend., Papenfuss, 1945. This is one of the 
Florideae with microscopic, freely branched, filamentous thalli with the 
branches equal in diameter to the poorly defined main axis and often extend¬ 
ing beyond it. It is to be distinguished from genera with thalli of similar 
construction by the elongate spiral chromatophores within the cells.^ 

The thalli may be homo- or heterothallic. The spermatangia are borne 
in clusters on short lateral branchlets. The carpogonia (Fig. 537^4) . are 
borne terminally on one- or two-celled carpogonial filaments. Branched 
gonimoblast filaments develop from the base of a carpogonium and have 
solitary or seriately arranged carposporangia at their tips.^ 

Instead of producing sexual organs, a thallus may produce monosporan¬ 
gia (Fig. 537C) or tetrasporangia. The formation of sexual and tetrasporic 

thalli at different times of the year^ suggests that the two are alternate 
generations. 

The species found in this country are A. Hermanni (Roth) Duby, A. tenella 
(Skuja) Papenfuss, and A, violacea (Kiitz.) Hamel (Fig. 538). For a description 
of A. tenella as Chantransia tenella Skuja, see Skuja (1934); for the other two as 
species of Avdouinella, see Hamel (1924-1926). 

Family 2. Batrachospermaceae 

The Batrachospermaceae have a thallus with a conspicuous central axis 
bearing at regular intervals transverse whorls of short lateral branches. 

Monospores are usually formed only on juvenile {Chantransia) stages, and 
carpogonia and spermatangia only on adult thalli. The carposporangia are 
restricted to the tips of gonimoblast filaments. 

1 Papenfuss, 1945. 
* Drew, 1935; Murray and Barton, 1891. 

*Drbw, 1935. 
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The two genera found in this country differ as follows: 

1. Gonimoblast filaments in a compact mass. 1. Bartrachosp’ermum 
1. Gonimoblast filaments widely divergent. 2. Slrodotia 

1. Batrachospermum Roth, 1797. The thallus of Batrachospermum (Fig. 
539) is macroscopically moniliform and with an evident central axis. Its 
texture is gelatinous, and its color usually bluish green, olive, or violet. 
Older portions of a thallus consist of a single axial row of large cells, densely 
clothed with simple or forked vertical branches, and bearing globose clus¬ 
ters of lateral branches that may lie close to, or somewhat remote from, one 
another. The method by which derivatives are formed from an apical cell 
has already been noted (see page 614). Cells of lateral branches contain 
several discoid or elongate chromatophores, each of which contains a py- 
renoid. 

Fig. 539. Batrachospermum Boryanum Sirodot. (X 2.5.) 

Asexual reproduction by means of monospores is usually restricted to the 
Chantransia stage. A few species, as B, vagum (Roth) Ag., develop mono¬ 
spores at the ends of short lateral branches of adult thalli. 

Carpogonia and spermatangia may be formed upon the same thallus or 
upon separate thalli. For details concerning fertilization and development 
of the cystocarp, see page 616. After liberation, a carpospore germinates 
to form a simple filamentous plant, the Chantransia stage, dn which apical 
cells of certain branches give rise to characteristic adult thalli. 

Adult thalli are usually found only during the spring and summer months, and 
generally only in clear cold water where there is more or less shade. For this reason 
Batrachospermum is frequently found in springs or in the outflow from them. 
About a dozen species have been found in the United States. For a monographic 
treatment of the genus, see Sirodot (1884). 

2. Sirodotia Kylin, 1912. The vegetative structure of thalli of ^rodotia 
is similar to that of Batrachospermum. The most conspicuous difference 
between the two is in the gonimoblast filaments. In Sirodotia they are 
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many cells in length, and with tufts of a few carposporangia at regular in¬ 
tervals.^ Because the gonimoblast filaments do not grow in a compact 
mass, the cystocarp of Sirodoiia is a diffuse structure instead of the globose 
one characteristic of Bdtrachoapermum. 

The three species known for this country have been found* at widely separated 
localities east of the Mississippi River. These species are S. polygama Skuja, S. 
suecica Kylin (Fig. 540), and S, ienuiaaima (Holden) Skuja. For descriptions of 
them, see Flint (1948). 

Fia. 640. Gonimoblast filament of Sirodoiia auecica Kylin. (After Kylin, 1912A.) 

Family 3. Thoreaceae 

This family has been established to receive a single genus (Thorea), and 
one whose systematic position is problematical because its method of sexual 
reproduction is as yet unknown. The growing apex of Thorea is of the same 

Fiq. 541. Thorea ramoaiaaima Bory. A, habit sketch. B, portion of thallus. (A, after 
WoUe, 1887; B, after Hedgcock and Hunter, 1899.) (A, X 2\ B, X 226.) 

multiaxial type as is found in the Nemalionaceae. If it were not for this, 
the genus might well be assigned to the Batrachospermaceae. 

1. Thorea Bory, 1808. The profusely branched thallus of this alga is 2 
to 3 mm. broad and may be 50 cm. or more long. Its color is either olive 
green, dark brown, or black. At the apex of a branch are a pumber of 
parallel axial filaments, each terminating in an apical cell.” Older portions 
of branches consist of an axial core of interlacing filaments which run in all 

* Ktlin, 1912A. * Flint, 1948. ‘MObius, 1892. 
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directions, and external to tl^em is a zone of interlacing filaments most of 
which run longitudinally. These, in turn, are surrounded by a layer of 
spherical or irregularly shaped cells from which arise short erect filaments 
that extend to the gelatinous envelope of a branch,^ or even project beyond 
the envelope. Cells of the erect filaments and the outermost cells of the 
felted portion contain numerous irregularly shaped chromatophores. 

Asexual reproduction is by means of monospores developed both by the 
Chantransia stage and by terminal cells of erect filaments of the adult thah 
lus. The monospores germinate into a Chantransia stage, certain branches 
of which develop into characteristic adult thalli. 

T. ramosiasima Bory (Fig. 541), the only species, has been found in four of the 
states of this country. For a description of it, see Pascher and Schiller (1925). 

Family 4. Lemaneaceae 

The Lemaneaceae differ from other families in the fresh-water flora of this 
country both in structure of their thalli and in the manner in which carpo- 
sporangia are formed by the gonimoblast filaments. The thallus is a solid 
or hollow parenchymatous cylinder. It has, however, a monoaxial organi¬ 
zation (see page 615). Carposporangia are formed by all cells of a gonimo¬ 
blast filament instead of only the terminal cells. 

The two genera found in this country differ as follows: 

1. Thalli externally differentiated into nodes and internodes. 1. Lemanea 
1. Thalli not externally differentiated into nodes and internodes. 2. Tuomeya 

1. Lemanea Bory, 1808; emend., Agardh, 1828. Mature thalli of Le¬ 
manea are stiff, cartilaginous, thread-like, simple or branched, and tapering 
to a fine point at the distal ends. Older portions of a thallus are with al¬ 
ternate swellings and contractions at regular intervals. The color of thalli 
ranges from a light olive green to a very dark or blackish olive green. The 
structure of the thallus apex has already been described (see page 615). 
Mature portions of a thallus have an axial filament of very long cells that 
may be naked or clothed with hyphal filaments which lie parallel to it (Fig. 
542C). Each cell of the axial filament has four cells (ray cells) perpendicu¬ 
lar to it, and each ray cell is connected at its distal end with vertically 
elongate branches. The vertical branches, in turn, are repeatedly branched 
toward their outer face into secondary branches so close to one another that 
they form a parenchymatous tissue.* 

Asexual spores have not been found in either juvenile or mature plants. 
Spermatangia are borne on the thallus surface at the nodes and either in 

circular patches that are not in lateral contact with one another or in a con- 

^ Hsdgoock and Hunter, 1899; Schmidlb, 1896. 
* Atkinson, 1890; Etun, 1923. 
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tinuous transverse belt. The carpogonial filaments are borne either in the 
aiitheridial zone or midway between two antheridial zones. The gonimo- 
blast filaments grow from the base of the carpogonium and extend inward 
toward the thallus center. As they approach maturity, all their cells de¬ 
velop into carposporangia.^ The carpospores are liberated during summer 
or autumn and, when they germinate, they grow into a prostrate ^^proto- 
nema’^ stage whose cells are often so densely crowded that they are angular 

Fio. 642. A, thalli of Lemanea annvlata Ktitz. B, portion of thallus of L. fudna Bory 
C, diagrammatic longitudinal section of L, australis Atk. (C, modified from Atkinson, 1890.) 
(A, X 2; X 26.) 

by mutual compression. Erect filaments growing from the protonema con¬ 
stitute a true Chantransia stage, and from certain branches of it 
are developed the typical adult plants. 

Lemanea is an alga that is rather closely restricted to turbulent waters and is 
usually found only at rapids, falls, mill dams, and the like. The thalli are gener¬ 
ally attached to the sides of stones where the currents of water press strongly. The 
species found in this country are L. annulata Kiitz. (Fig. 542A), L, australis Atk., 
L. fluidatilis Ag., L. fudna Bory (Fig. 542B), L. grandis (Wolle) Atk., L, nodosa 
Kiitz., L, pleocarpa Atk., and L. torulosa Sirodot. For a description of L. pleocarpa 
see Atkinson (1931), for the others, see Atkinson (1890). 

2. Tuomeya Harvey, 1858. The thallus of this alga superficially re¬ 
sembles Batrachospermum in macroscopic appearance, but is of a firm ge- 

* Kyun, 
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latinous texture and does not collapse into an amorphous gelatinous mass 
when lifted from the water. It is also more irregularly branched. At the 
apex of each branch is a single apical cell which divides only in a transverse 
plane. Each derivative a few cells back from an apical cell produces several 
lateral initials by vertical division, and each initial ultimately grows into a 
repeatedly forked lateral filament. As in Batrachos'permum, the lateral 
filaments give rise to corticating threads that surround the axial filament. 
The erect portions of lateral filaments are so densely crowded at their dis- 

Fio. 643. Tuomeya fluviatilia Harvey. A, habit sketch. B, thallus apex. C, portion of 
a node. 2), transverse section through mature portion of a thallus. {After SetcheU, 1890.) 
(B, X 500; C, X 376; D, X 312.) 

tal ends that the peripheral portion of a thallus seems to be parenchyma¬ 
tous. The rigidity of a thallus is due to this close apposition of lateral fila¬ 
ments and to the greatly thickened walls of the corticating filaments around 
the axial filament. 

Spermatangia and carpogonia are borne on the same thallus but usually 
growing on separate portions of it. Carpogonial filaments are formed near 
the growing apex and axillary to lateral filaments. As far as is known, fer¬ 
tilization and development of carposporangia are similar to that of other 
Nemalionales.^ 

There is but one species T. fluvioHlia Harvey (Fig. 543), and it is widely dis¬ 
tributed east of the Mississippi River.* For a description of it, see Wolle (1887). 

* Sbtchbll, 1890. * Flint, 1948. 
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GROUPS OF UNCERTAIN SYSTEMATIC POSITION 

There remain for consideration two groups, each distinctive, but neither 
of which can be placed in any of the divisions described on previous pages. 
In one group, the chloromonads, only flagellated organisms are known and 
these are . placed in a single order, the Chloromonadales. In the 
other group, a majority of the genera are unicellular flagellates (crypto¬ 
monads), but there are also palmelloid and coccoid genera. Thus the group 
is divided into three orders and the three united in a class, the Cryptophy- 
ceae. 

CHLOROMONADALES 

The Chloromonadales include a few distinctive flagellates whose cells 
have a combination of characters not found in motile cells of other algae. 
The cells are biflagellate and with a reservoir at the anterior end. Some 
genera have chromatophores; others do not. When present, there are 
many disk-shaped chromatophores within a cell, and they have a distinc¬ 
tive green color. The meager evidence' indicates that there is a predomi¬ 
nance of xanthophylls in the chromatophores. Thus far, the only food 
reserves found within the cells are minute droplets of oil. 

A majority of the genera have numerous globose or acicular trichocysts 
within the cells. Under certain conditions, as when a cell is pressed or 
when it is treated with certain reagents, the trichocysts shoot out or elong¬ 
ate into threads of slime projecting from a cell.* 

Of the two flagella, one, the swimming flagellum, projects forward and 
the other, the trailing flagellum, projects backward. The trailing flagellum 
is exceedingly delicate and easily overlooked because it lies so close to the 
cell. Many early accounts of Chloromonadales describe them as uniflagel¬ 
late because of a failure to note the trailing flagellum. The detailed struc¬ 
ture of flagella is known only for Vacuolaria viridis (Dang.) Senn, and here 
it has been shown* that each flagellum has a blepharoplast-rhizoplast neu¬ 
romotor apparatus extending deep into a cell. 

The cells have one or two contractile vacuoles adjacent to the reservoir, 

* Paschbb, 1913C. 
* CoNBAD, 1920A; Dboubt and Cohen, 1935; Palmeb, 1942; Penabb, 1921. 
* Fott, 1^. 
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and these may be adjoined by accessory contractile vacuoles. It is uncer¬ 
tain whether the vacuoles discharge into the reservoir or open directly onto 
the surface of a cell.^ The nucleus is conspicuous and lies near the center of 
a cell. It has a nuclear membrane, a chromatic network, and several nu¬ 
cleoli.^ Division of a nucleus is mitotic. 

Reproduction is by longitudinal division. This may take place while a 
cell is actively motile or after it has become immobile. The cells may also 
lose their flagella, become spherical, and secrete a gelatinous wall.® Such 
cells are usually called cysts. Cell division may take place while in this 
^^encysted’’ condition and the daughter cells redivide. This results in 
Gloeocystis-like palmelloid colonies.* 

The Chloromonadales have been placed among the Xanthophyceae* and 
among the Cryptophyceae.® If the Chloromonadales are to be referred to 
either of these classes, the relationship is exceedingly tenuous. Therefore 
it is better to follow those® who are unwilling to commit themselves and call 
the Chloromonadales an isolated group whose systematic position is uncer¬ 
tain. 

The differences between the various genera are so slight that they are 
placed in a single family, the Chloromonadaceae. The two genera found 
in this country differ as follows: 

1. Trichocysts not in acicular clusters. 1. Gonyostomum 

1. Trichocysts mostly in an acicular cluster. 2. Merotrlchla 

1. Gonyostomum Diesing, 1865. Cells of this chloromonad are markedly 
compressed, oval to circular in front view, and with a more or less plastic 
periplast. They are biflagellate and, according to the species, the 
swimming flagellum is shorter than or longer than the trailing flagellum. 
There is a well-defined reservoir at the anterior end, adjoined by a contrac¬ 
tile vacuole. There are many disk-shaped chromatophores of a distinctive 
bright green color. Within a cell are many acicular trichocysts, 
perpendicular to and just within the plasma membrane. They may be 
evenly distributed or more densely aggregated at the anterior end of a cell. 
Under certain conditions, the trichocysts become slime threads projecting 
a considerable distance beyond the surface of a cell. 

Reproduction is by longitudinal division and takes place while the cells 
are motile.^ The cells may also develop into spherical cysts with a firm 
gelatinous membrane.^ 

^ Droxjbt and Cohen, 1935; Fott, 1935. 

* Danqeabd, 1920; Droubt and Cohen, 1935; Fott, 1935. • Fott, 1935. 

* Luther, 1899. * Owmanns, 1922. 

* Fritsch, 1935; Paschbr, 1913; Sbnn, 1900. ® Droubt and Cohen, 1935. 
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G. seimn (Ehr.) Diesing (Fig. 544) has been collected* in a pond in Massachu¬ 
setts. It was found at the water’s surface during the hours following sunrise, but 
not during midday hours. For a description of G. semen, see Drouet and Cohen 
(1935). 

Fig. 644. Oonyosiomum semen (Ehr.) Diesing. front view. side view. {After 
Drouet and Cohen, 1936.) (X 476.) 

2. Merotrichia Mereschkowski, 1877. The cells of Merotrichia are ellip¬ 
tical in front view, circular in cross section, and with a nearly rigid peri¬ 
plast. The two flagella are inserted laterally and a short distance below the 
anterior end of a cell.^ A cylindrical reservoir lies beneath the point of in¬ 
sertion of the flagella, and adjacent to it is a conspicuous vacuole. There is 
a radiately disposed cluster of acicular trichocysts at the anterior end of a 
cell, and there may or may not be a few isolated trichocysts elsewhere in 
the cell. As in Gonyostomum, the trichocysts may burst and become pro- 

Fig. 646. Merotrichia capitata Skuja. {After Skuja, 1934^4.) (X 660.) 

jecting slime threads. The cells contain numerous disk-shaped green to 
yellow-green chromatophores. Minute spherical or irregularly shaped 
granules of food reserves lie irregularly distributed within the cytoplasm. 

C. capitata Skuja (Fig. 545) has been found in a pond in Massachusetts.* For 
a description of it, see Skuja (1932). 

CRYPTOPHYCEAE 

Protoplasts of Cryptophyceae usually contain two chromatophores that 
are brownish in most cases but may be red, blue, blue-green, or grass-green. 
Reserve foods are usually stored as starch or starch-like compounds. Most 

I Droubt and Cohbn, 1935. * Palmer^ 1942; Skuja, 1932. * Palmer, 1942. 
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of the Cryptophyceae are unicellular flagellates (cryptomonads) with asym¬ 
metrical compressed cells, surrounded by a firm periplast, and with the two 
flagella slightly different in length. Insertion of the flagella may be ter¬ 
minal or lateral. 

Occurrence. Some fresh-water cryptomonads grow in waters rich in 
organic and in nitrogenous materials; others grow in waters with small 
amounts of these materials. The yellowish or brownish bodies (zooxanthel- 
lae) found within various marine animals, as radiola- 
tians and sea anemones, are considered symbiotic uni¬ 
cellular Cryptophyceae. 

Cell Structure. Motile genera and zoospores of 
immobile genera have somewhat compressed cells 
with a superficial curved furrow extending backward 
from the insertion of the flagella. Many genera 
hav^in addition to this furrow, a gullet extending 
inward from the point of insertion of flagella. The 
gullet may or may not be adjoined by trichocysts. 
The function of the gullet is uncertain, and it is not 
definitely established that cryptomonads ingest solid 
food.^ There are also one or two contractile vacuoles 
at the anterior end of a cell, and these may discharge 
their contents into the gullet or to the surface of the 
cell. 

The flagella may or may not be inserted in a 
gullet. Chilomonas has been shown^ to have a def¬ 
inite neuromotor apparatus with a blepharoplast 
connected to the nucleus by a conspicuous rhizoplast 
(Fig. 546). Flagella of cryptomonads are usually 
slightly different in length and somewhat flattened. Both flagella may 
project forward, or oi\e may project forward and the other trail as a cell 
swims through the water. 

Most genera have two laminate chromatophores, but certain genera 
have several disk-shaped chromatophores within each cell. The color of 
chromatophores is usually olive green to golden brown, but it may be 
grass-green, blue-green, blue, or red. The only study of pigments of chro¬ 
matophores has been on those of a brownish zooxanthella growing in a sea 
anemone. This has been found^ to have the same chlorophylls and 
xanthophylls as are found in Dinophyceae. P3rrenoids of some species 
aie embedded in the chromatophores; those of other species lie in the cyto¬ 
plasm. In either case, the starch or starch-like granules within a cell may 

^ tJlbhla, 1911. 
* Strain and Manning, 1943; Strain, Manning, and Harden, 1944. 

Fig. 546. Chilomonas 
Paramaedum Ehr. 
{After UlehXa, 1911.) 
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encircle the pyrenoids or lie along the inner face of chromatophores. Accu¬ 
mulation of starch and other food reserves may be due either to photo- 
S3mthetic activity or to a saprophjrtic mode of nutrition. 

In addition to the genera with flagellated motile vegetative cells, there 
are two genera with immobile amorphous palmelloid colonies composed of 
an indefinite number of cells (Fig. 647), and one genus with coccoid immo¬ 
bile solitary cells (Fig. 559). 

Motile Cryptophyceae are uninucleate and with the nucleus toward the 
posterior end of a cell. The nucleus has a definite membrane, a nucleolus, 
and a chromatic network. Its division is mitotic.^ 

Fio. 647. Phaeoplax marinua (Reinisoh) Pascher. A, vegetative colony, B, zoospore. 
(After Remiech, 1911.) (A, X 1000; B, X 1600.) 

Reproduction. Reproduction of Cryptophyceae with flagellated vege¬ 
tative cells is by longitudinal division and usually takes place while a cell 
is in a temporary palmelloid condition. Cell ^vi^ion is preceded by a 
division of the nucleus and a bipartition of the gullet.* Palmelloid and 
coccoid genera reproduce by means of zoospores whose structure resembles 
that of a motile vegetative cell. 

Relationships. The affinities of the cryptomonads were thought to be 
with the chrysomonads vmtil Pascher* suggested that they are more closely 
related to the dinoflagellates. Shortly afterward he proposed* that the 
group be considered a distinct class (Cryptophyceae) coordinate in rank 
with the dinoflagellate series (Dinophyceae), and made these members of 
a division to v^hich he gave the name Pyrrophyta. Present-day opinion* 

> Bblab, 1916; Rmchabdt, 1927; TTlbhla, 1911. 
* RnicHAitDT, 1927; tluBHLA, 1911. ' Pabcbbb, 1911^1. 
* Pascbbb, 1914. 
* Fbitbch, 1936; Obahau (in press); Srinosbbim, E. G., 1944. 
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tends to hold that the CryptOphyceae differ too markedly from the Dino- 
phyceae to be included among the Pyrrophyta. 

Classification. In spite of the paucity of known immobile genera, it 
has been held^ that, just as in Xanthophyceae, Chrysophyceae, and Dino- 
phyceae, evolution within the class has paralleled that found in Chloro- 
phyceae. Because of this, the various types found among Cryptophyceae 
have been classified^ in the same manner as analagous types in Xantho¬ 
phyceae, Chrysophyceae, and Dinophyceae. According to such a classi¬ 
fication, the genera with motile vegetative cells are placed in one order 
(Cryptomonadales), thos0 with palmelloid vegetatives in a second order 
(Cryptococcales), and the genus with coccoid cells in a third order (Cryp- 
tococcales). a ORDER 1. CRYPTOMONADALES 

IJryptomonadales include all genera in which the vegetative cells 
jllated and motile. Unlike the homologous orders in Chlorophy- 
l Chrysophyceae, there are no genera with the cells united in motile 

The order has been divided^ into three families, all closely re- 
one another. 

Family 1. Cryptochrysidaceae 

Members of this family are unicellular free-swimming flagellates with 
the flagella borne near the anterior end of a cell, and with a longitudinal 
furrow extending backward from the point of insertion of the flagella. 
Genera referred to this family do not have a gullet, but they may have 
trichocysts. 

The genera found in this country differ as follows: 

1. Cells naked. 2 
1. Each cell surrounded by a lorica. 6. Cyanomastlx 

2. Cells with one or two laminate chromatophores. 3 
2. Cells with several disk-shaped chromatophores. 4. Cyonomonas 

3. Trichocyst granules at base of cell. 6. Monomaatix. 
3. Trichocyst granules in anterior part of cell. 4 

4. Chromatophores a bright blue-green. 2. Chroomonaa 
4. Chromatophores not a bright blue-green. 6 

6. Pyrenoids lacking. 1. Cryptochryala 
6. Pyrenoids present. 3. Rhodomonaa 

1. Chiyptochrysis Pascher, 1911. Cryptochrysia has compressed ellip¬ 
soidal cells that are truncate at the anterior end. The two flagella are 
slightly different in length. A curved longitudinal fiurow runs backward 
from the point of insertion of the flagella, and lateral to either side of it is 

^Pabchbb, 1914. * Paschbb, 1931. 
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a vertical row of trichocyst granules. There is no gullet. A cell contains 
two brownish to olive-green laminate chromatophores and two small 
vacuoles. Pyrenoids have not been reported for this genus, but small 
platelets of starch have been found within the cells. 

Reproduction is by longitudinal division and 
takes place while the cells are motile.^ 

The type species, C. commutata Pascher (Fig. 548) 
has been found in Massachusetts.* For a description 
of it, see Pascher (1913). 

2. Chroomonas Hansgirg, 1892. Chroomonas 

has compressed cells with the anterior end trun¬ 
cate and the posterior end rounded. There is a 
longitudinal surface furrow at the anterior end, 
and there may or may not be trichocyst gran¬ 
ules lateral to it.® The flagella, which are not 
inserted in a gullet, are borne at the anterior 
end of a cell and are unequal in length. There 
is a single laminate chromatophore of a bright 
blue-green color. An eyespot mat be present 
or lacking. There is usually a single pyrenoid 
which lies free from the chromatophore and is 
surrounded by a sheath of starch granules. 

Reproduction is by longitudinal division and may take place while a cell 
is in a motile or a nonmotile state.^ Under certain conditions, there may 
be a development of a many-celled palmella stage.'* 

Fig. 648. Cryptochrysis com¬ 
mutata Pascher. A, front 
view. B, side view. {After 
Prescott and Croasdale, 1942.) 

f'lO. 549. Chroornoruis NordstedtiiPiaasg. {After Lackey, 

C, cyaneus Lackey, C. Nordstedtii Hansg. (Fig. 549), and C. pulex Pascher have 
been found at several widely separated stations east of the Mississippi River. It 
is very doubtful if C. setonensis Lackey* should be referred to Chroomonas because 
it has a conspicuous gullet. For a description of C. cyaneusy see Lackey, 1939; 
for the other two, see Pascher (1913). 

* Pascher, 1913C. * Prescott and Croasdale, 1942. 
* Pascher, 1914; Rosenberg, 1944. * Rosenberg, 1944. 
* Lackbt, 
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3. Rhodomonas Karsten, 1898. The bright red color of the chromato- 
phores was considered the most distinctive character when this genus was 
first described,^ but as found in this country^ the color may range from 
pale brown to olive green. The cells are somewhat compressed, narrow at 
the posterior end, and with a longitu¬ 
dinal furrow that is flanked on either 
side by a vertical row of trichocyst 
granules. Two flagella of unequal 
length are borne at the anterior end. 
There is no gullet. Each cell usually 
contains a single laminate chromato- 
phore and a single pyrenoid which lies 
free from the chromatophore. 

R. lacustris Pascher and Ruttner (Fig. Sias been found repeatedly in rivers 
iio.2 For a description of it, see 
er, 1913. 

4. Cyanomonas Oltmanns, 1904. 
This cryptomonad is readily distin¬ 
guished from others by the presence of 
several blue-green ckromatophores S' 
within each cell. The cells are com- polar view. {After Lackey, 1941.) 

pressed, with a longitudinal furrow, 
and with two flagella of unequal length at the anterior end. One species 
has been recorded^ as producing immobile palmelloid colonies in which 
any cell may become motile and swim away. 

Fig. 661. Cyanomonas coeruleus Lackey. A, front view. B, polar view. {After Lackey, 
1936.) 

C. coeruleus Lackey (Fig. 551) has been found at two stations, one in Tennessee, 
the other in Alabama. For a description of it, see Lackey (1936). 

1 Karsten, 1898. * Lackett, 1939, 1941. 
» Davis, B. M., 1894A. 
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5. Monomastiz Scherffel, 1912. Monomastix has elongate, cylindrical 
to somewhat pyriform, cells with a length threefold the breadth. The 
cells are naked and with a slightly plastic periplast. There is a single 
flagellum at the anterior end, and just beneath it is a single contractile 

Fig. 662. Monomastix opisthostigma Scherffel. {Drawn by R. H. Thompson.) (X 1620.) 

vacuole. A cell contains two lateral, parietal, laminate, grass-green chro- 
matophores, each with a single pyrenoid. There is a single bright red 
eyespot. Within the posterior end of a cell and in the region between the 

two chromatophores are several rod-like 
cellular inclusions of a trichocyst-like 
nature. 

Reproduction is by longitudinal divi¬ 
sion. There may also be a formation of 
globose cysts with stellately ridged walls.^ 

Prof. R. H. Thompson writes that he has 
found the only known species, M. opisthostigma 
Scherffel (Fig. 552), in Maryland. For a de¬ 
scription of it, see Scherffel (1912). 

6. Cyanomastix Lackey, 1936. Cya- 

nomastix is the only cryptomonad with 
a lorica surrounding the protoplast of a 
cell. The protoplast completely fills a 
lorica and has a small papillate protu¬ 
berance projecting slightly beyond the 

A opening at the anterior end of the lo- 
Fio. 663. Cyanonuutix Morgani rica. The two flagella are of unequal 

are not inserted in a gullet. 
There are two elongate band-like blue- 

green chromatophores, and they lie more or less twisted about each other 
at the center of a cell. The chromatophores contain pyrenoid-like bodies. 
Minute spherical bodies scattered through the cytoplasm are thought to 
be droplets of oil. 

The single species, C. Morgani Lackey (Fig. 553), is known only from the type 
locality in Alabama. For a description of it, see Lackey (1936). 

^ SCHBBFFSL, 1912. 
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Family 2. Cryptomonadaceae 

Genera belonging to this family are unicellular free-swimming crypto¬ 
monads with the two flagella borne near the anterior end and inserted in 
an evident gullet. 

The genera found in this country differ as follows: 

1. Cells with chromatophores. 1. Cr3rptomonas 
1, Cells without chromatophores. 2 

2. Cells not markedly flattened. 2. Chllomonas 
2. Cells markedly flattened. 3. Cyathomonas 

1. Cr3rptomonas Ehrenberg, 1831. 
Of the motile cryptomonads with 
one or two large laminate chromato- 

\phores, Cryptomonas is the only genus 
^th the two flagella inserted in an evi- 
d^t gullet at the anterior end. The 
cells are compressed, more or less ellip¬ 
tical in outline, and with the anterior 
end broadly rounded to truncate. 
The flagella are inserted in a gullet 
which may or may not be lined with 
granular trichoblasts. A single con¬ 
tractive vacuole lies adjacent to and 
empties into the gullet.^ The color 
of chromatophores is usually yellowish 
to olive-green, but this may be red 
during winter months.^ In some 
cases, there are numerous rod- or disk¬ 
shaped granules of starch scattered 
through the cytoplasm; in other cases, 
the starch granules are associated with pyrenoids 
tively large and lies in the lower half of a cell. 

Cells about to divide become immobile and surrounded by mucilage. 
Cell division is longitudinal and in a plane that halves the gullet.* 

Fig. 664. CyrjAomonaa eroaa Ehr. A, 
front view. B, side view. {After 
Lackey, 1941.) 

The nucleus is rela- 

Specimens of this genus have been reported from numerous localities, but the 
taxonomy of the genus is in so unsatisfactory a condition that most attempts to 
identify species are more or less in the nature of guesses. Identification has usu¬ 
ally been based on the descriptions given by Pascher^ and the specimens identified 
either as C. erosa Ehr. (Fig. 554) or as C. ovoUi Ehr. 

1 Lund, 1942. * Lackbt, 1939. ’ Rbichabdt, 1927. 
< Paschbr, 1913. 
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2. Chilomonas Ehrenberg, 1831. In cell shape, structure of gullet, posi¬ 
tion of contractile vacuoles, and insertion of flagella Chilomonas resembles 
Cryptomonas, It is immediately distinguishable because of its lack of 
chromatophores. The nutrition is saprophytic, and numerous starch gran¬ 
ules frequently accumulate in the cytoplasm. A conspicuous nucleus lies 
in the lower third of a cell. 

Reproduction is by longitudinal division. 

Chilomonas is generally found in waters rich in organic materials. The t3q>e 
species, C. Paramaedum Ehr. (Fig. 555), is widely distributed in the United States. 
For a description of it, see Pascher (1913). 

Fig. 656. Chilomonas Par- 
amaecium Ehr. {After 
Stein, 1878.) (X 860.) 

Fig. 656. Cyalhomonas 
truncata From. {After 
Butschli, 1883-1887.) 

3. Cyathomonas Fromentel, 1874. Cyalhomonas is an unpigmented 
cryptomonad with markedly truncate cells that are truncate at the anterior 
end. The two flagella are of unequal length and are inserted in a gullet^ 
encircled by a transverse ring of trichoblast granules. A single contractile 
vacuole lies adjacent to the gullet, and the nucleus lies midway between 
the poles of a cell. Bacteria and other minute organisms are ingested 
through the gullet and come to lie in nutritive vacuoles, irregularly dis¬ 
tributed through the cell. The cells contain minute droplets of oil instead 
of the usual starch granules. 

There is but one species, C. truncata From. (Fig. 556), and the only published 
records of its occurrence in this country* are from Ohio and Alabama. Dr. Lackey 

^Ulehla, 1911. ‘Lackey, 1939, 1940. 
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writes that he has found it in Massachusetts, New Jersey, and Tennessee. For a 
description of C, truncata^ see Pascher (1913). 

Family 3. Nephroselmidiaceae 

Members of this family are unicellular free-swimming cryptomonads 
with two widely divergent laterally inserted flagella. The swimming 
flagellum, which projects forward, is shorter than the trailing flagellum. 
When swimming through the water, movement is in the direction of the 
major axis of a cell. 

The two genera of the family differ as follows: 

1. With a gullet and without an eyespot. 1. Nephroselmis 
1. Without a gullet and with an eyespot 

/ 

Fig. 667. Nephroselmis olivacea 
Stein. {After Pascher, 1912B.) 

2. Protochrysis 

Fig. 668. Protochrysis phaeophycearum 
Pascher. {After Pascher, 1912B.) 

1. Nephroselmis Stein, 1878. The cells of Nephroselmis are reniform 
and markedly flattened. The two flagella are inserted laterally and on the 
concave side of a cell. The swimming flagellum extends forward from the 
trailing flagellum backward from the point of insertion. As in other cryp¬ 
tomonads, there is a superficial furrow, but unlike most other cryptomonads 
it runs transversely across a cell from the base of the flagella. An evident 
gullet lies parallel to the furrow. Two contractile vacuoles lie near the 
base of the flagella. There are one or two brownish to blue-green, more or 
less cup-shaped, chromatophores. The cytoplasm internal to the chro- 
matophores contains a pyrenoid surrounded by platelets of a starch-like 
nature. The cytoplasm may also contain small disk-shaped masses of 
starch-like compounds.^ The nucleus lies toward the concave side of a cell. 

N. olivacea Stein (Fig. 567), the only species, has been recorded from Iowa* and 
Ohio.* For a description of it, see Pascher (1913). 

1 Paschbb, 1912B. * Prescott, 1927. • Lackey, 
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2. ProtochrysiS 'Pascher, 1911. Protochrysia has reniforai cells that are 
not markedly compressed. It resembles Nephroselmis in flagellation, trans¬ 
verse position of furrow, contractile vacuoles, pyrenoids, and color and 
shape of chromatophores. It differs in that it lacks a gullet and has an 
eyespot near the base of the flagella.^ 

At the time of reproduction, a cell becomes immobile and divides to form 
four or eight cells that remain united in a palmelloid colony for a time.^ 

P. pkaeophycearum Pascher (Fig. 558) has been found* in Ohio and Alabama. 
The published record lists it as P. vindia^ but Dr. Lackey writes that this is a 
clerical error. For a description of P. phaeophycearum^ see Pascher (1913). 

ORDER 2. CRYPTOCOCCALES 

The Cryptococcales are immobile nonflagellate unicellular Cryptophy- 
ceae in which the protoplast is surrounded by a cellulose wall. Reproduc- 

Fio. 669. Tetragonidium verrucatum Paeoher. A-B, vegetative cells. C, zoospore. {Drawn 
hy R, H. Thompson.) (X 810.) 

tion is by a formation of zoospores. There is but one family, the Crypto- 
coccaceae, which contains a single genus, Tetragonidium. 

1. Tetragonidium Pascher, 1914. This genus has solitary, free-floating, 
irregularly tetrahedral cells with a distinct wall slightly thickened at the 
angles. The wall is composed of cellulose. There is a single, expanded, 
parietal, sheet-like, brown chromatophore with lobed margins. The chro- 
matophore contains a single pyrenoid. Granules of starch are present 
both around the pyrenoid and against the inner face of the chromato¬ 
phore. There is a single large nucleus near one side of a cell.’ 

Reproduction is by a formation of biflagellate zoospores resembling in 
appearance the cells of Cryptochryaia^ After swarming for a time, the 
zoospores become immobile, lose their flagella, secrete a wall, and become 
tetrahedral vegetative cells. 

Prof. R. H. Thompson writes that he has found the only known species, T. 
verrucatum Pascher (I^. 559), in Maryland, For a description of it, see Pascher 
(1914). 

* Pascher, 1911, 1912R. * Lackey, 1938. * Pascher, 1914. 
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Most keys for the identification of fresh-water algae take into consider¬ 
ation the method of reproduction and the structure of reproductive bodies 
and organs. Since one often encounters algae in a sterile condition, the 
following key has been so constructed that vegetative and ecological char¬ 
acters are utilized as far as possible, and reproductive characters are in¬ 
cluded only where it is impossible to distinguish between genera except 
when they are in a fruiting condition. 

1. Vegetative cells flagellated and, with a few exceptions, motile. 428 
1. Vegetative cells nonflagellated and immobile. 2 

2. Growing within or upon vertebrates. 346 
2. Not growing within or upon vertebrates . 3 

3. Parasitic in leaves and stems of nonaquatic angiosperms. 350 
3. Free-living, epiphytic, or epizoic.. 4 

4. Protoplasts of cells unpigmented and colorless. 352 
4. Protoplasts pigmented and pigments usually localized in chromatophores... 5 

5. Pigments not localized in chromatophores*. 353 
5. Pigments localized in chromatophores. 6 

6. Chromatophores grass-green or yellowish-green. 7 
6. Chromatophores not grass-green or yellowish-green. 248 

7. Chromatophores grass-green, cells containing starch. 8 
7. Chromatophores yellowish-green, cells without starch. 213 

8. Cells uniseriately joined in simple or branched filaments. 9 
8. Cells solitary or not uniseriately united in filaments. 69 

9. Filaments unbranched. 10 
9. Filaments more or less branched. 44 

10. Cells with a more or less evident median constriction. 11 
10. Cells without a median constriction. 21 

11. Length of cell several times the breadth. Pleurotaenium (page 319) 
11. Length of cell not over 3 to 4 times the breadth. 12 

12. Apices of cells incised. Micrasterias (page 326) 
12. Apices of cells not incised. 13 

13. Cells connected by short apical processes. 14 
13. Cells not connected by short apical processes. 15 

14. Processes overlapping apices of adjoining cells.. Onychonema (page 330) 
14. Processes not overlapping apices of adjoining cells. 

Sphaerozosma (page 330) 
15. End view of cells elliptical or circular. 16 

* Old cells of certain Chlorophyceae seem to have the coloring matter distributed 
throughout the entire protoplast. These may be distinguished from Myxophyceae 
by the presence of starch. 

637 
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15. End view of cells triangular or quadrangular. 19 
16. End view elliptical. 17 
16. End view circular. 18 

17. Cells strongly compressed. Spondyloslum (page 331) 
17. Cells not strongly compressed. Desmidium (page 334) 

18. Lateral walls longitudinally striated. Gymnozyga (page 335) 
18. Lateral walls not longitudinally striated. Hyalotheca (page 332) 

19. Recently divided cells with apices infolded. Desmidium (page 334) 
19. Recently divided cells without infolded apices. 20 

20. End view quadrangular. Phymatodocis (page 333) 
20. End view triangular. Spondyloslum (page 331) 

21. Length of cells 30 to 60 times breadth. Sphaeroplea (page 184) 
21. Length of cells less than 20 timqa breadth. 22 

22. Chloroplasts parietal. 23 
22. Chloroplasts axial. 37 

23. Chloroplasts spiral bands. 24 
23. Chloroplasts not spiral bands. 25 

24. Each chloroplast usually making several spiral turns. 
Spirogyra (page 299) 

24. Each chloroplast not making a complete spiral turn. 
Slrogonlum (page 302) 

25. Filaments enclosed by a gelatinous sheath. 26 
25. Filaments not enclosed by a gelatinous sheath. 29 

26. Poles of cells flattened. Ulothrlx (page 142) 
26. Poles of cells rounded. 27 

27. Sheaths narrow. Cylindrocapsa (page 150) 
27. Sheaths broad. 28 

28. Cells cylindrical, often remote from one another. 
Gemlnella (page 145) 

28. Cells spherical to subspherical, always touching one another . 
Radlofilum (page 148) 

29. Mature filaments with less than 20 cells. 30 
29. Mature filaments with more than 20 cells. 31 

30. Filaments not pointed at ends. Stlchococcus (page 145) 
30. Filaments pointed at one or both ends. Raphldonema (page 144) 

31. Cells in pairs. Binuclearla (page 147) 
31. Cells not in pairs. 32 

32. Walls of certain cells with transverse striae (apical caps) at one end. 
Oedogonlum (page 207) 

32. Walls without transverse striae. 33 
33. Cell wall composed of interlocked pieces that are H>shaped in optical section. 

Mlcrospora (page 148) 
33. Cell wall not composed of interlocked pieces. 34 

34. Chloroplast with many pyrenoids. Rhlzoclonlum (page 216) 
34. Chloroplast a transverse band with one or a few pyrenoids. 35 

35. Filaments without a basal holdfast. Hormldlum (page 146) 
35. Filaments with a basal holdfast . 36 

36. Free end of filament pointed. Uronema (page 143) 
36. Free end of filament rounded. XJlothiix (page 142) 

37. With one axial band-shaped chloroplast. 38 
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37. With stellate, disk-shaped, or cushion-shaped chloroplasts. 40 
38. Chloroplast without pyrenoids. Mougeotiopsis (page 295) 
38. Chloroplast with pyrenoids. 39 

39. Fertile cells filled with gelatinous material after zygote is formed. 
Debarya (page 294) 

39. Fertile cells not filled with gelatinous material after zygote is formed. 
Mougeotia (page 292) 

40. With two disk-shaped chloroplasts. Pleurodiscus (page 299) 
40. With two (rarely several) stellate or cushion-shaped chloroplasts.41 

41. Chloroplasts stellate. 42 
41. Chloroplasts cushion-shaped. Zygogonium (page 298) 

42. One chloroplast per cell. Schlzogonium (page 195) 
42. Two or more chloroplasts per cell. 43 

43. Fertile cells filled with gelatinous material after zygote is formed. 
Zygnemopsls (page 297) 

43. Fertile cells not filled with gelatinous material after zygote is formed. 
Zygnema (page 296) 

44. Filaments with setae or with unicellular spines. 45 
44. Filaments without setae or spines. 50 

45. Each seta with a basal sheath. Coleochaete (page 168) 
45. With one-celled spines.  46 

46. Base of spines large and bulbous.". 47 
46. Base of spines not markedly bulbous. 48 

47. Chloroplast entire, with one or a few pyrenoids. Fridaea (page 178) 
47. Chloroplast reticulate, with many pyrenoids. Bulbochaete (page 209) 

48. Entire filament prostrate. Aphanochaete (page 163) 
48. Filament wholly or partly erect. 49 

49. Cells with more than one spine. Thamniochaete (page 162) 
49. Cells never with more than one spine. Chaetonema (page 165) 

50. Endophytic in walls of other algae. Entocladia (page 160) 
50. Not endophytic in walls of other algae . 51 

51. Perforating shells of mollusks, limestone rocks, or wood.. Gomontla (page 175) 
51. Not growing as a perforating alga. 52 

52. Regularly with akinetes alternating with vegetative cells. 53 
52. Akinetes usually not present. 55 

53. Thallus incrusted with lime. Chlorotylium (page 159) 
53. Thallus not incrusted with lime... 54 

54. Akinetes spherical. Ctenocladus (page 177) 
54. Akinetes cylindrical, barrel-shaped, or conical... Plthophora (page 218) 

55. Branches closely appressed into a pseudoparenchymatous mass. 56 
55. Branches not forming a pseudoparenchymatous mass. 57 

56. Thallus one cell in thickness. Protoderma (page 161) 
66. Thallus more than one cell in thickness. Gongrosira (page 178) 

57. Thallus with rhizoidal branches. 58 
57. Thallus without rhizoidal branches. 60 

58. Branching verticillate, cells of macroscopic size. 59 
58. Branching not verticillate, cells of microscopic size.♦. 

Oedocladium (page 210) 
59. Branches of a verticil branched..... Nitella (page 345) 
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59. Branches of a verticil unbranched. Tolypella (page 346) 
60. Ends of branches acutely pointed. 61 
60. Ends of branches rounded. 66 

61. With a broad-celled main axis and short lateral branches. 62 
61. With all branches approximately the same breadth. 63 

62. Main axis with alternate long and short cells.. Drapamaldiopsis (page 167) 
62. Main axis with all cells nearly the same length.. Drapamaldia (page 166) 

63. Thallus of definite shape and macroscopic size. Chaetophora (page 156) 
63. Thallus of indefinite shape and microscopic size. 64 

64. Ends of branches attenuated into multicellular hairs. 

Stigeoclonlum (page 163) 
64. Ends of branches not attenuated into multicellular hairs. 

Leptosira (page 174) 
66. Filaments with two- to five-celled branches. Rhizoclonlum (page 216) 
66. Filaments with many-celled branches. 66 

66. Filaments with lemon-shaped cells. Physollnum (page 181) 
66. Filaments with cylindrical cells. 67 

67. Each cell with many pyrenoids. Cladophora (page 213) 
67. Each cell with less than five pyrenoids. 68 

68. Branching tending to be unilateral. Microthamnlon (page 159) 
68. Branching not tending to be unilateral. Gongrosira (page 178) 

69. Thallus multicellular. 70 
69. Thallus unicellular. 143 

70. Thallus parenchymatous. 71 

70. Thallus not parenchymatous. 79 

71. Thallus wholly prostrate and of microscopic size. 72 

71. Thallus not prostrate and or micro- or macroscopic size. 75 

72. Thallus one cell in thickness. 73 

72. Thallus more than one cell in thickness. Pseudoulvella (page 162) 
73. Cells with setae. 74 

73. Cells without setae. Protoderma (page 161) 
74. Base of each seta with a sheath. Coleochaete (page 168) 
74. Bases of setae without sheaths. Chaetopeltls (page 125) 

76. Thallus a branched or unbranched cylinder . 76 
75. Thallus a monostromatic sheet . 78 

76. Thallus an erect unbranched cylinder. 77 

76. Thallus an erect cylinder with verticillate branching_ Chara (page 346) 
77. Cylinder hollow, wall one cell in thickness. Enteromorpha (page 188) 
77. Cylinder solid, several cells in diameter in lower portion. 

Schizomeris (page 192) 
78. With parietal laminate chloroplasts. Monostroma (page 190) 
78. With axial stellate choroplasts. Prasiola (page 195) 

79. Colonies simple or branched gelatinous tubes. 80 
79. Colonies not gelatinous tubes. 86 

80. Cells uniseriate or terminal at tips of branches. 81 
80. Cells irregularly arranged. 86 

81. Gelatinous tube with many transverse lamellae. Hormotlla (page 118) 
81. Gelatinous tube not transversely lamellated. 82 

82. Cells as broad as branches of gelatinous tubes... 83 
82. Cells broader than branches of gelatinous tubes. 84 

83. Cells transversely constricted... Odcardlum (page 324) 
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83. Cells not transversely constricted. Prasinocladus (page 130) 
84. Cells containing starch. Chlorangium (page 129) 
84. Cells containing paramylum. Colacium (page 368) 

86. Cells tending to lie in fours. Tetraspora (page 123) 
86. Cells not tending to lie in fours. Palmodictyon (page 118) 

86. Colonies always sessile (if aquatic). 87 
86. Colonies always free-floating (if aquatic).. 92 

87. Cells remote from one another within a common wide gelatinous envelope.... 

Aplocystis (page 124) 
87. Cells close together, with or without a common gelatinous envelope. 88 

88. Cells without setae. Malleochloris (page 178) 
88. Cells with setae. 89 

89. Setae unbranched. 90 

89. Setae branched. Dlcranochaete (page 171) 
90. Setae without sheaths at base. Ollgochaetophora (page 172) 
90. Base of each seta with a sheath.. 91 

91. Each cell with a single seta. Chaetosphaeridium (page 170) 
91. Certain cells with more than one seta. Conochaete (page 172) 

92. Colony with a wide gelatinous sheath. 93 
92. Colony without or with narrow gelatinous sheath. 113 

93. Cells spherical to subspherical.. 94 

93. Cells not spherical to subspherical.'. 102 

94. Gelatinous envelope containing remains of old parent-cell walls. 96 
94. Gelatinous envelope not containing remains of old parent-cell walls_ 97 

96. Remains of old walls forming a dichotomously branched system. 

Dictyosphaerlum (page 236) 
96. Remains of old walls not forming a branching system. 96 

96. Remains of old walls at center of colony. Radiococcus (page 263) 
96. Remains of walls scattered throughout colony.. Schlzochlamys (page 126) 

97. Envelope concentrically stratified around each cell.. Gloeocystls (page 117) 
97. Envelope not stratified around each cell. 98 

98. Chloroplast axial and stellate. Asterococcus (page 120) 
98. Chloroplast not axial and stellate. 99 

99. Colony spherical and of microscopic size. 100 
99. Colony amorphous and of indefinite extent . 101 

100. Chloroplasts of mature cells cup-shaped. Spbaerocystis (page 116) 
100. Chloroplasts of mature cells disk-shaped, several in a cell. 

Planktosphaeria (page 266) 
101. Cells in groups of four, pseudocilia often evident. Tetraspora (page 122) 
101. Cells not in fours, always without pseudocilia. Palmella (page 116) 

102. Cells pyriform, radiately disposed. Askenasyella (page 119) 
102. Cells not pyriform. 103 

103. Cell wall smooth. 104 

103. Cell wall with spines. Bohlinla (page 263) 
104. Cells constricted in the middle. Cosmocladium (page 324) 
104. Cells not constricted in the middle. 106 

106. Cells longer than broad and straight. 106 
106. Cells longer than broad and curved. Ill 

106. With one or both poles pointed... 107 
106. With both poles broadly rounded. 108 

107. One pole pointed, the other rounded. Blaktothriz (page 134) 
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107. Both poles pointed. Quadrigula (page 268) 

108. Long axes of cells radiating from a common center. 
Gloeoactinium (page 268) 

108. Long axes not radiating from a common center. 109 
109. All cells with their long axes paralleK. Quadrigula (page 268) 
109. Cells not having their long axes parallel. 110 

110. Each cell surrounded by a distinct envelope... Dactylothece (page 133) 
110. Cells without invidual envelopes. Coccomyxa (page 132) 

111. Poles of cells connected to one another by tough gelatinous strands. 
Tomaculum (page 275) 

111. Poles of cells not connected by strands. 112 
112. Cells lunate, sheaths around groups of four or eight cells indistinct. 

Kirchneriella (page 266) 
112. Cells not strongly curved, sheaths around groups of four or eight cells 
distinct. Nephrocytlum (page 261) 

113. Cells separated from one another by a dark-colored substance. 
Gloeotaenlum (page 260) 

113. Cells not separated by a dark-colored substance. 114 
114. Cells spherical. 115 
114. Cells not spherical. 124 

115. Cells with long setae. 116 
115. Cells without setae. 117 

116. Cells generally in same plane, each with several setae. 
Micractinlum (page 234) 

116. Cells pyramidately arranged, each with one seta... Errerella (page 235) 
117. With remains of old walls at center of colony. 118 
117. Without remains of old walls at center of colony. 119 

118. Old walls forming a branching system. Dictyosphaerium (page 236) 
118. Old walls not forming a branching system. Westella (page 253) 

119. Colony an irregular packet. 120 
119. Colony of definite shape. 121 

120. Reproducing by means of zoospores. Chlorosarcina (page 135) 
120. Not reproducing by means of zoospores. Protococcus (page 166) 

121. Colony a hollow sphere. Coelastrum (page 248) 
121. Colony cubical or plate-like. 122 

122. Colony cubical, cells connected by gelatinous strands. 
Pectodlctyon (page 277). 

122. Colony plate-like. 123 
123. Cells connected by strands. Coronastrum (page 277) 
123. Cells not connected by strands. Dispora (page 134) 

124. All cells in the same plane. 125 
124. All cells not in the same plane. 129 

126. Cells elongate and with long axes parallel. Scenedesmus (page 272) 
126. Cells not elongate. 126 

126. Cells quadrately arranged. 127 
126. Cells not quadrately arranged. 128 

127. Cells without spines.  Crucigenla (page 273) 
127. Free face of cells with spines. Tetrastrum (page 274) 

128. Colony always two-celled and with cells angular. 

Euastropsis (page 245) 
128. Colony with 2 to 128 angular cells*, marginal and interior cells of different 

shape.T..Pedlastrum (page 243) 
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129. 
129. 

131. 
131. 

133. 
133. 

135. 
135. 

137. 

137. 

139. 

139. 

141. 
141. 

143. 
143. 

145. 

145. 

147. 
147. 

149. 

149. 

151. 
151. 

153. 

All or certain cells of a colony curved. 130 
None of the cells curved. 133 
130. All cells in a colony curved. 131 
130. Some cells curved, others not curved... 132 
End of cells pointed. Selenastrum (page 266; 
Ends of cells broadly rounded. Nephrocytium (page 261) 
132. Center of colony with branching remains of old cell walls. 

Dimorphococcus (page 237) 
132. Center of colony without remains of old cell walls. 

Tetrallantos (page 274) 
Colony a reticulate sac of cylindrical cells. Hydrodlctyon (page 246) 
Colony not a reticulate sac. 134 
134. Cells elongate and in radiate clusters. 135 
134. Cells, if elongate, not in radiate clusters . 136 
Clusters of cells borne on stalks. Actidesmium (page 240) 
Clusters of cells not borne on stalks. Actinastrum (page 275) 
136. Colony a hollow sphere. 137 
136. Colony not a hollow sphere. 138 
Free face of cells with spines. Sorastrum (page 245) 
Free face of cells without spines. Coelastrum (page 248) 
138. Cell wall covered with setae..*. Francela (page 263) 
138. Cell wall without setae. 139 
Colony surrounded by greatly expanded old parent-cell wall. 

Odcystis (page 259) 

Colony not surrounded by old parent-cell wall. 140 
140. Cells fusiform. 141 
140. Cells polygonal by mutual compression. 142 
Cells joined end to end in a branching series. Dactylococcus (page 265) 
Colony four-celled, cells in two parallel series. Tetradesmus (page 273) 
142. Reproducing by means of zoospores. Chlorosarclna (page 135) 
142. Not reproducing by means of zoospores. Protococcus (page 166) 
With a median constriction dividing the cell into two symmetrical halves. 144 
Without a median constriction. 154 
144. With a length several times the breadth. 145 
144. Length not over three times the breadth. 148 
Apices of cells incised or depressed. 146 
Apices of cells not incised or depressed. 147 
146. With transverse rings of spines or verrucae. Triploceras (page 321) 
146. Without spines or verrucae. Tetmemorus (page 321) 
Cell wall vertically plicate next to median constriction.. Docidium (page 320) 
Cell wall not plicate next to median constriction... Pleurotaenium (page 319) 

148. Cells compressed. 149 
148. Cells not compressed; end view 3 to 12 radiate.. Staurastrum (page 328) 

Apices of cells incised. 150 
Apices of cells not incised. 151 
150. Apical and lateral incisions shallow. Euastrum (page 322) 
150. Apical and lateral incisions deep. Micrasterlas (page 326) 
Apices of cells continued in two divergent processes.. Staurastrum (page 328) 
Apices of cells not continued in processes. 152 
152. Cell wall without long spines. Cosmaxium (pagQ 323) 
152. Cell wall with long spines.. 163 
Central portion of cell wall with a protuberance. Xanthidium (page 327) 
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Central portion of cell wall without a protuberance.. Arthrodesmus (page 329) 
164. Cells siphonaceous. 166 
164. Cells not siphonaceous. 167 
Free-living. 166 
Endophytic in Sphagnum. Phyllobium (page 231) 
166. With constrictions at regular intervals.Dichotomosiphon (page 281) 
166. Not constricted, with one end green and inflated. 

Protosiphon (page 241) 
Within tissues of aquatic animals or plants. 158 
Not within aquatic animals or plants. 169 
168. Within invertebrates. Chlorella (page 251) 
168. Within leaves of plants. Chlorochytrium (page 227) 
Cells sessile.  160 
Cells not sessile. 166 
160. Cells with setae. 161 
160. Cells without setae. 164 
Each cell with one seta. 162 
Certain cells with more than one seta. 163 
162. Seta branched. Dicranochaete (page 171) 
162. Seta unbranched. Chaetosphaeridium (page 170) 
Base of each seta with a sheath. Conochaete (page 172) 
Setae without basal sheaths. Oligochaetophora (page 172) 
164. Affixed by a stalk as broad as cell. Malleochloris (page 128) 
164. Affixed by a stalk narrower than the cell. 165 
Cells obovoid, length of stalk 2 to 4 times length of cell. 

Stylosphaeridium (page 128) 
Cells elongate, length of stalk less than that of cell.... Characium (page 238) 
166. Cells angular. 167 
166. Cells spherical, ovoid, lunate, or elongate. 172 
With long spines or setae at angles. 168 
Without spines or setae at angles. 171 
168. Each angle with several setae. Polyedrlopsis (page 271) 
168. Each angle with a single spine. 169 
Spines hyaline, acutely pointed. 170 
Spines brownish, with blunt apices. Pachycladon (page 268) 
170. Spines narrow. Polyedrlopsis (page 271) 
170. Spines relatively broad. Treubaria (page 267) 
Cells with a central portion distinct from projecting angles . 

Tetra6dron (page 269) 

Cells without a central portion distinct from projecting angles. 
Cerasterias (page 270) 

172. Cells spherical. 173 
172. Cells not spherical. 188 
Cell wall smooth. 174 
Cell wall ornamented or with spines. 184 
174. Cells with a broad gelatinous sheath. 175 
174. Cells without a gelatinous sheath. 177 
Sheath unstratified, cell with several chloroplasts.. Planktosphaeria (page 266) 
Sheath stratified. 176 
176. Chloroplast central and stellate. Asterococcus (page 120) 
176. Chloroplast parietal and cup-sbftped. Gloeocyatla (page 117) 
With a central stellate chloroplast. 178 
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177. 

179. 
179. 

181. 
181. 

183. 
183. 

185. 
185. 

187. 
187. 

189. 
189. 

191. 

191. 

193. 
193. 

195. 

195. 

197. 
197. 

199. 
199. 

201. 

With parietal chloroplast or chloroplasts. 179 
178. Cell wall of uniform thickness. Trebouxia (page 224) 
178. Cell wall unevenly thickened. Myrmecia (page 225) 
Cells varying greatly in size. Chlorococcum (page 222) 
Cells not conspicuously different in size. 180 
180. Cells over 50 ix in diameter, with many disk-shaped chloroplasts. 

Bremosphaera (page 255) 
180. Cells less than 25 /x in diameter. 181 
Solitary cells intermingled with cells united in packets. 182 
Cells always solitary. 183 
182. Reproducing by means of zoospores. Chlorosarclna (page 135) 
182. Never reproducing by means of zoospores_ Protococcus (page 166) 
With one cup-shaped chloroplast. Chlorella (page 251) 
With more than one chloroplast. Palmellococcus (page 251) 
184. Wall with spines longer than diameter of cell. 185 
184. Wall alveolar, reticulate, areolate, or with very short spines. 187 
Spines broad, gradually tapering to a sharp point.. Echlnosphaerella (page 257) 
Spines narrow, not conspicuously tapered. 186 
186. Spines thickened in lower third. Acanthosphaera (page 233) 
186. Spines not thickened in lower third. Golenklnla (page 232) 
Wall alveolar.   Keriochlamys (page 252) 
Wall reticulate, areolate, or with very short spines.... Trochlscla (page 254) 
188. Cells more or less ellipsoidal. 189 
188. Cells elongate, straight, or lunate. 199 
Wall without setae or spines. 190 
Wall with setae or spines. 198 
190. Wall with spiral longitudinal ridges. Scotlella (page 260) 
190. Wall without spiral longitudinal ridges.   191 
Wall heavy and unevenly thickened. 192 
Wall relatively thin. 193 
192. With numerous parietal conical chloroplasts.. Bxcentrosphaera (page 256) 

192. With an axial chloroplast with many palisade-like processes. 
Kentrosphaera (page 229) 

Two stellate chloroplasts within a cell. Cyllndrocystis (page 307) 
Chloroplasts not stellate. 194 
194. Chloroplasts axial. 195 
194. Chloroplasts parietal. 196 
With a single plate-like chloroplast extending the length of a cell. 

Mesotaenium (page 305) 
With two chloroplasts, both with longitudinal ribs. Penlum (page 318) 
196. Cells reproducing by transverse division. Nannochlorls (page 133) 
196. Cells reproducing by means of autospores. Odcystis (page 259) 
Setae covering entire wall. 198 
Setae only at poles, or at poles and equator. Chodatella (page 262) 
198. Autospores liberated by swelling of parent-cell wall.. Francela (page 263) 
198. Autospores liberated by lateral rupture of parent-cell wall. 

BohlinU (page 263) 
Ends of cells pointed. 200 
Ends of cells broadly rounded or truncate. 209 
200. Poles of cells with spines. 201 
200. Poles of cells without spines.203 
Spines delicate, nearly as long as cell. Schroedorla (pa^239) 
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201. Spines stout, much shorter than cell. 202 
202. With one chloroplast completely filling cell_ Closteridium (page 266) 

202. With two axial chloroplasts. Spinoclosterium (page 318) 
203. Chloroplast or chloroplasts axial. 204 
203. Chloroplast or chloroplasts parietal. 205 

204. With one chloroplast. Roya (page 308) 

204. With two chloroplasts. Closterium (page 316) 
205. Chloroplast with an axial row of 8 to 12 pyrenoids... Closteriopsis (page 265) 

205. Chloroplast rarely with more than one pyrenoid. 206 
206. Cell wall with longitudinal ribs. 207 
206. Cell wall smooth. 208 

207. Wall with an equatorial transverse rib. Desmatractum (page 225) 
207. Wall without a transverse rib. Scotiella (page 260) 

208. Cells dividing transversely. Ourococcus (page 132) 

208". Cells not dividing transversely. Ankistrodesmus (page 264) 

209. Ends of cells truncate. Gonatozygon (page 306) 
209. Ends of cells broadly rounded. 210 

210. Chloroplasts axial. 211 

210. Chloroplasts parietal spiral bands. Spirotaenia (page 309) 
211. With one chloroplast. Roya (page 308) 
211. With two chloroplasts. 212 

212. Cells straight. Netrlum (page 308) 

212. Cells curved. Closterium (page 316) 
213. Cells uniseriately joined in simple or branched filaments.. 214 
213. Cells solitary or not united in filaments . 216 

214. Filaments unbranched . 215 

214. Filaments branched. Monocilia (page 399) 
215. Cell wall thick, H-pieces clearly evident. Tribonema (page 396) 
215. Cell wall thin, H-pieces not clearly evident. Bxunilleria (page 398) 

216. Cells united in colonies. 217 
216. Cells solitary. 224 

217. Colonies sessile or epiphytic. 218 
217. Colonies free-floating. 221 

218. Colonies dendroid. 219 
218. Colonies not dendroid. Gloeochloris (page 377) 

219. Without gelatinous stalks. Ophiocytium (page 395) 

219. Cells at tips of branched gelatinous stalks. 220 

220. Cells spherical. Mischococcus (page 388) 

220. Cells obpyriform. Malleodendron (page 378) 

221. Colonial matrix tough and its surface wrinkled. Botryococcus (page 404) 

221. Colonial matrix watery and its surface smooth. 222 

222. Matrix stratified. Chlorobotrys (page 387) 

222. Matrix unstratified... 223 

223. Cells dividing vegetatively. Gloeochloris (page 377) 

223. Cells not dividing vegetatively. Gloeobotrys (page 387) 

224. Cells, if aquatic, free-floating. 225 

224. Cells sessile and epiphytic.. 241 

225. Cells siphonaceous.  226 

225. Cells not siphonaceous . 227 

226. Tubular and of uniform diameter.Vaucheria (page 402) 
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227. 
227, 

229. 

229. 

231. 
231. 

233. 

233. 

235. 
235. 

237, 
237. 

239. 
239. 

241, 

241, 

243 

243, 

245, 

245, 

247. 

247. 

249 

249 

226. Partly globose and with colorless rhizoidal branches. 

Botrydlum (page 400) 
Cells tetrahedral or triangular. 240 
Cells not tetrahedral or triangular. 228 

228. Cells hemispherical. Chloroglbba (page 385) 
228. Cells not hemispherical. 229 

Cells spherical to ovoid. 230 
Cells cylindrical or spindle-shaped. 233 
230. Cell wall smooth. 231 

230. Cell wall sculptured. Arachnochloris (page 383) 
Mature cells ovoid. Leuvenla (page 381) 
Mature cells spherical to subspherical. 232 
232. Cells varying greatly in size.Botrydlopsis (page 380) 

232. Cells not varying greatly in size. Diachros (page 380) 
Cells cylindrical . 234 
Cells spindle-shaped. 239 
234. Cell wall smooth. 235 

234. Cell wall ornamented. 238 
Length not over double the breadth. Monallantus (page 382) 
Length three or more times the breadth.. 236 
236. Both poles with a spine longer than cell. Centritractus (page 393) 

236. Spines, if present, shorter than cell. 237 
Halves of cell wall similar in structure. Bumlllerlopsis (page 394) 
Halves of cell wall unlike in structure. Ophlocytlum (page 395) 
238. Wall with small areolae. Trachychloron (page 384) 

238. Wall with large areolae. Chlorallanthus (page 384) 
Poles of cells not thickened and without spines. Chlorocloster (page 383) 
Poles of cells thickened or with delicate spines. Pleurogaster (page 383) 
240. Cells tetrahedral. Tetraedrlella (page 385) 

240. Cells compressed and triangular. Goniochloris (page 386) 
Cells with evident stipes. 244 

Cells without evident stipes. 242 
242. Cells cylindrical. Characiopsis (page 390) 

242. Cells not cylindrical. 243 
Mature cells biscuit-shaped. Perone (page 382) 
Mature cells spherical. Lutherella (page 392) 
244. Protoplast completely surrounded by a wall. 245 
244. Upper end of protoplast naked and with a hair-like pseudopodium. 

Stipitocoecus (page 376) 
Cells triangular. Dioxys (page 390) 

Cells not triangular. 246 
246. Stipe longer than cell. Peronlella (page 391) 

246. Stipe shorter than cell. 247 
Cell wall homogeneous. Characiopsis (page 390) 
Cell wall with two overlapping halves. Chlorothecium (page 395) 
248. Chromatophores some shade of brown. 249 
248. Chromatophores blue green, olive, pink, red, or purple.333 
Cells with projecting delicate or stout pseudopodia. 260 

Cells without projecting pseudopodia. 267 
260. Cells solitary or in temporary colonies. 262 
250. Cells permanently united in colonies. 251 
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251. Cells naked.. Chrysldiastrum (page 428) 

251. Each cell surrounded by a lorica. Heliapsis (page 428) 

252. Cells naked. 253 
262. Cell surrounded by a lorica. 254 

253. With short pseudopodia. Chrysamoeba (page 427) 
253. With long pseudopodia. Rhizochrysis (page 428) 

254. Cells free-floating, with stout spines. Diceras (page 438) 

254. Cells sessile and epiphytic. 255 
255. Base of lorica extended into two long prongs encircling host alga. 

Chrysopyxis (page 430) 
255. Base of lorica without prong-like extensions. 256 

256. Base of lorica flattened. Lag3mlon (page 430) 

256. Base of lorica rounded.. Kybotion (page 437) 
257. Cell wall smooth. 258 

267. Cell wall ornamented with punctae or striae. 276 
258. Cells united in colonies. 259 
258. Cells solitary. 269 

259. Cells uniseriately united in branched filaments. Phaeothamnion (page 438) 
259. Cells not united in filaments. 26D 

260. Colonies with setae. 261 
260. Colonies without setae. 262 

261. Colonies sessile. Naegeliella (page 435) 
261. Colonies free-floating. Chrysostephanosphaerla (page 436) 

262. Colony without a gelatinous sheath. 263 
262. Colony with a gelatinous sheath. 265 

263. Colony with less than a half-dozen cells. Eplchrysls (page 440) 
263. Colony with a dozen to hundreds of cells. 264 

264. Colony crustose, monostromatic. Phaeoplaca (page 434) 
264. Colony crustose, several cells in thickness_Herlbaudiella (page 512) 

265. Gelatinous envelope stratified. 266 

265. Gelatinous envelope homogeneous. 267 
266. Stratification concentric. Gloeodinium (page 532) 
266. Stratification asymmetrical. Urococcus (page 532) 

267. Colony globose. Chrysocapsa (page 433) 
267. Colony not globose. 268 

268. Colony a brush-like tuft. Hydrurus (page 437) 

268. Colony not a brush-like tuft. Phaeosphaera (page 434) 
269. Cells free-floating. 270 
269. Cells epiphytic.   273 

270. Cells tetrahedral.Tetragonidium (page 636) 
270. Cells not tetrahedral. 271 

271. Cell with an asymmetrically stratified gelatinous envelope. 
Urococcus (page 532) 

271. Cell without a gelatinous envelope. 272 
272. Cells spherical. Hypnodinium (page 535) 
272. Cells lunate. Cystodinium (page 534) 

273. Cells globose and without a stipe. Bpiphrysis (page 440) 

273. Cells stipitate. 274 
274. Cells without spines. Stylodlnium (page 535) 
274. Cells with spines. 275 

275. Cells compressed..Raclborskla (page 537) 
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275. Cells not compressed. Tetradlnium (page 536) 
276. Cells solitary. 295 

276. Cells not solitary. 277 

277. Cells sessile and borne at ends of simple or branched gelatinous stalks. 278 
277. Cells free-floating, or if sessile not borne at ends of gelatinous stalks. 283 

278. One valve with a pseudoraphe, the other with a raphe. 279 
278. Both valves with a raphe. 280 

279. Cuneate in girdle view. Rhoicosphenia (page 485) 
279. Not cuneate in girdle view. Achnanthes (page 484) 

280. Ornamentation of valve longitudinally symmetrical . 281 
280. Ornamentation of valve longitudinally assymmetrical. Cymbella (page 500) 

281. Ornamentation of valve transversely symmetrical... Brebissonia (page 494) 
281. Ornamentation of valve transversely asymmetrical. 282 

282. With longitudinal lines adjoining valve margin... Gomphoneis (page 499) 

282. Without longitudinal lines adjoining valve margin. 
Gomphonema (page 498) 

283. Joined end to end in stellate clusters. 284 
283. Not joined end to end in stellate clusters. 285 

284. Median portion of valve inflated.Tabellaria (page 474) 
284. Median portion of valve not inflated. Asterlonella (page 480) 

285. Joined end to end in zigzag series.‘. 286 
285. Not joined end to end in zigzag series. 290 

286. Ornamentation of valve radially symmetrical. Blddulphia (page 470) 
286. Ornamentation of valve bilaterally symmetrical. 287 

287. With longitudinal internal septa. 288 
287. With transverse internal septa. Dlatoma (page 477) 

288. Septa perforate at poles and at center. Diatomella (page 475) 
288. Septa with one perforation. 289 

289. Septa straight. Tabellaria (page 474) 
289. Septa curved. Tetracyclus (page 475) 

290. Cells joined pole to pole in a straight filament. Melosira (page 462) 

290. Cells joined valve to valve. 291 
291. Poles continued in long horns. Chaetoceros (page 468) 

291. Poles not continued in long horns. 292 
292. Ornamentation of valve radially symmetrical. Blddulphia (page 470) 
292. Ornamentation of valve bilaterally symmetrical. 293 

293. Valves longitudinally curved or arcuate. Eunotia (page 482) 

293. Valves not longitudinally curved or arcuate. 294 
294. Wedge-shaped in girdle view. Meridion (page 476) 
294. Not wedge-shaped in girdle view. Fragilarla (page 479) 

295. Sessile and with valve face against the substratum. 296 
295. Free-floating, or if sessile not with valve face against the substratum..297 

296. With transverse internal septa. Epithemia (page 502) 
296. Without internal septa. Cocconeis (page 486) 

297. Wall with 20 or more intercalary bands. 298 
297. Wall with 2 to a few intercalary bands. 299 

298. Each valve with a single long spine. Rhlzosolenia (page 466) 
298. Each valve with two or three long spines. Attheya (page 469) 

299. Ornamentation of valve radial about a central point. 800 

299. Ornamentation of valve bilaterally disposed with respect to an axial or ex- 
centric line.. a|()4 
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300. Sides of valves undulate. TerpsinoS (page 471) 
300. Sides of valves not undulate. 301 

301. Valves with mamillate protuberances. Actinocyclus (page 466) 
301. Valves without mamillate protuberances. 302 

302. Ornamentation of valve in two concentric parts of unlike pattern. 
Cyclotella (page 462) 

302. Ornamentation of valve not in two concentric parts. 303 
303. Valve with radiating unornamented sectors. Stephanodiscus (page 463) 
303. Entire surface of valve ornamented. Coscinodiscus (page 464) 

304. Both valves with a pseudoraphe. 305 
304. Both valves with a raphe. 311 

306. Valves longitudinally and transversely symmetrical. 306 
306. Valves not symmetrical in both axes. 308 

306. Frustules with internal septa. 307 
306. Frustules without internal septa. Synedra (page 479) 

307. Girdle view with parallel sides. Diatoma (page 479) 
307. Girdle view cuneate. Opephora (page 478) 

308. Valves alike at both poles. 309 
308, Valves inflated at one pole. Actinella (page 483) 

309. Valves dentrate on both margins. Amphicampa (page 482) 
309. Valves with concave margin smoother than convex margin. 310 

310. Concave margin tumid at center. Ceratoneis (page 483) 
310. Concave margin not tumid at center. Eunotla (page 482) 

311. Raphe median or approximately median.. 312 
311. Raphe marginal and in a keel. 328 

312. Valves symmetrical in both axes. 313 
312. Valves not symmetrical in both axes. 326 

313. Frustules without longitudinal septa. 314 
313. Frustules with loculiferous longitudinal septa. Mastogloia (page 497) 

314. Valve without a keel . 316 
314. Valve with a sigmoid sagittal keel. Amphlprora (page 496) 

316. Ornamentation of valve interrupted by longitudinal lines or by blank spaces. 
316 

316. Ornamentation of valve not longitudinally interrupted. 320 
316. Central nodule not connected with longitudinal lines. 317 
316. Central nodule connected with longitudinal lines. 319 

317. Longitudinal lines parallel to sides of valve. 318 
317. Valve with longitudinal zigzag blank spaces. Anomoeoneis (page 491) 

318. With transverse striae. Caloneis (page 490) 
318. With transverse rows of punctae. Neidium (page 490) 

319. Raphe straight. Diploneis (page 491) 
319. Raphe sigmoid. Scoliopleura (page 496) 

320. Central or polar nodules elongate. 321 
320. Central or polar nodules not elongate. 322 

321. Length of central nodule at least half that of valve. Amphlpleura (page 492) 
321. Length of central nodule less than half that of valve.. Frustulia (page 493) 

322. Raphe sigmoid. 323 
322. Raphe straight.    324 

323. Punctae in oblique and transverse rows. Pleurosigma (page 495) 
323. Punctae in transverse and longitudinal rows. Gyroslgma (page 494) 

324. Central nodule laterally expand^ into a stauros.. Stauronels (page 492) 
324. Central nodule not expanded into a stauros.326 



COMPREHENSIVE KEY 651 

325. 
326. 

327. 

327. 

329, 
329. 

331, 
331, 

333. 

333. 

335. 

335. 

337. 

337. 

339. 
339. 

341 
341 

343 
343 

345. 
346. 

347. 
347. 

349. 
349 

Valve with smooth transverse costae. Plnnularia (page - 
Valve with transverse striae or rows of punctae. Navicula (page 488) 
326. Valves with transverse costae. Rhopalodia (page 603) 
326. Valves without transverse costae. 327 
Valves flat. Cymbella (page 500) 
Valves markedly convex. Amphora (page 601) 
328. With a single excentric keel next to one lateral margin of valve. 329 
328. With a keel next to both margins of valve. 331 
Frustules without transverse septa. 330 
Frustules with transverse septa. Denticula (page 506) 
330. Valves with raphes diagonally opposite. Nltzschia (page 606) 
330. Valves with raphes opposite each other. Hantzschia (page 606) 
Face of valve transversely undulate. Cymatopleura (page 607) 
Face of valve not transversely undulate. 332 
332. Valve face flat or spirally twisted. Surirella (page 508) 
332. Valve face bent and saddle-shaped. Campylodiscus (page 609) 
Chromatophores, or what seem to be chromatophores, a bright blue-green. .. 334 
Chromatophores olive-green, dark green, olive, reddish or purplish. 336 

334. Chromatophore stellate ... 335 
334. Chromatophore cup-shaped. Gloeochaete (page 665) 
Cells uniseriate within a tubular envelope. Asterocytls (page 609) 
Two to eight cells within old parent-cell wall. Glaucocystls (page 664) 
336. Aerial or terrestrial. 337 
336. Aquatic. 338 
Unicellular, chromatophore reddish. Porphyrldlum (page 612) 

Filamentous, chromatophore orange-red and with orange-red droplets of oil. 
Trentepohlia (page 179) 

338. Chromatophores stellate. 339 
338. Chromatophores not stellate. 340 
A branched filament with a wide sheath. Asterocytls (page 609) 
An unbranched filament without a sheath. Bangia (page 611) 

340. Thallus surface pseudoparenchymatous. 341 
340. Thallus surface filamentous. 343 
Externally differentiated into nodes and internodes... Lemanea (page 621) 
Not differentiated into nodes and internodes. 342 
342. Axial row uniseriate, with very large cells. Compsopogon (page 610) 
342. Axial row multiseriate, with small cells. Tuomeya (page 622) 
Cells of central axis much larger than those of branches. 344 
Cells of central axis same size as those of branches. 345 
344. Gonimoblast filaments in a compact mass... Batrachospermum (page 619) 
344. Gonimoblast filaments widely divergent. Sirodotla (page 619) 
Central axis uniseriate, obscure. Audoulnella (page 618) 
Central axis multiseriate, clothed with filaments. Thorea (page 620) 
346. Growing on fishes. Ottdinium (page 538) 
346. Not growing on fishes. 347 
Growing within amphibia. 348 
Growing upon turtles. 349 
348. Within eggs of Amhlystoma. Odphila (page 226) 
348. Within intestinal tract of frogs. Euglenamorpha (page 367) 
Thallus filamentous. BasUladla (page 217) 
Thallus a pseudoparenchymatous crust. Dermatophyton (pa^ 161) 
360. Thallus unicellular.. 361 
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351. 

351. 

353. 

353. 

355. 
355. 

357. 

367. 

359. 

359. 

361. 

361. 

363. 

363. 

365. 
365. 

367, 
367. 

369, 

371 
371 

373 
373 

376. 
375. 

860. Thallufl multicellular. Cephaleuros (page 182) 
Thallus a branched tube of uniform diameter. Phylloslphon (page 280) 

Thallus globose, with branched rhizoids. Rhodochytrium (page 230) 
352. Thallus a freediving globose cell. Mycanthococcus (page 252) 
362. Thallus epiphytic, cylindrical. Harpochytrium (page 392) 

Cells united in filaments (trichomes). 384 

Cells not united in filaments. 354 
354. Without a formation of endospores. 355 
354. Regularly with a formation of endospores. 377 
Unicellular, or not pseudoparenchymatous if colonial . 356 
Colonial and pseudoparenchymatous. Entophysalls (page 566) 
356. Cells free-living. 357 
356. Cells endophytic in colorless algae. 376 

Cells united in colonies of distinctive shape. 358 
Cells, if in colonies, not in colonies of distinctive shape. 363 
358. Cells arranged in a hollow sphere. 359 
358. Cells not arranged in a hollow sphere. 361 
Interior of colony with radiating gelatinous strands. Gomphosphaeria (page 563) 
Interior of colony without radiating strands. 360 
360. Cells spherical to ellipsoidal. Coelosphaerium (page 562) 

360. Cells pyriform. Marssoniella (page 563) 

Colonies cubical. Eucapsis (page 557) 
Colony a free-floating monostromatic plate. 362 
362. Cells in regular transverse and vertical rows... Merlsmopedia (page 561) 
362. Cells irregularly arranged. Holopedium (page 562) 

Cells spherical, except just after dividing. 364 

Cells ellipsoidal, cylindrical, or spindle-shaped. 369 
364. Cells solitary or in colonies of less than 50 cells. 365 
364. Cells in colonies with hundreds of cells. 367 

Gelatinous sheath around cells inconspicuous. S3rnechocystis (pager 555) 
Gelatinous sheath around cells conspicuous . 366 

366. Sheath colorless. Chroococcus (page 554) 
366. Sheath variously colored. Gloeocapsa (page 555) 

Each cell with an evident sheath. Chondrocystls (page 557) 
Individual cells without evident sheaths. 368 
368. Cells close to one another. Polycystis (page 556) 

368. Cells remote from one another. Aphanocapsa (page 555) 

Cells ellipsoidal or cylindrical. 370 
Cells spindle-shaped. Dactylococcopsis (page 559) 
370. Cells solitary or in colonies of less than 50 cells. 371 

370. Cells in colonies with hundreds of cells. 374 
Each cell with an evident gelatinous sheath. 372 
Cells without evident individual sheaths. 373 
372. All cellular sheaths of uniform thickness. Gloeothece (page 558) 

372. Sheaths of certain cells prolonged into stipes... Chroothece (page 558) 
Cells solitary, or 2 to 4 grouped pole to pole. Synechococcus (page 557) 
Cells regularly in colonies of a few cells. Rhabdoderma (page 559) 
374. Colony tubular, with pointed ends. Bacillosiphon (page 559) 

374. Colony not tubular. 375 
Each cell with an evident gelatinous sheath. Anacystls (page 560) 
Individual cells without evident shaaths. Aphanotfaece (page 560) 
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376. Host epiphytic, with long gelatinous setae. Gloeochaete (page 565) 
376. Host free-floating, 2 to 8 cells within an old parent-cell wall. 

Glaucocystls (page 564) 
377. Unicellular, though sometimes gregarious. 378 
377. Cells united in colonies. 381 

378. Cells sessile.. 379 

378. Cells not sessile. Pluto (page 571) 
379. Divisions forming endospores all transverse. 380 
379. Divisions forming endospores in three planes. Dermocarpa (page 570) 

380. Entire protoplast dividing into endospores— Stlchosiphon (page 571) 
380. Base of protoplast not dividing into endospores.Chamaesiphon (page 572) 

381. Thallus perforating a calcareous substratum. Hyella (page 569) 
381. Thallus not perforating a calcareous substratum. 382 

382. Thallus not sessile. Myxosarcina (page 569) 
382. Thallus sessile and adherent to. substratum . 383 

383. Upper portion of thallus with cells in vertical rows.. Pleurocapsa (page 568) 
383. Thallus without cells in vertical rows. Xenococcus (page 568) 

384. Trichomes pointed at one or both ends . 419 
384. Trichomes approximately the same diameter throughout . 385 

385. Trichomes unbranched. 386 
385. Trichomes with true or false branches. 407 

386. Trichomes with heterocysts. .. 387 

386. Trichomes without heterocysts. 394 
387. Heterocysts always terminal. 388 
387. Heterocysts intercalary. 389 

388. Heterocysts only at one end of trichome. Cyllndrospermum (page 586) 
388. Heterocysts at both ends of a trichome. Anabaenopsls (page 585) 

389. Length of cells less than breadth. Nodularla (page 586) 
389. Length of cells equal to or more than breadth. 390 

390. Thallus with all trichomes parallel. 391 
390. Thallus, if with more than one trichome, not with trichomes parallel. 392 

391. Thallus small, plate- or scale-like. Aphanisomenon (page 583) 
391. Thallus large, tubular, hollow. Wollea (page 585) 

392. Trichomes solitary or intertwined in a watery amorphous mass. 393 
392. With many greatly twisted trichomes united in a firm mass of definite 
shape. Nostoc (page 584) 

393. Sheaths of trichomes narrow and firm. Aulosira (page 582) 
393. Sheaths of trichomes broad and watery. Anabaena (page 581) 

394. Trichomes without a sheath. 395 
394. Trichomes with a sheath. 398 

395. Trichomes straight, curved, or in irregular spirals. 396 

395. Trichomes in regular spirals. 397 
396. Trichomes with less than 20 cells. Borzia (page 575) 
396. Trichomes with hundreds of cells. Oscillatoria (page 574) 

397. Cross walls distinct. Arthrosplra (page 574) 
397. Cross walls lacking. Spirulina (page 573) 

398. One trichome within a sheath. 399 
398. More than one trichome within a sheath. 405 

399. Cells touching one another. 400 
399. Cells not touching one another. Heterohormogonhim (page 567) 

400. Sheaths watery, laterally confluent with one another.;. 401 
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400. Sheaths firm, not laterally confluent. 403 
401. Filaments growing in erect tufts. Sjunploca (page 578) 

401. Filaments not growing in erect tufts. 402 
402. Filaments interwoven in an extended stratum... Phormldium (page 676) 

402. Filaments parallel, in a free-floating scale-like mass. 
Trichodesmium (page 576) 

403. Trichomes with less than 20 cells. Romeria (page 575) 

403. Trichomes with hundreds of cells. 404 
404. Sheaths colorless or brownish. Lyngbya (page 577) 
404. Sheaths purplish. Porphyrosiphon (page 578) 

405. Sheaths firm. Schizothriz (page 580) 

405. Sheaths watery. 406 
406. Many trichomes within a common sheath. Microcoleus (page 578) 

406. Few trichomes within a common sheath. Hydrocoleum (page 579) 

407. With true branches. 408 
407. With false branches. 414 

408. Trichomes with heterocysts.. 409 

408. Trichomes without heterocysts. 413 
409. Sheaths distinct, free from one another or partly confluent. 410 
409. Sheaths confluent with one another. Nostochopsis (page 594) 

410. Filaments free from one another. 411 
410. Filaments united in a cushion-like mass. Capsosira (page 594) 

411. Trichomes wholly or partly multiseriate. Stigonema (page 592) 
411. Trichomes wholly uniseriate. 412 

412. Branches parallel to axis bearing them. Thalpophlla (page 596) 

412. Branches not parallel to axis bearing them.... Hapalosiphon (page 593) 

413. Branching predominately dichotomous. Colteronema (page 596) 
413. Branching not predominately dichotomous. Albrightia (page 595) 

414. Trichomes with heterocysts. 416 

414. Trichomes without heterocysts. Plectonema (page 589) 
415. One trichome within a sheath. 416 

415. More than one trichome within a sheath . 418 

416. False branching abundant. 417 
416. False branching sparse, heterocysts basal, or basal and intercalary. 

Fremyella (page 690) 
417. False branches mostly arising singly. Tolypothriz (page 588) 

417. False branches mostly arising in pairs. Scytonema (page 588) 
418. Trichomes much contorted. Diplocolon (page 590) 
418. Trichomes parallel . Desmonema (page 590) 

419. Trichomes pointed at both ends. 427 
419. Trichomes pointed at one end. 420 

420. Heterocysts lacking. 421 
420. Heterocysts present.   422 

421. Pointed ends of trichomes parallel. Amphlthriz (page 598) 

421. Pointed ends of trichomes not parallel. Calothriz (page 598) 
422. Filaments united in spherical or hemispherical thalli. 423 
422. Filaments solitary or not in rounded thalli. 426 

423. One trichome within a sheath 421 

423. Two to several trichomes within a sheath. Sacconema (page 601) 

424. Trichomes without akinetes Rlvularia (page 600) 
424. Trichomes with akinetes.m,. Gloeotrlchla (page 601) 
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425. 
425. 

427. 

427. 

429. 
429. 

431. 

431. 

433. 

433. 

435. 

435. 

437. 

437. 

439. 

439. 

441. 

441. 

443. 
443. 

445. 
445. 

447. 
447. 

449. 

449. 

Several laterally adjoined trichomes within a sheath... Dichothrlx (page 599) 
Trichomes of a filament not laterally adjoined. 426 

426. With false branches at regular intervals. Scytonemopsls (page 602) 
426. False branches, if present, not at regular intervals. Calothriz (page 598) 
Trichomes with less than 20 cells. Rhaphidlopsis (page 603) 
Trichomes with more than 50 cells. Hammatoidea (page 603) 
428. Cells with colored chromatophores. 430 
428. Cells colorless. 518 
Chromatophores grass-green. 430 

Chromatophores brownish, olive, blue-green, or reddish. 477 
430. Cells with starch and chromatophores usually with pyrenoids. 431 
430. Cells lacking starch, usually with paramylum. 470 

Cells solitary. 432 

Cells in colonies and all cells with flagella. 459 

432. Cells without a wall or a lorica.   . 433 
432. Cells with a wall or a lorica. 439 
With one flagellum. Pedinomonas (page 68) 

With more than one flagellum. 434 
434. With two or four flagella. 435 

434. With six to eight flagella... Polyblepharides (page 73) 
Cells biflagellate.». 436 
Cells quadriflagellate. 438 

436. Cells compressed. Heteromastix (page 70) 
436. Cells not compressed. 437 
Anterior portion of cell with longitudinal ridges.. Stephanoptera (page 68) 

Cell without longitudinal ridges. Dunaliella (page 69) 
438. Cells spindle-shaped. Spermatozoopsis (page 72) 
438. Cells not spindle-shaped. Pyramimonas (page 71) 
Protoplast entirely or partly in contact with wall. 440 

Protoplast not touching wall or lorica. 452 

440. Cells biflagellate. 441 
440. Cells quadriflagellage. 449 

Protoplast with numerous cytoplasmic strands extending to wall. 
Haematococcus (page 110) 

Protoplast without cytoplasmic strands. 442 
442. Vertical view circular. 443 
442. Vertical view not circular.   446 

Flagella inserted close together. 444 
Flagella remote from each other. Gloeomonas (page 82) 
444. Cells fusiform. Chlorogonlum (page 81) 

444. Cells not fusiform. 445 
Protoplast of same shape as cell.. Chlamydomonas (page 75) 
Protoplast not of same shape as cell. Sphaerellopsis (page 77) 

446. Cells compressed. 447 
446. Cells not compressed. 448 
Front view oval. Platychlorls (page 79) 
Front view circular. Mesostigma (page 79) 
448. Posterior end with several conical projections. Brachlomonas (page 83) 

448. Posterior end without conspicuous projections.. Lobomonas (page 80) 
Cells compressed.450 

Cells not compressed. Carterta (page 84} 
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451. 
461. 

463. 
463. 

465. 
465. 

467. 
467. 

459. 

461. 
461. 

463. 
463. 

465. 
466. 

467. 
467. 

469. 
469. 

471. 
471. 

473, 
473 

476. 
475. 

460. Posterior end pointed.... . 451 
460. Posterior end broadly rounded. Platymonas (page 85) 
Lateral margins of cell wall wing-like. Scherffella (page 85) 
Lateral margins of wall not wing-like. Chlorobrachls (page 86) 
452. Cells biflagellate. 453 
452. Cells quadriflagellate. Pedinopera (page 93) 
Lorica compressed. 454 
Lorica not compressed. 458 
454. Compressed face with projections. Wisloiichlella (page 89) 
464. Compressed face without projections. 455 
Halves of lorica evident in motile cells. Phacotus (page 87) 
Halves of lorica not evident in motile cells. 456 
466. Lorica smooth.   457 
456. Lorica verrucose. Thoracomonas (page 88) 
Lorica much narrower at posterior pole. Cephalomonas (page 90) 
Lorica not narrower at posterior pole. Pteromonas (page 89) 
458. Lorica without pores. Coccomonas (page 91) 
458. Lorica with minute pores. Dysmorphococcus (page 91) 
Colony with a gelatinous envelope. 460 
Colony without a gelatinous envelope. 468 
460. Colonial envelope flattened. 461 
460. Colonial envelope globose. 462 
Envelope with an anterior-posterior differentiation.. Platydoiina (page 101) 
Envelope without anterior-posterior differentiation. Gonium (page 95) 
462. Cells forming a hollow sphere. 463 
462. Cells not forming a hollow sphere. 467 
Not over 256 cells in a colony. 464 
Over 600 cells in a colony. Volvox (page 104) 
464. All cells of a colony of the same size. 465 
4W. With cells of two different sizes. Pleodorina (page 102) 
Cells close together. Pandorlna (page 96) 
Cells not close together. 466 
466. Cells hemispherical. Volvulina (page 98) 
466. Cells spherical. Eudorlna (page 99) 
Cells fusiform. Stephanosphaerla (page 111) 
Cells spherical. Stephanoon (page 99) 
468. .Colonies with two or four cells. Pascherlella (page 107) 
468. Colonies with more than four cells. 469 
Cells biflagellate. Pyrobotrys (page 108) 
Cells quadriflagellate. Spondylomorum (page 108) 
470. With one flagellum. 471 
470. With two flagella. 476 
Protoplast without a lorica. 472 
Protoplast surrounded by a lorica. 476 
472. Cells plastic. Buglena (page 353) 
472. Cells rigid. 473 
With two elongate chromatophores. Cryptoglena (page 366) 

With numerous chromatophores. 474 
474. Cells compressed. Phacus (page 356) 
474. Cells not compressed. Lepocinclls (page 354) 
Cells free-swimming.T.. Trachelomonas (page 366) 

Cells sessile. Ascoglena (page 367) 
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481. 

481. 

483. 
483. 

485. 
485. 

476. Base of cell with acicular trichocysts. Merotrichia (page 626) 
476. Cells without trichocysts. Eutreptia (page 357) 

477. Chromatophores brownish to olive-green.478 
477. Chromatophores reddish or blue-green. 510 

478. Cells encircled by a transverse groove. 479 
478. Cells not encircled by a transverse groove. 487 

479. Cells naked. 480 
479. Cells with a wall composed of a definite number of plates. 483 

480. Transverse furrow approximately horizontal. 461 
480. Transverse furrow descending diagonally. Gyrodinium (page 525) 
Portions above and below furrow approximately equal in size. 

Gymnodinlum (page 525) 
Portions above and below furrow unequal in size. 482 
482. Upper portion longer and broader. Massartla (page 525) 
482. Lower portion longer and broader. Amphldinium (page 526) 
Plates of wall thin and smooth. 484 
Plates of wall thick and usually ornamented. 485 
484. Transverse furrow completely encircling cell.. Glenodlnium (page 527) 
484. Transverse furrow incompletely encircling cell. . Hemidinlum (page 527) 
With long anterior and posterior hornsr. Ceratium (page 530) 
Without long horns.. .486 
486. With one antapical plate . Gonyaulax (page 528) 
486. With two antapical plates.Peridinium (page 529) 

487. Cells uniflagellate or biflagellate. 488 
487. Cells triflagellate. Chrysochromulina (page 425) 

488. Cells uniflagellate . 489 
488. Cells biflagellate . 495 

489. Cells without a lorica.490 
489. Cells with a lorica .494 

490. Cells with spines.491 
490. Cells without spines .492 

491. Cells solitary.Mallomonas (page 413) 

491. Cells in spherical colonies. Chrysosphaerella (page 415) 
492. With one or with two chromatophores.493 
492. With four chromatophores. Amphichrysis (page 411) 

493. Chromatophores reticulate . Chrysapsis (page 412) 
493. Chromatophores not reticulate. Chromullna (page 410) 

494. Lorica globose. Chrysococcus (page 412) 
494. Lorica vase-shaped.Kephyrion (page 413) 

495. Length of flagella equal or slightly different. 496 
495. Length of one flagellum double or more than that of the other. 504 

496. Cells solitary. 497 
496. Cells united in motile colonies. 502 

497. Cells with a lorica. Derepyxis (page 416) 
497. Cells without a lorica. 498 

498. Flagella inserted laterally... 499 
498. Flagella inserted terminally. 500 

499. With a gullet and without an eyespot. Nephroselmls (page 636) 
499. Without a gullet and with an eyespot. Protochrysis (page 636) 

500. With calcareous rings embedded in surface of cytoplasm.— 
Hymenomonas (paga 419) 

600. Cytoplasmic surface without calcareous rings. 601 
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501. With pyrenoids. Rhodomonas (page 631) 

601. Without pyrenoids. Cryptochrysis (page 629) 
602. Colony with a gelatinous envelope. Syncrypta (page 416) 
602. Colony without a gelatinous envelope. 603 

603. Each cell with two parietal chromatophores. Synura (page 417) 
603. Each cell with two axial chromatophores. Skadovskiella (page 418) 

604. Cells without a lorica. 505 
604. Cells with a lorica. 508 

505. Cells solitary. Ochromonas (page 420) 

506. Cells united in colonies. 606 
606. Colony globose. 507 
606. Colony a flat disk. Cyclonexis (page 423) 

507. Center of colony with dichotomously branched gelatinous strands. 
Uroglena (page 422) 

607. Center or colony without gelatinous strands.Uroglenopsis (page 421) 
608. Surface of lorica smooth. 509 
508. Surface of lorica denticulate in optical section.. . Hyalobryon (page 425) 

509. Cells solitary and sessile. Epipyxis (page 425) 

609. Cells in free-swimming dendroid colonies. Dinobryon (page 423) 
510. Chromatophores or entire protoplast reddish. 511 
610. Chromatophores blue-green.^. 514 

511. Cells naked. 512 
611. Cells with a wall. 613 

512. With a gullet. Cryptomonas (page 633) 

612. Without a gullet. Rhodomonas (page 631) 

613. Protoplast connected to wall by numerous cytoplasmic strands. 
Haematococcus (page 110) 

513. Protoplast without cytoplasmic strands. Dunaliella (page 69) 

514. Cells naked. 515 
514. Cells surrounded by a lorica. Cyanomastix (page 632) 

516. With many disk-shaped chromatophores. 516 
615. Chromatophores laminate. Chroomonas (page 630) 

616. With numerous trichocysts. Gonyostomum (page 625) 
616. Without trichocysts. Cyanomonas (page 631) 

517. Cells uniflagellate.   518 
617. Cells biflagellate or quadriflagellate. 526 

518. With aneyespot. Euglena (page 363) 
618. Without an eyespot. 619 

619. Cells rigid. 520 
619. Cells more or less plastic. 622 

620. Cell surface with longitudinal ridges. Petalomonas (page 368) 
620. Cell surface without ridges. 621 

521. Cells radially symmetrical. Rhabdomonas (page 359) 
621. Cells not radially symmetrical. Menoidium (page 369) 

622. Cells flask-shaped. Urceolus (page 367) 
622. Cells more or less spindle-shaped . . 523 

623. With pharyngeal rods.   624 

623. Without pharyngeal rods. 625 
624. Feeding exclusively upon diatoms. Jenningsia (page 362) 
524. Not feeding exclusively upon diatoms. Peranema (page 362) 

526. Periplast with spiral striae.T. Euglenopsis (page 366) 
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626. Periplast without striae. Astasia (page 368) 

626. Cells biflagellate. 627 

626. Cells quadriflagellate. Polytomella (page 72) 

627. Cells containing starch. 628 

527. Cells not containing starch. 629 

628. With a gullet at anterior end. Chllomonas (page 634) 

628. Without a gullet. Polytoma (page 78) 

629. Cells rigid. 630 

629. Cells more or less plastic. 536 

630. Both flagella projecting forward. Cyathomonas (page 634) 

630. One flagellum projecting forward, the other trailing. 631 

631. Trailing flagellum the shorter. 632 

531. Trailing flagellum the longer. 634 

632. Periplast longitudinally ridged. 633 

532. Periplast not longitudinally ridged. Notosolenus (page 366) 

633. Ridges straight. Sphenomonas (page 365) 

533. Ridges curved. Tropidoscyphus (page 365) 

634. Pharyngeal rods as long as cells. 536 

534. Pharyngeal rods not so long as cells. Dlnema (page 363) 

636. Cells compressed... Anlsonema (page 364) 

535. Cells not compressed. Entoslphon (page 364) 

636. Trailing flagellum the shorter. 537 

536. Trailing flagellum the longer. Anisonema (page 364) 

537. With pharyngeal rods. Heteronema (page 363) 

637. Without pharyngeal rods. Dlstlgma (page 360) 
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218, 279, 282, 375, 649 
germination of, 650 

Akontae, 63 
Albrightia, 592, 595 
Algae, aerial, 17-19, 29, 40, 640-541 

annual, 24 
aquatic, 19-21, 29, 39 
basis of classification of, 2 
benthic, 21 
brackish-water, 16 

classes of, 4-6 
classification of, 10-11 

natural, 1 
cosmopolitanism of, 12 
desiccation of, 18 
dispersal of, 12-14 
divisions of, 10-11 
endophytic, 231 
endozoic, 22,226,357 
environmental factors and, 14-17 

ephemeral, 24 
epiphytic, 41,23 
epizoic, 22 
evolution among, 6-10 
fossil, 337 
geographical distribution of, 12 

halophytio, 22 
of hot spring, 641 
of lakes and ponds, 21 

Algae, of lichens, 542 
palmelloid, 16 
parasitic, 22, 23, 40, 230,280, 538, 541 
perennial, 24 
periodicity of, 28-26 
of pools and ditches, 21 
relationships of, 11 
saprophytic, 349, 359 
of snow, 22, 40 
of streams, 19 
subterranean, 540 
symbiotic, 22, 23, 40, 641-642 
terrestrial, 17-18 
transportation of, by birds, 13 

by wind, 13-14 
of unusual habitats, 21-23 
vertical distribution of, 14 

Alternation of generations, 69-30 
heteromorphic, 139, 154, 193, 512 
isomorphic, 139,158,187,188,190,213, 

215, 511 
Amitosis, 339 
Amoeboid stages, 52 
Amphicampa 481, 482-484 
Amphichrysis, 410, 411-412 
Amphidinium, 524, 626 
Amphipleura, 447, 488, 492-493 
Amphiprora, 445, 487, 498-497 
Amphithrix, 698 
Amphora, 445, 500, 601-502 
Amyluin star, 839 
Anabaena, 23,128, 539, 643, 644,646,547, 

549, 660, 551, 662, 681-582 
Anabaenopsis, 551, 581, 683-684 
Anacystis, 554, 660-661 
Anaulaceae, 471-472 
Ancylonema, 22 
Androsporangium, 203,204,203,209,2L0 
Androspore, 202 
Anisogamy, 64,76,97,100, 103,188,191, 

280,401 
physiological, 56,289,300 

705 
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Anisonema, 362, 364-865 
Ankistrodesmus, 249-^51, 264-265 
Anomoeoneis, 488, 491 
Antheridial filament, 840 
Antheridium, 55, 203, 204-206 
Antherozoid, 54, 185, 204, 206, 840, 843, 

403 
Anthocyan, 42 
Aphanizomenon, 581, 585-586 
Aphanocapsa, 542, 554, 555-556 
Aphanochaete, 52, 137, 139, 152, 153, 

168-165 
Aphanothece, 542, 543, 548, 554, 560 
Apical cell, 887, 838, 614 
Apical plate, 518, 519 
Apiocystis, 61, 121, 122, 124-125 
Aplanogamete, 56, 282 
Aplanogamy, 55 
Aplanospore, 52 , 53, 176, 202, 242, 257, 

259, 279, 280, 301, 313, 373, 374, 891, 
894, 401, 516, 522-528 

germination of, 34, 523 
Arachnochloris, 379, 888-884 
Arthrodesmus, 314, 316, 329-830 
Arthrospira, 573 , 574 
Ascoglena, 353, 357 
Askenasyella, 115, 119-120 
Astasia, 858-359 
Astasiaceae, 858-361 
Asterionella, 444, 479, 480-481 
Asterococcus, 46, 113, 114, 120, 121 
Asterocytis, 605, 607, 609 
Atteya, 468, 469 
Audouinella, 19, 617, 618 
Aulosira, 581, 582-583 
Autogamy, 351, 355, 457, 458 
Autospore, 53, 221, 224, 374, 380, 885, 

389,522 
Auxospore, 453-458 

of Centrales, 457-458 

of Pennales, 453-457 

Azygote (sec Parthenospore) 

B 

Baoillarieae, 20, 29 

(See also Bacillariophyceae) 

Bacillariophyceae, 10, 18, 19, 21, 34, 370, 

440-510 
auxospores of, 453-458 

Bacillariophyceae, cell division of, 451- 

452 
cell wall of, 444-448 
characters of, 5, 440-441 
classification of, 461 
craticular stages of, 453 
locomotion of, 449-450 
microspores of, 469-460 
occurrence of, 441-442 
pigments of, 3 
statospores of, 469-460 

Bacillosiphon, 554, 659 
Bangia, 607, 611-612 
Bangiaceae, 611-612 
Bangiales, 608-612 
Bangioideae, 605, 606, 608-612 
Basicladia, 22, 213, 217-218 
Batrachospermaceae, 618-621 
Batrachospermum, 19,165, 614, 615, 616, 

619 
Benthos, 19 
Biddulphia, 469, 470-471 
Biddulphiaceae, 469-471 
Biddulphineae, 467-472 
Binuclearia, 137, 142, 147-148 
Blastodiniaceae, 637-538 
Blepharoplast, 45, 50, 168, 200, 350, 351, 

353, 358, 364, 366 , 520 , 624, 627 
Bohlinia, 250, 263-264 
Borzia, 573, 575 
Botrydiaceae, 400-401 
Botrydiopsis, 371, 379, 380-381 
Botrydium, 9, 18, 29, 371, 372, 374, 375, 

400-401 
Botryococcus, 404-406 
Brachiomonas, 75, 83-84 
Brebissonia, 488, 494 
Brine lakes, 13, 22, 40 
Bryopsis, 55, 279, 280 
Bulbochaete, 197, 200, 201, 202, 203, 207, 

209-210 
Bumilleria, 873, 396, 398-399 
Bumilleriopsis, 383, 393, 394 

C 

Calciphiles, 15 
Calciphobes, 15 

Calcium, effect of, on algae, 15-16 
•Caloneis, 488, 490 
Calothrix, i 
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Calyptra, 676 
Campylodiscus, 607, 609-610 
Capitulum, 340, 341 
Capsosiphon, 187 
Capsosira, 692, 694 
Carotene, 3-6 

alpha, 3 
beta,3 
eta, 3 

Carpogonium, 607, 613, 617 
Carposporangium, 613, 616 
Carpospore, 607, 608, 613 
Carrageenin, 606 
Carteria, 61, 66, 76, 84 
Cell division, 197-200, 288-287, 303, 312, 

313, 366, 367, 461, 620, 622 
Cell plate, 47 
Cell wall, structure of, 41-42, 303, 310, 

371-372 , 617-619 
Cclloniella, 408 
Cellulose, 41, 371 
Central body, 644 
Central nodule, 446 
Centrales, 460-472 
Centriole, 360,363, 369, 621 
Centritractaceae, 393-394 
Centritractus, 393-394 
Centrosome, 46 
Centrosphaera, 299 
Cephaleuros, 40, 173, 174, 182-184 
Cephalomonas, 87, 90-91 
Cerasterias, 250, 270 
Ceratiaceae, 630-631 
Ceratium, 519, 521, 622 , 523, 630-631 
Ceratoneis, 481, 483 
Chaetoceraceae, 467-469 
Chaetoceros, 468, 460, 468-469 
Chaetomorpha, 67, 59, 212, 213, 218 
Chaetonema, 65, 62, 137, 139, 162, 163, 

166-166 
Chaetopeltis, 122, 126-127 
Chaetophora, 137, 163, 166-166, 165 
Chaetophoraceae, 9,49, 60,136,139,151- 

166 
Chaetosphaeridium, 62, 137, 168, 170, 

171 
Chamaesiphon, 541, 672 
Chamaesiphonaceae, 19, 671-672 
Chamaesiphonales, 561, 667-672 
Chantransia stage, 614, 615 
Chantransiaceae, 617-618 

Chara, 336, 337 , 338, 340, 342 , 343 , 345, 
346-347 

Characeae, 344-347 
Characiopsidaceae, 389-392 
Characiopsis, 390 
Characium, 44, 45, 60, 62, 220, 238- 

^ 239 
Char ales, 44, 344r-347 
Charophyceae, 64, 336-347 

asexual reproduction of, 339 
characters of, 336 
classification of, 344 
sexual reproduction of, 339-343 
vegetative structure of, 337-339 
zygote of, 343-844 

Charophyta, 64, 336-347 
Chilomonas, 627 , 633, 634 
Chlamydohotrys, 108 
Chlamj'domonadaceae, 9, 74-86, 113 
Chlamydomonas, 4, 8, 22, 40, 42, 44, 45, 

46, 48, 54, 55, 58, 59 , 61, 66, 76-77, 
'80, 84, 283 

Chlorallanthus, 379, 384-386 
Chlorangiaceae, 7, 9, 113, 126-131 
Chlorangium, 128, 129, 130 
Chlorarachnion, 9 
Chlorella, 38, 40, 250, 261 
Chlorobotrys, 387-388 
Chlorobrachis, 75, 86 
ChlorochromonaSf 375 
Chlorochytrium, 23, 40, 221, 227-228 
Chlorocloster, 379, 383 
Chlorococcaceae, 222-227 
Chlorococcales, 9> 20, 21, 23 , 29, 31, 37, 

47, 53, 57, 62, 131, 136, 219-278, 375, 
541 

Chlorococcine tendency, 7, 8, 9, 62 
Chlorococcum, 43, 62, 222-224 ^ 
Chlorogibba, 379, 386 
Chlorogonium, 44,54-56,58, 66, 75,81-82 
Chloromonadaceae, 625-626 
Chloromonadales, 1“' 

characters of, 6 
Chloropediaceae, T 
Chlorophyceae, 2, 4, 6, 8, 11, 15, 17-19, 

21-24, 30, 34, 64, 336, 375, 379, 406, 
522,606 

characters of 4, 64 
pigments of, 3 
types of thallus, 9 
{See also Ohlorophyta) 
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Chlorophyll, 3,10,11 . 
Chlorophyll a, 3, 39 
Chlorophyll 5, 3, 39 
Chlorophyll c, 3 
Chlorophyll df 3 
Chlorophyll e, 3 
Chlorophyta, 89-^7 

asexual reproduction of, 49-64 
cell division of, 47-48 
cell structure of, 41-47, 66-86 
characters of, 39 
classification of, 63-64 
evolution among, 60-63 
life cycles of, 69-^ 
occurrence of, 39-41 
sexual reproduction of, 64-66 
vegetative multiplication of, 48-49 
zygote of, 67-69 

Chloroplast, 42-46, 65, 282, 303, 311, 349 
division of, 48, 286 
structure of, 138,197, 212, 214,285 

Chlorosaccaceae, 9, 377 
Chloro8accu8t 377 
Chlorosarcina, 132,136 
Chlorotheciaceae, 394-396 
Chlorothecium, 394 
Chlorotylium, 39,153,169-160 
Chodatella, 20, 53, 221, 250, 262-263 
Chondrocystis, 554, 667 
Chromatophore, 372, 406, 447, 519, 627 
Chromoplasm, 644, 545 
Chromulina, 9, 406, 408-411 
Chromulinaceae, 410-413 
Chroococcaceae, 663-666 
Chroococoales, 539, 548, 551, 652-667 
Chroococcus, 539, 542, 543, 644, 545, 548, 

553, 664-666 
ChroolepuSj 179 
Chroomonas, 629, 680 • 
Chroothece, 554, 668-669 
Chrysamoeba, 9, 407, 410, 427 
Chrysapsis, 410, 412 
Chrysidiastrum, 9, 427, 428, 489 
Chrysocapsa, 9, 483-434 
Chrysocapsaceae, 432-436 
Chryaocapsales, 433-487 
Chrysochromulina, 426-426 
Chrysococcus, 410, 412-413 
Chrysomonadales, 410-436 
Chrysophyceae, 2,8,10,15,19,20,30,34, 

61,370, 406-440, 448,629 

Chrysophyceae, asexual reproduction of, 
407-409 

characters of, 6, 370, 406-406 
classification of, 409 
occurrence of, 406 
pigments of, 8 
structure of, 406-407 
types of thallus, 9 

Chrysophyta, 10, 11, 870-610 
Chrysopyxis, 427, 430 
Chrysosphaera, 9 
Chrysosphaeraceae, 440 
Chrysosphaeralcs, 439-440 
Chrysosphaerella, 9, 413, 416 
Chrysostephanosphaeria, 435, 436-437 
Chrysotrichiales, 438-439 
Cingulum, 444 
Cladophora, 19, 21, 28, 42, 44, 45, 48, 51, 

56, 57, 59, 60, 211, 212, 212-216 
Cladophora balls, 215-216 

/Cladophoraceae, 60, 63, 136, 165, 184, 
213-219, 541 

Cladpphorales, 211-219 
Clathrocytis, 556 
Closteridium, 250, 266 
Closterioides, 318 
Closteriopsis, 250, 266-266 
Closterium, 43, 44, 58, 310-312, 313, 314, 

315, 316-318, 319 
Coccolithophoridaceae, 418-420 
Coccoliths, 418, 419 
Coccomonas, 87, 91,92 
Coccomyxaceae, 181-136 
Cocconeis, 447, 464, 466, 484, 486 
Codium, 55, 279, 280 
Coelastraceae, 247-249 
Coelastrum, 248-249 
Coelosphaerium, 13, 128, 539, 543, 545, 

548, 553, 662-663 
Coenobium, 244, 248, 271 
Coenocyte, 45, 241, 280 
Colaciaceae, 368-369 
Colaciales, 868-369 
Colacium, 9, 368-369 
Coleochaetaceae, 136,167-178 
Coleochaete, 49, 51, 55, 57-59, 62, 139, 

168-169,182 
Collection of algae, 27-80 

equipment for, 27 
methods of, 27-28 

poHodictyon, 67 
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Colteronema, 592, 596 
Complementary chromatic adaptation, 

14, 646-647 
Compsopogon, 12, 610-611 
Conida, 660 
Conjugation, 28^292, 303, 304, 307, 308, 

313,317, 323,334, 464, 466, 523 

cross, 291, 301 
lateral, 288, 291, 293, 301 
scalariform, 288, 293, 296-298, 300, 301 

Conjugation tube, 314, 334 
Connecting band, 444 
Conochaete, 168, 171, 172 
Corona, 342 
Coronastrum, 271, 277 
Corticating filament, 342 
Cortication, 337, 338 
Coscinodiscaceae, 461-466 
Coscinodiscineae, 461-466 
Coscinodiscus, 462, 464-466 
Cosmarium, 18, 40, 58, 312, 314, 316, 316, 

32^4 
Cosmocladium, 316, 324-326 
Crucigenia, 63, 135,221, 271,272, 273-274 
Cryovegetation, 22 

Cryptocapsales, 629 
Cryptochrysidaceae, 629-632 
Cryptochrysis, 629-630 
Cryptococcaceae, 636 
Cryptococcales, 629, 636 
Cryptoglena, 353 , 356-366 
Cryptomonadaceae, 633-636 
Cryptomonadales, 629-636 
Cryptomonas, 633 
Cryptophyceae, 11, 625, 626-636 

character of, 6 

Ctenocladus, 174,177-178 
Culturing algae, 86-38 

in hanging drops, 36, 37 
in pure culture, 37, 43, 55, 56 
in unialgal culture, 37, 38, 56 

Cyanomastix, 629, 699 
Cyanomonas, 629, 631 
Cyanophyceae (sss Myxophyceae) 
Cyanophycean starch, 646 
Cyanophyta, 11, 688-^ 

cell structure of, 643-646 
cell wall of, 643 
characters of, 639 
classification of, 662 
heterocysts, 661-662 

Cyanophyta, movements of, 647-648 
occurrence of, 639-642 
pigments of, 646-647 
pseudo vacuoles of, 646-646 
spore formation of, 649-661 
structure of, 642-643 
vegetative multiplication of, 648-649 

Cyanoptyche, 565 
Cyathomonas, 633, 634r636 
Cyclonexis, 420, 423 
Cyclotella, 444, 468, 462-468 
Cylindrocapsa, 41, 52, 137-139, 169-161 
Cylindrocapsaceae, 160-161 
Cylindrocystis, 48, 304, 806, 307-308 
Cylindrospermum, 29, 549, 551, 581, 696 
Cymatopleura, 447, 607-608 
Cymbella, 447, 466, 600-601 
Cymbellaceae, 499-604 
Cyst, 351, 355, 516 
Cystocarp, 605, 608, 613, 617 
Cystodinium, 533, 634-636 
Cytokinesis, 47, 50 

Cytological methods, 36 
Cytopharynx, 849 
Cytostome, 849, 363, 364 

D 

Dactylococcopsis, 548, 554, 669-660 
Dactylococcus, 251, 266 
Dactylothece, 132,133 
Debarya, 289, 292, 294-296, 301 

Denticula, 505, 606-607 
Derbesia, 279 
Derbesiaceae, 51 
Derepyxis, 416-417 
Dermatophyton, 22, 153,161-162 
Dermocarpa, 670-671 
Dermocarpaceae, 670-671 
Desmatractum, 221, 222, 226-226 
Desmidiaceae, 12, 20, 29, 42, 56, 63, 303, 

810-386 
Desmidium, 314, 316, 334r-836 
Desmids, 15, 47 

placoderm, 302, 310 

saccoderm, 302 
(See also Desmidiaceae) 

Desmokontae, 614r416 
Desmomonadales, 515 

Desmonema, 587, 690 
Diachros, 379, 860 
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Diadinoxanthin, 3 

Diatoma, 444, 446, 477-478 
Diatomaceae, 442-447 
Diatomaceous earth, 477-478 
Diatomella, 474, 476-476 
Diatoms (see Bacillariophyceae) 

cleaned, 445 
Diatoxanthin, 3 

Diceras, 427, 432-433 
Dichothrix, 598, 699-600 
Dichotomosiphon, 21, 46, 55, 278-280, 

281-282 
Dichotomosiphonaceae, 281-282 
Dicranochaete, 62, 137, 168, 171-172 * 
Dictyosphaeriaceae, 236-238 
Dictyosphaerium, 236-237 
Dimorphococcus, 236, 237-238 
Dinamoeba, 9 

Dinastridium, 9 
Dinema, 362, 363 
Dinobryon, 407, 420, 423-426 
Dinocapsales, 632-6^ 
Dinoclonium, 516, 617 
Dinococcales, 522, 633-638 
Dinoflagellates, 616 

armored, 618 
(See also Dinophyceae) 

Dinophyceae, 8, 11, 23, 616-638, 627-629 
asexual reproduction of, 622-623 
cell wall of, 617-619 
characters of, 6, 616 
classification of, 624 
occurrence of, 616 
pigments of, 3 
sexual reproduction of, 623-624 
structure of, 616-617 
types of thallus, 9 
vegetative multiplication of, 621-622 

Dinothrix, 9, 516, 617 
Dinoxanthin, 3 

Dioecism (see Heterothallism) 

Dioxys, 390-392 
Diplocolon, 661, 687, 690 
Diploneis, 488, 491-492 
Diplostauron, 81 
Dispora, 132,164-136 
Distigma, 358, 360-361 
Docidium, 316, 320-321 
Draparnaldia, 19,24,49, 61, 61,137,138, 

153,156-167 
Draparnaldiopsis, 57,59,139,153,167-169 

Drawings, 32 
filing of, 33 

Dunaliella, 13, 22, 40, 67, 68, 69-70 
Dysmorphococcus, 87, 91-93 

E 

Echinosphaerella, 260, 267 
Egg, 54,183, 206, 206, 210, 403 
Elaktothrix, 132, 134 
Elements, essential, 15 
End piece, 46 
Endosphaeraceae, 227-231 
Endospore, 106, 660-661 
Enteromorpha, 55, 57, 59, 60, 62, 187, 

188-190 
Entocladia, 153, 160-161 
Entophysalidaceae, 666-667 
Entophysalis, 666 
Entosiphon, 349, 362, 364 
Epichrysis, 440 
Epipyxis, 420, 426 
Epitheca, of diatoms, 444, 451 

of dinoflagellates, 618 
Epithernia, 500, 602-603 
Eremosphaera, 42, 47, 220, 250, 266- 

266 
Errerella, 232, 235-236 
Erythrotrichiaceae, 609-611 
Euastropsis, 243, 245-246 
Euastrum, 316, 322-323 
Eucapsis, 543, 553, 667 
Eudorina, 46,54,58,66,94,95,99-101,102 

Euglena, 351, 368-364, 357, 358, 368 
Euglenaceae, 9, 352-368 
Euglenales, 362-368 
Euglenamorpha, 353, 367-368 
Euglenophyceae, 11, 362-369 

characters of, 4 
pigments of, 3 
typ^B of thallus, 11 

Euglenophyta, 11, 348-369 
asexual reproduction of, 361 
cell structure of, 349-360 
characters of, 348 
classification of, 362 
occurrence of, 348 
sexual reproduction of, 361-362 

Euglenopsis, 361, 368-367 
Euglenorhodone, 42, 110 
Eunotia, 447, 481, 482 
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Eupodiscaceae, 465 
Eutreptia, 353, 857 
Evection, 213 
Excentrosphaera, 250, 256 
Exospore, 106, 551, 571 
Exuriaella, 515 
Eyespot, 45-46, 358, 520 

structure of, 46-46, 350 

F 

False branching, 643, 552, 587 
Fats, 407, 448 

{See also Oils) 
Flagellum, 52, 64, 65, 353 

demonstration of, 32 
structure of, 46, 350, 407, 521 
swimming, 863-366 
tinsel-type, 360, 374,406,407 
trailing, 363-^66 
whip-type, 374, 406, 407 

Flavacin, 3 
Flavoxanthin, 3 

Florideae, 605, 606, 613-623 
Floridean starch, 606 
Floridoside, 606 
Fragilaria, 444, 446, 479 
Fragilariaceae, 478-481 
Fragilarineae, 473-483 
Franceia, 250, 263 • 
Fremyella, 587, 690-591 
Fridaea, 39, 137, 173,174,178-179 
Frustule, 444 
Frustulia, 488, 493-494 
Fucales, 511 
Fucoxanthin, 3 

Fungi and algae, 2 
Funnel cleft, 449, 450 
Fur cilia, 75 
Fuscochlorin, 543 

Fuscorhodin, 543 

G 

Gaidukov phenomenon, 546 

Gametangium, 55, 173, 181,183 
Gamete (see Anisogamy; Aplanogamy; 

Isogamy; Odgamy) 

Gayella, 194 
Geminella, 61, 136, 137, 140-142, 145-146 
Genicularia, 303 
Genuflexion, 294 

Girdle piece, 317 
Glaucocystis, 554, 564-566 
Glenodiniaceae, 527-628 
Glenodinium, 9, 623, 627 
Globule, 339, 340, 342 

nature of, 341 

Gloeoactinium, 251, 268-269 
Gloeobotrydiaceae, 386-388 
Gloeobotrys, 387 
Gloeocapsa, 150, 542, 548, 554, 556 
Gloeocapsin, 543 
Gloeochaete, 554, 665 
Gloeochloris, 377 
Gloeocystis, 42, 115,116-117, 118 
Gloeodiniaceae, 532-533 
Gloeodinium, 9, 516, 632 
Gloeomonas, 75, 82-83 
Gloeotaenium, 251, 260-261 
Gloeothece, 542, 554, 658 
Gloeotrichia, 24, 549, 598, 601 
Glycogen, 407, 543, 606 

Golenkinia, 20, 232-233 
Gomontia, 40, 174, 176-176 
Gomphoneis, 498, 499 
Gomphonema, 443, 444, 447, 498-499 
Gomphonemataceae, 498-499 
Gomphosphaeria, 550, 553 , 663-664 
Gonatozygon, 303, 305, 306-307 
Gongrosira, 19, 62, 173, 174, 178 
Gonidium 94, 650 
Gonimobast filament, 613, 616> 620 
Goniochloris, 379, 386 
Goniotrichaceae, 608-609 
Gonium, 46, 54, 58, 66, 94, 96-96 
Gonyaulaceae, 528-529 
Gonyaulax, 527-528 
Gonyostomum, 626-626 
Gullet, 349, 356, 364, 627 
Gymnodiniaceae, 524-526 
Gymnodiniales, 524-526 
Gymnodinium, 517, 524, 525, 533 

Gymnozyga, 316, 334, 336-^886 
Gynandrospory, 203, 209 

Gyrodinium, 517, 524, 625, 526 
Gyrosigma, 488, 494-495 

H 

H-piece, 137, 149, 300, 872, 397, 898, 
399 

Haematococcaceae, 109-112 
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Haematococcus, 42, 45l, 46,61,65,110-111 
Hammatoidea, 698, 603 
Hantzschia, 505, 606 
Hapalosiphon, 592, 693-694 
Haptera, 284, 296 

Harpochytrium, 390, 392 
Heleoplankton, 20 
Heliapsis, 427, 428-429 
Hematochrome, 22, 42, 138 
Hemicellulose, 198, 199, 201 
Hemidinium, 519, 523 , 627-628 
Herbarium specimens, 86 
Heribaudiella, 612-613 
Heterocapsales, 375, 377-879 

Heterochloridales, 9, 375 
Heterococcales, 9, 374, 375, 378-89$ 
Heterocyst, 549, 661-662 

germination of, 662 
Heterohormogonium, 566, 667 
Heterokontae (.see Xanthophyceae) 
Heterolagynion, 426 

Heteromastix, 68, 70 

Heteronema, 349, 362, 363-364 
Heterosiphonales, 375, 400-404 
Heterothallism, 66, 58 

Heterotrichales, 375, 396-399 
Hildenbrandia, 19 
Holopedium, 553, 562 
Homothallism, 65 
Hormidium, 40, 141, 142, 146-147 

Hormiscia, 211 

Hormogonales, 20 
Hormogonia, 648, 649 
Hormospora stage, 146 
Hormospore, 648 
Hormotila, 113,115,117-118 

Hot springs, 14 
Hyalobryon, 420, 426 
Hyalocharacium, 238 
Hyalotheca 58, 312-314, 316, 332-333 

Hybridism, 291 
Hydrocoleum, 573, 679 
Hydrodictyaceae, 69, 221, 242-247 
Hydrodiotyon, 42, 48, 44-46, 50, 58, 62, 

63, 220, 243/ 246-247 

Hydruraoeae, 437-438 
Hydrurus, 9,15,19^ 437-488 
HyeUa, 568, 669-670 

Hymenomonas, 419^420 
Hypnodinium, 533, 534, 636 
Hypnospore, 244, ^1, 401, 404 

Hypotheca, of diatom, 444, 445 

of dinofiagellate, 618 

I 

Idioandrospory, 203, 209, 210 

Inner fissure, 449 
Inorganic compounds, effects of, 16-17 

Intercalary band, 444 
Intercalary plate, 618, 619 
Internode, 337, 338, 342 
Intra-vitam staining, 32 
Isogamy, 54,76,82,83, 111, 154,156,158, 

188, 191, 213, 242,"247, 289, 310, 397, 

401 
Isthmia, 446 

J 

Jenningsia, 361, 362-863 

K 

Karyosonje, 350, 354 
Kentrosphaera, 44, 227, 229-230 
Kephyrion, 410, 413 
Keratococcus f 132 

Keriochlamys, 250, 262-253 
Khawkinea, 353 

Kirchneriella, 221, 249-251, 267-268 

Kybotion, 427, 431-432 

L 

Laboratory methods, 30-88 
Lagerheimiaf 262 
Lagynion, 427, 430-431 
Laminarin, 611 
Leaf, 338 
Lemanea, 19, 614, 616, 621-622 

Lemaneaceae, 621-623 
Lepocinclis, 353, 854-366 
Leptosira, 173,174-176 
Leucosin, 373, 405, 407 

Leuvenia, 379, 381-382 
Lichens, 23 

Light, algal color and, 547 
algal occurrence and, 21 

effect of, on algae, 14 ’ 
penetration of, in water, 14,15 

Limnoplankton, 20 
{iobomonas, 75, 80-81 
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LochmiopsiSf 177 
Lorica, 87, 349, 351, 866, 867 , 870, 407, 

418, 416, 424, 426, 429-432 

Lutein, 3, 39 
Lutherella, 892-898 

Lychnothamnus, 340 
Lyngbya, 543, 646, 549, 573 , 677-676 

M 

Macrandry, 202, 208 

Macrozoospore, 138, 142, 148, 158, 400 
Magnesium, effect of, on algae, 16 
Malleochloris, 113, 127,126-129 

Malleodendraceae, 878 

Malleodendron, 878 

Mallomonas, 9, 406, 407, 406, 418-416 

Manubrium, 840 
Marssoniella, 553 , 668 
Marthea, 221 
Massartia, 524, 626-626 

Mastogloia, 487, 497 

Meiosis, 57-60, 66 , 77 , 79 , 96, 106, 139, 
143, 154, 158, 169, 188, 207, 213, 215, 
221, 228, 242, 247, 280, 283, 290, 297, 
301, 305, 307, 309, 314, 317, 332, 344, 
404, 453-455, 457, 613 

Melosira, 444, 467, 459, 461, 462 

Menoidium, 358, 869 

Meridion, 476-477 

Meridionaceae, 476-477 

Merismopedia, 543, 553, 661-662 

Merotrichia, 624, 626 

Mesostigma, 75, 79-80 

Mesotaeniaceae, 802-310 

Mesotaenium, 40, 42, 44, 303, 806-306 

Micractiniaceae, 282-286 

Micractinium, 20, 232, 284r-286 

Micrasterias^ 313, 316, 826-827 

Microaplanospore, 403 
Microchaete, 546, 690 

Microcoleus, 29, 381, 573, 676-679 

Microcystist 556 
Microspora, 47-49, 51, 68, 54, 137-139, 

146-160, 397 
Microsporaceae, 146-160 

Microspores of diatoms, 469-460 

Microthamnion, 61, 137, 153,169 

Microzoospore, 138, 142, 154, 158, 400 
Mischococcaceae, 388-889 

Mischococcus, 806-889 

Mitosis, 44, 66, 158, 190, 214, 350, 861, 

354, 407, 520, 621, 628 
Monallantus, 379, 862-^888 

Monocilia, 9, 371, 899-400 

Monociliaceae, 899-400 

Monoecism (see Homothallism) 
Monomastix, 629, 682 

Monosporangium, 607, 617 

Monospore, 607 

Monostroma, 60, 62, 187, 188, 190-192 

Mougeotia, 42, 44, 48, 55, 285-287, 289, 
291, 292-294, 301 

Mougeotiopsis, 292) 296-296 

Mycanthococcus, 250, 262 

Mycoidea, 182 
Myrmecia, 222, 226 

Myxochloris, 9 
Myxophyceae,2, 4,8,10,11,14,15,18-24, 

29, 31,34,39 
characters of, 5 
pigments of, 3 
(Ser also Cyanophyta) 

Myxosarcina, 568, 669 

Myxoxanthin, 3 
Myxoxanthophyll, 3 

N 

Naegeliella, 486-486 

Naegeliellaceae, 486-487 

Nannandrium, 206 

Nannandry, 202, 206, 209, 210 

Nannochloris, 132,188-184 

Nannospore, 661 

Navicula, 447, 461, 488-489 

Naviculaceae, 487-497 

Naviculineae, 486-604 

Neidium, 488, 490-491 

Nemalionaceae, 620 
Nemalionales, 617-628 

Nematochrysis, 9 
Neodinoxanthin, 3 
Neofucoxanthin A, 3 
Neofucoxanthin B, 3 
Neoxanthin, 3 
Nephrocytium,^251, 261-262 

Nephroselmidaceae, 686-686 
Nephroselmis, 686 
Netrium, 58, 303, 804, 305, 308 

Neuromotor apparatus, 46» 60, 79, 360, 

407i 520, 624, 627 
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Neutral spore, 607 

germination of, 607 

Nitella, 337, 338, 340, 34M47 

Nitrogen, effects of, on algae, 16, 25 
Nitzschia, 605-606 

Nitzschiaceae, 604-610 

Node, 337, 338, 342 

Nodularia, 549, 581, 688-687 

Nostoc, 23,542,660,551,662,581,684-686 

Nostocaceae, 647, 680-687 

Nostochineae, 680-804 

Nostochopsis, 64S, 592, 694-596 

Notosolenus, 361, 366 

Nucleus, structure of, 360, 407, 620,'606 
Nucule, 339, 342 

Nylanderay 179 

0 

Ocellus, 620 
Ochromonadaceae, 420-426 
Ochromonas, 408, 409, 420-421 
Oedocladium, 197 , 200, 202, 203, 207, 

210-211 

Oedogoniaceae, 19, 21, 24 , 28, 31, 51, 63, 
207-211 ' 

Oedogoniales, 49, 57,198-211 

Oedogonium, 24 , 42 , 44 , 47-52 , 56, 58, 
59, 170, 197-200, 201-203, 204 , 206, 

207-209 

Oils, 44, 373, 519 
Oligochaetophora, 168,172-173 

Onychonema, 314, 316, 330 

Oocardium, 316, 326-326 

Oocystaceae, 63, 62, 222 , 249-271 

Oocystis, 220, 250, 261, 269-260 

Oodinium, 638 

Oogamy, 64, 76, 103, 105, 151, 165, 166, 

169,186, 202, 205, 206, 208, 210, 232, 
234, 236, 280, 282, 343, 403 

Oogonial mother cell, 203, 206 

Odgonium, 66, 139, 203 , 206, 206, 342 

Oophila, 222, 226 

Opephora, 477, 478 

Ophiocytium, 372, 396-396 

Organic comp<iunds, effects of, on algae, 
16 

Oscillatoria, 28, 29, 539, 543 , 644, 546, 
649, 573, 674n676 

Oscillatoriaceae, 641, 673-680 

Oscillatoriales, 672-804 

Oscillatorineae, 673-680 

Ourococcus, 131,132 

Outer fissure, 449 

Oxyrris, 620 

P 

Pachycladon, 250, 268-269 

Palmella, 61, 64,116-116 

Palmellaceae, 9,114-120 

Palmellococcus, 250, 261-262 

Palmelloid colony, 7 
Palmodactylon, 118 
Palmodictyon, 61, 115, 118-119, 136 
Pandorina, 54, 66, 94, 95, 96-98 

Paradesmose, 45 
Paramylum, 349 

Parthenogenesis, 66, 181, 190, 213 , 215, 
222 , 227 , 230, 242 , 466, 487 , 507 , 508 

Parthenospore, 66, 106, 157 , 206, 284, 
287, 290, 293, 297, 301, 313, 315, 
324, 330, 334, 401 

germination of, 324 
twin, 290, 299 

Pascheriella, 107-108 

Pectodictyon, 271, 277-278 

Pectose, 41 
Pediastrum, 44, 45, 49, 60 , 51, 52 , 54, 62, 

63, 220, 221, 243-244 

Pedicel, 340, 341, 342 

Pedinomonas, 67, 68 
Pedinopera, 87, 93 

Penium, 310-313, 315, 316, 318-319 

Pennales, 472-613 

Peranema, 349, 350, 361, 362 

Peranemaceae, 361-368 

Percusaria, 187 
Pericentral cell, 615 
Peridiniaceae, 629-630 

Peridiniales, 626-631 

Peridinin, 3 

Peridinium, 9, 619, 628-530 

Periodicity of reproduction, 66, 287 
Periplast, 348, 3^ 
Permanent mounts, 35 

of desmids, 35 
of diatoms, 35 

Perone, 379, 382 

Peroniella, 389, 391, 392 

Petalomonas, 361, 367, 368 

^fitzer’s law, 462 
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Phacotaceae, 87-93 
Phacotus, 65, 87-88 
Phacus, 361, 353, 366 
Phaeophyceae, 4, 8, 10, 62, 370 

characters of, 5 * 

pigments of, 3 

(See also Phaeophyta) 

Phaeophyta,10,11, 611-613 
Phaeoplaca, 433, 434r436 
Phaeoplax, 628 
Phaeosphaera, 433, 434 
Phaeothamniaceae, 438-440 
Phaeothamnion, 9, 406, 438-439 
Pharyngeal rods, 349, 361, 362, 363, 364 
Phialopore, 94 
Phormidium, 539, 546, 650, 673, 676 
Phragmoplast, 47 

Phycobilins, 11, 36, 546 

Phycocyanin, 3, 14, 539, 546, 606 

C-, 3 
r.,3 

Phycoerythrin, 3, 14, 539, 546, 606 

C-, 3 
r-, 3 

Phycopeltis, 173 
Phycoporphyrin, 298, 299, 305 

Phyllobium, 227, 231 
Phyllocardium, 67 

Phyllosiphon, 23, 40, 280-281 
Phyllosiphonaceae, 280-281 
Phymatodocis, 316, 333-334 
Physolinum, 174, 181-182 
Phytodinads, 616 
Phytomorula, 247 

Pinnularia, 444, 446, 449 , 460, 488, 489 
Pithophora, 12, 63, 64 , 211, 213 , 218-219 
Placochrysis, 434 
Plakea, 94, 104 
Plankton, 19-20, 40 

Baltic-type, 20 
Caledonian-type, 20, 21, 24 

methods of collecting, 30 
Planktosphaeria, 250, 251, 266 
Plant grapple, 27 

Platychloris, 75, 79 
Platydorina, 95,101 
Platymonas, 76, 86 
Plectonema, 687, 689 
Pleodorina, 54, 66, 94, 96,102-103 
Pleurocapsa, 668 

Pleurocapsaceae, 668-670 
PleurococcuB, 166 

Pleurodiscus, 42, 292, 299 
Pleurogaster, 379 , 383 
Pleurosigma, 488, 496 
Pleurotaenium, 311, 316, 319-320 
Plurilocular organs, 611, 612 
Pluto, 570, 671 
Polar cleft, 449 
Pqlar nodules, of diatoms, 446 

of heterocysts, 661 
Polyblepharidaceae, 65, 67-74 
Polyblepharides, 67, 73-74 
Polycystis, 539,642,543,646,654,666-667 
Polyeders, 244, 247 

Polyedriopsis, 249, 271 
Polysporangium, 607 
Polyspore, 607 
Polytoma, 42, 45, 66, 66, 75, 78-79 
Polytomella, 45, 67, 68, 72-73 
Porphyra, 608 
Porphyridium, 605, 612-613 
Porphyrosiphon, 573, 678 
Postcingular plates, 618, 619 
Prasinocladus, 61, 113, 128, 130-131 
Prasiola, 17, 18, 196-196 
Prasiolaceae, 62 

Precingular plates, 618, 619 
Preserving algae, 34-36 
Progressive cleavage, 60 
Prorocentraceae, 616 
Protochrysis, 636, 636 
Protococcaceae, 160-167 
Protococcus, 17, 47, 62,160-167 
Protoderma, 62, 137, 1^, 161 
Protoflorideae, 608 

Protonema, 343, 344 
Protosiphon, 18, 65, 63, 221, 241-242 
Protosiphonaceae, 241-242 
Prymnesiaceae, 426-426 
Pseudochaete, 162 

Pseudocilia, 113, 121 

Pseudofurcilia, 66 
Pseudopleurococcus, 166 

Pseudoraphe, 446 
Pseudoulvella, 163,162, 163 
Pseudo vacuoles, 646-646 
Pteromonas, 66, 87, 89-91 
Pulsules, 621 
Pyramimonas, 41, 68, 71-72 



716 TBE FRESH-WATEB ALQAE OF TEE UNITED STATES 

Pyrenoid, 48-44, 197,. 349, 373, 448, 519, 
606 

division of, 48, 451 

formation of, 43, 44 

Pyrobotrys, 107,108-109 

Pyrrophyta, 11, 514-588 

Q 

Quadrigula, 221, 249, 251, 268 

R 

Racibor^ia, 534, 587 
Radiococcus, 251, 258-254 
Radiofilum, 137, 140, 142,148 
Raphe, 446 
Raphidionema, 22, 142,144-145 
Raphidiopsis, 598, 608-604 
Reservoir, 849, 362, 367 

Rhabdoderma, 554, 559 
Rhabdomonas, 851, 358, 859-800 
Rhabdosomes, 520 
Rhizochloridales, 375, 876 
Rhizochrysidales, 426^-438 
Rhizochrysis, 427 428 
Rhizoclonium, 45, 211, 213, 216-217 
Rhizoid, 348, 344, 
Rhizoplast, 45,353,359,360, 521,624,637 

Rhizopodial forms, 406 

Rhizopodial tendency, 7-9, 63, 371 

Rhizosolenia, 458, 466^67 

Rhizosoleniaceae, 466-467 
Rhizosolenineae, 466-467 
Rhodochytrium, 23, 40, 227, 280-281 
Rhodomonas, G2Qf ^1 
Rhodophyceae, 4, 8, 10, 11, 14, 19, 21, 

29,34,61,62,605 
characters of, 6 
classification of, 608 

pigments of, 3 
(See also Rhodophyta) 

Rhodophyta, 605-628 
asexual reproduction of, 607 
cell structure of, 606 
cell wall of, 605-606 
occurrence of, 605 
sexual reproduction of, 607-608 

Rhoicosphenia, 447, 484, 485-486 
Rhopalodia, 500, 508-504 

Rivularia, 19, 551, 598, 600-601 
Rivulariaceae, 597-604 
Rod organs (see Pharyngeal rods) 
Romeria, 573, 576-576 
Roya, 303, 305-, 808-609 

S 

Sacconema, 598, 601-602 
Saprochaete, 152 
Scenedesmaceae, 53, 62,221,249,271-278 
Scenedesmus, 42,53,220,221,271,272-278 
Scherffelia, 75, 85-86 
Schizochlamys, 44,113, 121, 122,125-126 
Schizogoniaceae, 195-196 
Schizogoniales, 198-196 
Schizogonium, 195 
Schizomeridaceae, 192-198 
Schizomeris, 62, 192-198 
Schizothrix, 540, 543, 573, 680 
Schroederia, 289^240 
Scoliopleura, 488, 495-496 
Scotiella, 250, 260 
Scytonema, 18, 29, 542, 587, 688 

Scytonemataceae, 549, 687-691 
Scytonemopsis, 598, 602-603 
Selenastrum, 249, 251, 268-267 
Semicell, 310 
Separation disc, 649 
Sheaths, demonstration of, 32 
Shield cell, 340, 341 

Sinus, 310 
Siphonaceous tendency, 7, 8 

Siphonales, 9,42,47,63,241,276-282,375 
Sirodotia, 619-620 
Sirogonium, 288, 291, 292, 301 
Skadovskiella, 417, 418, 419 
Sorastrum, 50, 51, 82, 243, 246 
Spermatangium, 613, 615 
Spermatium, 607, 618 
Spermatozoopsis, 68, 72 
Spermocarp, 169 
Sphaerella, 110 

Sphaerellopsis, 75, 77 

Sphaerocystis, 115,116 
Sphaeroplea, 47, 48, 52, 58, 139, 184^186 
Sphaeropleaceae, 184-lM 
Sphaeropleineae, 184-186 
Sphaerozosma, 812, 314, 316, 880-881 
Sphenomonas, 361, 865-866 
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Spinocloaterium, 310, 315, 818 
Spirogyra, 24, 25, 41, 44, 47, 48, 56, 60, 

284-286, 287, 289, 290, 291, 292, 299- 
802, 303, 312 

Spirotaenia, 44, 303-305, 809-810 
Spirulina, 678-674 
Spondylomoraceae, 106-109 
Spondylomorum, 107,108 
Spondylosium, 314-316, 881-882 
Spongomorpha, 60, 213 
Sporangium, 173, 179, 181, 188, 279, 402 
Stalk cell, 842 
Starch, 519 

formation of, 44 
pyrenoids and, 43 

Statospore, 370, 876, 407-409, 488, 468 
formation of, 408 
germination of, 409 

Staurastrum, 814, 315,316, 828-829 
Stauroneis, 488, 492 
Stauros, 446 
Stephanodiacus, 462, 468-464 
Stephanokontae, 63 
Stephanoon, 95, 99 
Stephanoptera, 22, 68-69 
Stephanoaphaera, 110,111-112 
Stichococcua, 19, 48,138, 141,142,146 
Stichosiphon, 570, 671 
Stigeoclonium, 8, 19, 48, 49, 62, 61, 137- 

139,158-154 
Stigonema, 18, 29, 540, 542, 551, 552, 

692-698 
Stigonemataceae, 549, 691-697 
Stipitococcaceae, 876 
Stipitococcua, 876 
Stipule, 842 
Streptonema, 334 
Stylodinium, 534,686-686 
Styloaphaeridium, 13, 46, 127,128 
Suffultory cell, 208, 205 
Surirella, 453, 469, 507, 608-609 
Surirellaceae, 607-610 
Surirellineae, 604-610 
Suturea, 619 
Symbioaia, 227 
Symploca, 640, 673, 678 
Syncrypta, 416 
Syncr3rptaceae, 416-417 
Synechococcua, 554, 667-668 
Synechocyatis, 553, 666 

Synedra, 478-480 
Syngamy, 67, 361 
Synura, 9, 417-418 
S3muraceae, 417-418 

T 

Tabellaria, 444, 446, 474-476 
Tabellariaceae, 478-476 
Temnogametum, 288 
Temperature, effecta of, 15 

maximtim endured, 22 
periodicity and, 24 

Terpainoe, 471-472 
Tetmemorua, 316, 821-822 
Tetracyclus, 474, 476 
Tetradeamua, 271, 278 
Tetradinium, 534, 686-687 
Tetraedriella, 379, 886-886 
TetraSdron, 20, 44, 68, 63, 220, 221, 260, 

269-270 
Tetragonidium, 686 
Tetragoniellaf 385 
Tetrallantoa, 272, 274-276 
Tetrapedia^ 663 
Tetraapora, 24, 43, 44, 47, 52, 54, 61,121, 

122-124, 166 
Tetraaporaceae, 9,121-126 
Tetraaporalea, 7, 61, 112-186, 136, 375, 

541 
Tetraaporangium, 607 
Tetraapore, 607 
Tetraaporine tendency, 7-9, 61, 62, 271 
Tetraatrum, 272, 274 
Tballophyta, 1 

validity of, 2 
Thalpophila, 692, 696 
ThamniMtrumf 249 
Thamniochaete, 62,153,162-168 
Theory of plant-body types, 6, 60-62, 

371, 406, 516 
Thoracomonaa, 87, 88 
Thorea, 615, 620-621 
Thoreaoeae, 620-621 
Tolypella, 338, 340, 845-847 
Tolypothrix, 543, 552, 687,1 
Tomaculum, 272, 276, 276 
Trachelomonas, 353, 866 
Traohychloron, 379, 864 
Trebous^ 40, 62,222, 
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Trentepohlia, 12,17,’33,40,42,47,49,61, 
62,138,173,174, *179-181 

Trentepohliaceae, 49,136,179-189 
Treubaria, 249, 267-258 
Tribonema, 24, 371, 872-374, 375,897-398 
Tribonemataceae, 9, 396-899 
Trichite, 363 
Trichodesmium, 673, 676-677 
Trichogyne, 169, 607, 616 
Trichome, 643 
Triploceras, 316, 321 
Trochiscia, 250, 264r-266 
Tropidoscyphus, 362, 366 
Tube cell, 342 
Tuomeya, 621, 622-624 

U 

Ulothrix, 19, 25, 39, 48-61, 53, 55, 58, 61, 
138, 139, 141, 142-144 

Ulotrichaceae, 9, 136,140-148 
Ulotrichales, 29, 62 , 57 , 62 , 63, 136-187, 

220, 375 
Ulotrichineae, 140-184 
Ulva, 50, 66,67, 69,60,62,187,188 
Ulvaceae, 60,62,63,140,187-193 
Ulvales, 186-193 
Ulvelifc., 137,162 
Unilocular organs, 611 
Unilocular sporangia, 612 
Urceolus, 361, 367 
Urococcus, 632-633 
Uroglena, 420, 422 
Uroglenopsis, 420, 421-422 
Uronema, 140-142,144 
Urospora, 60, 212, 213 

V 

Vegetative multiplication, 138, 189, 190, 
194, 200, 279, 282, 286, 287, 293, 296, 
339, 373 

Ventral plate, 618 
Violaxanthin, 3 
Volutin, 407, 448 
Volvocaceae, 9, 93-106 
Volvocales, 7, 24, 29, 44-46, 57, 60, 62, 

63, 64^112, 283, 375 
Volvocine tendency, 7, 9, 60 
Volvox, 4,46,54,60,66,94,95,104-106 
Volvulina, 95, 98-99 

W 

Water blooms, 20, 640 ' 
Westella, 251, 363 
Westiella, 648 
Wislouchiella, 8^, 89, 90 
Wollea, 581, 686 

X 

Xanthidium, 316, 327-328 
Xanthophyceae, 2,4, 6,10,18, 21, 34,61, 

119, 370-406, 406, 448, 522 , 625, 629 
asexual reproduction of, 373-376 
characters of, 6, 370 
classification of, 376 
occurrence of, 371 
pigments of, 3 
sexual reproduction of, 376 
structure of, 371-373 
types of thallus, 9 

Xanthophylls, 3, 4, 6, 10, 11 
Xenococcus, 668-669 

Z 

Vacuolaria, 624 
Vacuoles, 46 

central, 47 
contractile, 46, 65, 349 
pulsating, 40 

Valve, 444 
Vaucheria, 14, 18, 19, 28, 29, 49, 165, 

170, 376, 381, 40»-404 
Vaucheriaceae, 31, 402-404 
Vaucheriopiis, 402 

Zeaxanthin, 3 
Zoogamete, 64, 214, 242, 523 
Zoospore, 61,116,126,136,149, 200,202, 

223, 239, 373, 380, 381, 392, 398, 399, 
402, 430, 431, 438, 617, 628 

duration of motility of, 61-62 
formation of, 49-60 
germination of, 62, 201, 202^ 
liberation of, 33, 61 
from zygotes, 68 
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Zooxanthellae, 627 

Zygnema, 41,48,65-58,285-287,290,292, 

290-297, 303 
Zygnemataceae, 19,23,28,41, 55,56,63, 

284-302 
Zygnematales, 31, 42, 55, 58, 282-336 
Zygnemopsis, 289, 292, 297-298 
Zygogonium, 18, 40, 289, 292, 298-299 
Zygote, 67-60,97,186,206,210,242,289, 

290, 293,296,300,304,314,316,325, 
404 

formation of, 67 

germination of, 34, 68-69, 69, 77, 

106, 112, 143,189, 191, 207, 221, 

247, 290, 297, 304, 306, 308, 316, 
329, 332, 343, 524 

ripening of, 67 

twin, 290,304,307,309,313,317,319 










