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PREFACE TO THE GERMAN EDITION

Phytosociology, the study of vegetation, has had a very rapid
development. A few years ago it lacked aim or limitations, appearing
merely as an offshoot of ecology, an appendix to geobotany. The
immediate past has wrought a great change. The rapidly accumulat-
ing mass of phytosociological data demanded arranging, testing, and
orienting in the system of sciences. It was further necessary to test
the findings of phytosociology philosophically, to reconsider its conclu-
sions, and to synthesize these into broad general principles. From
these exacting tests this new branch of science emerges with a well-
defined individuality.

Meanwhile we have lacked any unified and comprehensive survey
of the scope, aims, and limits of plant sociology. The purpose of this
book is to meet this need and to supply a brief handbook to those who
are studying vegetation.

This work, matured by many years of intimate contact with nature,
has grown out of my lectures at the Federal College of Technology
(Technischen Hochschule), Ziirich, and out of ecological field trips in
Switzerland, Germany, and France. The leading prin?:iples and the
viewpoints are naturally those which I have persistently held for many
years—whether for better or for worse, time alone can tell.

In the foreground of all my effort stands the plant community as a
social unit. Every natural aggregation of plants is the product of
definite conditions, present and past, and can exist only when these
conditions are fulfilled. The whole structure of plant sociology rests
upon this idea of sociological determination. Its definite objective,
however remote its accomplishment, is to catalogue and describe the
plant communities of the earth, to discover their causal explanation,
to study their development and geographic distribution, and to arrange
them according to a natural system of classification.

In order to keep within the assigned limits of the béok the text
has had to be severely restricted. The choice of suitable citations
from the voluminous literature required still greater restrictions. An
attempt has been made to include as far as possible the more important
contributjons of North American, English, and Russian scholars.

To all who have aided my work by counsel or by the loan of
photographs I extend my most cordial thanks. I am especially

vil N
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indebted to Dr. H. Burger, Dr. W. Koch, and Dipl. rer. nat. H.
Pallmann of Ziirich, who were kind enough to read portions of the
manuscript. To the editor of the ‘‘Biologische Studienbiicher,”
Professor Dr. W. Schoenichen, I owe sincere thanks for sympathetic
interest in my work. I also wish to thank the publisher for his
appreciative cooperation in making the book.
J. BRAUN-BLANQUET.
MoNTPELLIER, FRANCE,
Cabinet de Géobotanique Méditerranéenne
(now Station Internationale de Géobotanique
Méditerranéennc et Alpine).
October, 1927.



PREFACE TO THE ENGLISH EDITION

Believing that Dr. Braun-Blanquet's * Pflanzensoziologie "’ will long
serve as a milestone and guidepost on the road to an adequate knowl-
edge of vegetation, the translators have undertaken to make it more
easily available to the English-speaking world. They have already
proved its value as a textbook in the teaching of field botany and
ecology.

In the preparation of the English edition one of them (Conard) has
had the greater part of the task of translating the German text, while
the editing and revising have been done mostly by the other (Fuller),
who has also inserted, with the approval of the author, some of the
results of American investigators. In certain portions of the text
the opinions of the author have prevailed rather than those of the
editors.

In their work the editors have had the full cooperation of the
author, who has made many changes in the original and has added the
results of investigations that have been reported since the appearance
of the German edition. He has also approved the insertion of certain
topics not appearing in the earlier edition. The present book is,
therefore, not only a translation but also a revised and enlarged
edition of the original.

The translators and editors are indebted to theauthorfor permission
to translate his book and for his assistance in the revision of this
English edition; to Dr. Frank Thone of Science Service, who read the
entire manuscript; to Prof. Hans Jenny of the University of Missouri
and to Prof. Paul Emerson of Iowa State Collegc, who read the
chapters on soils; to Dr. Clare F. Cox, who read portions of the
manuseript; and to other friends who have assisted in various ways.
To all of these they tender their sincere thanks. They will welcome
criticisms, corrections, and suggestions by which a second edition may
become better than the present one.

GEORGE D. FuLLER.

Henry S. CONARD.
Tre University oF CHicaco, CHicaco, ILLINOIS,
GrINNELL COLLBGE, GRINNELL, lowa,
July, 1932.
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PLANT SOCIOLOGY

INTRODUCTION

When a decade ago on both sides of the Atlantic the term “plant
sociology’’ emerged and took its place on the records of science—the
name was coined much earlier by Krylov and by Paczoski (1896)—the
foundation and framework of this new branch ~f knowledge had already
been laid down in broad outlines. Based upon Warming’s “oecology”
and Schroter’s ‘“synecology,” strengthened by increments from
neighbor sciences, and vitalized by the suggestive power of new and
fruitful ideas, plant sociology has made in a few brief years astounding
progress and now looks hopefully forward to the solution of its future
problems.

The term plant sociology (or phytosociology) has been much
criticized, especially on etymological grounds. Nevertheless it has
quickly become internationally accepted, because it is so expressive
and understandable. It may be admitted that there is no close
parallelism between plant sociology and the sociology of August Comte.
The two have one important point of contact: they are concerned not
with the life expression of the individual organism as such but with
groups or communities of organisms having more or less equivalent
reactions, bound together in mutual dependence. The communal
values resulting from the mutual relations of organisms are the social
phenomena; the cooperation of organisms is the social process. The
community has an existence aitogether independent of the individual.

Starting from this philosophic foundation, we may divide all
biology into (1) idiobiology: the science of individu.l organisms; and
(2) sociology: the science of organic communities.

The latter is divided into the social science of man (sociology in
the usual sense), zoosociology, and phytosociology or plant sociology.

Plant sociology, the science of plant communities or the knowledge
of vegetation in the widest sense, includes all phenomena which
touch upon the life of plants in social units. )

The present range of sociological investigations in plant science
includes five major problems involving the investigation of the follow-
ing fundamental communal and environmental relationships, ever
present in the plant community: .

1



2 PLANT SOCIOLOGY

{ The organization or structure of the community; the investigation of the
composition of plant communities. '

2. Synecology: the study of the dependence of plant communities upon one
another and upon the environment.

3. Syngenetics (development of communities, closely related to synecology):
the discovery of the laws of the rise, development, and decline of plant communities.

4. Synchorology (geographic distribution of communities): the investigation
of the arrangement of the plant communities in space, their occurrence and
distribution.

5. Sociological classification (systematics): the delimitation of the social
units, their grouping into higher units, and the systematic arrangement of these
units. This grows out of the preceding as a synthesis of the first four problems.

The first problem—the investigation of the composition of com-
munities—stands at present at the focus of phytosociological effort.
It furnishes the indispensable foundation for an unbiased treatment of
all the other partial problems. On the other hand, classification, like
every natural systematization, has as its prerequisite the most accurate
possible knowledge of all the partial problems. From the nature of the
case, therefore, this part of sociological science, at present lacking
the necessary broad basis, is quite undeveloped.
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THE BASIS OF SOCIAL LIFE AMONG PLANTS






CHAPTER 1

SOCIAL LIFE AMONG PLANTS

The kinds of comnmunal relationships among plants are manifold,
but not all have socialistic value. They are fundamentally different
from the relationships among animals »s described by Deegener
(1918) (following Espinas, 1875). A division into ‘‘accidental,”
without advantage to the individual organisms, and ‘“‘essential,” for
the benefit of all the individuals or of some of them (Deegener),
cannot be considered in the case of plants. The principles of useful-
ness, of division of labor, of conscious support, of marshaling all
resources for the accomplishment of a common purpose do not exist
in the plant world. The struggle for existence rules here undisturbed.
It regulates directly or indirectly all the unconscious expressions of the
social life of plants. Herein lies the deep and fundamental ditference
between the vital relations of plant and those of animal communities.

Inanimate nature furnishes to most plant communities the necessi-
ties of life, whereas most animal communities are conditioned by the
vegetation and therefore are dependent upon it.

According to their nature we distinguish two principal types of
gocial relation of plants: dependent unions and commensal unions.

Dependent Unions.—As dependent unions we designate all commu-
nal relations of plants in which the members are in any way dependent.
upon one another; parasites, epiphytes, humus plants, and plants
requiring mechanical support or protection must be r:garded as
dependent.

The most intimate form of communal life of plants is parasitism,
a nutritive symbiosis in the sense of McDougall (1918). In one-sided
parasitism the parasite is dependent upon the host, while the latter
suffers only harm. The grim “destroyers in the plant world” from the
families Loranthaceae, Rafflesiaceae, Orobanchaceae, etc., are well-
known examples of one-sided plant parasitism. And there are all
transitions from complete independence to obligate parvasitism (Fig. 1).

In mutual parasitism each of the united organistus furnishes food
or food material for the other. As examples of mutual parasitism
McDougall cites ectotropkic mycorhiza, the nodule bacteria of
Leguminosae, and the union of algae and fungi in lichens.

5 .
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Warming-Graebner (1918), on the other hand, considers the rela-
tion of alga and lichen fungus as “helotism.”” The alga by its chloro-
phyll provides carbohydrate nutrients; the fungus, the rest. The alga
does not need the fungus at all but is held in slavery by it. And yet
by this upion there is formed a new organism wholly self-sufficient,
from the standpoint of competition, and one with a specific ecology.
The original individualities of fungus and alga are lost and merged in a
new and more aggressive organism, so that the term helotism does not
seem any more fortunate than the term mutual parasitism.

RNk - SRV " . wwerd T

Fi1g. 1.—Symbiosis in the Tamariz coastal forest at Oum er Rebia, Moroeco.
Cynomorium cocctneum, a root parasite, Lonicera biflora, a liana, and Ephedra. (Photo
by Hoffmann-Grobéty.)

Mycorhizal fungi present undoubted cases of mutual symbiosis
(Melin, 1923), wherein the higher plant serves as host and the root
fungus as feeder. The union benefits both symbionts, and in spite of
their antagonistic relation they form a double organism which thrives
better as a unit than either symbiont does by itself alone.

Epiphytes are less closely related to the host plant. They receive
no nourishment from the latter and use it solely as a substratum. By
their abundance they may, however, injure the host. In cold and
temperate climates epiphytes are without exception algae, mosses, and
lichens, but in warm, moist regions ferns and seed plants also grow
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epiphytically and form sharply circumseribed communities (dependent
communities). As leaf epiphytes (epiphylls) a number of lichens and
liverworts gather on the leaf surfaces of tropical plants.

Parasites and epiphytes, more especially the former, often show a
specific selection of hosts and are frequently confined to one particular
species.

Much feebler is the relationship which binds together the repre-
sentatives of the third group of dependents: humus plants, climbers,
and plants requiring protection. The term “humus plant” is here
used broadly and includes not only the true non-chlorophyll sapro-
phytes and green hemisaprophytes but alsc those hurmcolous species
which are clearly dependent upon raw humus.

As with parasitism and epiphytism, there is a whole series of
gradations in the adjustment to saprophytism and more or less strict
dependence of species.  All plant groups from bacteria, algae, and fungi
to ferns and seed plants include saprophytic species. There are
saprophytes which seem adapted to the utilization of specific organic
plant wastes and therefore are dependent in this way upon certain
plant species (¢f. Romell, 1921, p. 207).

Humus plants are often confined to the decomposition produets of
certain plant communities or groups of communities (deciduous forest
litter, coniferous forest litter). They participate in high degree in the
development of community life.

Climbers (lianas in the broadest sense) are more independent of
their supporting plants, since they respond only to the need for support
or for better illumination, by attaching themselves to taller growing
plants. So also with plants requiring protection. Under this head
may be included all plants which are benefited by the protection of
other plants or plant communities. They are not a few:. sometimes
they unite into ecologic units. Protection from light is u requirement
of the shade vegetation of the lower layers of forests. If the tree layer
is removed, many species succumb to the increased intensity of the
light. Upper layers also furnish protection from cold, since they
reduce the radiation by night and thus keep the minima above those of
the surrounding open country. On exposed ridges every little shrub or
tussock gives protection from wind; patches of shrubs or trees are
evidently much more protective. On the wind-swept slopes of the
Colorado Rockies, at 3,500 m., deformed specimens of Pinus aristata
shelter colonies of delicate mesophytes like Polemonium pulcherrimum
(Fig. 2). The sugar-loaf dunes of Argania siderozylon of the wind-
swept coast of West Afrita south of Agadir harbor many wind-shy
companions which without the shielding of the larger plants could not
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Fi16. 2.—Polemonium pulcherrimum thriving and flowering under the shelter of deformed
Pinus aristata, at 3,500 m., James Peak, Colorado. (Photo by Cooprider.)

. AR A

F1g. 3.—Shrub dunes of Pistacia lentiscus in the plains near Kasbah Fokohine, Morocoo,
with Callitris articulata. (Photo by Daguin.)

< I 4
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exist there (Fig. 3). Most efficient is the protection afforded, uncon-
sciously of course, by spiny shrubs for their companion plants. In
open pastures individuals or clumps of Crataegus often shelter seedlings
of oak and maple that are entirely absent from adjacent grazed wood-
lands. In closely grazed mountain valleys there are often young
spruces, pines and larches surrounded by a protective circle of Juni-
perus. It is striking that in the plains between Ujda and Taourirt
(eastern Morocco), populated by thousands of sheep, the last remnant
of a tree is the Pistacia atlantica, confined to the protection of the
impenetrable spiny armor of the Jew’s-thorn.

The list of plants requiring protection mirht easily be extended.
They represent the least intimate stages of dependence; but even
among them there may be mutual relations of protected and protector.
Such a list might include protected plants changing the soil conditions
to the advantage or disadvantage of the protector; forests smothered
by invasion of peat moss; raw humus of the forest floor hindering
natural reproduction; more favorable moisture conditions for scedlings
provided by a layer of moss; or the exhaustion of the soil moisture by
the more deeply rooted protected tree to the detriment of the protecting
shrub. Sukatschev (“lisquisses phytosociologiques,” vol. I, 1921)
states that in the Pinus cembra region of Lake Baikal Hypnum schrebert
and Hylocomium splendens in places become so luxuriant that natural
reproduction of the pine is prevented, and the forest degenerates into a
mossy scrub community of Ledum palustre.

From these considerations it is evident that dependency plays an
important but secondary role in the life of plant communities; the
really decisive role is taken by the second type of social life,
commensalism.

Commensal Unions.—According to Van Beneden, we urderstand
by commensal organisms those which enter into competition scparately,
and their common relation consists in the fact that the, simulianeously
utilize the various life conditions of a given habitat. Le commensal est
simplement un compagnon de table. The relation between the com-
mensals rests upon the struggle for space, light, and nutrients. The
struggle for existence goes on between similar commensals when
different species have the same or nearly the same requirements and
becomes most intense between individuals of one and the sume species.
But the ‘“‘table companions’’ may have different needs, cither because
they use different nutrients or because their organs use different layers
of soil or air. In such cases we have to do with unequal commensals.

The most simply organized vlant communities, such as plankton and
many lichen and moss communities, form a round table of equal
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commensals. All highly organized communities, on the other hand,
are composed of unequal commensals: only such are able to utilize to
the fullest extent the possibilities of the habitat. The low shrub,
moss, or lichen cover of a forest draws its nourishment from the upper
and middle horizons of soil; the trees, from deeper layers.
Commensalism begets competition, which becomes the more intense
the more nearly the life adjustments of the individual commensals
coincide and the more favorable the external inorganic conditions
are for plant life. Under unfavorable conditions of climate and soil
the competition even between species with similar requirements takes
on a milder form (Fig. 4). That competition is not wholly absent

root competition. (Photo by Daguin.)

even among the open communities of deserts and high alpine rock
clefts and gravel slides is shown by many observations.

Jenny-Lips (1930) found that there was active competition in a
gravel slide association, although the vegetation covered only 5 to 15
per cent of the surface. At a depth of 25 cm. the fine fibrous roots of
the herbaceous Thlaspi rotundifolium plant were intimately inter-
woven with those of an Athamanta plant standing 130 cm. away. Ina
very open Stipa calamagrostis association on the gravel slide there was a
horizon of very fine soil, only 5 cm. thick, lying under 15 em. of coarse
gravel. This horizon of fine soil was filled with a mat of roots from
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plants standing widely apart. Thus the competition of plants appears
to be effective over a much wider area than has been supposed (Fig.
24).

Competition.—The community life of plants rests upon relations of
dependency and commensalism; its universal and ever present expres-
sion is competition. Wherever the struggle for a place in which to

germinate and to grow, or to obtain light or food, can be demonstrated, °

there is competition, there is relationship.

Competition may be purely mechanical, as in crowding out or grow-
ing over or stifling of the weaker by the stronger. It is, in its simplest
form, the competition between individuals of one and the same species.
But local conditions of climate and soil may be more or less profoundly
modified by the vegetation itself, thus affecting the aggressiveness of
the combatants. This often happens in the competition between
different species or between different plant communities.

Competition within the Species.—The intensity of the competition
between individuals of the same species is greatest in dense stands with
high sociability.

The individuals of a species that are widely apart (soc.! 1) rarely
conflict for space. The first colonizers have the advantage over later
arrivals, in having well-rooted individuals established and multiplying
by seedlings or by vegetative offspring, before their competitors arrive
(Fig. 5). In the competition between individuals, and still more in
that between species, the outcome is greatly influenced by the vigor,
or rather by the rapidity of the germination of the seeds. The greater
the difference in time of sprouting and the denser the seeding the better
is the prospect for those first germinating to preempt the space. First
comes the conflict for space only, then the struggle for light, and lastly
that for nutrients.

One square meter of the Suaeda martima-Kochia hirsuta association
on the shell dunes, along the lagoons of Vic in Southern France, con-
tains on the first of May about 2,000 seedlings of the annual Suaeda 1 to
3 e¢m. tall. In late autumn their number is reduced to six or eight
fruiting plants.

The progressive intensification of the “struggle for existence” is
most impressive in many-layered communities. As one of its most
striking expressions the natural elimination in a forest may be con-
sidered. Morosow (1920) counted on one hectare 1,048,660 ten-year-
old beeches. In a fifty-year-old pure stand of the same area there were
4,460; in a stand one hundred and twenty years old only 509. The
completely elosed crowded growth permitted, therefore, only 1 out of

! Sociability.
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about 2,000 young beeches to come to maturity. According to
Cajander (1925), a fifty-year-old pine requires an area of 2 sq. m.; at
the age of seventy-five years it requires 3.8 sq. m.; at one hundred
and twenty-five years, 11 sq. m.; at one hundred and fifty years, 15
sq. m. On a given area, therefore, only a definite maximum number of
well-developed individuals of one species can find a place in the sun.

Competition between Individuals of Different Species.—Within the
bounds of a social unit that is in equilibrium, very rarely does one single

Fia. 5.—Tufts of Carex rufina with peripheral spreading (Soc. 3) as pioneers upon
snow soil in the Norwegian mountains near Voss at 1,300 m. (Photo by Lid.)

species gain control to the exclusion of all others. Usually a plant
community exhibits a motley mixture of the most varied plant forms.
The reason for this lies in the fact that the locality includes many
ecologically different habitats due to layering in air and in soil, rather
than to a great variety of edaphic conditions within a very limited
space. Within a homogeneous plant community the edaphic condi-
tions are often extremely uniform, although the opposite has been
claimed by many investigators. The example of the beech forest with
its successive waves of flowers and assimilation in the ground and herb
layers is well known (c¢f. p. 47). Many such examples could be cited.
Many communities of the subtropics begin their annual development



SOCIAL LIFE AMONG PLANTS 13

with a therophyte aspect, which later is replaced by a bulb geophyte,
hemicryptophyte, or chamaephyte aspect, following each other in the
course of the year on the same limited area.

That the competition between the species of a community is the
more intense the more closely these species agree in their requirements,
life forms, and seasonable development may be accepted as a general
principle.

The more manifold the structural units of a community are the
better will all the space be utilized and the greater, as Darwin has said,
will be the sum of life per unit area.

Aggressiveness of Species—The possibility of numerous species
living together in limited space is largely affected by the aggressiveness
of the dominant species. The aggressiveness of a species depends upon
its fecundity, its rapidity of reproduction and spread (formation of
clumps or masses), and its capacity to occupy its place permanently.
Carex curvula, an alpine tussock plant of a high degree of sociability,
hinders by its dense stands the invasion of companion plants into the
Curvuletum. In the nearly related Festucetum halleri, on the con-
trary, there are no dominant species of such overwhelming aggressive-
ness, and the density of stand, and the diversity of species of companion -
plants on the same area, is much greater (¢f. p. 55).

Morphoecologic plasticity favors a plant in the struggle of life
(Polygonum amphibium, Hedera helix, Calluna, etc.). The cosmo-
politan Phragmites communis, which is ecologically (but not morpho-
logically) extremely plastic, thrives equally well in the brackish
marshes of the southern European coasts, in central Asia, in the United
States of America, and in South Africa, in the cold meadow moors of the
lower Alps, and under the continually humid skies of the Atlantic
coast of Europe.

The aggressiveness of species must be empirically deterniuned, but
the morphobiologic framework of the species—the life form -gives a
basis for an estimate. In the temperate zones the tree form is superior
to the shrub, and this to the chamaephyte. Annuals are here far
inferior to all other life forms; nevertheless in the arid regions of the
subtropics they dominate wide areas. The aggressiveness of a definite
life form is therefore connected with the climatic region. It is also
related to the type of habitat. Every climatic region and every type
of habitat favor certain classes of life forms. From these are recruited
the species most efficient in competition (cf. chapter on Life Forms).

Determination. of Aggressiveness.—Experimental investigations of
aggressiveness in pure cultures of one species and in mixed cultures of
several species, under controlled conditions of soil and climate, have
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been carried out by Clements and his associates (1929). Long before
tnis Bonnier had studied the spread of lichens at the expense of mosses,
a theme which has recently been revived by McWhorter. Y. Bogdan-
owskaia (Leningrad, 1926) approached the problem from another
gside. She followed minutely the increase by seedlings in different
associations and arrived at very interesting conclusions that prove the
significance of phytosocial structure for the rising generation of
plants.

Under natural conditions the aggressiveness of species is shown in
every permanent quadrat used in the study of the development of
communities (Fig. 6).

Fig. 6.—Permanent quadrats showing the r aults of competition between Peltigera
spuria and Barbula convoluta on an old charcosal kiln near Praspol, 1,680 m., Swiss
National Park. H = Helianthemum grandiflorum; T = Pinus silvestris seedling
(1 dead). The same quadrat, 1 8q. m., in 1922 (A) and in 1927 (B.)

In order to determine experimentally the aggressiveness of the
species of a given group it is necessary to observe their reaction to the
varying intensity of a single factor such as salinity, acidity, or grazing.
Everyone has noticed with what readiness Polygonum aviculare,
Plantago major, and Lolium perenne spread over little-trodden foot-
paths. When the paths are more frequented thesc species lose their
luxuriance and finally disappear, but they also disappear when the
paths are too little used, being crowded out by other species. Their
optimum growth, therefore, is maintained within very narrow limits,

The mutual displacements of position on the ground are measured
on small areas; on extended areas one must be content to estimate the
abundance, cover, and sociability of each species. On small permanent,
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quadrats the number of seedlings can be counted (Fig. 7). Ochsner
(1928) for years followed the competition of bark mosses and lichens
by means of annual sketches showing displacements of the tussocks and
thallus borders and the periods of inactivity (Fig. 8). Sometimes
photographs give excellent data.

Overestimation of the Factors of Competition.—When a new and
important viewpoint enters a science, its significance is often over-
valued, not rarely leading to error. For instance, it has been claimed
that the occurrence of nearly all plants is rather independent: of soil
conditions but depends on competition and the competitors (Warming-

i mm&mﬁmumw&wm& Xt
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F1a. 7.—Permanent quadrat (1 sq. m.) for seedling counts on an open area in the
Rosmarinus-Lithospermum frulicosum association near Montpellier, France. (Photo
by Braun-Blanguet and Keller.)

Graebner, 1918, p. 126; Cajander, 1926). It is pointed out that in
botanic gardens plants from the most diverse climates and soils grow
harmoniously side by side. The thing that is not mentioned, and
mostly not investigated, is whether they continue to produce viable
offspring and maintain themselves without renewed planting. In
many cages they certainly do not.

It has further been said that certain species are in general confined
to certain soils, but when they come into ¢empetition one wins on
calcareous soil, the other on siliceous soil. | K. Nigeli cites Achillea
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atrata and A. moschata, Rhododendron hirsutum, and R. ferrugineum.
In fact the pronouncedly basophilous and ealcicolous A. atrate and
R. hirsutum never survive long on acid soils, whereas A. moschata
and R. ferrugineum being acidophiles do not appear on calcareous basic
-soils. The life requirements of these
5 £ y L4 & pairs of species are so different that the
question of competition cannot arise.
3@ Aa. @ Unfortunately this long-recognized error
o (¢f. Braun-Blanquet 1913, p. 141) still
69 Q-”Zj crops up as an example in the latest text-
books like Lundegardh’s (1925, p. 299)
and also in the book of Clements, Weaver,
and Hanson (1929). Indeed, it is con-
stantly extended by new and equally
<~ untenable examples (Riibel, 1912, p. 417;
o~ Vierhapper 1922, p. 41).
Competition between Plant Communities.
In the competition between plant commu-
nities the aggressive domineering species
of great dynamic and genetic significance
play the role of advance guard and main
0.

army; the more or less constant com-
panions furnish the reserves.

Most conspicuous is the conquering

march of communities of few species or

Fia. 8.—Bark surface of a . . .
beech trunk 122 cm. in diameter, the advance of swarms of foreign immi-
unrolled to show competition granty with great powers of expansion.
among epiphytes. (After Ochsner.) g‘ with great p S ) p

Lec. = Lecanora subfusca; Phi. The spread of Elodea and of Jussteua at the
= Phlyctis argena; Le. = Lepraria 3
slauca, Fa. o Taiure complimata; EXPEDSE of the European .aquatlc ﬂpra
Fru. = Frullania dilatata; Me. = came with the suddenness of an explosion,
Metzgeria furcata; O. L. = Ortho- 44 gls0 did the spread of the river-bank
trichum lyellii; U. = Ulota crispa; . . - .
Dr.= Drepanium filiforme; Is. = societies of American Solidago, Aster, and
1sothecium myurum; Ho. = Homa- Y ecies in central Europe; Diplo-
lia trichomanoides; + = sparse. Ster,mdw SI,) . pe; p

taxis erucoides and X anthium macrocarpum

in the vineyards of southern France; and Spartina townsend: in the tide
basins of the canals, where it dispossessed the native S. stricta.
Similarly in North America the rivers of Florida were rapidly invaded
and navigation obstructed by the water hyacinth, Eichornia crassipes,
from Brazil, while the European moneywort, Lysimachia nummularia,
is found abundantly on many flood plains in the United States. The
seed and sprout production of these foreigners is so overwhelming, and

the distribution follows so suddenly, that a change of the local climatic
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or edaphic factors, if it occurs at all, must be a consequence of the
change in vegetation but not its cause. We have here a direct effect
upon vegetation through the newly immigrating swarms of plants.

There is also a very rapid succession of communities in the early
stages on neglected arable land, ruderal habitats, and burned areas,
where often several short-lived plant communities may succeed one
another, although no immediate change in the soil can be demonstrated.

This fleeting conquest and the rapid succession of artificially
induced pioneer stages are in contrast with the slow, tense struggle of
the later stages of primary succession. The numerical superiority of
shoots and disseminules of certain species is certaiply important here;
but it is not the cause of the changes in vegetation. The vegetation
itself affects and gradually changes the physicochemical factors of the
habitat and therefore favors the development of certain competitors at
the expense of their neighbors.

In any case one must not expect a common and uniform reaction on
the part of all the species of an association. Each species has its own
reaction to each factoral change in the habitat.

If the light factor suffers a change because of the vegetation (devel-
opment of the tree layer), certain species disappear earlier; others,
later. From a mixed stand of deciduous and needle-leaf trees in
Finland Alnus incana is the first to be eliminated. In fifty years it is
everywhere overshadowed and leads a precarious existence. Later
Populus tremula and Betula disappear. After three hundred years
there is left only the original old pines together with Picea excelsa and
its progeny, since the pine cannot reproduce in the shade of the spruces
(Cajander, 1926).

If the character of the soil is gradually changed by accumula-
tion of humus, the individual species, both dominant and subordinate,
react to this. Scarcely perceptible changes in the acidity of the soil
solution may favor the scattered and apparently weaker competitors
in their struggle with the dominant plants. By means of changes in
acidity due to vegetation it may happen that a community literally
poisons the soil for itself. Thereby it becomes possible for species of
another association better adapted to the new conditions of the habitat
to win places for themselves and finally to drive the formerly dominant
community out of the field. A succession on calcareous talus in the
Central Alps due to the influence of soil acidification may make this
clear.

Sesleria coerulea and Festuca violacea, tussock plants furnishing large
amounts of humus, are highly acidifying. . They prepare the soil for the
successive penetration of the acidophilous species of the Curvuletum,
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TaBLB 1.—S0IL ACIDITY AND THE SUCCES8ION OF PLANT COMMUNITIES

Soil reaction,

Number of species

Association pH Acidophilous! Basophil.ous '
neutrophilous
Curvuletum 5.4t04.2 Dominant 0
Festuca violacea-Trifolium thalii| 6.6 to0 5.4 21 15 to 20
Seslerieto-Semperviretum 7.1t06.2 10 Dominant
Dryas-Globularia cordifolia mats 7.5t06.8 0 Dominant

1 Words such as acidophilous, xerophilous, etc., are used throughout this book without any sug-
gestion of emotion on the part of the plants, and should be understood as having no teleological

implications.

while poisoning it for themselves.

Within the individual stands of the

Seslerieto-Semperviretum and the Festuca violacea-Trifolium thalit
association the number of acidophilous species and the number of
individuals vary with the pH of the soil and increase with the rising soil

acidity.
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CHAPTER II

THE SMALLER SOCIAL UNITS

The ultimate ‘“‘atomistic” particles of any community are the
individual plants. The combination of these creates the social organ-
ism. The countless individuals may be grouped in two distinct ways:
under the concept of the taxonomic species or under the concept of the”
growth forms or life forms (¢f. chapter on Life Forms). The Brussels

Jongress (1910) rightly decided in favor of the species as the funda-
mental unit of the plant community. The concept of “life form” is
vindefinite, has not been adequately defined, and cannot be considered
as a sufficient basis for a science of vegetation. Species, however, are
groups of individuals with uniform inheritance and have been for many
years the objects of careful investigation.

In the species are embodied certain definite adjustments to and
demands upon the environment. Hence the species have come to be .
regarded as conspicuous indicators of certain conditions of life. The
most exaet indieaters are often, indeed, not the ‘“good Linnaean
species”” but rather the elementary species or races, the “ecotypes’ of
Turesson (1925). These forms require more narrowly ecircumsecribed
life conditions and therefore are socially more sharply specialized. A
knowledge of the species u7uully gives at once an idea of the life form in
which it falls.

Precise recognition of specias is therefore the first and indispensable
requircment for the phytosociologist. Studies of the structure of
vegetation without accurate knowledge of the species concerned are
scientifically worthless. The goal of these studies is to establish
precisely the significance of the species in the organization of the com-
munity and to discover the order which prevails in the grouping of the
species into communities.

Habitat and Plant Community.—By the term ‘‘habitat” we mean,
following Yapp (1922), the dwelling place of a species or of a community
including all of the operative factors, except competition, that influence
the plants themselves. The exact place of occurrence is called the
locality or “‘station.”

A given plant community may occur-in many localities. But it
exists usually in only one well-defined and ecologically characteristic

24
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habitat. From this concept have come the long-continued efforts to
delimit and sharply define the habitat. The hope was to arrive thus at
a classification of the plant communities themselves—a hope which has
not been realized..~

The more sharply we have sought to delimit the problem of the
habitat the more complicated and involved its definition has become.
The effective external factors are so numerous and so variable, the
possible combinations so manifold, the overlappings so frequent that
a clear and unequivocal delimitation of habitats according to operative
external factors appears quite unattainable. It may be added that the:
relation of habitat to plant community is not a simple and reversible
function. In the first place, the flora of a region is historically the
result of a long process of natural selection. ’

On account of this difficulty it is becoming more and more necessary,
in investigating the communities, to go directly to the vegetation itself.
We then arrive at the point from which we should logically have started
out: the natural grouping of plants. The natural nnits of vegetation
come thus into the foreground of our study, and, temporarily ignoring
the habitat, we seek to recognize and define the floristic individuality
of the communities.

From the exact floristic analysis of individual communities of
vegetation we proceed to the synthesis of plant communities. This
analysis and synthesis should afford the basis for conclusions regarding
the combination of species, the numerical relations of the individual
species, and the significance of each species in the origin, development,
maintenance, and decline of plant communities, especially of those
fundamental units of vegetation: the associations.

Fundamental Unit of Plant Sociology.—‘‘An association is a plant
community of definite floristic composition” (Ilahault and Schréter,
1910). In this statement the Third International Botanical Congress
at Brussels recognized as fundamental the floristically uniform char-
acter of this unit of vegetation. The definition is at once too narrow
and too broad: too broad, because not only the association but all the
lower and higher units, variants, facies, societies, alliances, etc., are
characterized to a greater or lesser extent by definite floristic composi-
tion; too narrow, because, with few exceptions, no two bits of vegeta-
tion have precisely identical floristic composition.

The possible combinations of plant species are indeed endless. To
attribute to every actual combination in nature the value of a type
would result in a chaotic splitting up of the units of vegetation. On
such a basis every quarter of a square meter of a meadow community
would form a separate unit. We are obliged, therefore, to institute
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comparisons between the various bits of vegetation. Pieces of vegeta-
tion with similar combinations of species are united into abstract types.
These types are the ‘‘associations,’” the separate pieces being called the
individuals or examples of the association or more simply the ‘“‘stands.”’

Individual Association or Stand.—The more or less similar bits of
vegetation or ‘“‘stands” found in nature are the concrete realities with
which the plant sociologist has to do. An association usually includes
many spatially separated stands. They correspond in a general way
to the individual plants in taxonomy, although the anthropocentric
assumption of individuality applies to them in a Icsser degree than to
individuals of a species.

The larger the number of stands investigated the more truthful
will be the resulting picture of the association. From the more or less
perfect agreement in the composition of these stands comes the greater
or lesser uniformity of the association and the range of its variation.

The coneept of the association includes a true reality, namely, the
characters common to the individuals of the associations. The associ-
ation as such, however, is, like all systematic categories, a group con-
cept, intended to deepen and organize our knowledge of vegetation.

Alechin (1925) regards this group concept itself as an indivisible
unit and likens the stands to the pieces of a cut apple.! He overlooks
the fact that the piece of apple can no more regenerate itself than can a
quartered ox, whereas each stand arises independently of the rest
of the association and can continue to develop and reproduce itself
independently.

Each stand has in itself a distinet individuality, with its own life
history, and embodies in itself the distiuctive marks of the association.
The practical and theoretical value of the association coucept depends
upon the greater or lesser external and internal resemblances of the
several individuals of the association. An important phase of the
study of vegetation is the distinguishing of these resemblances. This
leads to sharper individualizing and delimiting of the association from
the floristic, ecologic, genetic, and geographic viewpoints.

The stand embodies the association as one house embodies the
concept house. This prolonged discussion seems to be necessary for a
better understanding of many sociological treatises. It is to be hoped
that the proposal of Nichols (1923) will continue to gain ground and
that the word ‘‘association’’ will be used both in a concrete (an associa-

! The same error is made by Vierhapper (Verh. Zool.-Bot. Ges., Wien, 74-75:
1924-1925), who likens the Einzelbestand to a granite block. On this account
his proposal of the Assoziationselement cannot hold.
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tion, Assoziationsindividuum or Einzelbestand) and in an abstract sense
(the association).

Smaller Units.—The fundamental unit of vegetation, the associa-
tion, is not identical with the smallest unit; it stands to the latter rather
in the relation of the species to the variety or form. But as in system-
atic botany a knowledge of the species must be acquired before the
smaller units (varieties, forms) have any meaning, so should the recog-
nition and definition of the association, which requires skill, sociological
training, and wide experience, precede the simpler, more purely
mechanical study of quadrats. A subsequent arrangement of the data
of this mechanized “inductive” method under the head of the larger

Fia. 9.—Association fragment of the Nardetum upon Alp La Schera (2,000 m.),
Swiss National Park. Nardus, Nigritella, Cocloglossum wviride, Botrychium lunaria.
(Photo by Heller and Braun-Blanquet.)

natural association is indeed in many cases impossible. Moreover, the
synthesis of quadrat samples into larger and more convenient units
often fails from the lack of tangible social characteristics. Moreover,
when using this method there is always danger of stopping with the
purely superficial features and losing sight of the more far-reaching
“genotypic’’ features which are the significant marks for characterizing
and understanding the association (Wangerin, 1922, p. 10).

The smallest distinguishable units of vegetation are of course not to
be neglected. But they should be classified as sub-associations or
facies, subordinate to the association in the larger sense.
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The sub-association is comparable to the subspecies and rarely has
its own indicator or characteristic species. Rather it is characterized
by ‘‘differential species” which, in other expressions of the association,
are absent, occur more sparingly, or are more poorly developed.
Naturally there cannot be a sharp distinction between the association
and the sub-association.

The facies is distinguished wholly by differences in the quantity or
distribution of species, especially by the predominance of certain
companion species of the association.

Facies and sub-associations are occasionall called elementary
associations, following Drude (1919). This expression it seems better
to avoid.

Fragmentary Associations.—Iivery individual association, every
stand, must include the essential characteristics of the association, if it
is to rank as fully representative. Kspecially the normal characteristic
combination of species must be present. Bits of vegetation whose
membership in a definite association is beyond doubt, but which for any
cause have been hindered in their development or disturbed by external
agencies such as lack of space, unfavorable habitat, human or animal
intervention and therefore give only an incomplete picture of the
association, are called “fragmentary associations.” A Carex curvula
sod with Phyteuma pedemontanum, Avena versicolor, Sesleria disticha
or a beech wood near a large city with only a few companion species of
the beech is a fragmentary association (Fig. 9). There are associations
which today occur solely as fragments or mere remnants.

Settlement.— By the term settlement (Siedlung, Vegetationsfleck)
we may designate any small combination whatsoever of individual
plants, without regard to taxonomic value or sociological status. A
stone overgrown with lichens or algae, a moor or a group of trees, are all
settlements.



CHAPTER III

THE STRUCTURAL CHARACTERISTICS OF THE COMMUNITY

The analysis of plant communities may follow the purely practical
lines of forestry and agriculture or the more theoretical lines of plant
sociology. For the phytosociologist, the first task is to carve out and
delimit the association, in order to lay the most indispensable founda-
tion for synecological, synchorological, and syngenetical investigations.
Investigations of thelaws of the internal structure of plant communities
as well as of purely syngenetical matters comprise a narrower field.

Problems of the structure of communities, as presented by agricul-
ture and forestry, form in themselves a very comprehensive complex.
These can be considered here only in so far as they are related to the
structural studies of general plant sociology.

Analytic Characters.—Immediately available for phytosociologic
analysis, and accessible in every sample of vegetation, in every stand,
are the following characteristics of the community, based upon the
species present:

a. Quantitative characters:

Number of individuals (abundance) and density.
Cover, space, and weight (Dominanz, Deckungsgrad).
Gregariousness (Soziabilitdt) and distribution.

Frequency.

b. Qualitative characters:
Layering (stratification).
Vitality, vigor (Gedethen).
Periodicity.

The apparent simplicity of the analysis of the concept of vegetation
is directly in contrast with the difficulty of making any untversal rules.
Sometimes it is entirely impossible to ubmit different vegetation types
to similar methods of treatment. All too often the attempts to com-
bine the most exact counts and measurements of sample communities
(stands) into an abstract unit (a plant association) results in nothing
but vague averages. ‘‘Measure what can be measured, and count what
can be counted, but always be conscious that the figures obtained are
purely relative.” Not infrequently mere estimation gives better
results than counting and measuring. In each case, the jadgment of
the investigator must decide how the minute analysis of a given piece of

26
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vegetation can best be carried out and what characteristics of the com-
munity will, under the given conditions, give promising results.

In the analysis of vegetation few methods have developed for
application to other than the higher plants. The following directions
have to do with the rooted and clinging communities. The analysis of
floating communities (plankton), a field that is very specialized and as
yet but little worked, is relegated to a brief concluding section.

Kind of Sample Plot.—The analysis of a plant community may be
an end in itself. Mostly, however, it is done for the purposc of evaluat-
ing the sample sociologically and of establishing its place in the associa-
tion. In the latter case the choice of the sample plot is of utmost
importance.

As a general rule, every sample plot, whether large or small,
precisely delimited or not, should show the greatest possible uniformity,
not only in regard to its floristic composition, which determines the
appearance or physiognomy of the community, but also in regard to
soil and relief as far as these can be observed. Areas without uniform- °
ity should be withheld from the beginner. The demand for uniformity
in the sample plots leads in itself to distinguishing the communities
from one another and to a fragmentation of the plant covering of the
earth. Iivery unit portion that is distinguished must first be studied
by itself. The defining of the unit areas of vegetation (which not infre-
quently are individual associations) is not always easy, since mixtures
are abundant, and between two different uniformly organized pieces of
vegetation we very often find narrow or broad transition strips. Here
the boundaries should be so chosen as to omit the heterogeneous trans-
ition zones. A

Furthermore, an apparently uniform area may consist of compo-
nents of two or more different associations such as occur on steep
grassland with regular terraces (Seslerieto-Semperviretum, Varietum
tatricum, Fig. 10). on stone-covered pasture, or on rock wall with
crevices. In this case each component of the uniform mosaic must be
studied separately.

Size of Sample Plots.—A complete record requires the study of the
uniform community throughout its entire area. In small communities,
like the epiphytic communities on trees or high alpine grassland com-
munities, this is simple and obvious, but it is very difficult in the case of
extensive forest, shrub, or grassland communities. If the uniform
community is too extensive, the investigator must be satisfied with
samples of vegetation. If, as only rarely happens in practice, a more or
less homogeneous stand extends unchanged over an area too large to
inspect, the area may be divided for sociolqgi(ial investigation into as
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many portions as complete and mutually exclusive association samples
(containing the normal combination of species) can be made from it.
For diagnostic purposes and for many ecological and syngenetical
studies it is necessary to investigate the largest possible portions of the
uniform area. To give just one example: The Seslerieto-Semper-
viretum of the Central Alps originates on alkaline or neutral soils, but
the accumulation of humus, combined with leaching, transforms these
to a very acid condition. Unmistakable indicators of this acidifying

Fia. 10.—An open terraced stand of the Seslerieto-Semperviretum, var. tatricum upon
steep limestone rubble in the Tatra, at 1,830 m. (Photo by Zlatnik.)

process are the acidophilous companion species which come in and
gradually increase during the course of the acidification (Braun-
Blanquet and Jenny, 1926). This transformation of vegetation can
be recognized and understood only when the uniform stand is studied
floristically in every part. Portions of 10, 20, or 50 sq. m. do not
suffice to include, especially in the earlier stages of development, the
very sparsely scattered acidophilous indicators, much less to discover
their sociologic significance (cf. Alechin, 1925). The larger the num-
ber of species and the more mixed the community the less satisfactory
is a limited number of small and arbitrarily bounded samples (meter
quadrats).

To give the data accuracy and completeness, the fol'lowing proce-
dure is suggested: Begin with the record of a small sample plot (in
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meadow communities 1 or 4 sq. m.). Let all the species be noted with
quantity or coverage, sociability, etc. Then double the size of the
sample plot and add to the first list the additional species included.
Then within the same type of uniform vegetation select a larger area
(16, 32, 50, or 100 sq. m.) 8o as to include the previous sample plots.
The study of this area will be found relatively simple, since usually but
few species will be added to the list. Any variations in the quantity,
sociability, etec., of any species of the first small sample plot should be
noted. It finally remains to note the species present in the stand

Fiu. 11.—A sharply delimited stand of the Polytrichum serangulare association on a
snow pocket in the Bernina Alps at 2,450 m. (Photo by Klika.)

outside the sample area. By this procedure two or more exactly
delimited areas of different sizes have been analyzed in the shortest
possible time, and at the same time a complete list of the species of the
uniform community has been obtained. The sample plots are best
square, or at least rectangular (Fig. 35). Communities arranged in
mosaic fashion, as in mountains and moors, must be worked by means
of a measuring line (Fig. 11). The shape of the sample plot will often
be irregular. If the sample areas are dotted with fragments of ‘‘for-
eign’’ vegetation, or if a terrace-like structure prevails, or if the
vegetation is interrupted by scattered rocks or by breaks in the sod, an
approximate estimate of the extent of the homogeneous sample plots
must suffice. In any case the total area of the uniform stand and the
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percentage of the surface occupied by foreign vegetation or bare ground
must be determined.

Number of Individuals (Abundance) and the Spacing of the
Species.—Abundance is intended to express the plentifulness (number
of individuals) of each species. The density on a definite area expresses
the average spacing of the individuals and hence the average area
occupied by each individual of a certain species.

Often the quantity and density of a species will differ widely in
both space and time in different samples of one and the same com-
munity. This hinders an exact determination and in many cases
greatly reduces the usefulness of averages.

Determination of Abundance—In practice it is found that a series of
five figures suffices to express the relative plentifulness of the individual
species.

1 = very sparse (very rare).

2 = sparse (rare).

3 = not numerous (infrequent). '

4 = numerous (abundant).

5 = very numerous (very abundant).

Whatever is lost by this method of estimating as compared with
that of counting exactly the species on very small sample areas is
gained in the survey of a larger area that has not been arbitrarily
chosen and in the saving of time. To give an exact quantitative
value to results from one or more very small sample areas, arbitrarily
chosen, in spite of all effort to the contrary, is to give the appearance of
exact reliability to accidental data, by using precise methods on mate-
rial of uncertain and diverse quality. Tt is very important, however,
that the estimate be made on a uniform stand.

Determination of Spacing and Density.—In order to get accurate
numerical results sample plots of definite size must be investigated.
If all the individuals of a species were evenly distributed over the entire
surface, it would be sufficient to measure the area of the plot A and
count the number of individuals n in order to determine the area a
occupied by each individual:a = A/n. Similarly, the average distance
apart (distance moyenne) of the individuals d may be determined:
d = v/A/n. 1f the distance apart of the individuals d be first deter-
mined, then from it the area occupied by each individual ¢ may be
determined: a.= d2.

In natural plant communities, however, the distribution of indi-
vidualsis mostly irregular, and the density must be obtained by indirect
methods. Sample plots of equal size are taken in various parts of a
uniform community, and the number of individuals or shoots of each
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species on each sample plot isrecorded. The density (distance between
individuals) of a species is equal to the number of square units of the
total area divided by the sum of the individuals (¢f. Martinet, 1898).
The exactness of the result obtained increases with the number of
sample areas examined and with the evenness of the distribution of
the species throughout the entire community.! The size of the sample
plot chosen may vary within wide limits and naturally depends upon
the kind of vegetation. In a Mediterranean therophyte community
areas of 0.5 or 1 sq. m. are appropriate; in the beech or spruce woods at
least 500 sq. m. must be taken for the tree layer. This counting
method is especially indicated in mature timber of uniform age, in
bush steppe, and in rock-slide communities. Much more difficult is its
application in grassland communities, with tussock or sod-forming
plants, where it is further complicated by the difficulty of distinguishing
the individuals and counting the shoots. If density can be determined,
the determination of abundance would obviously be superfluous.

Cover, Space, Weight (Deckungsgrad, Dominanz).—The question of
the space demands of a species is a wholly different concept from that of
the number or density of the individuals. In close connection with the
former stands the question of the cover (Deckungsgrad) of the species.
In clinging communities (algae, lichens, mosses) the degree of dominance
is identical with the relative participation of the species in the cover-
ing of the surface (cover, areal percentage). In several-layered tree
and shrub communities the degree of dominance of a species is given by
its share in the different layers of the vegetation.

Determination of Cover.—The degree of dominance of clinging and
rooted species is expressed in all field work by the cover, that is, the
area covered by the individuals of one species. The entire shoot
system of all the individuals of a species is thought of as projected on
the ground, and the area covered thereby is estimated. I. distinetly
layered communities each layer must be estimated separately. The
significance of cover was recognized by Von Post (1867), but it was
first clearly distinguished as “areal percentage” in 1914 by Lagerberg.
For the determination of cover, Lagerberg (1915) used small quadrats
of 0.5 or 0.1 sq. m. which were arranged in straight lines regularly
spaced over the area studied. The estimate of the surface covered by
each species in the quadrats was indicated by means of the fractions
44, 34, 24, Y4, and each species received the number nearest to the
fraction of the area actually covered by it. Species with very small

11t should therefore be noted whether thé mode of distribution is regular

(hypodisperse) or irregular and crowded in places (hyperdisperse) (cf. Schustler,
1923, and p. 36).

“



32 PLANT SOCIOLOGY

cover were left out of consideration. This method, designed for use in
forestry, is suitable only for large uniform bodies of vegetation.

A five-parted scale is better for the study of most communities. In
Scandinavia the so-called Hult-Sernander scale is most used. The
limits of the cover classes are as follows:

1 = covering less than 1{¢ of the ground.

2 = covering 1{g to 1§ (6.25 to 12.5 per cent).
3 = covering ¢ to 34 (12.5 to 25 per cent).

4 = covering 11 to 14 (25 to 50 per cent).

5 = covering 15 to 1 (50 to 100 per cent).

The values of these cover classes are easily memorized. But on
account of the very wide range of the upper grades they give in many
cases no true idea of the degree of cover. Whereas the figures 1, 2, 3
are confined to the narrow limits of one-quarter of the surface, there are
available for the important larger classes—one-fourth to four-fourths
of the surface—only the two figures 4, 5 (Fig. 12a).

0
> I

3 ' 7
(b) S 4 3 2 7

Fis. 12.—Degrees of cover (hatched); (a) according to Hult-Sernander; (b) according to
Braun-Blanquet.

In actual field work the following scale has proved more satisfactory
(Fig. 12b):

very scant (covering less than 344 of the ground surface).
covering 14 to }4 of the ground surface.

covering 14 to Y5 of the ground surface.

covering 4 to 34 of the ground surface.

covering 34 to 44 of the ground surface.

(S
LU T

The exactness of the estimate is entirely satisfactory in small test
areas (up to 10 sq. m.). With large areas, however, the estimate is
difficult to carry out, especially when there is a mixture of many
species.

When dealing with communities whose cover shows great
seasonal variations, the estimate must be made repeatedly at different
seagons of the year. Under some circumstances it may be done at the
culmination of the seasonal development, but many communities,
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especially in regions with a dry resting period, necessarily demand
several examinations per year. Between dry and wet years there will
often be (particularly in steppes and deserts) very great differences in
the cover of the species on the same area.

Determination of Space.—The degree of dominance of the species in
plankton communities is given by the number of individuals of a species
in a unit volume (1 cc.) of water, multiplied by the volume of one indi-
vidual. In rooted communities the estimate of cover always gives an
approximate idea of the space occupied by the species.

Del Villar (1925) has attempted a determiration of the space
occupied by shrubby species in the Spanish meseta. He assumed the
volume of the shrubs to be ellipsoidal and calculated the cubic contents
from the vertical and horizontal diameters. For Salsola vermiculata he
found 208 cu. m. per hectare; for Thymus zygis, 197 cu. m. The fre-
quency percentage (according to Raunkiaer) gave for Salsola only
7.2 per cent; but for Thymus, 55 per cent. In a certain sense the
measurement of the cubic volume of standing timber by the forester
may be considered as a determination of dominance. According to
Hausrath, Pinus silvestris on an average soil produces in 100 years 404
cu. m. of wood; in 120 years 430 cu. m., whereas Picea excelsa in the
same time produces 739 and 806 cu. m. respectively.

Weighing.—The method of weighing the shoots has hitherto been
applied almost exclusively to pasture studies. The grass of a small
measured piece of ground is sheared off, the shoots of each species are
sorted out, and the amount of each species is given in percentage by
weight. Or 1 sq. ft. of turf is dug out and the percentage by weight is
determined for both aerial and buried parts (¢f. Stebler and Schroter,
1892).

Kultiassoff (1927) in Central Asia investigated the decrense in
weight of the root mass with increasing depth.

TaBLE 2.—DxcrEAse oF Roor Mass witH DEpTH IN SoIL IN THE THEROPHYTE
STErPBE NEAR TASCHKENT

Depth, Root mass,
centimeters grams
0to 10 1,400.2
10 to 20 84
20 to 30 20.6
30 to 40 3.0
40 to 50 2.2
50 to 60 3.0
60 to 70 1.5

In the therophyte steppes of Taschkent the weight of roots exceeds
the weight of tops fifteen times (tops per cubic meter about 100 g.,
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roots 1,515.3 g.). The principal part of the root mass is supplied by
Carex hostii.

Total Estimate.—For the minute monographic study of a definite
community, for studies of succession, or for the solution of a variety
of questions of more practical nature good results are obtained by
considering cover and density together. The question of whether the
results are likely to be commensurate with the labor involved must
always be considered, for the determination of density is usually very
troublesome and not always feasible.

F16. 13.—Gentiana costeir (Soc. }) and Daphne eneorum (Soc. 3). Causse Noir 950 m.
(Photo by Keller.)

A material reduction of the field work is attained by combining
the estimate of abundance and cover, ignoring density. For this a
conventional six-part scale is used. The meaning of the signs and
figures is as follows:

+ = sparsely or very sparsely present; cover very small.

1 = plentiful but of small cover value.

2 = very numerous, or covering at least 144 of the area.

3 = any number of individuals covering } to 34 of the area.

4 = any number of individuals covering 4 to 31 of the area.

5 = covering more than 34 of the area.
It is plain that the smaller numbers have more to do with abundance,
the larger with the cover.

Each well-defined layer of vegetation must be estimated separately.
In the closed beech woods the beeches in the tree layer and Asperula
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odorata or Carex pilosa in the herb layer may each reach a cover of
5.

When this combined estimate is used, the gregariousness (sociabil-
ity) should also be given. ‘

Whereas in small areas (1 to 2 sq. m. or less) the estimate of cover is
often sufficient, in larger areas, and especially in less homogeneous
areas, the combined estimate can be used to advantage. Besides, from
the combined estimate the cover can mostly be deduced, since the

Fi1o. 14.—Cortusa matihioli (Soc. 2) between Alnus viridis shrubs Lower Engadin, Swiss
Alps. (Photo by Hoff mann-Grobéty.)

figures + and 1 taken together correspond to cover 1, and number 2
of the combined estimate corresponds with cover except in case of a
species with many very small individuals which covers less than one-
twentieth of the area (many therophytes of the Mediterranean
communities).

Sociability, Gregariousness (Soziab:litdt), and Dispersion.—After
Willdenow (1798) first took notiee of the difference in the gregarious-
ness of plants, Heer (1835, p. 49) directed attention to the grouping of
species, “whether the species stand close together in mass formation
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and thus cover the ground in patches or are wholly isolated and stand
scattered among each other in motley mixture.” Heer expressed the
degree of association by the figures 1 to 10. Lecoq (1854) (who, how-
ever, used the term “‘sociability’’ with a somewhat different meaning)
and Lorenz (1858, p. 227) also concerned themselves with the gregari-
ousness of species.

Gregariousness or ‘‘sociability’”’ expresses a space relationship of
individual plants, answering the question, How are the individuals or
shoots of a species grouped?

To describe the grouping we use the following scale:

Soc. 1 = growing one in a place, singly.

Soc. 2 = grouped or tufted.

Soc. 3 = in troops, small patches, or cushions.

Soc. 4 = in small colonies, in extensive patches, or forming carpets.
Soc. 5 = in great crowds (pure populations).

The density of the stand of individuals or shoots is indicated by a
dotted or solid line under the figure. Thus Typha minima (Soc. 5)
means an open but large patch of Typha minima, and Calluna (Soc. 5)
indicates a large, dense, closed stand of heather (Figs. 13 to 15).

Only a few plants have a predetermined unchangeable degree of
aggregation of individuals or shoots (sociability) based upon the
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manner of growth. The degree of gregariousness of most species is
greatly influenced by conditions of habitat and by competition (see
also Jenny, 1930, p. 152). Even such cushion and tussock plants as
Carex elata and Silene acaulis show a difference in the crowding of
shoots according to the community in which they occur and their
state of development. From the gregariousness of the species con-
clusions may often be drawn as to the nearness of approach to optimum
conditions. In the typicul Molinietum the individual plants of
Phragmites are always isolated (Soc. 1), but in the adjacent Scirpeto-
Phragmitetum they occur in troops and crowds (Soc. 3 to 5). Stipa
capillata, Iris sibirica, Veratrum album, Viola tricolor, and countless
other species which in general are not considered “social”’ plants may
enter into competition in almost any degree of gregariousness, accord-
ing to the more or less favorable conditions of the habitat. In general,
vegetative reproduction leads to crowding, that is, to increased socia-
bility (¢f. Kujala, 1925).

Because it is so easily modified, the gregariousness of many species
changes materially during the course of a succession, as on newly
formed land or on neglected cut-over woodland.

The estimate of sociability is easily made, and on large sample
areas it enables us to form a picture of the plant mosaic in much sharper
outlines than would be possible from mere density and dominance
estimates.

Statements of sociability are especially desirable where species
occur in groups or colonies, whether the organisms are rooted, clinging,
or free floating. As Alechin (1926) has pointed out, increased socia-
bility is of great service to plants in competition with other species.
The sociability of pioneer species on talus is almost always great and
may be considered a characteristic of such vegetation (Jenny-Lips,
1930).

The specific number of individuals or shoots or, for attached lichens,
mosses, and algae the size or diameter of colonies, may be indicated by
definite class numbers (c¢f. Hiyrén, 1914).

Statistically speaking, species and individuals may be distributed
either with normal dispersion, or they may have hypo- or hyperdisper-
sion. In hyperdispersion the individuals are crowded (Oralis in beech
woods) ; hypodispersion occurs when the individuals are more regularly
arranged than would be expected to result by chance (Solanum
tuberosum in a potato field, Juniperus in the Liineburg heath, Fig. 16).
In nature normal as well as hypo- and hyperdispersion occurs. The
more pronounced the hypodispersion in regard to species and individ-
uals the more homogeneous is the vegetation of the area under
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Fi1a. 16.—Former Calluna heath with Juniperus communis in hypodispersion (fire scar
to right) in the Totengrund near Wilsede. (Photo by Weigold.)
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F1a. 17.—Homogeneous moss and lichen tundra at Svalbard, Spitzbergen; a, 7 m.
belt of bright yellow Lecanora polytropa; b, a 14 m. belt, dark crastose lichen with
Rhizocarpon badioatrum, R. polycarpum, L. gibbosa, L. polytropa; ¢, & dark brown moss
and lichen belt, with widely spreading Gyrophora cylindrica, G. erosa, G. arctica, G.
hyperborea, Sphaeroporus globosus, Rhacomitrium hypnoides, etc. (Photo by Lid.)
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consideration, according to Kylin (1926). Hyperdispersion works the
reverse; the greater it is the more heterogeneous appears the vegetation.

The homogeneity problem, brought forward by Nordhagen (1922),
has been theoretically treated from the mathematical side (Kylin,
1926; Romell, 1926), without being fully cleared up.

In phytosociological practice, dominance and homogeneity are
closely related. Areas in which one or a few species predominate, with
even distribution, are considered homogeneous, since the more or less
unevenly distributed but scarcer species are mostly hidden by the
dominants. Regions with few species, with dense plant covering made
up of crowded perennials (subarctic, arctic), present much more homo-
geneous communities than regions rich in species but with open vegeta-
tion and many therophytes (middle and south European mountains,
subtropics) (Fig. 17).

This may explain the different concept and definition of the associa-
tion held by many northern investigators. They regard fidelity as of
less importance than homogeneity in the characterization of an associa-
tion, the latter being more apparent in the north. ,

Frequency.—Frequency graphs, as determined by the Raunkiaer
method, may be considered as an approximate expression of the

A A
.
[T1s
O
2N (@l
sTT o O 0
] 2 3

Frs. 18.-- Sample plots for the determination of frequency, showing various ariange-
ments, in a stand (4).
homogeneity of a stand. Raunkiaer (1913, 1918) based his studies of
“frequency’”’ upon small quadrats or circles of 0.1, 0.5, or 1 8q. m,,
taking 25, 50, or 100 at random in the stand investigated. The list of
species of each small area was noted, without counting individuals.
Determinations of frequency (under the confusing name of con-
stancy) recently have been made with fewer (10 to 20) and larger
(1 to 4 sq. m.) quadrats (Fig. 18, 1, 2). The test areas as in the deter-
mination of density are arranged in a definite order (Clements, 1905;
Lagerberg, 1915; Allorge, 1925) or are distributed at random in a
uniform community (Raunkiaer 1918) (Fig. 18, 3). The result may be
expressed in a diagram, distributed in 5- or 10-frequency classes.
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With increasing size of the test areas the highest-frequency classes
enlarge, while the lowest decrease. Kylin (1926, p. 148) and Gleason
(1929) have shown theoretically this displacement of classes. Figure
19 gives a practical example from the extremely homogeneous
Rhynchosporetum albae.
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Fic. 19.—I. Frequency diagrams of « homogeneous Rhynchospora alba association
at Zugerberg. A, from sample plots of 1 8q. m.; B, from sample plots of 4 8q. m. (10
samples); I1. Species-number: area curve of the association.

Frequency diagrams are comparable, therefore, only when they are
made from test areas of equal size.

With this provision, diagrams with relatively large numbers of
species in the highest-frequency classes and fewer species in the lower
classes indicate patches of vegetation which are floristically homo-
geneous. Those with smaller number of species in the highest classes
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F1c. 20.—A, Frequency diagram from a Carez rostrata-Sphagnum lindbergii asso-
ciation in Norway; 20 samples of 1 sq. m. (After Nordhagen.) B, The same from a
Scirpus-Phragmites association near Montpellier, France; 10 samples of 1 sq. m.
and larger in the lowest indicate non-homogeneous vegetation. Figure
20B shows a very homogeneous community ; Fig. 204, one withmedium
homogeneity. That these graphs cannot be taken to indicate the
maturity or the immaturity of a community is shown by the diagram of
the Scirpeto-Phragmitetum (Fig. 20B). This is from a wide ditch dug
about twenty years ago. Today it is covered for a long distance with a
dense and extremely uniform vegetation.

Communities which are apparently extremely uniform in physiog-
nomy may actually show very little floristic homogeneity. The
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Pinus montana forest of the Swiss National Park, with abundant
Erica and wholly undisturbed by man, is an example of this (Fig.
21).

The frequency graphs often show two maxima: one in the highest-,
the other in the lowest-frequency classes. This was proclaimed to be
a regular phenomenon dependent upon the composition of natural
vegetation, until Nordhagen (1922) showed that the apparent and
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F1a. 21.—Frequency diagram of a floristically heterogeneous Pinus montana forest rich
in Erica carnea. Ten quadrats of 13 sq. m. each.
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puzzling drop from the highest to the next lower class really results
from the unequal breadth of the classes, since the highest-frequency
class is in fact not at all of equal value to the next lower.

The species of the highest-frequency classes are often termed ‘““local
constants,” a misleading expression which should be avoided. The
better and more correct form would be ‘“very frequent” or ‘“‘most
frequent’’ species.

Layering.—The concept of layering goes back to Kerner (1863) and
Ragnar Hult (1881). The latter in his descriptions of vegetation
distinguished no less than seven layers and portrayed them graphically
along with the corresponding life forms.

We now recognize four principal laycrs:

Tree layer.

Shrub laver.

Herb layer (Feldschicht).
Moss layer (ground layer).

These principal layers may be further subdivided. An upper and
lower shrub layer may be distinguished in tall scrub; a lower, middle,
and upper tree layer in the tropical forest. The graphic chart of
layering according to Hult-Sernander (Fig. 22) gives along with the
layering (horizontal strata) also the cover of each layer of vegetation.

The characteristic layering of plant communities is the product of a
long-continued process of adaptation and selection, in which light is a
dominant factor. The more numercus the upper layers are and the
more completely these occupy the available space the greater must be
the tolerance of the lower layers toward reduced light intensity.
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On the other hand, the lower layers are less exposed to variations in
heat, humidity, and wind movement. They are also dependent upon
the indirect physicochemical influences of the plants composing the
upper layers (root activities, type of decomposition, and chemical
nature of the leaf mold).

Fusion of Layers.—Two or more layers of vegetation are often
closely united and always appear together in certain societies, e.g., the
herb and moss layers in the Centunculo-Anthoceretum, the moss and
shrub layers in certain types of high moor. An individual lower layer
may either fuse with two or more higher layers or stand out distinetly
by itself. In the first case we have united, in the second overlapping,
layers. An example of overlapping layers is seen in the Rhodoreto-
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F1G6. 22.—Layering in a spruce stand in the Black Forest. July, 1926.

Vaccinietum of the Alps (in the Pinus cembra-Picea excelsa and Larix
decidua forest), the Rosmarinus-Lithospermum frulicosum association
of southern France (either with or without an upper layer of Pinus
halepensis). A complete layer of Calluna or of Thymus vulgaris may
appear in entirely different associations.

Among closely united layers are found such as are dependent upon
and conditioned by certain other definite layers. As such dependent
layers may be cited the highly developed broad sclerophyll shrub layer
in the Quercus ilex virgin forest of the Atlas mountains (Braun-
Blanquet and Maire, 1924) and the lower layers in the Alnus swamps of
Wangerin (1926, p. 189).

Subterranean Layers.—Layering is also found in the underground
parts of plants, as Woodhead (1906) has pointed out. In North
America Sherff (1912) has shown that in swamp communities the
subterranean stems 1ay lie at different depths in the soil and that their
roots may be produced at different depths, causing a complementary
rather than a competitive relation between the underground organs of
the different species. The height of the water table was here the most
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potent factor in causing the layering. Weaver (1920, 1925) has
demonstrated many cases of the influence of soil moisture, soil granula-
tion, and distribution of nutrients upon root layering. Plants grown
in the same soil but with different amounts of precipitation will show
quite different root systems (Fig. 23). -

‘The roots of some plants are very sensitive to light. Many are able
automatically to regulate the growth of rhizomes according to illumina-
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Fiu. 23. - Root development in winter wheat under conditions of different annual
rainfall.  (After Weaver.)

tion. Raunkiaer showed that the rhizome of Polygonatum multi-
florum, on reaching the normal distance from the surface of the ground,
grows horizontally forward but that if it is covered more deeply for
protection, it grows obliquely upward.

The effect of aeration upon the course of roots is well known. In
wet, poorly aerated soils the root systems are poorly developed and the
roots tend to be spread out horizontally iri the uppermost layer as in
the pines and birches in high moors. ‘

Soil acidity acts similarly when an alkaline calcareous soil is covered
with a layer of acid humus. The roots of agidophilous plants which
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otherwise develop deeply are shortened and do not penetrate the basic
soil (Fig. 98).

In his study of the conditions of life in the gravel-slide association
Jenny-Lips (1930, p. 154) distinguishes an uppermost soil horizon with-
out fine particles and without branching roots; below this a horizon
with much fine soil in which the plants of the gravel slide develop their
roots into a mat of very considerable density; and, still lower down, a
horizon with very little fine earth into which the deep-anchoring roots
penetrate (Fig. 24).

Fis. 24.—Root layering in a thick stand of the Thlaspt association on a gravel slide
at 2,250 m., Swiss Alps; I, Thlaspi rotundifolium; 2, Trisetum distichophyllum; 3, Viola
cenisia; 4, Leontodon montanus; and &, Silene alpina; A, horizon of coarse gravel; B,
horizon of absorptive roots; and C, horizon of anchoring roots. (After Jenny-Lips.)

Among others who have studied root layering are Kujala (1926),
who has described the layering in Finnish forests, and Braun-Blanquet,
who has investigated the phenomenon in the garigue of the Mediter-
ranean region (Fig. 25). Such aerial and subterranean layering
makes possible the coexistence of a number of ecologically different
types and permits the maximum utilization of a given area.

Vitality (Gedeihen).—The fact that a plant occurs often and plenti-
fully in a certain community does not necessarily warrant the conclu-
sion that it prospers there. A species may be a constant member of a
community and yet only be tolerated and be quite meaningless in the
communal ecology. It completes its life cycle and produces seed
only in certain other communities.
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In the Juncus aculiflorus flat moor of the mountains of central
France the tall (2 m.) composite Ligularia sibirica develops to its full
capacity. Thanks to its efficiency in seed production and dispersal,
seedlings of Ligularia are also distributed all over the immediately
adjacent Trichophoretum. Very few, however, attain therein to a

Fia. 25.—Root layering in the Mediterranean red-earth soil near Montpellier,
France. A, Chestnut-brown horizon with roots of therophytes and geophytes, Brachy-
podium ramosum dominant; B, reddish brown horizon with roots of nanophanerophytes,
Quercus coccifera, Rhamnus alaternus, and Asparagus acutifolius; C, horizon of rock
fragments with roots of Quercus ilex in crevices. (Photo by Braun-Blanquet and Keller.)

leafy stem, and none flowers, the young plants perishing verv quickly.
The vitality of Ligularia is evidently greatly reduced in the
Trichophoretum.

Profound changes in vitality in the undergrowth follow admission of
light or clearing of timber. Shrubs like Vaccinium myrtillus, Calluna,
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Erica arborea, and Cistus salvifolius, which are suppressed by the shade
of trees, spring up, flower, and fruit luxuriantly as soon as the forest is
cut. Many shade species, however, thrive badly when deprived of
shade. - _

In deciding the sociological affinities of a species the vitality must be
considered, and for an understanding of the ecology of the community
it is necessary to know whether each constituent carries out its life
cycle regularly and efficiently or just barely exists.

A seed plant is evidently at home only when it can produce flowers
and fruit. Reduced vitality indicates, therefore, that the optimum of
conditions for the species are either not attained or are overstepped.
Many cryptogams which reproduce wholly asexually are exceptions.
Yet even with cryptogamic communities vitality plays a definite
role. Hiyrén (1914) describes a Lecanéra maura community of the sea
cliffs at Tviarminne in Finland, which is confined to the north or shaded
side of a fissure, where L. maura occurs abundantly fruiting. On spots
exposed to light the lichen grows but is sterile and depauperate.
Many aquatic plants, low shrubs, and rhizome geophytes survive over
large portions of their range without ever fruiting, as has often been
reported by explorers in high mountains and in polar regions.

The trend of development of a community is often first indicated by
changes in the vitality of the species, and conversely, feebly growing
remnants indicate the earlier stages of development now outgrown by
the community, e.g., dying Carezx elata tussocks in the Molinietum
caricetosum hostianae.

Degrees of Vitality—For expressing the vitality of the species in a
community the following four grades and signs are used:

Well developed, regularly completing the life cycle (@).

Strong and increasing but usually not completing the life cycle (many
mosses) (O). s

Feeble but spreading, never completing the life cycle (© ).

Occasionally germinating but not increasing; many ephemeral adventive
plants (O).

In studies of vegetation in which it is not necessary to consider
vitality minutely it is still desirable to distinguish the species with
reduced vitality and feeble growth. These may be indicated by a
zero following the sociability grade as an exponential vitality sign
(8oc. 29). .

With parasitic fungi vitality expresses itself as power of infection.

-Hammarlund (Hereditas 6: 1925) has shown that the spores of various
Erysiphaceae which germinate in the first 24 hr. have much greater
power of infection than those germinating later. The vitality can be
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indirectly determined in these cases by the time elapsed before
germination.

Periodicity.—The works of Diels (1918), Scharfetter (1922), and
Alechin (1926) illuminate anew the general significance of rhythmic
phenomena in the social life of plants. This includes much more than
purely phenological phenomena.

Sociological periodicity depends upon the beginning, the duration,
and the seasonal course of the struggle for existence. Superficially
striking phenomena like flowering and fruiting (phenologically impor-
tant characters) are less important than growth of shoots, duration of
foliage, leaf fall, and root renewal (formation of absorptive roots).
The important root relations, however, which greatly influence the
seasonal development of higher plants have been little studied.

For an understanding of the simultaneous and successive life
activities of plants, chance observations will not suffice; continuous
and systematic records are necessary. In every study the stage of
development of the species should be given. .

For this special signs may be used, but in general the following
abbreviations suffice:

fol. = in foliage.
s.fol. = leafless.
b. = buds.
fl. = flowering.
fr. = fruiting.
sdl. = seedlings.
ass. = assimilating (photosynthetic).

Aspect.—While the communities of the unfavorable climates of high
mountains and the north show mostly only two clearly marked seasonal
aspects—a hibernal and an aestival—in the temperate and subtropic
regions there are several. Physiognomically they are shov n by sue-
cessive waves of flowering which give to each stage or aspect a wholly
different appearance (Figs. 26, 27, 28, 29). The changes in the array
and aggressiveness of the various species in the course of the year
are sociologically more important. The greatest aggressiveness is not
usually at the flowering time but at the height of shoot development.

Diagrams of Periodicity.—The best insight into the social rhythm
of vegetation is given by graphic representations which cover the
photosynthetic activities or the space demands of the species from time
to time.

Salisbury (1925) distinguished four seasonal periods in the Quercus
robur forest according to photosynthetic activities: a prevernal type,
photosynthetic from February to June (Ficagz‘a, Anemone nemorosa,
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Alps.

Fro. 27.—-Aestival aspect (Trollius europaeus) of the Trisetetum flavescentis of the
" Swiss Alps.
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Fia. 28.—Vernal aspect of a geophyte community with Corydalis cava, Allium ursinum,
Asperula odorata in the central European beech forest. (Photo by Uehlinger.)

F1a. 29.—Hibernal aspect (evergreen) in the central European beech forest, 4~arum
europaeum (Soc. 3). (Photo by Ugtlinger.)
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Corydalis, etc.); a summer-green type, photosynthetic throughout
the summer; a winter-green type, photosynthetic throughout the

Jan._febr. Mar. April May June July Aug. Sest Oct Nov_Dec.

S T O

r——
Fi1a. 30.—Assimilation period of typical species in the Quercus robur forest of England,
(Ajter Salisbury.)

Jon. Rb. Mar. Apr. May JuneJuly Aug Sept Oct: Nov. Dec.

Quercus coccifera. . . . .
Cistus monspeliensis. . . .
Euphorbdia characias. . . .
Brachypodium ramosum . .

Buplewrum rigidum . . . .
Thrincia tuberosa. . . . .
Bellis silvestris. . . . . .

Lathyrus setifolive . . . .
Oentranthus calcitrapa . . .

Vicia gracilie . . . . . .

Qeranium purpureum . . . e

Precipitation (Mortpellier) =

Sy

Fie. 31.—Annual variation in volume of some species of the Quercetum coociferae of the
Mediterranean garigué in southexjn France and the curve of precipitation,

year (Galeobdolon, Ajuga reptans, etc.); and an evergreen type (Hedera,

Vinca, ete.) (Fig. 30). The prevernal type corresponds to the vernal

aspect, and the winter green to the hibernal aspect, whereas the
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summer-green type determines the aestival aspect. The line of divi-
sion between vernal and aestival agpects is given by the leafing out of
the trees and shrubs. The vernal leafless ‘light phase’ enjoys a light
intensity in the undergrowth of 40 to 60 per cent. After leafing out
the light intensity often falls in the aestival aspect to 1 per cent or'less
of the light requirement (Lichigenuss). /

The periodicity of the Mediterranean garigue is caused not by light
relations but by the spring and autumn rains. To the four
seasonal types mentioned above there is here added a fifth, the autum-
nal, with Thrincia tuberosa, Bellis silvestris, Se¢'lla autumnalis, ete.,
corresponding to the reawakening of growth after the first autumn
rains (Fig. 31).

Instead of the period of photosynthesis, the preceding diagram
(Fig. 31) gives the seasonal variation in volume of each species. In
this the summer drought comes out strongly with corresponding
minimum of plant volume. On the whole, however, the Quercus cocci-
fera garigue is ‘“‘periodically saturated’’; that is, it includes species
which substitute for one another throughout all seasons.



CHAPTER 1V
SYNTHETIC CHARACTERS OF THE COMMUNITY

Besides the analytical characteristics, which may be traced in
every stand or every settlement, there are synthetic characteristics
which result from the comparison of the records of as large a number of
stands as possible taken from a maximum number of plant associa-
tions. The stand is the concrete representative of the association in
nature. When a large number of complete records of well-developed
stands within one association are tabulated side by side, the first
synthetic character observed is the presence of the species—their
more or less regular occurrence in the stands.

When this comparison is extended over the tabulations of all of the
associations in a given region, conclusions are reachked regarding the
more or less rigid ties by which the species are bound to certain com-
munities—their fidelity (Gesellschaftstreue). The supreme importance
of the lists of species in the characterization of associations thus
becomes especially clear.

Presence.—By presence is meant the more or less persistent occur-
rence of a species in all the stands of a certain plant community.

As far back as the time of Lorenz (1858) this concept was employed.
However, it became established in geobotany only after Cajander
(1904) had introduced the tabular presentation of individual records
of plant lists of associations.

The first investigator to use this presence factor for the comparative
study of plant communities was Brockmann-Jerosch (1907). He
designated as ‘“‘constants’ those species which were present in at least
half of the stands examined; as ‘‘accessory species’”’ those which
occurred in one-fourth to one-half of the communities; and as “acci-
dental” those which were found in less than one-fourth of the stands.
However, many sources of error prevented any striking success in the
use of this method for the determination of presence.

Minimal Area.—A community of plants requires for its normal
development a minimum area and also upon this area a minimum
number of plant species. Minima of space and number of species are
also requirements which must be assigned to an association. This
concept has led to the technical use of the term “minimal area” to
designate the smallest area which can contain an adequate representa-

52
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tion of an association. All sample stands examined in the study of an
association should be at least of the size of the minimal area and must
have the characteristic combination of species. Minima of space and
number of species differ for each and every association, and their
fixation can be accomplished only by empirical methods.
Degrees of Presence.—The presence grades of the species of a com-
munity are conveniently expressed by a 5-degree scale:
5 or V = constantly present (in 80 to 100 per cent of the stands).
4 or IV = mostly present (in 60 to 80 per cent of the stands).
3 or III = often present (in 40 to 60 per cent of the stands).

2 or II = seldom present (in 20 to 40 per cent of *he stands).
lor I = rare (in 1 to 20 per cent of the stands).

]

In accounts of a rather general nature the words “constantly,”
“mostly,’’ ete., may be used instead of the figures.

Presence may also be expressed as a fraction (13{g, 4g). The
denominator gives the number of stands examined ; the numerator, the
number of occurrences. The species of the highest presence classes—
those in at least four-fifths of the stands examined—may be designated
as the “constants” of the association.

Determination of Presence.—The determination of presence is made
upon normal mature stands (association individuals). It tells in how
many of the stands examined the particular species occurs as a com-
petitor. Ilvessalo and others have shown that the group of species
showing the highest degree of presence varies greatly with the age of a
timber stand. Initial stages, therefore, must not be mixed up with
mature phases of an association. Further, the stands recorded should
be distributed as evenly as possible over the region studied; but they
must not be taken from stations with wide differences of altitude.
Sub-associations and facies must be discussed separately.

The question of how many stands are necessary to conclude a study
of presence cannot be answered by any general rule. Ten records often
give a satisfactory picture;in those very rare cases of associations which
~ are ecologically very strictly specialized throughout, fewer records will
do. A few well-developed stands are better for the determination of
.presence than a large number of floristically heterogeneous examples.

Presence and Constancy.—There is no difference in principle between
“presence” and ‘“‘constancy.”’ Practically, however, it is advisable
to designate as studies of constancy those investigations of presence
which are made with plots of sharply limited area (e.g., 0.5, 1, 2, 10 sq.
m.). Only such studies can be treated by mathematical-statistical
methods. When so conducted they have a real value for deepening
our understanding of the structure of plant communities.
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At best, not all plant communities are suited to studies of con-
stancy, since not all homogeneous areas are large enough, e.g., aquatic
societies, rock crevice, gravel, mosaic moor, terrace-turf communities.
In such cases it is better to omit the determination of constancy and
not sacrifice the unity and similarity of the stands.

Determination of Minimal Area; Species: Area Curves.—The
increase in number of species with increasing area, first scientifically
treated by Jaccard (1912, 1928), was later investigated in detail by
Palmgren (1917). He showed that in the grazing regions of the Aland
islands the number of species in one portion of the area stands in almost
direct relation to the size of the sample plots. Palmgren’s empirically
derived values were shown by Romell (1925, 1930) to correspond with

certage of species

&0 Size of sample plots—»

Fi1a. 32.—Species: area curve; ° = calculated values; ® = empirical values. (After

P Romell.)

the curves theoretically calculated by the law of chance (Fig. 32).
From this it is clearly seen that with increasing size of area the curve of
the number of species at first rises very rapidly, then swings nearly
to the horizontal, and continues with an almost imperceptible rise.

Similar empirical curves were later constructed by Brenner (1921),
Ilvessalo (1922), and Braun-Blanquet (1926). Their form corresponds
with Romell’s curves, in spite of the fact that they were based on
definitely bounded uniform plant communities.

Kylin (1926), starting with the law of probability, has established
from theoretical considerations the curves discovered by purely empir-
ical methods. He demonstrated that the communities studied by
Brenner (1921), Du Rietz (1921), and Ilvessalo (1922) obey the law of
probability with regard to number of species and area. The similarity
of the curves theoretically deduced and the empirical species: area
curves is really very striking,

Romell’s distribution curve (Fig. 32) is a species-percentage: area
curve. The ordinates represent the number of species expressed as
percentage of the whole number. The course of this curve is condi-
tioned by the size of the sample plots and by the density (distance
between individuals) of each species.
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The species-number: area curve is of more social significance.
As Kylin (1926) showed, it is influenced by three factors: the number of
species in the society, the size of the sample plots, and the density of the
individual species. Instead of the percentage of the number of species,
the absolute numbers of species are plotted as ordinates. Such a
curve shows not only the relation of the number of species to the size
of area but also the absolute number of species in the community
(Fig. 33).

The curves given in the figure show that one of the two related
associations of the Caricion curvulae alliance has twice as many species
as the other and that the curve of the Festucetuia halleri (which has
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Fi16. 33.—Curves showing the relation between the number of species and the

size of the sample plots in associations of the Caricion curvulae. (Braun-Blanquet and
Jenny.)

more species) becomes horizontal later than the Curvuletum curve;
and thirdly they demonstrate what is the average number of species on
a given area of each association. Thus the species-number: area curve
becomes a most valuable sociological statement. :

In the Curvuletum the horizontal course of the curve begins with
areas of about 10 sq. m. and with about 30 species; but in the Festuce-
tum halleri the curve flattens with areas of 20 sq. m. and with about 52
species. In other words, the minimal area of the Curvuletum is
about 10 sq. m.; of Festucetum halleri, about 20 to 25 sq. m.

Determination of Constancy™—If the working out of the essentia!
properties of communities were a purely mechanical process, it would
be necessary, for the determination of constancy, only to tabulate plots
of at least the minimal area and with a correspondingly high average
number of species. All smaller plots and those with fewer species
would be disposed of as fragmentary associations.
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But sometimes the normal characteristic combination of species
can be verified on smaller areas (see Table 4, Nos. 4, 9), and contrari-
wise it may under some circumstances remain incomplete on a plot
considerably larger than the minimal area. Consequently in every
record of an association taken for the purpose of tabulation it is neces-
sary to be careful that the normal characteristic combination of species

4O 505 Y

F1a. 34.—Sample plots of the same size taken from eight individual stands of the same
association for the determination of constancy.

is present and that the requirements of the minimal area are approxi-
mately fulfilled.

For the determination of constancy each stand may be examined only
once by means of a sample bit of vegetation of a definite size (Fig. 34).

F1g. 35.—Plan for the determination of constancy and presence from the same stand
beginning with the quadrat (a¢) which is 1 8q. m.

If the size of the sample areas chosen for determination of con-
stancy is 10 sq. m., then the floristic composition of one 10-sq. m. plot
in each stand will be examined minutely. The species lists are then
tabulated together, and the species are distributed into 5 or 10 con-
stancy classes according to their occurrence in the lists, as in the
determination of frequency or presence. As with frequency, the
constancy numbers depend on the size of the plots studied, the number
of constant species increasing with the size of the plots.

Constancy determinations are readily united with presence deter-
minations. In each normally developed stand a small definitely
bounded trial plot is laid out (a), then a second and third larger (b,
¢), and then notes are taken on the species present in the stand (d)
outside the trial plots (Fig. 35). A similar procedure may be followed
in determining the species-number: area curve.
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Constancy Diagrams.—The constancy curve and constancy diagram
are for the association what the frequency curve and frequency diagram
are for the stand (A ssoziationsindividuum). The course of the curve is
very different from that of frequency, in that the two lowest-class
numbers show a distinct maximum. The highest-constancy classes
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Fis. 36.—Constancy diagrams of the Elynetum. A, Ten samp\es of 4 8q. m.
from 10 stands from central and eastern Grisons; B, the same with the addition of two
4-s8q. m. areas from the southern Tirol.

have few species but would have more if the size of the test plots were
enlarged. A sharply defined association, not very homogeneous but
rich in species, like the Elynetum of Braun-Blanquet, gave the accom-
panying diagrams (Fig. 36). The areas used for these determinations
of constancy were smaller than the minimal area of the association.
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Fi6. 37.-——Constancy and presence diagrams of the Polytrichetum sexangularis of
the Central Alps. A, Constancy from 10 tests in as many stands; B, Presence diagram
of 15 well-developed stands of 2 to 10 sq. m.

But larger and more homogeneous areas of the Elynetum are not easily
found.

With these may be compared the Polytrichetum sexangularis of the
Alps, an association of very few species and of very great uniformity,
whose minimal area does not exceed 1 sq. m. (Fig. 37). Of these
diagrams B is based upon 15 naturally bounded, normally developed
stands of 2 to 10 sq. m. Compared with the constancy diagram A
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based on plots of 1 sq. m. it shows a larger number of casual species in
class I and also a greater number of species in class V.

General conclusions can hardly be drawn from the few trustworthy
constaney diagrams now available. Most of the so-called “‘constancy
diagrams’’ of the Swedish investigators are ‘‘frequency diagrams,’’ and
their data are from frequency and not constancy determinations.

It appears from the available studies that species of the higher-
constancy classes can readily replace one another in different stands of
the same association. The writer (Braun-Blanquet) cannot share the
opinion that a composite framework of definite ‘‘constants,” always
present and unexchangeable, must be considered as an essential
prerequisite of the association. He believes that in so far as it does
not concern the species which condition the society, such “‘consiants”
may be replaced by non-constants, without lessening the unity of the
association.

Constancy and Frequency.—Determinations of constancy can be
made entirely apart from determinations of frequency. If constancy
(in the sense of several Scandinavian authors) is coiabined with fre-
quency, it is possible, according to Kylin (1926), to obtain, at least
approximately, an idea of the homogeneity of the society, since fre-
quency touches one side of the problem of homogeneity and constancy
another (frequency-constancy = homogeneity in part). The ‘“fre-
quency-constancy’’ not only gives an appreciation of the homogeneity
of a community but also permits the formation of a concept of the
sociological importance of the species of each layer of the vegetation.
For this the constancy figure must be added as an exponential of the
frequency number. If Salicornia fruticosa is found in all 20 samples
(1 8q. m.) from each of the 10 stands of the Salicornietum fruticosae
examined, the result may be written 2001°, When it is found in only 16
out of the 20 samples in one of the stands but in all of the samples of
the 9 other stands, the results may be written 196°.

Fidelity (Gesellschaftstreue).—The concept of fidelity has to do with
the sociological distribution of species. The degree of fidelity indicates
the more or less rigid limitation of the plant to definite plant com-
munities. Just as there are plants which are limited to very definite
soils or to a sharply circumscribed local climatic complex, so there are
those which are strictly confined to certain plant communities—species
of exclusive fidelity. But those plants are more numerous which, while
showing a decided preference for one or for several plant communities,
do not show any strong social ties. There are also species, ubiquists,
which flourish in quantity and are able to compete in very different
plant communities. Of no species, however, can it be said that it
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flourishes or even occurs in every community of a region, no matter.how
broadly the communities are defined. A natural selection has taken
place, and a limitation of species to certain plant communities is easily
discernible, in which the place of each species is determined by its
specific potentialities, its ecological individuality, its dependencies, its
ability to compete with other plants, and even by its past history
(migration). These factors give each species a wider or a narrower
field for its sociological activities.

" Degrees of Fidelity.—Five degrees of fidelity may be distinguished in
the attachment of the species to the given community.

A. CHARACTERISTIC SPECIES

Fid. 5. Exclusive species (treue): species completely or almost completely
confined to one community, e.g., Viola cenisia, Papaver alpinum in the Thlas-
peetum of the Alps, Delia segetalis in the Centunculo-Anthoceretum of Central
Europe.

Fid. 4. Selective species (feste): species found most frequently in a certain
community but also, though rarely, in other communities, e.g , Phyteuma pedemon-
tanum in the Caricetum curvulae, Crepis biennis in the Arrhenatheretum of Central
Europe. . T

Fid. 3. Preferential species’{holde): species present in several communities more
or less abundantly but predominantly or with better vitality in one certain com-
munity, e.g., Luzula luzulina and Pirola uniflora in the Piceetum of the Alps and
the Tatra.

B. CompANIONS

Fid. 2. Indifferent species (vage): species without pronounced affinities for
any community.

C. ACCIDENTALS

Fid. 1. Strange species (fremde): species that are rare and accidental intruders
from another plant cornmunity or relicts of a preceding community, e.g., Peuce-
danum palustre or Carex elala, relicts of the Caricetum elatae in the Molinietum;
Ammophila arenaria as a relict in the shrub communities of coasta’ dunes.

Differential Species.—For sharper differentiation, especially of
associations or sub-associations with few or no characteristic species,
the so-called ‘‘differential species” are of value. These are species
which on the basis of the above scheme cannot be designated as
characteristic species of an association but normally appear only in one
of two or more related societies (often genetically related). Centaurea
Jacea, Knautia arvensis, Ononis repens are differential species 'of the
more mesic Mesobrometum as against the Xerobrometum. The
differential species of the three sub-associations of the Molinietum
coeruleae come out clearly in the association tables of W. Koch (1926). -
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Fidelity in Relation to Alliances and Orders.—Fidelity grades are
primarily related to the association but have value also for any higher
unit of vegetation: alliance, order, etc. Species which occur abun-
dantly in several associations may be more or less confined to one
certain alliance and so help to characterize it, e.g., Potamogeton lucens
in the Potamion eurosibiricum, Salicornia macrostachya and 8. radicans
in the Salicornion fruticosae, Cardamine alpina and Arenaria biflora in
the Salicion herbaceae of the Alps. The same is true of the orders.
The higher the systematic rank of the unit of vegetation the richer it is
in characteristic species. Exceptionally large numbers of character-
istic species in a community often indicate that we are dealing with two
or more associations or with an alliance.

Determination of Fidelity.—Since fidelity can be correctly estimated
only when a sufficient number of exact records are available, all state-
ments of fidelity which are not supported by association lists are
poorly founded and- are to be taken with caution.

The first requirement for the determination of fidelity is a knowl-
edge, as exact as possible, of the plant groups of the region. From
such records it may be seen that certain groupings constantly occur
under certain conditions. Some species (the exclusive) are confined to
certain groupings, others (the selective or preferential) show their
membership in certain groups by great vitality, especially vigorous
growth, crowding of individuals, or high constancy. Groupings that
correspond floristically are tabulated together. These tables, if
characteristic species (fid. 3 to 5) or a large number of differential
species are present, supply the indispensable foundation for further
work on the associations. The association tables are to be established
by records of as many stands as possible.

From a comparison of all the association tables of a region it then
appears that certain species occur in only one table, others in several or
in all of the tables, and further that one and the same species shows in
the several tables (i.e., in the several associations) very different degrees
of constancy, frequency, sociability, and vitality.

The preparation and study of these tables are the work of years;
but since they are fundamental to the determination of fidelity and the
delimitation of the association, they cannot be omitted. In case the
segregation of the exclusive and preferential species presents great
difficulties, at least a preliminary group of characteristic species may be
distinguished.

For the objective demonstration of degrees of fidelity by means of
association tables, Szafer and Pawlowski (1927) have given a chart
which is shown with slight modifications in Table 3.
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TABLE 3.—SCHEMB FOR THE DETERMINATION OF THE FIDELITY OF THE SPECIES

OF A GIVEN ASSOCIATION

P = degree of presence; A = degree of abundance (total estimate, see p. 34)

Relationship of species with approximately the same vitality and
sociability

In the given association

In other associations

Examples

Fidelity 5:

P4to5, A3¢tob {

P4tob; A +to2

P 1 to 3; A any degree

Fidelity 4:

P4tobs;A3¢t05

P4to5;, A +to2
P3to4; A+ to2

Plto3; A +to2
Fidelity 3:
P anything; A 3to 5
[

P anything; A anything

Fidelity 2:
P, A and vitality in two or
more associations approxi-
mately equal
Fidelity 1:
P 1; A 4+uptol
Vitality reduced
Species occurring only on the
outskirts or on disturbed
parts of the stand

Pl;Atol

Plto2; Atol

Pl;A+to2

Lacking or very rare

P2to3; 4 +t2

P 3to4; 4 + to 1 (as associa-
tion relicts or pioneers)
P2to3; A+ to1(2)

P1to23); 44 to1(2)
P trifling; A very trifling

P43, 4+¢t02

P and A trifling or rather tri-
fling or A trifling, vitality
reduced '

P, A and vitality in two or
more associations approxi-
mately equal

P 1; A +up to 1

Vitality reduced

Species occurring only on the
outskirts or on disturbed
parts of the stand

Juy-us trifidus in the Trifidi-
Distichetum of the Tatra
Schoenus nigricans in the Schoe-
netum nigricantis of central
Europe

Ribes petraeum in the Mughe-
tum of the Tatra

Chamorchis in the Firmetum of
the Tatra; Listera cordata in
the Piceetum of the Alps

Pinus mughus in the Mughetum
in the Tatra

Ammophila arenaria in the Am-
mophiletum

Saussurea alpina in the Elyne-
tum of the Alps

Koeleria gracilis in the Xerobro-
metum of Germany

Trisetum flavescens in the Tri-
setetum flavescentis in the
Alps

Empetrum nigrum in Empetreto-
Vaccinietum in the Alps

Prunus avium seedlings in the
Piceetum or in the Fagetum
Rumez alpinus in the Trisete-
tum flavescentis; Sibbaldia pro-
cumbens in the Arabidetum

coeruleae

In determining fidelity, two general rules should be observed.

1. Sociological mixtures are first to be eliminated. The occurrence
of characteristic species of the Xerobrometum'in the open pine woods
along with Bromus cannot diminish the degree of fidelity of these
species in the Xerobrometum; neither can their occasional occurrence
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in other disturbed societies or in artificial habitats which have no social
characteristics.

2. Only the tangible- sociological observed facts are of value.
Occasional human intervention (clearing, burning, or flooding)
causes sudden changes of vegetation, often giving a sociologically
unstable but temporary transition phase, with the occurrence of relicts
of a former vegetation (forest or swamp relicts) or of isolated pioneers of
the succeeding association. Consequently the developmental stage of
the vegetation must be considered.

Regional and General Fidelity—The vegetation of a region with
uniform climate and uniform geological history shows usually great
uniformity in the species and in their grouping. But since general
climatic conditions are never alike over extensive areas and the
historical relations of the flora differ from region to region, it is plain
that both the grouping (Du Rietz, 1923, gives numerous examples) and
the fidelity of species will show regional changes. We have there-
fore to distinguish between regional and general fidelity, according to
whether a species is characteristic of an association throughout the
entire range of the association or only in a part of its range. Silene
otites is an exclusive species of the Xerobrometum in all the alpine
foothills and in a part of southern Germany. But in the dry spots of
the inner alpine valleys it thrives also in the Festucetum vallesiacaeand
in other associations closely related ecologically to the Xerobrometum.
Silene otites is therefore a regional characteristic species of the Xero-
brometum. Fidelity always involves the question of how a species is
related to a certain community. Of secondary in'lportance is the
question of the social relations which this species has in all parts of its
range. Thus, one and the same species may be exclusive in different
regions to two or more distinct and different communities. Crepis
biennis in the region of the Arrhenatheretum is a characteristic species
of this association, but in another region it is characteristic of the
Trisetetum flavescentis. These two tall grass associations replace one
another in climatically different regions.

Obviously determinations of fidelity must not be taken on too small
an area. But in the present stage of research these limitations need
hardly be mentioned.

Causes of Fidelity—The narrow social confinement of highly
characteristic species is the result of various causes.

1. Many paleoendemics of geologically ancient regions are sociolog-
ically narrowly localized, e.g., Tertiary species of Mediterranean asso-
ciations. Long-continued rigorous selection seems to have confined
these species to narrowly circumsecribed habitat relations, so that many
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(especially geographically isolated types) have lost their capacity for
variation and dissemination—Berardia subacaulis, Saussurea depressa,
Xatartia scabra, Borderea pyrenaica,—characteristic species of certain
gravel-slide associations of the southern Alps and the Pyrenees are
very good examples.

2. Besides these characteristic relict species there are others whose
fidelity is due to & narrowly specialized adaptation to definite physico-
chemical relations of the habitat, such as associations of rock crevices,
dunes, and epiphytes; e.g., the association Violetum calaminariae on
zine soils investigated by Schwickerath (1931) contains several char-
acteristic species narrowly limited to this special substratum.

3. Certain combinations of genes of polymorphic groups are more
vigorous and of greater efficiency in certain communities than in others
and increase more rapidly than related types. This gene combination
is thus enabled gradually to crowd out the others. Thus there results
a break in the series of polymorphic forms, and the new gene combina-
tion which prospers so vigorously in a certain community (association,
alliance) may attain the rank of an elementary species. This segrega-
tion is helped by geographic isolation of certain gene combinations
(e.g., Chrysanthemum vulgare var. delarbrei of the Festucetum spadiceae
of Auvergne and many ‘‘races’” of mountain species of Androsace
carnea, Saxifraga moschata, etc.) whereas it would encounter great
difficulties where the presence of a polymorphic population constantly
made possible an exchange of genes. A. Kozlowska (1925) concludes
from her studies of variability in Festuca ovina that the association is an
important factor in the segregation of elementary species.

Apogamy likewise favors the differentiation of sociologically more or
less specialized formssuch as the charactaristic species of the Festucetum
halleri from the Pilosellina group and those of the Seslerieto-Semper-
viretum from the Villosa and Vulgata groups of Hieracium.

4. Many species are less selective in a region (e.g., Central or
northern Europe) with optimum conditions of life, and flourish in
several plant communities, but in other regions (e.g., southern Europe)
they become exclusively characteristic species of certain associations,
because there they find their life requirements fulfilled in only one
definite community, e.g., Neottia in the Fagetum, Centaurea jacea var.
typica in the Arrhenatherum-Narcissus lazella association.

5. Characteristic species may be considered such ecologically
specialized forms as stand in diréct dependence upon certain organisms
or groups of organisms or upon the life conditions brought about by
these. Here belong many mycotrophic species, saprophytes, nitro-
philes, and many acidophilous and humicolous plants. Parasites are
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often confined to a certain host or habitat and, much less frequently, to
one community exclusively. There are cases reported, however,
where fungus parasites are more strictly confined to a certain plant
community than their host plants.

6. Competition is an important factor in developing fidelity. In
the severe struggle with better adapted species, the more imperfectly
adapted are confined to certain definite communities, although nothing
but competition prevents them from occupying other habitats, and
they actually do grow in other habitats when competition is removed,
as in garden culture. One recalls various characteristic species of
cultivated communities in vineyards, grain fields and gardens. Natu-
ral vegetation furnishes similar examples, e.g., the Mesobrometum of
central Switzerland with its characteristic annual species, such as
Arenaria leptoclados, Cerastium brachypetalum, Saxifraga tridactylites,
Vicia tetrasperma and Myosotis collina. In the moist oceanic climate
of the alpine foothills the Mesobrometum, because of its open stand
(the perennial chamaephytes and hemicryptophytes often cover not
more than four-fifths of the ground), is the only grassland in which
these annuals can find space to grow. Similar conditions exist in the
Cyperus flavescens region of Central Europe, particularly in the
Eleocharetum where extreme habitat conditions obtain on account of
the short vegetative period after the annual sinking of the water table.
This causes a strict selection of a few species exclusive to the habitat
(W. Koch, 1926). '

Sociological Indicator Value of the Characteristic Species.—The
characteristic species furnish a connecting link between statistical-
structural studies and the ecological study of communities. Because of
their finer ecological adjustment the group of characteristic species and
to a lesser degree the differential species have very high value as
ecologic indicators.

1. The characteristic species are primarily decisive for the floristic individuality
of a community.

2. They are collectively the best indicators of the ecological condition of the
community. ‘

3. They permit an estimate of the stage of development attained by a
community.

4. They permit the drawing of conclusions as to the present and former dis-
tribution of certain communities.

5. They are of special value in determining the natural affinities of plant
communities, thus making possible a classification of communities on a floristic
basis.

Indicators of the Specific Ecology of Communities.—Since the
characteristic species are more sensitive to the determining ecologic
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factors than the indifferent species, they react to much finer differences
and are therefore more precise indicators of the optimum conditions
for the community. An example of this would be the distribution of

- Initial-Phase . OpfiTa/-P/me
8t o Constant species
!
“G - °
Lr o O ———
- e ©
.E L . Vl—__o ==
S Charaefef%cispec/es

1 1 1 ) L 1 141 1 1 1 1 J
38 57 86 85 SH O3 82 5.1 5.0 49 48 47 YbpH

Fi1a. 38a.—Idealized curves of the constant and the characteristic species in the
Curvuletum: Heavy line, normal facies; light line, Campanula scheuchzeri-Alchemilla

glaberrima facies. Each circle and each triangle represent a stand examined. (Braun-
Blanquet and Jenny.)

the characteristic species and of the species of highest degrees of
constancy of the Caricetum curvulae and the Elynetum in relation to

such a dominant factor of the habitat as the soil reaction (Figs.
38a, b).
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Fi1g. 38b.—Curves for the pH variations for Carex curvula (I), and for the Curv-
uletum (I7). (Tests from 100 individuals or stands.) Ordinates, frequency; abscissae.
pH values. (Braun-Blanquet and Jenny.)

From the shape of the curve it is seen that the greatest accumula-
tion of the characteristic species occurs on soils of pH 5.1 to 4.6. This
optimum of the association corresponds to the optimum of the
dominant species Carex curvula, as determined by 150 pH tests (Fig.
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38b, I). (The sole characteristic species which figures at all in the
curve at pH 5.8 to 5.5 is the preferential C. curvula.) The number of
eonstant species is evidently not influenced by change in acidity; its
graph is a straight line.

Similar curves showing the massing of characteristics in the
optimum region are given by the Elynetum (see Fig. 168).

Artificial interference with the ecology of the community quickly
drives out the characteristic species. If the Xerobrometum is manured,
the orchids, as well as Koeleria gracilis, Anemone pulsatilla, Potentilla
arenaria, Trifolium scabrum, and other characteristic species, disappear
at once, whereas the dominant grasses Bromus erectus, Festuca ovina
and many other constants may continue for a long time in spite of
heavy manuring.

The characteristic species of the flat-moor associations react
similarly to a lowering of the water table; so also do the characteristic
species of forest communities to the admission of light.

The concept of fidelity has been used consciously or unconsciously
by many ecologists who do not employ the term. Thus Ilvessalo
speaks of the exclusive species of Finnish forest types, and Clements
parallels the concept in his plant indicators.

If numerous characteristic species of an association reappear
together in another association of a far distant region, this proves the
ecologic relationship of the two communities.

The moss-carpeted Picea sitchensis forest of Alaska, with Hylo-
comium loreum, Aspidium spinulosum, Listera cordata, and Pirola
uniflora, as described by Cooper (1923), has undoubtedly similar life
conditions and exists under external relations similar to those of the
climax spruce forest of the Alps, where the same characteristic species
occur in the Piceetum.

Syngenetical Indicators.—The narrow range of the characteristic
species and their resulting social specialization make it possible to use
their grouping in judging the stage of development of a plant society.
Our investigations in the eastern Swiss Alps (Braun-Blanquet and
Jenny, 1926) have shown that a maximum of characteristic species
goes with the optimum development of an association (¢f. also Fig. 39).

In the progressive reforestation of the national domain in the high
Cévennes, the characteristic species of the Fagetum come in gradually,
exactly in proportion as the association approaches its original con-
dition. Only in the undisturbed high forest do we find their full
number and their highest development.

From the comprehensive demonstrations of Linkole in leand it
appears that Lycopodium complanatum, L. annotinum, Pirola chlorantha,
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P. uniflora, Listera cordata, Linnaea borealis, and other species prac-
tically always appear only in the older (50- to 100-year) timber stands.
The first two show marked preference for the Pinus silvestris forest;
the others, for the spruce woods. Similar examples could be multiplied.

On the other hand, if a timber type is found outside its natural
range, its group of characteristic species will not appear, even after
hundreds of years of undisturbed growth. The presence or absence of
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Agropyrum junceum
Salsola kali var. polysarca
Atriplex lacintata
Cakile maritima
Honckenya peploides
Euphorbdia paralias
Eryngium maritimum
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Phleum’ arenarium

Agropy- Characteristics of
retum | /
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Tortula ruralis var. arenicola
Ononis spinosa var. maritima
Asperula cynanéhica var. densgirlora
Galium verum var..maritimum

Corynephorus canescens
Viola tricolor var. maritima
Scleropoa rigida

Succession
Fi1o. 39.—Development of the characteristic species in three genetical'y related asso-
ciations of the Flemish littoral. (After Hocquette.)

the group may serve, therefore, as in the alpine foothills, to distinguish
natural from planted spruce woods.

Distribution of Communities and of Characteristic Species.—
Ponderous manuals and masses of plant lists tell us with increasing
exactness about the occurrence and distribution of the species of our
flora. These sources can also be made useful synchorologically by
means of the fidelity of species.

Oftentimes an obscure floristic paper may enable us to predict the
presence of a certain association. If several characteristic species
occur together in one locality, the presence of the association in ques-
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tion may be predicted with a high degree of probability, as far as this is
possible from historico-geographic evidence.

In tracing out the rare but floristically rich association of Helian-
themum hirtum, Onobrychis caput-galli, and Barbula gractlis and also in
bounding the area of the Xerobrometum in southern Germany and
northern Switzerland, the records of localities of the characteristic
species served as unfailing guides (Braun-Blanquet, 1925, p. 138).
To find a well-developed Piceetum in the alpine valleys, it is necessary
only to seek out a place from which Listera cordata, Pirola uniflora, and
Lycopodium annotinum, the characteristic species of the association,
have been recorded.

On the other hand, surprising discoveries often result from careful
study of fidelity, such as the presence of Sibbaldia procumbens in the
Tatra (Pawlowski) or of Polygonatum officinale in the oak scrub of the
Gelting peninsula (W. Christiansen).

The use of characteristic species for classification of communities
will be discussed in another connection.

Characteristic Combinations of Species.—The characteristic species
together with those of the highest degrees of constancy, i.e., species
present in at least 60 per cent of the stands compose the complete
combination of species characteristic of the community. As a rule, a
single example of an association will not include all of the characteristic
species nor all of the species of high constancy. From the association
tables may be deduced which of these species, on the average, will occur
in a well-developed example. Thus average characteristic and more or
less constant species taken together compose the normal characteristic
combination of species. The larger the ratio of the number of con-
stant species to the total number of species the more uniform is the
association; the larger the ratio of characteristic species the more
sharply the association is characterized floristically or ecologically.
Those associations are best established which fulfill both conditions.

Procedure Recommended for Making Records of Vegetation and Constructing
Association Tables.—The following example is taken from a vegetation record of
a pure beech wood between Kriizenbiihl and Hohenkrihen, Hegau, South Ger-
many—date: June 8, 1927. This high forest lies on a non-calcareous morainal
terrace (high terrace gravel), sloping eastward at 580 m., and is utilized by selective
cutting. On this account there are two facies of undergrowth. The facies domi-
nated by Carex pilosa in the more open places has a light ratio (Lichtgenuss) of
14 to 4. The Asperula odorata facies in the denser places has a light ratio of
only {,;. In the Asperula facies tree tops eight-tenths closed, cover 4. On 500
8q. m. there is an average of eight beeches, sixty to eighty years, 156 to 20 m. tall,
slender, branches beginning at 8 to 10 m. Epiphytic socicties fully developed, npt
examined. In Asperula facies a 100-sq. m. homogeneous sample is marked off
and investigated: :
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1. Relief: very slight, 2 deg., sloping eastward.

2. Soil: leaf cover 2 to § cm., then 20 to 30 cm., of mild humus with earthworms
(Lumbricidae). Soil profile exposed and sketched in notebook. From each
principal root layer 200 to 400 g. of soil is collected in numbered bag. The profile
serves as a record of root layering.

3. Height of the different layers and cover of each layer in the sample are
determined and recorded.

4. Species lists and numerical values in the 100-8q. m. area are arranged as
follows (shrub layer absent):

HerBaCEOUS LAYER

A soc.? A soc.

3 - 4 Asperula odorata (fr.). + - 1 Majanthemum bifolium (fl.).
2 -2 Veronica chamaedrys. + - 1 Neottia nidus avis.

1.1 Anemone nemorosa (parasitized by + -1 Viola silvestris.

Puccinia fusca).

Ajuga reptans (fl.).
Milium effusum.

Festuca heterophylla (fl.).
Poa nemoralis.

Carez silvatica.

C. digitata (fr.).

C. pilosa.

Luzula pilosa.

L. nemoralis (fl.).

Hedera heliz.

Epilobium montanum (fr.)
Phyteuma spicatum.
Galeobdolon luteum.
Veronica officinalis (fl.).
Solidago virga aurea.
Marasmius spec.

Boletus spec.
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SpeciEs wiTH Low ViraLity?

+ Epilobium angustifolium®. + Scrophularia nodosa®.
4+ Stachys silvatica®. + Tarazacum officinale®.
SEEDLINGS
2 Fagus silvatica. 1 Quercus pedunculata.
several Picea excelsa, 1 Prunus avium.
Moss LAYER (ScANTY)

+ - 1 Fissidens taxifolius. + + 1 Brachythectum velutinum.
+ - 1 Eurhynchium schleicheri. + -1 Tortula s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>