
I IBirla Central ItOrarp | 

t 
P; I riLANl rR:.jast'ian) 

(;l.ss\'o.JT.^..<2... I 

B....k y.uC.JM,.Z.\(:.3 
Xo ..lf.0...3..^/ 

<4Blb«A’r <3>f O 

t 







fiM/MABA 

THE 

CAMBRIDGE NATURAL HISTORY 

EDITED BY 

S. F. HARMER, M.A., Fellow of King’s College, Cambridge; Super¬ 

intendent of the University Museum of Zoology 

AND 

A. E. SHIPLEY, M.A., Fellow of Christ’s College, Cambridge, 

University i.ccturcr on the Morphology of Invertebrates 

VOLUME 111 



MACMILLAN AND CO., Limited 

LONDON • BOMBAY • CAI.CUTTA 

MELBOURNE 

THE MACMILLAN COMPANY 

NEW YORK • BOSTON • CHICAGO 

DALLAS • SAN FRANCISCO 

THE MACM1LT.AN CO. OF CANADA, Ltd. 
TORONTO 







MOLLUSCS 
By the Rev. A. H. CoOKE, M.A., Fellow and Tutor of 

King's College, Cambridge 

BRACHIOPODS (RECENT) 
By A. E. Shipley, M.A., Fellow of Christ’s College, 

Cambridge 

BRACHIOPODS (FOSSIL) 
By F. R. C. Reed, M.A., Trinity College, Cambridge 

MACMILLAN AND CO., LIMITED 

ST. MARTIN’S STREET, LONDON 

1913 



“Why, yoii might take to some light study ; conchology now ; 

I always think that must be a light study.” 

Geohgk Eliot, Middlmnarch, 

COPYRIGHT 

First Edition 1895. Feprinted 1913 



PEEFACE TO THE MOLLUSCA 

The general plan of classification adopted in this work is not 

that of any siiigle.a\th()iity. It has been thought better to 

ado])t tlie views o| recognised leading specialists in the various 

groups, and thus place before t^e reader the combined results of 

recent investigation. This method may, perhaps, occasion a 

certain number of simill discrepancies, but it is believed that the 

ultimate effect will be to the advantage of the student. 

The classification adopted for the recent Cephalopoda is that 

of Hoyle (' Challenger ’ Reports, Zoology^ vol. xvi.), for the fossil 

Cephalopoda (Nautiloidea) that of Foord {Catalogue of the Fossil 

Cephalopoda iu thef^ritish Museum, 1888-91), and (Ammonoidea) 

P. Fischer {Manuel dc Conchyliologie, 1887). In the Gasteropoda 

the outlines are those adopted by Pelseneer {M^.m, Soc. Malacol. 

Belg, xxvii. 1894), while tli^ details are derived, in the main, 

from P. Fischer. The Ainphineura, however, have not been 

regarded as a separate class. The grouping of the Nudi- 

branchiata is that <)f Bergh (Semper, Reisen im Archipel der 

Philippinen, ii. 3). The Peleeypoda are classified according to 

Pelseneer’s most recent grouping. 

Acknowledgment of the principal sources of information has 

been made in footnotes, and a short list of leading authorities has 

been appended to the chapters on anatomy, for the use of 

students desirous to pursue the subject further. In the case of 
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geographical distribution the authorities are too numerous and 

scattered to admit of a list being given. 

A special word of thanks is due to Mr. Edwin Wilson for 

his patient care in preparing tlie illustrations, the majority of 

which are taken from specimens in the University Museum of 

Zoology. Mr. Edgar Smith, besides affording the kind help 

which visitors to the British Museum always experience at 

his hands, has permitted me to use many specimens for the 

purposes of illustration. 

A. H. COOKE. 

King’s College, Cambridge, 

December 1894. 
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SCHEME OE THE CLASSIFICATION ADOPTED IN 

THIS BOOK 

MOLLUSCA 

Class. 

CEPHALO¬ 
PODA 

Order. Sub-order. Section. 

DibrancM- 
ata 

Tetra- 
branchiata 

OcTori>i>.v (p. 3H2). 
/ Piira^ijniopliora (p. 386). 

1)ECA1-()1.A (I'- iiSS) 

Naittiloidea 

Ammonoidka 

i Retrosipboiuita (j). 893). 
( l^rosiphollata (p. 395). 

f Retrosiphonata (p. 397). 
{ Prosi])hoiiata (ji. 397). 

f Ampbineura / POLTPLA< UPHORA (j». 400). 
[ ApL.'U'OPHOUA (p. -101). 

GASTERO¬ 
PODA 

Proso- 
branchiata 

Diotocaedia 

Docoglossa (p. 405). 
r Zifffohranch iafa (p. 
I 406). I Rhipidoglossa 

I 1 A z If qob ran chi ata (r>. 
407). 

' Ptenoglossa (p. 411). 

TaeniogW ( U-- Ol). 
Mo.votocaki.ia- „ , \n^roi>0da,(y.m). 

Cfyniiioglossa (p. 422). 
RachigloH.sa (p. 422). 

^ Toxoglossa (]L 426). 

Opistbo- 
branebiata 

f f Bulloidea (p. 42#). 
Teoti- I Aplysioidea (p. 43t). 

lUiANCiiiATA 1 Plourol'/ranchoidea (p. 431). 
[ Siphonarioidea (p. 431). 

AsroaLossA (p. 431). 
j Ntdi- / Cladobepatica (p. 432). 

HUANCHIATA ( Holohepatica (p. 483). 

Pttlmonata 

Ptekopoda 4 Thecosomata (p. 435). 
t lEKOPODA I Gymnosomata (p. 437). 

/ Basommatophoka (p. 438). 
\ Stylommatophoiia (p. 439). 



SCHExME OF MOLLUSCA AND BRACHIOPODA 

Class. OrdtT. Sub-order. 

SCAPHOPODA 
(p. 444), 

PELECYPODA 

" Protobranchiata ([). 447). 

Filibrancbiata 

Pseudolamellibranchiata (p. 

Eulamellibranchiata 

V Septibranchiata (p. 459). 

f Anomtacea (p. 448). 
-[ Ai5CA(!EA (p. 448). 
‘ MYTILAtlEA (p. 448). 

f). 

' ' SUBMYTriArEA (p. 451). 
Tellinacka (p. 45J}). 
Venehacka (p. 454). 
Cardiacka (j>. 454). 
Myaora (p. 456). 
Pholabaoea (p. 457). 
Anatinacea (p. 458). 

BRACHIOPODA 

Bracbiopoda 

Family. 

r Liugali<lat‘ (pp. 487 and 503). 
I Obolidae (p. 504). 

E('Ar1)INEs •[ Disciiiidae (}»p. 487 and 504). 
I Craiiiidac (pj). 487 and 504). 
VTrimcrellidao (p. 504). 

Testk’AKPI.yes 

^Prndnctidac (j>. 504). 
Stroplioniunidae (p. 505). 
Koiiiiickinidae (p. 505). 
S}>irift*ridac (p. 505). 
Atrypidac (p. 505). 
Ithyuclinncdlidae (pp. 487 and 505). 
Tcrcbratulidac (pp. 487 and 506), 
Argiopidae (p. 506). 
Strmgoce]>lialidae (p. 506). 

^ Tliccidiidao (pp. 487 and 506). 
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CHAPTEK I 

INTRODUCTION-POSITION OF MOLLUSCA IN THE ANIMAL KING¬ 

DOM-CLASSIFICATION-ORIGIN OF LAND AND FllESH-WATER 

MOLLUSCA 

It is the generally accepted opinion among men of science that 
all life originated in the sea, l^^ot that all parts of the sea ai'e 
equally favourable to the development of forms of life. The 
ocean surface, with its entire absence of shelter or resting-place, 
and the deep sea, whose abysses are always dark and cold and 
changeless, offer little encouragement to plant or animal life, as 
an original starting-point. True, both the surface and tlie depths 
of the sea have become colonised by myriads of forms, Mollusca 
amongst them, but these quarters are in the truest sense colonised, 
for the ancestors of those who inhabit them in all probability 
migrated from elsewhere. 

It was no doubt the littoral region and the shallow waters 
immediately below it, a region of changeable currents, of light 
and shade, of variation, within definite limits, of temperature 
and tide effects, which became the scene of the original develop¬ 
ment of plant life, in other words, of the food-supply which 
rendered possible its colonisation by higher animals. But the 
littoral region, besides the advantages of tenancy which it offers 
to animal life, has also its drawbacks. The violence of the surf 
may beat its inhabitants in pieces, the retreat of the tide exposes 
them, not merely to innumerable enemies in the shape of pre¬ 
datory birds and beasts; but also to a change in the atmospheric 
medium by which they are siurounded) Hence, in all proba¬ 
bility, have arisen the various forms of adaptation which are 
calculated to bring about the * survival of the fittest*; hence, to 

VOL, m ' 
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narrow our point of view to the Mollusca, the development of 
hard shells, or exoskeletons, hence the sand-burrowing, rock-boring, 
rock-clinging instincts of various genera and species.^ 

What was the primitive form of molluscan life is little likely 
to be ever positively known, although, on grounds of comparative 
anatomy, something approaching to the archi-inollusc is often 
constructed, with more or less probability, by careful observers. 
From one of the oldest known geological strata, the Cambrian, 
nearly four hundred species of Mollusca are known, which include 
rej)resentatives of nearly all the great Orders as they exist at the 
present day, and without the slightest sign of approximation to 
one another. With regard to the origin of the land and fresh¬ 
water Mollusca some definite conclusions can be arrived at, which 
will be given in their proper place. 

Scarcely any portion of the coast-line of tlie world is desti¬ 
tute of molluscan life, except in regions where extreme cold 
forbids its existence. Thus along the shores of Northern Asia 
there is no proper littoral fauna, the constant influence of travel¬ 
ling ice sweeping it all away; animal life begins at about 
three fathoms. But in every coast region not positively hostile 
bo existence Mollusca make their homo. Each description of 
habitat has its own peculiar species, which there flourish best, 
and exist precariously, if at all, elsewhere. Thus the sandy 
waste of estuaries, the loose and shingly beaches, the slimy mud¬ 
flats beset with mangroves, the low stretches of jagged rock, 
and even the precipitous^liffs, from whose base the sea never 
recedes, have all their o^ special inhabitants. The same is 
true of the deep sea, and of the ocean surface. ^ And when we 
come to examine the land and fresh-water Mollusca, it is found 
not merely that some Mollusca are terrestrial and others fluvia- 
tile, but that certain species haunt the hills and others the 
valleys, some the recesses of tvoods and others the open meadow 
sides, some prefer the limestone rocks, others the sandy or clayey 
dis^icts, some live only in still or gently moving waters, while 
others are*never found except where the current is rapid and 
powerful. 

It is within the tropics that the Mollusca become most num¬ 
erous, and assume their finest and quaintest forms. A tropical 
beach, especially where there is a good tide-fall and considerable 

^ See eepecially Moseley, JVtofs, 1885, p. 417. 
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variety of station, abounds in niolluscan life to an extent which 
must literally be seen to be believed. The beach at Panama, to 
select an instance familiar to tlie present writer, is astonishingly 
rich in species, which probably amount in all to several hundreds. 
This is due to the immense variety of habitat. On the rocks 
at high-water mark, and even above them, occur Truncaiella, 

Melamjpus, Littorina, and Siphonaria ; where a mangrove-swami^ 
replaces the rock, on the branches overhead are huge Littorina, 

while three species of Cerithidea crawl on the mud, and Cyrena 

and Area burrow into it. Lower down, in the rock pools at 
half-tide mark are Cerithiumy Purpuray OmphaliuSy AiiacMs 

(2 sp.), Nassay and several Crepidula, At low-water mark of 
ordinary tides, under stones half l^uried in clean sand, are Coeeum 

and Vitrinella; under the blocks which rest on solid rock are 
Cypraea (4 or sp.), CantharuSy more AnachiSy Columbella (3 
sp. including the graceful 0. harpiformis), and Nitidella, Where 
the blocks of rock are rather muddy, Conus lurks, and with it 
Turritella and Latirus. Where the rocks form a flat-topped 
platform 2 or 3 feet high, with here and there a deep crack, 
huge Chitons 3 inches long conceal themselves, with two species 
of Turbo y Purpura and Clavella, At extreme low-water mark 
of spring tides, on the isolated rocks are MonoceroSy Leucozoniay 

and VermetuSy in them are Pholas and a burrowing Mytilus, 

under them are more Conus, Dolium, and huge frilled Murices. 

Patches of clean gravelly sand here produce Strombus; on 
the operculum of the great Str, galea is sure to be a Crepidula, 

exactly fitting its breadth. On the liquid mud-flats to the 
north glide about Marginella, Nassa and Truncaria, in the clean 
sand-stretch to the west Olivella ploughs about by hundreds 
with several species of Natica, and Tellina and Bonax bury 
themselves deep, while farther down are Artemis, Chione, and, 
where mud begins to mix with the sand, Mytilus and more 
Area. Each of these species has its own habitat, often circum¬ 
scribed to a few square feet at the most, and it woxdd be 
utterly useless to seek for it anywhere except in its own special 
domain. 

Equally abundant are the land Mollusca of the tropics. Prof, 
C. B. Adams relates that within the limits of a single parish 
in Jamaica, named Manchester, which measures no more than 
four miles long and one mile broad, he obtained no fewer than 
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one hundred species. Mr. J. S. Gibbons, in a description of 
tlie Mollusca he obtained near St. Ann’s, Curasao, gives a 
lively picture of their abundance in an exceptionally favoured 
locality:—^ 

'"Near tlie outskirts of the town a waste piece of ground 
supplied me with occupation for all the time I had to spare. 
Neither grass nor water was to be seen, the only vegetation 
consisting of a few stunted cacti and still fewer acacia bushes. 
This, however, was so rich in shells that of several species enough 
specimens could have been collected in a few yards to supply, 
I should suppose, all the shell cabinets in tlie world. . . . 
The stones, plants, and ground were covered with Strophia uva 

L., Tudora megacJieila, P. and M., was in equal abundance, 
suspended by its silk-like thread from acacia boughs, or strewed 
thickly on the ground underneath. A Bulimidus {B. multi- 

lineatus var. sisalensis) abounded on the smaller boughs, while 
under masses of coral Macroceramm inermis Gundl., Bupa par- 

raiana d’Orb, and B. pellucida Pfr., were abundant. In the loose 
soil Cylindrella Eaveni Bland, Cistula Eaveni Inland, and a curious 
Giondla were so numerous that a spade would have been the 
best instrument with which to collect them. I wasted a good 
deal of valuable time in separating them from the soil, when by 
simply taking away a few handfuls of mould, I might have 
obtained a larger number of specimens. A species of Stenogyra 

and a Succinea complete a list, all of which might have been 
gathered from aliriost any square yard of ground on the hillside.” 

Position of Mollusca in the Animal Kingdom.— Up to 
very recent times it was usual to regard tlie Mollusca as one 
of the four subdivisions of a great family known as Ifalacozoa, 

the subdivisions being (1) Mollusca, (2) Tunicata, (3) Brachio- 
poda, (4) Polyzoa or Bryozoa. This classification is still retained 
in the leading modern manual on the subject.^ The progress, 
however, of investigation leads to the belief that the Mollusca 
are not so closely related to these other gi’oups as such a classic 
fication would seem to imply. The Tunicata, for instance, 
appear, from the whole course of their development, to occupy 

* Quart* Joum. Gonch. i. p. 371, 
^ Marmel de Ccmhyliologu et de Faliontologie Conchyliologiqm* Dr. P. Fischer 

Paris, 1887. 
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a position near to the Vertebrata. The relations of the Brachio- 
poda and Polyzoa will be more particularly referred to in that 
part of this History which deals especially with those groups. 
The position of the Molliisca is, in Jiiany respects, one of con¬ 
siderable isolation. Any attempt, therefore, definitely to relate 
tliem to one group or another, is, in all probability, to go further 
than the present state of our knowledge warrants. Especially 
to be deprecated are systems of classification which confidently 
derive the Mollusca in general from this or that group. The 
first undisputed traces of animal life, which appear in the 
Cambrian epoch, exhibit the same phyletic distinctions as now 
exist. Sponges, Echinoderms, Mollusca, and Worms, formed 
already, in those immeasurably remote ages, groups apparently 
as generally distinct from one another as they are at the present 
time. It would seem that any theory of development, which 
confidently teaches the derivation of any one of these groups 
from any other, is, in the present state of the evidence before us, 
hazardous in the extreme. 

Some indications of relationship, which must not be pushed 
too far, may be drawn from a consideration of embryonic re¬ 
semblance. An especial characteristic of the Mollusca is the 
possession of a particular form of larva, which occurs in one of 
the stages of development, known as the trocliosphere (see p. 130). 
This form of larva is shared with two orders of Annelida, the 
Cliaetopoda and the Gepliyrea arniata, and, in all probability, 
with the Polyzoa as well. It may also be significant that the 
adult form in Rotifera bears a close resemblance to the trocho- 
sphcre larva in those groups. 

Basis of Classification.—The Mollusca are divided into 
four great Orders—Cephalopoda, Gasteropoda, Scaphopoda, 
and Pelecypoda.^ Each name, it wiU be noticed, bears reference 
to the ' foot,' ix, to the organ of motion which corresponds in 
function to the foot in the Vertebrata. 

In the Cephalopoda the feet, or, as they are more frequently 
termed, the ' arms,' are arranged symmetrically round the head 
or mouth. The common forms of ‘ cuttle-fish' {Octopus, Loligo) 

are familiar examples of Cephalopods. 
The Gasteropoda crawl on the flat under-surface or ^sole' 

* K€^a\ilj, head; yaoHip, stomach; <rKdw7uy, to dig; itAckvs, au axe; iroiJs, 
7roB6s, a foot. 
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of the foot. Snails, slugs, sea-hares, whelks, periwinkles, and 
coats-of-inail or chitons are examples of tliis Order. 

The Scaphopoda possess a long tubular shell open at both 
ends; with tlieir small and elongated foot they are supposed to 
dig into the mud in which they live. The common Devtnlium 

or tusk-sliell oi‘ oiii' coasts is a. representative of this Order. 

FitJ. 1.—Exainj>les of tlie four 
Orders: A, Cepimlopoda; 
B, Gasteropoda ; C, Scapho 
i>oda, and D, Pelec.ypoda. 

A, Ommmtrephes sagittal as 
Lam., Naples: «, </, arms 
surroundinj" the mouth ; /, 
tunnel; t, the two ■* tentacu¬ 
lar'anus. X Jiuccivwa 
nndataiah.^ Britain: loot; 
jpr, proboscis, x C, /><?«• 
talinm entalun L., Norway: y, 
foot. D, Vardium ohlongum 
Chem., Naples: /, foot; 
efferent or anal siplion; .s', 
afferent or branchial siphon, 
x^. 

Tlie Pdecypoda ^ are enclo.scd in a bivalve shell fastened l^y a 
iriuscular hinge, the adjacent part of the valves being generally 
more or less toothed; the foot is as a niU^. roughly comparable 
to the shape of an axe-head. 

To these four Orders is frequently added a fifth, the Pteropoda, 

whose exact position is at present not absolutely settled. The 
Pteropoda are ' pelagic,* i,e, they live in the open waters of the 
ocean, rising to the surface at night, and sinking into cooler water 
by day. They are provided with a pair of wing-like appendages 

^ Also known as LamellibrawdvUxtii^ Cowkifera and Accpliala. 
^ irrepbv, wing. 
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or ' feet/ on each side of the head, by means of which they are 
enabled to swim. Some authorities regard the Pteropoda as a 
subdivision of Gasteropoda, others as forming a separate Order, 
of equivalent value to tiie other four. The question will be 
further discussed below (see chap, xv.), but for the present it will 
be sufficient to state that the weight of evidence appears to 
show that the Pteropoda are modified Gasteropoda, witli special 
adaptations to pelagic life, and are therefore not entitled to rank 
as a separate Order. 

Some writers conveniently group together the first tliree of 
these Orders, the Cephalopoda, Gasteropoda, and Scaphopoda, 
under the title Qlossophora,^ or Mollusca furnislied with a 
radula or ribbon-shaped ' tongue/ set with rows of teeth and 
situated in something of the nature of a head, as distinguished 
from the Aglossa (or Lipocephala)? i.e. those Mollusca which 
have no radula and no head. To the latter belong only the 
fourth Order, the Pelecypoda. This view postulates, for the 
primitive ancestral Mollusc, a body with a more or less developed 
head, and possibly the rudiments of an apparatus for grinding 
or triturating food. This form, it is held, either developed or 
degenerated. In the former case, in consequence of the more 
active mode of life upon which it may be supposed to have 
entered, it gave rise to all the more highly organised forms 
which are grouped under the three great Orders. When, on the 
other hand, the ancestral form associated itself with an inactive 
or sedentary life, it was, we may believe, modified accordingly, 
and either lost by atrophy or failed to acquire those special 
points of organisation which characterise the highly-developed 
form. Hence the Pelecypoda, or bivalves, whose characteristic 
is the absence of any definite cephalic region or masticatory 
apparatus. It is a remarkable fact in support of this theory 
of the origin of the Aglossa that certain of their larvae are 
known to possess traces of higher organisation, e,g, an external 
mouth and eyes, the former of which becomes covered by the 
mantle lobes, while the latter disappear long before the adult 
stage is reached. 

1 y\Qcr<ra, tongue ; ipipeiv, to carry. * Xc/irctv, to be wanting. 
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Tims we luive 
MOLLUSOA 

Glossophpra Aglossa 

Cep}ialo2wd(i Gasteropoda Scaphopoda Pelecypoda 

Classification of Gasteropoda.—Tlie Gasteropoda are iiu- 

inerically very largely in excess of the two other Orders of the 

Glossopliora, lar more complicated as regards classilication, and 

Cf)ntain a large proportion of those examples of the Mollusea 

wliicli are most familiar to the ordinary o])servcr. It will there¬ 

fore he convenient to postpone for the present a fuller discussion 

of the subdivisions of tlie Cephalopoda, and Scaphopoda, as well 

as ol‘ the Aglossa, returning to them again in s})ecial chapters 

(chaps, xiii. and xvi.), and to devote a few intioductory words to 

tlie classification and relations of the Gasteropoda. 

The Gasteropoda are divided into four (lassos, Amphincura, 

l^rosohra7iehiata, Optstfiohramdi lata, and J*al7no7taia. 

(1) The Arnphmeura^ arc bilaterally symmetrical Mollusea, 

Fra. 3.—^An example of; the 
Aplaco})hora, Newnenid^ ca- 
rinata Tullb. : «, aims,;'/7r, 
ventral groove ; in, mouth. 

Pia. 2.—An example of the 
Polyplacophora: Chiton spin- 
osiis fepug. 

i.e. with organa either aiugle and central, or paired and dit^o^ 
on either side of the longer axia of the animal The shell, when 

> A/u^, on Iwtli siJos; reupar, nerve, vessel. Some authorities regard the 
Amphineura ae a distinct Order. 
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present, is never spiral, but consists of eight overlapping })lates, 

kept togetlier by an elliptical girdle. The Amphineimi are 

divided into (a) Folyplacoplioi'a} or (Jhitons, and (J)) Aphicopkora 

(Ckaetoderyna and Ncomcyda). 

(2) The Prosolmtfifihiata^^ mre so named from the fact that 

the ]>reat])ing organ (bramdiia or cteiiidium ■^) is as a rule situated 

in f ront of the heart, the auricle at the same time Ixung in front 

of tluj ventricle. They are asymmetrical, almost always furnislied 

witli a shell, which is at soma time spiral, and with an operculum. 

The sexes are separate. They are either marine animals, or 

can be shown to be more or less directly derived from genera 

which are marine. They are divided into (c) JKotorardiit^ 

(IfaJioHs, Fissurel/a, TtooIiuh, Xerita, J*ateUa\ which have, or 

whose immediate ancestors are believed to have had, two 

auricles to the heart, two sets of breathing organs, two kidneys, 

])ut no ])roboscis, i)enis, or 

siphon, and {b) Monoto- y 

vardidy^ in which the heart en 

lias only one auricle, the 

true breathing organ is v"" 

single, and there is a singles 

kidney. To this division 

belong the great majority ^ 

of marine univalve Mol- / V 

lusca, e.ij, Cypraeay Buced 
\r * r ’4.4. • —Example of a Hoteropod, CarinarUi 

71UVI, MureXy JjUtoruidy mediterranea Lam., Naples: a, anus; fir, 

lanthina, all the land and brunchia ; /, foot; i, intestine ; m, mouth: 
- py penis ; Sy sucker ; shy shell ; H, tentacles, 

iresh - water operculates X^. The auimal swims foot uppermost. 

{CyclosUmiay Melaniay Pa- 

ludinay etc.), as well as the Heteropoda, which are a group of 

Prosohranchiata whicli have l)etaken themselves to a pelagic life. 

(3) In the OpisfJu)hramjcMata'^ the breathing organs (when 

present) are behind the heart, and the auricle of the heart is 

consequently behind the ventricle. They are asymmetrical 

marine animals; usually, but by no means always, without a 

shell, scarcely ever with an operculum in tlie adult state. The 

Fill. 4.—Example of a Hoteropod, Carinaria 
mediterranea Lam., Naples: a, anus; fir, 
hrauchia ; /, foot; e, intestine ; w, mouth; 
Py penis ; s, sucker; sh, shell ; H, tentacles. 
X The auimal swims foot uppermost. 

^ «-o\»?s, many ; irXd^, plate. 
- in front. Often alluded to in the sequel as ‘operculate Gasteropoda/ 
^ lereiflliwPy a little comb. ^ two; p6vost single; ^ra, auricles; «^apfi(c^ heart. 

® behind. 
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sexes are united in tlie same individual. The Opistliohranchiata 

fall into two divisions : {a) Tectiliramhiata, in whicli the breathing 

«jrgan is more or less covered by the mantle, and a shell is 

usually present, which is sometimes rudimentary, e.g. Bulla, 

Fio. 5.—A, A Toc'tibran* 
cliiate Opisthobranch, 
IT nihrella m editeira - 

7iea LaTii., Naples: a, 
aims; hr, brancliia ; /, 
foot ; Hi, mouth ; rh, 
rliiiiophores ; sh, shell. 

B, A Pteropoil, Ilya- 
laea tridentata Forsk., 
Naples : nh, shell ; I, I, 
swinniiing lobes of foot. 

C, A Niulibranchi- 
ate Opisthobranch, Ae- 
olis pereymia, Najiles: 
/, foot; c, eenita. 

Aplgsia, Umhrlla, and the whole group of IHeropoda; (J)) Nadi- 

hramhiata, or sea slugs, which have no shell and no true 

ctenidia, hut hreatlie either by the skin, or Miy ‘ cerata ’ or 

papilliform organs prominently developed on the back: e.y, 

Boris, Aeolis, Bendronotas, 

(4) The Pulmonata.' are asymmetrical air-1 wreathing non- 

Fra, 6.—Examples of—A, Pulmonata Basommatophora, the common Limnaea* 
peregra Miill.: e, e, eyes; t, t, tentacles. B, Pulmonata Btyloinmatopbora, 
Helix hortensia Miill. : e, e, eyen ; f, t, tentacles ; p. o, pulmonary ori^ce (the 
position of the pulmonary orifice in Livinaea 'will be scjeii by reference to 
Fig. 101). 

marine Mollusca, generally, but not always, furnished with a 
shell. The sexes are always united in the same individual* and 
the operculum is always wanting, except in Amphihola. They 

^ Piitmo, a hmg. 
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are conveniently divided into Stylommatophora} in whicli the 
eyes are at the tip of the upper tentacles, which are retractile 
{HeliXy LimojXy BulimuSy and all true land slugs and snails), and 
Basommatophoray in which the eyes are at the base of the 
tentacles, which are not retractile {Limnaeay PlanorhiSy Physay 

and all the Auriculidae). 

Thus we have 

Gasteropoda 

/ Arwphineura 

Prosohranchiata 

I Opisthobranchiata 

I Pulmonata 

JPolyplacophora 
\Aplacophora 
TDiotocardia 

\Monotocar(lia (incl. Heteropoda) 
{Tectibranchiata (incl. Pteropoda) 

Nudibraucliiata ^ {Sty loin inatophora 

Basominatopliora 

The relation of the four great Orders to one another will be 
better discussed when we come to deal with each Order 
separately. The problem of the origin and mutual relationship 
of the various forms of molluscan life is of extreme subtlety, and 
its solution can only be approached after a comprehensive 
survey of many complicated anatomical details. But there is 
one branch of the Mollusca—the land and fresh-water genera— 
whose origin is, comparatively speaking, of recent date, and 
whose relationships are therefore less likely to have suffered 
complete obliteration. 

Origin of the Land and Fresh-water Mollusca.—The 
ultimate derivation of the whole of the land and fresh-water 
molluscan fauna must, as has already been remarked, be looked 
for in the In certain cases the process of conversion, 
if it may be so termed, from a marine to a non-marine genus, 
is still in progress, and can be definitely observed; iii others 
the conversion is complete, but the modification of form lias 
been so slight, or the date of its occurrence so recent, that 
the connexion is unmistakable, or at least highly probable; 
in others again, the modification has been so great, or the 
date of its occurrence so remote, that the actual line of deriva¬ 
tion is obscured or at best only conjectural. 

This passage from a marine to a non-murine life—in other 

^ ^ fl’TuXoy, pillar ; Sfifiara, eyes. 
* ® Tl>e A$ooglossa are dealt with below (chap. xv.V 
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words, tliis (lireet cloi’ivution of iioii-inarint} from inarine generu 

—is illustrated hy the faunal ])]ie.iiomeiia of an inland Inuckish- 

water sea like the (Jas])ian, whieli is known to have 1)een, 

originally in connexion with the Mediterranean, and therefore 

originally sup])orted a marine fauna. The Molliisea of the 

Caspian, altliough without exception hrackisli- or fresh-w^ater 

species, are in tlu'ir general ficies distinctly marine. Of the 26 

nnivalve species which inhahit it 19 helong to 4 ]H'('uliar genera 

(MieromrJania, Cns2)ia, Clnininidy jVrJuati/irfhf,), all of which are 

nioditiedforms of tlie inarine 

Ji'issoldae, The (‘haracter- 

istic bivalves helong to the 

gtmera IHdarna, 

and Alonadacndf all of 

wliich can he sliown to h(‘. 

derived from the common 

(Uo'dium, ed'idr. We- liave 

here a. case where (‘ompl(‘te 

isolation from tins sea, 

(‘.oinlmied no doul)t with 

a. gradual fr(‘-shening of the 

w^ate‘r, has resulted in tlie 

Fia, 7.-~“A, the common cockle {Carditmi development ol a numhcr 
ed^de L.). B, Jdacna pUmta fiichw., o'enera Th(^ simni- 
Caspiaii Sea. C, iJldacna trUjonoides ^ . i. ^ 
Fall., Caspian Sea. uJily marine lacies of several 

of the iresli-wa-ter genera 

now inhabiting Lake Tanganyika, has given rise to the belief, 

among some authorities, that that lake was at one time an 

inlet of the Tiidian Ocean. In tlK'. up])er waters of the Laltic, 

marine and fn^sh-water Mollusca flourish side', hy side. So 

complete is the intermixture, that an observer who had lived 

on no other shores would jirobaldy 1m3 uiuidle to sejinrate tlie 

one set of species from the other.^ Thus lietween Drag!) and 

l^apenwick Mytilus edulifi, Cardium edide, Tellina lidthica, 

Mya areumria, Litiorina tvaUs, and ITydvohia haUhica are the 

only true marine species; with these live Unio^ CydaSy NmtiywL, 

Limnmay and Bithynia. The marine species and Neritina live 

^ Beucittiit, by very gradually changing the water, accustomed marine siKJcics to 
live in fresli, and fresh-water sp(jcies to live in salt water, 

^ Braun, Arch./, Natnrk, Liv, (2), x. j). 102 f. 
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down to 15-20 lath., the rest only down to 3 fath. Under stones 
close to the shore of the Skiirgard at Stockholm ^ are found young 
Cardium and Tellina, and at 3 to 6 fath. Limnaea ^ercgra, find 
Physa fontinalis. Near Gothland Limnaea is found in the open 
sea at 8-12 fath., and with it occur Cardium and Tellina, At 
the Frisches Ilaff^ My a arenaria is the only marine species, 
and lives in company with 6 sp. Limnaea, 1 I^liysa, 9 I^lanorhis, 

1 Amylus, 4 Vahata, 2 S2)haerium, Were the Sound to become 
closed, and the waters of the Baltic perfectly fresh, it would 
be inevitable that Mya arenaria, and such other marine species 
as continued to live under their changed conditions, shoidd in 
course of time submit to modifications similar in kind to those 
experienced by the quondam marine species of the Caspian. 

It seems probable, however, that the origin, at least in 
a great part, of the land and fresh-water Mollusca need not 
be accounted for by such involuntary changes of environment 
as the enclosure of arms of the sea, or the possible drying 
up of inland lakes. These cases may be taken as illustrations 
of the much more gradual processes of nature by which the 
land and fresh-water fauna must have been developed. The 
ancestry of that famia must be looked for, as far as the 
Gasteropoda are concerned, in the littoral and estuarine species ; 

for the Pelecypoda, in the estuarine alone. The effect of the 
recess of the tide, in the one case, and the effect of the reduced 
percentage of salt, in the other, has tended to produce a gradual 
adaptation to new surroundings, an adaptation which becomes 
more and more perfect. It may be safely asserted that no 
marine species could pass into a land or fresh-water species 
except after a period, more or less prolonged, of littoral or 
estuarine existence. Thus we find no land or fresh-water 
species exhibiting relationships with such deep - sea genera 
as the Volutidae, Cancellariidae, Terebridae, or even with genera 
trenching on the lowest part of the littoral zone, such as the 
Haliotidae, Conidae, Olividae, Capulidae. The signs of connexion 
are rather with the Neritidae, Cerithiidae, and above all the 
Littorinidae, which are accustomed to live for hours, and in the 
case of lAttorina for days or even weeks, without being moistened 
by the tida Similarly the fresh-water Pelecypoda exhibit re- 

^ Lindstrdm, Oef^ K. Vet, F&rk, Stockh., 1855, p, 49. 
* Schr, Ges, KSnigsh,, xxx. p. 27. 
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lations]ii})S, not with genera exclusively marine, but witli genera 

known to inhabit estuaries, such as the Mytilidae, Corhididae, 

Cardiidae, 

It would be natural to expeet that we should find this 
])roc'ess of conversion still going on, and that we should be 
able to detect particular species or groups ol‘ species in process 
of emigration from sea to land, or from sea to fresh water. 
Such species will l>o intermediate between a marine and a 
land or fresh-watcu* species, and difficult t(j classify distinctly 
as one or the otlier. (.Vises of Mollusi'n occupying this interme¬ 
diate position occur all over the world. Tliey inhabit l)ra.ckish 
swamps, damp places at high-water mark, and rocks only at 
intervals visited by the tide. Such are Potamidcs, Assimhiea, 

Siplioimruty Mdarnp'us, Hydrohuiy Tntmatdla, among the uni¬ 
valves, and many species of Cyrena and Ana among the 
bivalves. 

Origin of the Presh-water Fauna 

(ci) Pelecypoda.—Estuarine species, which have become 
accustomed to a certain admixture of fresli wat(^r, have gradually 
ascended the streams or been cut olf from the sea, and have at 
last become habituated to water which is perfectly iresh. 

Fig. S.—A, The common Mylilus edulis 
L., a marine genus and species. B, 
JJreissemiay a fresli-water genus, closely 
allied to Mytilus. 

A Q 

Flf}, 9. “A, Area 'tmvicella Reeve, 
Philippines, a marine species. B, 
Area {Scaphtda) pinna Bens., B. 
Tenasaerim, a fresh - water species 
which lives many miles above the 
tide-way. 

Thus Dreissemia (rivers and canals throughout N. Europe 
and N. America) and Mytilopsis (rivers of America) are 
scarcely modified Mytili (Fig. 8); Scaphuld is a modified Arca^ 



ORIGIN OF FRESH-WATER BIVALVES 1 5 

and lives in , the Ganges, tlie »]iuima, and the Teiiasserim at 
a distance of 1000 miles from the sea (Fig. 9). Pholas rivieola 

is found imbedded in floating wood on the K. Tantai many 
miles from its irioutli. Cyrcria, Corhirula, and probably SpJiaerium 

and Fisidium. are deriv(id, in different degrees of removal, frijin 
the exclusively marine VeMeridae; Fotamomya (rivers of S. 
America), and Him ell a (R Amazon) are forms of Corhula. 

Tlie Caspian genera derived from Caniium {Adaena, Didacna, 

Mo7wdaeMa)y have already been referred to. Nausitora is a 
form of Teredoy which lives in fresh water in Bengal. Fanyiay 

Fischer lay and Galatea probaldy ijliare the derivation of the 
Cyrenidae, while in Iphiyeriia we have one of the Donacidae 
which has not yet mounted rivers, but is confined to a strictly 
(‘stuarine life. The familiar ScroMculwria.. piper a ta of oiir own 
estuaries is a Tdlinay which lives by preference in brackish 
water. 

The great family of tlie Unionidae is regarded by Noumayr’ 
as derived from TrUjonia, the points of 
similarity being the development of a 
nacreous shell, the })rescuce of a strong 
(Epidermis, and the arrangement of the 
muscular scars. It is remarkable, too, 
that on many Uni ones of Bliwene times 
there is found shell ornamentation of such 
a type as occurs elsewhere among the 
relecy])oda only on Trigonia, 

The genera of fresh-water Pelecypoda 
are comparatively few in number, and 
their origin is far more clearly discernible 
than that of any other group. This is 
perhaps due to the fact that the esseaitial changes of structure 
required to convert a marine into a fresh-water bivailve are but 
slight. Both animals “ breathe water,*' and both obtain their 
nutriment from matter contained in water. Similar remarks 
apply to fresh-water opereulate Gasteropoda. But the passage 
from a marine to an aerial life involves much profounder changes 
of environment, which have to be met by correspondingly im¬ 
portant changes in the organism. This may be in part the 

^ SB, K, Akad. Ww8» JVicn, 1889, p. 4, but the view is not universally 
accepted. 

Fia. 10.—Trigonia pec- 
tinata Lam,, Sydney, 
N.S.W. 
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reason why the ancestry of all Ihilmonata, wliether land or fresh¬ 
water, is so diflicult to trace. 

(h) Gasteropoda.—(1) Opereulate. Canidia awA Clea are 
closely allied, with hut little niodiiication, to 
the marine ComincUa/^ 

JVafisodonta to Nassa, Tlu^y occur (in fresli 
water) in the rivers of India, Tndo-Oliina, Java, 
and Borneo, associated with essentially fresli- 
wator s])e(*ies. Potaniides, with its various 
sui)genera (^Tclescojnuin, Pyrazus, JHrcnclla^ 

a marine genus, which CeritkideM,^^Xi'..),i\\\ ofwhicli iiilialnt swamps and 
lives between tide niudflats just ahove hi i^li-Water mark ill all Warm 
marks, ami from . * , . '^7 ♦ /i'.* 7 

which is probably countries, are derived Irom Cerithiuiii (r 12); 

As.nntitira, Ilydrohla, and perhaps Trunvatella, 
from Jiissoa. It is a remarkahle fact tlait in 

derived B, Cha, 
genua oocurring only 
in fresh water. 

Geoniclaiua (with its suhgenera Chiitya and 
Blandidl(i) we have a form of TrumaUila which has entindy 

Fio. 12.—A, Cerithium coluvina Sowb. (marine). B, Potamidefi vrinropiera Kien. 
(bratskish water). C, lo s^jinosa Lea, one of the l^/eurocaridae (fresh water). 

deserted tlie neighbourhood of the sea, and lives in woody 
mountainous kxialities in certain of the West Indies. Cremno- 

conchus, a remarkahle shell occurring only on wet cliffs in the 
ghS-ts of southern India, is a modified lAttorina. Neritimi and 
Nerita form a very interesting case in illustration of the whole 
process. Nerita is a purely marine genus, occurring on rocks in 
the littoral zone; one species however {N. lineatay Ghem.) ascends 

^ Not to Naasay as has been generally held. The shape of the operculum, and 
particularly the teeth of the radula, show a much closer connexion with Cominella, 
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rivers as far as 25 miles from tlieir liioiitli, and others haunt 

marshes of brackish water. Ne/viivm, is the fresli-water form, 

some species of wliicli are found in brat'kish swamps or even 

cree3ping on wet mud between tide marks, while tlie great 

]iia.jority are Ihiviatik^, one group {NeritodryaH) actually occurring 

in the Pliilippines on trees of some heiglit, at a distance of a 

quarter of a mile from any water. Nwcicella is a still furtlier 

modified form of JWrltlna, occurring only on wet rocks, branches, 

etc., in non-tidal streams (Fig. 13). 

Fro. 13.—Illnstratiug llie Uevelopniont of the fresli-water gouus Navicellay through the 
brackish*water AVtO'/ra, from the marine with correspoiuling changes in the 
operculum. 1. Nerita; 2, 3. Keritina; 4. Neniina^ intermediate form ; 5, 6. 

' Kavicella, 

The great family of the Melaniidae, wdiich occurs 111 the 

rivers of w^arm countries all ov.er the world, and that of the 

Pleiiroceridae, which is confined to North America, are, in all 

probability, derived from some form or forms of Cerithium. The 

origin of the Paludinidae, Valvatidae, and Ampullariidae is more 

doubtful. Their migration from the sea was probably of an 

early date, since tlie first traces of all three appear in the lower 

Cretaceous, wliile Melaniidae are not known until Tertiary times. 

AmpuUaria^ however, shows distinct sigiis of relationship to 

Natim, while the affinities of Paludina and Valvata cannot as 

yet be approximately aflirmed. 

(2) Fulmonata.—Intermediate between the essentially fresh¬ 

water and the essentially marine species come the group some¬ 

times known as Gehydrophila, consisting of the two families 

Auriculidae and Otinidae. These may l>e regarded as Mollusca 

which, though definitely removed from all marine sj^eeies by the 

development of a true lung or lung cavity in place of a gdl, 
you III c 



i8 INTERMEDI-ATE FORMS cuAr. 

Fio. 14. Examples of the A urkuVuhie: 
A, Aurkuhi Jtfelite Lam., Borneo; 
B, Searahus Lessimi Blaiiiv., E. 
Indies ; C, Ca.mditla mtifiklhm 

have yet never iK'coine, in resjiec't of hfibitat, genuine fresh¬ 

water species. Like J*otami(fes, tliey liiiunt salt marshes, man¬ 

grove swiimps, and the region 

about high-water mark. In some 

cBses {Otimty Mclam pas y Pedlpes) 

tlit^y live on rocks which are 

moistened, or even bathed by the 

spray, in others (Cassidala, Auri¬ 

cula) tljey are immersed in some 

deptli of brackish water at high 

tide, in others again (ScaraMs) 

they are more definikdy terres¬ 

trial, and live under dead leaves 

in woods at some little distance 

from Witter. Indeed one genus of 

diminutive size {Caryvhivm) has 

completely {il>andoned the neigh- 
J)c.sh., N. Zealand ; D, Melawptes Innirliood of the sca, aiui inhabits 
vaslanetts Mulilf., S. l\acihc ; E, , , ,, 
Pedipes quadridc7is Pfr., Jamaica. SWain]>y groillld alUiOSt all over 

the woiid. 
To this sitiue section Gehydrophila have been assigned two 

remarkable forms of air-breathing ‘‘limpet,'’ Sijdionaria and 
Gadinia. (see page 151), and the aberrant Amphihola, ix unique 
instance of a true operculitted pulnionate. Siplio- 

naria posse^sses a pulmonary cavity as well as 
a gill, while Gadinia. and Ampliiiiohi are ex- 
clusively air-breathing. fiipJumaria lives on 
rocks at or above high-water mark, Gadinia 

between tide marks, Amphihola (Fig. 15) in 
brackish water at the estuaries of rivers, half ^ ^ j 
buried in the sand. There can be little doubt 

that all these are marine forms which are onr\^e^”puimr 
gradually becoming accustomed to a terrestrial nate which'^pos- 

existence. In Gadinia. and Aniphibola the pro- opcrcu- 

eess is so far (complete that they have ex¬ 
changed gills for a pulmonary cavity, while in Siphonaria 

we have an intermediate stage in which both organs exist 
together. A curious parallel to this is found in the case of 
Ampullariay which is furnished with two gills and a pulmonary 
chamber, and breathes indifferently air and water. It is a little 
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remarkable that Siphonaria, which lives at a higher tide level 
than Gadinia, should retain the gill, while Gadinia has lost it. 

The ultimate affinities of the essentially fresh-water groups, 
Liinnaea, Fhysa, Chilina, cannot be precisely affirmed. The form 
of shell in laticiy Gundlachia^ and perhaps Ancylus, may suggest 
to some a connexion with the Otinidae, and in Ohilina, a similar 
connexion with tlie Auriculidac. But, in a question of deriva¬ 
tion, similarities of shell alone are of little value. It is not a 
little remarkable, for instance, that we should find a simple patelli- 
form shell in genera so completely distinct from one another in all 
anatomical essentials as AneyluSy Fatellay Siplionaria, Fropilidiuiriy 

Ili^'ponyXy Gocculinay and Umbrella, 

Some recent authors, on grounds of general organisation, 
regard the Limnaeidae and their allies as Opisthobranchs 
adapted to an aerial life. It is held ^ that the Nudibranchiate 
Opisthobranchs have given birth to the Pulmonata Stylommato- 
phora or land srtailsy and the Tectibranchiate Opisthobranchs to 
the I^ulmonata Basommatophora or fresh-water snails. Such a 
view seems at first sight open to some objection from other views 
than those which deal simply with anatomy. The Opistho- 

brancMata are not, to any marked extent, littoral genera, nor do 
they specially haunt the mouths of rivers. On the contrary, 
they inhabit, as a rule, only the very lowest part of the littoral 
zone, and arc seldom found, except where the water is purely 
salt. In other cases, when the derivation of land or fresh-water 
genera is fairly well established, intermediate forms persist, 
which indicate, with more or less clearness, the lines along which 
modification has proceeded. It has, however, recently been 
shown that Siphonaria ^ and Gadinia? which have, as has been 
already mentioned, hitherto been classified as Falmonatay are in 
reality modified forms of Opisthobranchiata, which are in process 
of adaptation to a life partly marine, partly on land. They may 
therefore be regarded as supplying the link, hitherto missing, 
between the land Pulmonata and the marine groups from one or 
other of which the latter must have been derived. The general 
consensus of' recent opinion inclines towards accepting these 
views, some writers ^ being content to regard the Pulmonatay as 

^ E.g. Bouvier, Le Natural. 1889, p. 242. 
“ Kohler, Eool. Jahrh, vii. 1893, p. 1 f; Haller, Arh. Zool. hist. tFieUy x. p. 71. 

* Plato, SE. k(in, Preim. Ak. IFiss. Berl, 1893, p. 959. 
* E.g, Pelseneer, Bidl. Sc. France Belg. xxiv. p. 347 f. 
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a whole, as derived from the Tectibraneliiate Opisthohranchs, 

while otliers^ go further and regard the Stylojimiatophora as 

derived directly from the Jksommatophora. 

Origin of the Land Fauna 

Gasteropoda.—(1) Opcnnlatp, Ou a 2)riori grounds, one 

ini gilt predict a double origin for land o])erculatea Marine 

species miglit l)e imagined to accustom tJiemselves to a terres¬ 

trial existence, after a period, more or less prolonged, of littoral 

probation. Or again, fesh-water sjiecies, themselves ultimately 

derived from tlie sea, might sulanit to a similar transformation, 

after a ])reliminai*y or intermediate stage of life on Tnudl)anks, 

wet swamps, branches ovcu'hanging tlu^ water, etc. Two great 

families in this group, and two only, stem to have undergone 

these transformations, the Littorinidae and the Neritidae.. The 

derivation of almost all existing land opercuhites may Ic. referred 

to one or other of tliese groups. 

Fid. 16.—Two rows of the radula of TAUorlna litiorm Z,., x 7*2. 

The power of the Littorinidae to live for days or even weeks 

without being moistened by the sea may be verified by the most 

casual observer. In the tropic*s this power seems even greater 

than on our own shores. 1 have seen, in various parts of 

Jamaica, Litiorlna murlcata living at t)ie top of low cliffs among 

grass and herbage. At Panama I have taken three large species 

of TAttorina {varia, fascAata, on trees at and above 

high-water mark. Cases have been recorded in which a number 

of i). vmricata, collected and ]iut aside, have lived for three 

months, and L. irrorata for four months.^ These facts are 

significant, when we know that the land operculates almost 

certainly originated in a tropical climate. 

^ E.(j, Bergli, Zoi>U Jahrh, v. p. 1 f, 

® Calkins, Amer. Xat. xi. p. 687. 
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Tlio (Jycloplioridae, <'ydostomaiidat', htkI Ac'kudidao, wliicli, 

as contrasted with the other land ope.i’cndates, form one 

Jiave very tdose rela,tions, particularly in tlie length and formation 

of the radula, or lingual ribbon, with the Littorinidae. 

Fjci. 17.-“Two rows of the r;ulula of Cf/doj^horifs sp., India, x 40. 

On the otlier hand, the Helicinidae, Ilydrocenidae, and 

rroserpinidao are eipially closely related to Kcrili)ia. 1'he 

IVoser])inidae (n^stricted to the (ireatcu* Antilles, Central America 

and Akmoziiela) may p(‘rhaps be regarded as the ultimah^ term 

<if the series. Tliey have lost the eharactteristic operculum, 

whi(*h in their .case is replaced by a number of folds or lamellae 

in the interior of the shell. It has already been noticed how 

one group of JVr.rifina {Neritodri/as) occurs normally out of the 

waiter. Tliis group furnishes a link between the fresh-water and 

land forms. It is interesting to notice that here we have the 

most perfect sequence of derivatives; Nerita in the main a 

ABC 

Fig, 18.—A, Neritina reticularis Sowb., Calcutta (brackish water) ; B, HcUciua 
neritella Lain., Jamaica (land) ; C, Proserpina {Veres) eo^^n«Ducl., Central America 
(land). 

purely marine form, with certain species occurring also in 

brackish water; Neritiim in the main fresh-water, Imt some 

species occurring on the muddy shore, others on dry land; 

Helicina the developed land form; and finally Proserpina, an 

aberrant derivative which has lost the operculum.^ 

^ One step even further (or perhaps it should be termed a branch derivative) is 
seen in the genus Smaragdia, which is pixibably a Neritiim which has resumed a 
purely marine habit of life. 
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Gasteropoda.—(2) Pulmonata. The origin of these, the 
bulk of the land fauna, must at present he regarded as a problem 
not yet finally solved. Some authorities, as we have seen, regard 
them as derived from the Nudibranchiate, others, probably more 
correctly, from the Tectibranchiate Opisthobranchs. 

The first known members of the land Pulmonata {Pupa\T\, 

Hyalinia) are from the Carboniferous of North America. Similar 
but new forms appear in the Cretaceous, from which time to the 

present we have an unbroken series. The characteristically 
modern forms, according to Simroth,^ are Helices with thick 
shells. According to the same author, Vitrina and Hyalinia 

are ancestral types, which give origin not only to many modern 
genera with shells, but to many shell-less genera also, c.g. Testa- 

cella is jirobably derived through Daudebardia from Hyalinia, 

while from Vitrina came Limax and Amalia. A consideration 
of the radulae of the genera concerned certainly tends in favour 
of these views. 

Godwin-Austen, speaking generally, considers^ genera of 

land rulmonata with strongly developed mantle-lobes and rudi¬ 
mentary shell as more advanced in development than genera 
in which the shell is large and covers all or nearly all the 

animal. 

^ SB. Naturf. Oesell. Leipz. 1886-87, pp. 40-48. 

” L. and F. JV, Moll, of India, iv. p. 167. 



CHAPTER II 

LAND AND FKESIJ-WATER MOLLUSCA, THElll HABITS 

AND GENERAL ECONOMY 

The majority of the Land Mollusca are probably more sensitive 
than is usually believed. The humidity of the air must affect 
the surface of their skin to a considerable extent. Every one 
has noticed how the snails ‘ come out' on a damp evening, 
especially after rain. As a rule, they wait till rain is over, 
probably objecting to the patter of the drops upon their delicate 
tentacles. Snails kept in captivity under a bell-glass are acutely 
sensitive of a damp atmosphere, and will bestir themselves after 
rain just as if they were in the open air. Certain Helices which 
are accustomed to live in moist places, will find their way to 
water, if removed from their usual haunts. A case is recorded ^ 
of a specimen of H. arhustorum, kept in a kitchen, which used 
to find its way directly under the cold water tap, and appeared 
to enjoy the luxury of a douche. How delicately tlie conditions 
of life are balanced in some of these creatures is seen in the case 
of Omalonyx, a genus akin to Succinea, which is found in Brazil 
and the northern parts of South America. It lives creeping on 
plants which overhang the margin of water, but perishes equally, 
if placed in the water itself, or removed to a distance from it for 
any length of time.^ 

Endiiraxice of Heat and Cold.—The Mollusca are capable, 
at least as far as some species are concerned, of enduring severe 
extremes both of cold and heat. The most northern pulmonate 
yet observed is a fresh-water species, Physa {Aplecta) hypnorum L. 
This hardy mollusc, whose shell is so fragile as to need most 
careful handling, has been noticed on the peninsula of Taimyr, 

* T. Scott, JouTTU of Cotich. v. p. 230. ® J. S. Gibbons, ibid. ii. p. 129. 
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N'orth Siberia, in 73® 30' N. lat., a region whose mean annual 
temperature is below 10® F. with a range of from 40® F. in July 
to — 30® F. in January. 

It is well known that the Limnaeidae, and probably most 
fresh-water Mollusca of sub-temperate regions, can continue to 
live not merely under, but enveloped in ice, and themselves 
frozen hard. Gamier relates^ that, during the winter of 1829- 
30, some large Limnaea auricularia, which had been placed in a 
small basin, were frozen into a solid mass, experiencing a cold 
of—2®F. He supposed they were dead, but, to his surprise, 
when the basin thawed, the Limnaea gradually revived. Paludina 
vivipara and Anodonta anatina have been known to resist a 
temperature of 23° F., and the former has produced young shortly 
after being thawed out of the ice.^ As far north as Bodo in 
Norway (67° 3,7' N. lat., well within the Arctic circle) there 
are found no less than fourteen species of terrestrial Mollusca, 
among them being Balea perversa and Clausilia rugosa.^ 

Vitrina is one of our most hardy molluscs, and may be 
observed crawling on bright mornings over the frost-covered 
leaves of a wood or copse. F. glacialis is said by Charpentier 
to live in the Alps at a height where the stones are covered with 
snow from nine to ten months of the year. Many of the Hyaliniae 
are very hardy. Avion, in spite of having no external shell to 
protect it, is apparently less affected by the cold than Helix, and 
does not commence hibernation till a later period in the autumn. 
The operoulate land MoUusca, in spite of the protection which 
their operculum may be supposed to afford, are exceedingly 
sensitive to cold, and the whole group is without doubt a product 
of tropical or semi-tropical regions (see map at frontispiece). A 
species of Helicina which inhabits the southern States of North 
America has been known to be almost exterminated from certain 
districts by the occurrence of an unusually severe winter. 

One of the highest altitudes at which a land shell is known 
"*to live appears to be the Liti Pass (Himalayas, 14,000 ft). At 
this enormous altitude, two species of Suliminus (arcuatm Hutt 
and nivicola Bens.) live on juniper bushes among patches of 
snow. An Ahadenus is said to have been found in a similar 

^ Soc. linn. Nord, Abbeville, 1840, p. 150. 
* lc>ly, (7omjp^«r BmSm, JtS42, p. 480; compare W. A, Gai|i, 

pi 118. * Von Martens, SB. >V. 1881, p. Si. 
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locality at 15,000 ft., while Limnaea Ilooheri has been taken 
from over 16,400 ft. in Landour. In the Andes of l^eru and 
Bolivia, five species of Bulimulus, one of Pupa, and one of Limax 
occur at an elevation , of 10,500 to 15,000 ft. Several fresh¬ 
water Mollusca inhabit Lake Titicaca, which stands at a height 
of 12,550 ft. in the Bolivian table-land. 

In certain parts of the desert of Algeria, where there is not 
a trace of vegetation to be seen, and the temperature at mid-day 
is 11 O'" F., the ground is sometimes so covered with Helix lactea 
as to appear perfectly white. Dr. F. H. H. Guillemard has told 
me that he noticed, in somewhat similar surroundings between 
Fez and Tangier, j&T. pisana in such extraordinary abundance 
that they hung from the low scrub in bunches the size of a man's 
two fists. It is singular that Mollusca should live, and not 
only live, but flourish, in localities apparently so unpromising. 
Shells which occur in the Algerian Sahara are actually larger 
and altogether finer than the ordinary European form of the same 
species. In order to protect themselves to some extent against 
the scorching heat and consequent evaporation, desert species 
are frequently modified in one of two ways; the shell becomes 
either white or a light dusky brown, as in the familiar Helix 
desertorum, or else it gains immensely in thickness. Specimens 
of H. pomatia, recently procured from Fez, are of extraordinary 
thickness as compared with forms from our own chalk downs of 
Kent and Surrey. 

Fresh-water Mollusca are frequently found inhabiting hot 
springs. Thus Neritina Jluviatilis lives at Bagnferes de Bigorre 
in water at about 68® F. In another hot spring in the eastern 
Pyrenees a Bithyuia lives at a temperature of over 73® F.; while 
Blainville mentions another case of a Bithynia living in water 
at 122® F. 

Hibernation and Aestivation.—^As autumn begins to draw 
on, and the first frosts to nip vegetation, terrestrial species retire 
beneath stones, into cracks in old walls, holes in tree trunks, 
deep fissures in rocks, and nooks and crannies of every kind, 
dr else bury themselves deeply in the earth or in moss and 
heaps of leaves. They thus commence their period of hiberna- 
Hon, which varies in length according to the duration of winter. 
Frequently masses of Helices may be found attached to one 
another, probably not so much for the sake of warmth, for their 
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temperature is but low, as to share the comforts of a cosy 
retreat in common. Slugs generally hibernate alone, excavating 
a sort of nest in the earth, in which they encyst themselves, 
contracting their bodies until they are almost round, and secret¬ 
ing a covering of their own slime. The Helices usually close 
up the mouth of their shell by the formation of a membranous 
or chalky epipliragm, which will be further described below. 
Both snails and slugs take care to be in good condition at the 
time their winter sleep begins, and for this reason the former 
aie said to be most esteemed by foreign epicures if captured just 
at this period.^ 

During hibernation, the action of the heart in land Pulmoiiata 
ceases almost entirely. This appears to be directly due to the 
effect of cold. Mr. C. Ashford has related ^ some interesting 
experiments made upon H. hortensis and HyaL cellaria, with the 
view of ascertaining the effect of cold upon their pulsations. 
His observations may be tabulated as follows:— 

Number of pulsations per minute. 

lldix hortensis. 

22 
14 
10 

4 

Hyid. cellaria. 

21 
12 
11 

9 

At (iejjrees Pahr. 

52" 
44" 
38" 
30" 

At low temperatures the character, as well as the number of 
the pulsations changed; they became imperfect and intermittent, 
although exceptionally at 31° F. a rufescens gave live or six 
pulsations a minute, very full and deliberate. The result of 
taking the Hyalinia suddenly into the heat of a greenhouse 
was to bring on palpitations. Further experiments resulted in 
evidence of a similar kind. Hyal. radiatula, placed upon a deal 
table in a room, showed 52 pulsations per minute at 62° F. 
Placed upon the palm of the hand, the action soon rose to 108. 
Hycd. alliaria, similarly treated, rose from 72 pulsations to 110. 
Floated upon water, the action of the heart of the latter suddenly 
fell to 29. 

Fresh-water Pulmonata do not appear to hibernate. Unio 
and Anodonta, however, bury themselves more deeply in the 
mdd, and Dreissensia casts off its byssus and retires under the 

' Moquiii-Taudon, MolU de Frame, i. p. US. 
* Vbttm. of Oomh, iii. p. 321 f.; iv. p. 13; Science Goss. 1863, p. 158. 
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mud ill deeper water.^ Limnaea and Planorhis have often been 
noticed to crawl about under the lower surface of a thick coating 
of ice. In periods of prolonged drought, when the water in 
the ponds dries up, the majority of genera bury themselves in 
the mud. I have known Limnaea peregra biuy itself three 
inches deep, when surprised by a suclden fall of the water in 
the ditch on Coe Fen, behind Peterhouse, Cambridge. Physa 
hypnorum frequents by preference ditches which dry up in 
summer, as does also Planorhis spirorhis, the latter often form¬ 
ing a sort of epiphragra against evaporation. Anc,ylus has been 
observed to spend the whole winter out of water, and P. spirorhis 
has been noticed alive after four mouths' desiccation.^ 

True aestivation, however, occurs mainly in the tropics, 
where there is no winter, but only a period when it is not quite 
so hot as the rest of the year, or on a coast like the Mediter¬ 
ranean, which is subject to sudden and severe heat. This period 
is usually rainless, and the heat is therefore a dry heat. At 
this season, which may last for three or four months, most of the 
land Mollusca enter upon a period of inaction, either burying 
themselves deeply in the ground, or else permanently attaching 
themselves to the stalks of grass and other herbage, or the under 
sides of rocks. For instance, the large and beautifully painted 
OrthalicuSy Corona^ and Porphyrohaphe, which inhabit Brazil, 
Ecuador, and eastern Peru, bury themselves deeply in the 
ground during the dry season, while in the rains they climb to 
the topmost branches of the great forest trees.® Thus it may 
well happen that a visitor to a tropical island, Ceylon for 
instance, or one of the Greater Antilles, if he time his visit to 
coincide with the rainless season, may be grievously disappointed 
at what seems its unaccountable poverty in land Mollusca. But 
as soon as the weather breaks, and the moisture penetrates their 
retreats, every bush and every stone, in favoured localities, will 
be alive with interesting species. 

The Epiphragm.—^A considerable number of the land Pul- 
monata (and a very few of the fresh-water) possess the power 
of closing the aperture of their shell by means of what is known 
as an epiphragm or covering of hardened mucus. This epi- 
phragm is habitually formed by certain si)ecies during hibernation 

* KeieKol, ^ol, Anat* x. p. 488. ^ Schumann, Schr, Ges* Danz. (2) vi. p. 159. 
® Fischer and Crosse, Mexico, p. 437. 
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or aestivation, or even during shorter periods of inactivity 
and retirement, the object being, either to check evaporation of 
the moisture of the body, or to secure the animal against the cold 
by retaining a thin layer of slightly warm air immediately 
within the aperture of the shell. 

The epiphragm differs widely in character in different species, 
sometimes {Clausilia, Pupa, Planorhis) consisting of the merest 
pellicle of transparent membrane, while at others {Helix aperta, 
H pomatia) it is a thick chalky substance, with a considerable 
admixture of carbonate of lime, with the consistency of a hard¬ 
ened layer of plaster of Paris. Within these extremes every 
variety of tliickness, solidity, and transparency occurs. During 
long hibernation several epiphragms are not unfrequently formed 
by the same individual snail, one within the other, at gradually 
lessening distances. The epiphragm thus performs, to a certain 
extent, the part of an operculum, but it must be remembered 
that it differs radically from an operculum physiologically, in 
being only a temporary secretion, while the operculum is actually 
a living part of the animal. 

The actual mode of formation of the epiphragm would seem 
to differ in different speciea According to Fischer,^ the mollusc 
withdraws into its shell, completely blocking all passage of air 
into the interior, and closing the pulmonary orifice. Then, from 
the middle part of the foot, which is held exactly at the same 
plane as the aperture, is slowly secreted a transparent pellicle, 
which gradually thickens, and in certain species becomes cal¬ 
careous. Dr. Binney, who kept a large number of Helix hortensis 
in confinement, had frequently an opportunity of noticing the 
manner in which the epiphragm was formed.^ The aperture of 
the shell being upward, and the collar of the animal having 
been brought to a level with it, a quantity of gelatinous matter 
is thrown out [? where from]. The pulmonary orifice is then 
opened, and a portion of the air within suddenly ejected, with 
such force as to separate the viscid matter from the collar, and 
to project it, like a bubble of air, from the aperture. The animal 
then quickly withdraws farther into the shell, and the pressure 
of the external air forces back the vesicle to a level with the 
aperture, when it hardens and forms the epiphragm. In some 

^ Jmm* de Comh, iv. 897, but the species observed is not mentioned. 
® Bull Mus, C. Z, Sarv, iv. p. 878. 
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of the European species in which the gelatinous secretion con¬ 
tains more carbonate of lime, solidification seems to take place 
at the moment when the air is expelled, and the epiphragui in 
these is in consequence strongly convex. 

Thread-spinningf.—A considerable number of fresh-water 
Mollusea possess the power of stretching a thread, which is no 
more than an exceedingly elongated piece of mucus, to the 
surface of the water, and of using it as a means of locomotion. 
This thread bears no analogy whatever to the fibrous byssus of 
certain bivalves, being formed in an entirely different manner, 
without the need of a special gland. 

The threads are ' spun * by several species of Limnaea, Fhysa, 
and Planorhis, by Bithynia tentaculatay and several of the 
Gycladidae, They are anchored to the surface by a minute 
concavity at the upper end, which appears to act like a small 
boat in keeping the thread steady. The longest threads are 
those of the Physae^ which have been noticed to attain a length, 
in confinement, of 14 inches. They are always spun in the 
ascent, and as a rule, when the animal descends, it rolls the 
thread up and carries it down as it goes. A single thread is 
never spun on the descent, but occasionally, when a thread has 
become more or less of a permanence, it becomes stronger by 
the addition of more mucus each time it is used, whether for 
ascending or descending purposes. Cyclas cornea appears to bo 
an exception to the rule that threads are only spun on the 
ascent. This species, which is particularly fond of crawling 
along the under surface of the water, has been noticed to spin 
a thread half an inch in length while on the surface, and to hang 
suspended from it for a considerable time. 

What the exact use of the thread may be, must to a certain 
extent be matter of conjecture. The Limnaeidae are, in the 
great majority of cases, compelled to make periodic visits to the 
surface in order to inspire oxygen. It is also a favoiurite habit 
with them to float just under the surface, or crawl about on its 
under side, perhaps in pursuit of tiny vegetable organisma 
Whatever may be . the object of an excursion to the surface, a 
taut thread will obviously be a nearer way up than any other 
which is likely to present itself; indeed, without this thread- 
spinning power, which ensures a tolerably rapid arrival at the 
surface, the animal might find itself asphyxiated, or at least 
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seriously inconvenienced, before it could succeed in taking in 
the desired supply of oxygen. With the Cycladidae, which do 
not breathe air, such an explanation is out of place; in their 
case the tliread seems to be a convenient means of resting in 
one position in the intervals of the periods of active exercise to 
which several of the species are so much addicted. 

The power of suspension by a thread is also possessed by 
certain of the Gyclostomatidae, by some Cerithidea, several Missoa 
and other marine genera, prominent among which is Litiopa 
homhyx, whose name expresses its power of anchoring itself to 
the Sargasso weed by a silken thread of mucus. Several 
species of slugs are known to be able to let themselves down by 
threads from the branches of trees. Limax arhorum is especially 
noted for this property, and has been observed suspended in 
pairs during the breeding time. According to Binney, all the 
American species of Limax, besides those of Tehennophorus, 
possess this singular property. Limax arhorum appears to be 
the only slug which has been noticed to ascend, as well as 
descend, its thread. It has also been observed ^ that when this 
species is gorged with food, its slime is thin and watery, and 
unable to sustain its weight, but that after the process 
of digestion has been performed, the mucus again becomes 
thick and tenacious. It appears therefore that when the 
animal is hungry and most in need of the power of making 
distant excursions in search of food, its condition enables 
it to do so, but that when no such necessity is pressing, the 
thread-forming mucus is not secreted, or is perhaps held in 
suspense while the glands assist in lubricating the food before 
digestion.^ 

Food of Land and Fresh-water Mollusca.—Arion ater, the 
great black slug, although normally frugivorous, is unquestion¬ 
ably carnivorous as well, feeding on all sorts of animal matter, 
whether decaying, freshly killed, or even in a living state. It is 
frequently noticed feeding on earthworms; kept in captivity, it 
will eat raw beef; it does not disdain the carcases of its own 
dead brethren. An old man near Berwick-on-Tweed, going out 
one morning to mow grass, found a black slug devouring, as he 
supposed, a dead mouse. Being of an inquisitive turn^ and 

^ W. Harte, Pi'oe, DuU, N. //. iv. p. 182, 
* Sec on the whole subject of threads G. S. I’ye, Jmm, Conch, i. p. 401. 



wishing to ascertain if it were really thus engaged, he drew the 
mouse a little back. When he returned in the evening, the 
mouse was reduced almost to a skeleton, and the slug was still 
there.^ Indeed it would seem almost difficult to name anything 
which Arion ater will not eat. Dr. Gray mentions ^ a case 
of a specimen which devoured sand recently taken from the 
beach, which contained just enough animal matter to render it 
luminous when trodden on in the dark; after a little time the 
faeces of the slug were composed of pure sand, united together 
by a little mucus. A specimen kept two days in captivity 
was turned out on a newspaper, and commenced at once to 
devour it. The same specimen ate dead bodies of five other 
species of slugs, a dead Unio, pupae of Adimonia tanaceti, 
part of the abdomen of a dragon-fly, and Pears* soap, the latter 
reluctantly.^ 

According to Sirnroth ^ and Scharff ^ the food of several of our 
British slugs, e.g. Limax maximus, Z, flavus, Arion suhfuscus, 
A, intermedinsy consists of non-chlorophyllaceous substances 
only, while anything containing chlorophyll is as a rule refused. 
On the other hand L. agrestis and Amalia carirmta feed almost 
entirely on green food, and are most destructive in gardens. 
The latter species lives several inches under ground during the 
day, and comes to the surface only at night. It is largely 
responsible for the disappearance of bulbs, to which it is ex¬ 
tremely partial. L, marginatus (= arhorum Bouch.) feeds ex¬ 
clusively on lichens, and in captivity absolutely refuses green 
leaves and a fiesh diet. It follows therefore, if these observa¬ 
tions are correct, that the popular notions about slugs must be 
revised, and that while we continue to exterminate from our 
gardens those species which have a taste for chlorophyll, we 
ought to spare, if not encourage those whose tastes lie in the 
opposite direction. ^ 

Limax agrestis nas been seen devouring the crushed remains 
of Arion ater. Five specimens of the same species were once 
noticed busily devouring a May-fly each, and this in the middle 
of a large meadow, where it may be presumed there was no lack 

^ Zoologist^ ii. p. 296; iii. p. 833; iv. p. 1216; iii. p. 1036 j iv, p. 1216; iii. 
p, 1037. 

« Anil, Nat, HUU ii. 1838, p. 310. « H. W Kew, Noiuralisty 1889, p. 103- 
* ZeU, Zool, xlii. p. 203 f. ® Sci, Trvm, li, XMl, Soc, (2) iv. p. 320 f. 
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of green food. The capture and eating of insects by Mollusca 
seems very remarkable, but this story does not stand alone. 
Mr. T. Vernon Wollaston once enclosed in a bottle at least three 
dozen specimens of Coleoptera together with 4 Helix cayitiana, 
5 H. hisjjidd, and 1 K virgata, together witli an abundant 
supply of fresh Ituxves and grass. About a fortnight aftefwards, 
on tlie l)ottle being opened, it was found that every single 
specimen of the Coleoptera had becm devoured by tlu^ snails.^ 
Amalia marginata in captivity has ])een fed upon the larvae of 
EuclieUa jmohame, eating three in two liours.^ 

Limax maxim (Fig. 19) has been seen frequently to make 
its way into a dairy and feed on i-aw l)eef.^ Individuals kept in 

confinement are guilty of 
cannibalism. ^ Mr. W. A. 
(Jain kept three specimens 
in a box together, and found 
one of tliem two - tliirds 
eaten, “ the tail left clean 
cut off, reminding one of 
that portion of a fish on a 
fishmonger’s stall.’’ That 
starvation did not prompt 

Fig. PO, pulmonary crime waS proved by 
orifice: x ^ the fact that during the 

preceding night the slug had lieen supplied with, and had eaten, 
a considerable quantity of its favourite food. On two other 
ocicasions tlie same observer found one of his slugs deprived of 
its slime and a portion of its skin, and in a dying condition.^ 
An adult L. maximus, kept for thirty-three days in c^iptivity with 
a young Avion ater^ attacked it frequently, denuded it of its slime, 
and gnawed numerous small pieces of skin off the body and 
mantle.® The present writer has found no better bait for this 
species on a warm summer night than the bodies of its brethren 
which were slain on the night preceding; it will also devour 
dead Helix aspevsa, Mr. Gain considers it a very dainty feeder, 
preferring fungi to all other foods, and apparently doing no harm 
in . the garden. 

^ Zoologisty iv. p. 1504 ; iii. p. 10S8 ; iii. p. 945, 
“ H. W. Kew, 1. c. ® Zmlogkiy xix, p. 7819, 

4 mturalist, 1889, p. 56. ‘ » H. W. Kew, c. 
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Limax Jlavus, which is Ibiid of inhabiting the vicinity of 
cellars, makes its presence most disagreeable by attacking articles 
of food, and especially by insinuating itself into vessels containing 
meal and flour/ It is particularly partial to cream. 

Slugs will sometimes bite their captor’s hands. Mr. Xew 
relates that a Limax agrcstis, on being stopx^ed with the finger, 
while endeavouring to escape from the attack of a large Arion, 

attempted to bite fiercely, the rasping action of its radula being 
plainly felt. According to the same authority, probably all the 
slugs will rasp the skin of the finger, if it is held out to them, 
and continue to do so for a considerable time, without however 
actually drawing blood.^ Wliile Mr. Gain was handling a large 
Avion ater, it at once seized one of the folds of skin between the 
fingers of the hand on which it was placed; after the action of 
the radula had been allowed to continue for about a minute, the 
skin was seen to be abraded.^ Another specimen of Avion atev, 

carried in the hand for a long time enclosed in a dock leaf, 
began to rasp the skin. The operation was permitted until it 
became too painful to bear. Examination with a lens showed 
the skin almost rasped away, and the place remained tender and 
sore, like a slight burn, for several days.^ 

Helix pisana, if freshly caught, and placed in a box with 
other species, will set to work and devour them within twenty- 
four hours. The present writer has noticed it, in this position, 
attack and kill large specimens of H evicctovum, cleaning them 
completely out, and inserting its elongated body into the top 
whorls of its unfortunate victims in a most remarkable manner. 
Amongst a large number of species bred in captivity by Miss 
F. M. Hele,® was Hyalinia Dvapavnaldi, In the first summer 
the young offspring were fed on cabbage, coltsfoot, and broad- 
leafed docks. They would not hibernate even in the severest 
frosts, and, no outdoor food being available, were fed on chopped 
beef. This, Miss Hele thinks, must have degenerated their 
appetites, for in the following spring and summer they constantly 
devoured each other. 

ZoniteB algivus feeds on decayed fruit and vegetables, and 
on stinking flesh.® Achatina pantheva has been known to eat 

^ W. Gi Binney, Bull, Mm, Q, Z, Harv, iv. p. 144. ® Naturalist^ I, e, 
* Scimee Gossip^ 1886, p. 164, E. Standen, Joum. of Conch, vii. p. 107. 
® Joum, of Comh, v, p. 43. ® A. Paladilhe iu MS. letter, 
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meat, other snails (when dead), vegetables, and paper.^ The 
common Stenogyra decollata of the South of Europe has a very 
bad character for Hesh-eating liabits, when kept in captivity. 
Mr. Binney ^ kept a number for a long time as scavengers, to 
clean the shells of other snails. As soon as a living Helix was 
placed in a box with them, one would attack it, introduce' itself 
into the upper whorls, and completely remove the animal. One 
day a number of Succinea ovalis were left with them for a short 
time, and disappeared entirely! The Stenogyra had eaten shell 
as well as animal. This view. of Stenogyra is quite confirmed 
by Miss Hele, who has bred them in thousands. '' I can keep,” 
she writes,^ “ no small Helix or Bulimus with them, for they at 
once kill them and eat them. They will also eat raw meat.” 

Even the common Limnaea stagnalis, which is usually re¬ 
garded as strictly herbivorous, will sometimes betake itself, 
apparently by preference, to a diet of flesh. Karl Semper 
frequently observed the Limnaeae in his aquarium suddenly 
attack healthy living specimens of the common large water newt 
{Triton taeniatus), overcome them, and devour them, although 
there was plenty of their favourite vegetable food growing 
within easy reach.^ The same species has also been noticed to 
devour its own ova, and the larvae of Dytiscus. Limnaea feregra 
has been detected capturing and partially devo\iring minnows in 
an aquarium, when deprived of other food, and Dr. Jeffreys has' 
seen the same species attack its own relatives* under similar 
circumstances, piercing the spire at its thinnest point near to the 
apex.^ L. stagndie, kept in an aquarium, has succeeded in 
overpowering and partially devouring healthy specimens of the 
common stickleback.® 

Powers of Intelligence, Homing, and finding Food.—It is 
not easy to discover whether land Mollusca possess any faculties 
which correspond to what we call intelligence, as distinct from 
their capacities for smell, sight, taste, and hearing. Darwin 
mentions' a remarkable case, communicated to him by Mr. 
Lonsdale. A couple of Helix pomatia, one of which was sickly, 

^ J. S. Gibbons, Qy^arL Jmm, Co^uih, ii. p. 143. 
® Bull MVfS, C, Z, Harv, iv. p. 193. 
* I, c. p. 362. ^ Animal Life^ p. 69. 
* Zoologist^ 1861, p. 7400; BrU, Oonik, i. p. 108. 
* H. Ullyett, Seienoe Goasipf xxiL (1886) p, 214. 
^ Descent of Mcmt i. p. 326, ed. X. 
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were placed in a small and ill-provided garden. The stronger of 
the two soon disappeared over the wall into the next garden, 
which was well furnished with food. It was concluded that the 
snail had deserted its weakly mate, but after twenty-four hours 
it returned, and apparently communicated the results of its 
expedition, for after a short time both started off‘ along the same 
track, and disappeared over the wall. According to Dr. W. H. 
Dall,^ a young girl who possessed a remarkable power over 
animals succeeded in training a snail (//. alholabris) to come out 
of its lurking-place at her call. If placed in a room, it would 
shrink into its shell at the sound of any other voice, but it would 
always start off in tlie direction of hers. 

Snails and slugs possess to a considerable extent the faculty 
of ‘ homing,' or returning to the same hiding-place day after day, 
after their night excursions in search of food. Mr. C. Ashford 
once marked with a dab of white paint seven Hblix aspersa found 
lurking under a broken flagstone; at 10 p.m. the same evening 
three had disappeared on the forage; the next morning all were 
‘at home.' The following night at 10 p.m. five were gone out, 
two being discovered with some difliculty ‘in a small jungle' 
six feet away; the next morning six out of the seven were safely 
beneath the flagstone. According to the same authority. Helix 
aspersa will find its way across a cinder-path (which it specially 
detests) to get to its favourite food, and will return by the same 
way to its old quarters, although it could easily have found new 
lodgings nearer the food-supply. A snail has been observed to 
occupy a hole in the brick wall of a kitchen-garden about four 
feet from the ground. Leaning against the wall, and immediately 
under the hole, was a piece of wood, the lower end of which rested 
in a bed of herbs. For months the snail employed this ladder 
between its food and its home, coming down as soon as it was 
dark, and retiring to rest during the day. 

In greenhouses a slug will forage night after night—as 
gardeners know to their cost—over the same beat, and will 
always return to the same hiding-place. Umax flams has been 
notified crawling with great regularity to a sink from a hole near 
the water-pipe, and keeping to a well-marked circular track. In 
all probability the scent,, either of the desired object of food; or of 
the creature's own trail, plays a considerable part in keeping it 

1 A'm&r, Nat, xv. 1881, p, 976, 
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to the same outward and homeward track, or at least in guiding 
it back to its hiding-place. Yet even scent is occasionally at 
fault, for on one occasion a Limax Jiavus was accustomed to make 
nightly excursions to some basins of cream, which were kept in 
a cool cellar. When the basins were removed to a distant shelf, 
the creature was found the next morning ' wandering dis¬ 
consolately ' about in the place where the basins had formerly 
stood.^ 

A remarkable case of the power of smell, combined with great 
perseverance on the part of a Helix, is recorded by Furtado.^ 
He noticed a Helix asjpersa lodged between a column on a 
verandah and a flower-pot containing a young banana plant, and 
threw it away into a little court below, and six or seven yards 
distant. Next morning the snail was in precisely the same place 
on the flower-pot. Again he threw it away, to the same distance, 
and determined to notice what happened. Next morning at nine 
o'clock, the snail was resting on the rail of a staircase leading up 
to the verandah from the court; in the evening it started again, 
quickening its pace as it advanced, eventually attacking the 
banana in precisely the same place where it had been gnawed 
before. 

For further instances of the power of smell in snails, see 
chap. vii. 

Slugs have been known to make their way into bee-hives, 
presumably for the sake of the honey.® ‘ Sugaring' the trees at 
night for moths will often attract a surprising concourse of slugs. 
Sometimes a particular plant in a greenhouse wilF become the 
object of the slugs' persistent attacks, and they will neglect every 
other food in order to obtain it, Farfugium grande is one of 
these favourite foods, “ the young leaves and shoots being always 
eaten in preference to all other plants growing in the houses; 
where no Farfugiums were kept the slugs nibbled indis- ‘ 
criminately at many kinds,” ^ The flowers of orchidaceous plants 
exercise a special attraction over slugs, which appear to have 
some means of discovering when the plants are in bloom. " I 
have often observed,” says Mr. T. Baines,that a slug .will travel 

* W. A. Gain, quoted by H. W. Kew in Naturalist, 1890, |>. 807, an article to 
which I am much indebted. ® Ami. Mag, Nat, Hist (6) xvi. p, 619. 

* Scimee Gossip, 1882, |»p. 237, 262. 
* H. W. Kew, Natwralist, 1893, p. 149, another most valuable article. 
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over the surface of a pot in which is growing a Bemlrohium 

nolile, a Cattlcya, Vanda^ or similar upright plant for a score 
of times without ever attempting to ascend into tlie head of the 
plant unless it is in bloom, in which case they arc certain to find 
their way straight to the flowers; after which they will descend, 
and return to some favourite hiding-place, often at the opposite 
end of the house.” ^ Mr. E. Warner has “ actually seen many 
little slugs suspending themselves by slime-threads from the 
rafters and descending on the spikes of the beautiful Odonto- 

glossuin alexandrae ; and thus many spikes, thickly wadded round 
with cotton wool (which the slugs could not travel over), and 
growing in pots surrounded by water, had been lost.” ^ Perhaps 
the most singular instance of a liking for a particular food is 
that related by Mr. E. Step.^ In a London publishing house, 
slugs were observed, during a period of nearly twelve months, to 
have fed almost nightly on the colouring matter in certain book- 
covers, and though the trails were often seen over the shelves, 
and cabbage and lettuce leaves laid down to tempt the creatures, 
they continued their depredations with impunity for the time 
above mentioned. 

Limnaea peregra has been observed feeding on old fish-heads 
thrown into a dirty stream, and a large gathering of Limnaea 

stagnalis has been noticed feeding upon an old newspaper in a 
pond on Chislehurst Common, ‘ so that for the space of about a 
square foot nothing else could be seen.* ^ 

Tenacity of Life.—Land Mollusca have been known to exhibit, 
under unusual conditions, remarkable tenacity of life. Some of 
the most noteworthy and best authenticated instances of this 
faculty may be here mentioned. 

The well-known story of the British Museum snail is thus 
related by Mr. Baird.® On the 25th March 1846 two specimens 
of Helix desertorum, collected by Charles Lamb, Esq., in Egypt 
some time previously, were fixed upon tablets and placed in the 
collection among the other Mollusca of the Museum. There they 
remained fast gummed to the tablet. About the 15 th March 
1850, having occasion to examine some shells in the same case, 

^ Gardenf v, p. 201, quoted by Kew, sup, 
® Kew, ut mp, ® Science Gossipy 1883, p. 163. 
* T. D. A. Cockerell, Science Gossipy 1685, p. 211. 
® Avm, Mag, Nat, EisL (2) vi. (1860) p. 68. 
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Mr. Baird noticed a recently formed epiphragm over the mouth 
of one of these snails. On removing the snails from the tablet 
and placing them in tepid water, one of them came out of its 
shell, and the next day ate some cabbage leaf. ’A month or two 
afterwards it began repairing the lip of its shell, which was broken 
when it was first affixed to the tablet. 

While resident in Porto Santo, from 27th April to 4th May 
1848, Mr. S. P. Woodward^ collected a number of Helices and 
sorted them out into separate pill-boxes. On returning home, 
these boxes were placed in empty drawers in an insect cabinet, 
and on 19th October 1850, nearly two and a half years after¬ 
wards, many of them were found to be still alive. A whole bagful 
of M, twrricula, collected on the Ilheo de Cinia on 24th April 
1849, were all alive at the above-mentioned date. 

In September 1858 Mr. Bryce Wright sent^ to the British 
Museum two specimens of H. desertorum which had been dormant 
for four years. They were originally collected in Egypt by a Mr. 
Vernfedi, who, in May 1854, while stopping at one of the stations 
in the desert, found a heap of thorn-bushes lying in a corner of 
the building, rather thickly studded with the snails. He picked 
off fifteen or twenty specimens, which he carried home and locked 
up in a drawer, where they remained undisturbed until he gave 
two to Mr. Wright in September 1858. 

In June 1856 Dr. Woodward placed specimens of H, candidis- 

sima and IL ajperta in a glass box, to test their tenacity of life; 
he writes of their being still alive in April 1859. 

Mr. R. E. C. Stearns records ^ a case of Buliminus pallidior and 
H. Veatchii from Cerros I. living without food from 1859 to March 
1865. 

H. Aucapitaine mentions ^ a case of H, lactea found in calcin¬ 
ated ground in a part of the Sahara heated to 122° F., where 
no rain was said to have fallen for five years. The specimen 
revived after being enclosed in a bottle for three and a half years. 

In August 1863, Mr. W. J. Sterland* put specimens of -ff 
nemoraii$ in a box and afterwards placed the box in his cabinet; 
in November 1866 one specimen was discovered to be alive. 

Gaskoin relates ® a case in which specimens of H. lactea were ^ 

' Amu Mag, Nat. Hist, (2) vi. p. 489. ® Ihid, (8) iii. p. 448. 
* Amur, Nat, xi. (1877) p. 100; Proc. Cali/, Ac, iii, p, 329. 

^ ffaz, Med, Alger, 1865, 6th Jan. p. 9. * Science Gossip^ 1867, p. 40. 
« Ann, Mag, Nat, Hist, (2) ix. p. 498. 
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purchased from a dealer in whose drawer they had been for two 
yeara This dealer had them from a merchant at Mogador, who 
had kept them for more than that time under similar conditions. 
One of these shells on being immersed in water revived, and in 
April 1849 was placed quite alone under a bell jar with earth 
and food. In the end of the following October about thirty young 
H. lactea were found crawling on the glass. 

Mr. E. D. Darbishire bought ^ some H. apcrta in the market 
at Nice on 18th February 1885. Two specimens of these, placed 
with wool in a paper box, were alive in December 1888. This 
is a very remarkable case, H, aperta not being, like H. desertorumy 

H. lactea, H. Veatchii an(J Bui. pallidior, a desei't snail, and there¬ 
fore not accustomed to fasting at all. 

Age of Snails.—It would appear, from the existing evidence, 
which is not too plentiful, that five years is about the average 
age of the common garden snail. Mr. Gain has published ^ some 
interesting observations on the life of a specimen from the cradle 
to the grave, which may be exhibited in a tabular form. 

Aug. 1882. Eggs hatched; one attained diameter of in. 
before winter; fed on coltsfoot and cabbage. 

5th Oct. 1883. Shell 1 in. in diameter, no lip formed. 
July 1884. Shell finished; diameter 1-^ in., including 

perfect lip. 
3rd May 1885. Left winter quarters; companion introduced, 

with which it was seen in company on 
5 th August. 

9 th Aug. „ Laid eggs in soil, which were hatched on 
10 th September, and feeding on 17tli 
September; in May 1886 the largest of 
these was ^ in. diameter. 

13th Oct. 1887. Old snail died, aged 5 years 2 months. 
According to Clessin, the duration of life in Vitrina is one 

year, Cyclas 2 years; Hyalinia, Succinea, Limnaea, Planorlis, and 
Ancylus are full grown in 2 to 3 years, Helix and Paludina in 2 
to 4, and Anodonta in 12 to 14. Hazay finds ® that the duration 
of life in Hyalinia is 2 years, in Helix pomatia 6 to 8, in. Helix 

candicam 2 to 3, in Paludina 8 to 10, in Limnaea andi Planorbis 
3 to 4. 

^ Jmm. of Conck, vi. p. 101. ^ Naturalist, 1889, p. 56, 
^ Malak. BlaiU (2) iv. pp. 43 and 221. 
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Growth of the Shell.—Mr. E. J. Lowe, many years ago, con¬ 
ducted ^ some interesting experiments on the growth of snails. 

The facts arrived at were— 
(1) The shells of Helicidae increase but little for a consider¬ 

able period, never arriving at maturity before the animal has oruie 

become dormant. 
(2) Shells do not grow whilst the animal itself remains 

dormant. 
(3) The growth of shells is very rapid when it does take 

place. 
(4) Most species bury themselves in the ground to increase 

the dimensions of their shells. 
Six recently hatched H, pomatia were placed in a box and 

regularly fed on lettuce and cabbage leaves from August until 
December, when they buried themselves in the soil for winter; 
at this period they had gradually increased in dimensions to the 
size of JT. hispida. On the 1st April following, the box was 
placed in the garden, and on the 3rd the Helices reappeared on 
the surface, being no larger in size than they were in December. 
Although regularly fed up to 20th June, they were not per¬ 
ceptibly larger, but on that day five of them disappeared, having 
buried themselves, with the mouth of the shell downwards, in the 
soil. After ten days they reappeared, having in that short time 
grown so rapidly as to be equal in size to K pisana. On the 
15th July they again buried themselves, and reappeared on 1st 
August, having again increased in size. For three months from 
this date they did not become perceptibly larger; on 2nd 
November food was withheld for the winter and they became 
dormant. 

A similar experiment, with similar results, was carried on 
with a number of jET. aspersa, hatched on 20th June. During 
the summer they grew but little, buried themselves on 10th 
October with the head upwards, and rose to the surface again on 
5th April, not having grown during the winter. In May they 
buried themselves with the head downwards, and appeared again 
in a week double the size; this went on at about fortnightly 
intervals until 18bh July, when they were almost fully 
grown. 

Helix nemoralis, H, virgata, H caperata, and H hispida bury 

1 Phil Trms, 1854 (1856), p. 8. 
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themselves to grow; IL rotundata burrows into decayed wood; 
Tlyalinia radiatula appears to remain on decaying blades of 
grass; Pupa umhilicatay Claiisilia rugosa, and Bulimmus ohscurus 

bury their heads only. 
The observations of Mr. W. E. Collinge ^ do not at all agree 

with those of Mr. Lowe, with regard to the mode in which land 
Mollusca enlarge their shells. He bred and reared most of the 
commoner forms of Helix and also Clausilia rugosay but never 
saw them bury any part of their shell when enlarging it. While 
admitting that they may increase their shells when in holes or 
burrows of earthworms, he thinks that the process of burying 
would seriously interfere with the action of the mantle during 
deposition, and in many cases damage the membranaceous film 
before the calcareous portion was deposited. Mr. Collinge 
has found the following species under the surface in winter: 
Avion ater (3—4 in.), Agriolimax agrestis (6-8 in.), Hyalinia 

cellaria and H alliaria (6-8 in.), Hyalinia glalra (5 in.), Helix 

aspersa (5-6 in.), H rufescens (4-6 in.), H rotundata (4-5 in.), 
H hispida (7 in.), Buliminus ohscurus (4-6 in.), B» montanus^ 

(24 in.), and the following in summer, Hyalinia cellaria and 
alliaria (6-8 in.), Helix rotundata (4-5 in.), Balea perversa 

(6-8 in.), Cyclostoma elegans (3-4 in.). The same author has 
found the following species of fresh-water mollusca living in 
hard dry mud: Sphaerium corneum (3-14 in.), S. rivicola (5-6 
in.), S, lacustre (10-14 in.), all the British species of Pisidium 

(4-12 in.), Limnaea truncatula (18 in., a single specimen). All 
our species of UniOy Anodonta, Bithynia, and Paludina bury 
themselves habitually in fine or thick wet mud, to a depth of 
from 4 to 14 inches. 

This burying propensity on the part of Mollusca has been 
known to play its part in detecting fraud. When my friend 
Mr. E. lu Layard was administering justice in Ceylon, a native 
landowner on a small scale complained to him of the conduct of 
his neighbour, who had, during his absence from home, diverted 
a small watercourse, which ran between their holdings, in such 
a way as to filch a certain portion of the land. The offender 
had filled up and obliterated the ancient course of the stream, 
and protested that it had never run but in its present bed. 

' NcUuraliat, 1891, p. 75 f.; Conehologisty ii. 1892, p. 29. 
* Taylor, Joum^ of Conch* 1888, p. 299. 
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Mr, Layard promptly had a trench sunk across what was said to 
be the old course, and the discovery of numerous living AvipuU 

laria, buried in the mud, confirmed the story of one of the 
litigants and confounded the other.^ 

Depositing and Hatching of Eggs: Self-fertilisation.— 
There appears to be no doubt that Helices, when once im¬ 
pregnated, can lay successive batches of eggs, and possibly can 
continue laying for several years, without a further act of union. 
A specimen of Helix aspersa was noticed in company, with 
another on 5th August; on 9th August it laid eggs in the soil, 
and early in the following summer it laid a second batch of eggs, 
although its companion had been removed directly after its first 
introduction. An Avion received from a distance laid 30 eggs 
on 5th September, and 70 more on the 23rd of the same month, 
although quite isolated during the whole time.^ By far the 
most remarkable case of the kind is related by Gaskoin.® A 
specimen of Helix lactea was kept in a drawer for about 
two years, and then in another drawer for fibout two years 
more. It was then taken out, and placed in water, when it 
revived, and was placed alone under a bell jar with eartli 
and food. Six months after, about 30 young H lactea were 
found crawling on the glass, the act of oviposition not having 
been observed. 

The observations of Mr. F. W. Wotton,^ with regard to the 
fertilisation and egg-laying of Avion atev, are of extreme 
interest and value. A pair of this species, kept in captivity, 
united on 10th September 1889, the act lasting about 25 
minutes. From that date until the eggs were laid, the animals 
looked sickly, dull of colour, with a somewhat dry skin. Eggs 
were deposited in batches, one, which we will call A, beginning 
three days before B, On 10th October A laid 80 eggs; on the 
16th, 110; on the 25th, 77; on 8th November, 82; and on 
17th November, 47 ; making a total of 396. Specimen B, which 
began on 13th October, three days after Ay made up for the delay 
by laying 246 eggs in 40 hours; on 26th October it laid 9, on 
10th November, 121; and on 30th November, 101; a total of 477. 

^ See Tennent’s Ceylony i. x), 221, ed. 5. 
‘ W. A. Gain, Naturalisty 1889, p. 55; Brockmeier, Nackr, JOmtsck^ Malcik, 

OeselL xx. p. 118. 
^ Ann, Mag, Mat, Hist, (2) ix. p. 498. * Joum, Ctmch. vii. 1893, p. 158 f. . 
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These eggs weighed 624 to the ounce, and, in excluding the 
batch of 246, B parted with ^ of its own weight in 40 hours, 
while the whole number laid were rather over f of its own 
weight! 

While depositing the eggs, the slug remained throughout in 
the same position on the surface of the ground, with the head 
drawn up underneath the mantle, which was lifted just above 
the reproductive orifice. When taken into the hand, it went on 
laying eggs without interruption or agitation of any kind. After 
it had finished laying it ate half a raw potato and then took a 
bath, remaining submerged for more than an hour. Bathing is 
a favourite pastime at all periods. Specimens, says Mr. Wotton, 
have survived a compulsory bath, with total submersion, of 
nearly three days* duration. 

Mr. Wotton*s account of the hatching of the eggs is equally 
interesting. It is noticeable that the eggs of one batch do not 
hatch by any means simultaneously; several days frequently 
intervene. The average period is about 60 days, a damp and 
warm situation bringing out the young in 40 days, while cold 
and dryness extended the time to 74 days, extremes of any 
kind proving fatal. Of the batch of eggs laid by B on 
30 th Kovember, the first 2 were hatched on the following 
16th January, and 2 more on the 17th; others, from 10 to 20, 
followed suit on the succeeding 5 days, until 82 in all were 
hatched, the remaining lO being unproductive.^ 

By placing the egg on a looking-glass the act of exclusion 
can be perfectly observed. For several days the inmate can be 
seen in motion, until at last a small crack appears in the surface 
of the shell: this gradually enlarges, until the baby slug is able 
to crawl out, although it not unfrequently backs into the shell 
again, as if unwilling to risk itself in the world. When it once 
begins to crawl freely, it buries itself in the ground for 4 or 5 
days without food, after which time it emerges, nearly double 
its original size. At exclusion, the average length is 9 mm., 
increasing to 66 mm. after the end of 5 months. Full growth 
is attained about the middle of the second year, and nearly all 
die at the end of this year or the beginning of the next. Death 
from exhaustion frequently occurs after parturition. Death 

^ 1 succeeded in hatching out eggs of Helix during the very warn) 
summer of 1893, in 17 days. 
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from suffocation is sometimes the result of the formation of 
small blisters on the margin of the respiratory aperture. The 
attacks of an internal parasite cause death in a singular way. 
The upper tentacles swell at the base in such a way as to 
prevent their extrusion; digestive troubles follow, witli rigidity 
and loss of moisture, and death ensues in 2 or 3 days. 

Mr. Wotton isolated newly-hatched specimens, with the view 
of experimenting on their power of self-fertilisation, if the 
opportunity of fertilising and being fertilised by others was 
denied them. One of these, after remaining in absolute solitude 
for 10^ months, began to lay^ sc^intily at first (11th January, 2; 
25th January, 2 ; 11th February, 2), but more abundantly after¬ 
wards (3rd April, 60; 15th and 16th, 70; 29th, 53, etc.), the 
eggs being hatched out in 42~48 days. The precautions taken 
seem to have been absolutely satisfactory, and the fact of the 
power of self-fertilisation appears established as far as Arion ater 

is concerned. 
Braun took young individuals of Limnaea auricularia on the 

day they were hatched out, and placed them singly in separate 
vessels with differing amounts of water. This was on 15th June, 
1887. In August 1888 specimen A had Only produced a little 
spawn, out of which three young were hatched; specimen B 

had produced four pieces of spawn of different sizes, all of which 
were hatched; specimen C, which happened to be living with 
three Flanorhis, produced five pieces of spawn distinctly Lim- 
naeidan, but nothing is recorded of their hatching. Self- 
impregnation, therefore, with a fruitful result, appears estab¬ 
lished for this species of Limnaea} 

Reproduction of Lost Parts.—When deprived of their 
tentacles, eyes, or portions of the foot, Mollusca do not seem to 
suffer severely, and generally reproduce the lost parts in a short 
time. If, however, one of the ganglia is injured, they perish. 
Certain of the Mollusca possess the curious property of being 
able to amputate certain parts at will. When Prophysaon, a 
species of Californian slug, is annoyed by being handled, an 
indented line appears at a point about two-thirds of the length 
from the head, the line deepens, and eventually the tail is 
shaken completely off. Sometimes the Prophysaon only threatens 
this spontaneous dismemberment; this line appears (always 

^ Nmhr, Deut$ch, Malak, Gcsell, xx. p. 14S. 
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exactly in the same place), but it thinks better of it, and the 
indentation proceeds no further.^ According to Gundlach,^ 
Helix imjperator and H. crenilahriSy two large species from Cuba, 
possess the same property, which is said to be also character¬ 
istic of the subgenus Stenopus (W. Indies). Amongst marine 
species, Harpa ventricosa and Solen siliqua have been observed 
to act in a similar way, Harpa apparently cutting off the end of 
the foot by pressure of the shell. Karl Semper, in commenting 
on the same property in species of Hclicarion from the Philp- 
pines (which whisk their tail up and down with almost convul¬ 
sive rapidity, until it drops off), considers® it greatly to the 
advantage of the mollusc, since any predacious bird which 
attempted to seize it, but only secured a fragment of tail, would 
probably be discouraged from a second attack, especially as the 
Helicarion would meanwhile have had time to conceal itself 
among the foliage. 

Strength and Muscular Force.—The muscular strength of 
snails is surprisingly great. Sandford relates ^ an experiment on 
a Helix aspersay weighing ^ oz. He found it could drag verti¬ 
cally a weight of 2^ oz., or nine times its own weight. Another 
snail, weighing ^ oz., was able to drag in a horizontal direction 
along a smooth table twelve reels of cotton, a pair of scissors, a 
screwdriver, a key, and a knife, weighing in all no less than 17 oz., 
or more than fifty times its own weight. This latter experiment 
was much the same as asking a man of 12 stone to pull a load 
of over 3|- tons. 

If a snail be placed on a piece of glass and made to crawl, it 
will be seen that a series of waves appear to pursue one another 
along the under surface of the foot, travelling from back to 
front in the direction in which the animal is moving. Simroth 
has shown that the sole of the foot is covered with a dense net¬ 
work of muscular fibres, those which run longitudinally being 
chiefly instrumental in producing the undulatory motion. By 
means of these muscles the sole is first elongated in front, and 
then shortened behind to an equal extent. Thus a snail slides, 

not on the ground, but on its own mucus, which it deposits 
mechanically, and which serves the purpose of lubricating the 

^ Eaymond, NautUiis, iv. p. 6. 
• Quoted by Oelilert, Sc. xxxviii, p. 701. 

» Aniivud Life, Mem, Sdmtif. Ser. ed. I, p. SOS. * Zoolpgiet, 1886, p. 49X. 
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ground on wliicli it travels. It has been calculated that an 
average sized snail of moderate pace progresses at the rate of 
about a mile in 16 days 14 houi’S,^ 

Sudden Appearance of MoUusca.—It is very remarkable 
to notice how suddenly Pulrnonata seem to appear in certain 
districts where they have not been noticed before. This sudden 
appearance is more common in the case of fresh-water than of land 
MoUusca, and there can be little doubt that, wherever a new pond 
happens to be formed, unless there is something in its situation 
or nature which is absolutely hostile to molluscan life, MoUusca 
are certain to be found in it sooner or later. “Some 23 years 
ago,” writes Mr. W. Nelson,^ “ I was in the habit of collecting 
shells in a small pond near to the Black Hills, Leeds. At that 
time the only moUuscan forms found there were a dwarf form of 
Sphaerium lacustre, Pisidium pu&illum, PlanorMs nautileus, and 
Limndea peregra. About 10 years ago I resumed my visits to 
the locaUty, and found, in addition to the species already 
enumerated, Planorbis corneus. These were the only species found 
there until this spring [1883], when, during one of my frequent 
visits, I was surprised to find Physa fontinalis and Planorbis 

vortex were added to the growing list of species. Later on PL 

carinatus, Limnaea stagnalis, and Ancylus lacustris turned up; 
and during June, PL contortus was found in this small but prolific 
pond.” Limnaea glutinosa is prominent for these remarkable 
appearances and disappearances. In 1822 this species suddenly 
appeared in some small gravel pits at Bottisham, Cambs., in 
such numbers that they might have been scooped out by hand¬ 
fuls. After that year they did not appear numerous, and after 
three- or four seasons they gradually disappeared.® Physa 

{Aplecta) hypnorum is noted in a similar way. In February 1852, 
for instance, after a wet month, the water stood in small puddles 
about 3 feet by 2 in a particular part of Bottisham Park 
which was sometimes a little swampy, though usually quite dry. 
One of these puddles was found to contain immense numbers of 
the Aplectd, which up to that time had not been noted as occur¬ 
ring in Cambridgeshire at all,'* In a few days the species entirely * 
disappeared and was never again noticed in the locality.® 

* Thomas, quoted by Jeffreys, Brii. G(mch. i. p, 80. * Jmm. of Gcmk. iv. p, 117. 
• Rev. L. Jenyus, Ohs&n>ati&M in Nat. p. 818, ^ Id, ib, p. 810. 

* Futiher detailed estamples will be found in Kew, The Pi^ftersal o/ShelUf pp. $-26. 
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Writing to the Zoological Society of London from New 
Caledonia, Mr. E. L. I^yard remarks: ^ “ The West Indian 
species Stenogyra octona has suddenly turned up here in 
thousands; how introduced, none can tell. They are on a 
coffee estate at Kanala on the east coast. I have made in¬ 
quiries, and cannot find that the planter ever had seed coffee 
from the West Indies. All he planted came from Bombay, and 
it would be interesting to find out whether the species has 
appeared there also.” 

Sometimes a very small event is sufficient to disturb the 
natural equilibrium of a locality, and to become the cause either 
of the introduction or of the destruction of a sijecies. In 1883 
a colony of Helix sericea occupied a portion of a hedge bottom 
twenty yards long near Newark. It scarcely occurred outside 
this limit, but within it was very plentiful, living in company 
with H. nemoralis, H. Jiortensis, H hispida, H rotundata, Hydlinia 

cellaria and Hy. nitidula, and Coclilicopa lulrica. In 1888 the 
hedge was well trimmed, but the bottom was not touched, and 
the next year a long and careful search was required to find 
even six specimens of the sericea? 

Showers of Shells.—Helix virgata, H caperata, and Cochli- 

cella acuta sometimes occur on downs near our sea-coasts in such 
extraordinary profusion, that their sudden appearance out of 
their hiding-places at the roots of the herbage after a shower of 
rain has led to the belief, amongst credulous people, that they 
have actually descended with the rain. There seems, however, no 
reason to doubt that Mollusca may be caught up by whirlwinds 
into the air and subsequently deposited at some considerable 
distance from their original habitat, in the same way as frogs 
and fishes. A very recent instance of such a phenomenon 
occurred® at Paderborn, in Westphalia, where, on 9th August 
1892, a yellowish cloud suddenly attracted attention from its 
colour and the rapidity of its motion. In a few moments it 
burst, with thunder and a torrential rain, and immediately after¬ 
wards the pavements were found to be covered with numbers of 
Anodonta anatina, all of which had the shell broken by the 
violence of the fall. It was deafly established that the shells 

* P. Z. S. 1888, p. 358. ^ W. A. Gain, Naturalist, 1889, p. 68. 
* jpas tretter, Dec. 1892. Another case is recorded in Am&r, Nat iti. lu 

556. 
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could not have been washed into the streets from any adjacent 
river or pond, and their true origin was probably indicated 
when it was found that the funnel-shaped cloud wliich burst 
over the town had passed across the one piece of water near 
Paderborn, which was known to contain the Anodonta in 
abundance. 

Oases of Singular Habitat.—Mollusca sometimes accustom 
themselves to living in very strange localities, besides the 
extremes of heat and cold mentioned above (pp. 23-24). In the 
year 1852, when some large waterpipes in the City Eoad, near 
St. Luke*s Hospital, were being taken up for repairs, they were 
found to be inhabited in considerable numbers by Neritina 

fiuviatilis and a species of Limnaea} Dreissensia poly7norpha 

has been found in a similar situation in Oxford Street, and also 
in Hamburg, and has even been known to block the pipes and 
cisterns of private houses. In an engine cistern at Burnley, 
60 feet above the canal from which the water was pumped 
into the cistern, were found the following species: Sjphaerium 

corneum, S, lacustre; Valvata piscinalis, Bitliynia tentaculata; 

Limnaea peregra, very like Succinea in form and texture; 
Planorbis alhus, P, corneus, P, nitidus, P. gloiber, and thousands 
of P. dilatatus, much larger than the forms in the canal below, 
a fact probably due to the equable temperature of the water in 
the cistern all the year round.^ In certain parts of southern 
Algeria the fresh-water genera Melania and Melanopsis inhabit 
abundantly waters so surcharged with salt that the marine 
Cardium edvle has actually become extinct from excess of brine. 
The common Mytilus edulis is sometimes found within the 
branchial chamber and attached to the abdomen of crabs 
(Carcinus maenas), which are obliged to carry about a burden 
of which they are powerless to rid themselves (see p. 78). A 
variety of the common Limnaea peregra lives in the hot water 
of some of the geysers of Iceland, and has accordingly been 
named geisericola. 

Underground Snails.—Not only do many of the land Mollusca 
aestivate, or hibernate, as the case may be, beneath the surface of 
the soil, but a certain number of species live permanently under¬ 
ground, like the mole, and scarcely ever appear in the light of 
day. Our own little Caecilianella cuoicula lives habitually from 

} X, p. 3430. ^ Science Oossipt 1888, p. 281. 
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1 to 3 feet below ground, appearing to prefer the vicinity of 
graveyards. Testacella, the carnivorous slug, scarcely ever appears 
on the surface during the day, except when driven by excessive 
rain, and even then it lurks awhile under some protecting cover 
of leafage. There is a curious little Helix (tristis Pfr.), peculiar 
to Corsica, which is of distinctly subterranean habits. It lives 
in drifted sand above high-water mark, always at the roots of 
Genista Saltzmanni, at a depth which varies with the tempera¬ 
ture and dryness of the air. In hot and very dry weather it 
buries itself nearly 2 feet below the surface, only coming up 
during rain, and burying itself again immediately the rain is 
over. Like a Solen^ it often has a hole above its burrow, by 
which it communicates with the air above, so as to avoid being 
stifled in the sand. The animal, in spite of its dry habitat, is 
singularly soft and succulent, and exudes a very glutinous 
mucus. It probably descends in its burrow until it arrives at 
the humid stratum, the persistence of which is due to the capil¬ 
larity of the sand.’^ I am assured by Mr. E. L. Layard that 
precisely similar underground habits are characteristic of Coeli- 

axis Layardi, which lives exclusively in sand at the roots of 
scrub and coarse grass at East London. 

Rock-boring Snails.—Cases have sometimes been recorded, 
from which it would appear that certain species of snails possess 
the power of excavating holes in rocks to serve as hiding-places. 
At Les Bois des Roches, ten miles from Boulogne, occur a 
number of solid calcareous rocks scattered about in the wood. 
The sides of the rocks which face N.E. and E. are covered 
with multitudes of funnel-shaped holes, 1|- inch in diameter at 
the opening and contracting suddenly within to ^ inch. Some¬ 
times the holes are 6 inches deep, and terminate, after considerable 
windings, in a cup-shaped cavity. Helix hortensis inhabits these 
holes, and has been observed to excavate them at the rate of 
^ inch each hibernation, choosing always the side of the rock 
which is sheltered from the prevailing rains. It does not form 
an epiphragm, but protrudes part of its body against the rook. 
That the snails secrete an acid which acts as a solvent seems 
probable from the fact that red litmus paper, on being applied to 
the place where the foot has been, becomes stained with violet.^ 

^ Lecoq, Jmm* de Conch, ii p. 146. 
® Bouchard-Cliantereaux, Ann, Set. NaL Zool, (4) xvL (1861) p. 197. 
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Helix aspersa is said to excavate holes 10 to 12 cm. deep 
at Constantine,^ and IL Mazzullii is recorded as perforating 
limestone at Palermo.^ 

Snails as Barometers.—^An American writer of more than 
thirty years ago^ gave his experience of Helices as weather- 
prophets. According to him, H alternata is never seen abroad 
except shortly before rain; it then climbs on the bark of trees, 
and stations itself on leaves. Helix clausa, H ligera, H penn- 

sylvanica, and H. elevata climb trees two days before rain, if it 
is to be abundant and continuous. Succinea does the same, and 
its body is yellow before rain and bluish after it. Several of the 
Helices assume a sombre colour after rain, when their bodies 
are exceedingly humid; after the humidity has passed off tlicy 
resume a clearer and lighter tint. 

Production of Musical and other Sounds.—Certain molluscs 
are said to be capable of producing musical sounds. Sir J. E. 
Tennent describes his visit to a brackish-water lake at Batticaloa, 
in Ceylon, where the fishermen give the name of the ‘ crying 
shell’ to the animal supposed to produce the sounds. '‘The 
sounds,” he says,^ "came up from the water like the gentle 
thrills of a musical chord, or the faint vibrations of a wine-glass 
when its rim is rubbed by a moistened finger. It was not one 
sustained note, but a multitude of tiny sounds, each clear and 
distinct in itself; the sweetest treble mingling with the lowest 
bass. On applying the ear to the woodwork of the boat, the 
vibration was greatly increased in volume. The sounds varied 
considerably at different points as we moved across the lake, 
and occasionally we rowed out of hearing of them altogether.” 
According to the fishermen, the shells were Pyrazus palustris 

and Littorina laevis. It appears uncertain whether the sounds 
are really due to Mollusca. Fishermen in other parts of India 
assert that the sounds are made by fish, and, like those in 
Ceylon, produce the fish which they say ' sings.’ The same, or a 
similar sound, has also been noticed to issue from the water in 
certain parts of Chili, and on the northern shores of the Gulf of 

^ Foi'el, Ann, ScL Nat, (8) xx. p. 676; Bretonni^re, Comptes Bmdvs, cvii. 
p. 566. 

Brit. Mus. Collection. 
® Thomas, quoted by Recluz in Jmm, do Conch, vii, 1858, p. 178, 
* Neti, Hi$t, of Ceylon, p. 882. See also T. L. I'aylor, Rep, BHt, Ass. for 1848, 



HABITS OK CARNIVOROUS SNAILS AND SLUGS 5 I 

Mexico. Dendronotus arborescens, when coiihiied in a glass jar 
of sea water, has been noticed ^ to emit a sound like the clink of 
a steel wire. According to Lieut.-Col. Portlock,^ F.RS., Helix 

aperta, a very common species in South Europe, has the property 
of emitting sounds when irritated. When at Corfu, he noticed 
that if the animal is irritated by a touch with a piece of straw 
or other light material, it emits a noise, as if grumbling at 
being disturbed. He kept a specimen in his house for a con¬ 
siderable time, which would make this noise whenever it was 
touched. 

The Eev. H. G. Barnacle describes the musical properties of 
Acliatinella in the following terms: ^ When up the mountains 
of Oahu I heard the grandest but wildest music, as from 
hundi-eds of Aeolian harps, wafted to me on the breezes, and 
my companion (a native) told me it came from, as he called 
them, the singing shells. It was sublime. I could not believe 
it, but a tree close at hand proved it. On it were many of the 
Acliatinella, the animals drawing after them their shells, which 
grated against the wood and so caused a sound; the multitude 
of sounds produced the fanciful music. On this one tree I took 
70 shells of all varieties.” 

Habits of the Agnatha.—Hot much is known of the habits 
and mode of life of the Agnatlia, or carnivorous Land Mollusca. 
In this country we have only two, or at most three, of this 
group, belonging to the genus Testacella, and, in all probability, 
not indigenous to our shores. There seems little doubt, when 
all the circumstances of their discovery are taken into account, 
that both Testacella haliotidea and T, Maugei have been 
imported, perhaps from Spain or Portugal in the first instance, 
along with roots imbedded in foreign earth, for their earliest 
appearances can almost invariably be traced back to the neigh¬ 
bourhood of large nursery grounds, or else to gardens supplied 
directly from such establishments. 

The underground life of Testacella makes observation of its 
habits difficult. It is believed to feed exclusively on earth¬ 
worms, which it pursues in their burrows. Continued wet 
weather drives it to the surface, for though loving damp soil it 

^ Dr. R. E. Grant, MdinJb. Phil, Joum, xiv. p. 188. 
* Mep, PtU, Asa* for 1848, p. 80, The statement is confirmed by Roasmassler. 

* Journ, of Conch, iv. p. 118, 
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is decidedly averse to too iiiucli moisture, and under such cir¬ 
cumstances it has even been noticed ^ in considerable numbers 
crawling over a low wall. Tn the spring and autumn months, 
according to Ijacaze-Duthiers,*^ it comes to the surfacie at night, 
hiding itself under stones and debrlH during the day. Earth¬ 
worms are, at these periods, nearer the surface, and the Testacella 

lias been seen creeping down into their burrows. The author 
has taken T. Mange,i abundantly under clumiis of the common 
white pink in very wet weather, lying in a sort of open nest in 
the moist earth. On the other hand, when the earth is baked* 
dry by continued drought, they either bury tliemselves deeper, 
sometimes at a depth of 3 feet, in the ground, or else become 
encysted in a capsule of hardened mucus to prevent evaporation 
from the skin. When first taken from tin) earth and placed in 
a box, the Testacdla invariably resents its capture 1)y spitting up 
the contents of its stoluach in the shape of long fragments of 
half-digested worms. 

It appears not to bite tlie worm up bob re swallowing it, but 
contrives, in the most remarkable manner, to take down whole 

Fio. 20.—TeMacella halioUdea Drap., pTolradinj? its pharynx {pk) and radula {r) ; 
oe, oeaopliagus; p.o^ l)ulmoijai’y orifice ; .vA, shell ; /, tentacles (after Lacaze- 
Diithiers). 

worms apparently much too large for its stomach. Mr. Butterell 
relates ® that, after teasing a specimen of T, Maugei, and making 
it enait a quantity of frothy mucus from the respiratory aperture, 
he procured a worm of about three inches long, and rubbed the 
worm gently across the head of the Testmdla, The tongue was 
rapidly extended, and the victim seized. The odontophore was 
then withdrawn, carrying with it the struggling worm, which 
made every effort to escape, but in vain ; in about five minutes all 
had disappeared except the head, which was rejected. This 
protrusion of the tongue {radula) and indeed of the whole 

* Zoologist, 1887, p. 29. - AreJi, ZooL Exp, G^n. (2) v. p. 459 f. 
** Jouni, offOowdu iii p. 277 ; comimi’n W, M. Webb, Zoologist, 1893, p, 281. 
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pharynx, is a very remarkable feature in the habits of the 
animal. It appears, as it were, to harpoon its prey by a rapid 
thrust, and when the victim is once pierced by a few of the 
powerful sickle-shaped teeth (compare chap, viii.) it is slowly but 
surely drawn into the oesophagus (Fig. 20). 

Most gardeners are entirely ignorant of the character of 
Testdcella, and confuse it, if they happen to notice it at all, witli 
the common enemies of their tender nurslings. Cases have been 
known, however, when an intelligent gardener has kept specimens 

(*,on purpose to kill worms in ferneries or conservatories. In some 
districts these slugs are very numerous; Lacaze-Duthiers once dug 
182 specimens from a good well-manured piece of ground wliose 
surface measured only ten square yards. 

Towards the end of September or beginning of October t]>e 
period of hibernation begins' I infer this from the behaviour of 
specimens kept in captivity, which, for about a fortnight before 
this time, gorged themselves inordinately on as many worms as I 
chose to put into their box, and then suddenly refused food, buried 
themselves deeply in the earth, and appeared no more during the 
winter. The eggs are apparently much less numerous than is the 
case with Limax or Helix, and very large, measuring about ^ inch 
in diameter. They are enveloped in a remarkably tough and 
elastic membrane, and, if dropped upon any hard surface, rebound 
several inches, just like an india-rubber ball. 

The animal creeps rather rapidly, and has the power of 
elongating its body to a remarkable extent. When placed on the 
surface of the ground, in the full light of day, it soon betrays 
uneasiness, and endeavours to creep into concealment. Its method 
of burying itself is very interesting to watch. It first elongates 
its neck and inserts its head into the soil; gradually the body 
begins to follow, while the tail tilts upwards into the air. No 
surface motion of the skin, no writhing or wriggling motion of 
any kind occurs; the creature simply works its way down in a 
stealthy and mysterious way, until at last it is lost to view. 

The great Glandina, which attain their maximum develop¬ 
ment in Mexico and the southern United States, are a very 
noticeable family in this group. According to Mr. Binney,^ 
Glaniiwi trumata Gmel., one of the commonest species of the 
genus, is somewhat aquatic in its habits. It is foimd in the sea 

^ Bull, Mm, Comp, Zool, Harv, iv. p. 86. 
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islands of Georgia and around tlie keys and everglades of Florida, 
where it attains a niaxinium length of 4 inches, wliile in less 
humid situations it scarcely measures more than 1 incli. It 
occurs most abundantly in tlie centre of clumps and tussoc*ks of 
coarse grass in marshes close to the sea-coast. l>y the action of 
the sharp, sickle-shaped teeth of its ]-adula the soft parts of its 
prey (which (*.onsists chiefly of living Helices) are rapidly rasped 
away; sometimes they are swallowed whole. It has been known 
to attack Liinax when eonhned in tlie same box, rasping off large 
pieces of the integument. In one case an individual was noticed* 
to devour one of its own species, thrusting its long neck into the 
interior of the shell, ajid removing all the viscera. 

Fig. 21.—(Jlandina smcrrlrynna Pfr. (Strebel). 

The Glandinae of southern Europe, although scarcely rivalling 
those of Central America in size or beauty, jiossess similar 
carnivorous propensities. GJaridina l^oirctl lias been observed,^ 
on Yeglia Island, attacking a living CyclosUma eleyims. By its 
powerful jbeeth it filed through two or three whorls of the slieJl 
of its victim, and then proceeded to devour it, exactly in the 
same manner as a Natica or Bueeimim perforates the shell of a 
Tellina or Mactra in order to get at its contents. 

Few observations appear to have been made on the habits 
or food of StreptaxiSj Bhytida, JEnnea, Daadchardiay Faryphanta, 

and other carnivorous Mollusca. A specimen of Ennea sulcata, 

enclosed in the same box as a Madagascar Helix (sepukhraliB 

Fer.) many times its own size, completely emptied the shell of 
its inhabitant.^ Mr. E. L Diyard informs me that certain Cape 
Bhytida, e,g, B, capsula Bens., B. duvieticola Beyis., and B. verni- 

cosa Kr., eat Oydostoma affine. Helix capensis, H, cotyledonis, etc. 
To Mr. Layard I am also indebted for the—perhaps apocryplial_ 
tradition that the best time to capture the great Aerope caffra 

^ Erjavec, Nachr. Dentsch. Malak. Gescll. 1885, p. 88. 
“ Oossc, Joum. de Couch, (3) xiv. (1874) p. 2*^8. 



II HABITS OF CARNIVOROUS SNAILS AND SLUGS 55 

Fer. in numbers was after an engagement between the KafBrs 
and Zulus, when they miglit be observed streaming from all points 
of the compass towards the field of slaughter. The Cuban 
Oleacina are known to secrete a very bitter fluid which they 
emit; this perhaps produces a poisoning or benumbing effect 
upon their victims when seized. They devour operculates, e.g. 
Helicina regina and s<igraiana^ 

* C. Wright, Zoologist, 1869, p. 1700. 



CHAPTEE III 

ENEMIES OF THE MOLLUSCA—MEANS OF DEFENCE—MIMICRY AND 

PROTECTIVE COLORATION—PARASITIC MOLLUSCA—COMMEN¬ 

SALISM—VARIATION. 

Enemies of the Mollusca 

The juicy flesh and defenceless condition of many of the Mollusca 
make them the favourite food and often the easy prey of a host of 
enemies besides man. Gulls are especially partial to bivalves, and 
may be noticed, in our large sandy bays at the recess of the tide, 
busily devouring Telliim, Mactra, Mya, Syndosmyat and Solen, On 
the Irish coast near Drogheda a herring gull has been observed ^ 
to take a large mussel, fly up with it in the air over some shingly 
ground and let it fall On alighting and finding that the shell 
was unbroken it again took it up and repeated the process a 
number of times, flying higher and higher with it until the shell 
was broken. Hooded crows, after many unavailing attempts to 
break open mussels with their beak, have been seen to behave 
in a similar way.^ Crows, vultures, and aquatic birds carry 
thousands of mussels, etc., up to the top of the mountains above 
Cape Town, where their empty shells lie in enormous heaps 
about the cliffs.^ 

The common limpet is the favourite food of the oyster- 
catcher, whose strong bill, with its flattened end, is admirably 
calculated to dislodge the limpet from its seat on the rock. 
When the limpet is young, the bird swallows shell and all, and 
it has been calculated that a single flock of oyster-catchers, 
frequenting a small Scotch loch, must consume hundreds of 

^ W, V. Logge, Zoologist^ 1866, p. 190. ^ Blackwall, Researches^ p, 189 
® Barrow, Travels in SotUh Africa^ ii. p, 67. 
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thousands of limpets in the course of a single year. Eats are 
exceedingly fond of limpets, whose shells are frequently found in 
heaps at the mouth of rat holes, especially where a cliff shelves 
gradually towards a rocky shore. A rat jerks the limpet off with 
a sudden movement of his powerful jaw, rfnd, judging from the 
size of the empty shells about the holes, has no difficulty in 
dislodging the largest specimens. 'I once landed,' relates a 
shepherd to Mr. W. Anderson Smith,^ ‘on the I. of Dun- 
staffnage to cut grass, and it was so full of rats that I was afraid 
to go on; and the grass was so full of limpets that I could 
scarcely use the scythe, and had to keep sharpening it all the 
time.* Sometimes, however, the limpet ^ gets the better both of 
bird and beast. The same writer mentions the case of a rat 
being caught by the lip by a limpet shell, which it was trying 
to dislodge. A workman once observed^ a bird on Plymouth 
breakwater fluttering in rather an extraordinary manner, and, on 
going to the spot, found that a ring dotterel had somehow got 
its toe under a limpet, which, in closing instantly to the rock, 
held it fast. Similar cases of the capture of ducks by powerful 
bivalves are not uncommon, and it is said that on some parts of 
the American coasts, where clams abound, it is impossible to keep 
ducks at all,^ for they are sure to be caught by the molluscs and 
drowned by the rising tide. 

The Weekly Bulletin of San Francisco, 17th May 1893, con¬ 
tains an account of the trapping of a coyote, or prairie wolf, 
at Punta Banda, San Diego Co., by a Haliotis Cracherodii, The 
coyote had evidently been hunting for a fish breakfast, and 
finding the Haliotis partially clinging to the rock, had inserted 
his muzzle underneath to detach it, when the Haliotis instantly 
closed down upon him and kept him fast prisoner. 

Eats devour the ponderous Uniones of North America. When 
Unio moves, the foot projects half an inch or more beyond the 
valves. If, when in this condition, the valves are tightly pinched, 
the foot is caught, and if the pinching is continued the animal 
becomes paralysed and unable to make use of the adductor 
muscles, and consequently flies open even if the pressui’e is 
relaxed. The musk-rat {Fiber zibethicus) seizes the Unio in his 
jaws, and by the time he reaches his hole, the Unio is ready to 

^ Lock Cretan, p. 302. ^ Cordeaux, ZoologUt, 1873, p. 8396. 
® Anner* ATcrf, xii, p. 696; Science Gomp, 1866, p. 79. 
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gape.^ Eats also eat ViviparUy and even LinuTiaeay in every part 
of the world. 

Every kind of slug and snail is eaten greedily by blackbirds, 
thrushes, chaffinches, and in fact by many species of birds. A 
thrush will very ofteh have a special sacrificial stone, on which 
he dashes the shells of Helix aspersa and nemoraliSy holding 
them by the lip with his beak, until the upper whorls are broken; 
heaps of empty shells will be found lying about tlie place of 
slaughter. The bearded Titmouse {Farus hiarmicus) consumes 
quantities of Succinea putris and small Pupa, which are swallowed 
whole and become triturated in the bird’s stomach by the aid of 
numerous angular fragments of quartz.^ 

Frogs and toads are very partial to land MoUusca. A garden 
attached to the Laboratory of Agricultural Chemistry at Eouen 
had been abandoned for three years to weeds and slugs. The 
director introduced 100 toads and 90 frogs, and in less than a 
month all the slugs were destroyed, and all kinds of vegetables 
and flowers, whose cultivation had until then been impossible, 
were enabled to flourish.^ 

Certain Coleoptera are known to prey upon Helices and 
other land MoUusca. E(5cluz noticed, near Agde, a beetle (}itaphy- 
linus olens) attack Helix ericetornm when crawling among herb¬ 
age, sticking its sharp mandibles into its head. Every time 
the snail retreated into its shell the beetle waited patiently 
for its reappearance, until at last the snail succumbed to the 
repeated assaults. M. Lucas noticed, at Oran, the larva of a 
Drilus attacking a Gyclostoma. The Drilus stood sentinel at the 
mouth of the shell, which was closed by the operculum, until the 
animal began to issue forth. The Drilus then with its mandibles 
cut the muscle which attaches the operculum to tlie foot, dis¬ 
abling it sufficiently to prevent its being securely closed, upon 
which it entered and took possession of the body of its defence¬ 
less host, completing its metamorphosis inside the shell, after a 
period of six weeks.* The female glow-worm {Lampyris noetiluca) 
attacks and kills Helix nemoralis. 

Among the Clavicornia, some species of Silpha carry on a 
determined warfare against small Helices. They seize the shell 

^ Journ, Trent. N. H. Soc. 1887, p. 58. ® Ann. NaJt. Hist. iii. 1893, pp. 238, 239. 
* Eev. KaL Sc. Ouesty 1891, p. 261. 

* Petit de la Saussaye, Journ. de Conch, iil p. 97 f. 
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in their mandibles, and then, throwing their head backwards, 
break the shell by striking it against their prothorax. 

The common water beetle, Dytiscus margincdiSy from its 
strength and savage disposition, is a dangerous enemy to fresh¬ 
water Mollusca. One DytiscuSj kept in an aquarium, has been 
noticed to kill and devour seven Limnaea stagnalis in the course 
of one afternoon. The beetles also eat L, jperegra, but apparently 
prefer stagnalis^ for when equal quantities of both species were 
placed within their reach, they fixed on the latter species first.^ 

In East Africa a species of Ichneumon {Herpestes fasciatus) 
devours snails, lifting them up in its forepaws and dashing them 
down upon some hard substance.^ In certain islands off the south 
coasts of Burmah, flat rocks covered with oysters are laid bare at 
low tide. A species of Monkey {Macacus cynomolgus) has been 
noticed to furnish himself with a stone, and knock the oysters 
open, always breaking the hinge-end first, and then pulling out 
the mollusc with his fingers.^ 

The walrus is said to support himself almost entirely on two 
species of Mya {truncata and arenaria), digging them out of the 
sand, in which they live buried at a depth of about feet, with 
his powerful tusks. Whales swallow enormous numbers of pelagic 
molluscs {Clio, Limdcina)^ which are at times so abundant in the 
Arctic seas, as to colour the surface for miles. Many of the 
larger Cetacea subsist in great part on Cephalopoda; as many as 
18 lbs. of beaks of Teuthidae have been taken from the stomach 
of a single Hyperoodon, 

Fish are remarkably partial to Mollusca of various kinds. 
The cat-fish {GhimmrcC) devours Pectumulus and Cyprinay crush¬ 
ing the stout shells with its powerful jaws, while flounders and 
soles content themselves with the smaller Tellina and Syndosmya 
which they swallow whole. As many as from 30 to 40 speci¬ 
mens of Buccinum undatum have been taken from the stomach 
of a single cod, and the ^me ' habitat * has been recorded for 
some of the rarer whelks, e.g. Bucc, humphreysianumy Fmus 
fenestratuSy the latter also occurring as the food of the haddock 
and the red gurnard. No less than 35,000 Turtonia minuta 
have been found in the stomach of a single mullet. Nudibranchs 
are no doubt dainty morsels for fish, and hence have developed, 

W, W. Williams, Science Gmipy 1889, p. 280. ^ Noack, Sool JB, ii. p. 254. 
* La NaMmy xv. (2) p. 46. 
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ill many cases, special faculties for concealment, or, if distasteful, 
special means of remaining conspicuous (see j)p. 71-74). 

Besides the dangers to which they are exposed from other 
enemies, many of the weaker 
forms of Mollusea fall a prey to 
their own hretliren. JVasm and 
Murex on this side of the At¬ 
lantic, and Urosalpiiix on the 
other, are tlie determined foes 
of the oyster. Purpura lapillus 

prefers Mytilus cdulis to any 
other food, piercing the shell in 
about two days time by its 
powerful raduhi, which it ap¬ 
pears to employ somewhat in 
gimlet fashion. If Mytilus 

cannot be procured, it will eat 
Littorina or Troehus, but its 
attempts on the hard shell of 
The statement which is some¬ 

times made, that tlie Purjmra makes its hole over the vital parts 
of the Mytilus, appears, according to the evidence embodied in 
the annexed figure, to be without foundation. The fact is that 
a hole in any part of its shell is fatal to the Mytihis, since the 
long proboscis of tlie Purpura^ having once made an entrance, 
can reach from one end of the shell to the other. The branchiae 
are first attacked, the adductor muscles and edges of the mantle 
last. Natim and Pfassa pierce in a similar way the shells of 
Mactra, TeUina.BonaXy and Venus. Murex fortispina is furnished 
with a powerful tooth at the lower part of its outer lip. At 
Noum&, in New Caledonia, its favourite food is ArcAi pilosa, 

which lives half buried in coral refuse. The Murex has been 
seen to drag the Area from its place of concealment, and insert 
the tooth between the valves, so as to prevent their closing, upon 
which it was enabled to devour its prey at leisure.^ 

The carnivorous land Mollusea, with the exception of Testa- 

cella, appear to feed by preference upon other snails (pp. 54, 55). 
Parasitic Worms, Mites, etc. — A considerable number of 

the Trematode worms pass one or more of the stages in the 

* Fraagois, Arch, Ua^), Gin, (2) ix. p. 240. 

Pro. 22.—'Two valves of Mytilus edulis 
L., rej[)re.seuting diagraitimatically the 
approximate position of the holes 
bored by Purpura in about 100 speci- 
inens of Mytilust gathered at New¬ 
quay, Cornwall. 

PaMla nre generally failures. 
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cycle of their development within the bodies of Mollusca. attain¬ 
ing to the more perfect or sexual form on reaching the interior 
of some verttd)rate. Thus Bistoma endolalmm Duj. finds its 
first intermediate host in Limnaea stagnalis and L. orata, its 
second in L. stagnalis, or in one of the fresh-water shrimps 
{(Udtiniaras or in the larvae of one of the Fhryganeidae 

{I/lmno'pliUns rhombicus), attaining to the sexual form in the 
common frog. Bistoma ascidia v. Ben. passes firstly througli 
Limnaea stag^ialis or Flamwhis eorneus, secondly through Ciertain 
flies and gnats {Ephemera, Ferla, OMronomns), and finally arrives 
within certain species of hats. Bistoma nodulosum Zed. inhabits 
firstly Faludina impura, secondly cor tain 
fishes {Cyprinus, Acerina), and lastly the h 
(‘.ommon f>erch. The sporooyst of Bistoma g ft 
nuurosiomum inhabits Eumnea m y 
pushing itself up into the tentacles, which ( 
])ecome unnaturally distended (Fig. 2o). I 
While in this situation it is swallowed by 
various lurds, such as the tlii’ush, wagtail, 23.—A Trematode 

V . yform {Leucochloridium 
and blackbird, which ai’e partial to Etwcinea, pamdoxmn. CJar.) para- 

and thus obtains lodgment in their bodies. Succuieaputnn L. x 20 
Avvphistoma suhelavatum spends an early (after Baudo)i). 

stage in Flanorhis amtortus, after which it 
becomes encysted on the skin of a frog. When the frog sheds 
its skin, it swallows it, and with it the Ampliistoma, which 
thus becomes established in the frog's stomach.^ 

The common liver-fluke, which in the winter of 1879-1880 
cost this country the lives of no less than three million sheep, is 
perhaps the best known of these remarkable parasitic forms of 
life. Its history shows us, in one important particular, how 
essential it is for the creature to meet, at certain stages of its 
existence, with the exact host to which it is accustomed. Unless 
the newly-hatclied embryo finds a Limnaea truncatula within 
about eight hours it l)ecomes exhausted, sinks, and dies. It has 
been tried with all the other common pond and river Mollusca, with 
Limnaea peregra, paliistris, auricvlaria, stagnalis, with Flanorhis 

marginatus, carinatus, rortex, and spirorbis, with Fhysa fontinalis, 

Bithynia tentojculata^ Pedudina nivipara, as well as with Succinea 

putris, Limax agvestis and maximm. Avion ater and hortensis. 

* A. Lang, Ber. Natuff, (hs, Freib, vi. 1892, p. 81. 
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Not one of them would it touch, except occasionally very young 
specimens ol L. peregra, and in these its development was arrested 
at an early stage. But on touching a X. truTicatula the embryo 
seems to know at once that it has got what it wants, and sets 
to work immediately to bore its way into the tissues of its 
involuntary host, making by preference for the branchial chamber; 
those which enter the foot or other outlying parts of the Limnaea 
proceed no farther.^ 

Many similar cases occur, in which littoral Mollusca, such as 
Littorina and Buccinurriy form the intermediate host to a worm 
which eventually arrives within some sea-bird. 

Certain Nematode worms (Bhabditis) are known to inhabit 
the intestine of Arion, and the salivary glands of Limax agrestis. 
Diptera habitually lay their eggs within the eggs of Helix and 
Limax. Many species of mite {Acarina) infest land Pulmonata. 
No adult Limax maximus is without at least one specimen of 
Philodroin'm (?) limacum, and the same, or an allied species, appears 
to occiu* on the larger of our HeliceSy retiring upon occasion into 
the pulmonary chamber. 

Several of the Crustacea live associated with certain molluscs. 
Pinnotheres lives within the shell of Pinna, Ostrea, Astarte, 
Pectunculus, and others. Apparently the females alone reside 
within the shell of their host, while the males seize favourable 
opportunities to visit them there. A specimen of the great 
pearl-oyster {Meleagrina margaritifera) was recently observed 
which contained a male Pinnotheres encysted in nacre. It was 
suggested that he had intruded at an unfortunate time, when no 
female of his kind happened to be in, and that, having penetrated 
too far beneath the mantle in the ardour of his search, was made 
prisoner before he could escape.^ Ostraootheres Tridacnae lives 
in the branchiae of the great Tridacna. A little brachyurous 
crustacean inhabits the raft of lanthina, and assumes the brilliant 
blue colour of the mollusc. 

Meaxis of Defence 

As a rule, among the Mollnsca, the shell forms a passive 
mode ot resistance to the attacks of enemies. Bivalves are 

^ A. P. Thomas, Q. J. Mier. Se., K. S., xxiii. (1883) p. 99. 
» H. Woodward, P. Z. S. 1888, p. 176. 
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enabled, by closing their valves, to baffle the assault of their 
smaller foes, and the operculum of univalves, both marine and 
laud, serves a similar purpose. Many land Mollusca, especially 
Hdix and Fuj^a, as well as a number of Auriculidae, have the 
inside of the aperture lieset with teeth, which are sometimes so 
numerous and so large that it is puzzling to understand liow the 
animal can ever come out of its sliell, or, having come out, can 
ever draw itself liack again. Several striking cases of these 
toothed aperturtis are given in Tig. 24. W^hatever may bo the 

FiQ. 24.—Illustrating the elaborate arrangement of teeth in the aperture of some land 
Piilmonata. A. Helix {Labyrintlms) bifurcafa Desli., Equador. B. 7/. {l*leuro- 
donta) picturata Ad., Jamaica. C. If, {Dcntellaria) nux denticvlata Chem., 
Denjerara. D. Anostmm mrinatum Pfr., Brazil; a, tube communicating with 
interior of shell. E. 77. (ISfenotrenia) stenotrevia Fer., Tennessee, x F. If. 
{Polygyra) auriculata Say, Florida, x|. G. If. (7Vec<qpy^/s) Gld., Teiias- 
scrim (a and b x 2). 

origin of these teeth, there can be little doubt that tlieir extreme 
development must have a protective result in opposing a barrier 
to the entrance, predatory or simply inquisitive, of lieetles and 
otlier insects. Sometimes, it will be noticed (6r), the ajierture 
itself is fairly simple, but a formidable array of obstacles is 
encountered a little way in. It is possible that the froth emitted 
by many latid snails has a similar effect in involving an irritating 
intruder in a mass of sticky slime. The mucus of slugs and 
snails, on the other hand, is more probably, besides its use in 
facilitating locomotion, a contrivance for checking evaporation, 
by surrouiiding the exposed pirts of their bodies with a viscid 
medium. 

Some species of Lima shelter themselves in a nest constructed 
of all kinds of marine refuse, held together by byssiferous threads. 
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Modiola adriatica, M. harhatat and sometimes M, modiolus^ con¬ 
ceal themselves iu a similar way. Gastrochaena frequently 
encloses itself in a sort of half cocoon of cement-like material. 
The singular Xenophora protects itself from ohservatiou l)y 
gluing stones, shells, and various d(dms to the upper side of its 
whorls (Fig. 25). Sometimes the selection is made with remark¬ 
able care; the Cluillenfjer, for instance, obtained a specimen 
which had decorated its body whorl exclusively with long and 
pointed shells (Fig. 26). 

Fio. 25.—Xenophora (Phorus) 
conchyliopliora Born., con¬ 
cealed by the stones which 
it glues to the upper surface 
of its shell. (From a British 
Museum specimen.) 

Fla. 26.—Xenoph/ym{Ph(rni!i)pciZlidula Reeve. 
A mollusc which escapes detection by 
covering itself with dead shells of otlier 
species. (From a Challenger specimen in 
the British Museum, x^.) 

The formidable spines with which the shells, e,g. of the 
Murex family, are furnished must contribute greatly to their 
protection against fishes, and other predatory animals. Murex 

tenuispina, for instance (see chap, ix.), would prove as dangerous 
a morsel in the mouth of a fish as a hedgehog in that of a dog. 
Whether the singular tooth in the outer lip of Leucozorda (see 
chap, xiv.), a feature which is repeated, to a less marked extent, in 
Monoceros and several of the West Coast muricoids, is developed 
for defensive purposes, cannot at present be decided. 

The Stromhidae possess the power of executing long leaps, 
which they doubtless employ to escape from their foes. In their 
case alone this power is combined with singular quickness of 
vision. On one occasion Mr. Cuming, the celebrated collector, 
lost a beautiful specimen of Terehellum, by the animal suddenly 



Ill MEANS OF DEFENCE 65 

leaping into tlie water, as ho was holding and admiring it in his 
hand. Miss Saul has informed me that the first living specimen 
of THgonia that was ever obtained was lost in a similar way. It 
was dredged by Mr. Stutchbury in Sydney Harbour, and placed 
on the thwart of a small boat. He had just remarked to a 
eoinpanion that it must be a Trigonia, and his companion had 
laughed at the idea, reminding him that all known Trigonia were 
fossil, when the shell in question ballled their efforts to discover 
its generic position by suddenly leaping into the sea, and it was 
three months before Mr. Stutchbury succeeded in obtaining 
another. 

Some genera possess more than merely passive means of 
defence. Many Cephalopoda emit a cloud of inky fluid, which 
is of a somewhat viscous nature, and perhaps, besides being a 
means of covering retreat, serves to entangle or impede the 
pursuer. The formidable suckers and hooks possessed by many 
genera in this Order are most dangerous weapons, both for 
offence and defence. Aplysia, when irritated, ejects a purple 
fluid which used to be considered dangerously venomous. Many 
of the Aeolididae, including our own common Acolis pa^nllosa, 

possess stinging cells at the end of their dorsal papillae, the effect 
of which is probably to render them exceedingly distasteful to 
fish. 

The common Vitrina pell'iicida has a curious habit which in 
all probability serves for a defence against birds in the winter. 
When crawling on the edge of a stone or twig it has the power 
of suddenly jerking its ' tail,* so as to throw itself on the ground, 
where it is probably lost to sight among decaying leaves. At 
other times it rolls away a few inches and repeats the jump. It 
also possesses the power of attaching to itself bits of leaves or 
soil, which entirely cover and conceal both shell and animal.^ 
The property of parting with the tail altogether, a remarkable 
form of self-defence, has already been noticed on p. 44. 

The poisonous nature of the bite of certain species of Conus is 
well authenticated. Surgeon Hinde, RN., saw ^ a native on the 
I. of Matupi, New Britain, who had been bitten by a Conus 

geographus, and who had at once cut small incisions with a sharx) 
stone all over his arm and shoulder. The blood flowed freely, 

^ W. E. Collinge, Zoologist^ 1890, p. 467. 
* Prot, Linn. 80c. N, 8, Wak$^ ix. p. 944. 
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and the native explained that had he not taken tliese precautions 
he would have died. lnstaiu*es have been 
recorded of poisonous wounds being inflicted 
by the bite of Conns anlicns, 0. textile, and C. 

tullpa. According to Mr. J. Macgillivray ^ C. 

textile at Aneiteuni (S. l^acific) is called introg, 

and the natives say it spits the poison upon 
them from several indies off! Two cases of 
bites from C. textile, occurred to this gentle¬ 
man’s notice, one of which terminated fatally 
by gangrene. Sir Edward Belcher, when in 
command of tlie Haniorang, was bitten^ by 
a Conus aulieus at a little island off Teriiate in 
the Moluccas. As he took the creature out of 
the water, it suddenly exserted its proboscis 
and inflicted a wound, causing a sensation 
similar to that produced by the burning of 

Ti oT A X XT. r phosphorus under the skin. The wound was 
Fig. 27.—A tooth from ^ , 

the raduia of Conus a Small, deep, triangular mark, succeeded by a 

barb’"and vesicle. The natives of New Guinea 
poison duct. liavc a wliolesome dread of the bite of Ooncs. 

Mr. C. Hedley relates ^ that while collecting on 
a coral reef he once rolled over a boulder and exposed a living 
C, textile. Before he could pick it up, one of the natives hastily 
snatched it away, and explained, with vivid gesticulations, its 
hurtful qualities. On no account would he permit Mr. Hedley 
to touch it, but insisted on himself placing it in the bottle of 
spirits. 

Mimicry and Protective Coloration 

Caseys of Mimicry, or protective resemblance, when a species 
otherwise defenceless adopts the outward appearance of a better 
protected species, are rare among the Mollusca. Karl Semper ^ 
mentions an interesting case of the mimicry of Helicarion tigrinus 

by Xesta Cumingii, in the Philippines. It appears that all 

^ Zoologist, xviii. (1S60) p. 7lS6. 
® A. Adams, Sarmrang, vol.' ii. Zoology, p. 357. 
^ In Thomson’s British New Guinm, p. 283. 

^ Animal Life, p. 395. It should be mentioned that Von Mollendorff (Ber. Senck 

Oe$, 1890, p. 198) ridicules the whole theoxy. 
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species of Helicarion possess the singular property of shaking off 
the ' tail ’ or hinder part of the foot, when seized or irritated. 
Specimens captured by collectors, HeL tigrinus amongst them, 
have succeeded in escaping from the hand, and concealing them¬ 
selves, by a sort of convulsive leap, among the dry leaves on the 
ground. This power of self-amputation must be of great value 
to Helicarion, not only as enabling it to escape from the clutch 
of its enemies, but also as tending to discourage them from 
attempting to capture it at all. Now the genus XcMa is, in 
anatomy, very far removed from Helicarion, and the majority of 
the species are also, as far as the shell is concerned, equally 
distinct. Xesta Cumingii, however, has, according to Semper, 
assumed the appearance of a Helicarion, the thin shell, the long 
tail, and tlie mantle lobes reflected over the shell; but it has not 
the power of parting with its tail at short notice. It lives 
associated with Helicarion, and so close is the resemblance between 
them that, until Semper pointed out its true position, it had 
always been classified as a member of that group. 

In the same passage Semper draws attention to two other 
cases of apparent mimicry. The first is another species of Xesta 

{nmidanaensis) which closely resembles a species of lihysota 

(Antonii), a genus not indeed so far removed from Xesta as 
Helicarion, but, as far as the shell is concerned, well distinguished 
from it. In this case, however, there is no obvious advantage 
gained by the resemblance, since lihysota as compared with 
Xesta is not known to possess any definite point of superiority 
which it would be worth while to counterfeit. A second case of 
resemblance between certain species of the genus Chloraea and 
the characteristic Philippine group Cochlostyla will not hold good 
as affording evidence of mimicry, for Chloraea is now recognised 
as a subgenus of Cochlostyla. 

The Mollusca are not much mimicked by creatures of different 
organisation. This appears at first sight strange, since it might 
have been thought that the strong defensive house of a snail was 
worth imitating. Still it is probably not easy for creatures 
bilaterally symmetrical to curl themselves up into an elevated 
spiral for any length of tima One or two instances, however, 
may be mentioned. The larva of a moth belonging to the 
Psychidae, and occurring in France, Germany, the Tyrol, and 
Syria, coils itself up into a sinistral spiral of three whorls, and is 
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aptly named rsyche helix, a kiiidrod species Iroin Italy being 
known as Fs. i)lanorbis. 

An insect larva {Oochlophora valvata) from E. Africa is said 
to resemble a Valvata or young Cyclostoma. In this case the 
spiral is indifferently dextral or siiiistral, the ' shell * being formed 
of masticated vegetable matter, united together by threads spun by 
the larva. Certain larvae of the Phryganeidae (“ Caddis-worms '*) 

enclose themselves in houses which more or less resemble a 
spiral shell, and have in some cases actually been described as 
molluscan. Such species, some of which belong to Helico^psyche, 

have been noticed in S. Europe, Ceylon, Further India, China, 
Tasmania, New Zealand, Tennessee, Mexico, Central America, 
Venezuela, Brazil, and Argentina, and alH possess a dextral 
‘ shell.' In all these cases ‘ mimicry' is pro])ably not so much to 
be thought of as the practical advantages wlncli accrue to the 
animal in question from the spiral form, which gives it greater 
strength to resist external blows, and enables it to occupy, during 
a very defenceless portion of its existence, a very small amount 
of space. 

Tlie larva of some species of the Syrphidae {Di;ptera) fixes itself 
on the under side of stones in the Tyrol, and closely resembles a 
small slug. The naturalist Von Spix, in 1825, described to the 
Bavarian Academy as a new genus of land Mollusca a somewhat 
similar larval form found in decaying wood on the banks of a 
German lake.^ Simroth mentions ^ a curious case as occurring 
near Grimma. The caterpillars of certain Microlepidoptera occur 
on slabs of porphyry, associated with a species of Olausilia, 

Besides being of the same colour as the Clausiliae, the caterpillars 
have actually developed cross lines on the back, i.e. on the side 
turned away from the rock, in imitation of the suture of the 
mollusc. 

It has been suggested ^ that there is mimicry between Aeolis 

Tpapillosa (a common British nudibranch) and Sagartia troglodytes 

(an Actinian), and also between another species of Sagartia and 
Aeolidiella AlderL The facts observed are not sufficient to 
warrant a decided opinion, but it seems more probable that the 

* Von Martens, SB, Nat, Fr, Berl, 1891, p. 83. 

* Yon Martens, iUd, 1887, p. 188. » SB. Nat. Qesell. Leipz. xiii.-xiv. p. 46. 
* Gttiatang, Jmim, Mar, Biol. Ass. N. S. i. p, 432; Giard, Bull Sci, Fr. Belg, 

1888, p. 602 f. 
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Actinian mimics the nudibranch than vice versd, since Aeolis is 
known to be unpalataUe to fislies. 

Certain species of Strcmihus {mauritianus L., luhuanus L.) 
show a remarkable similarity in the 
shape of the shell to that of Conus, 

so niiu'li so, that a tiro would be 
sure to mistake them, at first sight, 
for Cones. In the case of S. luh- 

uanus at least, this similarity is 
increased l)y the possession of a 
iH^niarkably stout brown epidermis. 
Now Conus is a flesh-eating genus, 
iinmid with very powerful teeth 
wliicli are capable of inflicting even 
on man a poisonous and sometimes 
fatal wound (see p. 06). Siromhits, 

on the other hand, is probably frugi- 
vorous, and is furnislied with weak and inoffensive teeth. It is 
possible that this resemblance is a case of 'mimicry.' It is quite 
conceivable that powerful fishes which would swallow a l^tromhus 

whole and not suffer for it, might acquire a distaste ibr a Cone, 
which was .capable of lacerating their insides after being swal¬ 
lowed. And therefore the more like a ('One tlie Strominis became, 
the better chance it would liave of being piissed over as an 
ineligible article of food. 

Protective coloration is not uncommon among the Mollusca. 
Littorina ohiusata is habitually found, on our own coasts, on 
Fucus vesiculosus, the air-bladders of which it closely resembles 
in colour and shape. Littorina pagodus, a large and showy 
species, resembles so closely the spongy crumbling rocks of 
Timor, on which it lives, that it can hardly be discerned a pace 
off. Helcion pellucidum, the common British ' blue limpet,' lives, 
when young, almost exclusively on the iridescent leaves of 
the great Ijaminariae, with the hues of which its own con¬ 
spicuous blue lines harmonise exactly. In mature life, when 
the Helcion invariably transfers its place of abode to the lower 
parts of the stalk ami finally to the root of the Laminaria, which 
are quite destitute of iridescence, these blue lines disappear or 
become much less marked. 

The specimens of Purpura lapillus which occur at Newquay 

A B 

Fia. 28.—A, Stromhm mmmUanm 
Lam., wliicih mimics Conus in 
shape. B, Conus Janus Hwass, 
Mauritius. 
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in Cornwall are banded with rings of colour, especially with 
black and white, in a more varied and striking way than any 
other specimens that have ever occurred to my notice. I am 
inclined to refer this peculiarity to a tendency towards protective 
coloration, since the rocks on which the Purpura occurs are 
often banded with veins of white and colour, and variegated to a 
very marked extent. 

Orula varies the colour of its shell from yellow to red, to 
match the colour of the Oorgonia on which it lives. The same is 
the case with Pedicularia, which occurs on red and yellow coral. 

Selix desertorurriy by its gray-brown colour, harmonises 
well with the prevailing tint of the desert sands, among which 
it finds a home. Benson observes that the gaudy H. haemastomay 

which lives on the trunks of palm-trees in Ceylon, daubs its shell 
with its excrement. Our own Bulirtiinus ohscurus, which lives 
principally on the trunks of smooth-barked trees, daubs its 
shell with mud, and must often escape the observation of 
its enemies by its striking resemblance to the little knots on 
the bark, especially of beech trees, its favourite haunt. Some 
species of Microphysa, from the West Indies, habitually encrust 
their shells with dirt, and the same peculiarity in Vitrina 

has already been mentioned. Ariophanta Dohertyi Aldr., a 
recent discovery from Sumatra, is of a green colour, with 
a singularly delicate epidermis; it is arboreal in its habits, 
and is almost invisible amongst the foliage.^ Many of our 
own slugs, according to Scharff, are coloured protectively 
according to their surroundings. A claret-coloured variety 
of Arion ater occurred to this observer only in pine woods, 
where it harmonised with the general colouring of the ground 
and the pine-needles, while young winter forms of the same 
species choose for hiding-places the yellow fallen leaves, 
whose colour they closely resemble. Lirmx marginatus ( = arho- 

rum Bouch.) haunts tree trunjjp, and may easily be mistaken 
for a piece of bark; Amalia carirvata lives on and under the 
ground, and in colour resembles the mould; Arion intermedius 

feeds almost exclusively on fungi, to which its colour, which 
is white, gray, or light yellow, tends to approximate it closely; 
Geomalacus maculosus conceals itself by its striking resemblance 
to the lichens which grow on the surface of rocks, and actually 

* Na-utiUis, vL 1892, p. 90. 
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presumes on this resemblance so much as to expose itself, 
contrary to the usual custom of its congeners, to the full light 
of the afternoon sun.^ 

Several views have been advanced with regard to the dorsal 
papillae, or cerata, in the Nudibranchs. Professor W. A. 
Herdman, who has examined a considerable number of our 
own British species, in which these processes occur, is of 
opinion^ that they are of two quite distinct kinds. In the 
first place, they may contain large oftshoots, or diverticula, 

of the liver, and thus be directly concerned in the work of 
digestion. This is the case with Aeolis and Doto, In the 
second place, they may be simply lobes on the skin, with no 
connection with the liver, and no special function to perform. 
This is the case with Tritonia, Ancula, and Dendronotus, 

Professor Herdman is of opinion that although the cerata 
may in all cases aid in respiration to a certain extent, yet 
that extent is so small as to be left out of consideration 
altogether. He regards the cerata in both the two classes 
mentioned above as “of primary importance in giving to the 
animals, by their varied shapes and colours, appearances which 
are in some cases protective, and in others conspicuous and 
warning.” 

Thus, for instance, Tritonia plebeia, which is fairly abundant 
at Puffin and Hilbre Is., appears always to be found creeping 
on the colonies of a particular polyp, Alcyonium digitatum, 

and nowhere else. The specimens in each colony of the polyp 
differ noticeably both in the matter of colour, and of size, 
and of varied degrees of expansion. The Tritonia differs 
also, being marked in varied tints of yellow, brown, blue, 
gray, black, and opaque white, in such a way as to harmonise 
with the varied colours of the Alcyonium upon which it 
lives. The cerata on the back of the Tritonia contribute 
to this general resemblance. They are placed just at the 
right distance apart, and are just the right size and colour, 
to resemble the crown of tentacles on the half-expanded 
poljrp. 

Similarly, Doto eoronata, which, when examined by itself, 
is a very conspicvious animal, with showy, bright-coloured cerata, 

» E. F. Sflharff, Sd. Tram. S. Dubl. Soc. (2) iv. p. 658 f. 
* Q, Joum, Micr, Set, N. S. xxxi. (1890) p. 41 f. 
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is found by Professor Herdrnan to haunt no other situations 
but the under-side of stones and overhanging ledges of rock 
which are colonised by a hydroid, known as Glava multicornis. 

The- Doto is masked by the tentacles and clusters of sporosacs 
on the zoophyte, with whose colouring and size its own cerata 
singularly correspond. A similar and even more deceptive 
correspondence with environment was noticed in the case of 
the very conspicuous Dendronotus arhorescens. 

In these cases, the colouring and general shape of the cerata 
are protective, i,e, they match their surroundings in such a 
way as to enable the animal, in all probability, to escape the 
observation of its enemies. According to Professor Herdrnan, 
however, the brilliant and showy coloration of the cerata of 
Aeolis is not protective but ^warning.' Aeolis does not hide 
itself away as if shunning observation, like Doto, Tritonia, and 
Dendronotus; on the contrary, it seems perfectly fearless and 
indifferent to being noticed. Its cerata are provided with 
sting-cells, like those of Coelenterata, at tlieir tips, and its very 
conspicuousness is a warning to its enemies that they had 
better not try to attack it, just as the showy white tail of 
the skunk acts as a sort of danger-signal to its own particular 
foes. It is important for the Aeolis, not merely to le an 
unpalatable nettle in animal shape, but also to be conspicuous 
enough to prevent its being experimented upon as an article of 
food, in mistake for something less nasty. 

Professor Herdrnan subsequently conducted some experi¬ 
ments ^ with fishes, with the view of testing his theory that the 
shapes and colours of Nudibranchs serve the purpose either of 
protection or warning, and bear direct relation to the creature's 
edibility. These experiments, on the whole, distinctly tended 
to confirm the theory. Aeolis was evidently very nasty, and 
probably stung the mouths of the fishes who tried it. For the 
complete success of the theory, they ought to have let it severely 
alone, but the fish were evidently accustomed to make a dash 
at anything that was dropped into their tank. Another con¬ 
spicuous mollusc, Ancula cristata, was introduced. Professor 
Herdrnan and his collaborator each commencing operations by 
eating a live specimen themselves. They found the taste 
pleasant, distinctly like that of an oyster. The fish, however, 

^ A detailed account is given in Proc. Liverp. Bioh Soc. iv. (1890) pp* 160-163. 
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when the experiments were conducted under conditions which 
made the scene as much like 'real life’ as possible, did not 
agree with Professor Herdman. The Arvcnla crawled over 
various parts of the tank for several days untouched by the 
fish, who sometimes went close to them and looked at them, 
but never attempted to taste tliem. Experiments with species 
whose colours were protective, such as Dendronotus, were also 
conducted, and the decided edibility of these species was 
established, the fish competing eagerly for them, and tearing 
them rapidly to pieces. 

Mr. W. Garstang, of the Plymouth Laboratory of the Marine 
Biological Association, confirms^ Professor Herdman’s views as 
to the shape and colour of Opisthobranchs. Pleurobranchus 

mewjhranaceus is known to secrete, on the surface of the body, 
an acid which reddens blue litmus paper. It is, therefore, no 
doubt distasteful to fish, which all abominate the taste of acids, 
and is conspicuously marked with red-brown a^ll yellowish 
'warning* colours. Haminea and Philine, on the other hand, 
are good to eat, and consequently possess 'protective* colora¬ 
tion. Puncina Hancockij which is of a brown colour, crawls 
over brown mud and weeds, but avoids green weeds, on 
whose surface it would appear conspicuous. Elysia viridis 

varies its colour according to its habitat, being green when 
on green weeds, and dark olive, brown, or reddish brown, on 
pools among tufts of littoral algae. Green specimens of 
Rermaea dendritica were kept in captivity, and placed in a dish 
with green and red sea-weeds. They were never observed 
crawling upon the red weed, upon which they would have 
been very conspicuous. Archidoris flammea occurred on bright 
red sponges, to which its colour was so closely assimilated 
that Mr. Garstang at first quite overlooked it. Goniodoris 

castanea was found under stones, feeding on compound Ascidians 
{Botryllus), which it sufficiently resembled to be very in¬ 
conspicuous in that position. 

Again, Jorunna Johmioni lives ^ upon stones on our southern 
coast, associated with a certain sponge {Halichondria sp.), which 
it resembles so closely in outline, in colour, in character of 
surface, and in its projecting plumes, as to make it very 

’ Jmirn. Mar, Biol, Ass, N. S. i. p. 418 f. 
^ Garstang, ConGhologistt ii. p. 49. 
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difficult even for the careful observer to distinguish the one 
from the other. And, since fishes are known to be distinctly 
averse to sponges of any kind as an article of food, this re¬ 
semblance must be decidedly to the advantage of the Jorunna, 

Another Nudibranch (jOalma glaucoides A. and H.) imitates 
the ova of certain fishes, on which it feeds. Its elongated 
and depressed form of body, transparent integuments, and 
silvery gray papillae combine to give it a strong resemblance 
to the spawn of the fish, which is deposited on stones, the 
roots of Laviinaria, etc.^ 

The common Lamellaria perspicua appears to possess the 
power of protectively assimilating its colour, markings, etc., 
to the Ascidians on which it lives. A recent case, occurring 
off the Isle of Man, is thus described by Professor Herdman.^ 
“ The mollusc was on a colony of Leptoclinum 7naculatum, in 
which it had eaten a large hole. It lay in this cavity so as 
to be flush ifrith the general surface; and its dorsal integument 
Was not only whitish with small darker marks which exactly 
reproduced the appearance of the Leptoclinum surface with 
the ascidiozooids scattered over it, but there were also two 
larger elliptical clear marks which looked like the large common 
cloacal apertures of the Ascidian colony. . . . Presumably the 
Lamellaria escapes the observation of its enemies through 
being mistaken for part of the Leptoclinum colony; and the 
Leptoclinum, being crowded like a sponge with minute sharp- 
pointed spicules, is, I suppose, avoided as inedible (if not 
actually noxious through some peculiar smell or taste) by 
carnivorous animals which might devour such things as the 
soft unprotected mollusc.” 

Parasitic MoUusca 

Various grades of parasitism occur among the MoUusca, 
from the true parasite, living &nd nourishing itself on the tissues 
and secretions of its host, to simple cases of commensalism. 
Some authors have divided these forms into endo- and ecto¬ 
parasites, according as they live inside or outside of their host. 

1 Hccht, Oomptes Mendm, cxv. p. 746. 
* Ccnchologist, ii. p. 130. 
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Such a division, however, cannot be rigidly carried out, for certain 
forms are indifferently endo- and ecto-parasitical, while others 
are ecto-parasitic in the young form, and become endo-parasitic 
in the adult. Tt will l)e convenient, therefore, simply to group 
the diffejvnt forms according to tlie home on which they find a 
lodgment. 

On Sponges, — Vulsella and Crenatula almost invariably 
occur ill large masses of irregu¬ 
lar shape, boring into sponges. 
They are especially abundant on 
Torifera from the Eed Sea. 
Oorals form a favourite home 
of many species, amongst which 
arc s(n'crfil forms of Cornllio- 

phila^ Iikizochi/us, Leptoconchus, 

{iiid Si strum. Rhizocliilus is a 
very singular creature, inhabiting 
braiiching corals. When adult, it 
forms irregular shelly extensions 
of both the inner and outer lips, 
wdiich adhere to the shafts of the 
coral, or to the surface of neigh- 
bouring shells; at length the aper¬ 
ture becomes completely closed with the exception of the 
siphoiial tube, which becomes long, and consists of the same 
shelly material. The common Magilus (Fig. 29), from the 
Red Sea and Indian Ocean, in the young form is shaped like 
a small Bmcinum. As the coral {Meandrina') to which it 
attaches itself grows, the Magilus develops at the mouth a 
long calcareous tube, the aperture of which keeps pace with 
the growth of the coral, and prevents the mollusc from being 
entombed. The animal lives at the free, or outer, end of the 
tube, and is thus continually shifting its position, while the 
space it abandons becomes compi^etely closed by a mass of solid 
Wilcareous matter. Certain species of Ovula inhabit Gorgonia, 
assuming the colour, yellow or red, of their host, and, in 
oertain cases, developing, probably for prehensile purposes, a 
pointed extension of the two extremities of the shell Pedie- 

ularia^ a form akin to Cypraea, but with a mox'e patulous 
mouth, inhabits the common Corallium ruhrmn of the Mediter- 

Fio. 29. — Magilus autiqum L. : 
A, the adult, iinbeilded in coral, 
which has been broken away to 
show the tube; B, tlie young 
(free) form. 
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ranean, and another species has been noticed by GraeflFe^ on 
Melithaea ochracea in Fiji. 

On EcliiTiodermata,—(a) Crinoidea. Stilina comahdicola lives 
on Comatula mediterrayiea, fixed to the outer skin, which it pene¬ 
trates by a very long proboscis; the shell is quite transparent.^ 
A curious case of a fossil parasite has been noticed by Eoberts.'’* 
A Calyptmea-Am’^eA. shell named Platyceras always occurred on 
the ventral side of a crinoid, encompassed by the arms. For 
some time this was thought to afford conclusive proof of the 
rapacity and carnivorous habits of the echinoderm, which had 
died in the act of seizing its prey. Subsequent investigations, 
however, showed that in all the cases noticed (about 150) the 
Platyceras covered the anal opening of the crinoid in such a way 
that the mouth of the mollusc must have been directly over the 
orifice of tlie anus, (h) Asteroidea. The comparatively soft 
texture of the skin of the starfishes renders them a favourite 
home of various parasites. The brothers Sarasin noticed^ a 
species of Stilifer encysted on the rays of Limhia multiformis. 
Each shell was enveloped up to the apex, which just projected 
from a hole at the top of the cyst. The proboscis was long, and 
at its base was a kind of false mantle, which appeared to possess 
a pumping action. On the under side of the rays of the same 
starfish occurred a capuliform mollusc {Thyca ectoconcha), fur¬ 
nished with a muscular plate, whose cuticular surface was in¬ 
dented in such a way as to grip the skin of the Linclcia. This 
plate was furnished with a hole, through which the pharynx 
projected into the texture of the starfish, acting as a proboscis 
and apparently furnished with a kind of pumping or sucking 
action. Adams and Eeeve® describe Pileopsis astericola as living 
"on the tubercle of a starfish,’ and Stilifer astericola^ from the 
coast of Borneo, as "living in the body of a starfish.’ In the 
British Museum there is a specimen of Pileopsis crystalliua " in 
situ ’ on the ray of a starfish, (c) On the brittle starfishes {Ophiu- 
roidea) occur several species of Sti}iferina. {d) Echinoidea, Vari¬ 
ous species of Stilifer occur on the ventral spines of echinoids, 

^ Described as a Cypraea^ but no doubt an Ovula or Pedimla/ria: CB, BaUi 
Par. V, p. 64S. 

Von wiss. Zool. xxv. p. 124. 
* Proc. Amtr. Phil, Soc. xxv. p. 231. 
* Ergch, naiurw. Forsch. OeyloUt abstr. in Journ, Boy. Micr. Soc. (2) vi. p. 412. 
^ Foyage of the Samarmg, Moll. p. 69, PI. xL f, 1; p. 47, PI, xvii. f. 6. 
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where they probably subsist on the excreta, and are sonietimes 
Ibuud imbedded in the spines themselves. St. Turtoni occurs on 
the British coasts on several species of EcMnus, and Montacuta 

substriata frequents SjMtangus purpurcus and certain species of 
Echinocardium, Cidaris, and Brissus. Lepton parasiticum has 
been described from Kerguelen I. on a Hemiastery and a new 
genus, Bohillardia, has recently been established ^ for a Hyalinia- 

sliaped shell, parasitic on an Echinus from Mauritius, (e) Holo- 

thurioidea. The 'sea-cucumbers* afford lodgment to a variety 
of curious forms, some of which have experienced such modi¬ 
fications that their generic position is by no means established. 
Entoconcha occurs fixed by its buccal end to the blood-vessels 
of certain Synapta in the Mediterranean and the Philippines. 
Entocolax has been dredged from 180 fath. in Behring’s Straits, 
attached by its head to certain anterior muscles of a Myriotro- 

chus.^ A curious case of parasitism is described by Voeltzkow ^ 
as occurring on a Synapta found between tide-marks on the 1. of 
Zanzibar. In the oesophagus of the Synapta was found a small 
bivalve {Entovaha)^ the animal of which was very large for its 
shell, and almost entirely enveloped the valves by its mantle. 
As many as five specimens occurred on a single Synapta. In 
the gut of the same Holothurian lived a small univalve, not 
creeping freely, but fixed to a portion of the stomach wall by a 
very long proboscis which pierced through it into the body 
cavity. This proboscis was nearly three times as long as the 
animal, and the forward portion of it was set with sharp thorns, 
no doubt in order to enable it to retain its hold and resist 
evacuation. Various species of Eulima have been noticed in 
every part of the world, from Norway to the Philippines, both 
inside and outside Holothiurians.^ Stilifer also occurs on this 
section of Echinoderms.^ 

On Annelida.—Cochliolepas parasiticus has been noticed under 
the scales of Acoetes lupina (a kind of ' sea-mouse ’) in Charleston 
Harbour.® 

On Crustacea.—^A mussel, f in. long, has been found ^ living 

^ E. A. Smith, Ann. Mag. Nat. Hist. (6) iii. p. 270. 
* Joum. de C<ynch. (8) xxix. p. 101. ® Zool. Jahrh. Ahth.f, Syst. v. p. 6)9. 
* See especially Semper, AniTnal Life, Ed. 1, p. 351. 
® Gould, Moll, of U.8. expl. exped. 1862, p. 207 (St. acicula, from Fyi). 
« Stimpsoa, f^roc. Lost. Soe. N. H. vi. 1858, p. 308. 
^ Tidgeou, 2\atfu/re, xxxix. p. 127. 



MOLLUSCA PARASITIC ON MOLLUSCA CHAP. 

under the carapace of the coimnon shore-cralj {Carcinus wmims), 

and one case has been noticed ^ where two mussels, one of several 
months growth, the other smaller, well secured 
by their byssi, were found under the abdomen 
of the same specie^, in such a position as to 
force the appendages apart and askew. ^J'hese, 
however, are not so much ciascs of parasitism 
as of involuntary habitat, the luussel no doubt 
having Ijecome involved in the branchiae and 
the abdomen of the crab in the larviil form. 

On Mollmea,—A species of Ododoynia 

{pallida Mont.) is found on our own coasts on 
the ‘ears’ of Fee ten i/umnms, and also^ on the 
operculum of Tnrritella corampyiis. AnothiU* 

Pia. ZO.^CrepuMa specics (0. rissoidcs) frecpiently occurs in hiding 
onyx Sowb., para- under ])eds of mussels, 1>ut it is not clear 

culum of strSls whether the habitat is due to ])arasitism, or 
Pan^'m^ simply to the fact that the mass of mussels, 

knitted together and to the rock by tlie byssi, 
affords the Odostomia a safe lurking-place. At ranama tlie 
present writer found Crepidula (2 sp.) jdeiitiful on the ()])cr(uila 
of the great Strornhus galea, and of Cerithium irroratum. In 
each case the parasite exactly fitted the size of the operculum, and 
had assumed its colour, dark brown or chestnut. Amalthca is 
very commonly found on Conus, Turho, and other large shells 
from the South Pacific, but this is probably not a case of 
parasitism, but simply of convenience of habitat, just as young 
oysters are frequently seen on the carapace tind even on the 
legs of large crabs. 

On Tunicata,—Lamellaria deposits its eggs and lives on an 
Ascidian {Leptodinum), and the common Modiolaria mar7nomta 

lives in colonies imbedded in the test of Ascidia mentula and 
^other simple Ascidians. 
j Special points of interest with regard to parasitic Mollusca 
1 relate to (1) Colour, This is in most cases absent, the shell 
I being of a uniform hyaline or milky white. This inay be due, 
I in the case of the endo-parasitic forms, to absence of light, and 
^ possibly, in those living outside their host, to some deficiency 

^ W. Anderson Smith, Loch Cretan, p. 40. 
® Smart, Jourmd of Conch, v. p. 152. 
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in the nutritive material. A colourless shell is not necessarily 
protective, for tliough a transparent shell might evade detection, 
a milk-white hue would probably be conspicuous. (2) Modified- 

turns of structure. These are in many cases considerable. Unto- 

coiicha and Untocolax have no respiratory or circulatory organs, 
and no known nervous system; Tliyea 

and certain Stilifer possess a curious 
suctorial ajiparatus; the foot in many 
cases lias aborted, since the necessity 
for locomotion is reduced to a minimum, 
and its })lace is supjdied by an enormous 
development of the proboscis, which en¬ 
ables the creature to provide itself with 
nutriment without shifting its position. 
K. Sem])er notices a case where a JSulima, 

whose habitat is the stomach of a Holo- 
thurian, retains the foot unmodified, while 
a species occurring on the outer skin, 
but provided with a long proboscis, has 
lost its foot altogether.^ Special pro¬ 
vision for holding on is noticed in cer¬ 
tain cases, reminding us of similar provision in human para¬ 
sites. Eyes are frequently, but not always wanting, even in 
endo-parasitic forms. A specially interesting modification of 
structure occurs in (3) the Badula or ribbon-shaped arrangement 
of the teeth. In most cases of parasitism {Eulima, Stilifer, 

Odostomia, Entocorveha, Entocolax, Magilns, Coralliophila, Lepto- 

coTicha) it is absent altogether. In Ovula and Pedicularia, genera 
which are in all other respects closely allied to Cypraea, the 
radula exhibits marked difterences from the typical radula of 
the Cypraeidae. The formula (3*1*3) remains the same, but the 
laterals are greatly produced and become fimbriated, sometimes 
at the extremity only, sometimes along the whole length. A 
very similar modification occurs in the radula of Sistrmn spectrum 

Keeve, a species which is known to live parasitically on one of 
the branching corals. Here the laterals differ from those of 
the typical Purpuridae in being very long and curved at the 
extremity. The general effect of these modifications appears to 
be the production of a radula rather of the type of the vegetable- 

^ AnimeU p. S51. 

Fia. 31.—Two species of En- 
lima: A is sessile on the 
skin of a Holotlmrian, 
through which it plunge.** 
its sucking probosci-s (Pr); 
B creeps freely in the 
stomach of a Holothurian. 
(After K. Semper.) 
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feeding Trooliidae, wliich may perhaps be regarded as a link in 
the chain of gradually degraded forms wliicli eventually termi¬ 
nate in the absence of the organ altogether. Hie softer the 
food, the less necessity there is for strong teetli to tear it; the 
teeth either become smaller and more numerous, or else longer 
and more slender, and eventually pass away altogether. It is 
curious, however, that the same modified form of radula should 
appear in species of Ovula (e.g. ovum) and that the same absence 
of radula should occur in species of Eulima (e.g. jpolita) known 
to be not parasitic. This fact perhaps points back to a time 
when the ancestral forms of each group are parasitic and whose 
radulae were modified or wanting, the modification or absence 
of that organ being continued in some of their non-parasitical 
descendants. 

Commensalism 

Mollusca are concerned in several interesting cases of com¬ 
mensalism, or the habitual association of two organisms, as dis¬ 
tinguished from parasitism, where one form preys more or less 
upon the other. 

Mr. J. T. Marshall has given ^ an interesting account of the 
association of Montucuta ferruginosa with Echinocardium cor- 

datum. The Echinoderm lives in muddy sand in Torbay, at a 
depth of about 6 inches, and the Montacuta lives in a burrow 
leading from its ventral end and running irregularly in a sloping 
direction for 3 or 4 inches, the burrow, which is made by a 
current from the Echinoderm, being almost exactly the width of 
the Montacuta. The Montacuta were always arranged in the 
burrows in order of size, the largest being close to the Echinoderm, 
and the smallest of a string of about six at the other end of the 
burrow. In another part of S. Devon, where the sand was soft 
and sloppy, the Echinocardia rise to the surface and travel 
along the sand; in this case the Montojcuta were attached to 
their host by means of a byssus, and were dragged along as it 
travelled. 

The Rev. Dr. Norman has noted ^ a somewhat similar habitat 
for Leyton squamosum. This rare little British species was found 
at Salcombe, living in the burrows of Gehia stellata, in all prob¬ 
ability feeding upon the secretions from the body of the crustacean. 

^ Journ. of Oonch. vi. 1891, p. 909, ® Ann. Mag, Tl. (6) vii. p. 276. 
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„Dr. Norman suggests that the extreme flatness of tlie sliell of the 
Leiiton is of great advantage in enabling it not to get in the way 
of the Gehia as he scuttles up and down his burrow. Another 
species of Lejpton is found on the coast of Florida in a precisely 
similar locality,^ while a third species, occurring on the Oregon 
and California coasts, actually attaches itself to the inner surface 
of the abdomen of a Gebia? 

A very singular case of commensalism luis been recently dis¬ 
covered with regard to a genus of Australian bivalve shells, 
Ephi'p2>o(ionta. This genus is never found except in the burrow 
of a species of prawn {Axius plectorhynchus Str.). For some 
reason at present unexplained, the burrow of this particular 
prawn appears to he exceedingly popular as a habitat for certain 
bivalves, for, besides two sjKJcies of Epliippoclonta, a Kcllia aiid 

l. 32. — Ephippodontd Mac- 
dougalli Tate, S. Australia. 
A, burrow of prawn, the x 
indicating the position of the 
mollusc ; sp^ sponge. B, 
Ventral view of Kphippu- 
donta ; hy^ byssus ; /, foot; 
m, mantle ; mw, fused mantle 
borders. C, View of interior 
of shells ; /t, hinge ; 
adductor muscles. (A x ^ ; 
B and Cx2.) 

A 

three Mylitta are found Ihere, and there alone. Sometimes the 
prawn, when the rock is hard, builds a tunnel of mud upon it, 
at other times it excavates the soft calciferoiis sandstone. This 
burrow is lined with a tenacious brown mud, composed of excre- 
mentitious matter; and, in addition to the mud lining, there is 
always more or less present an orange-coloured sponge which I 
have never found elsewhere. Upon the mud or sponge, and 
adhering very closely, are found the Ephippodonta, They quickly 
form a pit-like depression by means of their foot, and appear 
almost covered by the mud.” During the winter months (March 

^ Sfcimpson, quoted by Jeffreys, Brit Conch, ii, 194. 
* Stimpson, Jaum, Boat Boc, iV H, vi. 1867, p. 48. 
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July) the prawn appears to fill his burrow, possibly as a 
provision against stormy weather, with large quantities of minced 
seaweed, underneath which immense numbers of very young 
Ephippodonta are found livingJ The extreme flatness of the 
Ephippodonta must be due to the same cause as the flatness of 
the Lepton noticed above, namely, the necessity of not impeding 
or interfering witli the lively motions of the prawn. In the case 
of Lepton the two valves close completely and the shell is still 
very flat, in Ephippodontay on the other hand, the same result 
is produced by the valves being opened to their widest possible 
extent. As in Entomlvay a continuation of the mantle covers 
the outer surface of the shell. 

Variation 

It is a familiar experience to the student, not only of the 
Mollusca, but of every branch of animal or vegetable life, to 
come across examples which exhibit certain slight deviations 
from the type form as usually understood. These deviations 
may be more or less pronounced, but, as a rule, a series of forms 
can be discovered, gradually leading up to or down from the 
type. The definition of what constitutes a species,—and, still 
more, the rigid application of such definition—will always 
remain a difficult task, so long as the personal element persists 
in him who defines.*-* What seems to one authority ample 
ground for distinction of species, another may regard as of 
comparatively trivial importance. The practical outcome of 
these divergent views is sufficiently illustrated by the attitude 
of Mr. F. r. Marrat on the one hand, a#d of what may be called 
the modern French school of conchologists on the other. Mr. 
Marrat holds, or held, that the great genus Nassa, of which more 
than 150 species are generally recognised, is one shell (species) 
in an endless variety of forms. The modern French school go to 
the other extreme, and apparently proceed upon the view that 
almost any difference in form, however slight, is suflicient to con¬ 
stitute a separate species. 

It will be generally admitted, liowever, that some struetural 

^ B, H. Mattliews, Gonckologisty ii. p. 144. 
* Thus JUmnaea involutoy which is almost universally regarded as a good and 

distinct species, has been held to be no more than a variety of X. peregra produced 
by locality; see Zoologisty 1889, p. 164. 
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difference in the organisation of the animal (as distinct from that 
of the shell alone) is necessary for the permanent constitution of 
specific rank.^ What amount of structural difference is required, 
what particular organ or organs must exhibit this difference, will 
depend largely upon the idiosyncrasy of the observer. But if 
this, or something like this definition of a species be accepted, 
it will follow that a so-called 'variety' will be a form which 
exhibits differences from the type which do not amount to per¬ 
manent structural difierences in the organisation of the animal. 
The final court of appeal as to wliat affords sufticient evidence for 
' permanent structural differences' will have to be, as with 
Aristotle of old, the judgment of the educated man. 

It is, however, more to our present purpose to discuss the 
causes of variation than to lay down definitions of what variation 
is. One of the most obvious causes of variation lies in a change 
or changes in the environment. If we may assume, for the 
moment, that the type form of a species is the form which is the 
mean of all the extremes, and that this form is the resultant of 
all the varied forces brought to bear upon it, whether of food, 
climate, temperature, competition of numbers, soil, light, amount 
of water, etc., it will follow that any change in one or more of 
these forces, if continuous and considerable, any change, in other 
words, of the environment, will produce its effect upon the 
organism in question. And this effect will be for the better or 
for the worse, according to the particular nature of the change 
itself as tending towards, or away from, the optimum of environ¬ 
ment for the species concerned. Hence may be produced varieties, 
more or less marked according to the gravity of the change, 
although it must be noted that at times a change apparently 
unimportant from our point of view, will produce very marked 
results upon the species. It is indeed scarcely possible to predict 
with any certainty, in the present state of our knowledge (beyond 
certain broad results) what will be the particular effect upon a 
species of any given change in its surroundings. 

Effects of Change in the Environment as tending to 
produce Variation. 

{a) Changes in Climate, Temperature, Elevation, etc.—In the 
eastern basin of the Baltic the marine MoUusca are much more 

* J. W. Taylor, Jov^rru of Cmdi. v. p. 289, an interesting article, with many 
nsefnl references. 
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stunted than in the western.^ For instance, Mytilus edulis near 
Kiel is 8—9 cm. long, while near Gothland it only attains a 
length of 3-4 cm. Mollusca living at only a shallow depth (e.g. 
Tellina balthica, Mya arenaria, Gardium edule) do not differ 
much in size in different parts of the Baltic, but in the far 
eastern basin the calcareous layers of the shells of Mya arenaria 
and Tellina balthica are extraordinarily thin, and disappear very 
rapidly after death, leaving only the cuticular membrane, still 
united by the ligament, in a perfect state of preservation. These 
remarkable variations are no doubt to a large extent due to the 
violent changes of temperature which are experienced in the 
Baltic, and by which the steady development of the animals in 
question is interrupted and thrown out of gear. The same species 
occur on the coasts of Greenland and Iceland, where they attain 
a considerably larger size than in the Baltic, in spite of the lower 
mean temperature, probably because their development is not 
interrupted by any sudden change from cold to heat or mce 
versd. 

Karl Semper has shown that Limnaea stagnalis is developed, 
lives and feeds best in a mean temperature of about 20° C. 
(=5= 68° F.). This mean, however, must not be the mean of two 
distant extremes, for the Limnaea cannot digest its food and 
grow in a temperature which is less than 14° or 15° C. (= 57° or 
59° F.), or more than 30° to 32° C. ( = 86° to 90° F.). In certain 
localities, therefore, the interruption to the growth of this species 
must be serious and prolonged, and may tend towards the pro¬ 
duction of more or less dwarfed varieties. Thus specimens from 
Malham Tarn, a lake in Yorkshire 1250 feet above the sea, are 
permanently dwarfed, and have a very thin and fragile shell. 
Limnaea peregra in the Pyrenees, Alps, and Himalayas is 
generally of a very delicate form and dwarfed habit, while the 
small variety known as lacvstris occurs, according to Jeffreys, 
only in mountain lakes in Zetland, Scotland, Ireland, and n! 
England. Specimens brought by Mr. Bateson from lakes near 
the Sea of Aral, which are salt for some months and comparatively 
fresh for others, exhibit clearly the effect of changes in the 
environment (Figs. 33 and 34). Excess of heat produces similar 
results to excess of cold. i. peregra var. thermalis^ found in the 
warm springs of the Pyrenees and the Vosges, and the var, 

^ Mobius, Meport mi *P<mmer(mia' Bxped, pp. 138-141, 
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(jfdsericola, from the ]iot water of tlie leelaud gey stirs, are alike 
tliin and dwarfed forms. 

Many instances may be given of ' varieties due to locality.’ 
In some of these, tlie cause which jiredisposes towards variation 
can he inferred with some a])proach to certainty, in otliers we 
must he content to note the fact, without at present being able 
tc^ perceive its explanation. 

Desert specimens of widely distributed species, e.g. Helix 

2>o)ti(itia, IL nicicMis, IL ^nsana, Leucochroa candidissima are 
much thicker than the type, and tend to lose all trace of 
coloured bands. These modifications are clearly the means of 
preventing evaporation of moisture, the dull white or grayish 

Flo. 33.—Four examples of Livi- 
'iiaea peregra MiilL, from salt 
marshes near the Sea of Aral, 
showing different effects produced 
by abnormal conditions of life. 

D 

Fio. 84.—Four examples of Linn- 
nma stagnalis L., from marshes 
in the Aral district which are salt 
for several months in the year, 
illustrating variation produced by 
changes in the environment, x 

brown colour being calculated to absorb the smallest possible 
amount of heat. Desert shells in all parts of the world (ejj, H. 
Africa, Arabia, Central Asia, S. Africa, W. America) have been 
noticed to exhibit these peculiarities. 

A very singular case of the reverse process, i.c. the production 
of darkened forms of shell through cold, has been noticed by 
Fischer as characteristic of the marine shells of the west coast 
of South America.^ This melanism is especially noticeable 
in Trochus, Turbo, Chiton, Mitra, and Pleurotoma, and is attested 
by the specific names, not merely expressive of actual blackness 
(e.g. nigerrimus, ater, atramentarim, maurus), but also of a 
generally lugubrious tone (e.g. moestus, funebralis, tristis, lugubris, 

luctuosu^y It is highly probable that this concurrence of 
specific melanism (which stands quite alone in the w’orld) is 

^ Jaum, d$ ComhyL xxiii. 1876, p. 105. 



86 VARIATION IN SLUGS CIIAK 

due to the cold polar current which impinges on the Chilian 
coasts, for the same genera occur on tlic opposite sliores of tlie 
continent without exhibiting any trace whatever of this mournful 
characteristic. 

It is a well-known fact, attested by many observers, that our 
common Limax agrestis as well as tlie young of Avion ater 

become decidedly darker in summer than in winter. If these 
slugs were accustomed to disport themselves in the sun, it miglit 
have been suggested that this increased darkness of colour 
tended to absorb more of the heat rays. But since this is not 
the case, the result is probably due to some unexplained effect of 
higher temperature. According to Lessona and l*ollonera, the 
length of the keel in Limoux arhorum varies greatly in different 
parts of Italy, being shorter in specimens from low ground, but 
much longer in those inhabiting more elevated regions. The 
longer the keel, the more obscure the colouring becomes, so that 
in the Upper Alps of Piedmont individuals are practically black. 
Koebuck has observed that Scottish specimens of this same 
slug are much darker and less translucent than English forms. 
According to Simroth, our common black slug, Avion atev, is a 
northern type, which in more southern latitudes assumes the 
form known as A, vufus. Similarly Limax maximus “in its 
northern form cineveo-nigev is almost wholly black, but in 
the more genial climate of Italy develops a series of brilliantly 
coloured and strikingly marked variations which have received 
numerous distinctive names from Italian limacologists.'" ^ Ac¬ 
cording to Scharff, however ^ (who regards tlie colours of slugs 
as in the main protective), these dark forms are by no means 
exclusively northern, being found equally on the parched plains 
of Spain and Portugal, and in the bleak climate of Norway. The 
same authority observes that similar forms occur both in the dry 
regions of E. Germany, and in the very humid district of western 
Ireland. 

It appears unquestionable that marine genera from high 
northern latitudes are provided with shells of uniform colour, or 
whitish with a pale brown epidermis; spots, bands, or stripes 
seldom occur. The arctic forms of Buccinum, Tvophon, Ghvy^o- 

domus, Mavgavita, Cvenella, Leda, Yoldia, Astavte illustrate this 
fact. In the more temperate seas of Europe, colours tend on the 

^ J. W. Taylor, mp, p. aOO. * Sci. Trans. M, DuhL Soc. (2) iv. p, 655. 
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whole to increase, although there are certain genera (e.g. rectcii) 

which are not more brightly coloured in Mediterranean tlian in 
IceLindic waters. 

Land Mollusca inhabiting the mainland of a continent not 
unfrequently become smaller when they have spread to adjacent 
islands where perhaps the rainfall is less abundant or tlie soil 
and food-supply less nicely adjusted to their wants. Orthalicvs 

undatus is decidedly larger on the mainland of S. America than 
on the adjacent islands of Trinidad and Grenada. Specimens 
of Bulimulus exilis from Barbados are invariably broader and 
more obese than tliosc from S. Thomas, while those from the 
volcanic island of S. Lucia, where lime is deficient, are small and 
very slender. Stre;ptaxis dcformis, as occurring at Trinidad, is 
only half the size of specimens from Georgetown, Demcrara,^ 

Certain localities appear, for some unexplained reason, to be 
particularly favourable to the production of albino varieties. The 
neighbourhood of Lewes, in Sussex, has produced no fewer than 
fourteen of these forms of land Mollusca and five of fresh water.^ 

Our common Helix aspersa, as found near Bristol, is said to 
be * dark coloured'; about Weston-super-mare brown, with black 
markings ’; near Bath ' very pale and much mottled'; at Cheddar 
‘ very solid and large.’ ^ Sometimes the same kind of variation 
is exhibited by different species in the same locality. Thus 
specimens of H aspersa^ H nemoralis^ and H horteTisis, taken 
from the same bank at Torquay, presented a straw-coloured tinge 
of ground colour, with red-brown bands or markings. Trochi- 
form H. nemoralis and H arhustorum, sinistral H. hortensis and 
H aspersa, sinistral IL aspersa and H virgata, and similarly 
banded forms of H caperata and H, virgata, have been taken 
together.'* 

The immediate neighbourhood of the sea appears frequently 
to have the effect of dwarfing land Mollusca. Thus the var. 
conoidea of Helix aspersa, which is small, conical, with a com¬ 
pressed mouth, occurs ‘on sandhills and cliffs at the seaside.’ 
The varieties conica and nana of Helix hispida are found ‘ near 
the sea.’ Helix virgata is exceedingly small in similar localities, 
and tends to become unicoloured. H caperata var. Gigaxii, a 

^ J. S. Gibbons, Joum. of Couch, ii. p. 129. 
• C. H, Morris, iHd. vii. p. 191. ^ F. M. Hole, iUd. iv. p. 93. 

* T. D. A. Cockerell, Science Gossip, 1887, p. 67. 
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small depressed form, occurs at ‘ Sandwich and Falmouth.' ^ 
Sometimes, however, the exact opposite is the case, for H, 

nemoralia var. major, which is 'much larger' than the type, 
occurs on ' sandhills and downs' and is ' remarkably large in the 
L of Arran, Co. Galway.' The dwarf form of TAmnaea •peregra 

known as maritima appears to be confined to the neighbourhood 
of the sea. 

Dwarfing of the shell seems frequently to be the result of an 
elevated locality, not perhaps so much as the direct consequence 
of purer air and less barometric pressure, as of changes in the 
character of the food supply and in the humidity of the air. 
Several species of Helix have a variety minor which is charac¬ 
teristic of an Alpine habitat. Helix arhustorum var. alpestris, 

which is scarcely two-thirds the size of the type, occurs on the 
Swiss Alps in the region of perpetual snow. Sometimes a very 
slight elevation is sufficient to produce the dwarfed form. At 
Tenby the type form of Helix pisana is scattered in countless 
numbers over the sandhills just above high-water mark. At the 
extreme western end of these sandhills rises abruptly to a 
height of over 100 feet the promontory known as Giltar Head, 
the vegetation of which is entirely distinct from that of the 
burrows below. There is a colony of H pisana at the end of 
Giltar, all of which are devoid of the characteristic markings of 
the typical form, and most are dwarfed and stunted in growth. 

Occasionally the same variety will be found to be produced 
by surromidings of very different nature. Thus the var. alpestris 

of H arhustorum mentioned above, besides being characteristic 
of high Alpine localities, also occurs abundantly in low marshes 
at Hoddesdon on the Eiver Lea. Helix pulchella var. costata, ac¬ 
cording to Jeffreys, is found in dry and sandy places, often under 
loose stones and bricks on walls, while other authorities have 
noticed it in wet and dry localities quite indifferently. 

Sometimes the production of a variety may be traced to the 
intrusion of some other organism. According to Brot, nine- 
tenths of the Limnaea peregra inhabiting a certain pond near 
Geneva, were, during one season, afflicted with a malformation 
of the base of the columella. This deformity coincided with the 
appearance, in the same waters, of extraordinary numbers of 
Hydra viridis. The next season, when the Hydra disappeared, 

* J. 0. JefEreys, British G(mdu>logy^ vol. L- p. 214. 
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the next generation of Limrwiea was found to have resumed its 
normal form. 

It has been noticed that a form of Helix cajperata with a 
flattened spire and wide umbilicus is restricted to tilled fields, 
especially the borders of clover fields, while a form with a more 
elevated spire and more compact whorls occurs exclusively in 
open downs and uncultivated places. The Eev. S. S. Pearce 
accounts ^ for this divergence by the explanation that the flatter 
spire enables the shell of the fields to creep about more easily 
under the leaves or matted weeds, seldom requiring to crawl up 
a stalk or stem, while on the short turf of the downs and 
pastures the smaller and more rounded shell enables the animal 
to manoeuvre in and out of the blades of grass, and even to 
crawl up them with considerable activity. The same writer 
endeavours to explain the causes which regulate the distribution 
of H cajperata var. ornata. He found that this variety (dark 
bands on a white ground) occurred almost exclusively on downs 
which were fed upon by sheep, associated with the common or 
mottled form, while the latter form alone occurred in localities 
where sheep were not accustomed to feed. Assuming then, as 
is probably the case, that sheep, in the course of their close 
pasturing, devour many small snails, he believes that individuals 
of the more conspicuous form ornata were more likely to be 
noticed, and therefore avoided, by the sheep, than the mottled 
form, which would more easily escape their observation. Hence 
the var. ornata is due to the advantage which strikingly coloured 
individuals obtained owing to their conspicuous habit, as com¬ 
pared with the typical form, which would be less readily 
detected. 

(6) Changes in Soil, Station, Character of Water, etc,—A de¬ 
ficiency of lime in the composition of the soil of any particular 
locality produces very marked effects upon the shells of the 
MoUusca which inhabit it; they become small and very thin, 
occasionally almost transparent. The well-known var. tenuis of 
Helix asjpersa occurs on downs in the Channel Islands where 
calcareous material is scarce. For similar reasons, H arlustorum 

develops a var. fusca, which is depressed, very thin, and trans¬ 
parent, at Scilly, and also at Lunna L, E. Zetland. 

The common dog-whelk {Purpura lapillus) of our own coasts 

^ Jo/wm, ofCmv^ vi. p. 128. 
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4-7 fath. (^eaudrew); <1.1) Guernsey, rather exposed rocks; 
tered, abundant food supply; (18), (14) Robin Hood’s 1^, ve 
(14) slightly monstrous; (18), (10), (17), Morthoe, rather expos 
(18) St. Bride’s Bay; (1») L. Swilly, sheltered, but small footl i 
tion, except (10). 

Ti2)'^ltu Istuary of Gouvray, very shel 
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is au exceedingly vai-iable s]^M?cics, and in luiuiy castes tlu* 
variations may Ik^ sliown to bear a direct rrdation to tlio manner 
of life (Fig. r'lf)). ForniKS oeenrriiig in very exyiosed situations, 
iijf. Land’s End, outer rocks of the Seilly Is., coasts of N. ].)evon 
and Yorksliire, are stunted, with a short s])ire and relatively 
large mouth, the latter lunng d(welo];)ed in order t<j increase the 
])Ower of adherence to the rock and conse(yuently of resistance 
to wave force. (3n the otlier hand, shells occurring in slieltered 
situations, estuaries, narrow straits, or even on open coasts where 
there is plenty of slielter from the waves, are comparatively of 
great size, with a w(dl-dev(iloped, soimitimes ja-oduced spire, and 
a mouth small in pro])ortion to the arcii of shell surface. In the 
accompanying figure, tlie specimens from the Conway estuary and 
the Solent (12, 5) well illustrate this latter form of shell, whiles that 
from exposed rocks is illustrated by the specimens from Itobiu 
Hood's Iky (13,14). Had these syiecimens occumMl alone, or had 
they been brought from some distant and unexplored region, 
tliey must inevitably have been descril)ed as two distinct species. 

Mr. W. Bateson has made ^ some observations on the shells 
of Cardium edule taken from a series of t(‘rraces on the border 

1 2 3 4 

Fig. 36.—Valves of Cardium edule from tlie four upper terraces of Shiiinisli Kul, a dry 
salt lake adjacent to the Aral Sea. (After Bateson.) 

of certain salt lakes which once formed a portion of the Sea of 
Aral. As these lakes gradually became dry, the water they 
contained became salter, and thus the successive layers of dead 
shells deposited on their borders form an interesting record of 
the progressive variation of this species under conditions which, 
in one respect at least, can be clearly appreciated. At the same 
time the diminishing volume of water, and the increasing average 
temperature, would not be without their effect. It was found 

^ PhiL Tmtis, 1889, vol. 180 B, p, 295^. A somewhat similar case (the celebrated 
Steinheim series of Planorbis) is dealt with by Hilgendorf, MB, Akcud, Bcrl, 1866, 
p. 474; and Hyatt, Proc, Amer, Ass. Sc, xxix. p, 627, 
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that the principal changes were as follows: the thickness, and 
consequently the weight, of the shells became diminished, the 
size of the beaks was reduced, the shell became highly coloured, 
and diminished considerably in size, and the breadth of the shells 
increased in proportion to their length (Fig. 36). Shells of 
the same species of Gardium^ occurring in Lake Mareotis, were 
found to exhibit very similar variations as regards colour, size, 
shape, and thickness. 

Unio jpictorum var. comjpressa occurs near Norwich at two 
similar localities six or seven miles distant from one another, 
under circumstances which tend to show that similar conditions 
have produced similar results. The form occurs where the river, 
by bending sharply in horse-shoe shape, causes the current to 
rush across to the opposite side and form an eddy near the bank 
on the outside of the bend. Just at the edge of the sharp 
current next the eddy the shells are found, the peculiar form 
being probably due to the current continually washing away the 
soft particles of mud and compelling the shell to elongate itself 
in order to keep partly buried at the bottom.^ 

The rivers Ouse and Foss, which unite just below York, are 
rivers of strikingly different character, the Ouse being deep, 
rapid, with a bare, stony bottom, and little vegetable growth, 
and receiving a good deal of drainage, while the Foss is shallow, 
slow, muddy, full of weeds and with very little drainage. In 
the Foss, fine specimens of Anodonta anatina occur, lustrous, 
with beautifully rayed shells. A few yards off, in the Ouse, the 
same species of Anodonta is dull brown in colour, its interior 
clouded, the beaks and epidermis often deeply eroded. Precisely 
the same contrast is shown in specimens of Unio turnidus, taken 
from the same rivers, Ouse specimens being also slightly curved 
in form. Just above Yearsley Lock in the Foss, Unio tumidua 

occurs, but always dwarfed and malformed, a result probably due 
to the effect of rapidly running water upon a species accustomed 
to live in still water.^ Simroth records the occurrence of remark¬ 
ably distorted varieties in two species of Aetheria which lived in 
swift falls of the Eiver Congo.® 

A variety of Limnaea peregra with a short spire and rather 
strong, stoutly built shell occurs in Lakes Windermere, Derwent- 

V J. B. Biidgman, Qmrt Jov,rn. Conch, i. p. 70. 
* W, 0. Hey, Jbum, of Conch, iil p. 268. ® Zool Anz, xiii. p. 662. 
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water, and Llyn-y-van-fach. It lives adhering to stones in places 
where there are very few weeds, its shape enabling it to with¬ 
stand the surf of these large lakes, to which the ordinary form 
would probably succumb.^ 

Scalariform specimens of Planorhis are said to occur most 
commonly in waters which are choked by vegetation, and it has 
been shown that this form of shell is able to make its way 
through masses of dense weed much more readily than specimens 
of normal shape, 

Continental authorities have long considered Limnaea jperegra 

and L. ovata as two distinct species. Hazay, however, has 
succeeded in rearing specimens of so-called joeregra from the ova 
of ovata, and so-called ovata from the ova of peregra, simply by 
j)lacing one species in running water, and the other in still 
water. 

According to Mr. J. S. Gibbons ^ certain species of Littoriria, 

in tropical and subtropical regions, are confined to water more 
or less brackish, being incapable of living in pure salt water. 

I have met,’’ says Mr. Gibbons, " with three of these species, 
and in each case they have been distinguished from the truly 
marine species by the extreme (comparative) thinness of their 
shells, and by their colouring being richer and more varied; 
they are also usually more elaborately marked. They are to be 
met with under three different conditions—(1) in harbours and 
bays where the water is salt with but a slight admixture of fresh 
water; (2) in mangrove swamps where salt and fresh water mix 
in pretty equal volume; (3) on dry land, but near a marsh or 
the dry bed of one. 

“X. intermedia Eeeve, a widely diffused E. African shell, 
attaches itself by a thin pellicle of dried mucus to grass growing 
by the margin of slightly brackish marshes near the coast, re¬ 
sembling in its mode of suspension the Old World Cyclostoma, 

I have found it in vast nunibers in situations where, during the 
greater part of the year, it is exposed to the full glare of an 
almost vertical sun, its only source of moisture being a slight 
dew at night-time. The W. Indian L, angviifera Lam., and a 
beautifully coloured E. African species (J L, carinifera), are found 
in mangrove swamps; they are, however, less independent of salt 
water than the last.” 

^ J, Madison, Jowm, ^ Oonch, y, p, 260. ^ Quart. Jonm, Condi, i. 380. 
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Mr. Gibbons goes on to note that brackish water species 
(although not so solid as truly marine species) tend to become 
more solid as the water they inhabit becomes less salt. This 
is a curious fact, and the reverse of what one would expect. 
Specimens of L. intermedia on stakes at the mouth of the 
Lorenzo Marques Eiver, Delagoa Bay, are much smaller, darker, 
and more fragile, than those living on grass a few hundred 
yards away. X. angulifera is unusually solid and heavy at 
Puerto Plata (S. Domingo) among mangroves, where the water 
is in a great measure fresh; at Havana and at Colon, where it 
lives on stakes in water but slightly brackish, it is thinner and 
smaller and also darker coloured. 

(c) Changes in the Volume of Water.—It has long been known 
that the largest specimens, e.g. of Limnaea stagnalis and Anodonta 

anatina, only occurred in pieces of water of considerable size. 
Eeceiit observation, however, has shown conclusively tliat the 
volume of water in which certain species live has a very close 
relation to the actual size of their shells, besides producing other 
effects. Limnaea megasoma, when kept in an aquarium of 
limited size, deposited eggs which hatched out; this process was 
continued in the same aquarium for four generations in all, the 
form of the shell of the last generation having become such 
that an experienced conchologist gave it as his opinion that the 
first and last terms of the series could have no possible specific 
relation to one another. The size of the shell became greatly 
diminished, and in particular the spire became very slender.^ 

The same species being again kept in an aquarium under 
similar conditions, it was found that the third generation had a 
shell only four-sevenths the length of their great grandparents. 
It was noticed also tliat the sexual capacities of the animals 
changed as well. The liver was greatly reduced, and the male 
organs were entirely lost.^ 

K, Semper conducted some well-known experiments bearing 
on this point. He separated ^ specimens of Limnaea stagnalis 

from the same mass of eggs as soon as they were hatched, and 
placed them simultaneously in bodies of water varying in volume 
from 100 to 2000 cubic centimetres. All the other conditions 
of life, and especially the food supply, were kept at the known 

^ Whitfield, Bull Aimr. Mus. N. H. i. p. 29. 
• Amr. iVat. Jciv. p. 61. » Animal Life, Kd. 1, p. 160 f. 
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optimum. He found, in tlie result, tliat the size of the sliell 
varied directly in proportion to the volume of the water in which 
it lived, and that this was tlie case, whether an individual speci¬ 
men was kept alone in a given quantity of water, or shared it 

with several others. At the close of 65 days the specimens 
raised in 100 cubic cm. of water wen*, only 

6 mm. long, those in 250 eul)ic cm. were 

9 mm. long, those in 600 cubic cm. were A k 

12 mm. long, wldle those kept in 2000 ^ 

cul)ic cm. attained a length of 18 mm. 
/■pi^-j. o A B 

^ ‘ . r. n -n Fio. 37.—Four equally old 
An interesting effect of a sudden fall shells of 

of temperature was noticed liy Semm^r in hatched from the same 
^ • 1 1 • of reared 

connection witii tlui alxwe experiments, in different volumes of 

Vessels of’ unequal size, containing speci- 250^^c 600^ ami D in 

mens of the Limnaea, happened to stand 2000 cubic centimetres. 

before a window at a time when the tern- Semper.) 

perature suddenly fell to about 55^* F. The sun, which shone 

through the window, warmed the water in the smaller vessels, 

hut had no effect upon the temperature of the larger. Tlie 

result was, that the JAmnaea in 2000 cubic cm., which ought 

to Jiave been 10 mm. long when 25 days old, were scarcely 

longer, at the end of tliat period, than those which had lived in 

the smaller vessels, but whose water had been sufficiently warm. 



CHAPTER IV 

USES OF SHELLS FOR MONEY, ORNAMENT, AND FOOD-CULTIVATION 

OF THE OYSTER, MUSSEL, AND SNAIL-SNAILS AS MEDICINE 

-PRICES GIVEN FOR SHELLS 

The employment of shells as a medium of (Exchange was 
exceedingly common amongst uncivilised tribes ii^all parts of 
the world, and has by no means yet become obsolete. One of 
the commonest species thus employed is the ' money cowry' 
(Gypraea moneta, L.), which stands almost alone in being used 
entire, while nearly all the other forms of shell money are made 
out of portions of shells, thus requiring a certain amount of 
labour in the process of formation. 

One of the earliest mentions of the cowry as money occurs 
in an ancient Hindoo treatise on mathematics, written in the 
seventh century a,d. A question is propounded thus: 'the of 
of J of of of ^ a dramma was given to a beggar by one from 
whom he asked an alms; tell me how many cowry shells the miser 
gave.' In British India about 4000 are said to have passed 
for a shilling, but the value appears to differ according to their 
condition, poor specimens being compaitotively worthless. Accord¬ 
ing to Reeve ^ a gentleman residing at Cuttack is said to have paid 
for the erection of his bungalow entirely in cowries. The building 
cost him 4000 Rs. sicca (about £400), and as 64 cowries = 1 pice, 
and 64 pice = 1 rupee sicca, he paid over 16,000,000 cowries in aU. 

Cowries are imported to England from India and other places 
for the purposes of exportation to West Africa, to be exchanged 
for native products. The trade, however, appears to be greatly 
on the decrease. At the port of Lagos, in 1870, 50,000 cwts. 
of cowries were imported.^ 

^ CoTy:h, Syst, ii p. 262 
^ F« h. Simmouds, ComMTcM Products of the Sea, p. 27S. 
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A banded form of Nerita polita was used as money in certain 
parts of the South Pacific. The sandal-wood imported into the 
China market is largely obtained from the New Hebrides, being 
purchased of the imtives in exchange for Ovulum angulosum, 

which they especially esteem as an ornament. Sometimes, as 
in the Duke of York group, the use of shell money is specially 
restricted to certain kinds of purchase, being employed there 
only in the buying of swine. 

Among the tribes of the North-West coasts of America the 
common Dentalium indianorum used to form the standard of 
value, until it was superseded, under the auspices of the Hudson’s 
Bay Company, by blankets. A slave was valued at a fathom of 
from 25 to 40 of these shells, strung lengthwise. Inferior or 
broken specimens were strung together in a similar way, but 
were less highly esteemed; they corresponded more to our 
silver and copper coins, while the strings of the best shells 
represented gold. 

The wampum of the eastern coast of North America diftered 
from all these forms of shell money, in that it required a laborious 
process for its manufacture. Wampum consisted of strings of 
cylindrical beads, each about a quarter of an inch in length and 
half that breadth. The beads were of two colours, white and 
purple, the latter being the more valuable. Both were formed 
from the common clam, Venus mercenaria, the valves of which 
are often stained with purple at the lower margins, while the 
rest of the shell is white. Cut small, ground down, and pierced, 
these shells were converted into money, which appears to have 
been current along the whole seaboard of North America from 
Maine to Florida, and on the Gulf Coast as far as Central 
America, as well as among the inland tribes east of the 
Mississippi. Another kind of wampum was made from the 
shells of Busycon carica and B, perversum. By staining the 
wampum with various colours, and disposing these colours in 
belts in various forms of arrangement, the Indians were able to 
preserve records, send messages, and keep account of any kind of 
event, treaty, or transaction. 

Another common form of money in Califorma was Olivella 

biplicata, strung together by rubbing down the. apex* Button¬ 
shaped disks cut from Saxidomus arata and Pachydesma 

cra$sateUoide$f as well as oblong pieces of Ealiotis, were emr 

YOL. HI H 
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ployed for the same purpose, when strung together in lengths of 
several yards. 

There is a curious old custom/* writes Mr. W. Anderson 
Smith,^ that used formerly to be in use in this locality [the 
western coast of Scotland], and no doubt was generally em¬ 
ployed along the seaboard, as the most simple and ready means 
of arrangement of bargains by a non-writing population. That 
was, when a bargain was made, each party to the transaction 
got one half of a bivalve shell—such as mussel, cockle, or oyster— 
and when the bargain was implemented, the half that fitted 
exactly was delivered up as a receipt I Thus a man who had a 
box full of unfitted shells might be either a creditor or a debtor; 
but the box filled with fitted shells represented receipted accounts. 
Those who know the difficulty of fitting the valves of some classes 
of bivalves will readily acknowledge the value of this arrangement.** 

Shells are employed for use and for ornament by savage— 
and even by civilised—tribes in all parts of the world. The 
natives of Fiji thread the large Turho argijrostoma and crmulatus 

as weights at the edge of their nets, and also employ them as 
sinkers. A Oypraea tigris cut into two halves and placed round 
a stone, with two or three showy Oliva at the sides, is used as a 
bait for cuttles. Avicula margaritifera is cut into scrapers and 
knives by this and several other tribes. Breast ornaments of 
Ghama, grouped with Solarium perspectivum and Terehra dupli- 

cata are common among the Fijians, who also mount the Avicula 

on a backing of whales* teeth sawn in two, for the same pimpose. 
The great Orange Cowry {Gypram aurantiaca) is used as a 
badge of high rank among the chieftains. One of the most 
remarkable Fijian industries is the working of whales* teeth to 
represent this cowry, as well as the commoner G, talpa^ which is 
more easily imitated. 

Among the Solomon islanders, cowries are used to ornament 
their shields on great field days, and split cowries are worn as 
a necklace, to represent human teeth. Small bunches of Tere- 

bdlum suhtUafum are worn as earrings, and a large valve of 
Avicula is employed as a head ornament in the centre of a 
fillet. The same islanders ornament the raised prows of their 
canoes, as well as the inside of the stern-post, with a long row of 
single Natica, 

^ Bmd^rlochy p. 118. 
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The native Papuans employ shells for an immense variety of 
purposes. Circlets for the head are formed of rows of Nassa 

gihhosula, rubbed down till little but the mouth remains. 
Necklaces are worn which consist of strings of Oliva, young 
Avicula, JVatica melanostoma, opercula of Turho, and valves of 
a rich brown species of Cardium, pendent at the end of strings 
of the seeds known as Job’s tears. Struthiolaria is rubbed 
down until nothing but the mouth is left, and worn in strings 
round the neck. This is remarkable, since Stncthiolaria is not 
a native I’apuan shell, and indeed occurs no nearer than New 
Zealand. Sections of Melo are also worn as a breast ornament, 
dependent from a necklace of cornelian stones. Cypraea erosa 

is used to ornament drinking bowls, and Ovulum ovum is 
attached to the native drums, at the base of a bunch of casso¬ 
wary feathers, as well as being fastened to the handle of a 
sago-beater. 

In the same island, the great Turbo and Conus millepunctatus 

are ground down to form bracelets, which are worn on the 
biceps. The crimson lip of Stromhus luhuanus is cut into beads 
and perforated for necklaces. Village elders are distinguished 
by a single Ovulum verrucosum, worn in the centre of the fore¬ 
head. The thick lip of Cassis cornuta is ground down to form 
nose pieces, 4^ inches long. Fragments of a shell called Kavma 

(probably valves of a large Spondylus) are worn suspended from 
the ears, with little wisps of hair twisted up and thrust through 
a hole in the centre. For trumpets. Cassis cornuta, Triton 

tritonis, and JRanella lampas are used, with a hole drilled as a 
mouthpiece in one of the upper whorls. Valves of Batissa, 

TJnio, and Mytilus are used as knives for peeling yams. Spoons 
for scooping the white from the cocoa-nut are made from 
Avicula margaritifera, Melo diadema is used as a baler in the 
canoes.^ 

In the Sandwich Islands Melampus luteus is worn as a 
necklace, as well as in the Navigator Islands. A very striking 
necklace, in the latter group, is formed of the apices of a 
Nautilus, rubbed down to show the nacre. The New Zealanders 
use the green opercula of a Turbo, a small species of Venus, and 
Cypraea asdlm to form the eyes of their idola Fish-hooks are 
made throughout the Pacific of the shells of Avicula and 

^ 0* Hedley in J. P. Thomson, Brit Nm Chiinea, p. 288. 
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Haliotis, and are sometimes strengthened by a backing made of 
the columella of Cypraea arahica. Small axe-heads are made 
from Terelra crenulata ground down (Woodlark I.), and larger 
forms are fashioned from the giant Tridacna (Fiji). 

Shells are used to ornament the elaborate cloaks worn by the 
women of rank in the Indian tribes of South America. Speci¬ 
mens of Ampullaria^ Orthalicus, Labyrinthus, and Bulimulus 

depend from the bottom and back of these garments, while great 
Bulimij 6 inches long, are worn as a breast ornament, and at the 
end of a string of beads and teeth.^ 

The chank-shell {Turbinella rajpa) is of especial interest from 
its connexion with the religion of the Hindoos. The god 
Vishnu is represented as holding this shell in his hand, and the 
sinistral form of it, which is excessively rare, is regarded with 
extraordinary veneration. The chank appears as a symbol on 
the coins of some of the ancient Indian Empires, and is still 
retained on the coinage of the Eajah of Travancore. 

The chief fishery of the chank-shell is at Tuticorin, on the 
Gulf of Manaar, and is conducted during the N.E. monsoon, 
October~May. In 1885“-86 as many as 332,000 specimens 
were obtained, the net amount realised being nearly Es. 24,0 00. 
tn former days the trade was much more lucrative, 4 or 5 
millions of specimens being frequently shipped. The govern¬ 
ment of Ceylon used to receive £4000 a year for licenses to 
fish, but now the trade is free. The shells are brought up by 
divers from 2 or 3 fathoms of water. In 1887 a sinistral 
specimen was found at Jaffna, which sold for Es.700.2 Nearly 
all the shells are sent to Dacca, where they are sliced into 
bangles and anklets to be worn by the Hindoo women. 

Perhaps the most important industry which deals only with 
the shells of MoUusca is that connected with the ‘pearl-oyster.* 
The history of the trade forms a small literature in itself. It 
must be sufficient here to note that the species in question is 
not an ‘ oyster,* properly so called, but an Avimla {margaritifera 

Lam.). The ‘ mother-of-pearl,* which is extensively employed 
for the manufacture of buttons, studs, knife-handles, fans, card- 
cases, brooches, boxes, and every kind of inlaid work, is the 

^ Mo^t of the above facts arc deiived from a study of a collection of native 
implements, weapons, ornaments, etc., in the Antiq^rian Museum at Cambridge. 

* Thurston, on the Pearl and Ghank FishevieSf Madras, 1S90. 
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internal nacreous laminae of tlie shell of this species. The most 
important fisheries are those of the Aru Islands, the Soo-loo 
Archipelago, the Persian Gulf, the Eed Sea, Queensland, and the 
Pearl Islands in the Bay of Panama. The shell also occurs in 
several of the groups of the South Pacific—the Paumotu, 
Gambier and Navigator Islands, Tahiti being the centre of the 
trade—and also on the coasts of Lower California.^ 

Pearls are the result of a disease in the animal of this species 
of Avicula and probably in all other species within which they 
occur. When the Avicula is large, well formed, and with 
ample space for individual development, pearls scarcely occur 
at all, but when the shells are crowded together, and become 
humped and distorted, as well as affording cover for all kinds of 
marine worms and parasitic creatures, then pearls are sure to be 
found. Pearls of inferior value and size are also produced by 
Flacuna placenta, many species of Pinna, the great Tridacna, 

the common Ostrea edulis, and several other marine bivalves. 
They are not uncommon in Unio and Anodonta, and the common 
Margaritana margaritifera of our rapid streams is still said to 
be collected, in some parts of Wales, for the purpose of ex¬ 
tracting its small ' seed-pearls.* Pink pearls are obtained from 
the giant conch-shell of the West Indies {Stromius gigas), as 
well as from certain Twrbinclla, 

In Canton, many houses are illuminated almost entirely by 
skylights and windows made of shells, probably the semi¬ 
transparent valves of Placuna placenta. In China lime is 
commonly made of ground cockle-shells, and, when mixed with 
oil, forms an excellent putty, used for cementing coffins, and in 
forming a surface for the frescoes with which the gables of 
temples and private houses are adorned. Those who suffer from 
cutaneous diseases, and convalescents from small-pox, are washed 
in Canton with the water in which cockles have been boiled.^ 

A recent issue of the Peking Gazette contains a report from 
the outgoing Viceroy of Fukhien, stating that he had handed over 
the insignia of office to his successor, including inter alia the 
conch-^ihell bestowed by the Throne. A conch-shell with a 
whorl turning to the right, i.e, a sinistral specimen, is supposed 
when blown to have the effect of stilling the waves, and hence is 

^ See ill particular,* P. L. Simmonds, ComiMreial Prod/aets of the Sea, 
* H. Pield Clvh, iv. 1898, p, 100. 
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bestowed by the Emperor upon high officers whose duties oblige 
them to take voyages by sea. The Viceroy of Fukhien probably 
possesses one of these shells in virtue of his jurisdiction over 
Formosa, to which island periodical visits are supposed to be 
made.^ 

Shells appear to be used occasionally by other species besides 
man. Oyster-catchers at breeding time prepare a number of 
imitation nests in the gravel on the spit of land where they 
build, putting bits of white shell in them to represent eggs.^ 
This looks like a trick in order to conceal the position of the 
true nest. According to Nordenskjold, when the eider duck of 
Spitzbergen has only one or two eggs in its nest, it places a shell 
of Buccinum glaciale beside them. The appropriation of old 
shells by hermit-crabs is a familiar sight all over the world. 
Perhaps it is most striking in the tropics, where it is really 
startling, at first experience, to meet—as I have done—a large 
Cassis or Turlo, walking about in a wood or on a hill side at 
considerable distances from the sea. A Gephyrean {PUascolion 

strorribi) habitually establishes itself in the discarded shells of 
marine MoUusca. Certain Hymenoptera make use of dead shells 
of Helix hortensis in which they build their cells.® Magnus 
believes that in times when heavy rains prevail, and the usual 
insects do not venture out, certain flowers are fertilised by snails 
and slugs crawling over them, e.g. Leucanthemum vulgare by 
LiTmx laevis,^ 

MoUusca as Food for Man.—Probably there are few countries 
in the world in which less use is made of the MoUusca as a form 
of food than in our own. There are scarcely ten native species 

^ which can be said to be at aU commonly employed for this 
purpose. Neighbouring countries show us an example in this 
respect. The French, Italians, and Spanish eat Natica, Twho, 

Triion, and Murex, and, among bivalves, Donax, Venus, Lithodomus, 

Pholas, Tapes, and Cardita, as well as the smaller Cephalopoda. 
Under the general designation of clam the Americans eat Venus 

mercenaria, Mya arenaria, and Mactra solidissima. In the Simz 
markets are exposed for sale Strombus and Melongena, Avicula 

and Cyth&rea, At Panama Donax and Solen are delicacies, while 

^ Nature, xxxi. 1885, p, 492. 
® W. Anderson Smith, Benderlocfi, p. 178. 

• Dominique, Feuill, Nat, xviii.p. 22. * SB. Nat. Fr, Seri 1889, p. 197. 
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the natives also eat the great Murex and Fyrula, and even the 
liuge Area grandis, which lives embedded in the liquid river mud. 

The common littoral bivalves seem to be eaten in nearly all 
countries except our own, and it is therefore needless to enume¬ 
rate them. The Gasteropoda, whose habits are scarcely so 
cleanly, seem to require a bolder spirit and less delicate palate to 
venture on their consumption. 

The Malays of the East Indian islands eat Telescopium 
f'tiscum and Fyrazus falustris, which abound in the mangrove 
swamps. They throw them on their wood fires, and when they 
are sufficiently cooked, break off the top of the spire and suck 
the animal out through the opening. Haliotis they take out of 
the shell, string together, and dry in the sun. The lower classes 
in the Philippines eat Area inaequivalvis, boiling them as 
we do mussels.^ In the Corean islands a species of Monodonta 
and another of Mytilus are quite peppery, and bite the tongue; 
our own Helix revelata, as I can vouch from personal experience, 
has a similar flavour. Fusus colosseus, Bapana lezoar, and 
Purpura luteo^toma are eaten on the southern coasts of China; 
Stromhus lukuanus, Turlo chrysostomuSj Trochus niloticus, and 
Patella teetudinaria, by the natives of New Caledonia; Stromhus 
gigas and Livona pica in the West Indies; Turho niger and 
Gonekolepas peruvianus on the Chilian coasts; four species of 
Stromhus and Nerita, one each of Purpura and Turho, besides 
two Tridacna and one Hippopus, by the natives of British New. 
Guinea. West Indian negroes eat the large Chitons which are 
abundant on their rocky coasts, cutting ofi* and swallowing raw 
the fleshy foot, which they call ' beef/ and rejecting the viscera. 
Dried cephalopoda are a favourite Chinese dish, and are regu¬ 
larly exported to San Francisco, where the Chinamen make them 
into soup. The ‘ Challenger ’ obtained two species of Sepia and 
two of Loligo from the market at Yokohama. 

The insipidity of fresh-water Mollusca renders them much 
less desirable as a form of food. Some species of Unionidae, 
however, are said to be eaten in France. Anodonta edulis is 
specially cultivated for food in certain districts of China, and 
the African Aeiheriae are eaten by negroes. Navicella and 
H&ntina are eaten in Mauritius, Ampullaria and Neritina in 
Guadeloupe, and Paludina in Cambodia. 

**4. Adam^, Fnyage (fthe *Sa7narai%g,* ii. p. 808, 
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The vast heaps of empty shells known as ' kitchen-middens/ 
occur in almost every part of the world. They are found in 
Scotland,. Denmark, the east and west coasts of North America, 
Brazil, Tierra del Fuego, Australia and New Zealand, and are 
sometimes several hundred yards in length. They are invariably 
composed of the edible shells of the adjacent coast, mixed with 
bones of Mammals, birds, and fish. From their great size, it 
is believed that many of them must have taken centuries to 
form. 

Pre-eminent among .existing shell-fish industries stands the 
cultivation of the oy^fpa«\d the mussel, a more detailed account 
of which may prove interesting. 

The cultivation of the oyster ^ as a luxury of food dates at 
least from the gastronomic age of Eoine. Every one has heard 
of the epicure whose taste was so educated that 

‘Mie could tell 
At the first mouthful, if his oysters fed 
On the Rutupian or the Lucrine bed 
Or at Circeii.''^ 

The first artificial oyster-cultivator on a large scale appears 
to have been a certain Eoman named Sergius Grata, who lived 
about a century b.c. His object, according to Pliny the elder,® 
was not to please his own appetite so much as to make money 
by ministering to the appetites of others. His vivaria were 

’»fiituated on the Lucrine Lake, near Baiae, and the Lucrine 
oysters obtained under his cultivation a notoriety which they 
never entirely lost, although British oysters eventually came to 
be more highly esteemed. He must have been a great enthusiast 
in his trade, for on one occasion when he became involved in a 
law-suit with one of the riparian proprietors, his counsel declared 
that Grata's opponent made a great mistake if he expected to 
damp his ardour by expelling him from the lake, for, sooner 
than not grow oysters at all, he would grow them upon the roof 
of his house.^ Grata's successors in the business seem to have 
understood the secret of planting young oysters in new beds, for 

^ Mach iuformation has been derived, on tliia subject, from Bertram’s 
€f tht Bea, Simmonds’ Commarcml Products of tlic Sea, the publications of the 
Fisheries Exhibition, especially vol, xi. (Anson and Willett); see also Philpots, 
Oysters • 

» Juvenal, Sei^ iv. 340-14?. « Hist. NaU ix. 79. * Pa/. Mane, ix, h 
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we are told that specimens brought from Brundisium and even 
from Britain were placed for a while in the Lucrine lake, to 
fatten after their long journey, and also to acquire the esteemed 
" Lucrine flavour.” 

Oysters are 'in season* whenever there is an 'r* in the 
month, in other words, from September to^ April ' Mensibus 
erratis,* as the poet has it, 'vos ostrea manducatis!* It has 
been computed that the quantity annually produced in Great 
Britain amounts to no less than sixteen hundred million, while 
in America the number is estimated ^at five thousand five 
hundred million, the value being over Ihicteen million dollars, 
and the number of persons employed fifty thousand. Arcachon, 
one of the principal French oyster-parks, has nearly 10,000 acres 
of oyster beds, the annual value being from eight to ten million 
francs; in 1884-85,178,359,000 oysters were exported from this 
place alone. In the season 1889-90, 50,000 tons of oysters 
were consumed in London. 

Few will now be found to echo the poet Gay’s opinion: 

'' That man lind sure a palate covered o’er 
With brass or steel, that on the rocky shore 
First broke the oozy oyster’s pearly coat, 
And risq’d the living morsel down his throat.” 

There were halcyon days in England once, when oysters 
were to be procured at 8d. the bushel. Now it costs exactly 
that amount before a bushel, brought up the Thames, can even 
be exposed for sale at Billingsgate (4d. porterage, 4d. market 
toll), and prime Whitstable natives average from 3|^d. to 4d. 
each. The principal causes of this rise in prices, apart from the 
increased demand, are (1) over-di*edging, (2) ignorant cultiva¬ 
tion, and to these may be added (3) the efiect of bad seasons in 
destroying young oysters, or preventing the spat from maturing. 
Our own principal beds are those at Whitstable, Eochester, 
Colchester, Milton (famous for its ‘ melting' natives), Faversham, 
Queenborough, Burnham, Poole, and Carlingford in Co, Down, 
and Newhaven, near Edinburgh, 

The oyster-farms at Whitstable, public and private, extend 
over an area of more than 27 square milea The principal of 
these is a kind of joint-stock company, with no other privilege of 
entrance except birth as a free dredgeman of the town. When 
a bolder dies, his interest dies with him* Twelve directors, 
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known as "'the Jury,” manage the alTairs of the company, which 
finds employment for several thousand people, and sometimes 
turns over as much as £200,000 a year. The term" Natives,' as 
applied to these Whitstable or to otlier English oysters, requires 
a word of explanation. A ‘ Native' oyster is simply an oyster 
which has been bred on or near the Thames estuary, but very 
probably it may be developed from a brood which came from 
Scotland or some other place at a distance. For some unexplained 
reason, oysters bred on the London clay acquire a greater delicacy 
of flavour than elsewhere. The company pay large sums for 
brood to stock their own grounds, since there can be no certainty 
that the spat from their own oysters will fall favourably, or even 
within their own domains at all. Besides purchases from other 
beds, the parks are largely stocked with small oysters picked up 
along the coast or dredged from grounds public to all, some¬ 
times as much as 50s. a bushel being paid for the best brood. 
It is probably this system of transplanting, combined with 
systematic working of the beds, which has made the Whitstable 
oyster so excellent both as to quality and quantity of flesh. 
The whole surface of the " layings' is explored every year by the 
dredge, successive portions of the ground being gone over in 
regular rotation, and every provision being made for the well¬ 
being of the crop, and the destruction of their enemies. For 
three days of every week the men dredge for ' planting,' i,e, for 
the transference of suitable specimens from one place to another, 
the separation of adhering shells, the removal of odd valves and 
of every kind of refuse, and the killing off of dangerous foes. 
On the other three days they dredge for the market, taking care 
only to lift such a number as will match the demand. 

The Colne beds are natural beds, as opposed to the majority 
of the great working beds, which are artificial. They are the 
property of the town of Colchester, which appoints a water- 
bailiff to manage the concern. Under his direction is a jury of 
twelve, who regulate the times of dredging, the price at which 
sales are to be made, and are generally responsible for the 
practical working of the trade. Here, and at Faversham, Queen- 
borough, Eochester, and other places," natives' are grown which 
rival those of Whitstable. 

There can be no question, however, that the cultivation of 
oysters by the French is far more complete and efficient than 
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our own, and has reached a liigher degree of scientific perfe('.tion 
combined with economy and solid profits. And yet, between 
40 and 50 years ago, the French beds were utterly exhausted 
and unproductive, and showed every sign of failui^e and decay. 
Tt was in 1858 that the celebrated beds on the He de E^, near 
Eochelle, were first started. Their originator was a certain 
shrewd stone-mason, by name Boeuf. He determined to try, 
entirely on his own account, whether oysters could not be made 
to grow on the long muddy fore-shore which is left by the ebb 
of the tide. Accordingly, he constructed with his own hands a 
small basin enclosed by a low wall, and placed at the bottom a 
number of stones picked out of the surrounding mud, stocking 
his 'pare* with a few bushels of healthy yomig brood. The 
experiment was entirely successful, in spite of the jeers of his 
neighbours, and Boeufs profits, which soon began to mount up 
at an astonishing rate, induced others to start similar or more 
extensive farms for themselves. The movement spread rapidly, 
and in a few years a stretch of miles of unproductive mud banks 
was converted into the seat of a most prosperous industry. The 
general interests of the trade appear to be regulated in a similar 
manner to that at Whitstable; delegates are appointed by the 
vai’ious commimities to watch over the business as a whole, 
while questions affecting the well-lDeing of oyster-culture are 
discussed in a sort of representative assembly. 

At the same time as Boeuf was planting his first oysters on 
the shores of the He de Ke, M. Coste had been reporting to the 
French government in favour of such a system of ostreiculture 
as was then practised by the Italians in the old classic Lakes 
Avernus and Lucrinus. The principle there adopted was to 
prevent, as far as possible, the escape of the spat from the 
ground at the time when it is first emitted by the breeding 
oyster. Stakes and fascines of wood were placed in such a 
position as to catch the spat and give it a chance of obtaining a 
hold before it perished or was carried away into the open sea. 
The old oyster beds in the Bay of St. Brieuc were renewed on 
this principle, banks being constructed and overlaid with bundles 
of wood to prevent the escape of the new spat. The attempt 
was entirely successful, and led to the establishment or re¬ 
establishment of those numerous pares, with which the French 
const is studded from Brest to the Gironde. The principal 
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centres of the industry are Arcachon, Auray, Oancale, and la 
Teste. 

It is at Marennes, in Normandy, that the production of the 
celebrated " green oyster ’ is carried out, that especial luxury of 
the French epicure. Green oysters are a peculiarly French 
taste, and, though they sometimes occur on the Essex marshes, 
there is no market for them in England. The preference for 
them, on the continent, may be traced back as early as 1713, 
when we find a record of their having been served up at a 
supper given by an ambassador at the Hague. Green oysters 
are not always green, it is only after they are placed in the 
‘claires,’ or fattening ponds, that they acquire the hue; they 
never occur in the open sea. The green colour does not extend 
over the whole animal, but is found only in the branchiae and 
labial tentacles, which are of a deep blue-green. Various theories 
have been started to explain the * greening * of the mollusc; the 
presence of copper in the tanks, the chlorophyll of marine algae, 
an overgrowth of some parasite, a disease akin to liver complaint, 
have all found their advocates. Prof. Lankester seems to have 
established^ the fact,—which indeed had been observed 70 years 
before by a M. GaUlon—that the greening is due to the growth 
of a certain diatom {Navicula ostrearia) in the water of the tanks. 
This diatom, which is of a deep blue-green colour, appears from 
April to June, and in September. The oyster swallows quantities 
of the Navicula ; the pigment enters the blood in a condition of 
chemical modification, which makes it colourless in all the other 
parts of the body, but when the blood reaches the gills the 
action of the secretion cells causes the blue tint to be restored. 
The fact that the colour is rather green than blue in the gills, 
which are yellowish brown, is due to certain optical conditions. 

Not till the young white oyster has been steeped for several 
years in the muddy waters of the ‘ claires * does it acquire the 
proper tint to qualify it for the Parisian restaurant. The 'daires* 
are each about 100 feet square, surrounded by low broad banks 
of earth, about 3 feet high and 6 feet thick at the base. Before 
th^ oysters are laid down, the gates which admit the tide are 
carefully opened and shut a great many times, in order to 
collect a suflSicient amount of the Navicula. When this is done, 
the beds are formed, and are not again overflowed by the sea, 

, * Quart. Jowm. Micr. Sc, xxvi. p. 71* 
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except at very high tides. The oysters are shifted from one 
‘ claire * to another, in order to perfect the ' greening ’ process. 
About fifty million of these ‘ huitres de Marennes ’ are produced 
annually, yielding a revenue of 2,500,000 francs. 

It appears, from the experience of one of the most enthusiastic 
of French oyster-growers (Dr. Kemmerer), that oysters grow best 
in muddy water, and Ireed best in clear water. Thus the open 
sea is the place where the spat should fall and be secured, and, 
as soon as it is of a suitable size, it should be transferred to the 
closed tank or reservoir, where it will find the quiet and the 
food (confervae, infusoria, minute algae) which are so requisite 
for its proper growth. In muddy ground the animal and 
phosphorous matter increases, and the flesh becomes fatter and 
more oily. A sudden change from the clear sea-water to the 
muddy tank is inadvisable, and thus a series of shiftingi through 
tanks with water of graduated degrees of nourishment is the 
secret of proper oyster cultivation. 

The American oyster trade is larger even than the French. 
The Baltimore oyster beds in the Chesapeake river and its 
tributaries cover 3000 acres, and produce an annual crop of 
25 million bushels, as many as 100,000 bushels being sometimes 
taken from Chesapeake Bay in a single day. Baltimore is the 
centre of the tinned oyster trade, while that in raw oysters 
centres in New York. Most of the beds whose produce is 
carried to New York are situated in New Jersey, Connecticut, 
Delaware, or Virginia. The laws of these states do not allow 
the beds to be owned by any but resident owners, and the 
New York dealers have consequently to form fictitious part¬ 
nerships with residents near the various oyster beds, supply 
them with money to buy the beds and plant the oysters, and 
then give them a share in the profits. It has been estimated 
that from the Virginia beds 4,000,000 bushels of oysters are 
carried every year to Fair Haven in New England, 4,000,000 
to New York, 3,000,000 to Providence, and 2,000,000 each to 
Boston, Philadelphia, and Baltimora The American ‘native* 
(0. virginica) is a distinct species from our own, being much 
larger and longer in proportion to its breadth; it is said to be 
also much more prolific. 

According to Milne-Edwards,^ in the great oyster parks on 

* See G. H. Lewes, Setstt^side p. 8S9. 
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the coasts of Calvados, the oysters are educated to keep their 
shells closed when out of water, and so retain water enough 
inside to keep their gills moist, and arrive at their destination 
in good condition. As soon as an oyster is taken out of the 
sea, it closes its shells, and keeps them closed until the shock of 
removal has passed away, or perhaps until the desirability of a 
fresh supply of water suggests itself. The men take advantage 
of this to exercise the oysters, removing them from the sea for 
longer and longer periods. In time this has the desired effect; 
the well-educated mollusc learns that it is hopeless to ' open ’ 
when out of the water, and so keeps his shell closed and his gills 
moist, and his general economy in good condition. 

Oysters have been known to live entirely out of water for a 
considerable time. Prof. Verrill once noticed^ a large cluster of 
oysters aittached to an old boot, hanging outside a fish-shop in 
Washington. They had been taken out of the water on about 
10 th December, and on 25 th February following some of the 
largest were still alive. It was noticed that all those which sur¬ 
vived had the hinge upward and the ventral edge downward, this 
being the most favourable position possible for the retention of 
water within the gill-cavity, since the edge of the mantle would 
pack against the margins of the shell, and prevent the water 
from leaking away. 

Such a succulent creature as the oyster has naturally many 
enemies. One of the worst of these is the ravenous Starfish, or 
Five-finger. His omnivorous capacities are well described by a 
clever writer and shrewd observer of nature: '' Here is one 
doubled up like a sea-urchin, brilliant of hue, and when spread 
out quite 16 inches in diameter; where, and oh where, can you 
obtain a prey ? The hoe we carry is thrust out and the mass 
dragged shorewards, when the rascal disgorges two large dog- 
whelks he has been in the process of devouring. We feel a 
comfortable glow of satisfaction to think that this enemy of our 
oyster-beds is also the enemy of our other enemy, this carnivor¬ 
ous borer. Here, quite close alongside, is another, only inferior 
in size, and we drag him ashore likewise, to find that the fellow 
has actually had the courage and audacity to suck the contents 
out of a large horse-mussel {Modiola), the strong muscle alone 
remaining undevoured. We proceed along but a short way 

^ BvM. U, S, Fish, Cmnm, v, p. 161. 
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when we meet with still another in the curled-up condition in 
which they gorge themselves, and as we drag it shorewards the 
shell of a Ta'pes pullastra drops from the relaxing grasp of the 
ogre. Slowly the extended stomach returns to its place, and 
the monster settles hack to an uncomfortable after-dinner siesta 
on an exposed boulder; for the starfish wraps its turned-out 
stomach around the prey it has secured, in place of attempting 
to devour the limey covering in which most of its game is 
protected. Once the mouth of the shell is enclosed in the 
stomach of the starfish, the creature soon sickens, the hinge- 
spring relaxes its hold, and the shell opening permits the star¬ 
fish to suck out the gelatinous contents, and cast free the 
calcareous skeleton.” ^ 

According to other observers the starfish seizes the oyster 
with two of his fingers, while with the other three he files away 
the edge of the flat or upper valve until the points of contact 
with the round valve are reduced almost to nothing; then he can 
introduce an arm, and the rest is easy work. Others suggest 
that the starfish suffocates the oyster by applying two of its 
fingers so closely to the edge of the valves that the oyster is 
unable to open them; after a while the vital powers relax and 
the shell gapes. The Kev. J. G. Wood holds ^ that the starfish 
pours a secretion from its mouth which “ paralyses the hinge 
muscle and causes the shell to open.” Sometimes in a single 
night a whole bed of oysters will be totally destroyed by an 
invasion of starfish. Another dreaded enemy is the ' whelk,’ a 
term which includes Pwr'pura lapillus, Murex erinaceus, Buccinum 
undatum, and probably also Nassa reticulata. All these species 
perforate the shell with the end of their radula, and then suck 
out the contents through the neatly drilled hole. Skate fish 
are the cause of terrible destruction in the open beds, and a 
scarcely less dangerous visitant is the octopus. Crabs crush the 
young shells with their claws, and are said to gather in bands 
and scratch sand or mud over the larger specimens, which makes 
them open their shells. Yet another, and perhaps unconscious, 
foe is found in the common mussel, which takes up room meant 
for the young oysters, grows over the larger individuals, and 
harbours all sorts of refuse between and imder its closely packed 

^ W. AndevBOu Smith, AocA Ortrm, p. 228. 
* Magastinc, June 1889. 
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ranks. Cliona^ a parasitic sponge, bores in between the layers 
of the oyster’s shell, pitting tliem with tiny holes (corresponding 
to its oscula), and disturbing the inmate, who has constantly to 
construct new layers of shell from the inside. Weed, annelids, 
' blubber,’ shifting sand or mud, sewage or any poisoning of the 
water, are seriously harmful to the oyster’s best interests, A 
very severe winter is often the cause of wholesale destruction in 
the beds. According to the Daily News of 26th March 1891, 
the Whitstable oyster companies lost property to the value of 
£30,000 in the exceptionally cold winter of 1890-91, when, on 
the coast of Kent, the surface temperature of the sea sank below 
32®, and the advancing tide pushed a small ice-floe before it. 
Two million oysters were laid down in one week of the following 
spring, to make up for the loss. During the severe winter of 
1892-93 extraordinary efforts were made at Hayling I. to protect 
the oysters from the frost. Twenty million oysters were placed 
in ponds for the winter, and a steam-engine was for days 
employed to keep the ponds thawed and supplied with water, 
while large coal and coke fires were kept burning at the edge of 
the ponds.^ On the other hand, the unusually warm and sunny 
summer of 1893 is said to have resulted in the finest fall of spat 
known in Whitstable for fifty years.^ 

The reproductive activity of the oyster is supposed to com¬ 
mence about the third year. Careful research has shown ® that 
the sexes in the English oyster are not separate, but that each 
individual is male as well as female, producing spermatozoa as 
well as ova in the same gland. Here, however, two divergent 
views appear. ■ Some authorities hold that the oyster does not 
fecundate its own eggs, but that this operation is performed by 
spermatozoa emitted by other specimens. It is believed that, 
in each individual, the spermatozoa arrive at maturity first, and 
that the ova are not produced until after the spermatozoa have 
been emitted; thus the oyster is first male and then female, 
morphologically hermaphrodite, but physiologically unisexual. 
Others are of opinion that the oyster does fecundate its own 

ova being first produced, and passed into the infrabranchiaj 
xhamber—the 'white-sick' stage—and then, after an interval, 

* St, Jamm'a QazeUe^ 6th January, 1893. 
* Also «t Aroa<>hoa (W. A. Herdnian, Nature^ 1893, p. 269). 

* See eapocially Hoek, Zydackr, Nad, Dierh, Fercen, SuppL Deel, i. 1888* 
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spermatozoa being formed and fecundating thesci ova—the 
'black-sick* stage. In this latter view the oyster is first 
female and then male, and is, both morphologically and physio¬ 
logically, hermaphrodite. The old view, that ' black-sick * 
oysters are the male, and ' white-sick * the female, is therefore 
quite incorrect. 

The ova, in their earliest stage, consist of minute oval 
clusters of globules floating in a transparent mucus. They 
pass from the ovary into the gills and folds of the mantle, and 
are probably fecundated within the excretory ducts of the ovary, 
before arriving in the mantle chamber. In this stage the oyster 
is termed ' white-sick.’ In about a fortnight, as the course of 
development proceeds, the fertilised ova become ciliated at one 
end (the so-called veliger stage, p. 131), and soon pigment appears 
in various parts of the embryos, giving them a darker colour, 
which varies from greyish to blue, and thus the white-sick oyster 
becomes 'black-sick.’ When the black spat emerge, they are 
still furnished with cilia for their free-swimming life. This is 
of very short duration, for unless the embryo finds some suit¬ 
able ground on which to affix itself within forty-eight hours, it 
perishes. As the spat escapes from the parent oyster, which 
slightly opens its valves and blows the spat out in jets, it 
resembles a thick cloud in the water, and is carried about at the 
mercy of wind and tide. April to August are the usual spawning 
months, warm weather being apparently an absolute necessity 
to secure the adhering of the spat. A temperature of 65° to 72"* 
F. seems requisite for their proper deposit. Thus on a fine, 
warm day, with little wind or tide running, the spat will fall 
near the parents and be safely secured, while in cold blustering 
weather it will certainly be carried off to a distance, and pro¬ 
bably be altogether lost. The number of young produced by 
each individual has been variously estimated at from 300,000 to 
60,000,000. Either extreme seems enormous, but it must be 
remembered that besides climatal dangers, hosts of enemies—other 
Mollusca, fish, and Crustacea—beset the opening career of the 
young oyster. 

As soon as the spat has safely ' fallen,* it adheres to some 
solid object, and loses the cilia which were necessary for its 
swimming life. It begins to grow rapidly, increasing from 
about ^ inch in diameter to about the size of a threepenny 

vdii. in I 
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piece in five or six months, and in a year to 1 inch in 
diameter. Eoughly speaking, the best guide to an oyster's age 
is its size; it is as many years old as it measures inches across. 

The oyster is at its prime at the age of five; its natural life 
is supposed to be about ten years. The rings, or ' shoots * on a 
shell are not—as is frequently supposed—marks of annual 
growth; cases have been noticed where as many as three 
‘ shoots' were made during the year. 

An oyster is furnished, on the protruding edges of the 
mantle, with pigmented spots which may be termed 'visual 
organs,’ though they hardly rise to the capacities and organisation 
of^real' eyes.’ But there is no doubt that they are sufficiently 
sensitive to the action of light to enable the oyster to apprehend 
the approach of danger, and close his doors accordingly. ' How 
sensitive,’ notes Mr. W. Anderson Smith,^' the creatures are tg-tfee 
light above them; the shadow of the iron as it passes overhead 
is instantaneously noted, and snap! the lips are firmly closed.’ 

The geographical distribution of Ostrea edulis extends from 
Tranen, in Norway, close to the Arctic circle, to Gibraltar and 
certain parts of the Mediterranean, Holland, and N. Germany to 
Heligoland, and the western shores of Sleswick and Jutland. It 
occurs in Iceland, but does not enter the Baltic, where attempts 
to colonise it have always failed. Some authorities regard the 
Mediterranean form as a distinct species. 

The literature of oyster-cookery may be passed over in 
silence. The curious may care to refer to M. S. Lovell’s JSdihle 
British MolluslcSf where no less than thirty-nine different ways 
of dressing oysters are enumerated. It may, however, be worth 
while to add a word on the subject of poisonous oysters. Oases 
have been known where a particular batch of oysters has, 
for some reason, been fatal to those who have partaken of them. 
It is possible that this may have been due, in certain instances, 
to the presence of a superabundance of copper in the oysters, 
and there is no doubt that the symptoms detailed have often 
closely resembled those of copper poisoning. Cases of poisoning 
have occurred at Eochefbrt through the importation of ' green| 
oysters’ from Falmouth. It would no doubt be dang^ous ever,' ' 
to eat oysters which had grown on the copper bottom of a ship. 
But cSbpper is present, in more or less minute quantities, in very 

' * Benderloch, |>. 136. 
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many Mollusca, and it is more probable that a certain form 
of dow decomposition in some shell-fish develops an alkaloid 
poison which is more harmful to some people than to others, 
just as some people can never digest any kind of shell-fish.^ 
These alkaloid developments from putrescence are .called 
ptomaines. In confirmation of this view, reference may be 
made to a case, taken from an Indian Scientific Journal, in 
which an officer, his wife, and household ate safely of a basket of 
oysters for three days at almost every meal. The basket then 
passed out of their hands, not yet exhausted of its contents, and 
a man who had already eaten of these oysters at the officer's 
table was afterwards poisoned by some from the same basketful. 

The cultivation of the common mussel {Mytilm edulis L) is 
not practised in this country, although it is used as food in the 
natural state of growth all round our coasta The French 
appear to be the only nation who go in for extensive mussel 
farming. The principal of these establishments is at a little 
town called Esnaudes, not far from La Eochelle, and within 
sight of the He de E4 and its celebrated oyster parks. The 
secret of the cultivation consists in the employment of ' bouchots,' 
or tall hurdles, which are planted in the mud of the foreshore, 
and upon which the mussel (la moule, as the French call it) 
grows. The method is said ® to have been invented as long ago 
as 1235 by a shipwrecked Irishman named Walton. He used 
to hang a purse net to stakes, in the hope of capturing sea birds* 
He found, however, that the mussels which attached themselves 
to his stakes were a much more easily attainable source of food, 
and he accordingly multiplied his stakes, out of which the 
present * loiichot * system has developed. The shore is simply a 
stretch of liquid mud, and the bouchots are arranged in shape 
like a single or double V, with the opening looking towards the 
sea. The fishermen, in visiting the bouchots, glide about over 
the mud in piroques or light flat-bottomed boats, propelling 
them by shoving the mud with their feet. Each bouchot is now 
about 450 yards long, standing 6 feet out of the mud, making 
a strong wall of solid basket-work, and as there are altogether at 
least 600 bouchots, the total mussel-bearing length of wall is 
nearly 130 miles. 

^ This is the view of E, Bay Lankester, Quart* Jcum* Micr* Se* xxvi. 80, 
* De Qoatrefages, JBmMu of a NalwrdlisU 
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The mussel-spat affixes itsell* naturally to the bouchots 
nearest the sea, in January and February. Towards May the 
planting begins. The young mussels are scraped off these 
outermost bouchots, and placed in small bags made of old 
canvas or netting, each bag holding a good handful of the 
mussels. The bags are then fastened to some of the inner 
bouchots, and the mussels soon attach themselves by their 
byssus, the bag rotting and falling away. They hang in clusters, 
increasing rapidly in size, and at the proper time are trans¬ 
planted to bouchots farther and farther up the tide level, the 
object being to bring the matured animal as near as possible to 
the land when it is time for it to be gathered. This process, 
which aims at keeping the mussel out of the mud, while at the 
same time giving it all the nutrition that comes from such a 
habitat, extends over about a year in the case of each individual. 
Quality, rather than quantity, is the aim of the Esnaudes 
boucholiers. The element of quantity, however, seems to come 
in when we are told that each yard of the bouchots is calculated 
to yield a cartload of mussels, value 6 francs, and that the whole 
annual revenue is at least £52,000. 

In this country, and especially in Scotland, musseds are 
largely used as bait for long-line fishing. Of late years other 
substances have rather tended to take the place of mussels, but 
within the last twenty years, at Newhaven on the Firth of Forth, 
three and a half million mussels were required annually to 
supply bait for four deep-sea craft and sixteen smaller vessels. 
According to Ad. Meyer,^ boughs of trees are laid down in 
Kiel Bay, and taken up again, after three, four, or five years, 
between December and March, when they are found covered 
with fine mussela The boughs are then sold, just as they are, 
by weight, and the shell-fish sent into the interior of Germany. 

Mussels are very sensitive to cold weather. In 1874, during 
an easterly gale, 195 acres of mussels at Boston, in Lincolnshire, 
were killed in a single night. They soon affix themselves to the 
bottom of vessels that have lain for any length of time in harbour 
or near the coast. The bottom of the Great Eastern steamship 
was at one time so thickly coated with mussels that it was esti¬ 
mated that a vessel of 200 tons could have been laden from her. 

In some of our low-lying coast districts mussels are a 

* Quoted by Jeffreys, Brit, Conch, ii. p. 109. 
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valuable protection against inundation. '' An action for trespass 
was brought some time ago for the purpose of establishing the 
right of the lord of the manor to prevent the inhabitants of 
Heacham from taking mussels from the seashore. The locality 
is the foreshore of the sea, running from Lynn in a north¬ 
westerly direction towards Hunstanton in Norfolk; and the 
nature of the shore is such that it requires constant attention, 
and no little expenditure of money, to maintain its integrity, 
and guard against the serious danger of inundations of the sea. 
Beds of mussels extend for miles along the shore, attaching 
themselves to artificial jetties running into the sea, thereby 
rendering them firm, and thus acting as barriers against the sea 
[and as traps to catch the silt, and thus constantly raise the 
level of the shore]. Therefore, while it is important for the 
inhabitants, who claim a right by custom, to take mussels and 
other shell-fish from the shore, it is equally important for the 
lord of the manor to do his utmost to prevent these natural 
friends of his embankments and jetties from being removed in 
large quantities.” ^ 

The fable that Bideford Bridge is held together by the 
byssi of Mytilus, which prevent the fabric from being carried 
away by the tide, has so often been repeated that it is perhaps 
worth while to give the exact state of the case, as ascertained 
from a Town Councillor The mussels are supposed to be of 
some advantage to the bridge, consequently there is a by-law 
forbidding their removal, but the corporation have not, and 
never had, any boat or men employed in any way with regard 
to them. 

Poisoning by mussels is much more frequent than by oysters. 
At Wilhelmshaven,2 in Grermany, in 1885, large numbers of 
persons were poisoned, and some died, from eating mussels 
taken from the harbour. It was found that when transferred to 
open water these mussels became innocuous, while, on the other 
hand, mussels from outside, placed in the harbour, became 
poisonous. The cause obviously lay in the stagnant and 
corrupted waters of the harbour, which were rarely freshened by 
tides. It was proved to demonstration that the poison was not 
due to decomposition; the liver of the mussels was the poisonous 
part. In the persons affected, the symptoms were of three 

^ M. S. Lovell, EdihU p. 49. * Sdmoe^ vij. p. 175, 



I 18 CULTIVATION OF THE SNAIL FOR FOOD chap. 

kinds, exanthematous (skin eruptions), choleraic, and paralytic. 
Cases of similar poisoning are not unfrequent in our own 
country, and the circumstances tend to show that, besides the 
danger from mussels bred in stagnant water, there is also risk 
in eating them when ' out of season' in the spawning time. 

Whelks are very largely employed for bait, especially in the 
cod fishery. The whelk fishery in Whitstable Bay, both for 
bait and for human food, yields £12,000 a year. Dr. Johnston, 
of Berwick, estimated that about 12 million limpets were 
annually consumed for bait in that district alone. The cockle 
fishery in Carmarthen Bay employs from 500 to 600 families, 
and is worth £15,000 a year; that in Morecambe Bay is worth 
£20,000. 

Cultivation of Snails for Food; use as Medicine.—It was 
a certain Fulvius Hirpinus who, according to Pliny the elder,^ 
first instituted snail preserves at Tarquinium, about 5 0 B.c. He 
appears to have bred several species in his ‘ cochlearia,* keeping 
them separate from one another. In one division were the 
albulae, which came from Eeate; in another the ‘ very big snails * 
(probably H, lucorum), from Illyria; in a third the African 
snails, whose characteristic was their fecundity; in a fourth 
those from Soletum, noted for their ^ nobility.' To increase the 
size of his snails, Hirpinus fed them on a fattening mixture of 
meal and new wine, and, says the author in a burst of enthusiasm, 
‘the glory of this art was carried to such an extent that a 
single snail-shell was capable of holding eighty sixpenny pieces.' 
Varro^ recommends that the snaileries be surrounded by a 
ditch, to save the expense of a special slave to catch the 
runaways. Snails were not regarded by the Eomans as a 
particular luxury. Pliny the younger reproaches® his friend 
Septicius Clarus for breaking a dinner engagement with liim, at 
which the menu was to have been a lettuce, three snails and two 
eggs apiece, barley water, mead and snow, olives, beetroot, gourds 
and truffles, and going off somewhere else where he got oystera, 
scallops, and sea-urchins. In Horace's time they were used as a 
gentle stimulant to the appetite, for 

“ ’Tis best with roasted shrimps and Afric snails ^ 
To rouse your drinker .when his vigour fails.” 

^ ffid. Nat, ix. 82. ^ De re ruatim, iii. 14. * EpisUea^ i. 15. 
* Hor. Sai, II., iv, 58, tr. Coningtoii. 
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Escargotiferes, or snail-gardens, still exist in many parts of 
Europe, e.g, at Dijon, at Troyes and many other places in 
central and southern France, at Brunswick, Copenhagen, and 
Ulm, The markets at Paris, Marseilles, Bordeaux, Toulouse, 
Nantes, etc., are chiefly supplied by snails gathered from the 
open country, and particularly from the vineyards, in some of 
which Helix pomatia abounds. In the Morning Post of 8th 
May 1868 there is an account of the operation of clearing the 
celebrated Clos de Vougeot vineyard of these creatures. No less 
than 240 gallons were captured, at a cost in labour of over 100 
francs, it being estimated that these snails would have damaged 
the vines to an extent represented by the value of 15 to 20 pipes 
of wine, against which may be set the price fetched by the snails 
when sold in the market. 

It is generally considered dangerous to eat snails at once 
which have been gathered in the open country. Cases have 
occurred in which death by poisoning has resulted from a neglect 
of this precaution, since snails feed on all manner of noxious 
herbs. Before being sent to table at the restaurants in the great 
towns, they are fattened by being fed with bran in the same way 
as oysters. 

The Koman Catholic Church permits the consumption of 
snails during Lent. Very large numbers are eaten in France 
and Austria at this time. At the village of Cauderon, near 
Bordeaux, it is the proper thing to end Carnival with especial 
gaiety, but to temper the gaiety with a dish of snails, as a 
foretaste of Lenten mortification. 

The following species appear to be eaten in France at the 
present day: H pomatia,’ aspersa^ nemorcdis, liorteTisis, aperta, 

pisana, vermiculata, Icuctea, According to Dr. Gray, the glassmen 
at Newcastle used to indulge in a snail feast once a year, and a 
recent writer informs us that JK aspersa is still eaten by working 
people in the vicinity of Pontefract and Knottingley.^ But in 
this country snails appear to be seldom consciously used as an 
article of food; the limitation is necessary, for Lovell tells us 
that they are much employed in the manufacture of cream, and 
that a retii’ed (I) milkman pronounced it the most successful 
imitation known. 

Preparations made from snails used to be highly esteemed as 

^ Roberts, Zoologistt 1885, p. 425. 



I 20 SNAILS AS MEDICINE CHAP. 

a cure for various kinds of diseases and injuries. Pliny the elder 
recommends them for a cough and for a stomach-ache, but it is 
necessary “ to take an uneven number of them/' ^ Five African 
slugs, roasted and beaten to a powder, with half a drachm of 
acacia, and taken with myrtle wine, is an excellent remedy for 
dysentery. Treated in various ways, snails have been considered, 
in modern times, a cure for ague, corns, web in the eye, scorbutic 
affections, hectic fevers, pleurisy, asthma, obstructions, dropsy, 
swelling of the joints, headache, an impostume (whitlow), and 
burns. One of Pliny's remedies for headache, which competes 
with the bones of a vulture's head or the brain of a crow or an 
owl, is a plaister made of slugs with their heads cut off, which is 
to be applied to the forehead. He regards slugs as immature 
snails, whose growth is not yet complete {nondum ^perfectae), 

Lovell states that “a large trade in snails is carried on for 
Covent Garden market in the Lincolnshire fens, and that they 
are sold at 6d. per quart, being much used for consumptive 
patients and weakly children." 

The custom still seems to linger on in some parts of the 
country. Mr. E. Bundle, of the Eoyal Cornwall Infirmary, gives 
his experience in the following terms: I well remember, some 
twelve years since, an individual living in an adjoining parish 
[near Truro] being pointed out to me as ' a snail or slug eater/ 
He was a delicate looking man, and said to be suffering from 
consumption. Last summer I saw this man, and asked him 
whether the statement that he was a ' snail eater' was true: he 
answered, ‘Yes, that he was ordered small white slugs—not 
snails—and that up till recently he had consumed a dozen or 
more every morning, and he believed they had done him good/ 
There is also another use to which the country people here put 
snails, and that is as an eye application. I met with an instance a 
few weeks since, and much good seemed to have followed the use.” ^ 

A reverend Canon of the Church of England, whose name I 
am not permitted to disclose, informs me that there was a belief 
among the youth of his native town (Pontypool, in Monmouth- 
Bhire) that young slugs were ‘good for consumption,' and that 
they were so recommended by a doctor who practised in the 
town. The slugs selected were about | inch long, "such as may 
be seen crawling on the turf of a hedge-bafak after a shower of 

^ Hist Nat XXX, 15, 19. 2 Science Omip, 1891, p’ 166. 
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rain.” They were placed upon the tongue without any previous 
preparation, and swallowed alive.” My informant himself in¬ 
dulged in this practice for some time, not on account of any 
gustatory pleasure it afforded, but from some vague notion that 
it might do him good.” 

A colleague of mine at King's College tells me that the country 
people at Ponteland, near Morpeth, habitually collect Limax 

agrestis and boil it in milk as a prophylactic against consump¬ 
tion. He has himself frequently devoured them alive, but they 
must be swallowed, not scrunched with the teeth, or they taste 
somewhat bitter. 

Snails have occasionally fallen, with other noxious creatures, 
under the ban of the Church. In a prayer of the holy martyr 
Trypho of Lampsacus (about 10th cent, a.d.) there is a form of 
exorcism given which may be used as occasion requires. It 
runs as follows: “0 ye Caterpillars, Worms, Beetles, Locusts, 
Grasshoppers, Woolly-Bears, Wireworms, Longlegs, Ants, Lice, 
Bugs, Skippers, Cankerworms, Palmerworms, Snails, Earwigs, 
and all other creatures that cling to and wither the fruit of the 
grape and all other herbs, I charge you by the many-eyed 
Cherubim, and by the six-winged Seraphim, which fly round the 
throne, and by the holy Angels and all the Powers, etc. etc., hurt 
not the vines nor the land nor the fruit of the trees nor the 
vegetables of-the servant of the Lord, but depart into the 
wild mountains, into the unfruitful woods, in which God hath 
given you your daily food.” 

Prices given for Shells.—Very high prices have occasionally 
been given for individual specimens, particularly about thirty or 
forty years ago, when the mania for collecting was at its height. 
In those days certain families, sucli as the Volutidae, Conidae, and 
Cypraeidae, were the especial objects of a collector's ardour, and 
he spared no expense to make his set of the favourite genus as 
complete as possible. Thus at Stevens' auction-rooms in Covent 
Garden, on 21st July 1854, one specimen of Conus cedo nvlli 

fetched £9:108., and another £16, a C. omaicus 16 guineas, 
0. victor £10, and C, gloria maris, the greatest prize of all, 
£43:1s. . At the Vern^de sale, on 14th Dec. 1859 two Conns 

omaicus fetched £15 and £22, and a C, gloria maris £34. At 
the great Dennison sale, in April 1865, the Conidae fetched 
extravagant prices, six specimens averaging over £20 a-piece. 
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Conus cedo nulli went for £18 and £22, C. omaicus for £12, 
(7. malaccanus for 10 guineas (this and one of the cedo nulli 

being the actual specimens figured in Keeve's Comhologia 

Iconica), C, cervm for £19 and C. gloria mavis for £42. On 
9th May 1866 a Gypraea Broderipii was sold at Stevens* auction- 
rooms for £13, and at the Dennison sale a Cypraea primeps 

fetched £40, and G, guttata £42. The Volutidae, although not 
quite touching these prices, have yet done fairly well. Mr. 
Dennison’s Voluta fusiformis sold for £6 :15s., V, papillaris for 

£5, F. cymbiola for £5 :15s., F. reticulata for 8 guineas, and two 
specimens of the rarest of all Volutas, F. f estiva, for £14 and 
£16, both being figured in the Conchologia, At the same 
sale, two unique specimens of Oniscia Dennisoni fetched £17 
and £18 respectively, and, at the Vern^de sale, Aneillaria 

VcrnHei was bought for £6:10s., and Voluta piperata for 

£7 :10s. 
A unique specimen of a recent Pleurotomaria {guoyana 

F. and B.) was purchased by Miss de Bingh in 1873 for 25 
guineas, and another species of the same genus {adansoniana 

Cr. and F.), of extraordinary size and beauty, is now offered for 
sale for about £100. 

Bivalves have never fetched quite such high prices as uni¬ 
valves, but some of the favourite and showy genera have gone 
near to rival them. On 22nd June 1869, at Stevens’, Pecten 

Solaris fetched £4; 5b,, P. Reevii £4: 8s., and Cardita varia 

5 guineas. Mr, Dennison’s specimens of Pecten sulnodosus sold 
for £7, of Gorbula Sowerhyi for £10, of Pholadomya Candida 

for £8 and £13, while at the Vern^de sale a Chama damicornis 

fetched £7. 



CHAPTER V 

REPRODUCTION-DEPOSITION OF EGGS-DEVELOPMENT OF THE 

FERTILISED OVUM-DIFFERENCES OF SEX-DIOECIOUS AND 

HERMAPHRODITE MOLLUSCA-DEVELOPMENT OF FRESH-WATER 

BIVALVES. 

Reproduction in the Mollnsca invariably takes place by means 
of eggs, which, after being developed in the ovary of the female, 
are fertilised by the spermatozoa of the male. As a rule, the 
eggs are * laid,’ and undergo their subsequent development apart 
from the parent. This rule, however, has its exceptions, both 
among univalve and bivalve MoUusca, a certain number of which 
hatch their young from the egg before expelling them. Such 
ovoviviparous genera are Melania, Paludina, Balea, and Goeliajxis 

among land and fresh-water MoUusca, and Cymla and many 
Littorina amongst marine. The young of Melania tulerculata, 

in Algeria, have been noticed to return, as if for shelter, to the 
branchial cavity of the mother, some days after first quitting it. 
Isolated species among Pulmonata are known to be ovovivi¬ 
parous, e.g. Patula Cooperi, P, Hemphilli, and P, rupestris, 

Acanthinula harpa, Microphysa vortex^ Pupa cylindracea and 
muscorum, Glausilia ventricosa, Opeas dominicensis, Ehytida in- 

aequalis, etc. AU fresh-water Pelecypoda yet examined, except 
PreisBensia, are ovoviviparous. 

The number of eggs varies greatly, being highest in the 
Pelecypoda. In Ostrea edvdi$ it has been estimated at from 
300,000 to 60,000,000 ; in Anodonta from 14,000 to 20,000 ; 
in Unio pictorum 200,000. The eggs of Boris are reckoned at 
from 80,000 to 600,000, of Loligo and Sepia at about 30,000 
to 40,000. Pulmonata lay comparatively few eggs. Arion ater 

has been observed to lay 477 in forty-eight days (p. 42). Nests 
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of Helix aspcrsa have heen noticed, in wliic^h the nuinber of eggs 
vfiried from about 40 to 100. Tliey are laid in little cu])- 
shaped hollows at the roots of grass, witli a little loose earth 
spread over them. The eggs of TestaceUa are rather large, and 
very elastic; if dropped on a stone lloor they will rebound 
sharply several inches. The Cochlostyla of the Philippines lay 
their eggs at the tops of the great forest trees, folding a leaf 
together to serve as a protection. 

The eggs of the great tropical Bulimvs and Acliatinay 

Fio. 38.—Newly-hatched young 
and egg of BuHtmts ohlongus 

togetlier with those of the Macroon 

group of Helix {Helieopliantay AcavnSy 

Pamla) are exceedingly largt^, and the 
number laid must be decidedly less 
than in tlu^ smaller PulmoTiata. Ikdi- 
inns ohlonguSy f(U' instance, from Bar¬ 
bados, lays a.n egg about the size of a 
sparrow’s (Fig. o8), Achatina sinis- 

trorsa as large as a pigeon’s. The 
Miiii., Barbados. Natural Cingalese Helix Waltoiii when first 

hatched is about the size of a full- 
grown H. hortensis. There is, in the British Museum, a sjjeci- 
men of the egg of a Bulimns from S. America (probably inaximus 

or popelairanus) which measures exactly 1| inch in length. 
The Limnaeidae deposit their eggs in irregular gelatinous 

masses on the under side of the leaves of water-plants, and on 
all kinds of dcibris. 

The BacMglossa or marine carnivorous ftimilies lay their 
eggs in tough leathery or bladdery capsides, which are frequently 
joined together in shapes which differ with the genus. Each 
capsule contains a varying number of ova. The cluster of egg 
capsules of BuecAnum uiidatmin is a familiar object on all our 
sandy coasts. The capsules of Purpura lapillus are like delicate 
pink grains of rice, set on tiny stalks. They are not attached to 
one another, but are set closely together in groups in sheltered 
nooks of the rocks. A single Purpura has been observed to pro¬ 
duce 245 capsules! Busy con lays disc-shaped capsules which 
are; all attached at a point in the edge to a (;artilaginous band 
nearly 3 feet in length, looking like a number of coins tied 
to a string at equal distances from one another. In Murex 

erinaxeus the egg capsules are triangular, with a short stalk. 
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Tlioy im) (lopoyik'd sepiniiely in ('.lusterK of from 15 to 150, tliero 
being about 20 ova in eaeli capsule. It appears that all the 
species of the saiiie genus have by no means the same method 
of depositing their eggs, nor do they always produce eggs of at 
all similar size or shape. Thus, of two British species of Nassa^ 

Fig. 39.—Various forms of spawn 
in P'rosoh'anchiaia: A and D, 
Pyrula or Busy con ; B, Conm ; 
C, VoliLia m,nsica; E, Amjml- 
laria (from specimens in tlie 
British Museum); all x 

N. reticulata liiys egg-capsules in shape lihe flattened pouches 
with a short stalk, and ftistens them in rows to the leaves of 
Zostera; N, imrassata, on the other hand, deposits solitary 
capsules, which are shaped like rounded oil-flasks. Neptunea 

antiqua lays its eggs in bunched capsules, like Bucc. undatum 

(Fig. 40), but the capsules of K gracilis are solitary. 
In Natica the eggs are deposited in what looks like a thick 

piece of sand-paper, curled in a spiral form (Fig. 41). The san^l 
is agglutinated by copious mucus into a sort of sheet, and the 
eggs are let into this, sometimes (N, keros) in regular quincunx 
form. lantkina attaches its eggs to the under side of its float 
(Fig. 42). The Trochidae deposit their eggs on the under side 
of stones and sea-weeds, each ovum being contained in a separate 
capsule, and all the capsules glued together into an irregular 
mass of Varying size. The female of Qalerus chimnsis batches 
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her eggs hy keeping ilieiu between lier foot and the stone she 
adheres to. They are laid in from G to 10 eapsules, connected 
by a pedicle and arranged like the petals of a rose, with 10 to 12 

Pig. 40.—Egg-capsules of, A, I^assa 
reticulata L x ^ ; B, Buccinnm 
urdatum L, x § ; C, Nepiunta 
antiqua L. x 

Fig. 41.—Spawn of a species of 
Natica (from a specimen in the 
British Miiseiiui) x 

eggs in each capsule. Those TAttorina which are not ovovivi- 
parous deposit their spawn on sea-weeds, rocks, and stonea 
The eggs are enveloped in a glairy mass which is just firm 
enough to retain its shape in the water; each egg has its own 

Pro, i^-^Ianthma fragUia Lam. FL, float; 0, ova ; Pr, proboscis ; Br, branchiae ; 
P, foot, (Quoy and Gaimard.) 

globule of jelly and is separated from the others by a veiy thin 
transparent membrane.^ 

Chiton margirmtm, when kept in captivity, has been noticed^ 
1 Jeffreys, Brit Conch, iii. p. 355. » W. Clark, Mag, Hist, xvi. p. 446, 
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to eltivate tlie posterior ])art of the girdle, and to pour out a 
continuous stream of 11a,ky wJiito matter like a fleecy (doud, 
whiclx proved to l)e of a glutinous nature. It then discharged 
ova, at the rate of one or two every second, for at least fifteen 
minutes, making a total of 1300 to 1500, each being alxout 

inch diameter. The ova were shot into the glutinous cloud, 
whicli seemed to serve as a sort of nidus to entangle the ova and 
prevent them Ixeiiig carried away. The subsequent development 
was mpid, and in seven days the young Chiton was hatched, 
being then alnnit Loven has described the same 
species as laying its eggs, loosely united in clusters of seven to 
sixteen, u])on small stones. There is probably some mistake about 
the identifi(vation, but the observation illustrates the varying 
metliods of ovipositioii among allied forms. 

Not very much is known with regard to the ovipositing 
of the Ce'phalopoda, especially those which inhabit deep water. 
Masses of ova arranged in 
very various forms have occa¬ 
sionally been met with float¬ 
ing in the ocean, but it is 
next to impossible to deter¬ 
mine to what species, or even 
genus, they belong.^ 

In Loligo punctata the 
ova are contained in small 
cylindrical cases measuring 3 
to 4 in. by in., to the 
number of about 250 ova in 
each case. Hundreds of these 
cases are attached together like a bundle of sausages or young 
carrots, and the movements of the embryos within can he dis¬ 
tinctly noted. Sepia officinalu lays large black pear-shaped 
capsules, each of which is tied to some jxlace of attachment by a 
kind of ribbon at the upper end of the capsule, the whole form¬ 
ing a large group like a bunch of grapes. Octopus migaris 

’ deposits thousands of small berry-shaped ova, attached to a string 
which runs along the centre of the mass (Fig* 43). 

The so-called shell of the female Argonauta is nothing more 

^ Examples will found in Jounu Jdmu Soe, ZoaL xi. p. 90 j, Ann. Sc. Nat. 
XX.. p. ; Zeii. wm. Zool. xxiv. p. 419. 

Fig. 43.—Bgg-capsules of A, Sepia elegans 
Orb., and B, Octopus vulgaris Lain. 
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than a form of protection for the ova, and is in no sense homo¬ 
logous to the ordinary molluscan shell. The ova consist of a 
large granulated mass, attached to a many branched stem; they 
are contained in the spire of the shell, in contact with the 
posterior part of the body of the mother, but sometimes project 
externally beyond the coil of the spire. 

Certain species possess the curious property of laying their 
eggs on the outside of their own shells. Buccinojpsis Dalei is 
not unfrequently found decorated with its own egg capsul^. 
Possibly this species, which lives on oozy ground, finds thi^* 
the only secure place of attachment for its progeny. Neritina 

fluviatilis has a similar habit, and so have many other species of 
Neritina and Navicella, It is not quite clear, in the latter cases, 
whether the eggs are laid by the specimens on whose shell 
they are found, or whether they are deposited by others. In 
either case, perhaps the shell is the safest place for them in the 
rapid streams which both genera frequent. Specimens of Hydrdbia 

ulvae taken on the wet sands at the mouth of the Dee, are 
found to have several little rounded excrescences scattered over 
the surface of the shell. These, on examination, are found to 
be little masses of small sand-grains, in the centre of which 
is a clear jelly containing segmenting ova or young embryos. 
Here again, in all probability, the shell is the only comparatively 
stable object, in the expanse of shifting sands, on which the eggs 
can be laid.^ 

The pulmonate genus Libera, which occurs on a few of the 
island groups in the Central Pacific, is remarkable for the habit 
of laying its eggs within its own cavernous umbilicus, which is 
narrowed at the lower part. The eggs number from four to six, 
or the same number of very young shells may be seen closely 
packed in the cavity, each being in shape exactly like a young 
Planorlis, This constriction of the umbilicus does not occur till 
the formation* of the last two whorls, i.e. till the animal is sexually 
mature. Some species, but not all, provide for the safety of their 
eggs more completely by forming a very thin shelly plate, which 
nearly closes the umbilical region, and breaks away or is absorbed 
to facilitate the escape of the young shells.^ 

CTnion of Iiimax.—With regard to the act of union itself, 

, * Herdma&, Proc, Liverp, Biol, Soc. iii. p. 30. 
* Garrett, Jowra. Ac, Noi, Sc, Phil. viii. (1880). 
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the method in certain species of Limax deserves special notice. 
L. maximus has been observed at midnight to ascend a wall or 
so*me perpendicular surface. A pair then crawl round and round 
one another emitting a quantity of mucus which at length forms 
a patch, 2 to 2^- inches in diameter. When this acquires con¬ 
sistency the pair begin to twist round each other in corkscrew 
form, and detach themselves from the wall, hanging by a cord 
of the thickened mucus, about 8 15 inches long, and still twist¬ 
ing round each other. Tiie external generative organs are then 
protruded and copulation takes place, after which the bodies 
untwist, separate, and crawl up the cord again to the wall.^ 

Periodicity in Breeding.—In the marine Mollusca, the 
winter months appear to be the usual time for the deposition of 
eggs. Careful observations have been made on the Mollusca 
occurring at Naples,^ and the general result seems to be that for 
all Orders alike the six winter months from November to April, 
roughly speaking, are the breeding time. Scarcely any forms 
appear to breed habitually in August, September, or October. 
On our own coasts, Nudibranchiata come in shore to deposit 
their ova from January to April. Purpura lapillus may be 
observed depositing ova all the year round, but is most active 
from January to April. Buccinum undatum breeds from October 
to May; Littorina all the year round. 

The land Mollusca exhibit rather more periodicity than the 
marine. In temperate climates they breed exclusively in the 
summer months. In the tropics their periods are determined 
by the dry and rainy seasons, where such occur, otherwise they 
cohabit all the year round. According to Karl Semper, the 
snails of the warm Mediterranean region arrive at sexual maturity 
when they are six months old, ix, before they are fully grown. 
After a rest of about three months during the beat of summer, a 
second period of ovipositing occurs.^ Helix hortensis and H 

nemoralis ascend trees, sometimes to a heiglit of forty feet, when 
pairing.* 

Hybridism as the result of union between different species of 
Mollusca is exceedingly rare. Lecoq once noticed ® on a wall at 
Anduze (Gard) as many as twenty specimens of Pupa cinerea 

1 J. Bladon, Zoologist^ xvi. p. 6272. 
® Lo Bianco, MT. Zooh Slot, Aeap. viii. p. 414. * Animal LifCi pp. 126,186. 
* R. Rlmmer, Land and Fr€S%- li^ater Shells^ p. 119. * Joum. de Conch, ii. p. 245. 

von. m K 
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united with ClaiisUia pajnllaris. No oflspring seem to have 
resulted from what the professor calls ' this innocent error/ for 
the wall was carefidly scrutinised for a long time, and no hybrid 
forms were ever detected. 

The same observer noticed, in the Luxembourg garden at Paris, 
and M. Gassies has noticed^ at various occasions, union between 
Helix aspersa and nemoralis, H asjwrsa and vcrmiculata^ between 
Htenogym dccollaUi and a Helix (sp. not mentioned), H variabilis 

and pisana, H nemoralis and hortensis. In the two latter cases 
a hybrid progeny was the result. It has been noticed that these 
unions generally took place when the air was in a very electric 
condition, and rain had fallen, or was about to fall, abundantly. 

Of marine species Littorina rudis has been noticed ^ in union 
both with X. obtusata and with X. littorea, but no definite facts 
are known as to the result of such unions. 

Self-impregnation (see p. 44). 
Development of the Fertilised Ovum.—The first stages in 

the development of the Mollusca#are identical with those which* 
occur in other classes of animals. The fertilised ovum consists of 
a vitellus or yolk, which is surrounded with albumen, and is 
either contained in a separate capsule, or else several, sometimes 
many, ova are found in the same capsule, only a small proportion 
of which ultimately develop. The germinal vesicle, which is 
situated at one side of the vitellus, undergoes unequal segmenta¬ 
tion, the result of which is usually the formation of a layer of 
small ectoderm cells overlying a few much larger cells which 
contain nearly the whole of the yolk. The large cells are then 
invaginated, or are simply covered by the growth of the ectoderm 
cells. The result in either case is the formation of an area, the 
blastopore, where the inner cells are not covered by the ectoderm. 
The blastopore gradually narrows to a circular opening, which, in 
the great majority of cases, eventually becomes the mouth. The* 
usual differentiation of germinal layers takes place, the epiblast 
eventually giving rise to the epidermis, nervous system, and 
special sense organs, the hypoblast to the liver and to the middle 
region of the alimentary tract, the mesoblast to the muscles, the 
body cavity, the vascular, the excretory aiid reproductive systems. 
The next, q): trochosphere (trochophora) stage, involves the forma- 

^ Journ, de Conchyl, iii. p. 107, 

* Jeffreys, BrU* C<mih* iii. p. 359 j Sauvage, Jmm, de CoTuih/yU xxi, p. 122. 
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tiori of a circlet of praeoral cilia, dividing the still nearly spherical 
embryo into two uriec^ual portions, the smaller of which consists 
simply of the })r()stomiuiu, or part in front of the mouth, the 
larger bearing the mouth and anus. 

So far the series of clianges undergone by the embryo are not 
l>eculiar to the Molliisca; we n(»w come to those which are 
definitely characteristic of that group. The stage next succeed¬ 
ing the development of the trochos}>here is the definitive forma¬ 
tion of the mlu/niy a process especially characteristic of tlie 
(histeroi)oda and Pelecypoda, but api)arently not occurring in the 
great majority of land Ihdmonata. 

The circlt‘t of cilia becomes pushed more tiiid more towahls 

Fks. 44.—Velij?erK of DcninUuni cnicUis h.'. A, lougiiiuliniil section of a larva 14 hours 
old, X 1285 ; B, larva of 37 hours, x 165 ; C, longitudinal section of larva of 34 
hours, X 165 ; mouth ; v r, velum. (After Kowalewsky). 

the anterior ]K)rtion of the embryo, the cilia themselves ]>ecome 
longer, wliilc the portujii of the body fnuii which they spring 
becomes elevated into a ridge or ring, which, as a rule, develops 
on eacli side a more or less pronounced lobe. The name veluni 

is applied to tliis entire process of ciliated ring and lobes, and 
the area which they enclose. 
In this so-called veliger stage, the velum ser^^s, in the first 

place, to cause rotation of the larva within the egg-capsules, and, 
after hatching, as an organ of locomotion. ^ As a rule, the velum 
disappears entirely in the adult mollusc after the firee-swimming 
stage is over, but in the common Limnaea stagnalik it persists, 
losing its cilia, as the very prominent ^ircum-oral lobe^. Simul¬ 
taneously with the development of the velum, and in some oaaek 

earlier, efppear the rudiments of the shell-gland and of the fodt> 
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the latter being situated on the ventral side, l)etween the mouth 

and anus, the former on the dorsal side, behind the velum, and 

above tlie surface of the eventual visceral sac. Thus the prime 

characteristics of the veliger stage, subsequent to the appearance 

of the velum itself, are the development of tlio vis(?eral sac and 

shell-gland on the upper, and of the foot on tlie under side. 

According to Lankester the primitive shell-gland does not, as a 

Fra 47.—A, Advaiicod 
veliger of Dreismiaia: 
/, foot; mouth ; .vA, 
shell; V, velum. (After 
Korschelt and Heider, 
much enlarged.) B, 
Veliger of a Pteropod 
{Tiedeviannia)op, oper¬ 
culum ; shy shell; t?, 
velum. (After Krohn, 
much enlarged). 

rale, give rise to the shell of t)ie adult mollusc, feet 

becomes filled up by a horny substance, and eventually disappears: 

the permanent shell then forms over the surface of the visceral 

hump from the original centre of the shell-gland. It is only in 
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Chiton,, and possildy in Lhanx, that the primitive shell-sac is 
retained and developed into the final shell-forming area, which 
is much wider, and extends to the edges of the mantle. Within 
the velar area first appear tlie rudiments of the tentacles and eyes; 
when these become developed the velum atrophies and disappears. 

Several of these veligers when captured in the open sea have 
beciii mistaken for j)erfect forms, and have been described as such. 
Thus the larva of JDolinvi has k^en described as McuujiUivrayia, 

that of a Pmjra ra as Chdotropis and Sinus ifjeni, that of 
Aporrhais pcs pelecani as Cltiropterqw^iiit of Marscnia consinctui 

as Brownia, Ecldnaspira, and Calcam^ . 

Cephalopoda.'—The embryonic develo];:ffl^il^t of the Cephalopoda 
is entirely distinct from that of all Mollusca. The 
segmentation of the vitellus 
is partial, and the embryo is ' 
furnished with a vitelline 
sac, whicli is very large in 
tlie majority of cases (Fig. rr, ", 
48). There is no free- „ 

swimming stage, but the / % 
embryo emerges from the f a 

egg fully developed. m K M m / ■ 1 
Differences of Sex.—In 

the Mollusca there are two ^ g 

main types of sexual differ- 43—stages in the development of 

ence : (i) sexes separtlte (dioc- Ldigo vulgaris Lam.: au «!, first, and 
. ^ \ ^ ^ 'A 1 second pairs of arms; hr, branchiae, seen 

Clous type), (11) sexes united through m, mantle ; e, e, eyes ; tins ; fu, 

in the same individual (her- J Kowai- 

niaphrodite type). 
In some eases—c.g. certain Pelecypoda—what is practically 

a third ty}X} occurs. The animal is hermaphrodite, but the male 
and female elements are not develoj)ed simultaneously, i.e, the 
same individual is at one time female, at another male. 

1. The sexes are separate in 
All Cephalopoda. 

Gasteropoda Amphineura (except Neomeniidae^. 

Gasteropoda Prosohranehiata (except Valvata and some 
species of Marsenia). 

Scapho^wda. 

Many Pelecypoda. 



1.34 TYPES OF SEXUAL DIFFERENCE CHAP. 

2. The sexes are united in 
Gastero]poda OpisthohraTicliiata. 
Gasteropoda Pulmonata, 
Certain Pelecypoda} 

In tlie dioecious Mollusca, sexual union is the rule, but is by 
no means universal. In some instances,—e.g. Vermetus, Magihts, 
Patella, Haliotis, Grepidula, Chiton, the Scaphopoda—the form 
and habits of the animal do not admit of it; in others (many 
Trochus) a male copulative organ is wanting. When this is the 
case, the male scatters the spermatozoa freely; the majority must 
perish, but some will be carried by currents in the direction of the 
female. 

When the sexes are separate, the female is frequently larger 
than the male. This is markedly the case in Littorina, Buccinum, 
and all the Cephalopoda ; in Argonauta the difference is extreme, 
the male not being more than ^ the size of the female. 

Those hermaphrodite Mollusca which are capable of sexual 
union (Gasteropoda, Pulmonata and Opisthobranchiata) are con¬ 
veniently divided into two sections, according as (1) there are 
separate orifices for the male and female organs, or (2) one orifice 
serves for both. To the former section {Digonopora belong the 
Limnaeidae, Vaginulidae, and Onchidiidae, and many Opistho- 
branchiata, including all the Pteropoda; to the latter {Mono- 
gonopora nearly all the Nudibranchiate Opisthobranchiata, and 
all the rest of the Pulmonata. In the latter case during union, 
mutual impregnation takes place, and each of the two individuals 
concerned has been observed (compare p. 42) to deposit eggs. In 
the former, however, no such reciprocal act can take place, but 
the same individual can play the part of male to one and female 
to another, and we sometimes find a string of Limnaea thus 
united, each being at once male and female to its two adjacent 
neighbours. 

The Reproductive System.—Broadly speaking, the compli¬ 
cated arrangements which are found in Mollusiia resolve themselves 
into modifications of three important factors:— 

{a) The gonads or germ-glands, in which are developed the 

i Hormaphroditism seems to occur in (a) whole families, e,g. Anatimdae aud tlie 

SiptibranMa; \b) genera, e.g. CycUtSf Pmdium; {c) single species, e.g. in the 

generally dioecious genera Ostreot Cardium. 
* Sbta, two; pMvoi, singleybvot, aenien ; Hpoi, passage. 
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ova and tlie spermatozoa. Tliese glands an^ generally known as 
the ovary in tlie female, tlie sperm-gland or testis in the male. 

{h) The channels whicli ])rovide for tlie passage of the seminal 
])r()ducts; namely, tlie ovuhict in the fema](j, thc^ vas deferens or 
sperm-diK't in the male. 

(r) Tlui external generative organs. 
Dioecious Mollusca.—The common LUtorina oHusaia will 

serve as a typical instance of a diot‘cious prosobranchiate, exliibit¬ 
ing the simplest form of organs. Tn the female the ovary, a 
lobe-shaped body, is cmibedded in the liver. An oviduct with 

Fig. 49.—Generative and other organ*? 
of LUtorina ohtusata L., female. 

At anus. M, mnsclo of 
Br, branchia. attachment. 
Buc, buccal mass. O', female orifice. 
H, lieart. Od, oviduct. 
Hep, hepatic duct. Oes, oesophagus. 
I, continuation of Ov, ovary. 

oeso})hugus Ba, radula. 
Ki, kidney. St, stomach. 
Li. liver. TJ, uterus. 

(After Souleyet.) 

Fig. ,^>0.—Generative and other organs 
of LUtorina ohtmata L., nude, 

A, anus. * M, muscle of attach- 
Br, branchia. nient. 
H, heart. Pe, penis. 
I, intestine. Te, testis. 
Li, liver. VD, vas tleferens. 

(After Souleyet.) 

many convolutions conveys the ova into the uterus, an oblong 
chamber which consists simply of a dilatation of the oviduct. The 
ova descend into the uterus, which is sometimes furnished with a 
seminal pouch. In this seminal pouch, or above it, in the oviduct, 
the ova c^^me into contact with the spermatozoa. The lower part 
of the uterus secretes a gelatinous medium (or capsule, as the case 



I 36 GENERATIVE ORGANS OE DIOECIOUS MOLLUSCA CHAP. 

limy be) in which the fertilised ova becoiiio enclosed previous to 
exclusion. In position the oviduct abuts on the kidney, while the 
uterus is in close proximity to the rectum, and the female external 
orifice is found close to the anus, within the branchial cavity. 

The male organs of JAttorina are more simple. The testis is 
lodged, like the ovary, in the liver; the vas deferens is, like the 
oviduct, convoluted, and eventually traverses the right side of the 
neck, emerging near the right tentacle, and terminating in the 
'j[)enis or external copulative organ (-Fig. 50). 

This system prevails, with but slight modifications in detail, 
throughout the prosobranchiate Gasteropoda. The most important 
modification is the passage of the seminal products in certain cases 
(many of the Diotocardia) through the right kidney, with which 
the oviduct and vas deferens always stand in close relation. The 
same arrangement occims in the Scaphoj)oda and some Pelecypoda. 

The penis varies greatly in form and size. In the Strombidae 
(see Fig. 99) and Buccinidae (Fig. 62) it is very large and promi¬ 
nent; in Liitorina it is somewhat spinulose at one side; in 
Faludma a portion of it is lodged in the right tentacle, which 
becomes atrophied and much more obtuse than the tentacle on 
the left side. 

Spermatozoa.—Tlie shape of the spermatozoa and of the 
ova in Mollusca is of the usual type. In Fahidina, Am2mUaria, 
and certain species of Murex two types of spermatozoa occur, 
one hair-like, the other worm-like, three times as long as the 
former, and not tapering at one end. The former type alone 
take part in fertilisation, and penetrate the ovum. It has been 
suggested that these worm-like spermatozoa are a kind of 
incipient ova, and indicate a possible stage in commencing 
hermaphroditism.. And, since the nearest allies of the Proso- 
branchiata (in which these types occur) are hermaphrodite (ie. 
the Opisthobranchiata and Pulmonata), it is not unreasonable to 
suppose that the Prosobranchiata should show some tendency 
towards hermaphroditism in their genital glands.^ 

Cephalopoda.—The special characteristic of the reproductive 
organs in female Cephalopoda is the development of various glands, 
some of considerable size, in connexion with the ovary and 
oviduct. Sepia, Loligo, and Sepiola are furnished with two large 
nidamental glands, which open into the mantle cavity independ- 

^ Von Brunn, Arch, Mikr, Anott, xxiii. p. 418. 
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ently of the oviduct. Tlieir purpose is to produce a viscid mucus, 
which envelops the ova at the moment of their emission and 
eventually hardens into the egg-capsules. A pair of accessory 
nidamental glands occur in Sepia, as well as a pair of smaller 
glands situated on the oviduct itself. 

In many of the male Cephalopoda the vas deferens is long 
and dilated at its outer end into a glandular reservoir, within 
which are formed the spcrmatophores, or narrow cylindrical 
packets which contain a very large number of spermatozoa. 
When charged, the spermatophores pass into what is known as 
Needham’s sac, where they remain until required for use. 
These spermatophores are a very characteristic part of the 
reproductive arrangements in the Cephalopoda. The male of 
Sepia has been noticed to deposit them, during union, upon the 
buccal membrane of the female. During the emission of the ova 
by the female, the spermatophores, apparently through the 
agency of a kind of spring contained at one end, burst, and 
scatter the spermatozoa over the ova. 

The Hectocotylus Ann.—Perhaps the most remarkable 
feature in the sexual relations of all the Mollusca is the so- 
called hectocotylus of the Cephalopoda. In the great majority of 
the male Cephalopoda, one of the ‘arms,’ which is modified for 
the purpose in various ways and to a greater or less extent, be¬ 
comes charged with spermatophores, and sometimes, during union, 
becomes detached and remains within the mantle of the female, 
preserving for some considerable time its power of movement. 

The hectocotylus is confined to the dibranchiate Cephalopoda, 
and its typical form, i.e. when part of the arm becomes disengaged 
and left with the female, occurs only in three genera of the 
Octopodidae,viz. Argonauta, Ocythoe {Philonexis), and Tremoctopus, 
In all of these, the male is many sizes smaller than the female. 
In Argonauta the third arm on the left side becomes hectocoty- 
lised. At first it is entirely enveloped in a kind of cyst, in such 
a way that only a small portion of the tip projects; subsequently 
the cyst parts asunder, and allows the arm to become expanded 
to its full length, which considerably exceeds that of the other 
arms. At a certain point the acetabula or suckers terminate, 
and the remainder of the arm consists of a very long, tapering, 
sometimes thread-like filament, which is pointed at the extreme 
tip. It is not yet known how the spermatophores find their way 
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into the hectocotyliis, or how the hectocotyliia impregnates the 

ova of the female. The arm thus affected is not always the 

Siime. Til Tremoctop}is it is the third of the right side, in the 

Deeapoda tlie modification usually affects tlui fourth of the left. 

This singular property of the male CV^phalopoda has only 
recently been satisfactorily explained. It is true that Aristotle, 
more than twenty-two centuries ago, distinctly stated that certain 

Fig. 51.—M.ale of Ocythoe tvhcmi- 
lataWxiL {= J*/i ih)ne,ns catenv- 
hituSy Fer.), Mediterraueari, 
sliowiiig three stages, A, B, 
and C, ill Oie development of 
the hectocotylus arm : Lcy^ 
hectocotyliis still in the cyst; 
c'/, spoon-shaped cyst at tlio 
end of the arm when freed; 
thj thread-like organ freed hy 
the rupture of c'i/\ Natural 
size. From specimens in the 
British Museum. 

of the arms were modified for sexual purposes. Speaking of 
what he calls the polypus (which appears to represent the Octopus' 
mlgwris of the Mediterranean), he says: ‘ It differs from the 
female in having what the fishermen call the white sexual organ 
0% its arm;' again, * Some say that the male has something of a 
sexual nature rC) on one of its arms, that on which 
the largest suckers occur; tliat this is a kind of muscular 
appendage attached to the middle of the arm, and that ’t is 
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entirely introduced within the funnel of the female/ Unfor¬ 
tunately the word translated hy introd^tced is corrupt, and can 
only be restored conjecturally. He again remarks, ‘ The last of 
the arms, which tapers to a fine point and is the only whitish 
arm, it uses in sexual union/ ^ 

The typical hectocotylus seems to have entirely escaped 
notice until early in the present century, when both Delle Chiaje 
and Cuvier described it, as detected within the female, as a 
'parasite, the latter under the name of Hectocotylus octopodis. 
Kolliker, in 1845-49, regarded the hectocotylus of Tremoctopus 
as the entire male animal, and went so far as to discern in it an 
intestine, heart, and reproductive system. It was not until 1851 
that the investigations of V^raiiy and Filippi confirmed a 
suggestion of Dujardin,^ while H. Muller, in 1853, completed the 
discovery by describing the entire male of Argonauta. 

In all genera of dibranchiate Cephalopoda except Argonauta, 
Ocythoe, and Tremoctopus, one of the arms is sexually modified in 
various ways, but never becomes so much prolonged, ‘and is never 
detached and left with the female. In Loligo Forhesii Stp. the 
fourth arm on the left has 23 pairs of regularly developed aceta- 
bula, which then lessen in size and disappear, being replaced by 
long pedunculated papillae, of which there are about 40 pairs. 
In Loligo vulgaris Lam. and L, Pleii Orb. 18 or 19 pairs of 
acetabula are regularly formed, and then occur 40 pairs of papillae, 
as in Forhesii, In other species of Loligo {gahi Orb., hrevis BL, 
brasiliensis Orb.) only the outer row of ^ suckers becomes modified 
into papillae after about the 20th to the 22nd pair. In Sepio- 
teuthis sepioidcs the modification is the same as in the Loligo 
last mentioned, but the corresponding arm on the right side is so 
covered with acetabula towards its extreme end, that it is thought 
that it in some way co-operates with the hectocotylised left arm. 

In Octopus, the third arm on the right side is subject to 
modification. This arm is always shorter than the corresponding 
arm on the other side, and carries fewer suckers, but is furnished 
at the extreme tip with a peculiar kind of plate, which connects 
with the membrane at the base of the aim by a channel of skin, 
wliich probably conveys the spermatophores up to the tip. 

^ BiaL Anim, v, 6 and 12, iv. 1, etl. Bekker, 1837. 
* ‘ On poiirrn constater ai ce ne seraient pas dcs parties d^tacli^es de qnslqiis c^pha- 

lopodfi dans lo bnt de servir h, le f^condatioii,’ But, Nat, ffelminthes, 18^5, p. 482. 
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In Octopus vulgaris, the species referred to by Aristotle, the 
hectocotylised arm is short, thin in its outer half anti pointed at 
the extremity, while the fold of skin is very white, and gives 
the arm an api)earance of being divided by a cleft at the side. 
At tlie same time, an unusual development of one or two suckers 
on tlie arm is not uncommon.^ 

Fig. 62.—Odopus lentus Baird, N. Atlantic, showing the peculiar foniiation of the 
liectocotylus arm, lua. (After Verrill, x J.) 

It is believed tliat in the Tetrabranchiate Ceplialopoda 
{Nautilus) a union of the four inner ventral arms may correspond 
functionally to the hecto(?otylisiug of tlie arm in the iJibranchiates. 

Hermaphrodite MoUusca.—{a) Monogono’pora.—TIkj repro¬ 
ductive system in the hermaplirodite MoUusca is far more compli¬ 
cated than in tlie dioecious, from tlie union of the male and female 
organs in the same individual. As a type of the Monogonopora, 
in which a single orifice serves for both male and female organs, 
may be taken the common garden snail {Helix aspersa), the 
accompanying figure of which is drawn from two specimens 
found ill the act of union (Fig. 53). 

Beginning from the inside and proceeding outwards we hav^ 
firstly the hermaphrodite gland or ovo-testis (iLG.), a yellowish 
white mass of irregular shape, embedded in the liver (l.) and 
foi^ining part of its spiral but not reacliing quite to the apex. 
Within this gland are developed the ova and spermatozoa. The 
former are rather large round cells, produced within the outer 
wall of the gland, while the spermatozoa, which are produced in 
the more central part, are threadlike bodies, generally aggre- 
gateil in small bundles. From the hermaphrodite gland the ova 

^ Steeustrup, Ann, Mag, Nat, Hid, (2), xx. p. 81 f. 
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and spermatozoa pass through the upper part of the lurma'phrodite 
dmt ^whieh is always more or less convoluted. Below 
the convoluted portion, the duct opens into the albumcM gland 
(A.a.), a large linguiform mass of tissue which becomes dilated 
at the time of pairing, and secretes a thick viscid fluid which 
probably serves to envelop the ova. Uj) to this })oint both 
the male and female elements follow the same course, but 

FlO. TiS. — Genitalia of UeVix aapersn 
Muller, drawn from two indivi¬ 
duals in the act of union, from a 
dissection by F. B. Stead. 

A. G, albumen gland. 
C, coecuin. 
Cr, crop. 
D, S, dart sac. 
E, eye (retracted) 
pi, rtagellurn. 
H.D, liermaphrodite duct. 
H.DF, ditto, female })ortion. 

ditto, male portion. 
H.G, herma])hrodite gland. 
L, liver. 
M. G, M.G, mucous glands. 
Ov, oviduct. 
P.S, penis sac. 
B. M, retra(Jtor muscle of penis. 
Sp, sperniatheca. 
V, vagina. 
V.D, vas deferens. 

on tlieir exit from the albumen gland they diverge. The herma¬ 
phrodite duct becomes greatly enlarged, and is partially divided 
by a kind of septnm into a male and female portion. These run 
parallel to one anotlier, the larger or female portion (H.DF.), 

through which the ova pass (and which is sometimes termed the 
uterus) being dilated into a number of puckered folds, while the 
smaller or male portion (h.dm.) is comparatively narrow, and 
not dilated. At their anterior end, the two portions of the duct 
separate completely from one another, the female portion being 
then ^termed the oviduct (ov.) and the male portion the vas 
deferens (v.D.). 
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Following first the oviduct, we find that it soon widens into 
the vagina (v.), which is furnished with a pair of mj/^cous glands 
('m.g.), one on each side. These are much branched, and re¬ 
semble little bunches of whitish sea-weed. A little above the 
mucous glands a long tube diverges from the vagina, which is 
furnished with a produced coecum (c.) and a pouch, the spermatheca 
(sp.) at the extreme end. In this pouch, and in the duct leading 
to it, is stored the spermatophore received in union with another 
snail. J list below the mucous glands the vagina is joined by the 
dart sac (d.s.), which is more fully described below. Finally, at 
its lower end the vagina unites with the penis sac at a point just 
posterior to the common orifice. 

Eeturiiing now to the male organs, we find that the vas 
deferens is the continuation of the male portion of the herma¬ 
phrodite duct, after its final separation from the female portion. 
It passes under the retractor muscle of the upper right tentacle, 
which has been cut away in the specimen figured, to dissect 
it out. Just before the vas deferens widens into the penis sac, 
it branches off into a long and tapering tube, the flagellum, in 
which the spermatozoa are stored and become massed together 
in the long packet known as the spermatophore. The penis sac 
(p.S.) is the continuation of the vas deferens beyond the point at 
which the flagellum diverges. It joins the vagina at its extreme 
anterior end, uniting with it to form the common genital aperture, 
which cannot be exactly represented in the figure. The penis 
itself lies in ttie interior of the penis sac, and is a rather long 
musoular tube which is protruded during union, but at other 
times remains retracted witliin the sac. 

In the Helicidae generally, the form of the generative organs 
varies with each separate species, sometimes merely as regards 
the size of the different parts, at others in the direction of greatei: 
simplicity or complication. The mucous glands may be absent, 
and the flagellum greatly reduced in size, or absent altogether. 

The Dart Sac.—A remarkable part of the reproductive 
system in many of the true Helicidae is the so-called dart, Lieles- 
pfeil, or tdum veneris. It consists of " a straight, or curved, some¬ 
times slightly twisted tubular shaft of carbonate of Ume, tapering 
to a fine point above, and enlarging gradually, more often some¬ 
what abruptly, to the base/ The sides of the shaft are sometimes 
furnished with two or more blades; these are apparently nSt for 
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Flu. 54.—Darts of British land snails: 
A, Ifyalin ia excavatn Bean ; B, Helix 
hortensia Mull. ; C, Helix asjpcrsa 
Mull. (After Ashford.) 

cutting purposes, Lut simply to brace the stem. The dart 
contained in a dart sac, which is attached as a sort of pocket 
to the vagina, at no great dis¬ 
tance from its orifice. There are 
four different forms of sac. It 
may be single or double, and each 
of these divisions may be l)ilobed, 
each lobe containing one dart at 
a time. In Helix tlie 
dart is about in. in length, 
and in. in breadth at its base 
(see Fig. 54). 

It appears most ju'obable tliat 
the dart is employetl as an ad¬ 
junct to the sexual act. Besides the hict of tbe position of 
the dart sac anatomically, we find tliat the darts are extruded 
and become embedded in the flesh just before or during the act 
of copulation. It may be regfirded, then, as an organ whose 
])iinctiu’es iudu(.‘e excitement pre])aratory to sexual union. It 
only occurs in wcdl-giown sj)ecimens. When once it begins to 
form, it grows very rapidly, perliaps not more than a week being 
recpiired for its entire formation. 

The dart is almost confined to irdividae, a certain numl^er 
of (‘xceptions being known which border on Helix, Hyalhiia 
nitida and excavata are the only British species, not Helices^ 
which are known to i)ossess it. It has not Ijeen noticed to 
occur in the slugs, except in the N. American genus TeheMiio- 
j)hor'ifs. About one-third of the British Helices are destitute of 
the dart.^ IL rufescens possesses a double bilobed sac, but only 
two darts, which lie in the lower lol)es. It does not use the 
darts, and could not do so, from the relative sizes of dart and 
Site; it has often l)een watched when uniting, but the use of the 
darts lias never been observed. From this it has been inferred 
that the darts are degenerate weapons of defence, and that they 
were in fact at one time much stronger organs and more often 
used.^ This theory, however, does not seem consistent with the 
whole circumstances of the occurrence, position, and present use 
of the darts. 

1 C. AsUfonl, Jonrtu of Conch, hi. p. 289, iv. pp. 69, 108. 
- W. E. CoUinge, Zoologist, 1890, p. 276. 
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Hermaphrodite Mollusca.—(?>) Digonopora,—As an example 
of the Digonopora or hermaplirodite Mollusca with separate 
generative apertures for the male and female organs, we may 
take the common Limnaca stag mil is o5). It will be seen 
from the figure that tlie relative positions of the hermaphrodite 
gland and duct, and of the albumen gland, are the same as in 
Helix, When the oviduct parts company from the vas deferens, 
it l)ecomes furnished with several accessory glands, one of whicli 
(Gi.E.) probably serves as a reservoir for the ova, and answers 
more or less to a uterus. The tube leading to tlie spermatheca 

A.Q 

Fio. 55.—Genitalia of lAmnaea sfagnalis 
L. (froiji a tlissectioii by F. B. Stead), 
X 2. 

A.O, albumen gland. 
Ac.G, accessory gland. 
F.O, female orifice. 
GI.E, glandular enlargement. 
H.D, hermaphrodite duct. 
H.G, hermaphrodite gland. 
Li, liver. 
M. O, male orifice. 
P, peni.s sac. 
Pr, prostate. 
R.M, retrm'.tor muscle ol' penis. 
Bp, .siierrnatheca. 
V.D, vas deferens. 

is short, and there is no divergent coecuin. The female orifice 
lies near to the external opening of the branchial cavity. The 
vas deferens, which is very long, is furnished with a lai-ge instate 
gland. The penis sac is greatly dilated, and there is no flagellum. 
The male orifice is behind the right tentacle, slightly in advance 
of the female orifice (compare Fig. 102). 

Most of the Opisthuhmnckictta, but not all, have separate sexual 
orifices. Numerous variations from the type just described will 
be found to occur, particularly in the direction of the develop- 
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ment of accessory glands, which are sometinies very large, and 
whose precise purpose has in many cases not been satisfactorily 
determined. 

Pelecypoda.—In the dioecious Telecypoda, which form the 
great majority, the reproductive system is simple, and closely 
parallel in both sexes. It consists of a pair of gonads, which 
are either ovaries or testes, and a pair of oviducts or sperm- 
ducts which lead to a genital aperture. The gonads are usually 
placed symmetrically at the sides or base of the visceral mass. 
The oviduct is short, and the genital aperture is usually within 
the branchial chamber, thus securing the fertilisation of the ova 
by the spermatozoa, which are carried into the branchial chamber 
with the water which passes through the afferent siphon. 

Hermaphrodite Pelecypoda are rare, the sexes being usually 
separate. The following are assured instances: Pecten glaber, 
P, jacohaeuSy P. maximus, Ostrea edulis, Cardium norvtgicum, 
Pisidium pusillum, Cyclas cornea. Pandora rostrata, Aspergillum 
dichotomum, and perhaps Clavagella, The greater number of 
these have only a single genital gland (gonad) on each side, 
with a single efferent duct from each, but part of the gland is 
male and part female, e.g, in the Pectens above mentioned. 
Pandora and Aspergillum have two distinct glands, respectively 
male and female, on each side, each of the two glands possessing 
its separate duct, and the two ducts from each side eventually 
opening near one another. It appears probable that the Septi- 
hranchiata {Guspidaria, Poromya, Lyonsiella, etc.) must also be 
added to the number of hermaphrodite Pelecypoda which have 
separate male and female glands. 

It is worthy of remark that all the hermaphrodite Pelecypoda 
belong to forms decidedly specialised, while forms distinctly 
primitive, such as Nucula, Solenomya, Area, and Trigonia are all 
dioecious. In Gasteropoda similarly, the least specialised forms 
(the Amphineura, with the exception of the Neomeniidae, and 
the Rhipidoglossa) are dioecious. It is possible therefore that 
in the ancestors of the Mollusca the separation of the sexes had 
already become the normal type of things, and that hermaphro¬ 
ditism in the group is, to a certain extent, a sign or accompani¬ 
ment of specialisation.^ 

Development of Fresh-water Bivalves.—The vast majority 

^ Pelsoneer, Comptes Bsnius, cx. p. 1081. 

VOL. Ill h 
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of fresh-water bivalves eitlier pass the larval stage entirely 
within the mother, and do not quit her except in a perfectly 
developed form {Gydas, Pisi(lium)y or assume a mode of develop¬ 
ment in which free larvae indeed occm’, but are specially modified 
for adaptation to special circumstances {Unio). Gy das and 
Pisidium, and no doubt all the kindred genera, preserve their ova 
in a sort of brood-pouch within the gills, in which the ova pass 
the earlier stages of their development. Ihit, even so, the larva 
of these genera retains some traces of its original free-swimming 
habits, for a rudimentary velum, which is quite useless for its 
present form of development, has been detected in Gydas. 

The larva of Preissensia (see Fig. 47, A), so far as is at present 
known, stands alone among fresh-water bivalves in being free- 
swimming, and to this property has been attributed, no doubt 
with perfect justice, the fact of the extraordinarily rapid spread 
of Preissensia over tlie continent of Europe (chap. xvi.). In 
expelling the ova, the parent slightly opens the shells and then 
quickly closes them, shooting out a small point of white slime, 
which is in fact a little ball of eggs. The general course of 
development is precisely parallel to that of marine Pelecypoda, 
greatly resembling, so far as form is concerned, certain stages in 
the growth of the larvae of Modiolaria and Gardiiim, as figured 
by LovtSn.^ 

In June and July the larvae appear in large numbers on the 
surface of the water, when in spite of their exceedingly small 
size, they can be captured with a fine hand-net. They pass 
about eight days on the surface, feeding apparently on minute 
floating algae. During this time, the principal change they 
undergo is in the formation of the foot, which first appears as 
a small prominence midway between the mouth and anus, and 
gradually increases in length and flexibility. When the larva 
sinks to the bottom, the velum soon disappears entirely, the foot 
becomes exceedingly long and narrow, while the shell is circular, 
strongly resembling a very young Gydas. 

Lajrvae of Uniomdae.—The early stages of the development 
of Unio and Anodonta (so far as the species of North America, 
Europe, and Asia are concerned) is of extreme interest, from 
the, remarkable fact that the young live for some time para- • 
siticHjU/ attached to certain species of fresh-water fishea In 

* Kon\ Vet, Akad. ffandt. 1848, pp. 329*435. 
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order to secure this attacliiiieiit, the larva, which is generally 
known as Glochidmm, develops a long filament which perhaps 
renders it aware of the miighboiirhood of a fish, and also a 
larval shell furnished with strong hooks by which it fastens 
itself to the body of its unconscious host (Fig. 56). According 
to some interesting obst^rvatious made by Mr. 0. H. Latter,^ 
the ova pass into the external gill of the mother, in whicli is 
secreted a nutritive mucus on which they are sustained until they 
arrive at maturity and a suitable opportunity occurs for their 
' being born.' If this opportunity is deferred, and the Glochidia 
mature, their so-called ' byssus' becomes developed, and by )x;iiig 

Fig. r>6.—A. Olochidmm immediately after it is hatched ; arf’, adductor muscle ; 
‘ hyssus ’ cord ; s, .sense organs ; sh^ shell. B. Oiochidiiwi after it has been on the 
fish for some weeks: a.ad, p.ad^ anterior and posterior adductors; al^ alimentary 
canal; au.v^ amlitory vesicle ; ftr, branchiae ; /, foot; mantle. (Balfour.) 

entangled in the gill filaments of the parent, prevents their 
escaping. It is interesting to notice that, when the nutritive 
mucus of the parent is used up, it becomes, as it wt^re, the 
turn of the children to provide for themselves a secondary mode 
of attachment. 

The mother Anodonta does not always retain the Glocliidm/m 
until fish are in her neighbourhood. Gentle stirring of the 
'l^ater caused them to emit Glochidium in large masses, if the 
movement was not so violent as to cause alarm. The long slimy 
masses of GlocMdium were observed to be drawn back again within 
the shell of the mother, even after they had been ejected to a 
distance of 2 or 3 inches. 

It is a mistake to assert that the young GlocMdium can swim. 
When they finally quit the mother, they sink to the bottom, 

’ P, Z. S, 1891, p. 52 f. 
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and there remain resting on their dorsal side, with the valves 
gaping upwards and the so-called byssiis streaming up into 
the water above them. There they remain, until a convenient 
‘ host' comes within reach, and if no ' host ’ comes within a 
certain time, they perish. They are evidently pecidiarly sensitive 
to the presence of fisli, but whether they pcu’ceive them by smell 
or some other sense is unknown. The tail of a recently killed 
stickleback thrust into a watch-glass containing Glocliidium throws 
them all into the wildest agitation for a few seconds; the valves 
are violently closed and again opened with astonishing rapidity 
for 15-25 seconds, and then the animals appear exhausted and 
lie placid with widely gaping shells—unless they chance to have 
closed upon any object in the water {e.g. another Glochidium\ in 
which case the valves remain firmly closed.*' 

In about four weeks after the Glocliidium has quitted its 
host, and the permanent sliell has made its appearance within 
the two valves of the Glocliidium, the projecting teeth of the 
latter press upon the ventral edge of the permanent shell, at a 
point about half way in its lengthward measurement, retarding 
the growth of the shell at that particular point, and indenting 
its otherwise uninterrupted curve with an irregular notch or dent. 
As growth proceeds, this dent becomes less and less perceptible 
on the ventral margin of the shell itself, but its effects may 

,be detected, in well-preserved specimens, by the wavy turn in the 
lines of growth, especially near the umbones of the young sliell. 

Mr. Latter foimd that all species of fish with which he 
experimented had a strong dislike to Glocliidium as an article 
of food. Sometimes a fish would taste it '*just to try,” but 
invariably spit it out again in a very decided manner. The cause 
of unpleasantness seemed not to be the irritation produced in 
the mouth of the fish by the attempt of the Glocliidium to attach 
itself, but was more probably due to what the fish considered a 
nasty taste or odour in the object of his attentions. 

The following works will be found useful for further study of 
this portion of the subject:— 

F. Balfour, Comparative Embryology, vol. i. pp. 186-241. 
F* Blbchmann, Ueber die Entwickelung von Neritiiia Huviatilis Mail.: Zeit. 

wiss. Zool xxxvi, (I88I), pp. 126-174. 
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CHAPTER VI 

KESHKATION AND CIKCULATTON—THE MANTLE 

The principle of respiration is the same in the Mollusca as in 
all other animals. The blood is piiritied by being brought, in 
successive instalments, into contact with pure air or pure water, 
the effect of which is to expel the carbonic acid produced by 
animal combustion, and to take up fresh supplies of oxygen. 
Whether the medium in which a mollusc lives be water or 
air, the effect of the respiratory action is practically the 
same. 

Broadly speaking, Mollusca whose usual habitat is the water 
‘ breathe * water, while those whose usual habitat is the land 
‘ breathe' air. But this rule has its exceptions on both sides. 
The great majority of the fresh-water Mollusca which are not 
provided with an operculum (e.g. Limnaea, Physa, Flanorbis), 
breathe air, in spite of living in the water. They make periodic 
visits to the surface, and take down a bubble of air, returning 
again for another when it is exhausted. On the other hand 
many marine Mollusca which live between tide-marks (e.g. Patella, 
Littorina, Purpura, many species of Gerithium, Planaxis, and 
Nerita) are left out of the water, through the bi-diurnal recess 
of the tide, for many hours together. Such species invariably 
retain several drops of water in their branchiae, and, aided by 
the moisture of the air, contrive to support life until the water 
returns to them. Some species of Littorina {e.g, our own L. rudis 
and many tropical species) live so near high-water mark that at 
Weak spring-tides it must frequently happen that they are untouched 
by the sea for several weeks together, while they are. frequently 
exposed to a burning sun, which beats upon the rocks to which 
they cling. In this case it appears that the respiratory orgjans 
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will perform their functions if they can manage to retain an 
extremely small amount of moisture.^ 

The important part which the respiratory organs play in the 
economy of the Mollusca may be judged from the fact that* the 
primary subdivision of the Cephalopoda into Dibranchiata and 
Tetrabranchiata is based upon the number of branchiae they 
possess. Further, the three great divisions of the Gasteropoda 
have been named from the position or character of the breathing 
apparatus, viz. Prosobrauchiata, Opisthobranchiata and Pulrnonata, 
while the name Pelecypoda has hardly yet dispossessed T^rnelli- 
branchiata, the more familiar name of the bivalves. 

Itcspiration may be conducted by means of—(a) Branchiae or 
(7ills, (J)) a Lung or Lung cavity, (c) the outer skin. 

In the Pelecypoda, Cephalopoda, Scaphopoda, and tlie great 
majority of the Gasteropoda, respiration is by means of branchiae, 
also known as cteiiidial^ when they represent the primitive Mol- 
luscan gill and are not 'secondary' branchiae (pp. 156, 159). 

In all non-operculate land and fresh-water Mollusca, in the 
Auriculidae, and in one aberrant operculate {Amphihola), respira¬ 
tion is conducted by means of a lung-cavity, or rarely by a true 
lung, whence the name Ihdmonata, The land operculates 
(Cyclophoridae, Cyclostomatidae, Aciculidae, and Helicinidae) also 
breathe air, but are not classified as Pulrnonata, since other points 
in their organisation relate them more closely to the marine.. 
Prosobrauchiata. Both methods of respiration are united in 
Ampullaria, which breathes indifferently air through a long 
siphon which it can elevate above the surface of the water, and 
water through a branchia (see p. 158). Siphonaria (Fig. 57) is 
also furnished with a lung-cavity as well as a branchia. Both 
these genera may be regarded as in process of change from an 
aqueous to a terrestrial life, and in Siphonaria the branchia is to 
a great extent atrophied, since the animal is out of the water, on 
the average, twenty two hours out of the twenty-four. In the allied 
g^nwB^Gadinia, where there is no trace of a branchia, but only a 

^ The result of some experiments by Professor Herdman upon LUtorina rudis, 
tends to show that it can live much better in air than in water, and goes far to support 
the view that the species maybe undergoing, as we know many species must have under¬ 
gone (see p. 20), a transition from a marine to a terrestrial life. It was found that 
marked specimens upon the rocks did notjpaove their position for thirty-one successive 
days {Proc, l^verp* BM, Soc. iv. 1890, p. 50). 

* Diminutive of xrelt, a comb. 
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Iniig-cavity, nnd in Ccrithidea ohtnsa, which lias a pulmonary 

It 

Vm.r>r.—A, Siphon a riff cjitjas, 
SoAvh.j Paiiaina, tlu‘ animal 
contrafted in s])irit; gr^ 
.si})ljonal .c:roove on right 
side. B, iiiuHiua pern- 
vinnu, Sowh., Cliili, shell 
only: (ft\ lunrkofsiphoual 
groove to right of head. 

organisation cxat'.tly analogous to that of Oif<io2)hoTi(H} this 
process may lie regarded as ])ractically conqileted. 

Eespiration l»y means of the skin, witlioiit the development 

Fig. 68,—Aeolia tlespecta Johnst., British 
coasts. (After Alder and Hancock.) 

of any special organ, is the 
simplest method of Id’eathing 
which occurs in the Mollusca. 
In certain cases, e.g. Ufj/sla, Ll- 
otuqwntiay and Ce/ma among the 
Kudihranchs, and the imrasitic 
Untocomha and Eritovolax, none 
of which possess breathing organs 
of any kind, the whole outer 
surface of the body appears to 
perform respiratory functions. In 
others, the dorsal surface is cov¬ 
ered with papillae of varied size 
and number, which communicate, 
with the heart by an elaborate 
system of veins. This is the case 
with the greater number of the 
Ae(>lidida4i (Fig. 5 8, compare Fig. 
5, C), but it is curious that when 
the animal is entirely deprived of 
these papillae, respiration appears 
to be carried oil without inter¬ 
ruption through the skin. 

In the development of a distinct breathing organ, it would 
|seem as if progress had been made along two definite lines, each 

^ Stolicifka, <xttoted in Jouttl cU Conch* xviii. p, 462. 
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resulting in the exjiosure of a larger length of veins, ix. of a 
larger amount of blood, to the simultaneous operation of fresh 
air or fresh ^vater. Either the skin itself may have developed, 
at more or less regular intervals, elevations, or folds, which gradually 
took the form* of papillae, or else (h) an inward folding, or ‘ in¬ 
vagination,' of the skin, or such a modification of the mantle¬ 
fold as is described below (p. 172) may have taken place, 
resulting in tlie formation of a cavity more or less surrounded 
by walls, within wliich the l)reathing organs were ultimately 
developed. Sometimes a combination of both processes seems to 
liave occurred, and after a papilliform organ has been produced, 
an extension* or prolongation of the skin has taken place, in 
order to afford a, jirotection to it. Kespiration by means of a 
lung-cavity is certainly subsequent, in point of time, to respiration 
by means of branchiae. 

The branchiae seem to have lieen originally paired, and 
arranged symmetrically on opposite sides of the body. It is not 
easy to decide whether the multiple form of branchia which 
occurs in Chiton (Fig. 59), or the simple form as in Fismrella 

Fig. 59.—Chiton squainosm L., Bermuda r 
A, anus ; Br, branchiae ; 11, mouth. 

Fio. 60.—Fiasurella virescens Sowb., 
Panama, showing position of the 
branchiae: Br, brancliiae; E, E, eyes; 
F, foot; H, mantle; T, T, tentacles. 

(Fig. 60), is the more primitive. Some authorities hold that 
the multiple branchia tias gradually coalesced into the simplef- 
others that the simple form has gi'own, by serial repetition, 
into the multiple. There appears to he no trace of any inter¬ 
mediate forms, and, as a matter of &ict> the multiple branchia is 
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found only in tlie^ Amphineura, while one or rarely two (never 
more) pairs of branchiae, occur, witli various important modi¬ 
fications, in tlie vast majority of the Mollusca. 

Amphineura,—In Ckiton the branchiae are external, forming 
a long'row ot' short plumes, placed symmetrically along each side 
of the foot. The number of plumes, at the base of each of which 
lies an OKsphradial patcli, varies from about 70 to as few as 
6 or 7. AVlien the plumes are few, they are confined to the 
posterior end, and thus approximate to the form and position of 
the branchiae in the otlier Amphineiira. In Chaetodenna, the 
branchiae consist of two small feather - shaped liodies, placed 
symmetrically on eitlier side of the anus, wJiich opens into a sort 
of cloaca within wliich the branchiae are situated. In Neoinenia 
the branchiae are still further degraded, consisting of a single 

A BCD 

Fio. 61.—Ternuiml portions of the Aniphiueura. illustrating the gradual degradation 
of the branchiae, and their gi’ouping J'ouiid the anus in that class. A, Vhiton 
{Hat^arthrum) setvlosus Carp., Torres Sir.; B, Vhit<m {LeptocMim) htnihtis Hadd., 
Torres Str.; C, Ohaetodervui; D, Neovienia; a, aims; hr^ br^ branchiae; A;, A;, 
kidneys ; p, pericardium. (A and B after Haddon, C and D after Huhrecht.) 

bunch of filaments lying within the cloaca, while in Proneomenia 
there is no more than a few irregular foldb on the cloaca-wall 
(Fig. 61). 

In the Prosohranchiata, symmetrically paired branchiae occur 
only in the Fissurellidae, Haliotidae, and Pleurotomariidae, in the 
former of which two perfectly equal branchiae are situated on 
either side of the back of the neck. These threS families taken 
together form the group known as Zygohrarmhiata} In* all other 
families the asymmetry of the body has probably caused one of 
the branchiae, the right (originally left), to become aborted, and 
consequently there is only one branehia, the left,, in the vast 
majority of marine Prosohranchiata, which have been ^^^ccordingly 

^ a yoke, from the symmetrical position of the hraachme. 
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grouped as AzygohraTw.Jiiatn. Even in Haliotia llie right hraiichia 
is ratlier smaller than the left, while the great size of the attacdi- 
ment muscle anises the wliole branchial cavity to l)ecome pushed 
over towards the left side. In those forms which in other respects 
most nearly approach the Zygobranchiata, namely, flie Tro^hidae, 
Xeritidaii, and Turbiiiidae, the hrancliia has two ro,ws of filaments, 
one on each side of the long axis, while in all other Proso- 
branchiala there is but mie r<jw (see Fig. 70, p. 169). 

In the great majority of marine rrosobraiu^liiatti the branchia 
is securely concealed within a chamber or ])ouch (the respiratory 
cavity), which is placed on the left dorsal side of the animal, 
generally near the back of the neck. For breathing purposes, 
water has to he. conveyed into this chaml)er, and again exjKdled ' 
after it has passed over the branchia. In the majority of the 
vegetable-feeding molluscs (e.g. Li% 

iorinay CkrUkimny 2'rochus) water 
is carried into the chamber ])y a 
simple prolongation of one of the 
lobes or lappets of the mantle, and 
makes its exit by the same way, 
the incoming and outgoing currents 
l)eing separated by a valve-like 
fringe depending from the lobe. 
In the carnivorous molluscs, on the 
other hand, a regular tiilie, the 
hranchial siphon, which is more 
or less closed, has been developed 
from a fold of the mantle surface, 
for the special purpose of con¬ 
ducting water to the branchia. 
After performing its purpose there, 
the spent water does not return 
through the siphon, but is con- 

Fig. 62. — Bnllia laemmivia, Gmel., 
showing hranchial siphon 8; F, F, F, 
foot; OF, oi.)erculum ; P, peni^ ; 
Ft, proboscis; T, T, tentacles. 

* (After Qttoy and Gaimard.) 

ducted towards the anus by vibra- 
tile cilia situated on the branchiae themselves. In a large 
number^ of cases, this siphon is protected throughout its entire 
length by a special prolongation of the shell called the cariM, 
Sometimes, as in Bmeinum and Purpura, this canal is little more 
than a m^e notch in the ^ mouth ’ of the shell, but in many of 
the Muri^ae (e.g. M. haustellum, tmuispina, trihulm) the canal 
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becomes several inches long, and is set with formidable spines 
(see Fig. 164, p. 256). In Dolium and Cassis the canal is very 
short, but the siphon is very long, and is reflected back over the 
shell 

The presence or absence of this siphonal notch or canal forms 
a fairly accurate indication of the carnivorous or vegetarian 
tendencies of most marine Prosobranchiata, which have been, on 
this basis, subdivided into Sijplionostomata and ITolostomata. But 
this classification is of no particular value, and is seriously 
weakened by tlie fact that Natica, which is markedly 'holo- 
stomatous/ is very carnivorous, while Ceritldinn, which has a 
distinct siphonal notch, is of vegetarian tendencies. 

In the Zygobranchiata the water, after having aerated the 
blood in the branchiae, usually escapes by a special hole or holes 
in the shell, situated either at the apex {Fissurella) or along the 
side of the last whorl {Haliotis). In Pleiirotomaria the slit 
answers a similar purpose, serving as a sluice for the ejection of 
the spent water, and thus preventing the inward current from 
becoming polluted before it reaches the branchiae (see Fig. 
179, p. 266). 

In Patella the breathing arrangements are very remarkable. 
In spite of their apparent external similarity, this genus possesses 
no such symmetrically paired plume-shaped branchiae as Fis- 
surella, but we notice a circlet of gill-lamellae, which extends 
completely round the edge of the mantle. It has been shown by 
various authorities that these lamellae are in no sense morpho¬ 
logically related to the paired branchiae in other Mollusca, but 
only correspond to them functionally. The typical paired 
branchiae, as has been shown by Spengel, exist in Patella in a 
most rudimentary form, being reduced to a pair of minute yellow 
bodies on the right and left sides of the back of the ' neck.’ A 
precisely similar abortion of the true branchiae, and special 
development of a new organ to perform their work, is shown 
in Phyllidia and Pleurophyllidia (see below under Opistho- 
branchiata). This circlet of functional gills in Patella has there¬ 
fore little systematic value, being only developed in an unusual 
position, like the eyes on the mantle in certain Pelecypoda, to supply 
the place of the true organs which have fallen into disuse. Accord¬ 
ingly Cuvier’s class of Cyclohranchiaia, which included Patella 
and Qhiton, has no value, and has indeed long been discarded. 
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In Chiton the gills never extend completely round the animal, 
but are always more or less interrupted at the head and anus. 
They are the true gills, the plumes being serially repeated in the 
same way as the sh(dl plat(is. 

Fig. C3.—Patella vvlgata L., seen from the 
ventral side: /, loot; //.4 circlet of gill 
lamellae; edge of the mantle; m«, 
attachment muscle ; d, slits in the same ; 
.v/i, shell; v, vessel carrying aerated blood 
to the heart; v', vessel carrying blood from 
the heart; w, small accessory vessels. 

'nnu 
Fto. 64. — Patella mlgata L., seen from 

the dorsal side after the removal of the 
shell and the black pigment covering 
the integument; the anterior j)ortion of 
the mantle is cut away or turned back : 
«, anus ; hVy remains of the true 
branchiae (ctenidia); i, intestine ; A:, /r/, 
kidneys ; k.a]), their apertures on each 
side of the anus; ly liver; mantle; 
mUy attachment muscles, severed in re¬ 
moval of shell; t, (, tentacles. 

In the land Prosobranchiata (Cyclostomatidae, Cycloplioridae, 
Aciculidae, Helicinidae) which, having exchanged a marine for 
an aerial life, breathe air instead of water, the branchia has 
completely disappeared, and breathing is conducted, as in the 
Pulinonata, by a lung-cavity. In certain genera of land oper- 
ciilates, e.g. Fupina, Gatauhts, Pterocyclus, a slight fissure or tube 
in the last whorl (see Fig. 180, p. 206) serves to introduce air 
into the shell, wdiich is perhaps otherwise closed to air by the oper¬ 
culum. In Aidopomay which has no tube, the operculum admits 
free circulation of air. In certain other Cyclostomatidae the apex 
is truncated, and air can enter there. De Folin closed with wax 
the aperture of CycL elegans, and found that on placing it in a 
pneumatic machine, the shell gave off air through its whole sur¬ 
face. On the other hand, CyliTidrella and Stenoggfa decollata^ 
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on being Riibmitted to tlie same test, showed that t])e truncated 
part alone was permeable l)y air. 

Fischer and Hoiivier liave made some interesting observations 
on the breatliing of a sj)^^cies of Aminillaria {i'nsvlarum Orb.). 
The species lias, in common with all Ampullarla, two siplions, 
but wliile the right siplion is but slightly developed, the left is 

very long, almost twice as long as the 
shell (see Fig. 65). The animal, when 
under the water, lengtliens its siphon, 
brings the orifice to the surface, and by 
alternately raising and depressing its head 
produces in the pulmonary sac movements 
of ex- and inspiration; these are repeated 
about ten or fifteen times at regular 
intervals of from six to eight seconds, 
a method of respiration strongly resem¬ 
bling that of the Cetacea. At the same 
time, branchial res})iratioii takes place. 
If powdered carmine is added to water, 
the particles are seen to enter the bran¬ 
chial cavity by the si})hon and pass out 

water; B, breathing aiv; Si, by tlic short right siphou. Sometimes 

te£ksT’ aniiiial reiiuiins luider water for 
pansioii, performing the part hours without rising to the Surface to 
of excurreiit siphon. (Alter . . . 
Fischer and Bouvier, xi). mspire air. Ill Vdlvata (Jug. 66) the 

br.uichia is very lai’ge, and projects like 
a leaf or fan above the shell on the left side; on the correspond¬ 
ing position on the right aide is a long filiform apixjndage, which 
some have regarded as representing tlie other brauchia. 

Opisthobranchiata.—A true brauchia occurs only in the Tecti- 
branchiata and the Ascoglossa. It lies on the right side, and is 
usually more or less external, being partly covered sometimes by 
the shell (as in Umbrella, Fig. 5), sometimes by a fold of the 
mantle. In the Pteropoda (which are probably derived from the 
Tectibranchiata), all the Thecosomata, with the exception of 
Cavolinia, have no specialised hrancliia, hut probably respire 
through portions or the whole of the integument. In the 
Gymnosomat? an accessory branchia has in many cases been de¬ 
veloped at the posterior end of the body. Pneumodermon alone 
lias both lateral and posterior branchiae well developed, Clione 

Fig. 65. — Avipullarm iiisul- 
arum Orb. : A, breathing 
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and Haloimjche a)*e destitute of either, while the four reniaining 
families have one branchia, sometimes lateral, sometimes posterior.^ 

Certain of the Nudibranchmta possess 
no special breathing organs, and pro- 
ba])ly respire through the skin {Elysia, 

LiiMipontia, Cenuiy Fkyllirrhoe), The 
majority, however, have developed sec¬ 
ondary branchiae, in the form of promi¬ 
nent lolies or leaf-like processes (the 
cerata), wliich are carried upon the back, 
without any means of jirotectiom These 
cerata are, as a rule, of extreme lieauty 
and variety of form, consisting sometimes 
of long wliip-like tentaculae, in other 
cases of arborescent pluuitis of fern-like 
leafage, in others of curious l)ead-like appendages of every imagin¬ 
able shape and colour. In Boris they lie at tlie posterior end of the 

Fio. 66. — Valvata piscimlis 
Mull. : ?-»r, hraiichia ; //, fila¬ 
ment ; foot lolx's. (Alter 
Boutaii.) 

Pig. 67.—JOom [Archidoris) 
tuberculata L., Britaiu: a, 
aims ; Im', branchiae, sur- 
ronudiug the anus ; ni, male 
organ ; rh^ rh^ rhinophores. 

xj. 

Fio. 68. — PleurophyUidia Uneata 
Otto, Mediterranean : a, anus ; hr^ 
secondary branchiae; m, montli ; 
s.o, ^exual orifice. 

body, in a sort of rosette, which is generally capable of retraction 
into a chamber. In Phyllidia and Pleuro'phyllid'm these secondary 
branchiae lie, as in Patella, on the lateral portions of the mantle. 

^ Pelaen^er, * Challenger ’ Meports, vol. xxiii. part, Ixvi. 
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The Scaphopoda in all probability ])08se8s neither true nor 
secondary branchiae. 

Pulmonata.—When we use the term ‘ lung/ it must be 
remembered that this organ in the Mollusca does not correspond, 
morphologically, with the spongy, eelluhir lung of vertebrates; 
it simply iMU’forms the same functions. The ' lung/ in the 
Mollusca, is a pouch or cavity, lined witli blood-vessels which 
are disposed over its vffulted surface iu various ’patterns of 
network. The pulmonary sac or (‘avity is therefore a better 
name by which to denote this organ. 

It seems probable, as has been already shown (pp. 18-22), 
that all rulmonata are ultimately derived from marine forms 
which breathed water by means of brandliae. Tims we find inter¬ 
mediate forms, such as Si^phonaridy possessed of botli a brandiia 
and a jjuliuonary sac, the former being evanescent, while in 
Gadlnia and Amphihola it has quite disappc'ared. In the vast 

Fig. 69.—Geomalacm Tiiacnlosiis Alliu., S. Ireland : P.0, pulmonary orifice. 

majority oi Pulmonata no trace of a branchia remains ; its function 
is performed by a chamber, always situated at the right side of 
the animal, and generally more or less anterior, admitting air by 
a narrow aperture which is rhythmically opened and closed. In 
ArionnwA Geomalacus (Fig. 69) this aperture is in the front of the 
right side of the ^shield/ in Limax (Fig. 71) in the hinder part, 
ill Testacella (Fig. 20) it is near the extremity of the tail, under 
the spire of the shell; in Janella it is on the middle of the right 
edge of the shield (Fig. 70). If a specimen of Helix aspersa, 

or better, of II. pomatiay is held up to the light, the beautiful 
arborescent vessels, with which the upper part of the pulmonary 
chamber is furnished, can be clearly seen by looking through the 
aperture as it dilates. It is only in the Auriculidae that an 
actual spongy mass of lung material appears to exist. When in 
motion, a Helix inspires air much more frequently than when 
at rest. Temperature, too, seems to alfect the number of inspira¬ 
tions ; it appears doubtful whether, during hibernation, a snail 
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breathes at all. In any case, the amount of air required to 
sustain life must be small. 

With regard to the njspiration of fresh-water Pulmonata there 
appears to l^e some difference of opinion. Jt is lield, on the one 
hand, that the Limnaeidae only respire air, making periodic visits 
to tlie surface to procure it, and that they perisli, if prevented 
from doing so, hy as])hyxiation. If, we are told,^ as a Lhmmea 

is floating on the surla-ce of the water in a glass jar, a morsel of 
common salt be dropped upon its outstretched foot, it will sink 

Fio. 70.—JaneUa hirudo FiG. 71.---Ztwww; L.: PO, pulmonary 
Fiscli., N, Caledonia; orifice, x §, 
G, generative orifice ; P, 
pulmonary orifice ; T, T, 
tentacles. (After Fis¬ 
cher.) 

heavily to the bottom, emitting a stream of air from its pulmon¬ 
ary orifice. On recovering from the shock, it will anxiously 
endeavour to regain the surface, but will liave some difficulty 
in doing so, owing to its now mucli greater specific gravity. 
When it succeeds, it creeps almost out of the water, and exposes 
its respiratory orifice freely to the air. If tlu*. experiment is 
repeated several times uii tlie same individual, it becomes so much 
weakened that it has to be taken out of the water to save its 

^ Zoologist, xii. p. 4248. 

VOL. Ill M 



i62 BREATHING OF DEEP-WATER LIMNAEA CHAP. 

life. Moquin-Tantlon, on the other hand, is strongly of opinion ^ 
that there is no absolute necessity for Livinaea to obtain air by 
rising to the surface, and that, if prevented from emerging, it can 
obtain air from the water. When covered in by a roof of ice, 
Limnaea has not been observed to suffer any inconvenience. 
Moquin-Tandon kept L. glahra and FLanorhis rotundatus in good 
heal til under 20 mm. of water for eighteen and nineteen days, 
and relates a case in which Fhysa was kept alive under water 
for four days, and Planorhis for twelve. Young specimens, both 
of Limnaea and Flanorlm, do not rise to the surface for a supply 
of air; they are hatched with the pulmonary cavity full of water. 

It is probable, therefore, that Limnaeidae are capable, on 
occasion, of respiration through the skin. Some authorities are 
of opinion that certain long and narrow lamellae, situated within 
the pulmonary sac, are employed for the purpose of aqueous 
respiration. Ancylus, which never makes periodic excursions to 
the surface, perhaps respires by receiving into its pulmonary 
chamber the minute quantities of oxygen given off by the 
vegetation on which it feeds. 

Limnaeidae taken from a great depth of water, e,g, from 130 
fathoms in the lake of Geneva, have been examined by Forel.^ 
The pulmonary sac is full of water, but there is no transformation 
of organs, no appearance of a branchia, to meet the changed cir¬ 
cumstances of their environment. Doubtless a good deal of 
respiration is done by the skin; being soft and vascular, 
it respires the air dissolved in the water. Forel cites cases 
of Limnaea. living at much shallower depths, which come to 
the surface once, and then remain below for months. The 
oxygen of this supply must soon have become exliausted, and the 
animals, discontinuing for a time the use of the pulmonary 
chamber, must have respired through l^lie skin. Shallow-water 
Limnaea, according to the same authority, remain beneath the sur¬ 
face during cold weather; when warm weather returns they rise 
to the surface to take in a supply of air. Since the water at great 
depths is always very cold, there is no need for the Limnaea living 
there to rise to the surface at all. 

It is a curious fact that Limnaea, which have been respiring 
by the skin for the whole winter, should suddenly, on the first 
warm days of summer, take to rising to the surface and breathing 

^ Mollusques de France^ i. p. 81. ® N. Denk. Schw, Oes. xxix. (2) p. 196 f. 
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air. But exactly the same phenomenon is shown in the case of 
Limmma from great depths. Placed in an aquarium, they 
immediately begin rising to the surface and inspiring air; in 
other words, they experience instantaneously a complete trans¬ 
formation of their respiratory system. 

In Onchidium, a land pulinonate which has retrogressed to an 
amphibious or quasi-marine mode of life, there is no organ which 
represents the pulmonary or branchial cavity, the so-called limg 
being only a cavity of the kidney. Kespiration is, however, 
conducted by the skin as well, and by the dorsal papillae.^ 

Land Mollusca can sustain, for a considerable time, complete 
deprivation of atmosplieric air. Helices placed in an exhausted 
receiver show no signs of being inconvenienced for about 20 hours, 
and are able to survive for about two or three days. If detained 
under water, they are very active for about 6 hours, then become 
motionless, the body swells, owing to the water absorbed, and 
death ensues in about 36 hours. Immersion for only 24 hours 
is generally followed by recovery. In the latter case, the cause ' 
of death is not so much deprivation of air as compulsory absorp¬ 
tion of water by the skin. The amount of water thus taken up 
is surprising. Spallanzani found that a Helix which weighed 18 
grammes increased in weight by 13^ grammes after a prolonged 
immersion. Even slugs enclosed in moist paper gained more 
than 2 grammes in the course of half an hour. Experiment has 
shown that the amount of carbonic acid gas produced by respira¬ 
tion stands in direct relation to the amount of food consumed. 
Four pairs of snails were taken which had recently awakened 
from their winter sleep and had eaten heartily, and an equal 
niunber, under the same circumstances, which had been prevented 
from eating. It was foimd that the first four pairs produced, in 
consuming a given amount of oxygen, 11, 9, 10, and 13 parts 
respectively of carbonic acid, while the second set produced, in 
consuming the same amount of oxygen, only 4, 8, 7, and 9 parts 
of carbonic acid.^ Hibernating Helices, if weighed in December 
and again in April, will be found to have lost weight, due to the 
expiration of carbonic acid. Owing to the difficulty of experi¬ 
ment, opinions vary as to the absolute temperature of snails. It 
appears to be established that several snails, if placed together in 
a *tube, raise the temperature one or two degrees 0., but as a rule, 

^ Bergb, Morph, Jahi^, x, p. 172. * P. Fischer, Joum. de Ooneh, i:?. p. lOX. 
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the temi:K3rciture of a solitary Helix differs veiy slightly from that 

of the siiiTounding air. Increased activity, whether in respiration 

or feeding, is found to raise the temperature. 

W. H. Dali, writing of the branchia in Pelecy'poda, remarks ^ 
that there can be no doubt that its original form was a simple 
piiiched-up lamella or fold of the skin or mantle. This, elongated, 

becomes a filament. Filaments united by suitable tissue, trussed, 
propped, and stayed by a chitinous skeleton, result in the forms, 
wonderful in number and complexity, whicdi puzzle the Student 
to describe, much more to classify. 

In Pelecypoda the branchiae are placed on each side of the 
body, Iw^tweeii the mantle and the visceral mass. They lie in a 

Fio. 73.—Scrohicnlariapiperata Gmel., in its natural position in tlie sand: A, efferent 
or anal siphon ; B, afferent or branchial siphon. (After Mohius.) 

chamber known as the hranchial cavity. Leading into this 
cfivity, and behind it, are, as a rule, two tulies or siplions, one of 
which conducts water to the branchiae, while the other carries it 
away after it has passed over them. The lower is known as the 
hranchial or afferent siphon, the upper as the anal or efferent 

siphon (see Figs. 72 and 73). The'action of these siphons 
can readily be observed by placing a little carmine in water, 

^ dtill. Mm. 0. Z. Harv. xviii. p, 434. 
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near to the siplioiial apertiirt*H of mi Anoiloiiia or ITvlo. In 

many caKos (e.g. J\mmmohia, Tdliun, My a, goneva wliieh laurow 

deeply in sand) botli the siplions are exceedingly long, sometimes 

considerably longer than the wJiole shell. In some cases the two 

tubes are free throughout their entire length, in others they be¬ 

come fused together before their entraiuie within the shell (Fig. 

74). In other genera, which do not burrow (e.g. Ostrea, Fecten, 

Area, Mytilus)j the siphons are rudimentary or altogether absent 

rFig. 75). 

The number and arrangement of the branchiae varies con- 

Fia. 74.—Solecurtus strigillcUus L., Fia. 75.—Mytilvs tdvXis L., attached by its byssus 
Naples : s.a/, atferent siphon ; (By) to a piece of wood: F, foot; 8, anal siphon, 

efferent siphon, the two the branchial siphon being below it and not 
nniting in SS ei^ernally to the closed. (Alter Mdbius.) 
shell, X J. 

siderably. It appears probable that the different degrees of 
complication of the gill indicate degrees of specialisation in the 
different groups of Pelecypoda, in other words, assuming that a 
simpler form of gill precedes, in point of development, a more 
complicated form, the nature of the giU may be taken as indicat¬ 
ing different degrees ,of removal from the primitive form of 
bivalve. 
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1. The simplest form of gill {Nifr.nla., Jjedif, Solenoniya^i^i^..) is 

that wiiieh consists (Fig. 7(), A, compare Fig. 100, ]). 1^01) of two 

rows of V(n’y sliort, l)i*oatl, not rellected filanicnts, the rows being 

placed in such a way that they incdine at right angles to one 

another from a common longitudinal axis. The filaments are not 

connected with one another, nor are the two lea.ves of each gill 

united at any point. (Prafohrav^hdata.) 

2. In the AnomUdae^ Arcmhu^ Triyoniidae^ and Mytilidqe each 

gill consists of two plates or rows of niueli longer filaments, which 

consequently occupy a much larger spacer in the mantle cavity 

A B C D 

Fio. 76.—Morphology of the branchiae of Pelecypoda, seen diagrammatically in section : 
A, Proiobranckiata; B, FilihranchiaUi; C, Eulam'UibrancMata; ,D, Septi * 
brancMaia; e, c, external row of filaments; i, internal row of filaments ; e', ex¬ 
ternal row or plate folded back ; internal row folded back ; /, foot; m, mantle ; 
s, septum ; v, visceral mass. (From A. Lang.) 

(Fig. 76, B). Unable to extend beyond the limits of the mantle, 
filaments are reflected or doubled back upon one' another, those 
of the external plate being reflected toward^ the outside, those of 

the internal plate towards the inside. Each 
separate filameut is not connected with the 
filament next adjacent, except hy surface 
cilia situated on small projections on the 
sides of the filaments, and interlocking with 
the cilia of the adjacent filament. The two 
superposed plates or leaves of the gill may or 
may not be united by cords running between 
the two parts of a filament. (Filibranchiata,)/ 

Fia. 77.—Four ^11 fila- 3, In the Pectinidae, Amctdidae, and 

highly magnified Ostreidac^ a further development, takes 
ciliary junctions; /, place. ‘ The filaments of each sill are 
filament. (AfterPeck.) « i. j • .v 

reflected, in the same way as lu the Fth^ 

hranchiata, hxxt the part thus reflected may become completely 
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uiiittMl or ‘ ('onon^W'e ’ witli tlie iiimitlc tm the exterior juid 

Nvitli the luiS(^ ot‘ tlie tV)()t 011 the iiit(‘rior side. leaves ol* 

each ^dll plate, whieh Jiave. tlms luroiije doubled (tlie ^ills being 

ap])areiit]y two instead of one on t^ax'.li side), are foldetl or ei'uni- 

phnl, and the lilaiuents are modified at tlie re-entrant angles of 

the fold. (Pseudolamell/lh'am'hiata.) / 

4. In all tlie remaining Pehcypoda, except class 5, in other 

words, in the very large majority of families, the filaments are 

either reflected, as in (f>), or 

simple ; but tlu'. ])rocess of con¬ 

crescence is so far advaiu'.ed 

that the adjac^imt filanumts are 

always intimately connected 

with one another in such a. 

way as to admit the ])assag(*- 

of the l)lood ; and the leaves 
.,*11 /'U',* . h-/:* f^\ EifJ. 78.—Transverse section of portion of 

of each glll-pl.ltc (tig. /(>, outer gill plate of Anodonta^ highly 

are united liy cross cliaimels in magnified; a, inner lamella; it, outer 
. / 71 1 11- lamella; ilj. iiiterlamellar i unctions ; v, 

a Similar way. (^rAdameUl-y large vertical vessels. (After Peck.) 

hrancUiata.) 

5. In certain of the Anatinmca alone {(kispidaria^ Lyomiella^ 

PoTomya, Idilenia) the gills are transformed into a more or less 
muscular jiartition, extending from one adductor muscle to the 
other (Fig.76,1)), aud separating off the pallial chamber into two 
distinct divisions, whicli communicate hy means of narrow slits 
in the partition. {Se^dihramdiiata.') 

Thus the process' of gill development in the Pelecypoda 
appears to lead up from a simple to a very cc^niplex type. In 
its original form, at all events in the most primitive form known 
to us, the gill is a series of short filaments, quite independent of 
one another, strung in two rows; then the filaments become 
longer and double hack, while at the same time they begin to 
show signs of adhesion, as yet only suj)erficial, to one another. 
In a further stage, tlie reflected portions l)ecome fused to the 
adjacent surfaces of the foot and mantle, while the iiiterlamellar 
junctions serve to lock the two gill-plates together; finally, the 
mere ciliary junction of adjacent filaments is exchanged for inti¬ 
mate vascular connection, while the gill-plates as a whole become 
closely fused together in a similar manner. 

This theory of origin is strengthened by closer observa- 
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tion of the phenomena of a single group. Taking the Septi- 
branchiata as an instance, we find that in Lyonsiella the branchiae 
unite with the mantle in such a way as to form two large pallial 
chambers, the structure of the branchiae being preserved, and 
their lamellae covering the partition. A further stage is 
observed in Poromya, There, a similar partition exists, but it 
has become muscular, preserving, however, on each side two 
groups of branchial lamellae, separated one from the other by a 
series of slits, which form a communication between the two 
pallial chambers. A further stage still is seen in Silenia, There 
the same muscular partition exists, but the branchial lamellae on 
either side have disappeared, the slits between the two chambers, 
which occur in Poromya, still persisting, but separated into 
three groups. Cus])idaria represents the last stage in the 
development. In the ventral chamber there appears nothing at 
all corresponding to a branchia; the surface of the partition 
appears perfectly uniform, but on careful examination three little 
separate orifices, remains of the three groups of orifices in Silenia, 

are observed.^ 
JRelation between Branchiae and Heart.—The object of the 

branchiae being, as has been already stated, to aerate the blood 
on its way to the heart, we find that the heart and the branchiae 
stand in very important structural relations to one another. 
When the branchiae are in pairs, we find that the auricles of the 
heart are also paired, the auricle on the right and left sides being 
supplied by the right and left branchiae respectively. This is 
the case with the Dibranchiate Cephalopods {Argonauta, Octojfue, 

Zoligo, etc.), the Zygobranchiate Prosobranchs {Fismrella, Hali- 

Otis), and all Pelecypoda. In the Amphineura {Chiton, etc.) there 
are t\Yo auricles corresponding to the two sets of multiple 
branchiae. In the case of the Tetrabranchiate Cephalopods 
{Nautilus) there are four auricles corresponding to each of the 
four branchiae. Compare Fig. 79, A, B, C, D, E. 

On the other hand, when the branchia is single, or when both 
branchiae are on the same side, and one is aborted and functionless, 
the auricle is single too, and on the same side as the branchia. 
This is the case with the Tectibranchiate Opisthobranchs {Philine, 

Scaphander, etc.), all the Pectinibranchiate Prosobranchs (Eachi- 
glossa, Taenioglossa, and Ptenoglossa), and the other Azygobran- 

‘ ^ PeUenoer, Comptes Mendus, ovi. p. 1029. 
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cliiate rr<)so])raiicli8 (Trochidao, Neritidae, etc.). In the last case 

the right auricle exists, as well as the left, hut is simply a closed 

Fro. 79.—Diagram illustrating the relations between branchiae, heart, and aorta in the 
Mollusca : A, In Chiton ; B, Pelecypoda; C, Dibranchiate Cephalopoda; D, Tetra- 
branchiate (!ephalopo<la ; E, Prosobranchiata Zygobranchiata ; F, Prosobranchiata 
Azygobraiichiata ; G, Prosobranchiata Moiiotocardia ; H, Opisthobranchiata Torti- 
braiichiata: 1, Ventricle ; 2, Auricle ; 3, Aorta ; 3rt, Cephalic aorta ; 36, Visceral 
aorta ; 3c, Posterior aorta. (From A. Lang.) 

sac-, the coalescing of the two gills on the left side having thrown 
all the work upon the left auricle. Compare Fig. 79, F, G, H. 

Circulatory System. 

All Mollusca, without exception, possess a circulatory system 
of more or less complexity. The centre of the system is the heart, 
which receives the aerated blood from the breathing organs, and 
propels it to every part of the body. In the Scaphopoda alone 
there appears to l)e no distinct heart. 

The heart may consist simply of a single auricle and vent¬ 
ricle, and an aorta opening out of the ventricle. From the 
aorta the blood is conveyed to the various parts of the body by 
arteries. Veins convey the blood back to the breathing organs, 
amer passing over which it returns by the branchial or pulmonary 
"^in to the heart, thus completing the circuit. 
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Ah regards position, tlic lienrt is situated within the pericardium, 
a separate chamber which in the relecypoda, Cephalopoda., and 
the bilaterally symmetrical Gasteropoda lies on the median line, 
while in the asymmetrical Gasteropoda it is on one or other of tlie 
sides of the body, usually the right. The veins connected with 
the branchiae, and conseqijently the auricle into which they open, 
are situated behind the ventricle in the Opisthobranchiata (whence 
their name), while in the Prosobranchiata they are situated in 

front of the ventricle. 
The number of auricles corresponds to the number of branchiae. 

Thus there is only one auricle in the. great majority of Proso¬ 
branchiata (which are accordingly classified as Monotocardia), 

and also in the Opisthobranchiata, while the Pulmonata have a 
single auricle corresponding to the pulmonary chamber. There 
are two auricles in the Amphineura, in a small group of Gastero¬ 
poda, hence known as Diotocardia, in all I'elecypoda, and in the 
Dibranchiate Cephalopoda. In the Tetrabranchiate Cephalopoda 
alone there are four auricles corresponding to the four branchiae. 

A single aorta occurs only in the Amphineura and in the 
Tetrabranchiate Cephalopoda. In all the other groups there are 
two aortae, leading out of the anterior and posterior ends of the 
ventricle in Pelecypoda and Dibranchiate Cephalopoda, while a 
single aorta leads out of the posterior end alone, and subsequently 
bifurcates, in most of the Gasteropoda. One aorta, the cephalic, 
supplies the‘front part of the body, the oesophagus, stomach, 
mantle, etc.; the other, the visceral aorta, supplies the posterior 
part, the liver and sexual organs. 

The general circulatory system in the Mollusca has not yet 
been thoroughly investigated. As a general rule, the blood driven 
from the ventricle through the aorta into the arteries, passes, on 
reaching the alimentary canal and other adjacent organs, into a 
number of irregular spaces called lacunae. These in their turn 
branch into sinuses, or narrow tubes covered with muscular tissue, 
which penetrate the body in every direction. In the Dibranchiate 
Cephalopoda true capillaries are said to occur, which in some cases 
form a direct communication between the arteries and veins! 
According to some authorities^ capillaries and veins exist in 
certain Pelecypoda in connexion with the intestinal lacunae, but 
this again is regarded by others as not established. A similar. 

^ Rg, Kollmann, ZeU, toiss. ZooL xxvi, p. 87. 
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differ(uic() * of opinion oo-curs witli regard to the precise function of 
the footy pore whicli occurs in many Mollusca, some iiolding tlmt 
it served ^ a means for the introduction of water into the blood- 
vasculaB ’ system, while others regard it as a form of secretion 
gland, original purpose of which has perhaps become lost. 

—As a rule, the blood of the Mollusca—i.e, not the cor- 
puscWi liquor sanguinis—is colourless, or slightly tinged 
with JohiQ on exposure to the air. This, is due to the presence 
of a W iginent termed haemocyanin, in which are found traces of 
coppqr and iron, the former predominating. Haemoglobin, the 
colouji’iDLg matter of the blood in Vertebrates, is, according to I^n- 
kestgJ^/ of very restricted occurrence. It is found—(1) in special 
corp/^soles in the blood of Solen legumen (and Area Mae); (2) in 
the/general blood system of PlanorUs; (3) in the muscles of the 
pha rynx and jaws of certain Gasteropoda, e.g. Limnaea, Paludina, 

TAt 'orina, Chiton, Aplysia. This distribution of haemoglobin is 
explained by Lankester in reference to its chemical activity; 
wixe never increased facilities for oxidisation are required, then it 
maV be present to do the work. The Mollusca, being as a rule 
oti^ose, do not possess it generally diffused in the blood, as do the 
Vertebrata. The actively burrowing Solen possesses it, and 
peJrhaps its presence in Planorbis is to be explained from its re¬ 
spiring the air of stagnant marshes. Its occurrence in the 
phJiryngeal muscles and jaws of other genera may be due to the 
coijstant state of activity in which these organs are kept.^ 

I According to Tenison-Woods ® a species of Area {trapezia Desh.) 
and'Species of Solen, all Australian, have red blood. It is 
sugi^sted that in these cases the habits of the animal (the Solen 

buiS^wing deeply in sand, the Area in mud) require some highly 
oxidlsi^ig element, surrounded as the creature is by ooze. In Area 

(N. America) the blood is red, the animal being familiarly 
knowi »s the ' bloody clam.* Burrowing species, however, are 
not all distinguished by this peculiarity. Tenison-Woods finds 
red fluids in the buccal mass of many Gasteropoda, e.g. in. species 
of Patell^x/Ajemaea, Littorina, Trochvs, Turbo, giving the parts the 
appearance of raw meat. 

^ 1873, p. 70. 
3 Griesbaci). m/Qcr, Anat. xxxvii. p. 22) finds haemoglobin in several 

bivalves, e.g. p^romya granulaia, Teilina pUmata, Area Noae, and Peduneulm 

^lydmeris. 
* Trans, P* Wales, xxii. p. lOS. 
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The Mantle ^ 

On the dorsal side of the typical niolluscan body, bet^^ een the 
visceral sac and the shell, lies a duplicature of the inte^ ^urnent, 
generally known as the mantle. The depending sides ^ of the 
mantle, which are usually somewhat thickened, enclose b^ etween 
themselves and the body mass a chamber of varying siye and 
shape, called the mantle camty, which communicates freely,' with 
the external air or water, and encloses and furnishes a prott ^,etion 
for the organ or organs of respiration. On its upper or yorsal 
surface the mantle is closely applied to the shell throughot t its 
whole extent, the cells with which it is furnished secreting r the 
materials from which the shell is formed (see p. 255). The % hole 
mantle is capable, to some degree, of secreting shelly matter, i bub 
the most active agent in its production is the mantle edge or 
margin. 

In the Prosobranchiata the mantle cavity, for reasons wh ich 
have already been explained, is found on the left side of \;he 
animal, its front portion being in many cases produced ink> a 
tubular siphon. Within the mantle cavity are found, besides t.he 
branchia, the anus, the apertures of the kidneys, and t,he 
osphradium. In the Pulmonata the mantle fold encloses a }|3o. 
called lung-cavity. The front edge of the mantle coalesces w^ th 
the integument of the neck in such a way as to enclose tche 
cavity very completely, the only communication with the outer 
air being by means of the contractile breathing or pulmonjary 
aperture on the right side. In the Tectibranchiate Opistho- 
branchs the mantle fold is inconsiderable, and is usually 
not of sufficient extent to cover the branchia, while in^ the 
Nudibranchs, which have no true branchiae, it disapjoears 
altogether. ^ 

In the Pelecypoda the mantle cavity is equally developed o;n each 
side, enclosing the two sets of branchiae. The mantle ma^j thus 
be regarded as consisting of two equal portions, which fonri a sort 
of lining to the two valves. The lower or ventral portio;j of the 
mantle edges may be simple, or provided with ocelli {Pe^^n, Area), 

tentacles, cilia {Lima, Lepton), or doubled folds. The ty^o portions 
of the mantle touch one another along the whole line of the 
edge of the two valves, and, although thus in contact, inay remain 
completely separate from one another, or else become permanently 
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united at otk^ or more pointK. This fusion of the mantle edges 
corresponds to important changes in the organisation of the 
animal as a whole. The anal and bran(‘lual siphons are no more 
tlian proh)ngations of the mantle edges on the posterior side into 
a tubular form. Tliese ‘ si])hons ’ exliibit tlie siphonal form more 
distinctly according as the adjacent portions of the mantle become 
more delinitely fused together. 

This progressive fusion of the mantle edges may be taken as 
indicating definite stages in the development of the Telecypoda. 
A. ])erfectly free mantle edge, joined at no ])(unt with the edge 
of the adjacent mantle, occurs in Niwuhty Aixa^ Anomifiy and 
Tvigonia (see Fig. 80, A, !>). Here there is nothing in the 

Fig. 80.—Diagram illustrating the various stages in the closing of the mantle in Pelecy- 
l)oda ; A, mantle completely ojieii; B, rudiments of siplions, mantle still completely 
open ; C, mantle closed at one j>oint; D, mantle closed at two points, with com¬ 
plete formation of siphonal apertures; E, development of siphons, ventral closure 
more extended ; F, mantle closed at three points, with fourth orifice; /, foot; 5.a, 
j?.6, anal and branchial siphons ; 1, 2, 3, first, second, and third imints of closure of 
mantle. (After A. Lang.) 

nature of a si])hr)n, either anal or branchial; in other words, no 
contrivance exists to prevent the spent water which has passed 
over the l)ranchiae from becoming mixed with the fresh water 
which is to reach them. When the mantle edges are fused at 
one point only, this is invariably on the middle part of the 
posterior side, thus separating off an anal opening which may 
lx5come prolonged into a tube-like form. At tlie same time the 
adjacent underlying portions of the mantle edges draw together, 
without actually coalescing, to form an opening for the incurrent 
stream of water, the rudiments of the ‘branchial siphon ’ (Fig. 80,C). 
This is the case with most Mytilidm (see Fig. *75) with C(it- 

dita, Astarte, and Puidimn, In the next stage the branchial 
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opening is separated off by the concrescence of the mantle edges 
beneath it, and we have the mantle united in two jplcwes, thus 
forming three openings, the ventral of which is the opening for 
the protrusion of the foot (Fig. 80, D). This is the case in 
Yoldia, Leda, the majority of the Eulamellibrancliiata (e.g. Lucina, 

Gyrena, JDonax, Psamrnohia, Tellina, Venus, Cardium, Mactra), and 
all Septibranchiata. In Ghama and Tridacna the fused portions 
of the mantle become more extended, and in Pkolds, Xyloyhaga, 

Teredo, Pandora, and Lyonsia this concrescence takes places over 
the greater length of the whole mantle edge, so that the mantle 
may be regarded as closed, with the exception of the three 
apertures for the foot and the two siphons (Fig. 80, E). 

In certain genera there occurs, besides these three apertures, a 
fourth, in the line of junction between the pedal and branchial 
orifices. It appears probable that this fourth orifice (which has 
been regarded by some as an inlet for water when the siphons are 
retracted), stands in relation to the byssal apparatus (Fig. 80, F). 
In Lyonsia, for instance, a thick byssus protrudes through the 
orifice, which is large and open. In Solen, Lutraria, Glycimeris, 

Gochlodesma, Thracia, Aspergillum, and a few more genera, which 
have no byssus, the orifice is very small and narrow. It is 
possible that in these latter cases, the byssal apparatus having 
become atrophied, the orifice has been correspondingly reduced 
in size.^ 

Mantle Reflected over the Shell.—It is sometimes the case 
that the mantle edges tend to double back over the external sur¬ 
face of the shell, and to enclose it to a greater or less extent. 
When this process is carried to an extreme, the edges of the 
reflected mantle unite, and the shell becomes completely internal. 
We see an incipient stage of this process in Gypraea and Mar- 

gindla^ where the bright polish on the surface of the shell is due 
to the protection afforded by the lobes of the mantle. A con¬ 
siderable portion of the shell of Scutus is concealed in a similar 
way, while in Gryptochiton, Lamellaria, and Aplyda the shell is 
more or less completely enclosed. Among Pulmonata, it is possible 
that in forms like Vitrin^, Parmmella, Limax, and Arion, we 
have successive stages in a process which starts with a shell com¬ 
pletely external, as in Helix, and ends, not merely by enveloping the 
shell in the mantle, but by effecting its disappearance altogether. 

^ Felseneer, Gompks Rtvdm, cx. p. 154. 
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In Vitrina and some allied genera we have a type in which the 
mantle lobes are partly reflected over the shell, which at the 
same time exhibits rather less of a spiral form than in Helix, 

In the stage represented by Parmmella, the mantle edges have 
coalesced over the whole of the shell, except for a small aperture 
immediately over the spire; the nucleus alone of the shell is 
spiral, the rest considerably flattened. In Limax the shell has 
become completely internal, and is simply a flat and very thin 
plate, the spiral form being entirely lost, and the nucleus repre¬ 
sented by a simple thickening at one end of the plate. In Arion, 

the final stage, we find that the shell, being no longer needed as 
a protection to the vital organs, has either become resolved into 
a number of independent granules, or else has entirely dis¬ 
appeared. 

Some indications of a similar series of changes occur in the 
Pelecypoda. The mantle edge of Lepton is prolonged beyond the 
area of the valves, terminating in some cases in a number of 
filaments. In Galeomma and Scintilla the valves are partially 
concealed by the refiected mantle lobes, and in a remarkable form 
recently discovered by Dali ^ (Ohlamydoconcha) the shell is com¬ 
pletely imbedded in the mantle, which is perforated at the 
anterior end by an orifice for the mouth, and at the posterior 
end by a similar orifice for the anus. In all these cases, 
except Lepton, it is interesting to notice that the hinge teeth 
have completely disappeared, the additional closing power gained 
by the external mantle rendering the work done by a hinge un¬ 
necessary. It is quite possible, on the analogy of the Gaster¬ 
opoda mentioned above, and also, it may be added, of the 
Cephalopoda and other groups, that we have here indicated the 
eventual occurrence of a type of Pelecypoda altogether deprived 
of valves, a greatly thickened mantle performing the part of a 
8hell.2 

The following works will be found useful for further study of 
this portion of the subject:— 

F. Bernard, Eecherches sur les organee pall^/aux des Gastdropodes proso* 
brancheb: Ann. Sc. Nat Zool (7) ix. (1890), pp. 89-404. 

^ Science, iv. p. 50. 
* P, Fischer, Joum, de Conehyl* (3) xxvii. p. 201. 
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CHAPTER VII 

ORGANS OF SENSE : TOUCH, SIGHT, SMELL, HEARING-THE FOOT- 

THE NERVOUS SYSTEM. 

Organs of Sense : I. Touch. 

Tactile organs, although occurring in some of the Mollusca, do not 
appear to attain special or marked development, except in a few 
cases. The whole surface of the skin, and particularly of the 
foot, is very sensitive to the slightest impression. Nearly all 
Gasteropoda are furnished with at least two cephalic tentacles, 
projecting like horns from each side of the fore part of the head. 
At or near the base of these are generally situated the eyes. 
In the Helicidae the eyes are situated, not at the base, but at 
the apex of the tentacles, and in that case—except in Vertigo— 
a second pair of shorter tentacles appears beneath the longer 
pair. It frequently happens that several senses are centred in 
a single organ, thus the upper tentacles of snails not only 
carry the eyes and serve to a certain extent as tactile organs, 
but they also carry the organs of smell. 

The edges of the mantle, which are sometimes specialised 
into lobes, appear to be keenly sensitive to touch in all 
Gasteropoda. 

In Cypraea (Pig. 81) these lobes, or tentaculae, are a 
prominent feature of the animal, and also in certain genera of 
the Trochidae (Fig. 82). In most of the carnivorous land 
Pulmonata—e.g. Testacella, Bhytida, Ennea—there are developed, 
under the lower pair of tentacles, and close to the mouth, large 
labial palps or feelera These are connected with the cerebral 
ganglion by a very large nerve, and may therefore be supposed 
to be of extreme sensitiveness. In some of the large carnivorous 

VOL. Ill N 
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forms {Glandina, Aerope, com])iire 21, 54) these jwilpae are of 
great size, and curl upwards like an enormous pair of moustaches. 

F 

FlO. 81. — Cupraea vxoncia L., sliowiiig lentaculae at 
edge of mantle, which j)artly envelopes the shell : 
Si, siphon ; M, M, mantle ; F, foot; T', tcnta- 
culae at edge of mantle. (After Quoy and Oai- 
inard). x 

Fig. 82.—Monodonta canali- 
fern- Lain., New Ireland, 
showing mantle lobes. 
(After Quoy and Oai- 
mard.) 

When a Glandina seizes its prey, the palpae (see Fig. 83) appear 
tt> enfold it and draw it in towartis the mouth. 

It is in the Opisthobranchiata that the organs of touch 
attain their maximum development. Many of this group are 
shell-less or possess a small internal shell, and accordingly, in the 
absence of this special form of defence, a multiplied stmse of 

touch is prohalily of great service. Thug we 
find, besides the ordinary cephalic tentacles, 
clusters or crowns of the same above tlie head 
of many Nudihranchiata, witli lohe-like pro¬ 
longations ol* the integument, and tentacular 
processes in the neighbourhood of, or surround¬ 
ing tlie branchiae (see Figs. 58 and 84), or even 
projecting 1‘roni the whole upper surface of the 
lK)dy (Fig. 5, 0), 

In the Pelecyjioda, the chief organs of touch 
arc the foot, which is always remarkaldy sensitive,especially towards 
its point, the labial palps on cacli side of the mouth, and the 
siphons. In certain cases the mantle border is prolonged into a 
series of threads or filaments. These are particularly noticeable 
in Pecten, Lepton, and Lima (Fig. 85), the mantle lobes of the 
common L, Mans of our own coasts being very numerous, and of 
a bright orange colour. In many genera—e.g. Unio, Mactra— 
this sensibility to touch appears to lie shared by the whole 
mantle border, although it is not furnished with any special 
fringing. The * arms ’ of the Cephalopoda appear to be keenly 

Fia. 83. — Glmidina 
seizing its prey, 
with buccal 
lae turned back. 
(Strebel.) 



VII TASTE IN SNAILS 179 

Heimitivc to toiicli, aiid this is piii*ticiilai*ly tho case with tlie 

front or tentacular pair of arms, whicli setuii to ])e employed in 

Fig. 84.—hhilkt Lcttchii A. and H., British s(‘as ; hr, branchiae. (After 
Alder and Hancock.) 

ail especial degree f(»r exploration and investigation of strange 
objects. 

Taste.—Tlie sense of taste is no donht present, to a greater 
or less extent, in all the liead-hearing Molliisca. Tn niaiiy of 
these a special nerve or nerves has 
pharynx, connecting with the cerebral 
ganglion; tliis no doubt indicates the 
seat of the faculty of taste. The Mol- 
lusca vary greatly in their likings for 
different kinds of food. Home seem 
to prefer decaying and highly odorifer¬ 
ous animal matter {Buccinum, Nassa\ 

others apparently confine themselves 
to fresh meat (Purpura^ Natica^ 

Testmella), others again, although natu¬ 
rally vegetarian, will not refuse flesh 
on occasion (LiniaXy Helix'). 

Mr. W. A. Gain^ has made some 
interesting experiments on the taste of British land Mollusca, as 
evidenced by the acceptance or rejection of various kinds of food. 
He kept twelve species of Avion and Limax, and eight species of 
Helix in captivity for many months, and tried them with no less 
than 197 different kinds of food, cannibalism' included. Some 

been discovered in the 

hr f Ir 

Fig. 85.—TAma squamosa Lam., 
Naples, showing tentacular 
lobes of mantle (^, t); a, anus; 
ad.vi, adductor muscle ; hr, hr, 
branchiae ; /, foot; sh, shell. 

1 Joum, of Coi!i,€h, vi p. 349 ff. 
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curious ])(»iuts came out in liis table of results. Auifflia qaf/ates 

appears to surprivsingly omnivorous, for out of 107 kinds of 

food it ate all l)ut 25 ; Arioti ((ter (*ame lu^xt, eating all but 40. 

Limax arhoram, on tlu‘ other band, was dainty to a fault, eating 

only seven kinds of food, and actually refusing Swedes, which every 

other species took witii some avddity. Certain food was rejected 

by all alike, e.fj. London Pride, Dog Eose, Leech and Chestnut 

leaves, Spruce Fir, Common Rush, Liverwort, and Licliens; while 

all, or nearly all, ate greedily of Potatoes, Turnips, Swedes, 

Lettuces, Leeks, Straw!)erries, Jjoleti/s cr/y///'rS, and common 

grasses. Few of our common weeds or hedgerow flowers were 

altogether rejected. Avion and Liwox were decidedly less 

particular in their food than Kelix, iiearly all of them eating 

earth-worms and puff-balls, which no Helix would touch. Arion 

ater and Limax maxim/us ate the slime off one another, and 

portions of skin. Cydostoma el cyans and Hyalinia nitida 

preferred moist dead leaves to anything else. 

n. %/i/. 

Position of Eyes.—In the majority of the head-l)earing 

Molliisca the eyes are two in number, and are placed on, or in 

the immediate neighbourhood of the Iiead. Sometimes they are 

carried on projecting tentacles or ' ominatoj)hores/ which are 

either simple (as in Prosobranchiata) or capable of retraction 

e 

Fig, 86.—Limnaea peregra Miill. ; c, e, eyes ; ty t, tentacles : B, Helix nemorcUis 
Miill. ; dy c, eyes ; ty t, tentacles ; p,Oy pulmonary orifice. 

like the fingers of a glove (^Helix, etc.). Sometimes, as in a large 

number of the marine Gasteropoda, the eyes are at the outer base 

of the cephalic tentacles, or are mounted on the tentacles them¬ 

selves, but never at the tip (compare Fig. 60, p. 153 and Fig. ftS, 
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p, 199). Ill other cases they are placed somewhat farther back, at 

the sides of tiie neck. The Pulinoiiata are usually subdivided into 

two great groups, Htylommatoi>}hora and BasommatopJt07^(1 (Fig. 

86), according as the eyes are carried on tlie tip of the large 

teiitach^s {Helix, and all non-operculate hind shells), or placed at 

the inner side of their base {lAiniiaea, Physa, etc.). In land and 

fresh-water operculates, tlie <»yes are situated at the outer base of 

the tentacles. 

Ill th(^ Helicidae, careful observation will show that the eyes 

are not placed exactly in the centre of the end of the tentacle, 

but on its upi)(‘T side, inclining slightly outw^ards. The eye is 

probaldy ]uished on one side, as it wiu'e, by the development of 

the neighbouring olfactory bulb. The sense of smell being far 

more important to these animals than tlui sense of sight, the 

former sense develops at the expense of the latter. 

Organisation of the Molluscan Eye.—The eye in Mollusca 
exhibits almost every imaginable form, 

frojii the extnunely simple to the 

elaliorately complex. It may be, as in 

(iei'tain bivalves, no more than a pig¬ 

mented spot on the mantle, or it may jr 

consist, as in some of i-he Cephalopoda, 

of a cornea, a scderotic, a choroid, an 

iris, a lens, an a(j[iieous and vitreous 

humour, a retina, and an optic nerve, or 

of some of these parts only. 

In most land and fresh-water Mol- 

lusca the eye may be regarded, roughly 

speaking, as a ball connected by an 

exceedingly fine thread (the optic nerve) 87,_Eye mix 
with a nerve centre (the cerebral gang- L-> retracted within the 

lion). In Paludirm this Indl is elliptic, JheM“uyerT”'*iensT’(>^ff^ 
in Plano7'l)i8 and Neriti7ia it is drawn optic nerve,* r, retina. (After 

out at the back into a conical or pear ^^^roth.) 

shape. In Helix (Fig. 87) there is a structureless membrane, 

surrounding the whole eye, a lens, and a retina, the latter 

(consisting of a nervous layer, a cellular layer, and a layer of 

rods containing pigment, this innermost layer (that nearest the 

kins) l>eing of the thickness of half the whoj.e retina. 

^'CJompiring the eyes of diflfei^nt Gasteropoda together, we find 

'^op-n 
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that they represent stages in a general course of development. 
Thus in PateUa the eye is scarcely more than an invagination 
or depression in the integument, whieli is lined with pig¬ 
mented and retinal cells. TJie next upward stage occurs in 
TrochiiSy where the depression l)ecomes deeper and bladder- 
shaped, and is filled with a gelatinous or crystalline mass, hut 
still is open at the top, and therefore permits the eye to be 

olln 

Fig. 88.—Eyes of Gasteropoda, showing arrest of development at successive stages : A, 
Patella; B, Trochus; C, Turbo; D, Murex; ep, epidermis} ly lens; optic 
nerve ; r, retina ; v.hy vitreous humour. (After Hilger.) 

bathed in water. Then, as in TurhOy the bladder becomes 
closed by a thin epithelial layer, which finally, as in some Murex, 
becomes much thicker, while the ‘ eyeball * encloses a lens (Fig. 
88), which probably corresponds with the 'vitreous humour’ of 
other types. 

In Nautilus the eye is of a very simple type. It consists of 
a cup-shaped depression, with a small opening which is not 
quite closed by the integument. The*'retina consists of cells 
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wliicli line the interior of the depression, and which coininnnicate 
directly with the hranches of tlie c»[)tic nerve, there being no 
ins or lens. This ty])e of eye, 
it will he observed, corresponds 
exactly with that which occurs 
in PateJIa. It appears also to 
correspond to a stage in the 
develo])nient of eyes in the 
Dibranchiata (e.g. Oetojnis, ^epia, 

Lollgo). Lankester has shown ^ 
that in Loligo the eye first 
appears as a ridgij, enclosing an 
oval area in the integinnent. 
Ily degrees the walls of this 
area close in, and eventually 
join, enclosing tlie retinal cells 
within the chamber in which 
the lens is afterwards developed 
(Fig. 89), It thus appears that 
in some cases the develo^nnent 
of the eye is arrested at a ])()int 
whicli in other cases only forms 

Fig. 89.—Three stages in the develop- 
iiient of tlie eye of huh go ; r, r, ridge, 
enclosing p.n.c, primitive optic cham¬ 
ber ; or, orifice between the closing 
ridges ; secondary optic chamber; 
cj, c/, ciliary body; /, rudimentary 
lens ; jft, retina. (After Lankester.) 

a temporary stage towards a higher type of organisation. 
The developed eye in the dibraiichiate Cephalopods consists 

of a transparent cornea, which may or may not he closed over 

Fig. 90. — Eye in 
A, Loligo; B, He¬ 
lix or ^Lirmx; C, 
Nautilus : a.o.c, 
anterior optic 
chamber ; c, cor¬ 
nea ; int. integu¬ 
ment ; ir, iris; Z, 
lens ; l\ external 
portion of lens; 
o^.n, optic nerve; 
op-Ot optic gang¬ 
lion ; jo,o.c, poste¬ 
rior optic cham¬ 
ber ; r, retina. 
(After Grenaoher.) 

the front of the lens. Behind the cornea is a narrow chamber 
(the anterior optic chamber) wliich is continued for three parts 

1 Micr. Se. N.S. xv. p. 37. 
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round the whole circle of the eye, and into which project the 
front portion of the lens and the folds of the iris. Throughout 
its whole extent, the anterior optic chamber is lined by the 
integument, the portion of which on the inner side is the 
choroid. The lens is divided into an outer and inner seg¬ 
ment by a thin membrane, and is supported by the ciliary 
body which forms a continuation of the retina. The main 
portion of the lens lies within the posterior optic cham¬ 
ber, at the back and sides of which is found the retina 
(Grenacher). 

There can be no doubt that the Cephalopoda use their eyes to 
observe, but there is notliing to show that any other Mollusca 
use their eyes for this purpose, the sense of smell in their case 
largely taking the place of visual observation. Madame Jeannette 
Power once saw ^ the Octopus in her aquarium holding a fragment 
of rock in one of its arms, and watching a Pinna whicli was 
opening its valves. As soon as they were perfectly open, the 
Poulpe, with incredible address and promptitude, placed the stone 
between the valves, preventing the Pinna from closing again, 
upon which it set about devouring its victim. The next day 
the Poulpe was seen, after crushing some Tellina, to stretch 
himself down close by a Triton nodiferus, and watch it atten¬ 
tively. After four hours the Triton emerged from its shell, 
when the Octopus sprang upon it, and surrounded it with its 
arms. 

Powers of Vision in Land Mollusca.—The Helicidae are un¬ 
doubtedly very short-sighted. Seldom emerging from their retreats 
except in twilight and darkness, they are naturally myopic, and 
see better in a subdued than in a bright light. Experiment has 
shown that a Helix can perceive an object better at 6 centimetres 
distance in a weak light than at 4 or 5 millimetres in a strong 
one. Cyclostoma elegans and Paludina vivipara are cpmparatively 
long-sighted, perceiving objects at a distance of 20 to 30 
centimetres.® The increased power of vision is due, in these two 
cases, to increased elaboration in the construction of the eye, 

* Ann. Mag. Nat. Hist. (2), xx. p. 386. 
® V. Willem (Arch. Biol, ut infr.) denies tins, and declares that Cyolostoim is 

only very sensitive to movements. The present writer has often approached, with 
the greatest care, a crawling Cyclostomu^ but it always withdrew into its shell or fell 
to the ground when approached within about 10 or 12 inches. 
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Paludina possessing a large and almost sphori(ial lens, to which 
the vitreous humour closely adheres, while in Cyclostorn^a the lens 
is remarkably hard, and the aqueous humour very abundant. 
According to V. Willem,^ the Pulmonata are very sensitive to 
the slightest movement of the air or jarring of the surface on 
which they crawl, but are so short-sighted as only to perceive a 
confused image of a large object at about 1 cm., and to distin¬ 
guish the form of objects at not more than 1 or 2 mm. The 
senses of touch and smell are far more active than that of sight. 
A bean-pod enclosed in a narrow glass case and placed before a 
hungry snail was not noticed, but when taken out of the case and 
placed 8 cm. behind the snail, the latter at once turned towards 
it to devour it. 

Some interesting experiments were conducted by the same 
author with the view of ascertaining whether snails avoid or 
court the light. He placed a number of species in different 
wooden boxes, which were divided into a light and a dark com¬ 
partment, having previously well soaked the boxes in water to 
secure a humid atmosphere and surface, and so induce the snails 
to move about. The result showed that nearly all species have a 
marked predilection one way or the other, but not all in the 
same way. Helix aspersa. Avion empiricornm, six species of 
Limax, and three of Planorlis, are lovers of darkness, while 
H. nemoraliSj Succinea putris, and two species of Lininaea are 
lovers of light! Physa fontinalis stands alone in being quite 
indifferent. 

M, Willem endeavoured further to discover whether any of 
the MoUusca possessed ‘ derniatoptic perception,' or the faculty of 
perceiving variation of light by means of the skin alone. He 
accordingly repeated the above-mentioned experiments, having 
previously extirpated the eyes in all cases. The result was 
remarkable. In a few instances the experiment was not con¬ 
clusive, but H. aspersa, A. empiricorum, several species of Zimax, 
and one Zimnaea shunned or sought the light just as, they had 
done when their eyes were present. A few marine Mollusca 
{Zittorina littoveay Trochus cinerarius, T. umhilicatviSy Patella 
vulgata) were also shown to be exceedingly sensitive to the impact 
of a shadow, whether with or without their eyes. 

Blind and Eyetoss MoUusca,—In a large number of marine 

^ Ardt.. BioU xii. 1892, p. 57. 
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Mollusca which habitually creep about half buried in wet sand 
{Bullia, Sif/arctus, Scaphander, Philine), eyes are altogether absent. 

In some s}>ecies of JVatica and Sigaretm, 

and in Doris, eyes are developed, but are 
enclosed in a thick layer of skin, through 
which they can probably do little more than 
faintly appreciate different degrees of light 
and darkness. Chiton has cephalic eyes in 
the embryo, but loses them in the adult 
stage. The two great Auricula, A. auris 

Judae and A. auris Mi doe, which habitually 
creep about in the liquid mud of mangrove 
swamps, have entirely lost their eyes. Cer¬ 
tain pelagic Mollusc‘.a seem to have a 

Fi(3. Sigareius hie- ^ , • . . . -i i i ^ 
Lam., a species tendency, whicli 18 not easily explained, to 

frequenting wet sand, their eycs or the power of seeing with 
and destitute of ex- mi x 7 • i 
ternai eyes; F, ante- them. Thus lonthino lias no eyes at all. 
nor portion of foot, i^teropoda as a rule have no eyes, and the 

few that have {Greseis, Cavoh7iia) possess 
only certain pigmented spots placed near to the nervous centres. 
In the Heteropoda, however, and the Cephalopoda, many of which 
are pelagic, the eyes are unusually large. 

Eyes in Deep-sea and Underground Mollusca.—Deep-sea 
Mollusca, as a rule, possess no visual organs, or possess them only 
in. a rudimentary state, but this rule has its exceptions. Dr. 
Pelseneer found ^ no trace of eyes in two species of PUvjrotoma 

from 1850 and 1950 fath., none in a Fossarus from 1400 £, 
none in a PuTicturella from 1340 f. A remarkable form of Voluta 

{Guivillea) from IGOOf. possessed eyes which could hardly be 
functional, as they were destitute of pigment, and exhibited other 
changes of structure. On the other hand, it is remarkable to 
notice that in three different species of Trochus from 450 f., 
565 f., and 1375 f., the eyes were pigmented and well 
developed. 

In land Mollusca which live beneath the surface of the ground 
or in absolute darkness, the eyes are generally more or less 
modified. Thus in Testacella, which usually burrows deeply in 
the soil, but occasionally eunerges into the open air, the eyes are 
very small, but distinct and pigmented. Our little CaecilianeUa 

1 ‘ Challenger * Reports, Zoology, vol. xxvii. part Ixxiv. p.. 3. 
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sli species appear 
acicnlay which is never seen above the sur^i 
destitute of eyes. A species of Zospeuirty a Helixy a 
from dark caves in Carniola have suffered a similar ^ 
other hand, a small Hyalinia from a dark cave in Uta ^ develo s 
a recent addition to the cave fauna) has the eyes e 4.u ' 

^ Tom the 
developed. . , 

ji iOSS 
Eyes of Onchidmm.—Many species of Onchidium,, a 

land pulmonate which creeps on rocks near high-water mark,^^j^' 
provided with dorsal eyes of various degrees of organisation, a. ^ 
in numbers varying up to nearly one hundred. The tropica^ 
Omdiidium arc the prey of a fish which skips along 
the beach by the aid of its large ventral fins, and feeds principally 
on insects and Onchidium. Karl Semper suggests ^ that the eyes 
are of service to Oncliidium as enabling it to apprehend the 
shadow of the approaching PeriophthahnuSy and defend itself by 
suddenly contracting certain glands on the skin and expressing a 
liquid secretion which flies into the air like shot and frightens 
the Pcrioplithalmus away. This theory—for it is no more than 
theory—may or may not be true, but it is remarkable that 
Onchidium with dorsal eyes have precisely the same geographical 
distribution as PeriophthalmuSy and that where no Periophthalmus 

exists, e,g. on our own S.W. coasts, the Onchidium are entirely 
destitute of dorsal eyes. In those species of Onchidium which 
have no dorsal eyes, the latter are on the tips of the tentacles, as 
in Helix, The eyes are developed on the head, and afterwards 
ascend with the growth of the ommatophores, while in Hdix the 
ommatophores are formed first, and the eyes developed upon 
them.2 

Dorsal Eyes in the Chitonidae.—The remarkable discoveries 
of Moseley with regard to the dorsal eyes of Chiton were first 
published in 1884.^ He happened to notice, while examining a 
specimen of Schizochiton i^wisus, a number of minute black dots 
on the outer surface of the shell, which appeared to refract light 
as if composed of glass or crystal. These' eyes,' in all the species 
of Chiton yet examined, are restricted to the outer surface of the 
exposed area of the shell, never being on the laminae of insertion 
or on the girdle. In certain sub-genera of Chiton the eyes are 
scattered irregularly over the surface, in others they are arranged 

^ Animal lAfCy p. 872 f. * liergb, Morph, Jahrb, x. p. 172. 
* ^ Arm, Mag, Nat, Hist, (5) xiv. p. 141. 
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Molliisca which ^rows diverging from the apex ot each plate, but 
{Bullia, Sigarekw^ the eyes towards the apices are generally 

erosion or abrasion. Moseley regarded the occur- 
-otered eyes as indicating an original stage of develop- 

'^■?n the eyes were at first disposed irregularly all over tlie 
Ad* the shell; the gathering into regular rows showing a 

stage. 
/fhe eyes api>ear to ]»e invariably more numerous on the 

'uerior plate. Thus in Corejphiiuti aculeatmi there arc about 

Fi(3. 92.—Dorsal eyes of 
ChUonidue, slio wing 
the various forms 
of arrangement in 
the first and fourth 
valves of 1,1di - 
thopleura spinigera 
Sowb., E. Indies, x 
2; 2,2ayToniciasue- 
semis Reeve, Suez, 
X 8; 3, 3rt, Amn- 

thopleura granvdata 
Gmel., W. Indies, 
X 2 ; 4, 4a, Tonicia 

Unedata^ Fremb., 
Chili, X 2, From 
specimens in the 
Museum of Zoolog>% 
Cambridge. 

12,000 in all, of which more than 3000 are on the anterior 
plate. In Schizochi(o7t they are arranged in very symmetrical 
rows, six of which are situated on the anterior, and only 
two, sometimes only one, on the centiul plates. In Tonicia 
marmorata the eyes are sunk in little cup-shaped depressions 
of the shell, posvsibly to es(»ape abrasion. As regards shape 
and size, in Ch. incims they are circular, and about ^ inch in 
diameter, this being the largest size known; in CL spiniger and 
Olu amleatm they are oval, measuring about X inch. 
There are no eyes in Chiton proper, nor in Mopaliay Matf^eria, 
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Lorica, and Ischnochiton} None of our Englisfi species appear 
to possess them/-^ 

Eyes in Bivalve MoUusca.—Some, possibly most, of the 
Pelecypoda possess, in the larval state, true paired eyes at the oral 
end of the body. These become aborted as the animal develops, 
since that part of the body becomes entirely screened from the 
light by the growth of the shell. To compensate for their loss, 
numerous ocelli, or pigmented spots sensitive to the action of light, 
are in many cases developed on different parts of the mantle, 
functionally corresponding to the ‘eyes’ of Chiton described 
above. As in Chiton too, we have here an interesting series of 
instances in which true eyes have suffered total obliteration, 
through disuse, and, as if to restore to the animal in some 
measure its lost sense, visual organs of a low power have sub¬ 
sequently been developed and are now observed in various stages 
of specialisation. 

Concentration of Eyes in Special Parts of the Mantle.— 
Sharp has shown® that in several species of Ostrea, Cardium, 

Anoyfiia, Lima, Avicula, Area, and Tellina pigmented cells, with 
a highly refractive cuticle, are scattered over a considerable 
portion of the mantle. Experiment has proved the powers of 
‘ vision,’ i.e, of sensitiveness to different degrees of light, possessed 
by these organs. In Dreissena polymorpha, Tapes decussatus, and 
two species of Venus these cells are concentrated on that particu¬ 
lar part of the mantle which is not always covered by the shell, 
ix. the siphon, but since the siphon can be completely retracted 
within the shell, there is no special provision for their protection. 
A further step is shown in the case of Mya arenaria, where the 
siphon is scarcely capable of complete retraction. Here, while 
some of the pigment cells are scattered about over the surface of 

^ The nature of the grouping of the eyes into rows varies considerably in different 
species. As a rule, the I'ows radiate from the beak, but occasionally they run par¬ 
allel to the girdle. In Tmicin lineolata Fremb., they are grouped, as it were, undei 
the shelter of strongly marked longitudinal wavy lines. 

® BheU-Eyes in other MoUusca.—The Rev. J. E. Tenison-Woods (Tram, Linn, 
Soc, N, S, Wales, xxii. p. 106) is of opinion that ‘ shell-eyes ’ are by no means con¬ 
fined to the Chitonidae, but that, in fact, multiplicity of eyes of this kind is the 
rule rather than the exception among the MoUusca. He finds (1) exceedingly minute 
and numerous ‘ eyes ’ on the outer surface of the shell in both univalves and bivalves; 
(2) large and solitary ‘ eyes' in tlie shell substance; (8) eyes on the mantle lobes in 
both univalves and bivalves; (4) eyes on the operoula. 

» MiUh, Slot, Zool Neap, v. p. 447 tf. 
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the siphon, the majority are placoxl in grooves at the base of the 
siphoiial tentacles, foiaiiing an intensely black band round them. 
A higher stage still is shown in Solen vagina, jS. ensis, and Mactra 

solidissima, where the cells are situated only in the siphonal 
grooves, which are more or less specialised in numbers and com¬ 
plexity. 

Area Mae, according to Patten, is very sensitive to any 
sudden change in the amount of light falling upon its mantle- 
edge. A faint shadow cast upon it by the hand is sufficient to 
cause it to close its valves quickly, but always one or two 
seconds afterwards, the promptitude in all cases depending upon 
the depth of the shadow. Sensitiveness in this direction was 
found to depend greatly upon the vitality of the animals them¬ 
selves, since it always became less in those specimens which had 
been kept for long in confinement. A shadow was not always 
necessary to make them close. An ordinary black pencil, if 
approached within two or three inches with extreme caution, 
produced the same result, while a glass rod brought within the 
same distance, and even moved rapidly to and fro, appeared to 
cause no alarm. Sensitiveness to change in intensity of light 
was experimentally noticed by the same author in the case of 
Ostrea, Mactra, Avicula (to a special extent), and Cardium, It 
is very remarkable to find that increased elaboration in the 
structure of the eyes does not necessarily carry with it increased 
sensitiveness, i.e. higher visual powers. Avicula, which is only 
provided with a few scattered ommatidia, which would entirely 
escape the notice of any one who had not seen them better de¬ 
veloped elsewhere, was considerably more sensitive to light and 
shade than Area, with its eyes of conspicuous size and much 
more perfect organisation, instantly contracting the mantle 
upon the impact of a shadow so faint as to be invisible to the 
experimenter.^ 

Visual Faculties of Solen and Ostrea.—The visual power of 
Solen may be exemplified by any one who is walking along 
almost any of our sandy bays at extreme low-water mark. If 
the day be warm and sunny, numbers of Solen will be seen 
raising themselves an inch or two out of their holes; but if you 
wish to catch them you must approach very cautiously, and on 
no account allow your shadow to fall upon them, or they will 

^ W. Patten, MUth, ZooU Slot, Neap. vi. (1886) pp, 646, 606 f. 
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pop down into thenr burrows in an instant, and it is vain to 
attempt to dig them out. ‘ How sensitive/ remarks Mr. W. 
Anderson Smith, with reference to oysters,^ ' tlie creatures are to 
the light above tliem; the shadow [of the boat] as it passes over¬ 
head is instantaneously noted, and, snap! the lips are firmly closed.' 

Ocelli of Pecten.—In Pecten and Spondyhis the ocelli are 
remarkably large and prominent, shining like precious stones, and 
are placed along the two edges of the mantle so as to receive the 
light when the shell gapes (Fig. 93). In Pecten opercularis, 
jacobaeuSy and maxiinus their number varies from 80 to 120. 
In Sjpondyl'us gacdero'puSy a very inequivalve shell, 60 have been 
counted on the right or fixed valve, and 90 on the left or upper 
valve. Each ocellus is con- 

optic nerve, with the large . 
circumpalleal nerve, and^ so 

glion. They possess a cornea, 

nerve, and, according to Pig. 93.—Peefm Oi>erc?^/ar?s L., showing the 

Hickson,2 bear a consider- on the two edges of the mantle. 

able resemblance to the vertebrate type of eye. In spite of this, 
the power of vision in these genera does not appear at all superior 
to that of other Pelecypoda. 

According to the elaborate investigations of Patten, the 
‘ eyes' in Area occur upon the middle or ‘ ophthalmic' fold of 
the inantle-cdge, which is thickened at the end to admit of their 

reception. Along 

'•® ^sizes, 

' ... mantle - edge, but 
Pra. 94.—Compound eyes (c.e) of Area harbaJta L.; finrl TnnrP 

mantle fold; oww, ommatidia. (After Patten.) Bindiier ana more 
numerous towards 

the middle. These brown spots, or 'eyes' are many of them 
compound, being made up of the fusion of a number of 

Senderlochy p. 136. * Qmrt Jov/m. Mkr. Soe. xx. p. 443. 

Pig. 93.—Pecten operculaHs L., showing the 
ocelli on the two edges of the mantle. 

Pra. 94.—Compound eyes (c.e) of Area haihata L.; 
mantle fold ; ormiy ommatidia. (After Patten.) 
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ominatidia (from 10 to 80) into one large round eye, which is 
generally elevated above the surface of the surrounding epithe¬ 
lium. Sometimes these eyes themselves tend to fuse together. In 
one specimen of Area Noae, 133 of these faceted eyes were 
counted in one mantle border, and 102 in the other. 

There can be little doubt that the development of these 
functional eyes, or sensitive spots, in bivalve Mollusca, is due to 
special needs. They appear to be entirely absent in fresh-water 
bivalves (with the exception of Dreissensia, which is obviously a 
marine genus recently become fresh-water), while they are most 
abundant in genera living between tide marks {Men, Mya, 

Mactra), and most highly specialised in a genus that is, for a 
bivalve, of singularly active habits {Pecten), Now genera living 
in sand between tide mark's, as the three above-mentioned genera 
are in the habit of doing, and also protruding their siphons, 
and occasionally a considerable portion of their shells, out of their 
burrow, are manifestly very much at the mercy of their watchful 
enemies the gulls, and anything which w’ould enable them to 
apprehend the approach of their enemies would be greatly to 
their advantage. Here, perhaps, lies the explanation of the 
greater elaboration of these pigmented spots in littoral genera, as 
compared with those inhabiting deeper water. Pecten, again, a 
genus distinguished by great activity, which can " fly' for con¬ 
siderable distances in the water by flapping its valves together 
and expelling the water from the apertures at either side of the 
hinge, may be greatly assisted by its ocelli in directing its flight 
so as to escape its enemies. 

III. Smell 

The sense of smell — touch at a distance, as Moquin- 
Tandon has called it—is probably the most important sense 
which the Mollusca possess, and is unquesftonably far more 
valuable to them than that of sight. Any one who has ever 
enjoyed the fun of hauling up lobster pots will recollect that 
part of the contents was generally a plentiful sprinkling of 
Buccinum, Nassa, and Natica, attracted by the smell of the 
stinking piece of fish with which the trap was baited. Accord¬ 
ing to Ml J. S. Gibbons,^ Bullia rhodostoma congregates in 

^ ^uaH. Jounu of Conch, i. p. 808. 
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hundreds on gigantic medusae which are stranded on the sandy 
bays near the Cape of Good Hope. Dr. J. G. Jeffreys says^ that 
quantities of the common Neptunea antiqua “ are procured on the 
Cheshire coast by the fishermen placing a dead dog on the sands 
at low-water mark during spring tides. The bait is then com¬ 
pletely covered with stones, which are piled up like a cairn. On 
the next turn of the tide the heap of stones is visited, and the 
whelks are found on the surface in great numbers, having been 
apparently attracted by the smell of the bait, but unable to get 
at it.” Mr. W. A. Lloyd kept specimens of Nassa reticulata in 
a tank in the sand, at the bottom of which they usually remained 
buried. If a piece of meat of any kind were drawn over the 
sand, the Nassa would appear above the surface in a few minutes. 
Half-picked beef or mutton bones, if placed in the tank, were 
covered in a few minutes. In fact, no animal matter, whether 
living or dead, could be introduced. without the Nassa smelling 
it, and coming up to see what they could get.^ 

Any one can experiment for themselves on the olfactory 
powers of our common snails or slugs. Moquin-Tandon records ^ 
two interesting cases, one communicated to him by letter, the 
other occurring to himself. His correspondent, a M. Parenteau, 
was one day walking along a dusty high-road, when he noticed, 
near the middle of the road, an empty bean-pod and two Arions 
eating it. Attributing the meeting of feeders and food to mere 
chance, he was walking on, when he noticed a second bean-pod, 
and, about two yards away from it, a third Avion, hurrying 
straiglit towards it. When the Avion had -yet more than a yard 
to traverse, M. Parenteau picked up the bean and put it in his 
pocket. The Avion stopped, raised its head, and turned in every 
direction, waving its tentacles, but without advancing. M. 
Parenteau then carried the bean to the other side of the road, 
and put it in a small hole behind a piece of stone. The Avion, 

after a moment's indecision, started off straight for the bean. 
Again the position of the precious morsel was changed, and 
again the Avion made for it, this time without being further 
tantalised, M, Moquin-Tandon noticed, one rainy day in the 
botanical gardens at Toulouse, two Limm maximus approaching 
a rotten apple from different directiona He changed the position 

^ BrUis^h Oonchologjf, i. p. xxviiL . 
* Scieim Goaaijp, 1806, p. 268. • UolhxaqyM de France, i. p. 180. 
VOL. m 0 ^ 
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of the apple several times, placing it at a sufficient distance, to 
be sure they could not see it, but they always hit it ofP correctly, 
after raising their heads and moving their long tentacles in every 
direction. It then occurred to him to hold the apple in the air, 
some centimetres above the head of the Limax. They perceived 
where it was, raised their heads and lengthened their necks, 
endeavouring to find some solid body on which to climb to their 
food. 

Several of the land Mollusca have the power of exhaling a 
disagreeable smell, Hyalinia alUnria smelling strongly of garlic, 
and Stcnogyra decollata of laudanum; but this need not be any 
argument for the sense of smell in the creatures themselves. 

Position of Olfactory Organs in Pulmonata.—Most authori¬ 
ties are of opinion that the olfactory organs are situated in the 
tentacles. Moqiiin-Tandon considered that in the Helicidae and 
Limacidae the sense of smell is confined to the little knob or 
elevation at the end of the longer tentacles, close to the eye. He 
found that when he cut off these tentacles both in Limax and 
ArioUi the creatures were quite unable to discover the whereabouts 
even of strongly-scented food. The same author believed that 
in the Basommatophora the sense of smell was present in the 
whole of the tentacle, which is covered with an exceedingly 
sensitive ciliated epithelium. Laciize-Duthiers, however, places 
the olfactory sense in this group at the outer side of the base 
of the tentacles, near to the eyes. Some authorities ^ deny that 
the Helicidae have the olfactory organ at the tip of the tentacles, 
and locate it in a pedal gland near the moutli, which contains 
conspicuous sensitive cells. A Helix whose tentacles had been 
removed manifested its repulsion to the smell of spirits of tur¬ 
pentine, while another Helix, which was unmutilated, did not 
object to the turpentine being held between its tentacles. 
Altogether, then, the exact position of the smell organ in the 
Helicidae must be considered as not yet thoroughly determined. 
Simroth holds that the sense of smell is distributed over the 
whole soft integument, and is especially concentrated in the 
feelers, and in the neighbourhood of the respiratory orifice.® 

In nearly all marine Mollusca yet examined, the organ of smeU 
or osphradium is in situation intimately connected with the 
breathing organs, being generally placed near their base, with the 

' E»g» Sochaczewer, ZeUi* wUs, Zooh xxxv. p. 80. * ZooL Anz, 1882, p. 472. 
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object, apparently, of testing the quality of the water before it 
passes over tlie branchiae. It consists of a ])atch of the 
epitlK'liuni, inodihed in a special manner, and connected by its 
own nei’vt^ witli one of the visceral ganglia. 

An osphradiuni does not necessarily occur in all genera; for 
instance, it has not been detected in Fissurella. It is most 
Jiighly specialised in the Omidae, and in the carnivorous 
Gastero])oda gcmerally. In Buccinu/ni undatiim, for instance, it is 
very larger indeed, and, from its plumed form, has sometimes 
been mistaken for an accessory branchia (Fig. 95). In Haliotis 

it is })ainMl, one lying in close proximity to each of tbe two 
branchiae^, but in Turho it , 

\ '^ ^ ^ ^ 
Chiton there is an osphra- 
dium^ at ^ the j)ase^ of 

more on each side. Its 
Eig. 95.—Bnccinum undatum L., deprived of 

position in J hySd and in sliell, showiuj? the relative position of 
Cyvlostoma will be seen by branchia (5r) and osphradium {m); ?rt, mucous 

leieience to Ilgs. 103 and covering the osphradium has been removed. 

104 (p. 205). In the Pele- 
cypoda the osphradia are paired, and lie adjacent to the posterior 
adductor muscle, close to the hinder end of the axis of the branchiae. 
In the Tetrabranchiate Cephalopoda there are two osphradia, placed 
between the bases of the two pairs of gills. In the Dibranchiates 
on the other hand, a groove above the eyes has been regarded as 
the seat of the organ of smell. Tliis groove contains sensory and 
ciliated cells, and appears to be connected with a special nerve 
centre of its own, which ultimately is derived from the cerebral 
ganglion. 

Scarcely any instances of the exercise of the sense of smell on 
the part of bivalve MoUusca have been recorded Something of 
the sort, however, seems to have been present in a case related by 
Mr. E. L King.^ A skull of a fox had lieen placed in a small 
ditch in order to soak, and after a few days, when taken out, was 
found to be covered with Pisidium pusillum to the number of 
at least two hundred, which had been probably attracted from the 

^ Zoalogisiy iv. p, 1266. 

Fig. 95.—Bnccinum undatum L., deprived of 
its sbell, sliowiug the relative position of 
branchia {hr) and osphradium (o.v); ?rt, mucous 
glands ; siphon. The portion of the mantle 
covering the osphradium has been removed. 
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water in the immediate neighbourhood by the smell of the 
decaying flesh. ^ 

IV. Hearing 

Experiments made with a view to ascertain wliether tlie 
Mollusca are sensitive to noises have usually led to the con¬ 
clusion that they are deaf to very loud sounds. This is the 
more curious, because an undoubted auditory apparatus has been 
discovered in a large number of genera. In the case of an 
experiment, it is not easy to be sure that the animal is not 
affected, at least in part, by the shock or jar, rather than by the 
actual sound. In some experiments, liowever, conducted at the 
Plymouth Marine Biological Laboratory, Mr. Bateson found ^ 
that Anomia could be made to shut its shell by smearing the 
glass of the tank with the finger in such a way as to make a 
creaking sound. It was evident that the cause of alarm was not 
the jarring of the solid framework of the tank, for the same 
result occurred when the object on which the Anomia were 
fixed was suspended in the water by a thread. It was found 
that the sound had to be of a particular pitch to excite the 
attention of the mollusc. 

^^8 a rule the organ of hearing is nothing more than a small 
vesicle or sac (the otocyst), filled with a fluid secretion, in which 
axe suspended one or usually more calcareous concretions known as 
otoliths. By means of cilia, which connect with sense-cells, these 
otoliths are given a peculiar movement or oscillation in the 
medium in which they are suspended. The number of the 
otoliths varies in different genera and species; there are several 
hundreds in Avion and Limax, about a hundred in Helix 

pomatia, nemoralis, hispida, arhustorumy rotundatay Succinea 

putriSy and Limnaea stagnalis; about fifty in Planorhis contortus 

and Physa fontinaliSy only one in Cyclostoma elegans. The number 
increases with age. In young specimens of Limn, stagnalis 

as few as ten, nine, and seven have been noticed.^ 
The otocysts are always paired, and, in Gasteropoda, are 

placed close to the pedal ganglia. The acoustic nerve, however, 
has been shown by Laca^e-Duthiers to connect with the cerebral 
ganglia in certain cases. The otocysts are never on the surface 

^ Joum. Mar. Biol. Ass. N.8. L p. 217. 
■ Moquin-Tandon, MoU. de Fromce, i. p. 188, 
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of the body and are rarely connected witli it ])y any jiassage or 
tube; it is probalde therefore that sound reaches tlieiu siinjily 
through the medium of the tissues. 

Ill the Pelecyj^oda the otocyst is similarly situated iiear the 

Fig. 96.—Illustrating the otocyst in A, AnodmUa^ B, Cyclas; oty otolith ; a, h, c, 
cellular layers surrounding the chamber; c/, cilia on interior walls of chaml>er; 
C, an otolith crushed. (After Simroth.) 

pedal ganglion, and is probably (though this has not yet been 
proved) similarly connected with the cerebral. There is only a 
single otolith. Pelseneer finds ^ in Nuculidae alone a free com¬ 
munication between the otocyst and the exterior. Anodonta has 
been observed ^ to withdraw its foot into the shell at the noise 
of an opening door, a loud voice, or a shrill whistle, whether in 
a basin of water or lying on a study table. 

Delage extirpated the otocysts in certain Octopoda, and 
obtained some unexjiected results. He found that remarkable 
effects w'ere produced ujion the animars powers of locomotion, so 
that it was unable to preserve its proper balance in the water 
when in rapid motion; but its body was forced to undergo a form 
of rotation more or less pronounced. He concluded that the 
otocysts must possess, liesides their auditoryfunctions, a power 
which stands in some relation to the proper orientation of the 
body in locomotion, a power which is not wholly supplied by 
sight and touch alone. The otocysts may thus regulate locomo¬ 
tion by stimulating muscular acts which tend to keep the body 
in the straight line dming the process of movement.® 

’ Z06L Jahrh. Amt. iv* (1890) p. 601. * Baudoii, Riv. Mag, Zoot. 1862, p. 575. 
® Arch, Zool, (2) v, 1887, p. 2; compare also C. li. Hurst, Natural 

it pp. S60, 421. 
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j The Foot 
I, 

One of the most characteristic organs of the Mollusca is the 

foot, which, under one form or anotlier, occurs througliout the 

whole phylum. The foot is a thickening, on the ventral side, 

of a portion of the integument of the animal, modified to serve 

different forms of motion. It attains its maximum relative area 

in the Chitonidae, many Kudibranchs, and the slugs generally, 

in nearly all of which there is no portion of the body which is 

not subtended by the foot. Here too it presents the huni of a 

regular disc, or ellipse, wliich is more or less produced. In many 

cases, however, the foot becomes modified in such a way that 

we are enabled to recognise well-marked anterior and posterior 

portions, which have received the name of p7'opodiu7ii and mcta- 

Fig. 97.—Sigaretns Imrigaim Lam., showing excessive development of the propodium 
(pr) and iiietapodium (met) in a mollusc living in sand (the shell, which covers 
only the liver and adjacent parts, has been removed); 1, liver; s.ap, aperture 
of proboscis, here deflected from the median line; t, (, tentacles. (After Quoy and 
Gaiiuard.) 

podium respectively, while the intervening central portion is 
termed the mesopodhm. 

(The propodium is most strongly developed in genera which 
crawl about in wet sand, e.g. Natica, Sigaretus, Oliva^ Harpa, 
Scaphander (Figs. 97 and 98, and emnpare Fig. 91). In such cases 
it seems to serve as a sort of fender or snow-plough, to push the 
sand away on both sides of the path the animal is traversing.) 
In some species of Sigaretm the propodium becomes as it were 
banked up against the head and proboscis, which are thus 
unnaturally elevated, or tend to disappear altogether, ^fiidlia 
(Fig. 62), which crawls about rapidly on wet sand, appears 
to attain its object- by a wide extension of the foot-on all sides* 
and so slides over the sand instead of ploughing through it; 
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the, little lap})ets at the end of the ' tail' ])robably serve as 

rnjiders. 

\/ In Melampiffi and Pedvpes the propodiuni is marked off by 

a groove across the ventral surface. When tlie animal is in 

motion it first advances tiie propodium and then ]ju11s the rest 

of the foot aft(*,r it witli the looping gait of certain caterjullars. 

In many Cyclostomatidae tliis groove, instead of being transverse, 

is longitudinal, and tfie animal advances first the right and then 

the left segment of the foot, wliich gives it a swaying motion 

from side to side. 

Upon the metapodiuin lies the operculum, when it occurs. 

As a rule the metapodium is not sharply marked off from tlie 

rest of the foot. In Sfromhvs (Fig. 99) it becomes erected 

Fia. 98.—Oliva textilina Lam., showing how the front part of the foot (/) is developed 
into a soit of fender, the propodium (pr) ; e, eyes ; vuap^ front appendage of 
mantle ; 7n,ap\ hinder api>en<iage of mantle, folded into the suture when the 
animal is at rest; s% siphon; j!, tentacles. (After Quoy and Gainiard.) 

into a sort of hump or column, on the top of which the opercu- 
lurrws situated. 
•'--^'he epipodinm is a prominent fold or border, which occurs 

upon the up])er edge of the foot in most Diotocardia. In 
Halioiis it is of considerable breadth, and is covered by a 
number of lobes which spring from a moss-like prolongation of 
the skin. From the epipodiimi are developed the lateral tenta- 
culae of Monodonta (Fig. 82, p, 178), and of other subgenera of 
the Trochidae.^ 

^in the Opisthobranchiata the lateral edges of the foot (the 
parapodia) are frequently produced into broad folds or wing¬ 
like extensions, which in many cases tend to fold over the shell, 
Ifad, in conjunction with the mantle, eventually imbed it 
altogether. By the wavy motion of the parapodia the animal is 

^ Compare Pelseneer, JBvZL Sci, Fr. JSelg. (8) xix* pp. 107, 182, 
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enalJed to progress tlirough the water. The paired natatory 
lobes of the Pteropoda are siiwply tJie parapodia <.>f the Tecti- 
branchs modified for swimming purposes. 

It is ill the Heteropoda, Pteropoda, and most of all, tlie Cephalo¬ 
poda, groups which have, for the most jiart, exchanged a crawling 
for a swimming life, tliat the modihcations of the foot are most 
considerable. In Oxygijms and Atlanta, for instance, the 
propodium and metapodium are sharply distinguished from the 
mesopodium, and no doubt have actpiired, as a means of ])ro- 
pulsion, the i^jwer of separate movement, the animal swimming 
with these portions of tlie foot uppermost. In Carinarui and 

P'lG. 99. — Strombns lentigi- 
nosuif Lam., showing the 
modified form of the foot 
(/) : e, e, eyes on their 
pedicels ; wp, in eta podium ; 
op, operculum ; p, penis; 
pr, probo.sci.s; f, f, tentacles. 
(After Quoy and Gaimard.) 

Pterotrachca the inetapodium has probably become continuous 
with the long axis of» the body, while the so-called ‘ foot * with 
its sucker represents only the original propodiuni. In the 
Cephalopoda the anus and funnel represent the modified foot, 
the sides of which are prolonged into a number of very long 
specialised tentaculae. In the adult Cephalopod some of the 
arms have assumed a position in advance of the mouth, the latter 
lieiiig in fact suiTounded hy a circle of anus. But, in the 
Cephalopod embryo the mouth opens as in the Gasteropoda, 
in advance of the arms, and it is only gradually that it becomes 
encircled by them. Anns and funnel alike are found to be 
innerved from the pedal ganglion.^ 

^ Felsenedr, Arch. BwL viii. 7^3. 



VII MODIFICATIONS OF THE FOOT 201 

TIib pointed axe-shaped foot, which is characteristic of the 
majority of Pelecypoda, is doubtless derived from a form more 
akin to the flattened ‘ sole ’ of the Gasteropoda. A foot with 
something of this disc-shaped base actually occurs in some of the 
Nucididae, the parapodia being furnished with pleats which 
recall similar formations in other Orders (Fig. 100). The principal 
modifications of the foot are due to its emjfloyment as a 
l)urrt>wing organ. In genera which burrow but slightly it is 
small and fecfi>ly developed, wliile in genera which habitually 
excavate, it becomes the largest and strongest organ of the body. 
At the same time it has a tendency to shift its position from the 

Fig. 100.—Yoldia Umatula Say, 
Greenland, sliowinff the short 
plumed branchiae (&/■, br\ the 
gasteropodous foot (/), and 
the large labial palps (Lp, 
l.p); A, as seen from the ven¬ 
tral margin; B, from the left 
side, with the mantle turned 
back ; a./a, position of an- 

^terior adductor muscle; 
dntestine; liver; w, m, 
mantle. 

ventral to the anterior margin, accompanied by a corresponding 
narrowing of the shell, until it arrives at the position seen in 
Mollusca of the shape of Mya, JPholas, and Solen, In sedentary 
or attached genera, e.g. Fecten, Chamay Ostrea, the foot tends to 
become aborted. 

The hyssm gland, secreting byssus of horny threads, is 
characteristic of many Pelecypf)da, and may he observed by any 
one in the common inusseL It occurs in the larvae of many 
species which do not possess a byssus in the adult stage. The 
pedal gland of many Prosohranchiates, which secretes a tough and 
almost thread-like slime, is possibly homologous with the byssus 
gland of bivalves. 

Nenrfus System 

The Mollusca possess a nervous system, which usually consists 
of a number of nerve centres or ganglia, linked together by bands 
(the commumres) and sending out thread-like nerves which 
ramify into the various organs. The character of the nervous 
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system varies greatly in different groups, ranging as it does from 
a condition of extreme complexity, in which the ganglia are 
numerous and the commissures equally so, to that of considerable 
simplicity, in which ganglia are almost entirely absent. 

The most important ganglia are (1) the cereh^al^ which are 
always placed above or on cither side of the mouth, and from 
which proceed the nerves of the eyes and tentacles; (2) the pedals 

which in Gasteropoda are situated l>elow the oesophagus, in 
Pelecypoda at the base of the foot, and from which the nerves of 
the foot and sometimes the acoustic nerve arise; (3) the pleural} 

whose position varies considerably, but is always below the 
oesophagus and slightly above the j^edal ganglia; tliese innervate 
the mantle, branchiae, heart, and viscera generally. 

Gasteropoda.—Tlie simplest form of nerve system as thus- 
understood occurs in the Amphineura, and jiiore particularly in 
the Chitons. Here we find four longitudinal nerve-cords, parallel 
to one another for nearly the whole length of the mollusc. The 
two exterior cords probably represent the pleural, the two interior 
the pedal nervous system. Tliere being no head or tentacles, but 
simply a mouth at the anterior end, the cerebral ganglia do not 
exist, but they are represented by the curved ring formed by the 
massing together of the two nerve-cords on each side. The only 
distinct ganglia are a pair of buccal ganglia (which are developed 
on a pair of commissures which pass forward from the cerebral 
mass and innervate the lips and buccal region), and a much 
smaller group, the sublingual. The two pedal cords are united by 
a number of transverse parallel connectives, which recall similar 
modes of connection in the Chaetopod worms and in Arthropoda. 

This quadruple set of nerve-cords is characteristic of all the 
Amphineura, but the absence of ganglia is most marked in the 
Chitons. In Proneomenia and Neomenia there is a distinct 
cerebral ganglion, formed by the massing of the twQ ganglia into 
one, while in Proneomenia the lateral cords are joined to the 
pedal, as well as the pedal to one another, by connectives, In 
Chaetoderma the cerebral ganglia, though adjacent, are distinct, 
and both the pedal and lateral cords connect directly with them, 
while there are no transverse connectives. 

* Wiv4ii, however (JT. Sv. Vet, M, Sawil xxiv. 1892, : 
vetae conaecti vee in Cha^oderrm, - - 
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Tlie remaining three great divisions of Gasteropoda, namely, 
the Prosobranchiata, Opisthobranchiata, and Pulmonata, may be 
regarded as comprising two distinct types of nervous condition, 
according as the loop formed by the two visceral nerve cords is 
twisted over itself, forming a figure of 8, or continues straight 
and uncrossed. In the former case, we get the condition known 
as stre2ttonenrom, in the latter that as entkymMToas} The 
Muthyncura include the whole of the Opisthobranchiata- and 
Pulmonata, the Streptoncm'a all the Prosobranchiata. 

Fia. 101.—Nervous system of the Amphineura; A, Proneomenia; B, Neoniema; C, 
CVmetodeniM,; D, Chitovi; c, cerebral ganglia; lateral cords ; posterior 
comriiissure; s, sublingual commissure or ring, with ganglia; v, v, pedal cords. 
(After Hubrecht.) 

The simplest form of nervous system in the euthyneurous 
Gasteropoda ocicurs in the Opisthobranchiata. The cerebral, 
pleural, and pedal'ganglia tend to become concentrated in a ring- 
like form, united by short commissures at the posterior end of 
the pharynx. The visceral loop is in some cases long, and the 
two or three visceral ganglia are -then situated at its posterior 
extremity^The nervous system of the Pulmonata is of a similar 
type, the visceral loop being often much shorter, and tending to 
draw in towards the central group of ganglia. The tentacular 
and optic nerves are, as usual, derived from the cerebral gang¬ 
lion, with which also the otocysts are probably connected by 
rather long nerves. A pair of buccal ganglia iijjj^ervate the 
buccal mass, and are united by commissures witli the right 
and left cerebral ganglia. The ospliradial nerve springs from one 

' tfrprrri*, twisted; 
* With th« ^xcdption of Aclaeont whicli; itieptoneurous (Bouvkr, 
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of the ganglia on the visceral loop, the osphradinm itself 
being situated (in lAmnaea) immediately above the pulmonary 
orifice and adjacent to the anus (Fig. 102). This massing 
of the ganglia, is still better illustrated by the accompanying 
figure of Physa (Fig. 103), in which the animal is represented as 
if transparent, so that the ganglia and nerves are seen through 
the tissues. 

Of the streptoneurous Gasteropoda, the nervous system of 

Vki. 102.—I. Nervous system of 
Limtiaea stagnalis L. The 
oesophagus has been cut and 
pulled forwards through the 
nerve-collar, so as to expose 
the lower surface of the buccal 
mass (dissected by F. B. Stead). 
B.M, buccal mass. 
B.G,buccal, C.G,cerebral, 08.G, 

osphradial, Pe.G, pedal 
ganglia. 

P1.G, pleural ganglia. 
Op.N, optic, Ob.N, osphradial, 

Te.N, tentacnlar nerve. 
Ot. otocyst; V.L, visceral loop. 
B, rectum, dotted in to show 

its position relative to the 
osphradinm. 

IT. Right side of the head of Zm- 
naea stagnalis. The over¬ 
hanging flap of the mantle has 
been cut in the middle line, 
and the right half twisted 
l>ack, 80 as to expose the pul¬ 
monary orifice, etc. Tlie points 
A A on the mantle edge were 
continuous before the mantle 
was cut; the line BA is part 
of the free edge of the mantle. 

An, anus ; F, female genera¬ 
tive orifice ; J, portion of jaw ; 
M, male generative orifice under 
light tentacle; Os, osphradium; 
P.0, pulmonary orifice. 

Fusurella and Hcdiotis shows distinct points of similarity to that 
of the Amphineura. The pedal nerves are united by transverse 
commissures throughout their entire length, while a double com¬ 
missure unites the cerebral ganglia to the mass from which the 
pedal nerves proceed. In the great majority of the Streptoneura 
the ganglia (except the visceral) are more concentrated and the 
commissures are consi^uently much shorter. The accomjJItiymg 
figure of Cyclo$tomii, in which the animal is represented as in that 
of Physa jmt described, illustrates this grouping of the ganglia^ 
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the twist of the visceral loop, and the position of the visceral 

ganglion at its posterior end. 

Scaphopoda.—In the Scaphopoda the nervous system resem¬ 

bles that of the Pelecypoda. The cerebral and pleural ganglia lie 

close together, while the pedal ganglia are placed in the anterior 

part of the foot, connected with the cerebral ganglia by long 

Fig. 103.—Nervous system of Physa, 
ac^da Drap., showing the massing 
of the ganglia at the hinder end of 
the pharynx: c, eyes; wi, mouth ; 
m.l, m,.ly mantle lappets; 0./, female 
generative orifice; o.w, male gen¬ 
erative orifice ; os, osphradiuni. 
(After Lacaze-Duthiers.) 

Fig. 104. — Example of a streptoneurous 
Ga&teropod {Cyclostoma ekgans Drap.): 

cerebral ganglia ; c, e, eyes ; os, 
osphradiuni ; ot^ ot^ otocysts ; 
pedal ganglia ; pl.g^ pleural ganglia; 
sp.g, supraintestinal ganglion ; sh,g^ sub- 
intestinal ganglion ; tentacle nerve; 

visceral ganglion. (After Lacaze- 
Duthiers.) 

commissures; the visceral loop is rather long, and the two vis¬ 
ceral ganglia are adjacent to the anus. 

Pelec]rpoda.—The nervous system in the Pelecypoda is the 
simplest type in wliich well-marked ganglionic centres occur. The 
ganglia are few, symmetrically placed, and are usually at a con¬ 
siderable distance apart. There are, as a rule, three distinct pairs 
of ganglia, the cerebral (cerebro-pleural), pedal, and visceral. The 
cerebral are formed by the fusion of the cerebral and pleural 
ganglia, which however, in some eases (Protobranchiata) continue 
distinct.^ They lie above or on each side of the mouth, united 

^ This fusion of tho osrebrAl and pleural ganglia and the eonsequent union of the 
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by a comiiiissure of varying length. Anotlier pair of com¬ 
missures unites tliem witli the pedal ganglia, which are placed 
at the base of the foot, and are usually very close together, 
sometimes (as in Aiiodonta) becoming partially fused. The 

length of tliese commissures de¬ 
pends upon the distance between 
mouth and foot; thus they are 
very long in My a and Modiohi, 
and very short in Frcten. In 
cases where tlie foot is rudimen¬ 
tary or becomes aborted through 
disuse (e.g. Odrea), the pedal 
ganglia may dwindle or disappear 
altogether. The visceral ganglia 
are on the ventral side of tlie 
posterior adductor musede, beneath 
the rectum, and innervate the 
branchiae, osphradia, and the 
whole of the visceral sac. A pair 
of cerebro - visceral commissures 

Fio. i05.-~Nervous system ot Pt^iecy- traverses the base of the foot, 
poda; At Teredo: By Anodonia; . ’ 
Ct Pecten; at a, cerebral ganglia; SUrroillldlllg it With a COllipara- 

106, e.v,/), while a long commis¬ 
sure, which runs round the entire edge of the mantle, and sup¬ 
plies branching nerves to the mantle border and siphons (Fig. 
106, cwx), may also connect the visceral and cerebral ganglia. 

Cephalopoda.—In the Cephalopoda the concentration of 
ganglia attains its maximum, and may perhaps be regarded as 
approaching the point at wliich a definite brain may be said to 
exist. Another point of distinction is the formation of special 
small ganglia upon the nerve cords in different parts of the body. 
In the Tetrabranchiata (NauHlm) the cerebral and pedal ganglia 
form a broad ring which surrounds the oesophagus, the former 
giving out the optic nerves, with their special optic ganglion, and 
a pair each of buccal and pharyngeal ganglia, the latter the 
nerves of the arms and funnel. The visceral loop is still present 
in the form of a separate band, which innervates the branchiae, 

cei‘ebro*pedal and pleuro»pedal commiasurea can be recognised by sections the mass 
(Pelseneer, Comptes JUnduSt cxi. p. 245). 
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osphmdia., and viscera generally, forming a sjxicial genital gang¬ 

lion in connection with the reproductive organs. The principal 

ganglia of the Dibranchiata are still more concentrated, even 

the visceral loop being possibly united with the rest in forming 

an unbroken mass in which scarcely any trace of commissures 

Pio. 106.—Nervous system of Cardium eduk L.: jiuterior adductor inusclo ; ftr, 
Tjraucliiiie; hr,n, branchial nerve; c.^^, c.rjr, cerebral ganglia ; c.j/.c, corebro-pedal 
cominissure ; c.v.c\ cerebro-viseeral commissure ; cerebro-visceral commissure 
of mantle ; l.p^ labial i>alps ; 7/1, mouth ; pedal ganglion; posterior adductor 
muscle; visceral ganglion, (After Drost, x3.) 

can be detected. The pedal ganglion becomes separated into 

two portions, one of which innervates the arms, the otlier the 

funnel. Two peculiar ganglia (the stellate ganglia) supply a 

numher of branching nerves to the mantle. 
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CHAPTER VIII 

THE DIGESTIVE OHGANS, JAAV, AND HADULA : EXCRETORY ORGANS 

The digestive tract, or, as it is often termed, the alimentary canal 
or gut, is a very important feature of the Mollusca. It may be 
regarded as consisting of the following parts : (1) a mouth or oral 
apertvre; (2) a throat or pharyTtx; (3) an oesophagus, leading into 
(4) a stomach, (5) an intestine and rectum, ending in (6) an 
anns. 

The primitive positions of mouth and anus were presumably 
at the anterior and posterior ends of the animal, as in the 
Amphineura and symmetrical Mollusca generally. But the 
modifications of original molluscan symmetry, which have already 
been referred to (p. 154, compare pp. 245, 246), have resulted in 
the anus becoming, in the great majority of Gasteropoda, twisted 
forward, and occupying a position on some point in the right 
side in dextral, and in the left in sinistral species. 

The process of digestion, as the food passes from one end of 
the tract to the other, is performed by the aid of the secretions 
of various glands, which open into the alimentary canal at 
different points in its course. The principal of these are the 
salivary glands, situated on the pharynx and oesophagus, and 
the liver, hiliary or hepatic gland, connecting with the stomach. 
With these may be considered the anal and ink-glands, which, in 
certain genera, connect with the terminal portion of the rectum. 

1. The mouth is generally, as in the common snail and peri¬ 
winkle, placed on the lower part of the head, and may be either 
a mere aperture, circular or semicircular, in the head-mass, or, as 
is more usual, may be carried on a blunt snout (compare Fig. 6, 
p. 10, and Fig. 68, p. 159), which is capable of varying degrees 
of protrusion. From the retractile snout has doubtless been 

von in p 
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derived the long proboscis which is so prominent a feature of 
many genera (compare Figa 1, B, and 99), and in some (e.g. 
Mitray Dolium) attains 4 length exceeding that of the whole 
body. As a rule, Mollusca provided with a proboscis are carniv¬ 
orous, while those whose moutli is on tlie surface of the head 
are vegetable feeders, but this rule is by no means invariable. 
The mouth is thickened round the aperture into ' lips,’ which are 
often extensile, and appear capable of closing upon and grasping 
the food. ^11 the Pelecypoda the mouth is furnished, on each side, 
with a pair of special external lobes, the' labial palps,’ which appear 
to be of a highly sensitive nature, and whose object it is to collect, 
and possibly to taste, the food before it passes into the mouth. 

2. The FharyrvXy Jaws, arui Radula.—Immediately behind the 
lips the mouth opens into the muscular throat, pharynx, or 
buccal mass. The pharynx of the Glossophora, i,e, of the 
Gasteropoda, Scaphopoda, and Cephalopoda, is distinguished from 
that of the Pelecypoda,^ by the possession of two very characteristic 
organs for the rasping or trituration of food before it reaches the 
oesophagus and stomach. These are (a) the jaw or jaws, and 
(J) the radula^ odontophore, or lingual ribbon. The jaws bite 
the food, the radula tears it up small before it passes into the 
stomach to undergo digestion. The jaws are not set with teeth 
like our own; roughly speaking, the best idea of the relations of 
the molluscan jaw and radula may be obtained by imagining our 
own teeth removed from our jaws and set in parallel rows along 
a greatly prolonged tongue.^ 

In nearly all land Pulmonata the jaw is single, and is placed 
behind the upper lip. If a common Helix as'persa be observed 
crawling up t)ie inside of a glass jar, or feeding on some succu¬ 
lent leaf, the position and action of the jaw can be readily dis¬ 
cerned. It shows very black when the creature opens its mouth, 
and under its operation the edge of a lettuce leaf shows a regular 
series of little curved indentations, in shape not unlike the semi- 

^ There is practically no pharynx in the Pelecypoda, the mouth opening directly 
into the oesophagus. 

® Maderc, to scrape ; <55oi5?, tooth ; <l)ip€tv, to carry. 
* The^mechanism of the radula has been dealt with by Geddes, Trana, Zool, Soc* 

X, |). 485. Riicker has observed (Ber. Oherhm, Gmll, NcU, Ifeilk xxii. p. 207) 
that the radula in Helix potnaiia is the product of live rows of cells; the use of the 
first row is uncertain, the second forms the membrane of the indula, while rows 
three to five originate the teeth. 



vni THE JAW IN PULMONATA 2 11 

circular bites inflicted by a schoolboy upon his bread and butter. 
The jaw of Helix (Fig. 107, B) is arched in shape, and is 
strengthened by a numl)er of projecting vertical ribs. That of 
Limax (A) is straighter, and is slightly striated, without vertical 
l ibs. In Bulimulus (C) the arch of the jaw is very conspicuous, 
and the upper edges are always denticulated; in Ortltalicus there 
is a central trangular plate, with a number of overlapping plates 
on either sid(i; in Smcdnea (E) there is a large square accessory 
plate above the jaw jiroper. TJie form of the jaw is peculiar not 

Fia. 107.—Jaws of 
various Puliiion- 
ata: A, Limax 
{(j agates Drap., 
Lancashire, x 15); 
B, Hdic {acatis- 
,sima Lam., Ja¬ 
maica, X 15); C, 
Bulimulus {de- 
pi ctus Reeve, 
Venezuela, x‘20); 
D, AcJuUina 
{jf'idka Ft*r., Mau¬ 
ritius, X 7); E, 
fiuccinea (elegans 
Kiss., Aral Dis¬ 
trict, X 30) ; P, 
Limnaea {stag- 
nalis L., Cam¬ 
bridge, X 30). 

only to the genus but to the species as well. Thus the jaw of 
H. aspersa is specifically distinct from that of H poinatia, and 
that of H, ncmoralis is distinct from both. Wiegmann has 
observed^ that in young Avion, Limax, and Helix, the jaw 
consists of two pieces, which coalesce by fusion in the adult, 
thus indicating a stage of development in advance of tlie double 
jaw which is found in most of the non-pulmonate Mollusca. In 
all fresh-water Pulmonata there are two small accessory side 

plates besides the jaw proper (Fig. 107, F). 
Nearly aH the non-carnivorous Prosobranchiata, land, fresh¬ 

water, and marine alike, are provided with two large lateral jaws. 

^ Jdhrh DmL Malah Gesell, iii. p. 193. 
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Many of tliose are sculptured with the most elaborate j)atterns, 
and appear to be furnished with raised teeth, like a file. In the 

Fio. 108.—Jaws of A, Triton australis Lam., Sydney ; B, Amimlloria fnsciala Roeve 
Denierara ; C, Call lost (trn<i punchdatum Mart., New Zealand ; D, Vydopharas 
atramentanus Sowb., Sanghir; all x 15. 

Fio, 109.—Jaws of A, Chrornodoris gracUis Hict., x 15 ; B, SeyUampdagica L., x 7; 
C, Plemobranchusplumula Mont., x 10; D, Plenroljranckaea Meo^ii Lam., x 4. 

Niidibranchiata the jaws are of great size and befiuty of orna¬ 
mentation (Fig. 109). 
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The carnivorous genera, whether marine (e.g. ConuSy MureXy 
Buccimtmy Ndssa) or land (e.g. Testacellay Glandina, Stre/ptaxiSy 

Ennea)y are entirely destitute of jaws, the reason probably being 
that in all these cases the teeth of the radula are sufiiciently 
powerful to do the work of tearing up the food without the aid 
of a masticatory organ as well. Jaws are also wanting in the 
Heteropoda, and in many of the Nudibranchiata and Tecti- 
branch! a ta¬ 

in tlie Cephalopoda the jaws, or ' beaks/ as they are called, 
are most formidable weapons of attack. In shape they closely 
resemble the beaks of a parrot, but the hook on the dorsal side 
of the mouth does not, as in birds, close over the lower hook, 
but tits under it. Powerful muscles govern these mandibles, 
which must operate with immense effect upon their prey (Fig. 110). 

The EacUda?—When the food has passed beyond the opera- 

^ The whole of the radulae and jaws figured in this work are taken from the 
original specimens in the collection of the Rev. Prof. H. M. Gwatkin, who has 
always been ready to give me the run of his cabinets, whicli probably contain the 
finest series of radulae in the world. To his kindness I owe the following descrip¬ 
tion of the process of mounting: The first step is to obtain the radula. Dissection 
is easy in species of a reasonable size. On opening the head from above, so as to 
lay open the floor of the mouth, the radula itself is seen in most of the marine 
species, though in others it is contained in a sbrt of proboscis ; and in the Pulmonata 
and others the student will find the buccal mass, with commonly a browm mandible 
at its Iront end, and the lingual ribbon in its hinder part. The teeth may be recog¬ 
nised by their silvery whiteness, except in a few oases like Patella and Chitony where 
they are of a deep brown colour. W^heu obtained, the radula may be cleaned by 
boiling in a solution of caustic potash. There is no risk of injury if the solution is 
not too strong. 

“ Smaller species may be treated more summarily. The proboscis, the buccal mass, 
or even the whole animal may be thrown into the potash solution and boiled till 
scarcely anything is left but the cleaned radula. Remains of animals dried inside 
the shell may be similarly dealt with, after soaking in clean water. With a little 
care, this process will answer for shells down to the size of Jncylus or Mssoa* The 
very smallest [Carychmmy TormtelUnay Skeneay etc.) must be crushed on the slide 
and boiled on it, after removing as much as possible of the broken shcdl. The 
radula can then be searched for under the microscope, and washed and mounted on 
the slide. 

“The student must be warned that though the general process is simple, there 
are difficulties in particular cases. In the Pulmonata, for example, membranes on 
both sides of the radula need careful removal. Murexy Purpuray and most of the 
Tacnioglma have the side teeth folded down over the central, so that the arrangement 
is not well seen till they have been brushed back. The Cones, again, have no basal 
membrane at all, so that if tlie potash is not used with great caiu, the single teeth 
will fall asunder and be lost. Perhaps the worst case is where a large animal has 
a radula as small as that of a Mssoa like TurritdlOy Harpa, or Stnithiolariay or 
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tion of the jaw, it comes within tlie province of the radula, the 
front part of which perhaps co-operates to a certain extent with 

Fio. 110.—Jaws of Sepia: A, in situ 
within the buccal mass, several of 
the arms having been cut away ; 
B, removed from the mouth and 
slightly enlarged. 

Fio. 111.—Patella vulgata L., show¬ 
ing the normal position of the 
radula, which is doubled back in 
a bow; the shell has been re¬ 
moved, and the whole visceral 
mass is turned forward, exposing 
the dorsal surface of the muscular 
foot; gvy longitudinal groove on 
this surface; 7, intestine ; ly 
liver ; m, mantle edge; mUy 
muscles (cut through) fastening the 
visceral mass to the upper sides of 
the foot; coy ovary; r, radula; 7/./, 
upper or dorsal surface of the foot. 

the jaw in performing the biting process. The function of the 

where the radula is almost filmy in its transparency, like those of Actacm and the 
small Scalaria. 

“When once the radula is laid out, the mounting is commonly easy. Canada 
balsam makes it too transparent. Fluids may be used, and are almost necessary for 
thick radulae like those of large Chitons; but the best general medium is glycerine 
jelly. It runs under the cover glass by capillary attraction, and may be boiled 
(though only for a moment) to get rid of air bubbles. It should then be left un¬ 
finished for several weeks. If cracks appear, the reason is either that the jelly is a 
bad sample, or that it has been boiled too long, or (commonly) that the object is too 
thick; and there is not often any difficulty in remounting. I have no serious com¬ 
plaint of want of permanence against the medium, if I may speak h'om a pretty 
wide experience during the last twenty years. 
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radula as a whole is to tear or scratch, not to bite; the food 
passes over it and is carded small, the effect being very much the 
same as if, instead of dragging a harrow over the surface of a 
field, we were to turn the harrow points upwards, and then drag 
the field over the harrow. 

The radula itself is a band or ribbon of varying length and 
breadth, formed of chitin, generally almost transparent, some¬ 
times beautifully coloured, especially at the front end, with red 
or yellow.^ It lies enveloped in a kind of membrane, in the floor 
of the mouth and throat, being quite flat in the forward part, but 
usually curving up so as to line the sides of the throat farther 
back, and in some cases eventually forming almost a tube. The 
upper surface, i.e, the surface over which the food passes, is covered 
with teeth of the most varied shape, size, number, and disposition, 
which are almost invariably arranged in symmetrical rows. 
These teeth are attached to the cartilage on which they work by 
muscles which serve to erect or depress them; probably also the 
radula as a whole can be given a forward or backward motion, so 
as to rasp or card the substances which pass over it. 

The teeth on the front part of the radula are often much 
worn (Fig. 112), and probably fall away by degrees, their place 
being taken by others successively pushed up from behind. At 
the extreme hinder end of the radula the teeth are in a nascent 
condition, and there are often as many as a dozen or more 
scarcely developed rows. Here, too, lie the cells from which the 
teeth are originally formed. 

The length and breadth of the radula vary greatly in different 
genera. In Littorina it is very narrow, and several times the 
length of the whole animal It is kept coiled away like a 
watch-spring at the back of the throat, only a small proportion 
of the whole being in use. I have counted as many as 480 rows 
in the common Littorina littorea. In Patella it is often longer 
than the shell itself, and if the radula of a large specimen be 
freshly extracted and drawn across the hand, the action of the 
hooks can be plainly felt. In Aerope, the Turbinidae generally, 
and Ealiotis it is very large. In Turritella, Aporrhais, Cylidina, 

^ The substance both of the jaw and radula is neither crystalline nor cellular, but 
laminated. Chitin is the substance which forms the ligament in bivalves, the 
*pen* in certain Cephalopoda, and the operculum in many univalves. Neither 
silica nor keratine enter into the composition of the radula. 
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O 

Struthiolaria, and the Cej)lialopoda it is small in pro]>ortion to 
the size of tJie animal. In the Pul- 

V K luonata generally it is very broad, 
J the length not exceeding, as a rule, 

/VVVV thrice the breadth; in most otlier 
groups the breadth is iiiconsider- 

nV I ^^-hle, as compaxed to the length. 
is wanting in two 

/ himilies of Prosobranchiata, the 
Eulimidae and Pyraniidellidae, 

\ Jr ^y wliich are consequently grouped 
together as the sectioji Gymno- 

fglossa. It is ])robal)lc that in 
these eases the radula has alxjrted 

Fir!. 112.—Example of a front portion ,1 1 i- xi * i i 
. of a radala ri,,gem tliroilgh dlKUSe, tllC anilllilLs ]uiV- 

Reeve, Pamuiia), iiiuch worn by use. i]m- taken to a food wliicll does liot 
X 70. ^ . . . 

require trituration. Tlius several 
genera contained in both these families are known to live j)ara- 
sitically upon various animals—Ifolothurians, Echinoderms, etc*-.— 
nourishing themselves on the juices of tludr host. In some eases, 
the development of a special suctorial proboscis compensates for 
the loss of radula (see pp. 7G-77). In Harpa there is no radula in 
the adult, though it is present in the young form. No explana¬ 
tion of this fact has yet been given. Tt is also absent in the 
Corallio])hilidae, a family closely akin to Furpura, hut invariably 
parasitic on corals, and probably nourished by their exudations. 
There is no radula in EntocA)7iclm, an obscure form parasitic on 
the blood-vessels of Synapta, or in Neomcnia, a genus of very low 
organisation, or in the Tethyidae, or sea-hares, or in one or two 
other genera of Nudihranchiata. 

The number of teeth in the radula varies greatly. When the , 
teeth are very large, tliey are usually few in number, when small, 
they are very numerous. In the carnivorous forms, as a rule, the 
teeth are comparatively few and powerful, wliile in the phyto¬ 
phagous genera they are many and small. Large hooked and ; 
sickle-shaj)ed teeth, sometimes furnished with barbs like an ; 
arrow-head, and poison-glands, are characteristic of genera which \ 
feed on flesh; vegetable feeders, on the contrary, have the teeth 
rounded, and blunter at the apex, or, if long and narrow, so 
slender as to be of comparatively little effect. Grenera which.,are 
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normally vegetarian, but which will, upon occasion, eat flesh, e.g, 

Limax and Hycdinia, exhibit a form of teeth intermediate 
between these two extremes (see Fig. 140, A). 

In Chaetoderma there is but one tooth. In Aeolis coronata 

there are about 17, in A. jpapillosa and Elysia viridis about 19, 
in Glaucus atlanticus about 21, in Fiona nobilis about 28. In 
the common whelk (Bmcinum undatum) there are from 220 to 
250, in the common periwinkle about 3500. As many as 8343 
have been counted in Limnaea stagnalis, about 15,000 in Helix 

aspersa (that is, about 400,000 to the square inch), about 30,000 
in Limax maximusy and as many as 40,000 in Helix Ghies- 

brcghiiy a large species from Mexico; they are very numerous 
also in Naninay Vitrinay Gadiniay and Actaeon. But Umbrella 

stands far and away the first, as far as number of teeth is con¬ 
cerned. In both U mediterranea and U. indica they entirely 
baffle calculation, possibly 750,000 may be somewhere near the 
truth. 

The teeth on the radula are almost invariably disposed in 
a kind of pattern, exactly like the longitudinal rows of colour 
in a piece of ribbon,- down the centre of which runs a narrow 
stripe, and every band of colour on one side is repeated in the 
same relative position on the other side. The middle tooth of 
each row—the rows being counted across the radula, not longi¬ 
tudinally—^is called the central or rachidian tooth; the teeth 
next adjacent on each side are known as the lateralSy while the 
outermost are styled uncini or marginals. As a rule, the dis¬ 
tinction between the laterals and marginals is fairly well indi¬ 
cated, but in the Helicidae and some of the Nudibranchiata it is 
not easy to perceive, and in these cases there is a very gradual 
passage from one set to the other. 

The central tooth is nearly always present. It is wanting in 
certain groups of Opisthobranchiata, some of the carnivorous 
Pulmonata, and in the Conidae and Terebridae, which have lost 
the laterals as well. Voluta has lost both laterals and marginals 
in most of the species, and the same is the case with Harpa, In 
Aeolisy Elysia^ and some other Nudibranchiata the radula consists 
of a single central row. Other peculiarities will be described 
below in their proper order. 

The extreme importance of a study of the radula depends 
upon the fact, that in each species, and a fortiori in each genus 
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and family, the radula is characteristic. In closely allied species 
the diflPerences exhibited are naturally but slight, but in well- 
marked species the differences are considerable. The radula, 
therefore, serves as a test for the distinction of genera and species. 
For instance, in the four known recent genera of the family 
Strombidae, viz. Stromhiis, Pteroceras, Bostellaria, and Terelellumy 

the radula is of the same general type throughout, but with dis¬ 
tinct modifications for each genus; and the same is true, tliough 
to a lesser extent, for all the species hitherto examined in each 
of the genera. These facts are true for all known genera, differ¬ 
ences of the radula corresponding to and emphasising those other 
differences which have caused genera to be constituted. The 
radula therefore forms a basis of classification, and it is found 
especially useful in this respect in dealing with the largest class 
of all, the Gasteropoda, and particularly with the chief section of 
this order, the Prosobranchiata. Thus we have— 

[ Monotocardia 

Prosobranchiata \ 

Diotocardia 

{(a) Toxoglossa 

(b) Eachiglossa 

(c) Taenioglossa 
(d) Ptmoglossa 

(e) Gymnoglossa 
{(f) EhijpidogloHsa 

(g) Docoglossa ^ 

(a) Toxoglossa,—Only three families, Terebridae, Conidae, and 
Cancellariidae, belong to this section. There is no central tooth, 
and no laterals, the radula consisting simply of large marginals 
on each side. In Conus these are of great size, with a blunt 
base which contains a poison-gland (see p. 66), the contents of 
which are carried to the point by a duct. The point is always 
singly and sometimes doubly barbed (Fig. 116). When extracted, 
the teeth resemble a small sheaf of arrows (Figs. 113,115). A re¬ 
markable form of radula, belonging to Spirotropis (a subgenus of 
Drillia, one of the Conidae), enables us to explain the true history 
of the radula in the Toxoglossa. Here there are five teeth in a 
row, a central tooth, and one lateral and one marginal on each 
side, the marginals being very similar in shape to the character¬ 
istic shafts of the Conidae (Fig. 114). It is evident, then, that 
the great mass of the Toxoglossa have lost both their central 

1 arrow; ridge, sharp edge; roivte, ribbon; winged; 
bare; fan; beam. 
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and lateral teeth, and that those which remain are true nncini 
or marginals. Spirotropis appears to be the solitary survival of 
a group retaining the primitive form of radula. 

The arrangement of teeth in all these sections is expressed 
by a formula applicable to each transverse row of the series. 
The central tooth, if present, is represented by l,and the laterals 
and marginals, according to their number, on each side of the 

Fia, 113.—Kadula of Bela turricula Mont. Fig. 115.—Eight teeth from the radnla 
X 70, of Terebra caerulescens Lam. x 60. 

central figure. Thus the typical formula of the Toxoglossa is 
1.0.0.0.1, the middle 0 standing for the central tooth which is 
absent, and the 0 on each side of it for the absent laterals; the 
1 on each extreme represents the one uncinus in each row. 
Thus the formula for Spirotropis, which has also one lateral on 
each side and a rachidian or central tooth, is 1.1.1.1.1. Often 

the formula is given thus; , where 30 and 42 
® 30 42 

stand for the average number of rows of teeth in Conus and 
Spirotropis respectively; the same is sometimes expressed thus: 

1.0.0.0.1x30; 1.1.1.1.1x42. 
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(h) The. Bru'higlflftm comprise the 12 families Olividae, Harpi- 
dae, Marjrinellidae, Volutidae, Mitridae, Fasciolariidae, Turhiiiel- 
lidae, Bucciuidae, Nassidae, Coliimbellidae, Muricidae, and 

Fig. 116.—A tooth 
from the radula 
of Co7ivs iviperi- 
alis L., S. Pacific, 
X r>0, showing 

barb aud poison 
duct. 

Fig. 117.—Portion of the radula of Mdongena 
vesj^rtilio Lam., Ceylon, x 30. 

Fig. 118.—^Portion of the radula of Kburna japonica. 
Sowb., China, x 30. 

Fig. 119.—Portion of the 
radula of Murex regius 
Lam., Panama, x 60. 

Coralliophilidae. Certainly most and probably all of these 
families are or have been carnivorous, the Coralliophilidae being 
a degraded group which have become parasitic on corals, and 
have lost their teeth in consequence* The characteristics of the 
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group are the possession of a central tootli with from one cusp 

(Boreofusi(s) to about fourteen {Bidlia), and a single lateral more 

or less cuspidate, the 

outer cusp of all being 

generally much tlie 

largest. Tlius in Mel on- 

(jena respertUioiYi^^. 117) 

the central tooth is tri¬ 

cuspid, the central cusp 

being the smallest, while 

the laterals are bicuspid ; 

in Ehivrna japoniea (Fig. 

118) tlie central tooth is 5-c‘Usped, the two outer cus})S being much 

the smallest. Tlie teeth, on the whole, are shar]» and hooked, 

Fig. 121.—Three rows 
of teeth from the 
i*ad u 1 a of Fasciolar^ 

trapeziutu Lam. x 
40. 

with a liroad base and formidable cutting edge. In the Olividae, 

Turrlcida, Buccinopsis, and the Muricidae the laterals are unicuspid 

and somewhat degraded (Fig. 119). In Mitiu 

and tlie Fasciolariidae thc}’^ are ^'ery broad and 

finely equally toothed like a comb (Figs. 120, 

121). The whole group is destitute of marginals. 

Several remarkable peculiarities occur. 

Harj}a loses the radula altogether in the adult. 

In the young it has lost only the laterals, and 

consists of nothing but the central tooth. 

Margimlla has no laterals; the central tooth 

is small and comb-shaped, with blunt cusps. 

Cymbium Vohita the laterals are generally lost, but 
Lam., Torres Strait, in Volutomitra aiid one species of Valuta'^ 

they are retained. The central tooth usually 

has three strong cusps, and is very thick and coloured a deep red 

^ r. concmuif according to SoLacko {Conch. Mitth. i. p. 126, PI. xxiv. f. 5); the 
lateral is large, strong, unicuspid on a broad base. 

Fig. 120.—Portion of the radula of Titd)ricarm 

nuintio-mta Swains. x 80. 
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or orange (Fig. 122); in the subgenus Amoria it is unicuspid, 
in shape rather like a s])ear-head with broadened wings; in 

Volutolyria it is of a different 
type, with numerous unequal den- 
ticulatioiis, something like the 
laterals of Miira or Fasciolaria. 

Of the Mitridae, Cylindromitra 

has lost the laterals. Among the 
Buccinidae, Bmcinopsis possesses 
a curiousl}'' degraded radula, the 
central tooth having no cusps, but 
being reduced to a thin basal 
plate, while the laterals are also 
weakened. This degradation iroiu 
the tyi)e is a reniarkal)le feature 
among radulae, and appears to be 
characteristic, sometimes of a whole 
family, e.g. the Colunibellidae (Fig. 

Fig. 123.—Examples of degraded forms 123, B), sometimes of a gen US, 
of radula: A, Cantharus pngodus oonietiirips nwnn of a Rincrlo 
Reeve, Panama (nascent end), x40 ; again 01 a feinglO SpeClCS.^ 
A', same radula, central and front Thus in Cantharm (a subgenus of 
portion; B, ColuvMla varia Sowb., « . ii*i. *i* 
Panama^ X 60. Jtsucc'uium) the radula IS typical m 

the great majority of s).)ecies, but in 
C.pagodus Eeeve, a large and well-grown species, it is most remark¬ 
ably degraded, both in the central and lateral teeth (Fig. 123, A). 
This circumstance is the more singular since C, pagodus lives at 
Panama side ])y side with C, ringeus and C, insignisof which 

Pig. 124.—Three rows of the radula of Sistrum spectrum Reeve, Tonga, x 80. 
The laterals to the right are not drawn in. 

have perfectly typical radulae. It is probable that the nature of 
the food has something to do with the phenomenon. Thus Sistrum 

spectrum Eeeve was found to jiossess a very aberrant radula, not of 
the common muricoid type, but with very long reed-like latei'ala 
This singularity was a standing puzzle to the present writer, 
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until he was fortunate enough to discover that S. spectrum, 

unlike all other species of iiistritm, lives exclusively on a branch¬ 
ing coral. 

The dental formula for the Rachiglossa is thus 1.1.1, except 
in those cases where the laterals are absent, when it is 0.1.0. 

(c) The Taenioglossa com})rise 46 families in all, of which the 
most im])ortant are Tritonidae, Oassididae, Cypraeidae, Stroin- 
bidae, C'eritliiidae, Turritellidae, Melaniidae, Littorinidae, 
liissoidae, Paludinidae, Ampullariidae, (.'ycloidioridae, Cyclostoma- 

Kki. 125.—Portion of tlie ra<lula of (Imsvi mlcma Bom., x 40. The inarginaLs 
to the right are not fully drawn. 

tidae, and Naticidae. The radula is characterised by a central 
tooth of very variable form, the prevailing type being multi- 
cuspid, the central cusp the largest, on a rather broad base; a 
single lateral, wliich is often a broad plate, more or less cusped, 
and two uncini, rather narrow, with single hooks, or slightly 

Fio. 126.—Four row.s of teetli 
from the radula of Ve-nnetm 
gramlis Gray, Andamans. 
X 40. 

cusped. The accompanying figures of Cassis, Vermetus, and 
Cypraea, and those of Littorina and Cyclophorus given on pp. 
20, 21, are good examples of typical taenioglossate radulae. 

In Homalogyra the radula is much degraded, the central 
tooth is large and triangular on a broad base, the lateral is 
represented only by a thin oblong plate, and the uncini are 
absent. In some species of Jeffreysia the uncini are said to be 
absent, while present in others. Lamdlaria has lost both its 
uncini, but the radula of the allied Velutina is quite typical. A 
peculiar feature in this group is the tendency of the marginals 
to increase in number. A stage in this direction is perhaps seen 
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in Ovula, Pedicularia, and the Cyclostoinatidac. Hei*e the outer¬ 
most of the two marginals is by far tlie larger and broader, and 
is strongly pectinated on its up})er edge; in the Cyvlostohiatidae 

Fni. TJ7.—Two rows of Die 
radulii of Ct/pmac iijris L. 
x30. 

the pectinations are rather superficial; in Orida (where both 
marginals are pectinated) they are decidedly deeper; in Pedivu- 

hiria they are deejier still, aiul make long slits in the tooth, 
tending to subdivide it altogether. In Turritdla the numUu- oi* 
marginals is said to vary from none (in T. acicula) to three 
tr’qdicata), but the fact wants confirmation. iiolarium is an 
aberrant form, possessing simply a number of long uuf'ini, which 
recall those of Conus or Pleurotoma^ and is therefore hax'd to 
classify; tlie allied Toy Inin has a radula which aj)pears allied 
to Ovida or Pediculmia, In Triforis the teeth are identical 
throughout, very small, about 27 in a row, tricuspid on a square 
base, cusps short. 

The normal formula of the Taenioylossa is 2.1.1.1.2; in 
Lamellojria, 1.1.1 ; in TriforiSy 13,1.12, or thereabouts. 

id) Pte7ioglos$a.—This 
section consists of two 
families only, wliich cer¬ 
tainly ajqiear remarkably 
dissimilar in general habits 
and appearance, viz,, the 
lanthinidae and Scalarii- 
dae. In all probability 
their approximation is 
only provisional The 

Fio. 128.-Portion of the radnla of lantldna radula, which in lardUm 
cowMuma Liain. x 40. 

18 very large, and in 
Scalwria very small, possesses an indefinite number of long hooked 

-Portion of the radula of Janthina 
communis Lara, x 40. 
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teeth, of wliicli the outermost are tlui largest. The eeiitral 

tooth, if present (it does not occur in lanthiwi), is the smallest 

in the series, and thus recalls tlie arrangement in some of the 

carniA^orous Pulmoiiata (p. 232). In LvntJiiiut the radula is 

form(‘(l of two large divisions, with a gap lietween them down 

tlie middle. 

The hnniula is oo.l.oo or oo.O.oo according as th(‘- central 

tooth in ^(•((htrln is or is not reckoned to (‘xist. 

(r) —In the ahsijnce of both jjiw and radula it is 

not easy to classify the two families (Kulimidaci ainl 

dellidat') which are grou])e.d under this section. Eischer regards 

them as modi lied Pteaiogh ►ssa ; one would think it more natural 

to ap])roximate them to the Taenioglossa. 

Pig. 129.—Portion of the radula of Marf/arita urnhilicalis Brod., L«abrador. 
X 75 and 300. 

(/) Bhipidoglossa.—This section consists of seventeen families, 
the most important being the Helicinidae, Xeritidae, Turbinidae, 
Trochidae, Haliotidae, ITeurotomariidae, and Fissurellidae. The 
radula is characterised by— 

(1) The extraordinary development of the uncini, of which 
there are so many that they are always reckoned as indefinitely 
numerous. They are long, narrow, hooked, and often cusped at 
the top, and crowded together like the ribs of a fan, tliose at the 

extreme edge not teing. set straight in the row, hut curving 
away backwards as they Ix^come smaller; in Solanella alone, 
where there are from five to ten, can they be counted. 

(2) The varying number of the laterals. The average 
VOL. in Q 
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number of these is live on each side; in some cases {Livona) 

there are as many as nine, in some {Xeri(opsin) only three. The 
lateral next to the uiicini (which is specially large in the 
Neritidae, and is then known as the ca^ntaliform tooth) is 
regarded by some a.uthorities as the first unciniis, by others as 
the sole re})resentative of the laterals, the teeth on the inner 
side of it being reckoned as multiplied central teeth. Accord¬ 
ing to this latter view, Zivona will have as many as seventeen 
central teeth. Taking live as tlie average number of ‘ laterals,’ 
we shall have the following different ways of constituting the 
rhipidoglossate formida, tlie first being that to which i)r(derence 
is given, viz.:— 

(1) 00.5.1.5.00, i.e. one central, five laterals, including 
the ‘ last lateral ’ tootli. 

(2) ( 00.1).4.1.4.(1.00 ), regarding the 'last lateral’ as first 
•uncinus, but specialising it by a numl>er. 

(d) 00.1 .(4.1.4). 1.00 , regarding the ' last lateral ’ as the only 
lateral. 

In the Neritidae and the derived fresh-water genera (Xerifitia, 

Navicella) the first lateral, as well as the capitiiliform tooth, is 

Fig. 130. —Portion of the radula of f^erila alhiciUit L., Andaman Is., with central tooth 
highly niagnihed : c, c, the capituliform tooth, x 40. 

very large, and in shape rather like the blade bone of a shoulder 
of mutton; the inter\^ening laterals are very small. In 
Neritopsis (a degraded form) the central tooth and first lateral 
are entirely wanting. In the neritiform land-shells {Helicina, 

Proserpina) the first lateral is no larger than the others, while 

the capitiiliform tooth is enormous. Hydrocena is a very 

aberrant and apparently degraded form; the laterals between the 
first and the capitulifonn tooth are all wanting. In ffaliotis, 

Scimirdla, and Plewrotomaria the five laterals ai’e of fairly equal 



VIII RADULA OF THE DOCOGLOSSA 227 

8ize; ill Fissurella wo again meet with a large caijituliform 
tooth, with very Binall laterals. 

{(f) The Doco(fl(ts,m are in direct contrast with the Rhipido- 
glossa in possessing few and strong tt^etli, instead of many and 
weak. TJitn-e are only three families, Acmaeidae, Patellidae, 
and Lepetidae. In some of the Acmae¬ 
idae tliero are not more than two 
t(?eth in a row, while in no sjH.^cies are 
there more than twelve. The radula 
is, liowever, very long; there are as 
many as 180 rows in vnUfata. 

The teeth are thick, generally of a 
very deep red horn colour, rather 
opaque. The cartilage in which they 
are set is remarkably thick, and in 
some species whose tin^th are very kiu. i31.--Portion of the ra<lula 

few a considerable ])ortion of this car- ha/f pr 
tilage is hdt quite bare. 

Although the teeth are so few, the arrangement is by no 
means simple. The special feature of the group is the multipli- 
cation of identical centrals. Of these there are two in Acmaea, 

and four, as a rule, in Patella. Thus in these two genera there is 
seldom an absolutely central tooth. Either laterals or marginals 
are liable to be lost, but there are never more than two of either 
in Acviaea, and never more than two laterals and three marginals 
in Patella. Thus the formula varies from 0.0.(1 + 0 -j-1).0.0 in 

Fid. 132.—Two rows oR 
iho radula of }*tero- 
trachea muiica Les., 
Naples, X 60. 

Pectinodonta, 2.2.(1 + 0 + f).2.2 in Collisdlina (both Acmaei- 
dae), to 3.2.(1 + 0 + 1).2.3 in Podinella, and 3.1.(2 + 0 + 2).1.3 
in Patella proper. In the Iiepetidae there is an absolutely 
cjentral tooth, which appears to be made up of the coalescence of 
several teeth, no laterals, and about two marginals; formula, 
2.O.I.O.2. 
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The nidnla of the Jfctei'ojwda is quite cliaract(3ristic, and 
shows no sign of altiuity with any other Drosohranchiate. The 
central tooth is large, broad, tricusjud, and denticulated on a 
broad l>ase; the single lateral is strong, often bicuspid; tlie 
two marginals simple, long, falciform; formula, 2,1.1.1.2 
(Fig. i:!2). 

Amphineura. — (n) Polypiaeophom.—The radula of tlie 
Chitonidae is quite unique. It resembles that of the Docoylossa 

in being very long, and com])osed of thick and dark horn- 
coloured teeth. The number of teeth, however, is considerably 

Fig. 133.—A, Portion of the nidula of Chiton {Acanth(^)leura) spiniger Sowb., Anda¬ 
mans, X 30 ; B, portion of the radula of Dentfdium eutalis L,, Clyde, x 50. 

greater, amounting almost invariably to seventeen in eacli row. 
There are three rather small central tet^th, the two outer of these 
being similar ; next comes a very large lateral (the major lateral), 
usually tricuspid, which is followed by two much smaller laterals, 
which are scarcely more than accessory plates; then a very large 
and arched marginal (the major imcinus), at the outer side of 
which are three accessory plates. SJome consider there is only 
one central tooth, and count the two small teeth on each side of 
it as laterals. 

Thus the formula is either (3 + 1). (2 + 1) .3. (1 + 2). (1 +3) 
or (3 + 1).(2 + 1 + 1).1.(1 + 1 + 2).(1 + 3). 

Q)) Aplucophora,—^Of this rather obscure order, (Jhaetaderma 

hiis a single strong central tooth, Neomenia has no radula. 
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Proncomcnia and Lej^idomruiff liavc^ about twauity falciform 
teeth, much Lirgtu* at oue end of tlie radula- than the other; 
formula, 0.1.0. 

Opisthobranchiata,—The radula of the Opi.sthol)raiichiata 
is exceedingly variable in Rhape, siz<', and number and charaxter 
of teeth. Not only do allied familieR differ greatly from one 
another, but allied genera often poRaesa radulae widely distinct 

in plan. Thus, among the Polyceridae, Ooiiiodorls has no (*entral 
tootli, one large lateral and one marginal (form. 1.1.0.1.1); 
Jhridwiu'vluH the saiue, with five marginals (form. 5.1.0.1.5); 
LixmeUidorU one each of median, laterals and marginals 
(1.1.1.1.1); Idalia^ Ancvla^ and Thecaeera the same as Gxmiodoris ; 

Crlmora several each of laterals and marginals. Even species of 
the same genus may differ; tlius the formula for Aeolis p(qyiUosa 

is 0.1.0, but for Ae. Laridsljergi 1.1.1; for Philinc aperta 1.0.1, 
but for Flriline 2^'f"uirios(x 6.0.6. 

It must not be forgotten, however, that a simple repetition of 
the same tooth, whether lateral or marginal, does not necessarily 
constitute an important characteristic, nor does the presence or 
absence of a central tooth, Tn most of the cases mentioned above, 
the difference in the iiumlx^r of laterals and marginals is due to 
the multiplication of identical forms, while the central tooth, when 
present, is often a mere plate or narrow block without cusps, 
whose presence or absence makes little difference to the character 
of the radula as a whole. 

There appear to bo three well-marked types of radula among 
the Opisthobranchiata, 

(a) Radxila with a single strong central tooth, rows few. 
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This form is charficteristic of th(' Acolidiiiao, Fioiiidae, (Jlaucidao, 
Dotoidae, Heruiueidao, Elysiidae (Fig. and Liiiiapontiidao. 
Ill the Aeolididae it is sometimes acc-ompanied by Ji single 
lateral. Tlie saiiie type occurs in Oxynoe, and in Lohiyev ( = 
Lophocercus), 

{h) Eadiila with the first lateral very strongly developed. 
This type may take the form of (1) a single lateral, no central oi* 
marginals, e.g. Onchidoris, Scaphander (Fig. lo7, A) Fkiline 

(certain species), or (2) first lateral strongly developed, 
and repeated in succeeding laterals (2-6) on a smaller scale, e.g. 
PMline (certain species). A few marginals are sometimes added, 

Fia. 135.—Radiila of Elysia Fro. 136.—Portion of the radula 
mnrfwMont. x40. Typo oi Gadiniaperuviana 
(«). Chili. x250. Type(c). 

e.g. in Polyceray LameUidoHs (where there is a degraded central 
tooth, Fig. 137, B), Idalia, and Ancula. 

(c) Eadula with an indefinite numl>er of marginals, laterals 
(if present) merging into marginals, central tooth present or 
absent, inconspicuous, teeth all very small. This type of radula, 
among the Nudibranchiata, is characteristic of certain subgenera 
of Ports (e.g- Ghromodoris, ApkelodoriSy Gasdla, Gentrodoris)^ of 
HypohrancMaea and Pleurophyllidia ; among the Tectibranchiata, 
of Artaeon, many of the Bullidae, Aplustruniy the Aplysiidae, 
Pleurohranchus, Umbrella and Gadinia (Figs. 136 and 137, C). 

In the Pteropoda there are two types of radula. The Gymno- 
somata, which are in the main carnivorous, possess a radula with a 
varying number (4-12) of sickle-shaped marginals, central tooth 
present or absent. In the Thecosomata, which feed on a vegetable 
diet, there are never more than three teeth, a central and a 
marginal on each side; teeth more or less cusped on a square Imse. 
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Pulmonata.—The rudula oi* Testacellidae, or cuniivorous 

land MolliiHca, is large, and eonsists of strong siekle-slniped teeth 

with very sharp ])oints, arranged in rows witfi or witlioiit a 

central tootli, in such a way that tlie largest teeth are often on 

the outside, and the smallest on the inside of tlie row (as in 

Bhyf/ida, Fig. lo9). The number and size of the teeth vary. 

In Testacella and Glandina, they are numerous, consisting of 

from 30 to 70 in a row, with about 50 rows, the size through¬ 

out being fairly uniform. In Aerope tliey are exceedingly large, 

Fio. 137.—Portionsof theradula 
of Opisthobranchiata, illus¬ 
trating types (6) and (t:); A, 
Scuphander Ugnarius L.; A', 
one of the teeth seen from 
the other side, x 40 ; B, 
LamellidorU hilamellata L., 
Torbay, x 60 ; C, Hydatina 
phyais L., £). Indies, x 75. 

and only eight in a row, the outermost marginal lieing probably 
the largest single tooth in the whole of the MoUusca. The 
central tooth is always obscure, being, when present, simply a 
weaker form of the weakest lateral; in genera with only a few 
teeth in a row it is generally absent altogether. 

The first family of jaw-bearing snails, the Selenitidae, is 
distinctly intermediate. The possession of a jaw relates it to 
the main body of Helicidae, but the jaw is not strong, while the 
teeth are still, with the exception of the central, thoroughly 
Testacellidan, The central tooth is quite rudimentary, but it is 
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something* more than a Jiiere weak reproduction of tlie jiiarginals. 
1’liere are no true laterals. Tlie Liuiacida(‘. show a further stage 
in tlie transition. Here tJie central tooth lias a definite shape of 
its own, tricus})itl on a broi:id base, which is more or less rep(uited 
in the first latei’als; these, as they approach the marginals, 

Fio. 138. — Portion 
of tlie radula of 
(ylnndirin tnin- 
caia Uinel. x 40- 

gradiially change in form, until the outer marginals are again 
thorouglily Testacellidan.^ This is the ge-neral form of radula, 
varied luon; or less in different genera, wliich occurs in JNanina, 
Helicario)}-, LlmaXy l\(:rmaceUay and all the su])genera of Zoniten. 
It is certain that some, and probable that all of these genera will, 

Fio. 139. — Porti on 
of the radula of 
JihytiflaKrmfssii 
Pfr!, S- Africa. 
x26. 

on occasion, eat flesh, although their usual food appears to be 
vegetable. The jaw is more powerful than in the Selenitidae, but 
never so large or so strongly ribl)ed as in Helix projier. 

When we reach the Helicidae, we arrive at a type of radula 

^ In some cases (e.g. SyaliifiAii inomata) the laterals are veiy few, while in ZmUes 
Imvigalm the first side tooth is more of a marginal than a lateral. 
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in which the aculeate form of tootli—m characteristic of the 
Agnatha—disappears even in the marginals, and is I'eplaced by- 
teeth with a more or less quadrate base; the laterals, which are 
always present, are intermediate in form between the central and 
the marginals, and insensibly pass into the latter. In size and 
number of cusps the first few laterals resemble the central tooth; 
in the extreme marginals the cusps often become irregular or 
evanescent. As a rule, the teeth are set squarely in the rows, 
with the exception of the extreme marginals, which tend to slope 
away on either side. In some Helicidae there is a slight approxi¬ 
mation to the Zonitidae in the elongation of the first marginals. 

The above is the type of radula occurring in the great family 
Helicidae, which includes not only Helix proper, with several 
thousand species, but also Arion, Bulimus, Ariolhtiax, and other 
genera. The jaw is almost always strongly transversely ribbed. 

In the Orthalicidae (Fig, 140, C) the teeth of the radula, 
instead of being in straight rows, slope back at an angle of about 
45 degrees from the central tooth. The central and laterals are 
very similar, with an obtuse cusp on rather a long stem; the 
marginals become bicuspid. 

In the Buiimulidae, which include the important genera 
Blaeostylus, Ampliidromus, Partula, Amphihulimus, and all the 
groups of South American Btdimulm, the jaw is very char¬ 
acteristic, being thin, arched, and denticulated at the edges, as if 
formed of numerous narrow folds overlapping one another. The 
radula is like that of the Helicidae, but the inner cusp of the laterals 
is usually lengthened and incurved. In Partula the separation 
between laterals and marginals is very strongly marked. 

The remaining families of Pulmonata must be more briefly 
described. In the Cylindrellidae there are three distinct types of 
radula; (a) Central tooth a narrow plate, laterals all very 
curiously incurved with a blunt cusp, no marginals (Fig. 140, D); 
(by radula long and narrow, central tooth as in {a), two laterals, 
and about eight small marginals; (c) much more helicidan in type, 
central and laterals obtusely unicuspid, marginals quite heli¬ 
cidan. Type (c) is restricted to Central America, types (a) and 
(b) are West Indian. 

Pupidae: liadula long and narrow; teeth of the helicidan 
type, central^ and laterals tricuspid on a quadrate base, marginals 
very small, cusps irregular and evanescent. This type includes 
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Anostoma, IhUminuH, VcrUfjOy l^iro})ln(t, Ho/osjnra^ 

ClausUia, uTid BaJva. 

StcnofjyQn<hi€, iucludint^ Avhalhui, Biemujj/ra, and all its sub- 
genera : Central tootli small and narrow, laterals miieli larger, 
tricus})id, central cusp long, marginals similar, but smaller. 

AcliatineUiAae : Two types occur; (a) teeth in very oldique 
rows, central, laterals, and marginals all ol* the same type, base 
narrow, head rather broad, with numerous small denticles 
(^Achatinella proper, witli Aiiricalella ami Tornatellina, Fig. 

Fio. 140.—Portions of tlie radula of A, Hyalinia niiidula Drap., Yorkshire, with central 
tooth, first lateral, and a marginal very highly imignified ; B, Helix p&tmiia L., 

Kent, showing central tooth, laterals, and one extreme marginal, the two former 
also higlily magnified; C, Orthaiicus undatvs Brug., Trinidad, with three laterals 
highly magnified ; D, CylindreUa roseti Pfr., Jamaica, central tooth and laterals, 
the same very highly magnified ; £, Achatinella vulpina Fer., Oahu, central tooth 
(c) and laterals, the same highly magnified. 

140, E); (&) central tooth small and narrow, laterals bicuspid, 
marginals as in Helix {Ammtra and Carelia), 

Suecinesidac: Central anti laterals lielicidan, bi- or tricuspid on 
a quadrate plate, marginals denticulate on a narrow imse; jaw 
with an accessory oblong plate. 

Janellidm: Central tooth very small, laterals and marginals 
like AchMinellidae {(t), 

Vaginvlidm: Central, laterals, and marginals unicuspid 
throughout, on same plan. 

Omhidiidae: Eows oblique at the centre, straight near the 
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; central Htrong, ii*i(aiK])i(l; latorais iiiid inai'^inals very 

long, lalciform, arched, unicuHpid. 

ji'urienlidar : Teeth v(n*y Biuall; central narrow, tricnB])i<l on 
ratlier a broad base ; laterals and luarginals ol)Kcnrely tricusi)id on 
a base like f^mcinea. 

Limnaeidm: Jaw composed of one upper and two lateral 
])ieces; (central and lateral teeth resenilding those of H(‘licidae; 
marginals much pectinated and serriforni (Fig. 141; A). In 

Fio. 141.— Portions of the raclula of 
A) Limnaea stagnalis L., with the 
central tooth and two first laterals, 
and two of the marginals, very 
highly magnified; B, Ancylus 
Jfmiiatilis Midi., with two of the 
marginals very highly magnified; 
C, Physa fontinalis L., with cen¬ 
tral tooth and two of the marginals 
very highly magnified. 

Ancylus proper the teeth are of a very different type, base 
narrow, head rather blunt, with no sharp cusps, teeth similar 
throughout, except that the marginals bec^.ome somewhat pec¬ 
tinated (Fig. 141, B); another type more resembles Lininam. 

Phy&idm: Jaw simple, but with a fibrous growth at its, 
upper edge, which may represent an accessory plate; radula 
with very oblique rows, central tooth denticidate, laterals and 
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inarginals Kerrifovui, (‘oiiib-like, witli n vviiig-like a})|K'n(lao*t* at 
the superior ()ut(?r ed^e .14i, ('). 

Vhilinidae: Central tooth small, cusped on an excavated tri¬ 
angular base, marginals five-cusped, with a projection as in 
Physa, laterals comb-like, serrations not deep. 

Amph lholiihte: Central tooth iive-cusped on a l)road base*, 
central cusp very large; two laterals only, the fiist very small, 
thorn-like, tlie sec(»nd like the central tooth, but three-ciisped; 
laterals sini])le, sabre-shaped. 

Scaphopoda.—In the single family {PenUdiidae) the radula. is 
large, and (juite unlike that of any other group. Tlie central 
tooth is a simple Inroad plate; the. single lateral is strong, arched, 
and slightly cusped : the marginal a \ ery large quadrangular plate, 
quite simple; formula, 1.1.1.1.1 (Fig. !:>:>,}>). 

Cephalopoda.—The radida of the (.Vphalopoda presents no 
special feature of interest. Perha}>s the most remarkable fact about 
it is its singular uniformity of structimi tlironghout a large number 
of genera. It is always very small, as compared with the size of 
the animal, most of the work being done by the powerbd jaws, 
while the digestive povvx*rs of the stomach a.r(^ v(*ry consideralJe. 

Tlie general type of structure is a centi'al tooth, a very fenv 
laterals, and an occasional marginal or two; teeth of very unifonn 
size and shape throughout. In the Dibranchiata, marginals are 
entirely absent, their place being always taken, in the Octo)>oda, 
by an ac(jessory plate of varying shape and size?. This plate 
is gentu'ally absent in the Detjapoda. The central tootli is, in 
the Octopoda, very strong and characteristic; in Eledonc and 
Octopus it is five-cusped, central cusp strong; in Aryonavta 

unicuspid, in Treimctopvs tricuspid. Tlu^ laterals are always 
tliree in number, the in¬ 
nermost lateral having a 
tendency to assume the 
form of the central. In 
Sepia the two inner laterals 
are exact reproductions of 
the central tooth;. in Eh- 

done, Sepiola, Loligo, and 
Sepia, the third lateral is falcitbrm and ranch the largest. 

In Nautilus, the only living representative of the Tetra- 
branchiata, there are two sickle-shaped niurginals on each side. 
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euxih of wliic'li has a SJiiall accessory plate at the l»ase. The two 
laterals ami tlie central tooth are small, very similar to one 
anotlier, uiiicnsjiid on a scpiare hase. 

(jhiniU ar(^ found in most CJlossophora. They occur in 
one or two })airs on eac'h side of the ])harynx and oesopliagiis, the 
duct usually leading forwards and o]>ening into the anterior ]>art 
of the pharynx (see Figs. 14o, 144). They are exceptionally 
hirge in the (*arnivorous (histeropoda. In certain genera, e.g. 

Mnrcx, Ihlivm, 0(fssts, Ple.urohranchvH, tlie secu'etions of these 
glands are found to contain a considerahle proportion (sometimes 
as much as 4*25 per (tent) of free sulphuric acid. This fact was 

Fia. 143.—Alirneiitnry canal of JhJvx asper&a L.: n, aims; h.d,b.(V, right and left 
biliary ducts ; /-»./«, buccal mass ; croj); h.tjy hermaphrodite gland ; /, intestine ; 
f.o, opening of same from stomach (pyloric orilice); /, right and left lobes of 
liver ; w, month ; oc, oesophagus ; r, rectum ; s.d, salivary duct; salivary 
gland ; stomach ; left tentacle. (After Howes and Marshall, slightly 
modified.) 

first noticed by Troschel, who, while handling a DoHum gcdea at 
Messina, saw the creature spit a jet of saliva upon a marble slab, 
which immediately produced a brisk efiervescence. A number 
of the genera thus provided bore through the shells of other 
Mollusca and of Echinoderms, to prey upon their soft tissues, and 
it is possible that the acid assists in the piercing of the shell by 
converting the luird carbonate of lime into sulphate of lime, 
which C4in easily be removed by the action of the radula.^ In 
the majority of the Cephalopoda there are tw^o pairs of salivary 
glands, one lying on each side of the mouth, the <^er on the 
middle of tlie oesophagus. 

o. The Oeso;^)hagvH,—*V\\nt part of th(^ alimentary canal which 

‘ Seuion, Biol, ^eniralbl, ix. p. SO. 
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lies between the pharynx and the stomach (in relecypoda 
Ixatween the mouth and stomach) is known as tlie oesophagus. 
Its exact limits are not easy to define, sijice in many cases the 
tube widens so gradually, while the iimsculai’ structure of its walls 
changes so slowly that it is difficult to say where oesophagus 
ends and stomach begins. As a rule, the oesophagus is fairly 

Fig, 144.—Alimentary canal, etc., 
of Sepia officinalu L. : a, 
anus; h.d^ one of the biliary 
ducts ; h.m, buccal mass ; c, 
coecum ; ink-sac ; i,d^ duct 
of same ; jaws ; /,/, lobes 
of the liver ; oe, oeso{)hagus ; 

pancreatic coeca; r, rec¬ 
tum ; salivary glands ; st, 
stomach. (From a specimen in 
the British Museum.) 

Fio. 145.--Gizzard of Scaphander 
litjnarius Ja : A, showing posi¬ 
tion with regard to oesoj)hagn« 
(oe) and intestine (i), the latter 
being full of comminuted frag¬ 
ments of food ; ji/, left plate ; p\ 
right i>late ; p,ac^ accessory 
plate; B, the jdates as seen from 
the front, with the envelojung 
membranes removed, lettering 
as in A. Natural size. 

Fig. 146. — Section of the stomach of 
Mdongena^ showing the gastric plates 
(fir.p, g.p,) for the trituration of food ; 
h,dy biliary duct; .y.gr, genital gland ; 

intestine ; liver j oe, oesophagus ; 
stomach. (After Vaustoue.) 

simple in structure, and consists of a straight and nan’ow tube. 
In the Pulmonata and Opisthobraiichiata it often widens out 
into a ' crop,’ which appears to serve the purj^ise of retaining a 
quantity of masticated ftxxi liefore it passes on to the stomach. 
In Octopus and Patella the crop takes the form of a lobular 
coecum. In the carnivorous Mollusca the oesophagus becomes 
complicated by the existence of a varying number of glands, by 
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the action of which digestion appears to begin in some cases 
before the food reaches the stomach proper. 

4. The Stomo/ch.—At the posterior end of the oesophagus lies 
the muscular pouch known as the stomach, in which the digestion 
of the food is principally performed. This organ may be, as in 
Limdx, no more than a dilatation of the alimentary canal, or it may, 
as is usually the case, take the form of a well-marked bag or pocket. 
The two orifices of the stomach are not always situated at opposite 
ends; when the stomach itself is a simple enlargement of the wall 
of one side of the alimentary canal, the cardiac or entering orifice 
often becomes approximated to the orifice of exit (pyloric orifice). 

The walls of the stomach itself are usually thickened and 
strengthened by constrictor muscles. In some Nudibranchs 
{Scyllaea, Bornella) they are lined on the inside with chitinous 
teeth. In Cyclostoma, and some Bithynia, Stromhus, and Troclius 
there is a free chitinous stylet within the stomach.^ In Melon- 
gena (Fig. 146) the posterior end of the oesophagus is provided 
with a number of hard plate-like ridges, while the stomach is 
lined with a double row of cuticular knobs, which are movable 
on their bases of attachment, and serve the purpose of triturating 
food.® Aplysia has several hard plates, set with knobs and spines, 
and similar organs occur in the Pteropoda. But the most formid¬ 
able organ for the crushing of food is possessed by the Bullidae, 
and particularly by Scaphander (Fig. 145). Here there is a 
strong gizzard, consisting of several plates connected by powerful 
cartilages, which crush the shells, which are swallowed whole. 

Into the stomach, or into the adjacent portions of the digestive 
tract, open the ducts which connect with the so-called liver. 
The functions of this important organ have not yet been 
thoroughly worked out. The liver is a lobe-shaped gland of a 
brown-gray or light red colour, which in the spirally-shelled 
families usually occupies the greater part of the spire. In the 
Cephalopoda, the two ducts of the liver are covered by append¬ 
ages which are usually known as the pancreatic coeca; the biliary 
duct, instead of leading directly into the stomach, passes into a 
very large coecum (see Fig. 144) or expansion of the same, 

^ According to Moqiiin-Tandon {Moll, dt France, L p. 44) this process in BUkynia 
is attached by one end to the wall of the stomach. Vivijmra, with two jaw pieces, 
does not possess tip stylet; BUhynia, which does possess it, has no jaw. 

* J. H. Vanstone, Joum Idnn Soe. xxiv, p. 3S9. 
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which serves as a reservoir for the biliary secretions. At the 
point of connexion between the coecimi and stomach is found a 
valve, which opens for the issue of the biliary products into the 
stomach, but closes against the entry of food into the coecum. 
In most Gasteropoda the liver consists of two distinct lobes, 
between which are embedded the stomach and part of the 
intestine. In many Nudibranchiata the liver becomes ‘ difliised * 
or broken up into a number of small diverticula or glands con¬ 
necting with the stomach and intestine. The so-called cerata 
or dorsal lobes in the Aeolididae are in eflfect an external liver, 
the removal of which to the outside of the body gives the crea¬ 
ture additional stomach-room. 

The Hyaline Stylet.—In the great majority of bivalves the 
intestine is provided with a blind sac, or coecum of varying 
length. Within tliis is usually lodged a long cylindrical body 
known as the hyaline or crystalline stylet. In a well-developed 
Mytilus edulis it is over an inch in length, and in Mya arenaria 

between two and three inches. The bladder-like skin of the 
stylet, as well as its gelatinoid substance, are perfectly trans¬ 
parent. In the Unionidae there is no blind sac, and the stylet, 
when present, is in the intestine itself. It is said to be present 
or absent indifferently in certain species. 

The actual function performed by the hyaline stylet is at 
present a matter of conjecture. Haseloff’s experiments on 
Mytilus edulis tend to confirm the suggestion of Mobius, that 
the structure represents a reserve of food material, not specially 
secreted, but a chemical modification of surplus food. He found 
that under natural conditions it was constantly present, but that 
specimens which were starved lost it in a few days, the more 
complete the starvation the more thorough being the loss; it 
reappeared wlien they were fed again. Schulze, on the other 
hand, believes that it serves, in combination with mucus secreted 
by the stomach, to protect the intestine against laceration by 
sharp particles introduced with the food. W. Clark found that 
in Fholas the stylet is connected with a light yellow corneous 
plate, and imagined therefore that it acts as a sort of spring to 
work the plate in order to comminute the food, the two together 
performing somewhat the function of a gizzard.^ 

^ Biol, Centralhl, vii. p. 683; SB. Qes, Nat. Fr. 1890, p. 42,; Mag. Nat, Hist. 
(2) V. 1850, p. 14. 
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-I—cZ. 

T). ami G. The hilei^tine, llertvm, and Ajivs.—TIk^ intosiiiir, 

the wi(ka* anal (Uid of wliicdi is t*all(Ml the rrc tina, nJiiiost, inviti i- 

al)]y makes a Ixaid forward on Icia-viii^- tlie stomach. This 

is tlie case in tlu^ Cephalopoda, Sca])liopoda, o/ 

and the great majority of (lasteropoda. The 

exceptions are tlie liilaterally symmetrica] 

Am])hiiienra, in wliich tlie aims is terminal, 
anti many Opistliolirancliiata, in which it is 
sometimes lateral (Fig, G8,]). 159), sometimes 
dorsal (Fig. G7). Thti intestine is usually 
short in carnivorous genera, hut long and 
more or less convoluted in those which are 
phyto})hagoiis. In all ('ast^s wheiti a Imin- 
chial or ]mlmonary cavity exists, the anus is 
situatetl within it, and thus varies its posi¬ 
tion according to t]u‘, ])osition of the breath¬ 
ing oi'gan. Thus in Helix it is lar forward 
on the right side, in Testme.Ua, Vaginvia, and 
OnHi idiuiii almost terminal, in Patella at the 
hack of tlu^ neck, sliglitly to the right side 
(Fig. 04, p. 157). 

In the rhipidoglossate section of the Bioto- 
cardia {Trochus, Haliotis, etc.) the rectum 
])asse8 through the ventricle of the heart, a t 

fact which, taken in conjunction with others, 
is evidence of. their iclationshii) to tlie 
Pelecypoda. ‘ 

In ne<arly all Pelecypoda the intestine is 
very long and convoluted, being sometimes Fia. 
doubled forward over the mouth. Towards 
its terminal jmrt it traverses the ventricle of 
the heart, except in Osirea, Aiwmia, Teredo, 
and a few more. The anus is always at the 
posterior end of the animal, adj'acent tV> and 
slightly above the adductor muscle. 

Anal glands, which open into the rectum 
close to the anus, are present in some Proso- 
branchiata, e.g. Murex, Purpura, In the 
Cephalopoda the anal gland becomes of considerable size and 
importance, and is generally known as the ink-sac (Fig. 147); 

VOL. in B 

147.—Ink-sac of 
showing its re¬ 

lation to the rectum: 
a, anus ; dy duct of 
sac ; i.f/, ink - gland ; 

portion of the sac 
which serves as a re¬ 
servoir for the ink ; 0, 
oriftce of ink-gland ; r, 
rectum; sp, double set 
of sphincter muscles 
controlling upper end 
of duct. (Modified 
from Girod.) 
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it occurs in all known living genera, except Nautilus. The ink- 
sac consists of a large bag generally divided into two portions, in 
one of which the colouring matter is secreted, while the otlier 
acts as a reservoir for its storage. A long tube connects the 
bag with the (*nd of the rectum, the mouth of the tube being 
controlled, in Sepia, by a double set of sphincter muscles. 

The Kidneys 

The kidneys, nephridia,^ renal or excretory organs, consist 
typically of two symmetrical glands, placed on the dorsal side of 
the body in close connexion with the pericardium. Each kidney 
opens on the one hand into the mantle cavity, close to the anus 
(see Fig. 64, p. 157), and on the other, into the pericardium. 
The venous blood returning from the body passes through the 
vascular walls of the kidneys, which are largely formed of cells 
containing uric acid. The blood thus parts with its impurities 
before it reaches the breathing organs. 

The kidneys are paired in all cases where the branchiae are 
paired, and where the heart has two auricles, i.e. in the Amphi- 
neura, the Diotocardia (with the exception of the Neritidae), the 
Pelecypoda, and all Cephalopoda except Nautilus, which has 
four branchiae, four auricles, and four kidneys. In other Gastero¬ 
poda only one kidney survives, corresponding to the left kidney 
of Zygobranchiate Gasteropods. 

Besides their use as excretory organs the kidneys, in certain 
groups of the Mollusca, stand in very close relation to the genital 
glands. In some of the Amphineura the generative products, 
instead of possessing a separate external orifice of their own, pass 
from the genital gland into the pericardium and so out through 
the kidneys (see Fig. 61 C, D, p. 154), In the Diotocardia it is 
the right kidney alone which serves, besides its excretory func¬ 
tions, as a duct for the emission of the generative products, the 
left kidney being at the same time greatly reduced in size. 
Thus in Patella the left nephridium is small, the right being 
much larger; both function as excretory organs, but the right 
serves as a mode of conveyance for the seminal products as well. 
In certain Pelecypoda (e.g. Yoldia, Avicula, Modiola, Pecten, 

Spondylm) the genital glands communicate directly, and with a 

> v€<f>p6s, kidney. 
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similar object, with the renal pouch on the same side of the 
body, but in the majority of cases the orifices are distinct. 

The following memoirs will be found useful for further study 
of this portion of the subject;— 

D. Barfurth, Ueber den Ban und die Thatigkeit der Oasteropodenleber: 
Arch. Mikr. Aiiat. xxii. (1883), pp. 473-524. 
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CHAPTEfl IX 

THE SHELL, ITS FOKM, COMPOSITION AND GKOWTH—DESIGNATION 

OF ITS VARIOUS PARTS 

The popular names of 'shells,’ ‘shell-fish,’ and the like, as 
commonly applied to the Mollusca, the intrinsic l)eauty and 

grace of the shells themselves, resulting in the passion for their 
collection, their durability and ease of preservation, as compared 
with the non-testaceous portion,—all these considerations tend 
to unduly exalt the value of the shell as part of the organism as 
a whole, and to obscure the truth that the shell is by no means 
the most important of the organs. 

At the same time it must not be forgotten that the old 
i^stems of classification, which were based almost entirely on 
indications drawn from the shell alone, have been strangely little 
disturbed by the new principles of arrangement, which depend 
mainly on structural points in the animal. This fact only tends 
to emphasise the truth that the shell and animal are in the 

closest possible connection, and tliat the shell is a living part of 
the organism, and is equally sensitive to external influences. 

A striking instance of the comparative valuelessness of the 
shell alone as a primary basis of classification is furnished by the 
large number of cases in which a limpet-shaped shell is assumed 
by genera widely removed from one another in cardinal points of 
organisatiion. This form of shell occurs in the common limpet 
(PatelUdae)* in Aneylus (Limnaeidae), HemiUma (Fissurellidae), 
Coecidina (dose to TrochLdae), Umbrella and Siphonaria (Opis- 

thobranchiata), while in many other cases the limpet form is 
nearly .approached. 

Boughly speaking, about three-quarters of the knoiyn Mdlusca, 
''r8Cent^uui.filB8il, possess a univalve, and about on^fifth a bivalve 
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shell. In FJiolas, and in some species of Thnwin, there is a small 
accessory hinge plate ; in the Polyplacophora, or C.liitons, the shell 
consists of eight jdates (see Fig. 2, p. 8), usually overlapping. A 
certain x^roportioii oj‘the Mollusca have no shell at all. In many 
of these cases the shell has been present in the larva, but is lost 
in the adult. 

The shell may be 
(1) EMv/rnai, as in the great majority of both univalves and 

bivalves. 
(2) FtHly cMenialy partly internal; e.g. Homalonijj:^ Hem- 

Fiq. 148.—Aphidrmn opluMre 
h., Mauritius, showing the 
partly iuternai shell (S); F, 
foot; LL, <;ephalio lappets ; 
TT, double set of tentacles. 
(After Quoy and Gaiinord.) 

Fui. 149.—Slfjaretifs laeviga- 
tus Lam., showing shell 
partially immersed in the 
fcK)t; F, anterior pro¬ 
longation of the foot. 
(After Souleyet.) 

plnllia, some of the Naticidcce, Scutum, Accra, Aplustrum 

(Figs. 148 and 149). 
(3) Internal ; e.g. Philine, Gastroiiteron, Pleurohranchus, 

Ajdysia, Umax, Avion, Hyalimme, Parmacella, Lamellaria, 

Oryptochiton, and, among bivalves, Chlamydocomlm, 

(4) Almnt; r.r/. all Nudihranchiata and Aplacoplwra, many 
Cephalopoda, a few land Mollusca, e.y. all Onchidiidae, Philoniycvs, 

and Vaginnla, 

The Univalve SheU. —-'In univalve Mollusca the normal form 
of the shell is an elongated cone twisted into a spiral form round 
an axis, the spiral ascending to the left. Probably the original 
form of the< shell was a simple cone, which covered the vital 
parts like a tent. As th^ parts tended to increase in size, their 
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position on tlie dorsfil sido of the animal cansod them gradually 
to fall over, drawing tlie shell with them. Tlie result of these 
two forces couddiied, tlu^ increasing size of tlie visceral hum}), 
and its tendency to })u]l the shell over with it, ])rohahly resulted 
in tlie conversion of the conical into the s])iral shell, which 
gradually came to envelop the whole animal. AVliere the 
visceral hum}), instead of increasing in size, l)ecame flattened, the 
conical sha}ie of tlui shell may have hemi modified into a 
simple elliptical })late (e.g. Lima,v), the nucleus re})resentiiig tlie 
apex of the cone. In extreme cases even this plate dwindles 
to a few calcareous granules, or disappears altogether {Arion, 

Vciff inula). 

Varieties of the Spiral.—Almost every conceivable niodifi- 

Fio. 150.—Examples of shells with A, a flattened 
spire {Polygymtia); B, a globose s])ire {Nativa); 
C, a greatly produced spire {Terchm). 

cation of the spiral occurs, from the type re}^fesented by Oena, 

Haliotis, Sigareius, and Lam,ella/ria, in whicih the spire is practi¬ 
cally confined to the few apical whorls, with the body-whorl 
inordinately large in proportion, to a multispiral form like 
Terchm, with about twenty whorls, very gradually increasing in 
size. 

As a rule, the spii’e is more or less obliquely coiled round 
the axis, each whorl lieiiig partially covered, and therefore 
hidden by, its immediate successor, while the size of the 
whorls, and therefore the diameter of the spire as a whole, 
increases somewhat rapidly. The effect of this is to produce 
the elevated spire, the shell of six to ten whorls, and the wide 
apei’ture, of the normal type of mollusc, the whelk, snail, peri¬ 
winkle, etc. 
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SonietiiiiOR, however, tlK‘. coil of the whorls, insteful of 

()l)li(|ne, tends to hecoino liorizontal to tlie axis, ami tlius we 

Jiave anoth(T scries of grada.tions of form, from the excessively 

jjrodiiced s])ii*e of IWehra to the fattened disc of riinurrhu, 

Polytjyratiay Evmn'plial'U.^^ and Amnwvifrs. The shell ol‘ many 

s])ecies of Cotius practically liclonj^s to the latter ty])e, each wliorl 

foldiii^f so closely over its })redecessor tluit the s])iral nature of 

tlic shell is not perceived until it is looked at at right angles to 

tlie spire. 

Tn some cases the nignilarly spiral form is k(‘pt, luit tlic^ 

whorls are completely disconnected ; e.y, some Scalaria, Sinrula ; 

B 

Fig. 152. -Example of a shell 
whose ajiical whorls alone are 
coiled, and the reniaiuder pro- 
diicei- ill a regular curve. 
{(Jjfc osvrm MurhU Morel., 
May )tte.) 

among fossil Cephalopoda, Gyrocerafi, Or occras, and Anrylorrras; 
and, among recent land Mollusca, Cylindrelht hyMriv and Oyatlu)- 
poma cornu (Fig. 151). Sometimes oiny the last whorl becomes 
disconnected from the others, as in Rldostonia (see Fig. 180, p. 
266), TeinostomayOXiiX in the fossil Ophidioceras and Marroscaphites. 
Sometimes, again, not more than one or two whorls at the apex 
are spirally coiled, and the rest of the shell is simp|j^ producecl or 
coiled in an exceedingly irregular rianner, e.g. Cydo^irufiy LAhdtes, 
Orygoceras, Siliquaria (Fig. 153), Vermetus. Tn Caecum (Fig. 
170, p. 260) the spiral part is entirely lost, and the shell k^-comes 
simply a cylinder. In a few v ^es the last whorl is coiled irregu¬ 
larly backwards, and is brougbo uj) to the apex, so that the animal 
in crawling must carry the drell with the spire downwards, as in 

B 
Fto. L5L—Examples of shells 

with disconnected whorls ; 
A, OyaUiopima cornu Mf., 
Philippines; B, Cylindrdla 
hjfstric Wright, Cuba. (Both 
X 4.) 
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Anostomu (Vi^. 154), Opistkostoma (Fig. 208, ]). 809), ^^tropho- 
stovia, and Hypselostonuc (Fig. 202 A, }). 802). / 

Some, genera ol* the Capulidav, in wliieli tne shell is of a 
broadly conical form or with scarcely any spire, develop an 
internal plate or process which serves the ])urpose of k(H*ping the 

Fig. 1.53.—SiliquarUi aw/uina Lam., show- Fig. 15^.—AnosUma glohuhmtm Lam., 
ini' soalariform coil ol upper whorls and Brazil. (After P. Fischer.) 
irregular extension of the lower. 

animal vdthin the sladl, and does the work of a strong attachment 
niiiscle. In Mitrulana this pro(*,ess takes the form of a raised 
liorseshoe; in Oru nhidum it is enp-shaped, with tlie edge free all 
round; in Galerm, Enjaea, Crepi2)atella, and Trochita we get a 

Fio. 1.55.—Vaiious forms of tlie internal jdate in Capuluiae: A, Calyptraea {Mitru- 
laria) equestris Lain., E. Indies; B, Crucihulwm, scutellatum Gray, Panama; C, 
Ergaea plana Ad., and Reeve, Jipan ; D, Galerus chinensis L., Britain ; E, Crepi» 
patella dilatata Lam., Callao ; F, Trochita imculata Quoy, N. Zealand; G, Orepi- 
dvZa fomicata Lam., N. America. 

series of changes, in which the edge of the cup adheres to the 
interior of the shell, and then gradually flattens into a plate. In 
Crepidula proper this plate becomes a regular partition, covering 
a considerable portion of the interior (Fig. 155 G). • Hipponyp 
secretes a thin calcareous plate on the ventral surface of the foot, 
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vvliic'li intervenes like an openuiluin b(>tween the animal aiul the 

substance to wliicli it adlieres. 

Sinutraly or Left-handed i^hclh.—The vast majority of uni¬ 

valve spiral shells are normally de,rtr(d, i.e. when lield spire 

uppermost, with the aperture trjwarcls the 

observer, the aj)ertur(^ is to the right (»f th(i 

axis of the s])i]‘e. If we imagine, such a 

shell to be a spiral stair(*ase, a.s w-e ascended 

it w(‘. slioiild alw’ays have the axis of tlie 

spire to our l(*ft. 

Sinistral or ‘ n‘versed' forms Jire not 

altogethcir uncommon, and may be grouped 

under four classes :— 

(1) Cases in which the//rz/v/.s* U normally 

sinistral; (2) cas(*s in which tlie yenvs is 

normally dextnd, ])ut certain species are 

normaUy sinistral; (iV) (^ases in which the 

shell is indijferently dextral or sinistral; 

(4) cases in which both yenns (aid species 

are norvudhy dextral^ and a sinistral form is an almormcd 

ononslrosi ty. 

Fj(j. ir>6. — Fulf/ye perrer- 
L., Florida, x L 

In all cases of sinistral monstrosity, and all in which a sinistral 

and dextral form are interchangeal)le (sections ?> and 4 above), 

tlie position of the apertiu’cs of the internal organs appears to be 

relatively affected, i.e. tlie body is sinistral, as w(4] as the shell. 

This has been proved to be the case in all specimens liitherto 

examined, and may therefore be assumed for the rest. The same 

uniformity, however, does not hold good in all cases for genera 

and species normally sinistral (sections 1 and 2). xis a rule, the 

A B C 0 E F 

Fig. 157.—Illustration of the gradation of forms in Anipullaria between a dextral 
(A) and an ultra-dextral species (F). 

anal and genital apertures are, in these instances also, to the left, 

. but not always. In SpiriediA, Limmiwi^ Meladonms, and Lanistes 

the shell is sinistral, but the animal is dextral. This apparent 

anomaly has been most ingeniously explained by Sinlroth, Von 
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Ihering, and Pelseneer. The slioll, in all these cases, is not 
really sinistral, but ultra-dextral. Imagine the whorls of a 
dextral species capable of being flattened, as in a Planorbis, and 
continue the process, still pushing, as it were, the spire down¬ 
wards until it occupies the place of the original umbilicus, 
becoming turned completely ' inside out,* and we have the whole 
explanation of these puzzling forms. The animal remains 
dextral, the shell has become sinistral. A convincing proof of 
the truth of this is furnished by the operculum. It is well 
known that the twist of the operculum varies with that of the 
shell; when the shell is dextral, the operculum is sinistral, with 
its nucleus near the columella, and vice versd. In these ultra- 
dextral shells, however, where it is simply the method of the 
enrolment of the spire that comes in question, and not the 
formation of the whorls themselves, the operculum remains 
sinistral on the apparently sinistral shell. 

The reverse case to this, when the shell is dextral but the 
. orifices sinistral, is instanced by the two fresh-water genera 

Pomjpholyx (from N. America), and Ghoanomjphalus (L. Baikal). 
A similar transition in the enrolment of the whorls may be 
confidently assumed to have taken place, and the shells are 
styled ultra-sinistral. 

Yet another variation remains, in which the embryonic form 
is sinistral, but the adult shell dextral, the former remaining 
across the nucleus of the spire. This is the case with 
Odostomia, JSulimella, Turlonilla, and Mathilda, all belonging to the 
Prosobranchiata, with Actaeon, Tornatina, and Actaeonina among 
the Opisthobranchs, and Melampus alone among Pulmonates. 

Monstrosities of the Shell.—Abnormal growths of the 
shell constantly occur, some of them being scarcely noticeable, 
except by a practised eye, others of a more serious nature, 
involving an entire change in the normal aspect of the creature. 
Scalariform monstrosities are occasionally met with, especially 
in Helix and Planorhis, when the whorls become unnaturally 
elevated, and sometimes quite disjoined from one another; 
carinated monstrosities develop a keel on a whorl usually smooth; 
acuminated monstrosities have the spire produced to an extreme 
length (Fig. 158); sinistral monstrosities (see above) have the 
spire reversed: dwarfs and giants, as in our own race, are occa¬ 
sionally noticed among a crowd of individuals. 
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Moi’e serious forms of monstrosity are those which occur in 

individual cases. Mr. S. P. Woodward once obseiwed ^ a s])ecimen 

of an adult Helix aspersa with a second, half-grown individual 

fixiid to its spire, and partly embedded in the suture ol* tlie body 

whoih The younger snail had died during its first hil)ernation, 

as was shown by the epijihragm remaining in the aperture, and 

its neighbour, not being aide to get free of the incubus, partially 

einadoped it in the course of its growth. In the British Museum 

two LiUorina littovexi have becomt^ entangled in a some¬ 

what similar way (Fig. 160 B), possibly tp a result of embryonic 
wsJLQ 

Fio. 158.—Monstrosities of Keptimea an-' Fio. 159.—Monstrosities of Litforina 
ti/fua L., and J}i/cr-inum> uncUitum. L., rudis Mat, Tlie Fleet, Weymouth, 
with a greatly produced spire (from (After Sykes.) 
siiecimeiis ill the Brit. Mus.) 

fusion. Double apertures are not uncommon ^ in thh more 

produced land-shells, such as Cylindrella and Clans Ilia (Fig. 

160 A). In the I*ickering collection was a Helix hortensis 

which had crawled into a nutshell wdien young, and, growing 

too hirge to escape, had to carry about this decidedly extra shell 

to the end of its days. A monstrosity of the cornucopia form, 

in which the whqrls arc uncoiled almost throughout, is of exceed¬ 

ingly rare occurrence (Fig. 161). 

Some decades ago ingenious Frenchmen amused themselves 

by creating &,rtificial monstrosities. H. aspersa, was taken from 

its shell, by carefully breaking it away, and then introduced into 

another shell of similar size {H nemoralis, vcrmiculata, or 

’ Ann, Ma{^. RaL Hint, (2) xvi. p. 298. 

^ See, for instance, Qimrt. Jmrn. Omudi. i. p. 840 [Cyl. Jtamni): Jahrh, Dnvt, 

Maladc. Gesell 1879, p. 98 {Clausilia duUa), 
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'pimna). At tho end of several days altfu^lnneiit to tlie eoluniella 
took })lace,a,nd then growtli ])egaii, tlie new shell ])ecoiriing soldered 
to the old, and the spiral part of the animal being protected by 
a tliin calcareous enveloi)e. A growth of from one to two 
whorls took ]>lace under these conditions. The individuals so 
treated were always sordid and lethargic, ])ut tliey bred, and 
naturally produced a normal aspersii offspring.’ in the British 

Fiu. 160. — Monstrosities with two 
apertures; A, Cyiiudrdla agnesi- 
ana 0. B. Ad., Jamaica; B, 
Litforiiia littorea (from specimens 
in the British Museum). 

Fi«. 161.—Cormicopia- 
sliaped monstrosity 
of Helix aspersiij 
from Tlfracomhe. 
(British Museum.) 

Museum there is a specimen of one of these artificial unions of a 
Helix with the sliell of a lAin'tuiea stagnalix, 

/ Oompositioii of the Shell.—The shell is mainly composed 
of pure carlionate of lime, wdth a very slight proportion of phos¬ 
phate of lime, and an organic base allied to chitin, known as 
comhiolin. The proportion of carbonate of lime is known to 
vary from about 99 p.c. in Stromhus to al>out 89 p.c. in Turri- 

tella. Nearly 1 p.c. of phosphate of lime has been obtained from 
the shell of Helix nemoralis, and nearly 2 p.c. from that of Ostrea 

virginica. The concliiolin forms a sort of membranous frame¬ 
work for the shell; it soon disappears in dead specimens, leaving 
the shell much more brittle than it was when alive. Carbonate 
of magnesia has also l)oen detected, to the extent of *12 p.c. in 
l^lescopium and *48 p.c. in Neptuneu antiqua, A trace of silica 
lias also occasionally be^en found. ^ 

^ Cailliaiul, Jmmi. de Comhyh vii. p. 231 ; (lassies, ibid, p. 44. 
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When the shell exhibits a crystalline formation, the carbonate 
of lime may take the form either of calcitc or aragonite. The 
calcite crystals are rhombohedral, optically uniaxal, and cleave 
easily, while the aragonite cleave badly, belong to the rhombic 
system, and are harder and denser, and optically biaxal. Both 
classes of crystal may occur in the same shell. 

Two main views have been held with regard to the formation 
and structure of the shell—(1) that of Bower bank and Carpenter, 
that the shell is an organic formation, growing by interstitial 
deposit, in the same manner as the teeth and bones of the higher 
animals; (2) that of E^aumur, Eisig, and most modern writers, 
that the shell is of the nature of an excretion, deposited like 
a cuticle on the outside of the skin, being formed simply of 
a number of calcareous particles held together by a kind of 
‘ animal glue/ Leydig’s view is that the shell of the Monoto- 
cardia is a secretion of the epithelium, but that in the 
Pulmonata it originates within the skin itself, and afterwards 
becomes free.^^ 

According to Carpenter, when a fragment of any recent shell 
is decalcified by being placed in dilute acid, a definite animal 
basis remains, often so fine as to be no more than a membranous 
film, but sometimes consisting of an aggregation of ‘ cells ’ with 
perfectly definite forms. CHe accordingly divides all shell struc> 
ture into cellular and memhranous, according to the characteristics 
of the animal basis. Cellular structure is comparatively rare; it 
occurs most notably in Pinna, where the shell is composed of a 
vast multitude of tolerably regular hexagonal prisms (Fig. 162 B). 
Membranous structure comprises all forms of shell which do not 
present a cellular tissue. Carpenter held that the membrane 
itself was at one time a constituent part of the mantle of the 
mollusc, the carbonate of lime being secreted in minute ‘ cells ’ 
on its surface, and afterwards spreading over the subjacent 
membrane through the bursting of the cells. J 

/The iridescence of nacreous shells is due to a peculiar 
lineation of their surface, which can be readily detected by a 
lens. According to Brewster, the iridescence is due to the 
alternation of layers of granular carbonate of lime and of a very 
thin organic membrane, the, layers very slightly undulating. 
Carpenter, on the other hand, holds that it depends upon the 

^ Arch, Natwrges^, xliL p. 209. 
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cliHpOHilioii of a vsiii^dc lueinbraiums layer iu folds or phiits, which 
lie more, or less ()h]i(piely to the geiierjil surfa('e, so that tlieir 
edges show as lines. The nacreous ty])e of shell occurs largely 
among tliose Mollusca which, from other details in their organisa¬ 
tion, are known to re})reseut very ancient forms (e.g. Nucula, 

Avicuhi, Trigirnia, Nautilus). It is also the least permanent, and 
thus in some strata we find that only casts of the nacreous shells 
remain, while those of different constitution are preserved entire. 

Porcellanous shells (of which the great majfu'ity of (fastero- 
poda are instances) usually consist of tliree layers, each of which 
is coniposed of a number of adjacent plates, like cards on edge. 
The inclination of tlie jdates in tlie different layers varies, hut 
tliat of the plates in the inner and outer layer is frerjueiitly the 

Fig. 1(52.—A, Section of shell of JJnio; «, perio.s’traoal layer; prismatic layer; c, 
nacreous layer. B, Horizontal section of shell of ih/tna, showing the hexagonal 
prisms. 

same, thus if the plates are transverse in the middle stratum, 
they arc longitudinal in the inner and outer strata, and, if 
longitudinal in the middle, they are transverse in the other two. 
Not uncommonly (Fig. 163 B) other layers occur. In bivalves 
the disposition and nature of the layers is much more varied. 

In JJnio tlie periostracal or uppermost layer is very thin; 
beneath this is a prismatic layer of no great depth, while the 

•whole remainder of the shell is nacreous (Fig. 162 A). Many 
bivalves show traces of tubular structure, while in the Veneridae 
the formation and character of the layers approaches closely to 
that of tlie Gasteropoda. Further details may be gathered from 
Carpenter’s researches.^ 

^ Br. W, B. Carpenter, Ucp. Brit. Ass. xiii. p. 71; xiv. p. 1 ; xvii. p. 93; J. S. 
Bowerbank, Trans. Miar. Soc. i. p. 123; Ehrenbaum, Zeit, wiaa. Zool. xli. p. 1. 
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Formatioil of Shell.^—TJio hkviujIn, is thi', ])rin('i]>a.l 

agent in deposition of shell. It is true that if tlie sladl he 

fra,ctured at any point, the hole will he repaired, thus showing 

that every part of the mantle is furnished with shell-depositing 

('ells, hut such new deposits are devoid of colour and of periostra- 

cum, and no ohservation seems to have heeii made with regard to 

the layers of which they are composed. As a rule the mantle, 

exc(i])t at its margin, only serves to thicken the innermost layer 

of shell. 

It is probahle that the carbonate of lime, of which the shell 

is luainly (H)m])osed, is separated from the Wood by the epithelial 

cells ol‘ the mantle margin, and takes the crystalline or granular 

ibrin as it hardens r)n exposure after d(?position. The three 

layers of a porcellfinous shell are deposited successively, and 

ABC 
Fjo. 16S.—Sections of shells. A, Conns: «, outer layer ; h, middle prismatic layer, with 

obliquely intersecting laminae above and below ; c, inner layer. B, O/ira : <(, outer 
layer; 6, layer of crossed and curved laminae ; c, i)rismatic layer, succeeded by 
layer of laminae at right angles to one another; cf,, inner layer. C, Cypraca: a, 
outer layer ; 6, middle layer; c, inner layer. 

the extreme edge of the mouth, when shell is forming, will 
contain only one layer, the outermost; a little further in, two 
layers appear, and further still, three. The pigment cells which 
C(3lour the surface are situated at the front edge of the mantle 
margin. 

Shelly matter is deposited, and probably secreted, not only b/ 
the mantle, but also in some genera by the foot. This is certainly 
the Ciase in Cyrnhinnij Olim, ArwAllaria, Cassis, Dlstortio, and 
others, in several of which the foot is so large that the shell 
appears to be quite immersed in it.^ 

^ See also p. 258. ® J. E. Gray, FMl. Tram. 1833, p. 774 f. 
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The deposition of shell is not continuous. Rest periods occur, 
during whicli tlie fumition is dormant; tliese periods are marked 
off on the edge of tlie shell, and are known as lines of growth. 

Til some cases Trilonj Eanella), the rest period is marked 
by a decisive tliickening of the lip, which persists on the surface 
of the shell as what is called a varix (see p. 2611). 

The various details of sculpture on the exterior surface of the 
shell, the striae, ribs, nodules, imbrications, spines, and other 
forms of ornamentation are all the product of similar and 

Pia. 164.—Murex Unui^ma L., Ceylon, 

xj. 

corresponding irregularities in the mantle margin, and have all 
been originally situated at the edge of the lip. Spines, e.g. those 
of Murex and Fteroceras, are first formed as a hollow thorn, cleft 
down its lower side, and are afterwards filled in with solid matter 
as the mantle edge withdraws. What purpose is served by the 
extreme elaboration of these spiny processes in some cases, can 
hardly be considered as satisfactorily ascertained. Possibly they 
are a form of sculptural development which is, in the main, pro- 
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tective, and secures to its owners immunity from the attacks of 
]>re<latory fishes. 

' Attached ’ genera (e.g. Chaina, SpondyVas) when living on 
smooth surfaces have a flat shell, but when ailixed to coral and 
other uneven surfaces they become very irregular in shape*. The 
sculpture of tlie base on which tliey rest is often reproduced in 
these ^ attached * silells, not only on the lower, ]»ut also on the 
u])per valve, tlie growing edge of whicii rests on the uneven 
surface of the })ase. Oysters attached to the branches of tlie 
mangrove frequently display a central convex ril), modelled on the 
shape <jf the branch, from wliicJi the plaits of scidpture radiate, 
while specimens fixed to the smooth trunk have no sucli rib. 
Crepidula, a genus whi(‘h is in the habit of attaching itself to 
otlier shells, varies in sculpture according to that-of its hnst; 
Sometimes tlie fact may be detected 
tliat a specimen has lived on a 
ribb(*d shell wlien young, and on 
a smootli one when old, or vice 
vemt A new genus was ac.tually 
founded l)y Pirowii for a Cajmlus 
whicih liad acquired rilis through 
adhesion to a Pecten. A specimen 
of llinnitcs giganUvm in the British 
Museum must at one period of its 
growtli have adhered to a surface on 
which was a Serpula, tlie impression 
of which is ]dainly reproduced on 
the ujiper valve of the Hinnites} 

Growth of the Shell. — No¬ 
thing very definite is known with 
I’egard to tlie rate of growth of the shell in marine Mollusca. 
Under favourable conditions, however, certain species are known 
to increase very rapidly, especially if the food supply Ix^ abundant, 
and if there is no inconvenient crowding of individuals. Petit 
de la Saussaye mentions^ the case of a ship which sailed from 
Marseilles for the west coast of Africa, after Ixiing fitted with an 
entirely new bottom. On arriving at its destination, the vessel 
spent 68 days in the Gambia River, and took 86 days on its 
homeward voyage. Oh being cleaned immediately on its return 

^ J. EL Gray, FhU, Tram. 1838, p. 774 f. ® Joum. de Oomkyl iv. p. 424. 
VOL. Ill S 

Fi(3. 166.—A ppeoirnen of Anomia 
ephippium L., Weymouth, taken 
upon Pecten moidmus, the scnli)- 
tnre of which is reproduced on 
the upper valve of the Anowh^ 
iind even on a yoiing Anowm 
attached to the larger specimen. 
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to Marseilles, an Avicula 78 mm. and an Ostrea 95 mm. long 
(both being species peculiar to W. Africa) were taken from its 
keel. These specimens had therefore attained this growth in at 
most 154 days, for at the period of their first attachment they 
are known to be exceedingly minute. P. Fischer relates ^ that in 
1862 a buoy, newly cleaned and painted, was placed in the basin 
at Arcachon. In less than a year after, it was found to be 
covered with thousands of very large Mytilus edulis, 100 mm. 
X 48 mm., the ordinary size on the adjoining banks being only 

about 50 to 60x30 mm. 
Some observations have already been recorded (p. 40) on 

the growth of Helix aspersa. In the summer of 1858, which was 
very dry, especially in the south of France, the young Helices 
born that year were still very small in August. About the end 
of that month abundant rain came on, and in four or five days 
young H variabilis, Hpisana, and H aspersa, eating without cessa¬ 
tion, as if to make up for lost time, grew more than a centimetre 
of shell. The lip of a young H arbustorum has been observed to 
have grown, at the end of the first week in the season's growth, 
3 mm., at the end of the second week, 6*25 mm., the third, 
11*5 mm., and the fourth 12*5 mm., with a finished lip.**^ 

Careful observation has shown that in the growth of the shell 
of Helix aspersa the periostracum is first produced; it is covered 
with hyaline globules, 10-12 mm. in diameter, which persist even 
in the oldest shells. Calcareous matter is deposited on the 
internal face of the new; periostracum, at some distance from the 
margin. It is secreted by a white zone or band of cells bound¬ 
ing the entire breadth of the mantle as applied to the peristome. 
Immediately behind the white zone are a series of pigment cells 
which not only give the shell its cqlour but complete the 
calcification of the shelly matter laid down by the white zone. 
When the animal has attained its full growth and the lip is 
finished off, the white band and the periostracum cells completely 
disappear, and only such cells persist as contribute to the internal 
thickening of the shell. Shell growth, in this species, is very 
rapid. If a portion of the pulmonary sac is laid bare, by remov¬ 
ing a fragment of shell, at the end of or 2 hours th&re may 
be detected a delicate organic membrane covering the hole, 
and strewn with crystals of carbonate of lime. This thickens 

^ Joum, 4$ Cmehyl. xiL p. 3. * T. Scott, 1887, p. 280s. 
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with great rapidity, and soon fills np the hole with solid matter. 
For two consecutive months an animal, deprived of food, has been 
known to reproduce this membrane daily after its removal every 
morning.^ Ih’of. Scliiedt has found that oysters, if deprived of 
the right valve and exposed to tlie light, not only develop brown 
pigment over the whole exposed surface of mantle and branchiae, 
])ut actually suciceed in jiart in reproducing the valve and hinge.^ 

Deposit of Additional Layers of Shell.—Mollusc'-a possess the 
])ower of thickening the interior of the shell, by the deposit of 
successive layers. This is frequently done in self-defence 
against tlie attacks of lioring Mollusca, sponges, and worms. 
(y\'is(is may often be noticed of Ostrea, Spondylns, and other 
sedentary molluscs, which, unable to escape the gradual assaults 
of tlieir foes, have provided against them by the deposit of fresh 
shelly matter. A somewhat similar plan is adopted to provide 
against intrusion by way of the aperture. 
Pearls are, in many cases, the result of 
shell de])osition upon the eggs or even the 
l)ody of some intrusive parasite {Distoma, 

Filaria^ etc.), and are, in some countries, 
artificially produced by the introduction of 
fragments of sand, metal, etc., into living 
Unio and Anodonta. Little joss images 
are made in India and China, the nacre 
on which is produced by thrusting them 
inside living Unionidae. 

A specimen of Helix rosacea, in the 
British Museum, into whose shell a piece 
of grass somehow became introduced, has 
partitioned it off by the formation of a 
sort of shelly tunnel extending throughout its entire length 
(Fig. 167). 

Absorption of Internal Portions.—Certain genera have the 
remarkable property of absorbing, when they become adult, the 
internal portions of the whorls and the greater part of the 
columellar axis. The effect of this is to make the shell, when 
the process is complete, no longer a spiral but a more or less 
produced cone, and it is found that in such cases the viscera of 

^ M. de yillepoix, Mendtis, oxiii. p. 317. 
^ Ac. Mt Sc, mi 1892, p. 360. 

Fio. 167.—A specimen of 
Helix rosacea Miill., 
Cape of Good Hope, into 
which a piece of grass 
has by some means be¬ 
come introduced. The 
animal has projected 
itself by covering the 
grass with a shelly layer. 
(From a specimen in the 
British Museum.) 
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the spire lose their spiral form, and take the shape of the Ciivity 
in which tliey lie. Amongst the genera in which this singidar 

process takes place are Ncrita} OlivcUa, and Cypraea 
amongst marine forms, and nearly tlie whole of 
the Auriculidae ^ (Fig. 168). Conus reduces the in¬ 
ternal subdivisions of the spire to extreme thin¬ 
ness. It is noticeable that these genera are all 
of considerable thickness of shell, and it is per¬ 
haps the result of the wliole energy of tlie finiiiial 
l^eing directed to the formation of its external 
protection that the internal walls of the spire 
become atropliied and eventually disappear. 

^ ^ ^ Decollation. — Tn certain genera, when the 
cMla ' Jmiae «hell becomes adult, the animal ceases to occuj)j" 
Lain., rIiowing upper whorls, which accordincdy die and drop 
the disappear- / ... , , . ^ i -i , ^ 
anee of the Oil, tlio onuce at the top having meanwhile been 
])artitioiis of the closed hy a shelly deposit. Such shells are termed 

arc represented (hcolhUed. Ill soiuc land genera decollation isj 

(After Filler!) CYindrclhi (Fig. 169), Eucido- 
dimn, and liiimina, as well as in many species of 

the brackish water genera, Trnnmtclla, Ceriihideay and Qaoyia, 

Fr<?. 169.—A, Decollated (adult) 
form, and B, perfect (young) 
form of Vylindrdl^a nobilior 
Ad., Jamaica ; the dotteil 
line shows where decollation 
takes place. 

Fro. iro.—Development of Caecum: A» 
showing the gradual formation of 
septa; a, apex ; ajp, aperture ; ss, 
first septum ; s's\ second septum. 
(After de Folin.) B, Adult form of 
V, ehurneum Ad., Panama, x 8.' 

Stemyyra (Bumina) decollaia, a common shell in the south of 

. ^ Mr. B. B. Woodward has recently pointed out (P. Z. S. 1892, p. 628) a very 
remai’kahle method of shell absorption and growth in VelateB and pertain other 

Neiitidae. 
® The only exception appears to be FedipeSy while in Cassidula and ScaredyuB the 

absorption is partial (Crosse and Fischer, Jmnu de Oonudi, xxx. p. 177 f). 
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Europe, has been noticed to bang its upper whorls violently 
against some hard substance, as il‘ to get rid of them. 

Fio. 171.—Four stn,f?es in tho growth of Fhsurella, showing how the spire gradually 
disappears and the marginal slit iMscomes an apical hole, A, B, C, liigldy niagni- 
Qed, D, natural size. (After Boutan.) 

Special Points in the Growth of Certain Genera.—In the 
young of Coccmm the apex is at first spiral, but as growth 
proceeds and the long tube begins to form, a septum is j)rodn('ed 
at the base of the apex, which soon drops off. Soon afterwards, 
a second septum forms a little farther down, and a second piece 
dr()])s off, leaving tlie shell in the normal cylindrical form of the 
adult (Fig. 170). The development of Fissurella is of extreme 
interest. In an early stage? it possesses a spiral sluill, with a slit 

the margin of the outer 
lip of the last whorl. As 
growtii advances, shelly 
matter is deposited on hotli 
margins, which results in 
the slit becoming a hole 
and the 8])ire a mere cal¬ 
losity, until at last they 
appear to coalesce in the 
apex of the adult shell (Fig. 
171). The singular forma- 172.—Three stages m the growth of Cypram 
x; emnth&ma L. (From specimens taken at. 
tions Ot Magilus and MhlZO- Panama.) 

chilu^ have already been 
described (pp. 75, 76). Gypraea, in the young stage, is a thin 
spiral shell with a conspicuous apex. As growth prijceeds, the 
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sarface of the whorls, whicli are nearly enveloped by two lar^e 
lobes of the mantle, l)ecomes overlaid witli new layers of shelly 
matter, until eventually the spire l)eeomes embedded, and ulti¬ 
mately disappears from view (Fig. 3 72). 

Patella, when young, has a nautiloid sliell (see Fig. 45, p. 
134), but it is a remar]cal)le fact that we are entirely ignorant, in 
tliis commonest of molluscs, of the transition stages which convert 
the nautiloid into the familiar eonie^il shell. The young shell of 
PtcToceras is deceptively unlike the adult, and is entirely devoid 
of the fiuger-like processes which are so characteristic of the 
genus (chap. xiv.). 

Among the bivalve Mollusca, Anomia in a young stage is 
not to be distinguished from Ostrea. Soon a small sinus appears 

on the ventral margin, which 
gradually deepens and, as tlie 

( ] ^ shell grows round it, forms a 
hole for the byssus, eventually 
becoming fixed beneath the um- 
bones (see Fig. 173). In Teredo 

the two valves of the shell proper, 
which is very small, become 
lodged in a long calcareous tul^e 

Fig. 173.—Development of the byssus-or or cylinder, which is generally 
plug-hole in.4no/rtM. (After Morse.) . i -n 

open at both ends (see Chap. xvi.). 
In As][>ergillum a somewhat similar cylinder is developed, but 
the valves are soldered to the tul)e, and form a part of it, the 
tube itself being furnished, at the anterior end, with a disk, which 
is perforated with holes like the rose of a watering-pot. In 
Olmajdla the left valve alone becomes soldere<l to the tube, 
while the right valve is free within it (see Chap. xvi.). Fididarva 

encloses the whole of its shell in a long tapering tulx'., which is 
not at any point adherent to the shell 

Terms employed to denote various Parts of the Univalve 
Shells—The ayiex is the extreme top of the spire, and generally 
consists eA/ the embryonic shell, which may often be recognised 

\by its entire want of sculpture. When the embryonic shell 
li^ppens to^ be large, the apex is often mammiUated, in 
Niptunea, ktid some Twrhintlla; in the Pyramiddlidm it is 

Tli\$utur^iB the line of junction between any two succesEdve 
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whorls. It may be deep, and even channelled, or very shallow, 
as in Fig. 150 B (p. 246). 

The spire is the whole series of whorls except the last or 
hody loliorl. A whorl is a single revolution of tlie spiral cone 
round the axis. The spire may l)e subulate (as in Terehra, Fig. 
150 C), turretted (Scalarla), depressed (PoJyyyratia, Fig. 150 A), 

apex 

suture 

varix 

umbilicus 

columella 
anterior canal 

Fjg. 174,—Illustrating the technical terms applied to the various parts of a 
univalve shell. 

conical (Trochus), globose (Ampnllariay Naticay Fig. 150 B), with 
almost all conceivable gradations between these types. The 
number of whorls is best counted by placing the shell 
mouth downwards, and reckoning one for every suture that 
occurs between the extreme anterior point of the shell and 
the apex. 

The mouth or aperture may be (a) entire, as in Helix, 

Hatica, Ampullaria, when its peristome or margin 
is not interrupted by any notch or canal, or (6) 
prolonged at its anterior and sometimes also 
at its posterior end into a caMl. The anterior 

canal serves as a protection to the siphon,^ the 
posterior canal is mainly anal in function, and 
corresponds, in part, to the hole of Fissurella, 

the slit in Pleurotoma and Fmarginula, and the fig. 176.—Anal 
row of holes in Haliotis, The mouth presents 
every variety of shape, from the perfect circle 
in Cyclostoma and Trochus, to the narrow and prolonged slit, in 
Conus and Oliva, 

The right margin of the mouth (the left, in sinistral shells) is 

^ Stromhm and PteroceroB (see Fig. 99, p. 200) exceptionally develop a siphoual 
/lotcli which is disitlnct from the Anterior canal. 
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termed the outer lip or Idbrtim, the left margin the inner lip, 

labium, or colmnclia Up} In young shells the outer lip is 
usually thin ami unfinished, while in the adult it is generally 
tliickened into a rib, or furnished with mor(». or less prominent 
teeth, or given an inward or outward curve. In some genera, 
especially the Strombidae, the outer lip of the adult develops 
long finger-like pi'ocesses, which sometimes attain an extra¬ 
ordinary size (Chap. xiv.). As growth proceeds, these marginal 
teetli and ribs are eitlier dissolved jind disappear, or are perma¬ 
nently incorporated, in the sliape of rarires, with the framework 
of the shell. Some shells, e.g. Katlca, Turritella, Actacon, have 

Fia. 176.—Solarium perspectimim 
Lam., from tlie umlor side. 

Fio. 177.—Section of ThtrUnella 
pyrmi L., showing the ])lic.ie 
oil tiie colu;nella and the giowth 
of successive whorls. 

a permanently unfinished outer Up, even in the adult stage. 
The columella lip varies in shajx^ with the mouth as a 
whole; thus it may lie straight, as in Co7ms, or excavated, 
as in Sigaretus, Struthiolaria, and Bulla, Frequently it is 
continued by part of the body whorl, as in Ficula, Dolium, and 
Fasciolaria, 

The folds or plaits on the columella, which are often charac¬ 
teristic of the genus or eyen family {e,g, Fasciolariidae, Mitridae, 
Turbinellidae) are not nij^rely external, but continue down the 

^ Tile eotumilla, as distinct frd|n the mluimUa Up, is the solid pillar of shell 
round which the whorls are coiled (X|ig.l77), the lower, or anterior portion of which 
alone is usually visible. 
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whole spire (see Fig. 177, which also sliows how buccessive fresh 
growths liave thickened tlie columella). 

The whorls may he wound in a spiral, which is either hollow, 
as in Solarium, or quite compact, as in Oliva, Terebra, Cypraea, 

with every possible intermediate grade. This concavity, which 
varies in depth and width, is known as the umbiliem, and shells 
are accordingly spoken of as deeply (e.g, most Troc*Jiidae and 
Naticidae), narrowly (e.g. Laeuna, Littorira), or widely (e.g. 
Solariuvi) 'iivibilicafed. When the spiral is quite Hat, as in 
Planorbis and some Helix, the uml)ilicus vanishes entirely. 
Shells in whicHi the whorls are m compactly coiled on an 
ascending spiral that there is no umbilicus, a,re tcu’iued imper¬ 

forate. 

The Slit—Many shells are furnislied \vith a slit in the last 
whorl, which opens, in most cases, on the outer lip, and is sonie- 

Pkj. 178.—The .slit in A, Jlemitoma, B, Emarginula^ C, Macroscliisma, D, Ontnupsis, 
£, Punciurdla, F, Fissurella. 

times of considerable depth, at others a mere notch. In the 
patelliform shells it is always in front of the a]_)ex. Tlie function 
of the slit appears to be mainly anal, the excretory producjts 
being thus allowed to escape by a passage of their own, without 
soiling the clean water taken in by the branchiae. The posterior 
canal of some Gasteropoda probably performs a similar function. 
In the adult Fissurella the slit becomes an apical hole (see Fig. 
178 F), in the allied genera it is either immediately in front of 
the spire {Puncturella), or half-way between the spire and the 
anterior margin {Bimula), or on the margin and well marked 
{Emarginula), or a mere indentation of the margin {Hemitoyna). 

In Pleurptomaria it is exceptionally long, and is well marked in 
Bellerophon, Schisrnope, Scissurella, Murchisonia, and Pleuroto7na 

(where it is sutural). In Haliotis and Polytremaria it is replaced 
by a series of holes, which are closed up as the animal grows 
past them. Some of these holes (at least in Haiiotis) certainly 
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serve the pui*i)ose of admitting water to the branchiae, while 
others are anal. In Trochotoma 

there are only two holes, united by 
a narrow fissure. 

The TahedLcind Opermlates.—A 
group oft lie Cyclophoridae, which is 
restricted to Further India and the 
great Malay Islands, has developed 
a remarkable sutural tube on the 
exterior of the last whorl, near 
the aperture. A siiiiilar tube, but 
more oliscure, exists in Alyeaem, 

Several stages in tlie development 
of this tul>e may 1^ noticed, begiu- 

keuTotomm^^^ niiig with tlie elevation of part of 
D, Poiytrenuiria, E, Hahotis (not peristoiue into a simple irregu- 
(Irawn to scale). in i i . • ^ 

lar shelly plate, wliich is continued, 
first into a short, and then into a long tube, which becomes 
soldered to the shell; finally, tlie tube becomes free, and the 
anterior part of the last whorl is disconnected from the spire 
(Fig. 180 A-D). 

It is singular that the tube does not appear to be of any use 
to the animal, since its internal extremity, in the complete form, 

E D 

Fia. 179.—The slit in A, JBelleropImi, 

Fig. 180.—Development of the tube in the tubed operculates : A, Pterocyclusntpestris 
Bens. ; B, Opisthoporus hirostris Pl'r. j C, Spiracidum travancoricum Bedd.; D, 
Ithiostoma Bcmsei Pfr, 

is closed, and does not communicate with the interior of the 
whorl. It may be presumed, however, that. in origin the tube 
served as a means of conveying air to the animal "when the 
operculum was closed. The holes in the peristome of Pupim^ 

Cataulm, and Anostomi (Fig. 154) may be compared. 
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The Operculum.—The operculum is a cuticuLir cleA elopment 
of a group of cells situated on the dorsal 
side of the foot, exactly over the terminal V 
point of the fibres of the coluinellar muscle. f 
It is BO situated that in crawling it is 
generally carried free of the shell, some- 

times at the extreme upper end of the foot, / ^ \/ 

more usually somewhat nearer to the shell /\\ '' \ 
(Fig. 181). In Fie/roeyel'm it is pushed back j \\\^ ) 

into tlie umbilicus when the animal is in k 

motion. 
The operculum is present in nearly all 

land, fresh-water, and marine Prosobran- 

cliiuta, absent in all Opisthobraucliiata in ^,0. spirata 
tlie adult state, except Aciaeon, and in all. Lam., E. Indies. F, 

Pulmonata, except Ampliiboln, It has been srsTphon • 
T, tentacles, with eyes 
at their base. (After 
Souleyet.) 

lost in the following marine Pro8o})ran- 
1 • . /V n •• 1 j /I ' 1 ‘‘i' men iHisu. 

chiata: many Cancellariidae and Conidae, souieyet.) 

Oliva (though present in Olivdla and 
Ancillary Harpidae, Marginellidae, Vohita proper (though pre¬ 
sent in V, musiva)y nearly all Mitridae, (^ypraeidae, Doliidae, 
lanthinidae ; and, of land genera, in Proserpinidae. It is evident, 
therefore, that its presence or abstmee is of limited value in 
classification. In some species of Ampullaria and Natica it 
is horny, in others shelly. Dali found tliat in a number of 
specimens of Volutliarpa ampidlmm, 15 p.c. had opercula, 10 
p.c. traces of the operculigenous area, ])ut no operculum, the rest 
no trace of either. Monstrosities of Buccinmti 'imdatuvi some¬ 
times ocemr, which have two, or in rare cases tliree opercula. 

As a rule, the ojierculuni exactly fits the mouth of the shell. 
But in cases where the mouth is very large (e.g. OonuSy Stwmhiis, 
ComholepaSy some Bullia), it only covers a very small portion 
and is quite inadequate as a protection (Fig. 62, ]). 155). Again, 
when the shell has assumed a more or less limpet-shaped form, 
and habitually adheres to flat surfaces without much' occasion for 
locomotion, the operculum becomes degraded and is la-obably on 
the way to being lost altogether. This is the case with Navi- 

cella (a modified Nerita^ see Fig. 13, p. 17), Gomkolepas (a modi¬ 
fied PurpuTa)y Sigaretm (a modified Natica)- Probably the more 
completely patelliform shells of Ctepidula, HaliotiSy Fissurella, 
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and Fatella have reached the stage at which tlie operculum has 
been lost entirely. In Nmicella, ])esides l)cconiing degraded, the 
operculum has actually become partly internal, and apparently 
serves tlie purpose of separating the viscera from the upper 
part of the foot, something like the shelly plate in Crepidula, 

Tliis explains why tlui operculum in this genus is polished on 
l)oth sides.^ 

8(^me authors have imagined that the operculum is liomo- 
logous {a) to tlie second valve in Pelecypoda, (li) to the byssus. 
It differs, liowever, morphologically from the former in the 
essential point of not being produc(‘d by the mantle, and from 
the latter in not being produce<.l ])y a special gland. 

As regards shape and formation, the opennilum has usually 
a more or less well-]narked nucleus which may l)e cimtral (e.g. 
Livona), subcentral {Am]}ullariti)y lateral {Pwiyura?), or terminal 

Turbo Turbo Livona Ainpullaria Natica 
(Sarmaticua) (Calloix)ina) 

Fig, 182.—Various forms of opercula. 

{Pyrida), As a rule, both the inner and outer surfaces are fairly 
flat, but in Torinia, Cyathopoma, and Pteroeyclus the outer sur¬ 
face is elevated and coniciilly spiral, in some Turbo (e.g. Sarmati- 

ms) it is covered with raised tul)ercle8 resembling coral, while in 
others (e.g. Callopoma) it is scored with a deep trench. Aido- 

pomtj a land genus peculiar to Ceylon, has a paucispiral oper¬ 
culum with liollow whorls, deceptively like a Planorhis; it fits 
over the aperture instead of into it. In Livona and moat 
Trochidae the opercidum is cartilaginous and multispiral. In 
Strombus it is narrow, curved, and often serrated like a leaf 
on one of the edges; in Conus it is narrowly oblong and rather 
featureless; in Littorina, paucispiral and always cartilaginous. 

^ J. E. Gray, Phil, Tra%$, 1883, p. 812* 
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In many cases (e.g. Paludina) there is no true spiral form, hut 
the striae are concentric to a nearly central nucleus, and thus 
give the appearance of a spiral. The evolution of tli(3 oper- 
(niliim in Navicelht Irom Nerita has already l)een illustrated (p. 
10). Ncrito2)sis lias a very remarkable operculum, the striated 

Pyrula Purpura Littoriua Aulopnina Torinia N<!rjtop8is Cniins 
xil x8 Strombus x‘J 

Fig. 183.—Various forms of operoula. 

appendage of which locks behind the columella of the shell, like 
the tooth in the opercula of the Neritidae. 

Terms employed to denote various parts of the Bivalve Shell. 
—The iimho, or heak, is the apex of the hollow cone, of which 
each valve may be regarded as consisting. This apex is usually 
more or less twisted: it is markedly spiral in Isomrdia, Piceras, 

some Chama, and especially llvqvieMia, while in rectcn, LejdoTiy 

and others the siural is altogether absent. As a rule the 
umbones })oint forward, i,e, towards the anterior end of the 
shell. In Ikmax, Nnnda, and Trigonia, however, they jioint 
backward. The umbones are giuierally more or less approxi¬ 
mated, but ill Area they are widely separated. 

An equilateral shell is one in which the umbones are more 
or less central with regplirto its anterior and posterior portion, 
while in an inequilateral shell the umbones are much nearer one 
end than the other. On the other hand, equivalrc and inequi- 

valve are terms used to express the relation ol* the two valves 
to one another as a whole. Thus nearly all l)ivalve shells are 
more or less inequilateral, but a comparatively small proportion 
are iiiequivalve. 

The dorml margin is adjacent to, the ventral margin opposite 
to, the umbones. The anterior and posterior margins are i*espec- 
tively the front and hinder edges of the shelL 

The muscles which serve to close the valves leave impressions 

on the inner surface of each valve. These, when both muscles 
are present, are known as the anterior and posterior adductor 
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impressiom. The impression produced by the muscular edge of 
the mantle, which curves downwards and backwards from the 
anterior adductor impression, is known as the pallial line. In 
shells with only one muscle it is represented by an irregular row 
of small marks, or disappears altogetlier {Ostrea). The pallial 

sinm is produced by the muscles which retract the sipljons, 
and is most marked in those genera in which the muscles are 
powerful and the siphons large (e.g. Tellim>y Myci). It is entirely 
absent in genera possessing no retractile siplions. 

D 

Fia. 184—Loft valve of ffnidia L. : 
A, anterior, B, jiosterior, C, dorsal, 
D, ventral margin, AB, length, CD, 
breadth of shell. 

a,m, anterior posterior adductor 
muscle ; p, pallial line ; p.Sj pallial sinus; 
If ligament; lu, luuule ; Uj umbo; c, 
cardinal teeth; a. If anterior lateral tooth ; 
p.lf posterior lateral tooth. 

Fio. 185.—Right valve of Lmina tigm-rm 
* L. ; A, anterior, B, posterior, C, dorsal, 

D, ventral margin; AB, length, CD, 
breadth of shell. « 

n.tw, anterior po.sterior adductor 
muscles ; j?, pallial line ; If ligament; i/., 
nrnbo ; c, cardinal teeth ; a.U p-lf ante¬ 
rior and posterior lateral tooth. 

Bight and Left Valve.—The simplest way of distinguishing the 
valves as right and left is to hold the shell in such a way that 
the siphons point towards the observer, and the mouth away 
from him; in this position the valve to the right is called the 
right valves and the valve to the left the left valve. If, however, 
the animal is not present, it may be remembered that the liga¬ 
ment is nearly always behind the beaks, and that the lieaks, as a 
rule, point forward, thus the right and left valves can generally 
be named by observation of the beaks and ligament. When the 
ligament is median to the valves (e.g. Ostrea, Pecten), and the 
beaks are not curved, the valves may be recognised by noting the 
fact that the impre-ssion of the adductor muscle (in these cases 
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always single) is nearer to the posterior than to the anterior 
side. In a similar way the pallial impression, which only forms 
a sinus on the posterior side, furnishes a guide to the valves of 
l)onax, in which the beaks point backward, and of Tellina, in 
which tlie beaks are frequently central. 

In the fixed inequivalves (e.g. Cluima) it is sometimes the 
right, sometimes the left valve which is undeniiost, but the 
fixed valve, wliether right or left, is always deep, and the free 
valve fiat. Ostrea and Anomia are always fixed by the Ir/t 

valve. 
The hmnlc is a well-marked area f of and close to tlie 

nmbones, usually more or less heart-shaped, and 
limited by a ridge. (Jenerally it is shallow, Imt 
sometimes, as in Dosinia, and some Cardium, 

deeply impressed. A corresponding area heldnd 

the umbones, enclosing the ligament, is called 
the eseutvJmm (Fig. 180), but it seldom occurs. 

The ligamcyit is a more or less elastic ))and, 
which unites the two valves along a line adjacent 
to tlie umbones. As a rule, the greater part of 
the ligament is external to the shell, but it may 
be entirely internal. It is placed, normally, 
hehind the umbones, but in a few cases, when 
the hinge line is very long (Arm, PectnmmJns), 

it extends in front of them as well. The edges 
of the valves, when the ligament is mainly external, are more or 
less excavated for its reception. When internal it is generally 
contained in a groove or spoon-shaped pit, known as the fosscMe 

(compare Fig. 187). 
The ligament consists of two distinct parts, which may occur 

together or separately, the external, or ligament proper, and the 
internal, or cartilage. Only the external portion can be seen 
when the valves are closed. As a rule, the two portions are 
intimately connected with one another, the ligament folding over 
the cartilage, but in some cases, e.g. Mya, Maetra, where the 
cartilage is lodged within the hinge, they are completely discon¬ 
nected (Fig. 187). 

In Pecten the external ligament is very thin, and runs along 
the dorsal margin, while the internal ligament is large, solid, 
and situated in a shallow pit. In Perna, where the hinge is 

Fig. 186. — Ve7ms 
subrostruta Lam.: 
e.% escutdieon; 
//, ligament; In, 
luuule; u, v, 
nmbones. 
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tootliless, the ligament is folded into a number of transverse 
ridges, whicli fit into corresponding grooves in the shell. 

The ligament ])roper is inelafitlc and insoluble in caustic 
potash. The cartilage is very elastic, composed of parallel fibres, 
slightly iridescent, and soluble in caustic potash. 

The operation of the ligament—using the word as including 
the whole ligamental process—is in op])osition to that of the 

adductor muscles. When the latter 
X close the valves, they compress the 

\\ / ligament, an action which its elas- 
^ // ticity resists: thus its operation 

tends in ])a.rt towards keeping the 

etr ^ valves open. 13ut wlien ligament 
A ySIP B cartilage are both fully de- 

vciloped, tliey work in o]>position to 
another, the ligament, l)y its 

y resistance to compression, provent- 
ing any straining of tlie adductor 
muscles when the valves are open, 

Fid. iS/.---Hmgc of A, right valve, cartilage, for the Siime 
ana B, left valve of Mxdviua eduns ^ ^ ^ 
King; m, cardinals; la, anterior reason, preventing the ventral mar- 

mwit. rapidly upon one another when the 
valves are being shut. 

The. Ifimjc.—The valves of Pelecypoda are generally articu¬ 
lated, below the umbones, by a hlnye which is furnished, in 
the majority of cases, with interlocking teetli, small pits or 
depressions iu each valve corresponding to the teeth in tlie 
other. Tlie teeth are distinguished as cardinal., or those imme¬ 
diately lielow the umbo, and lateral, or tliose to either side of 
the cardinals, tlie latter l^eing also distinguished as anterior and 
poHierior laterals, according as they are before or behind the 
umbo (Fig. 184). In shells which are tolerably equilateral there 
is no difficulty in distinguisliing l>etween cardinal and lateral 
teeth. But when they are very inequilateral, the whole hinge 
may share in the inexpiality of growth, and aji anterior lateral 
may be thrown backward and simulate a cardinal, or a cardinal 
may be thrown backward and simulate a posterior lateral (e.g. 
Cardita, JInio, Fig. 188). In many Chanda the cardinals are 
pushed up into the umbo and become a mere ridge, while the 
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strong anterior lateral becomes nearly central and simulates a 
cardinal. 

Some bivalves, e.g. Anodonta, Ontrea, Pedum, many My til us, 

Jiave no hinge teeth at all, in others the Intends are wanting 

Pia. 188.—Hinges of A Cardita semiorhiculata Brng., ami B, Unio rectus Lain., show¬ 
ing how, in inequilateral shells, the lateral teeth tend to shift their position, a.w, 
anterior adductor, p.7n, posterior adductor muscle; c, c, cardinal teeth; p.I, 
posterior lateral teeth ; I, ligament. 

{Psammohia, Diplodonta), In the Arcadae the hinge consists of 
a number of very similar denticles, which are often serrated like 
the teeth of a comb (Fig. 189). 

Hinge-teeth are probably, in origin, derived from the crenula- 

PiG. 189.—The hinge in Arcadae: 
A, Nucula Lorivgi Ang. x f; 
B, Area granosa L. j u.a, uni- 

honal area. 

Pio. 190.—A Tridama scapha Lam,; B, 
Cardium mode Sowb., showing the inter¬ 
locking of the ventral margins. 

tions or ribbings of the surface of the shell, the upper ends of 
which impinge upon the dorsal margin and mark it in a way 
whiph is quite recognisable when the shell is thin. Similar 
ereuulations, resulting in iutCrlox^king of the yalves, are not 

vox. in T 
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uncommon upon the ventral margin in certain genera (Fig. 190). 
The mechanical effect of these continued riblets, when fitted 
together on the opposing valves, would be to prevent the valves 
sliding upon one another while closing, or after being closed. 
Thus there would be a probability of their surviving, even after 
the ribbing had disappeared from the surface of the shell, the 
increased strength given by the hinge compensating for, and 
making it possible to do without, the extra strength supplied by 
the ribs. It is therefore possible that the teeth of the Kuculidae 
and Arcadae, which have no distinction between cardinals and 
laterals, represent a very ancient type, from which have been evolved 
the various forms of hinge in which cardinals and laterals are 
distinguished. Even in some forms of Arcadae (comp. Pectun- 

cuius) we get a hint how the transverse teeth of the typical 
Area may have become transformed into the longitudinal tooth 
of the normal lateral.^ 

The developed hinge-teeth, then, ensure the opening of the 
valves in one direction; they also secure their accurate closure 
upon one another in exactly the same plane. Exposed shells 
and gaping siphons matter little to animals which are protected by 
their burrowing propensities, but to those which live in material 
which can be easily penetrated by their foes, it must be of 
advantage to be able to buckle their armour absolutely tight. 
The edentulous hinge of Anodonta is a degeneration from a 
dentate type, which retains its teeth (in Unio, etc.) when subject 
to the jar of rapid streams, but tends to lose them in the stiller 
waters of canals, lakes, and ponds. 

Other processes in the hivalve shell.—In Anatina each umbo 
is fissured and strengthened on the inside by a kind of umbonal 
plate which carries the ligament. Some forms of Siliqua 

develop a strong internal umbonal rib, which serves as a buttress 
to strengthen the shell. In Pholas the so-called falciform pro¬ 
cess serves as a point of attachment for the muscles of the foot 
and viscera. There is no ligament or hinge-teeth, the place of 
the latter being taken by the anterior adductor muscle, which is 
attached to the hinge-plate, the latter being reflected back into 
the shell 

In Septifer the anterior adductor muscle is carried on a 
sort of shelf or myophore, and in Cueullma the posterior 

^ W. H* Dali, Amer, Jowm. Sc, xxxviii. p. 446 f. 
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adductor is partly raised on a similar and very prominent, 

formation. 
Length and hreadth of bivalve shells is variously measured. 

Most authorities measure lengthy or ‘ aiitero-posterior diameter/ 
by a straight line drawn from the extreme anterior to tlu^ 
(‘xtrenie posterior margin, and lyreadth by a similar line, drawn 
from the iimbones to a point, not very clearly marked, on the 
opjDosite ventral margin (see Figs. 184 and 185). Otliers, less 
correctly, reverse thi^se terms. 'Jhickness is measured by the 
extreme distance of the opposite faces of the closed valves. As, 
a mile, the length exceeds, and often greatly exceeds, the thick¬ 
ness, but ill a few cases—c.g. the Canlissa section of Cardvinn— 
this is reversed. 

The 2>erU)dTacum.—Nearly all shells are covered, at some 
period of their growth, ])y a 2^eTio8tr(wiivi} or surfacje skin, wliicli 
serves the purpose of protecting the shell against the destructive 
cflects of the chemical action set up Iiy water or air. It also, in 
some cases (see p. 258), acts as a kind 
of base upon which the shell is de¬ 
posited. In old shells it is commonly 
worn away, especially at those parts 
winch are likely to become abraded. 

The form and composition of the 
periostracum varies greatly. Some¬ 
times (e.g. Oliva) it is a mere trans¬ 
parent him, at others {Zonitcs) it is 
transparent, but stout and solid It 
is corneous in Sole^wniya, covered 
with fine hairs in many HelicidaCy 

in Conusy Velutina, and Cantharus it 

is thick, fibrous, and persistent; in m.-rriion vlearium L., 

Trichotropis and some Triton it is Mediterranean, an example of 

luriiishea with long bristles on a periostracum. xj. 

thick grotmd (Fig. 191). In fresh¬ 
water shells it is usually rather thick, in order to protect the 
shell from the erosive powers of certain kinds of water. In 
some cases {Myay Anatina) the periostracum is continued over the 
siphons, so as to form a protection throughout their whole length. 

^ The term epidet^xis^ as distiuct from periodrammy is properly icstricted to the 
outer layer df the skm of the vtha^tUe and body generally. 
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E) 'osion,—The fresh-water Mollusca generally, and marine 
mollusca in a few rare cases {Puyyura, Littorina) are subject to 
erosion, or decay in the shell substance. In univalves erosion 
usually seta in near the apex (Fig. 192), where the life of the 

shell may \)e regarded as weakest, and in ])ivalves 
near the umbones. It is commonest iji old shells, 

’and rarely occurs in tlie very young. So long as 
tlie periostracum is ])resent to protect the shell, 
erosion cannot set in, but wlien once it has been 
removed the shell is liable to the chemical changes 
set up in its substance by water. There is 
abundant evidence to show that erosion is caused 
by pollution of water. Out of many instances 
one must suffice. In a certain stream near Boston, 
U.S., numl)ers of Mollusca occurred, the shells of 
which were very |)erfect and free from disease. 
♦Some little way down stream an alkaline manu¬ 
factory drained its refuse into the water. At and 
below this point for some distance every shell w^as 
more or less eroded, most of th^m seriously. 

Farther down, when the alkali refuse became diluted away, the 
shells retained their normal condition.^ 

A small percentage of lime in the water appears to produce 
erosion. The result of some experiments by G. W. Shrubsole, in 
the investigation of this point, may be tabulated as follows: ^— 

Water from 

River Bee, near Chester . 3*00 giu acted strongly on shells 
Wrexham .... 4*00 grs. „ „ „ 
River Dee, near Llaiideryel. 0*53 grs. „ „ „ 

Trent Canal . . .8*33 grs. no action „ 

Fig. 192.—Ex¬ 
ample of an 
eroded fresh¬ 
water shell 
{Melania con- 
/am Dohrn, 
Ceylon). 

^ J. Lewis, Proc. JBost. Soc, vi. p. 149. ® Journ. of Camh. v. p 6C. 



CHAPTER X 

GEOGUAPIirCAL DISTRIBUTION OF LAND AND FRESH-WATER MOL- 

LUSCA—^TIIE PALAEARCTIC, ORIENTAL, AND AUSTRALASIAN 

REGIONS 

The Mollusca afford specially valuable evidence on problems of 
geographical distribution. This fact is largely due to their 
extreme susceptibility to any change in the conditions of lifa 
Grcnera which are accustomed to live in a certain temperature 
and on certain food, cannot sustain life if the temperature falls or 
rises beyond certain limits, or if the required food be not forth¬ 
coming. There is therefore a marked contrast between the 
Mollusca of the tropics and of the temperate zones, while different 
regions in the same latitude, whether within or without the 
tropics, often show great diversity in their fauna. Every region 
is thus charoAterised by its Mollusca. The Mollusca, for instance, 
of Australia or of South Africa characterise those countries quite 
as much as do the kangaroo and the emu, the hartebeest and the 
ostrich; there is nothing like them anywhere else in the world. 
In the Greater Antilles the Mollusca stand out beyond all other 
forms of life as characteristic of the islands as a whole, and of 
each separate island in particular. 

The geographical distribution of the land and fresh-water 
Mollusca must be considered quite apart from t^t of the marine 
Mollusca The sea offers no such serious barriers to th® spread 
of the latter as the land does to the spread of the former. If we 
were to journey to the Azores, and turn our attention to the 
land-snails, we should find tjhem almost wholly peculiar, while 
amongst the sea-shells we should recognise many as occurring 
also on our southern coasts, and few that were different from 
those of the Mediterranean. The marine Mollusca of the Sand- 
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wich Islands, in spite of the enormous intervening distance, are 
not very different from those of Natal, but the land Mollusca of 
the two countries are as widely different as is possible to imagine. 

Land Mollusca are, as has been remarked, fettered to the soil. 
(Quadrupeds, birds, fishes, and reptiles are provided with organs of 
motion which enable them to overpass barriers of various kinds. 
Even plants, although themselves incapable of motion, may be 
conveyed in every direction by means of seeds, which are either 
wafted by the wind or adhere to the skin of animals. But the 
Molluswi have no such regular means of transport, and are, in a 
large number of instances, limited to districts of a certain 
character of soil, or producing certain kinds of vegetation. 

The localisation, both of genera and species, occurs all over 
the world. The genus Achatinella, which is peculiar to the 
Sandwich Islands, is found there in a profusion of species. It 
lives in the mountain valleys which radiate from the central 
ridge of each island, and each valley is characjterised by its own 
peculiar set of species. The great carnivorous Glandina is 
restricted to Central America and the adjacent parts of the two 
continents, with one or two species in Southern Europe. Bulimus 

proper is restricted to South America; Achatina to AiVica south 
of the Sahara; Tornatellina to the Pacific Islands; Coddostyla 

to the Philippines; Cylindrella and Bulimulus are peculiar to the 
New World; Buliminus, Nanina, Scardbivs, and Cassidula to the 
Old. 

Extreme cases of this restriction of habitat sometimes occur. 
Thus Limnasa involuta is found only in a single small mountain 
tarn in Ireland; Clausilia scalaris along a narrow strip of lime¬ 
stone in Malta; Strophia riana is confined to a few square rods 
on an island that is itself a mere dot in the Caribbean Sea; the 
genus Camptonyx occurs only in the neighbourhood of Mt. Girnar, 
in Gujerat; and Lantzia in moss on the top of a mountain in 
Bourbon. 

Attempts to colonise snails in strange localities have usually 
resulted in failure, especially when the attempt has involved 
serious changes of environment. The common Gochlieella axuta 

of our coasts resists all endeavours to establish it beyond a certain 
distance from the sea. Snails brought from the Biviera and 
placed under almost similar conditions of climate on our own 
southern coasts have lived for a while, but have very rarely taken 
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permanent root. Mr. H. W. Kew^ has collected a good many 
of these attempts to acclimatise species, the general success of 
which seems to depend almost entirely on a restoration of the 
old conditions oi’ life. 

At the same time there are certain species which exhibit a 
curiously opposite tendency, and which seem capable of flourish¬ 
ing in almost any part of the world, and under the most varied 
surroundings. Our own common garden snail {Helix aspersa) is 
a striking instance of this adaptability to new conditions. It 
has been establisiied, by art or by accident, in Nova Scotia, Maine, 
South Carolina, New Orleans, California, Mexico city, Cuba, Ilayti, 
Cayenne, Brazil, Valparaiso, Cape Town, the Azores, St. Helena, 
Mauritius, Loyalty Islands, and Australia. The great Achatina 

fvlica of East Africa has been established first in Mauritius, and 
from thence has been carried to tlie Seychelles and Calcutta. 
Helix laxtea, a common Mediterranean species, has been carried 
to Teneriffe and Monte Video; Helix simila/ris, whose fatherland 
is Eastern Asia, has been transported to Mauritius, Bourbon, West 
Africa, West Indies, Brazil, and Australia; Ennea hicolor (Eastern 
Asia) to India, Bourbon, Mauritius, West Indies; Stenogyra 

deeollata (Mediterranean basin) to South Carolina; S. Goodallii 

(West Indies) to British pineries; Helix hortensis to New Jersey. 
Seven common English species {Limax gagates, Hyalinia cellaria, 

H alliaria, Helix aspersa, H pulchella, Pupa umhilicata) have 
become naturalised in St. Helena,^ and as many as nineteen in 
Australia.^ 

Cases of artificial transport of this kind are readily detected; 
they follow the lines of trade. The snails themselves or their 
ova have been accidentally enclosed with plants or mould, or have 
adhered to packing-cuses, or to hay and grass used in packing. 
Thus they constitute no disturbance to the general rule of the 
persistent localisation of species and genera, and there is little 
fear that the evidence which the geographical distribution of the 
Mollusca brings to bear upon the general problems of distribution 
will be confused by any intermixture of fauna naturally distinct. 

Land Mollusca: Barriers to Dispersal,—The chief natural 
barriers to dispersal are extremes of temperature, the sea, 
mountain ranges, and deserts. Eivers, however large, seem of 

^ The Disposal df Shells, pp. 182-195. » E. A. Smith, P,Z,S, 1892, p. 259. 
» a T. Mttsson, Ptoc, Linn. Soc. N, S, Wales (2), v. p. 888. 
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little effect in checking dispersal. There is no appreciable 
difference between the land Mollusca north and south of the 
Ganges, or north and south of the Amazon. Living snails, or 
their ova, are no doubt transported from one bank to another on 
floating debris of various kinds. The barrier offered by the sea 
is obvious, and at first sight appears insurmountable; but the 
facts with regard to oceanic groups of islands like the Azores 
and Canaries (see p. 297) show that even a stretch of salt water 
many hundred miles in breadth may be ineffectual in preventing 
the dispersal of Mollusca. 

Mountain ranges, provided they are too high to be scaled, 
and too long to be turned in flank, offer a far more effective 
barrier than the sea. Every thousand feet upward means a fall 
of so many degrees in the mean temperature, and a change, 
more or less marked, in the character of the vegetation. There 
is generally, too, a considerable difference in the nature of the 
climate on the two sides of a great mountain range, one side 
being often arid and cold, the other rainy and warm. The 
combined effect of these influences is, as a rule, decisive 
against the dispersal of Mollusca. Thus the Helices of Cali¬ 
fornia are almost entirely peculiar; one or two intruders from 
states farther east have succeeded in threading their way 
through the deep valleys into the Pacific provinces, but not a 
single genuine Californian species has been able to scale the 
heights of the Cascade Mountains. The land Mollusca of India 
are numbered by hundreds; not one penetrates north of the 
Himalayas. According to Mr. Hevill,^ the change from the 
Indo-Malayan to the so-called European molluscan fauna at the 
northern watershed of the Kashmir valley is most abrupt and 
distinct; in two days’ march northward, every species is dif¬ 
ferent. Eanges of inferior altitude, such as the Pyrenees, the 
Carpathians, or the Alleghanies, may be turned in flank as well 
as scaled, and we find no such marked contrast between the 
Mollusca on their opposite sides. 

The most effective barrier of all, however, is a desert. Its 
scorching heat, combined with the absence 'of water and of 
vegetable life, check dispersal as nothing else can. The distri¬ 
bution of the Mollusca of the Palsearctic Eegion is an excellent 
instance of this. Their southern limit is the great desert which 

* Scieni. JiUmK» Sec, Yarkarid Skped. “Mollusca,’* pp. LIS. 
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stretches, with scarcely a break, from the west coast of Africa 
to the extreme east coast of Asia. The Mediterranean offers no 
effectual barrier; shells of southern Europe are found in pro¬ 
fusion in Morocco, Tunis, and Egypt, while all through Siberia 
to the extreme of Kamschatka the same types, and even the 
same species, of Mollusca occur. 

A detailed examination of the means, other than volimtary, 
by which Mollusca are transported from one place to another 
hardly comes within the scope of this work. Ocean currents, 
rivers, floods, cyclonic storms of wind, birds, and even beetles and 
frogs, play a part, more or less considerable, in carrying living 
Mollusca or their ova, either separately or in connexion with float¬ 
ing d(3bris of every kind, to a distance from their native home. 
Accidental locomotion, of one or other of these kinds, combined 
with the well-known tenacity of life in many species (p. 37), 
may have contributed to enlarge the area of distribution in many 
cases, especially in the tropics, where the forces of nature are 
more vigorous than in our latitudes. The ease with which 
species are accidentally spread by man increases the probability 
of such cases occurring without the intervention of human 
agency, and numbers of instances may be collected of their 
actual occurrence.^ 

A point, however, which more concerns us here is to remark 
on the exceedingly wide distribution of the prevailing forms of 
fresh-water Mollusca. It might have been expected that the 
area of distribution in the fresh-water forms would be greatly 
restricted, since they cannot migrate across the land from one 
piece of water to another, and since the barriers between pond 
and pond, lake and lake, and one river system and another are, 
as far as they are concerned, all but insuperable. We might 
have expected, therefore, as Darwin and Wallace have remarked, 
to find a great multiplicity of species confined to very restricted 
areas, since the possibility of communication with the parent 
stock appears, in any given case, to be so exceedingly remote. 

As is well known, the exact reverse occurs. The range, not 
merely of genera, but even of individual species, is astonishingly 
wide. This is especially the case with regard to the Pulmonata 
and Pelecypoda. The genera Limmea,Ilamrhis, Fhysa, Amylvs, 
Unio^ and Cytlaa are world-wide. Out of about ten genera of 

^ Mr* H. W. Kew, Thp DispwsaZ nf ShtlU, has brought together a very large series. 
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fresh-water Mollusca in New Zealand, one of the most isolated 
districts known, only one is peculiar. In South Africa and the 
Antilles no genus is peculiar. In the latter ca6e, this fact is 
remarkable, when we consider that the same sub-region has at 
least ten peculiar genera of operculate land Mollusca alone. 

To give a few instances of the distribution of particular 
species: — 

Limnaca stagnalis L. occims in the whole of Europe, and 
northern Asia to Amoorland, Turkestan, Afghanistan, North 
Persia, and Kashmir; Greenland, North America from the 
Atlantic to the Pacific, and from North Canada and British 
Columbia as far south as Texas. The distribution of X. peregra 
Mull, X. truncatula Miill., and X. palustris Mull, is almost 
equally wide. 

Planorhis alius occurs in the whole of Europe, and northern 
Asia to Amoorland, Kainschatka, and Japan; Turkestan, the 
Altai-Baikal district, Alaska and Greenland, North Canada, and 
the whole of eastern North America. 

The distribution of Anodonta anatina L., Cyclas cornea L., 
and Pisidium pusillum Gmel. is almost equally wide. 

It is evident that the accidental means of transport mentioned 
above are insufficient to account for the facts as we find them; 
we are therefore coini)elled to seek for further explanation. 
Anything in the nature of a current furnishes a ready means 
of transport for Mollusca which have obtained a footing in the 
upper waters of a river, and there is no difficulty in imagining 
the gradual spread of species, through the agency of floods or 
otherwise, over a whole river system, when once established at 
any point upon it. The feeble clinging power of newly-hatched 
Limnaea has often been noticed as contributing to the chances 
of their range of distribution becoming extended. Fresh-water 
Mollusca, too, or their ova, are exceedingly likely, from their 
extreme abundance, to be transported by water-bMs, which fly 
without alighting from one piece of water to another. Again, 
the isolation of one river system from another is, in many 
instances,^ by no means well marked or permanent, and a very 
slight alteration of level will frequently have the effect of 
diverting the supplies of one watershed into another. When we 
know what enormous oscillations in level have taken piece over 
practically the whole surface of the globe, we can recognise the 
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probability tliat the whole river system of the earth has been 
mixed up and reconstructed again and again, with a very 
thorough blending of adjacent fauna. 

It is possible that the very uniform conditions under which 
fresh-water Mollusca live may have something to do with the 
uniformity of their distribution and the comparative sameness 
in their development. There can scarcely be any question that 
the environments of fresh-water species are in themselves less 
varied and less liable to fluctuation than those of species whose 
home is the land. Water is very like water, all the world over; 
it may be running or motionless, warm or cold, clear or muddy, 
but the general tendency is for it to be free from extremes of 
any kind. Even if the surface water of a lake or river freezes, 
or becomes unusually hot, there is generally plenty of water at a 
lower stratum which maintains a less extreme temperature, and 
to which creatures can retire on the first symptoms of a change. 
From this two results will follow. Not only will the inhabitants 
of a piece of water not be inclined to vary much from the type, 
since their whole surroundings, food, etc., continue very much 
the same, but, if transported by any accident or cataclysm else¬ 
where, they will be exceedingly likely to arrive at a place which 
closely resembles their former home in all essentials. Thus the 
tendency for new types to be formed would be constantly 
checked, or rather would very seldom arise. 

Mr. Belt, while recognising the importance of changes of 
level as affecting the distribution of fresh-water species, appears 
to regard the operations of such changes from a rather different 
point of view to that described above. " I think it probable,” 
he writes,^ " that the variation of fresh-water species of animals 
and plants has been constantly checked by the want of continuity 
of lakes and rivers in time and spaca In the great oscillation 
of the surface of the earth, of which geologists find so many 
proofs, every fresh-water area has again and again been destroyed. 
. . . Thus species of restricted range were always exposed to 
destruction, because their habitat was temporary and their re¬ 
treat impossible, and only families of wide distribution could be 
preserved.” 

The terrestrial surface of the globe has been divided, as indi- 

^ 7%$ Natwraliri in Nicatagtui, p, 8341 
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eating the facts of geographical distribution, into six regions— 
the Palaearctic, Oriental, Australasian, Ethiopian, Nearctic, and 
Neotropical. To these is sometimes added a seventh, the Neant- 
arctic, consisting of Chili and Patagonia (and certain islands of 
the south Atlantic); but since the Mollusca of Chili unmistak¬ 
ably form a part of the Neotropical fauna, it seems hardly worth 
while to recognise a separate region for those of the extreme 
south of South America, which have no peculiar characteristics. 

In certain points the exact limits of these regions, as in¬ 
dicated by the Mollusca, will probably not correspond to those 
which are marked out by other zoological classes. Wallace's line, 
for instance, does not exist, as far as the Mollusca are concerned. 

These regions may be further subdivided into sub-regions, 
thus:— 

Regions 

Palaearctic 

Oriental 

Sub-regions 

Septentrional 
Mediterranean 
Central Asiatic 
Indo-Malay 
Chinese 

I Papuan 
Australasian < Australian 

( Polynesian 

Regions Sub-regions 

Ethiopian 

Nearctic 

Neotropical ^ 

Central African 
South African 
Malagasy 
American 
Californian 
Antillean 
Central American 
Colombian 
Brazilian 
Chilian 

A The Palaearctic Begion 

The southern boundary of this region is the northern limit of 

the African Sahara, the Mediterranean forming no break what¬ 

ever in its continuity. In Asia this boundary is less well 

marked, but roughly corresponds to the southernmost of the vast 

ranges of mountains which border the great tablelands of central 

Asia Across Africa the line of desert is well defined; but in 

the north-east, as the desert approaches more nearly to the sea, 

the African extent of the region, is correspondingly narrowed 

until it becomes little more than a strip of coast land, scarcely 

widening even in Lower Egypt. On the Morocco coast, 

Palaearctic land forms penetrate as far south as Cape fTun.^ 

At its eastern extasmity the line becomes less well defined, but 

^ More^, Journal de CmeL 1B75, p. 194. 
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probably proceeds along the snowy mountains west of Setchouan, 
the Pe-ling and Tan-sia-shan ranges, so as to include all the 
high ground of Thibet and of the upper waters of the Hoang-ho, 
and ultimately reaches its eastern limit at some point on the 
shores of the Sea of Japan. 

The region thus includes all Europe, Africa north of the 
Sahara, with the Atlantic islands (the Azores, Canaries, etc.), North 
Arabia, Asiatic Turkey, the greater part of Persia, Afghanistan, 
Thibet, all Asiatic Eussia, and a very large portion of the Chinese 
empire. 

The principal characteristics of the region as a whole are;— 
(1) The rich development of Helix, Avion, Limax, Buliminus, 

and Glausilia. 
(2) The comparative absence of land operculates (see map, 

frontispiece). 
(3) The uniform character of the fresh-water fauna. 
It is in the southern portion of the region that Helix (in the 

sub-genera Macularia, Iherus, Pomatia, and Xerophila) and Buli- 
minus {Zebrina, Chondrula, Ena) attain their maximum. In 
the northj Fruticicola is the characteristic group; in the 
mountainous districts of the south - east, Campylaea, with 
Clausilia. The Arioiiidae have their headquarters in the 
damp and warm regions of western Europe, but are rare in the 
south. They only approach the Mediterranean coast in Algeria, 
near Gibraltar, and in the region between the base of the 
Pyrenees and the Maritime Alps, and are very poor in species 
throughout Italy and Sardinia. They are absent from almost the 
whole of northern Africa, the Mediterranean islands (except 
Sardinia), the whole Balkan district, the Crimea, Caucasus, and 
western Asia.^ 

The uniformity of the fresh-water fauna is disturbed only in 
the extreme south. A few species of Melanopsis with Neritina, 
occur in southern Spain and Austria, Galicia, and southern 
Eussia, while a Melania or two. (absent from Spain) penetrate the 
south-eastern parts of Europe as tar as Germany. Cyrena begins 
to replace Cyclas in southern Eussia and the Caucasus. 

The Palaearctio region falls into three sub-regions:— 

(1) The Northern or Septentrional Sab*region, ie. the dis- 

* PoUonera, Boll. Mu$. Zool. Torino, v. 1890, No. 87. 
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trict north of the line formed by the Pyrenees,^ Alps, Carpathians, 
and which, passing to the northward of the Aralo-Caspian district, 
follows the great central mountain range of Asia until it reaches 
the Sea of Japan, perhaps somewhere in the neighbourhood of 
Vladivostok. 

(2) The Mediterranean Sub-region, ie. the countries border¬ 
ing on the Mediterranean, the Black and Caspian Seas, with the 
Atlantic Islands. 

(3) The Central Asiatic Sub-region, i.e, Turkestan, Afghani¬ 
stan, Thibet, and probably the districts of Mongolia and 
Manchuria.^ 

(1) The Septentrional Sub-region has been divided by some 
writers into two provinces, the European and the Siberian. 
There seems, on the whole, but little occasion to separate off 
northern Asia, the characteristic of which is, as will be seen 
below, rather the gradual disappearance, as we proceed eastward, 
of European species and genera, than the development of any 
new and peculiar groups. The remarkable fauna of Lake Baikal 
stands apart, not only from European, but also from the Siberian 
types occurring in its immediate neighbourhood. 

On the whole, the Septentrional Sub-region is poor in species 
except those which inhabit fresh water. This fact is probably 
due to the extreme vicissitudes of temperature which prevail, and 
it is interesting to notice that the number of land Mollusca 
appears to touch its lowest point in districts where the annual 
range of temperature is greatest. On the other hand, in the 
western portions of the region, where the climate is moist and 
temperature more equable, the Mollusca are considerably more 
abundant and varied. 

The line which separates the Septentrional from the Mediter¬ 
ranean Sub-region must of necessity be very roughly drawn, and 
stragglers from the south will be foimd to make their way north¬ 
ward, and vice versd, under favouring circumstances of tempera¬ 
ture and geological formation. Jordan has noticed® that species 

^ South and south-western France, however, belong to the Mediterranean Sub¬ 
region. 

^ The coast-line of north-east China, including Corea and Japan to north FTiphon, 
is much more deSnitely tropical than the adjacent inland districts. The coast-line, 
therefore, must bo placed in the Oriental Region, while the inland districts belong 
to the Palaearctic R<^os. 

* Centralbl ii. p. 208. 
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which in southern countries are not confined to any particular 
quality of soil are in more northern latitudes found only on 
limestone, which absorbs more heat than other formations. Con¬ 
versely, the higher elevations of the Alps, Pyrenees, and even 
Carpathians are like islands in a sea, and support a thoroughly 
northern fauna, quite strange to that of the plains below. Thus 
Helix harjpa Say, a completely boreal shell, which is at home in 
Canada, Sweden, Lapland, and the Amoor district, is found on 
the Eiffel Alp, at a height of 6000 feet.^ Vertigo arctica Wall., 
a species abundant in Lapland, North Siberia, Iceland, and Green¬ 
land, occurs on the high Alps of the Tyrol. 

Circumpolar Species.—A certain number of species are common 
to the extreme north both of the Palaearctic and Nearctic regions, 
and are, in fact, circumpolar. The number of these species, how¬ 
ever, is so small, not exceeding about 40 species ( = 16 genera), 
that it seems hardly worth while creating a special sub- 
region for their reception, particularly as no genus is peculiar. 
At the same time the fact is instructive as illustrating the close 
connexion of the northern districts of the two regions, a connexion 
which was no doubt more intimate in recent geological times than 
it is now. 

The circumpolar genera are as follows. The list decisively 
sets forth the superior hardiness of the fresh-water as compared 
with the land genera:— 

Valvata . 1 sp. Helix . . 4 sp. Succinea . 1 sp. Physa . . 1 sp. 
Bithynia , 1 „ Patula. . 2 „ Limnaea . 7 „ Anodoiita. 1 „ 
Vitrina . 1 „ Pupa . . 3 „ Planorbis. 5 „ Unio . . 1 „ 
Hyalinia . 4 „ Cionella . 1 „ Aplecta . 1 „ Pisidium . 1 „ 

Great Britain.—There are in all about 130 species—83 land, 
46 fresh-water *, Limnaea involuta (mountain tarn near Killarney) 
appears to be the only peculiar species. There are 11 Hgalinia, 
6 Arion, and 26 Helix, the latter belonging principally to the 
sub-genera JCerophila, Tachea, Trichia, and Fruticicola. Three 
Testacella are probably not indigenous, but are now so well estab¬ 
lished as to reckon in the total. Of the four Olausilia two reach 
Ireland and one Scotland; two do not occur north of the Forth. 
There, are only two land operculates, one of which (Cyclostoma 
elegam) occurs in Ireland but not in Scotland, while the other 
(Aeicuia Uneata) reaches the southern counties of Scotland 

^ Craven, Jowm, de Cmchyl, (3) xxviii. p. 101. 
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Several species, ag. Helix jpomatia, H obvoluta, IL revelata, H 
cariudana, H. pisana, Bvliminus montanus, are restricted to the 
more southern or western counties; Geomalacns macvlosus is con¬ 
fined to a district in south-western Ireland. 

The Pleistocene beds of East Anglia contain a number of 
species now extinct in these islands, whose occurrence appears to 
indicate a warmer climate than the present. Such are Helix 
Tuderata, H, fruticum^ H imarnata, Clavsilia pumila, Unio 
littoraliSy Hydrobia marginatay and Corhicula Jiuminalis, 

Scandinavian Penirmda.—From Norway 121 species in all 
are recorded, and 148 from Sweden. The milder climate of 
Norway allows many species to reach a considerably higher lati¬ 
tude than in Sweden, thus in Sweden Limax maximus only 
reaches 62°, but in Norway 66° 50' Similarly Avion hortensis 
and Bcdea perversa only reach 63° and 61° respectively in 
Sweden, but in Norway are found as far north as 69° and 67° 
50'. Clausilia is represented by 9 species in southern Norway; 
one of these is found north of the Arctic circle. There are 
4 Pupa^ 9 Vertigoy and 11 Hyaliniay but Helix dwindles to 14, 
9 of which occur north of the Arctic circle. No land operculates 
are found; Cyclostoma eleganSy however, occurs in Jutland and 
Zealand, which practically form a part of this district. 

Iceland.—^Eleven species, all Scandinavian, occur. These are 
Avion 2 y Limax 1, Helix 2 {arhustorum L. and hortensis Mlill., the 
latter being found only on the warmer southern coast), Limnaea 
1, Planorhis 1, Pisidium 4. 

France.—The northern, central, and eastern districts belong 
to this sub-region, while the southern and western, in which an 
entirely new element occurs and many northern forms disappear, 
belong to the Mediterranean. Thus, for instance, Helix pomatia 
L, H incarnala MiilL, H. fruticum MtilL, H. carUiana Mont., H 
strigella Drap., H rv^fescens Penn., H. pleheia Drap., are not 
found in southern France. No detailed enumeration of species 
is at present possible, the efforts of a large number of the leading 
French authorities being directed to indiscriminate species-making 
rather than to the careful comparison of allied forma Per¬ 
haps the principal difference between the Mollusca of northern 
France and those of our own idands is the occurrence of two 
species of Pomatim In the more elevated disteiots of eastern 
France (the Vosges, Jura, western Alps), a certain numlw of 
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Species occur which are confined to the high grounds of south 
central Europe. Among these are Helix hoUmrica Stud., H 
^)ersonata Lam., 11. hi dens Chein., H. deinlata Di'ap., H. cohresiana 
Alt., H. aljnna Eaure. 

The rieistocene deposits of the valley of the Somme tell the 
same tale as those of eastern England, containing as they do 
species and even genera whose northern range is now juuch more 
limited. The Eocene fossils from the Paris beds sliow most re¬ 
markable relationships to genera now existing in the West Indies 
and central America. Others again indicate affinities with India. 
Thus we find CereSy Megidomastomay and Tudor a by the side of 
Lcjdo'pomay Faunus and Pahidornvs. 

Germany.—The Mollusca of the plains of northern Germany 
are few and not striking, and exhibit little difference from those 
of our own islands. In the inouiitainous districts of the south 
and south-east, a number of new 
forms occur, amongst which are ?> 
species of Baudehardiay a remarkable 
carnivorous form, with the general 
ap]iearance (.)f a Vitrina ; 24 of Clau~ 
siliay many Pupa, se veral Bul l mi nus, 
8 of the Campylaea group of Helix, 
stragglers from the Italo-Dalmatian 

Fi(i. 193.—A, hauddumlia hreripea 
BVr.: shy shell ; 2^.0, pulmonary 
orifice. (After Pt'eitfer.) B, sheil 
of J). rvfa Pfr., S. Germany. 

fauna, and 1 of Zonites proper. Our familiar Helix aspe/rsa is 
entirely absent from Germany. There are only 4 land o]ier- 
culates—Pomatias 2, Acieula 1, Cyclostoma 1, all of wdiich occur 
exclusively in the south. Bithynella and VitreMa, two minute 
forms of fresh-water operculates akin to Hydrobia, occur through¬ 
out the district. 

Northern Russia and Siberia.—This vast tract extends from 
eastern Germany to the Amoor district. It is exceedingly poor 
in Mollusca, and is chiefly characterised by the gradual disap¬ 
pearance, as we proceed eastward, of European species. There 
are a few characteristic Siberian Mollusca, closely allied to 
European forms, and in the extreme east a new element is 
introduced in the ap^Kiarance of types which indicate Chinese 
affinities. The whole district anay be regarded as bounded to the 
south by a line drawn from Lemberg to Moscow, and thence to 
Perm; passing south of the Ural mountains, it incliules the 
whole basins of the rivers Obi, Yenesei, and Lena, coinciding with 

VOL. HI u 
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the vast mountain ranges which terminate to the north the table¬ 
land of central Asia, at the eastern extremity of which it dips 
sharply southwards, so as to include the Amoor basin and Corea. 

All the larger Helices are wanting, and no land operculates 
occur. Helix arhustorum L., H nemorcdis MtilL, H, Iwpicida L, 
H. aculeata MtilL, and Hyalinia nitidida Drap., do not appear to 
occur east of the Baltic; Avion fnscus MtilL, Helix strigella Drap., 
Buliminus ohscurus MtilL, Clausilia laminata Mont., C, hidentata 
Bttg., O. plicatula Drap., Viviparm fasciatus MtilL, and Neritina 
fluviatilis L., do not pass the Urals. 

In the Obi district (West Siberia) a further batch of European 
species find their easterly limit. Among these are Helix hispida 
L., Bithynia tentaculata L., Vivipara vivipara L., Pisidivm amni- 
cum MtilL, and Unio tumidus Retz. A few distinctly Siberian 
species now appear, e.g. Ancylus sibiricv^ Gerst., Vahata sihirica 
Midd., and Vitrina rugulosa Koch. 

The following are among the European species which reach 
eastern Siberia: Hyalinia nitida MtilL, Succinea ohlonga Drap., 
Planorhis vorlex L, spirorbis L., marginatus Drap., rotundatus 
'Poir^f fontanus Light., Valvata piscinalis Mxill., Bithynia ventri- 
com Leach, and Anodonta variahilis Drap. Here first occur such 
characteristic species as Phym sihirica West., -F. aenigma West., 
Helix pauper Gld., H, Stuxhergi West., H Nordenskioldi West., 
Planorhis borealis Lov., Valvata aliena West., Cyclas nitida Cless., 
and G, levinodis West. In the Amoor district a decided 
Chinese element makes its appearance in a few hardy forms 
which have penetrated northward, e.g. Philomycus hilineatus 
Bens., and a few each of the Fruticicola (Chinese) and Acusta 
groups of Helix, Out of 63 species, however, enumerated from 
this district, as many as 33, belonging to 18 genera, occur also 
in Great Britain. 

Lake Baikal,—The MoUusca of Lake Baikal exhibit distinct 
characteristics of their own, which seem to indicate the long- 
continued existence of the lake in its present condition. 
Several entirely peculiar genera occur, which are specialised 
forms of Hydrohia, e.g. Baikalia, Liohaihalia, Gerstfeldtia, Byhow^ 
skia, and Maackia; Benedictia alone extends to the basin of the 
Amoor. Ghoanompholm^ another peculiar and ultra-dextral (p, 
250) genus belonging to the Limnaeidae, appears to be related to 
the West American Carmifex. 
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(2) The Mediterranean Sub-region is divided into four 
provinces: (a) The Mediterranean province proper; (?>) the 
J\jntic; (c) the Caucasian ; and (cl) the Atlantidean province. 

(a) Tlie Mediterranean jirovince 'proj^er is best considered 
by further subdividing it, with Fischer and others, into separate 
districts, each of which has certain peculiar characteristics. 

(i) The Hispano-Algerian district includes the greater part 
of the Iberian peninsula, the Balearic Islands, and nortliern 
Africa from Mor<x.‘.co to Tunis. The extreme western parts of 
these districts, including West Morocco, Portugal, Asturias, and 
south-west France, under the inlluence of the moist climate 
caused by tlie Atlantic, show some peculiar features whicli, in the 
view of some, are sulticient to justify their separation from the 
rc^st of the Hispano-Algerian ])orti()n. Among these is a marked 
development of the slugs, Teatacella, Arion, and Geoincdacus, the 
latter of whicli occurs even in south-western Ireland. 

SpitiyL—The principal features are the development of the 
Macalaria, IheruSy and Gonostonia groups of Helix, and the occur- 

Flfi. 194.—A^Partm- 
cella I "alencUiisii 
W. and B. 
(After Moquin- 
Taudon.) A', shell 
of the same, natu¬ 
ral size. 

rence of tlie remarkable slug Parmacell a, which is found in many 
other parts of the sub-region, and extends eastward as far as 
Afghanistan. Clausilia has but few species, mostly in tlie north. 
There are foim species of land operculates, one of which is 
referred to a genus (Tudora) now living only in the West 
Indies, but which occurs in the Eocene fossils of the Paris 
basin. In the south there are several species of Melanopsis and 
Heritina. 

The States of Northern Africa have a thoroughly Mediterranean 
fauna, whose facies on the whole shows rather more affinity to 
Spain than to Sicily. The Helices of Morocco and Algeria 
belong to the same groups as those of southern Spain. Many 
are of a dead white colour, the better to resist the scorching 
effect of the sun. Fermsmia is abundant, Geomatcwm and Par- 
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macella are represented by a single species each, and there is one 
Clamilia. According to Kobelt/ the original land connexion 
between southern Spain and Morocco must have been much 
more extensive than is usually assumed, and probably reached at 
least to the meridian of Oran and Cartagena. The Mollusca of 
Oran and Cartagena are, according to him, mucli more closely 
related than those of Oran and Tangier, or those of Cartagena 
and Gibraltar, but at Cartagena soiiie species, which are charac¬ 
teristic of the Mediterranean coasts from Syria westward, dis¬ 
appear, are absent from the rest of Spain and from Morocco, 
but reappear on the south-western coasts of France. These 
s])ecies may possibly have puslied along tluit anii of the sea 
which, when the Straits of Gibraltar were closed as far as tlie 
latitude of Oran and Cartagena, united in comparatively recent 
times the Bay of Biscay with the Gulf of Lions. 

The following genera, which do not occur in Spain, have 
jirobably spread into northern Africa as far as Algeria, via 
Sicily and Tunis, namely, GlatuUria (1 sp.), Dandehardia (1 
sp.), Pomatias (2 sp.). Tunis show^s strong traces of Sicilian 
intiuence, and Kobelt found a colony of snails, of Sicilian atiini- 
tics, as far west as Tetuan. 

The Sahara.—The Algerian Sahara contains, in many places, 
a sub-fossil Molluscan fauna which appears to show that the 
district has, in quite recent times, undergone a gradual desicca¬ 
tion. The species are mainly fresh-water, including Melania, 
Melanopsis, and CorhicuJa, with here and there valves of Cardium 
edide, and indicate, on the whole, an aftinity with recent Egyptian, 

rather than Xorth African species. 
It is probal)le that a vast series 
of 4tangs, or brackish-water lakes, 
once stretched along this region, 
and were ultimately connected 
with the sea somewhere between 

A B 

Fig. 195. — Characteristic sheUs of B. 
France: At IJdix{M(mdaria) nwiends 

Tunis and Egypt. 
(ii) Southern Frurvoe.—The 

Fer. ; 
Drap. 

B, Lmcochroa candidissima southern portion of France 

bordering on the Mediterranean 
contains many species, especially of Helix, which do not occur in 
the centre and north. Amongst these are— 

^ Jdhrh. DetUseh, Malak. Oesetl, viii. p. 278« 
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Leiicochroa candidissima Drap. 
Hyalinia olivetorum Giael. 
Zonites alginis L. 
Helix raiigiana Desli. 

„ serpentina Fer. 
,, niciensis Fer. 
„ splendida Drap. 
„ vermiciilata Midi. 
„ melanostoma Drap. 

„ aperta Born. 

Helix ciliata Yen. 
„ explaiiata Midi. 
„ apicina Lam. 
„ cespitum Drap. 
„ Terverii Mich. 
„ pyramidata Drap. 
„ trochoides Poir. 

Feriissacia folliculus Uroii, 
Rumina decollata L. 
Pupa inegacheilos C. and J. 

Several species of fresh-water Hydrohia {Bithynella) occur. 
The district, on the whole, unites certain 
characteristics derived from northern Italy 
with those of eastern Spain. 

(iii) The Italo - Dalmatian district in¬ 
cludes Italy and the neighbouring islands 
(Corsica, Sardinia, Sicily, Malta), and the 
regions at the head and north-eastern shores 
of the Adriatic. (Oarinthia, Carniola, Croatia, 
and Dalmatia), tlie line which separates these 
latter districts from the faima of southern L., s. 

Austria, Bosnia, and Servia being very difli- phmgm. 
cult to define. 

Ikdy, with the neighbouring islands, has a rich molluscan 
fauna. In the sub-Alj)ine districts of northern Italy the xu’omi- 
nent Helix groups are Campylaea, Fomatia, and A/udnstoma, 
which in the south are generally replaced by Iherus, which here 
attains its maximum development. Large Hyalinia are abund¬ 
ant in the north, and Pomatias and ClanHilia are frequent all 

Fxq. 197.—Ifdix ((^mpyUm) zoivata Fio. [Therm) 
Stud., Hedmout. strigata Miill., Florence. 

along the Apennines. Sicily has about 2S0 species, half of 
which are peculiar. Helices of the Iherus type abound, but 
Campylaea is reduced to two species. Many peculiar forms of 
Clwusilia occur, especially a latticed type of great beauty. Fems- 
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Hiid Pupa are well rcx)reseiite(l, and there are one (^acli of 
Ghindina and Pandvhitrdia. 

Dalmatia and the adjacent districts are chiefly remarkable 
for the rich development of Claumlia, which here attains its 
inaximuin (nearly .100 s})ecies). The Vampylaea section of tA Helix is represented by its handsomest forms, 

M many of which are studded with short 
hairs. Here too is the headquarters of 

k J ZoniteH proper, which stretches westward 
J as far as Provence, and eastward to Asia 

Minor ; and also of the sin^^le Euro])ean 
* Q B'’ Glandina, which has a similar eastward 

Fin. 199.-A. Clauma ‘ spreiids westward tlirougli Italy 
craa&kusta Ben., and Sicily to Algeria, not occurring in 

zS,“Daiu southern France. The land oiierculates are 
matia; B', ciausiiiuni chiefly represented l )y Po m al ias, and among 

the fresh-water operculates are a Melania 
and a LWioglyphus, the latter having probably spread from the 
basin of the Danube. 

(iv) The Efjypto-Syrian district extends along the south¬ 
eastern shores of the Mediterranean from Tripoli to North Syria, 
and eastward to the Euphrates valley. Lower Egypt alone 
belongs to this portion, the fauna of Upper Egypt being of an 
entirely tropical character, and belonging to the Ethiopian 
Eegion. 

Lower Egypt—The Mollusca of Lower Egypt stand in the 
unique position of belonging, half to the Palaearctic, and half to 
the Ethiopian Kegion. The land Mollusca are of a distinctly 
Mediterranean type, while the fresh-water, directly connected as 
they are by the great highway of the Nile with regions much 
farther south, contain a large admixture of thoroughly tropical 
genera {Ampnllaria, Lanistes, Melania, Cleopatra, Corhicula, 
Cyrena, Iridina, Spatha, Miitela). The Helices, which are nob 
numerous, are rather a mixture of circum-Mediterranean species 
than of a specially distinctive character. H desertorum, how¬ 
ever, belonging to the group Eremophila, is characteristic. There 
is a single iParmaeella, but the physical features of the country 
are unfavourable to the occurrence of such genera as Claudlia, 
Pupa, Hyalinia, and the land operculates. 

Syria.—The Mollusca, especially in the more mountainous 
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r{>^ions of the iiot'th, are unicli more varied and iniinenais tlian 
t.hoR(5 of Egypt. Clansiiia is again fairly j)lentiful, and the 
Helicidae are re]m^sented by some striking 
forms of tlie sections Lcrantina, }*omatia, 

and Nffinniulma. Leiwochroa has several 
curious types with a constricted aperture, 
and the Agnatha are represented by JAhania, 

a peculiar form of JMvdehardia. A promi¬ 
nent feature is tlie occurrence of a number 
of large white BulirninuH of the Petraens 

secticm (Eig. 200). Dnul ojKirculates appear 
to be absent, l)ut Melanopsis and Neritlna 

are abundant. The Dead Sea contains no 
Mollusca, ])ot Lake Tiberias has a rich 
fauna, including tlie above-mentioned genera, 

Fi(i. 200.—^A, Buiiminns 
(Petraens) lahrusvs 
01 iv., Bey rout ; B, 
Bnlim/inus {Chnnd- 
rula) septemdenfatns 
Hotli., Palestine. 

with a CoiMcula and several Unio, 

Upper Mesopotaviia appears to possess a mixture of Syrian 
and CaucHsiaTi forms, including a Pay^ma^teMa. Lower Mesopo¬ 
tamia has an exceedingly poor land fauna, but is comjiaratively 
rich in fresh-water species, the growing eastern character of 
which is shown by the occurrence of several CorhicMla and 
Psendodon, and of a Neritinn of a distinctly Indian type. 

(!}) The Pontic province extends from Western Austria to 
the Sea of Azof, and inedudes Austria, Hungary, Eoumania, the 
Balkan peninsula (so far as it does not form part of the Mediter¬ 
ranean sub-region), the islands of the Greek Archipelago, southern 
Russia and the Crimea, and Asia Minor. It thus practically 
corresponds to the whole Danube basin, together with the lands 
bordering on the Black Sea, except at the extreme east, which 
belongs to the Caucasian sub-region. Fischer sejiarates off Greece, 
Asia Minor (except the northern coast-line), and the intervening 
islands, with -Crete and Cyprus, as constituting a portion (Hel- 
lado-Anatolic) of the Mediterranean sub-region proper. These 
districts, however, appear to possess scarcely sufficient indi¬ 
viduality to warrant their separate consideration. 

A prominent characteristic of the Pontic Mollusca is the 
great abundance of Claudlia and Bulimims. In the islands 
east and west of Greece Clmdlia forms a large proportion of the 
fauna, each isl^d, however small, possessing its own peculiar 
forms. Tho Helices belong principedly to the groups Campylam 
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(which is very abundant in Austro-Hungary), Fomatia (Greece 
and Asia Minor), and Ancliistoma. Mactdaria is comparatively 
scarce, but is represented in Greece by one very large form 
{Codringtonii Gray). Zonites proper has its metropolis in this 
sub-region, and the Danube basin contains one or two species of 
Melania and Lithoglyphus. Buliminns is abundant throughout 
the sub-region, in the sub-genera Zebrina, Mapaeus, Mastus, and 
Ohondrula. Several striking forms of Zehrina {Ena) are peculiar 
to the Crimea. 

(c) The Gamasian Province,—The limits of this province 
can hardly be exactly defined at present. It appears, however, 
to include the whole line of the Caucasus range, Armenia, and 
North Persia. 

The land Mollusca are abundant and interesting. Among 
the carnivorous genera are four species of Daudehardia, a Glandina, 

and three peculiar forms of naked slug, PseudomilaXy Trigono- 

chlamySy and Selenochlamys. There is a single Parmacellay the 
same species as the Mesopotamian, and a good many forms of 
lAmax, Vitrina and Eycdinia are well represented, and the pre¬ 
dominant groups of Helix are Eulotay Cartusianay Xerophilay and 
Fruticocampylaeay the last being peculiar. Clawilia and Pupa 

are rich in species^ together with Buliminus of the Chondrula 

type. One ClausUia of the Phaedvsa section, together with a 
Mucrochlamys (Transcaspian only), a Corhiculay and a CyclotuSy 

show marked traces of Asiatic affinity. There is one species each 
of Acicula and Gyclostomay and one of Pomatias. 

The Caspian Sea, like Lakes Baikal and Tanganyika, is dis¬ 
tinguished by the possession of several remarkable and peculiar 
genera. The sea itself, the waters of which are brackish, is 80 
feet below the level of the Black Sea, and is no doubt a relict of 
what formed, in earlier times, a very much larger expanse of 
water. Marine deposits containing fauna now characteristic of 
the Caspian, have l)een found as far north as the Samara bend of 
the Volga. It is probable, therefore, that in Post-pliocene times 
an arm of the Aralo-Caspian Sea penetrated northward up the 
present basin of the Volga to at least 54° N. The Kazan 
depression of the Volga (65° N) also contains characteristic 
Caspian fossils.^ According to Brusina,^ the Caspian fauna, 

^ Netohayeff, Soc. Nat. xvii. fasc, 6. 
* Fauna der Oon^erim^Sehichten, p. 142. 
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as a whole, is closely related to the Tertiary fauna of southern 
Europe. 

Twenty-six species of univalve Mollusca, the majority being 
modified forms of Hydrohia, have been described from the Caspian, 
namely, Micromelania (6), Cas^na (7), Clessinia (3), NeynaUirella 

(o)y TAthoglyplius (1), Planorhis (1), Zagrahica (1), Hydrohia (2), 
Neritina (2). The l)ivalves are mostly modified forms of Canlium 

(^Didacnay Adacna, Monodfwnn)y which also occur in estuaries 
along the north of the lllaek Sea. A form of Cardium edide 

itself occurs, and numberless varieties of the same sj>ecie8 are 
found in a semi-fossil condition in the dry or half dry lake-beds, 
which are so abundant throughout the Aral district. 

(rZ) The Atlaniidmn provmee consists of the four groups of 
islands, the Madeiran group, the Canaries, the Ajsores, and the 
C'a})e Verdes. 

The Madeiran gron'p contains between 140 and 150 species 
of Mollusca which may be regarded as indigenous, tlie great 
majority of which are peculiar. Only 
11 s^iecies are common to Madeira and 
to the Azores, and about the same 
number, in s^jite of their much greater ® 
proximity, to Madeira and tlie Canaries. 
No less than 74 sjjecies, or almost 
exactly one-half, belong to HcliXy and 
9 to PatvXa, A considerable number 
of the Helices are not only specifically c o 
but genericiilly j)eculiar, the genera Fio. 201. — cimracteristic land 

bearing close relationship to those 
occurring in the Mediterranean region. Lowe, Madeira; 

As a rule they are small in size, but Porto 
often of singular beauty of ornamenta- IToWas/on?'Lowe, Porto Santo; 
f-. o /. -O {Coronaria) ddj^U- 
tion. Various forms of are ex- wM^c»xde.v Lowe, Madeira, 

ceedingly abundant (28 sj).), as is also 
Perussacia (12 sp.). There are also 3 Clausllia (which genus 
occurs on this group alone), and 3 Vitrina (a genus which occurs 
on all the groups). The land operculates are represented solely 
by 4 Cra^y^opoma, which is common to all the groups except 
the Cape Verdes. 

The Canaries have about 160 species, only about a dozen of 
which are not peculiar. As many as 75 of these belong to 
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Helix (the sub-genera being very much the same as in the 
Madeiran group), and 11 to Patnla. There is 1 species of 
Parmacella (which occurs in this group alone), and 6 of Vitrina, 
of considerable size. A remarkable slug (^Plectrophorus) was 
described from Teneriffe by F^russac many years ago, but it has 
never been rediscovered, and is probably mythical, or wrongly 
assigned. Bviiminus {Napae'us) has as many as 28 species, all 
but one being peculiar, and Ferussacia 7. Cyclostoma has two 
indigenous species, which, with one Hydrocena and one Graspedo- 
foma, make up the operciilate land fauna. 

The Azores are comparatively poor in Mollusca, having only 
52 species, nearly two-thirds of which are peculiar. Helix has 
16 species, Patvla 4, and Pupa 8. Ferussacia, so abundant in 
Madeira and the Canaries, is entirely absent, its place being 
taken by Napaeus (7 sp.), which is curiously absent from 
Madeira, but richly represented in the Canaries. There are 7 
Vitrina, while the land operculates consist of one each of 
Graspedopoma and Hydrocena. A singular slug {Plutonia), with 
an ancyliform internal shell, is said to occur. The group was 
long believed to possess no fresh-water Mollusca, but two species 
(one each of Pisidium and Physa) have recently been discovered. 

The Cape Verdes, owing to the extreme dryness of their 
climate, are poor in land Mollusca. There are 11 Helix, nearly 
all of which belong to the group Leptaxis, which is common to 
Madeira and the Canaries. Ferussacia is absent, Buliminm is 
represented by a single species, and there are no land operculates. 
Ethiopian influence, however, as might be expected from the 
situation of the group, is seen in the occurrence of an Ennea, a 
Melania, and an Isidora. 

It ,will be noticed how little countenance the moUuscan' fauna 
these island groups gives to any theory of an Atlantis, any 

thVjory which regards the islands as the remains of a western 
<^jA,tinent now sunk beneath the ocean. Had ^Atlantis' ever 
exisA^d^ we should have expected to find a considerable proportion 
of the\ jfoUusca common to all the groups, and perhaps to Europe 
as well\ and there would apparently be no reason why a genus 
which o^urred in one group, should not occur in all As a feet, 
we find species extremely localised throughout, and genera 
occur and \ fail to occur in a particular group without any 
obvious reason. All the evidence tends to show that the isUmdt 
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avo purely oceanic, and have been colonised from the western 
coasts of the Mediterrantifin, i.e, from the direction of the prevail¬ 
ing currents and winds. 

(3) Central-Asiatic Sub-regioXL—The countries included in 
this vast sub-region are Turkestan, Songaria, Afghanistan, including 
the Pamirs, Western Thibet, and probably Mongolia. Kashmir 
belongs to the Indian fauna. At present the whole district is very 
imperfectly known; indeed, it is only at a few points that any¬ 
thing like a thorough investigation of the fauna has been made. 
It is therefore almost premature to pronounce any decided opinion 
upon the Mollusca, but all the evidence at present to hand 
tends to show that they belong to the Palaearctic and not to 
the Oriental system. This is especially the case with regard 
to the fresh-water Mollusca, many of which are specifically 
identical with those occurring in our own islands. A slight 
admixture of such widely distributed types as Corhicula and 
Melania occurs, but is not sufficient to disturb the general 
European facies of the whole. It is possible that eventually 
the whole district may be regarded as a sub-region combining 
certain characteristics of the eastern portions of the Mediter¬ 
ranean basin with an extension of the septentrional element, due 
to higher elevation and more rigorous climate. The principal 
features in the land Mollusca appear to be the occurrence of a 
number of Buliminus of the Nafoeus group, a few Parmacella 
(Afghanistan being the limit of the genus eastward), Clausilia, 
Ptipa, Limax, and Helix, with several stray species of Macro- 
chlamys. 

B. The Oriental or Palaeotropical Region 

This region includes all Asia to the south of the boundary 
of the Palaearctic region, that is to say, India, with Ceylon, 
Burmah, Siam, and the whole of the Malay Peninsula, China 
proper, with Hainan and Formosa, and Japan south of Yesso. 
It also includes the Andamans and Nicobars, and the whole of 
Malaysia, with the Philippines, as far eastward as, and includ¬ 
ing Celebes with the Xulla la, and the string of islands south 
of the Banda Sea up to the K4 la The Moluccas, in their two 
groups, are intermediate between the Oriental and Australasian 
regiona 
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In this vast extent of land two distinct centres of influence 
are prominent—the Indian and the Chinese. Each is of marked 
individuality, but they differ in this essential point, that while 
the Chinese element is decidedly restricted in area, being, in fact, 
more or less confined to China itself and the adjacent islands, 
the Indian element, on the other hand, extends far beyond con¬ 
tinent^ Asia, and embraces all the Malay islands to their 
farthest eastward extent, until it becomes overpowered by the 
Papuan and Australian fauna. Upper Burmah, with Siam, forms 
a sort of meeting-point of the two elements, which here inter¬ 
mingle in such a way that no very definite line of demarcation 
can be drawn between them. 

Thus we have— 

c 

Oriental Region \ 
1. Indo-Malay Sub-Region 

2. Chinese Sub-Region 

\a) Indian Province. 
(6) Siamese Province. 
(c) Malay Province. 
((i) Philippine Province. 

((a) Chinese Province. 
(6) Japanese Province, 

The Indo-Malay fauna spreads eastward from its metropolis, 
but has practically no westward extension, or only such as may 
be traced on the eastern coasts of Africa and the oS-lying islands. 
There appears to exist no other case in the world where the 
metropolis of a fauna is so plainly indicated, or where it lies, 
not near the centre, but at one of the ends of the whole area of 
distribution. 

Comparing the two sub-regions, the Chinese is distinguished 
by the great predominance of Helix, while in the Indo-Malay 
sub-region Nanina and the related genera are in the ascendancy. 
In India itself there are only 6 genera of true Helicidae, poorly 
represented in point of numbers; in China there are at least 
three times this amount, most of them abundant in speciea 
The Indo-Malay sub-region, on the other hand, is the metropolis 
of the JSTaninidae, which abound both in genera and species. In 
the Chinese sub-region Clausilia attains a development almost 
rivalling that of S.E. Europe, while in India there are scarcely 
a dozen species. A marked feature of the Indo-Malay sub-region 
is the singular group of tubed land operculates (Opisihpporua, 
Fteroeyclus, etc.). In China the group is only represented by 
stragglers of Indian derivation, while the land operculate fauna^ 
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as a whole, is distinctly inferior to the Indian. Another char¬ 
acteristic group of the Indo-Malay region is Amphidromus, with 
its gaudily painted and often sinistral shell; the genus is entirely 
absent from China proper and Japan, where its place is taken 
by various small forms of the Buliminus group. Fresh-water 
Mollusca, especially the bivalves and operculates, are far more 
abundant in the Chinese sub-region than in the Indo-Malay. 

(1) Tlie Indo-Malay Sub-region.—(a) The Indian Province 
proper includes the peninsula of Hindostan, together with Assam 
and Upper and Lower Burmah. To the east and extreme north¬ 
east, the boundaries of the province are ill-defined, and the fauna 
gradually assimilates with the Siamese on the one hand and the 
Chinese on the other. Eoughly speaking, the line of demarca¬ 
tion follows the mountain ranges which separate Burmese from 
Cliinese territory, but the debatable ground is of wide extent, 
and Yunnan, the first Chinese province over the border, has 
many species common with Upper Burmah. 

The gigantic ranges of mountains which bound the sub- 
region to the north-west and north limit the extension of the 
Indian fauna in those directions in a most decisive manner. 
There is no quarter of the world, even in W. America, where a 
mountain chain has equal effect in barring back a fauna. In 
the north of Kashmir, where the great forests end, there is a 
most comphite change of environment as the traveller gains the 
summit of the watershed; but Kashmir itself distinctly belongs 
to the Indian and not the Palaearctic system. The great desert 
to the south of the Punjab is equally effective as a barrier towards 
the west. 

The Mollusca of India proper include a very large number of 
interesting and remarkable genera. India is the metropolis of 
the great family of the Naninidae, or snails with a caudal mucus- 
pore, which are here represented by no less than 14 genera and 
over 200 species. The genera MacrochlamySy Sitala, Kaliella, 
Ariophanta, Girasia, Ausienia, and Durgella are at their maxi¬ 
mum. Helix is scarcely represented, containing only about 30 
inconspicuous species (leaving Ceylon out of account). Bulimimts 
is abundant, especially in the north. The Stenogyridae are 
represented by Gles$%da, which is exceedingly abundant in India, 
but has only a few straggling representatives in the rest of the 
Oriental region. Among the Pupidae is the remarkable form 
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Boysia, with its twisted upturned mouth, while Lithotis is a 
peculiar form allied to Smcinea, to which group also probably 

belongs Cmnptonyx:, a limpet-like form with a very small spire, 
peculiar to the Kattiawar peninsula. Camptoceras, an extra¬ 

ordinarily elongated sinistral shell, with- a loosely coiled spire, is 

peculiar to the N.W, Provinces. 
Among the fresh-water pulmonates is an Ampullarina, a genus 

only known elsewhere from the Fiji Is. and E. Australia. Orem- 
nocom/ius is a form of LiUorma, peculiar to the W. GluUs, 

which has habituated itself to a terrestrial life on moist rocks 

many miles from the sea. Tlie fresh-water operculates include 
the peculiar forms Mainwarinyia, from the mouth of the Ganges 

(intermediate between Melania and FaludoMm\ Stomatodon, 

Ficj. 202.—Churacteristic Indian Mol- 

Ui.sca: A, Ilypsehstoma tubifeinm 
Blanf.; B, Vamptoceras terd>Ta Bens.; 
C, Camptonyx Theohaldi Bens. 

Fig. 203. — Streptaxis 
Perrotdi Pfr,, Nil- 
ghiri HilLs: A, adult; 
A^ young form. 

Larina, Fosmrul/us, Triv/ula, and others. The bivalves are neither 

numerous nor remarkable; Velorita, a genus of the Oyrenidae, is 
peculiar. 

The land operculate fauna of India is singularly rich an*d 

varied. About 25 genera, and at least 190 species, occur. Here 

we find the metropolis of CyclopTiorm among the larger forms, 

and of l)iplom7naf/ina and Alycaem among the smaller. A large 

proportion of the operculate genera are quite peculiar to the 

extreme south of India and Ceylon. The appearance of a few 

species of the European genus Pomatias is very remarkable. 

The carnivorous genera are poorly represented. A few Mnnea 

occur, while Streptaxis is practically confined to the extreme 
south and. north-east. 
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Lami and Fresh-water Molhma of India proper 

Streptaxis . . . 9 Trachia . . 12 Limnaea . . 7 Streptaiilus 1 
Eiinea .... 8 Thysanot'i 1 Camptoceras . 3 Coptochilus 8 
Holicarion . . . 15 Gamaena . . 1 Planorbis . . 10 Alycaeus . 49 
Girasia .... 14 Ampliidromus 2 Ampullarina . 1 Lagocliilus 1 
Austenia . . . 11 Boysia . . 1 Melania . . 17 Cyclophorus 12 
Ibycus .... 1 Petraeus . . 14 Mainwaringia 1 Scalaina . 1 
Africarion . . . 2 Cerastus . . 6 Paludomus . 10 Micraiilax. 2 
Durgolla . . . 4 Rachis . . 5 Stomatodon . 1 Jerdonia . 10 
Ariophanta . . 15 Cylindrus 1 Larina. . . 1 Spiraculum 4 
Xesta .... 8 Pupa . . . 16 Cremnoconcbus 3 Otopoma . 1 
Macrochlamys 78 Hapalus . . 4 Fairbankia 2 Cyclotopsis 2 
Microcystis . . 7 Olausilia . . 10 Tricula. . . 1 Georissa . 1 
Sitala .... 20 Subulina . . 2 Bithynia . . 9 Modiola 1 
KalieUa . . . 35 Opeas . . . 6 Fossarulus 1 Scaphula . 1 
Hemiplecta . . 16 Glessula . . 49 Stenothyra . 3 Unio . . 40 
Sesara .... 3 Geostilbia 3 Vivipara . . 4 Solenaia . 1 
Trochomorpha 6 Succinea . . 11 Valvata . . 1 Cyrena 13 
Trochomorphoides 1 Lithotis . . 2 Ampullaria . 4 Sphaerium 1 
Parmacolla (?). . 1 Vaginula. . 1 Assiminea. . 9 Pisidium . 5 
Tebennopliorus . 1 Camptonyx . 1 Aomella 2 Yelorita 2 
Anadenus . . . 4 Coelostelc 1 Pomatiaa . . 4 Tanysiphon 1 
Plectopylis. . . 11 Caryobium . 8 Diplommatina 63 Novaculina 1 
Plectotropis . . 3 Ancylus . . 1 Pupina . . 1 Nausitora . 1 

The Cingalese district^ which almost approaches the character 
of a distinct province, presents several remai’kable points of 
dissimilarity from the rest of India. It consists of the island 
of Ceylon, and of a portion of S. India whose exact limits have 
yet to be defined. It appears, however, that the Western or 
Malabar coast, with the hills parallel to it, is more akin to 
Ceylon than the Eastern or Coromandel coast. The Travancore, 
Malabar, and S. Canara districts, with the Palnai, Anamalai, 
and Nilghiri Hills, are markedly Cingalese, while there seems to 
be no distinct evidence of similar relationship on the part of the 
Madras or even the Cuddalore district. 

Among the principal features of the Cingalese district is the 
occurrence of three peculiar genera of one {Acavus) large 
and finely coloured, another (Corilla) smaller, with a singularly 
toothed aperture. While the Corilla group shows relations with 
Plectopylis and other Burmese and Siamese sub-genera Acavus 
(Fig. 204) is totally distinct from any other Indian form, and 
shows signs of close relationship, in the great size of the 
embtyonio shell, to the Helices of Madagascar ,(p. 336). In 
Ceylon the group i$ entirely isolated, and its occurrence, besides 
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decisively separating that island from India, Burmah, and 
Siam, forms a most interesting pro])lem in the history of dis¬ 
tribution. Eiirystoma, with a single species vittata Miill.), 
is also peculiar. 

As usual when Helix gains ascendancy, the Naninidae retrogress. 
Durgella, Austenia, and Girasia are absent altogether, while 
Mmrocldamys, Sitala, Kaliella, etc., are present in greatly 
diminished numbers. The sub-genus Beddomea is peculiar, a 
form directly related to Amphidromus (Siam and Malacca). 
The fresh-water operculate Philopotamis is peculiar, but for one 

Fia. 204. ~ Ifr/ix {A m- 
vm) Waltotii Reeve, 
Ceylon, sliowing em¬ 
bryonic shell 
xS. 

species found in Sumatra; while Tanalia is quite peculiar. But 
the forms which, next to the Helices, most emphasise the separa¬ 
tion of the Cingalese district are the land operculates. There 
are eleven genera or subgenera of land operculates which do not 
occur in the rest of India proper. Two {Aulopoma and Catrmlus) 
are quite peculiar, while the other nine are represented in 
Burmah, Siam, and the Malay islands, but not in India. On 
the other hand, Diplommatina and Alycaeus, so profusely abim- 
dant in India, have not yet been discovered in Ceylon. Among 
the slugs, Tennentia is a peculiar genus, whose nearest relation 
occurs in the Seychelles. 

Genera and Suhgenera occiirring in the Cingalese District^ 
hut not in JV. and Central India 

Streptaxis 
Tennentia 
Acavus 
Eurystoina 
Gorilla 

Beddomea 
Philopotamis 
Tanalia 
Theobaldius 
Leptopomoides 

Craspedotropis 
Pterocyclus 
Aulopoma 
Ditropis 
Cyathoporaa 

Mychoponia 
Cataulue 
Kicida 
Opisthostoma 

The district consisting of tlfper Burmah, Pegu, 
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and Ar(ican>, while essentially a part of the Indian province, 
contains several Siamese genera which are not found in India 
}>roper, as well as several which are at j)resent peculiar. 
Amongst the former categoiy are, of Helicidae, a single repre¬ 
sentative each of the genera Camaena. (Siamese and (Chinese) and 
Aegista (C^hinese). InHuence of the same kind is seen in the 
increiised numbers of Plei‘to2^ylis (14 sp.) and Plectotrojns (5 sp.), 
of Glaus ilia (10 sp.) and Arapkidronivs (5 sp.), 
and of the large tubed operculates (11 sp. in all). 
Scsnra and t>ophina among the Naninidae are strange 
to India, while Ifyalimac is common only to the 
Andamans, Nicobars, and Mascarene Is. J[y2)selo- 
stoma (Fig. 202, A) is a most remarkable genus of 
the Pupidae, reminding one of Ano^stoma of the 
New World. It is peculiar to the peninsula, but 
for one sjxxdes in the Idiilippines. Among the 
Piijunidae, we have the peculiar liaphaulus and 
Hyhocystis (Fig. 205), a very remarkable form, of 
which another species occurs at Perak. "Yv^oHelicina 20().-^iiybo- 

mark the most westward extension of the genus graoida 

on the mainland. In the extreme nortli of Upper and adult. 
Pu ’inah, Indian and Cliinese forms intermingle. 

The Ilurmese district, together with the Indian and Siamese 
provinces, is pre-eminently the home of a group of Mollusea, 
originally of marine origin, wdiich have permanently habituated 
themselves to a brackish or fresh-water existence. They belong 
to widely different families, and even Orders. Besides Cremnocon- 
chus mentioned above, we have, among the bivalves, Novamlina, 
a Solen living in fresh water in the Ganges, Irawadi, and 
Tenasaerim estuaries; ScaphvJa, an Area, one species of which 
occurs in the Ganges hundreds of miles above the tideway (see 
Fig. 9, p. 14); and Martesia, a Pholas from the Irawadi Delta. 
Clea (which also occurs in Java and Sumatra) is probably an 
estuarine Cominella; a Teciv/ra has earned the name jluminalis 
from its exclusive residence in the Irawadi E.; Iravadia is 
probably a Rissoina of similar habits, occurring from Ceylon 
round to Hong-Kong; Brotia is a Cerithium from an affluent of 
the Eiver Salwin, and Canidia is a Nassa, occurring- in the 
embouchures of rivers from India to Borneo. Nowhere else in 
the world is there such a colleotian-r-iiot exhausted by this list 

vou nr * X 
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—of marine forms caught iu process of habituation to a fresh¬ 
water or even a laud existence. 

The Andaman and Nicohar Islands possess no peculiar features 
ill their land Mollusca. They are closely related to the adjacent 
coasts of Lower Burmah. AmpJiidromvs (2 sp.) (x*.curs in the 
Andamans alone, and Clandlia (2 sp.) in the Xicohars alone, 
while Hyalimax occurs in both groups. A remarkable Helix 
(eodonodes For.) from the Nicobars appears to find its nearest 
relations in the isolatcxl group from Busuaiiga and Mindoro (p. 
315). Land operculates are aliundant, in the Nicobars actually 
outnumbering the pulmonates (28 to 22). Helicina and 0/a- 
phalotropis, genera characteristic of small islands, are found on 
both groups. 

(/>) The Siamese Provincx includes the area oc’cupied ))y the 
districts known as Siam, Laos, Cambodia, Cocliin China, Aiinam, 
and Toncpiin. Along the whole of its northern frontier, the 
zoological is no more than a political boundary, while on the 
east the mountain ranges which part Siam from I*egu and 
Tenasserim are not of sufficient heiglit to offer any effective 
barrier to distribution. The province is accordingly (qualified to 
a considerable extent by Indian and Chinese elements. 

Slreptaijcis is, but for three Ennca^ the sole representative of 
the carnivorous genera, and attains its maximum in the Old 
World. Partly owing to Chinese influence, the Helicidae, with 
11 genera and 46 species, begin to regain tlieir position as 
compared with the Naninidae (12 genera, 54 species). Of the 
Helicidae, Acusta and Hadra appear now for tlie first time, and, 
with Plectotropis, Stegodera, and Clavsilia, form a marked 

Chinese element. Amphidromus, 
with 33 species, is the most char¬ 
acteristic land pulmonate. Several 
genera, whose nucleus of distribu¬ 
tion lies among the islands farther 
^st, appear to have penetrated as 
far as these coasts. Such are Chlo- 
ritis, Gmnm'm, and Oihina among 
the Helicidae, Trochomorphat and, 

Fio, tiamnsk of the operculatcs, Helicim. 
Sowb., Siam, t f ^ ^ 

I^nd operciuHtes are very richly 
developed. In all, there are 17 genera and 104 species Imown. 
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The tubed operculates attain their maximum, and Cyclo;phorvs 
is even more abundant than in India. Fresh-water bivalves 
abound. Dipsas and Pseudodon are common to China, and Unio 
and Anodonta are profusely represented. A curious resemblance 
to S. America appears in this group, a single Mycetopus occurring, 
the only species not Brazilian, while Arconaia appears very closely 
to approach the Hyria of the same locality. Several genera 
of the Hydrohia type {Pachydrdhia, Jullienia, Ohlorostracia) are 
peculiar. 

Land and Fresh-water Mollusca of the Siamese Province 

Streptaxis . 20 Chloritis. . 8 Faunus . . 1 Leptoponia 10 
Ennea . . 3 Dorcasia. . 1 Bithynia. . 9 Lagocliilus 6 
Helicarion . 7 Camaena 6 Wattebledia 1 Pupina . . 8 
Microcystis 3 Hadra 6 Stenothyra . 4 Hybocystis 3 
Sesara (?) 1 Obldna . . 1 Hydrobia . 1 Alycaeiis 6 
Medyla . . 1 Aniphidromu833 Pachydrobia 9 Catauliis (?) 1 
Xesta . . 4 Bocourtia . 2 Jullienia 6 Diplommatina 2 
Macrochlaniys 6 Buliminus . 4 Lacunopsis . 6 Helicina. . 4 
Kaliella. . 5 Hypselostoma 2 Ohlorostracia 4 Georissa , . 2 
Hyalinia (?) 1 Tonkinia 1 Vivipara. . 39 Modiola (f. w.) 2 
Hemiplecta. 14 Olausilia. . 16 Valvata . . 1 Dreissensia . 3 
Rhysota . . 2 Opeas . . 7 Ampullaria . 15 Anodonta . 17 
Trochomoqdia 6 Spiraxis (?) . 2 Assiminea . 7 Mycetopus . 1 
TrochomorplioidesB Subulina 1 Procyclotus. 3 Pseudodon , 18 
Plectopylis . 5 Succinea. . 4 Dasytherium 2 Dipsas 4 
Stegodera . 2 Vaginula 7 Opistlioporus 5 Unio. . 64 
Plectotropis 12 Limnaea 7 Hhiostoma . 7 Arconaia 1 
Trachia . , 3 Planorbia 6 Myxostoma . 1 Cyrena . . 6 
Fruticicola . 2 Canidia . . 13 Pterocyclus . 7 Batissa . . 1 
Acusta . . 2 Melania . , 39 Cyclophorus 28 Corbicula . 35 

(c) The Malay Province includes the peninsula of Malacca 
south of Tenasserim, and the series of islands beginning with 
Sumatra and stretching eastward up to the K4 Is., besides 
Borneo and Celebes, The Philippines form a separate province. 

The Malay province is singularly poor in representative 
forms, whether we regard it as a whole or consider the islands 
separately. Not a single genus, with the exception of Phodina 
(Malacca), appears to be peculiar. The contrast with the West 
Indies is in this respect very striking. Java, for instance, 
which is, well explored, and almost exactly eleven times the size 
of Jamaica, has about 100 species of land Mollusca, while 
Jamaica has about 460. 
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This watil of individiiality in llio land MolluKca of tlie Malay 
islands is accounted for by a consideration of the sea depths 
which separate tliein fr<im the Asiatic mainland. The accom¬ 
panying map, the red line on which is intended to show what 
would be the result of an elevation of the sea bottom for no 
greater amount than 100 fathoms, exhibits clearly the fact that 
these islands are practically a part of Asia, a large stretch of very 
shallow sea extending between Siam and the greater part of the 
north-west coast of Borneo. 

In all probability the three great islands of Sumatra, Java, 
and Borneo were united with the mainland of Asia, and 
with one another, at a. period, geologically speaking, com¬ 
paratively recent. This follows from the general iiniibrmity of 
their land Mollusca, both as regards one another and as regards 

the mainland. Nor do the smaller mem¬ 
bers of the island series—Bali, Lombok, 
Siimbawa, Flores, Timor, and Timor Ijaut— 
show any marked individuality in the 
possession of peculiar genera. Wallace’s 
line is absolutely non-existent, so far as 
the land Mollusca are concerned. Tlie 

Tiq. 207.—An^ha^tn Rum- noticeable break in distribution 

comes with the Aru Is., for while the 
Tenimber group (Timor Laut, etc.) are decidedly Malay, and the 
K6 Is,, in the poverty of our information, uncertain, the Aru Is. 
are as Papuan as New Guinea itself. The profound depths of the 
Banda Sea to the north, and the Timor Sea to the south, appear 
to have kept the islands from Flores to Timor Laut free from the 
intrusion of any Moluccan or any considerable Australian element. 
The Moluccas, as has been already remarked, besides possessing 
considerable peculiarities of their own, unite a mixture of the 
Malay and Papuan elements, and serve as a sort of debatable 
ground for the meeting of the two. 

The Malay peninsula is practically another island of some¬ 
what the same shape and general trend as Sumatra, and about 
one-half the size. Its general relations—and the remark applies 
to the great Sunda Islands as well—appear to be rather more 
with Burmah, Tenasserim, and even the Cingalese district, than 
with Siam. Points of connexion between Ceylon and Sumatra, 
and Ceylon and Borneo, have already (p. 304) been brought out. 
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It seems not impossible, from the point of view of tlie land 
Mollusca only, that the Siinda Islands may at one time have 
stretched much farther into the Bay of Bengal, prolonged, per¬ 
haps, into what are now the .Andaman and Nico1>ar grouj)S, 
while Ceylon and the western side of the Deccan, united into one 
continuous piece, of land, and possibly se])arated from N. India by 
a wide stretch of sea, extended farther eastward in a long island, 
or series of islands. 

Ja\'a, from its Mollusca, does not appear to hold the compara¬ 
tively isolated position which its mammals and birds seem to 
indicate. Borneo, on the other hand, is more Siamese than Java 
or Sumatra in respect of a grou}) whose metropolis is Siam, 
namely, the tubed oju^rculates; for while that section is repre¬ 
sented by J species in Sumatra and only 2 
in Java, in Borneo it has as many as 19, 
RMostoma not occurring in the two former 
islandvS at all. Alycaeus, LagochiluH, Ihvpina, 

and Cyclophorns are found throughout, but 
Hyhocysiis (Malacca, 1 sp.) does not quit tlie 
juainland. Borneo is remarkably rich in 
land operculates, especially noticeable being 
tlie occurrence (11 sp.) of OpyiMmtoma 

(Fig. 208), a most extraordinary form of 
laml shell (Ceylon, Siam), of IHploimnatina 

(17 sp.), and Raphauhis. The occurrence 
of a single Papuina (Moluccas eastward) is 
very remarkable. 

Amphidromus is a genus characteristic 
of the great Simda Islands, attaining its 

Fia. 208.—A, Opisthostoma 
(Jookei E, A. Smith, 
Borneo ; B, Opistho- 
sUma grandispinosum 
G.-A., Borneo. Both 
x8. 

maximum in Java (12 sj).). The Indian Glessula still has 
one species each in Sumatra, Java, and Borneo. One species 
of Streptaxis ^ occurs in Malacca, but Ennea (3 sp.) reaches as 
far east as Borneo and the Philippines. Parmarion, HeMcarion, 

Ariophanta, and other groups of the Naninidae are well repre- 

' Stre})taxis is a remarkable instance of a mainland genus. Although abundant 
in the Oriental, Ethiopian, and Neotropical regions, it never seems to occur on any 
of the adjacent islands, except in the case of Trinidad (1 sp.), which is practically 
mainland. OmplialotritpiSi on the other hand, is the exact reverse of Sireptaa^is 
in this respect, occurring all over Polynesia and the Malay Is., as far west as Borneo, 
as well as on the Mascareries, Init never, save in a doubtful case from China, on the 
mainland of Asia, Australia, or Africa, 
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sented. Iferm^plectd and Xesta are abundant and large, while the 
Rhysota of Borneo contain some huge sinis- 
tral forms. Rhodina is a remarkable form 
from Malacca, whose exact generic position 
is not yet settled. Clausilia has a few species 
on all tlie islands, the last occurring on 
Ternate, and a single Pajmina (Moluccas 
and N. Guinea) occurs in Borneo. 

The Island of Cdeles marks the be¬ 
ginning of a distinct decrease in the Indo- 
Malay element. The Naninidae lose ground, 
in proportion to the Helicidae, Maoro- 

cldamySy f(»r instance, being represented by 
only one species, and Hcmi2)le.cta by four. 
Other characteristic genera of the Indian 

Fio. 209.—Amphidromus 
perversus L., Java. 

region dwindle, such as Anqjliidnmws, Clausilia, the tubed 
operciilates, and Cydopliorus, while Sitala, KalieUa, 01 ess ula, 

and Flectotropis disappear altogether. Comparing the total 
numbers of Naninidae and Helicidae from Sumatra to New Guinea, 
we obtain this interesting result: 

Sumatra Java Bonieo Colobea Moluccaa N. Guinea 

Kanina (all genera) 26 32 51 22 36 40 
ZfeWa; (all genera) 7 11 13 14 55 91 

It will be noticed that the proportion of Naninidae to Helicidae, 
which has been nearly 4 to 1 in Sumatra, falls to 3 to 1 in Java, 
and rises again to 4 to 1 in Borneo (showing the essentially con¬ 
tinental character of the island); in Celebes it further falls to 3 
to 2, while in the Moluccas the scale turns and Helix has the 
advantage by about 8 to 5, and in N. Guinea by more than 
2 to 1. 

There is the same absence of marked features of individuality 
in Celebes as in the islands dealt with above. Not a sipgle 
genus is peculiar. The nature of the sea bottom between Borneo 
and Celebes, with its indications of a somewhat broad bridge over 
an otherwise deep channel of separation, would seem to account 
for and suggest the true explanation of the facts as they stand. 
At the same time, there are indications of a certain amount of 
contrast betweeii N. and S. Celebes. The Indian element, which 
constitutes the preponderating majority of the fauna, is common 
to north and south alike. But the north part of the island, in 
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which Ohha and Ohhina occur, shows decided relationship with the 
Philippines, while the occurrence of three Ghloritis and one 
Planispira tend to approximate S. Celebes rather with the 
Moluccas. 

The islands eastward of Java^ from Bali to Timor Laut and 
the Tenimber Is., present no trace of individual peculiarities; 
they simply carry on the Indo-Malay fauna as though along a 
great peninsula. Even Timor, surrounded as it is on ail sides by 
sea of profound depth, shows no sign of possessing even one 
peculiar genus. Amphidromus, perhaps the most characteristic 
of all Indo-Malay genera, occurs throughout, diminishing in 
numbers as we go eastward (Bali, Lombok, and Sumbawa 4 sp., 
Timor 2 sp., Timor Laut 1 sp.), while Plectotropis reaches no 
farther than Flores and Timor. The tubed operculates are alto¬ 
gether wanting. In Timor Laut we have Moluccan influence 
appearing in 3 Chloritis, and there is one (supposed) Corasia, 

Two Helices of a marked Australian type (Rhagada) occur, one in 
Flores, the other on Dama I., south-west of Timor. The con¬ 
figuration of the sea bottom (see map) would lead us to believe 
that the north-west coast of Australia once stretched a good 
deal nearer to these islands. 

The Moluccas^ taken as a whole, constitute a transition region 
between the Indo-Malay and the Papuan faunas, uniting, to a very 
considerable extent, the features of both. They fall into two 
well-defined groups. The northern, or Ternate group, consists of 
Gilolo (Halmahera), Batchian, and the outlying islands as far 
south as and including Obi major. The southern, or Amboyna 
group consists of Buru, Ceram, Amboyna, and the chain of islands 
to the south-east of Ceram, as far as, and including the Is. 

The Ternate group shows decidedly closer relations with New 
Guinea than the Amboyna group. Thus, among the Helices, the 
markedly Papuan genus Papuina is represented by 7 species in 
the Ternate group, but by 1 in the Amboyna group. Again, the 
Cristigibba section of Planispira, which is a Papuan form, has 
4 representatives in the northern group, but only 1 in the 
southern. Certain points of connexion with Celebes come out in 
the southern group which are wanting in the northern; thus of 
Ghloritis there are 8 species in Amboyna, 0 in Ternate, 3 in 
Celebes. 

In the Moluccas the Helicidae, for the first tiiiie as we move 
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eastward from India, gain the ascendancy over the Naninidae, the 
numbers being, Helix 55, Nanina 36. If we take the groups 
separately, we find that in the Amboyna group the proportion is 
22 to 23, while in the Ternate group it is 33 to 13, an addi¬ 
tional proof that the Amboyna group is far less Papuan than the 
Ternate. Of Fla7iispira, the most characteristic sub-genus of 
Helix, there are 12 species in the Ternate group, and 5 in the 
Amboyna. The section Phania, which contains 4 species of the 
finest Helices known, is quite peculiar to the Ternate group. 
One species of Ohbina, a sub-genus markedly Philippine, occurs in 
each group. Several of the Indo-Malay land operculates (e.g. 
Ditropis) reach their limit here, and here too we have the last 
Clausilia (strangely absent from the Amboyna group). Amphi- 

dromus is not reported on sufficient authority to warrant its 
insertion in the list. 

Land Mollusca of the Moluccas, (T = Ternate, A = Amboyna^ group) 

Helicarion . 1 A Cristigibba . 1 A, 4 T Faunus . . 1 A 
Euplecta 1 A Obbina . . 1 A, 1 T Vivipara . . 1 A 
Xesta . . 6 A, 4 T Phania . 4 T Acmella 1 A 
MacrochJamys 1 A Albersia . 3 T Diplommatina. 4 A, 2 T 
Lamprocystis 4 A, 2 T Camaena 1 T Registoma . . 1 T 
Macrocycloides 4 A Papuina. 1 A, 7 T Pupinella . . 1 A 
Sitala . . 1 A Pupa. . 3 A Callia . . . 2 A 
Kaliella . . 3 A, 1 T Vertigo . 2 A Leptopoma 4 A, 6 T 
Trochomorpba 3 A, 3 T Clausilia 1 T Lagocbilus 1 A, 1 T 
Endodonta . 1 A Opeas 4 A, 4 T Ditropis . . 3 A 
Patula . . 1 A Subulina 1 A Cyclotus . . 4 A, 6 T 
Pleetotropis, 1 T Tomatellina 1 A Omphalotropis 3 A 
Eulota . . 1 A Vaginula . 1 A Georissa . . 1 T 
Chloritis. . 8 A Melania 18 A, 4 T Helicina . . 6 A, 3T 
Planispira 5 A, 12 T 

{d) The Philippine Province,—In the extraordinarily rich 
development of their Mollusca, the Philippines form a remark¬ 
able contrast with the poverty of the adjacent Malay islands. 
No less than 727 species of land Mollusca alone are known from 
the group, amongst which are included some of the finest and 
handsomest forms yet discovered. The main features of the 
fauna are Indo-Malay, with the addition of a certain Australasian 

* The Amboyna group has been much the better explored. Common to both 
groups are one sp. each of Kalidla, frochcmcrpha, Opeas, Leptcptyfmi CyMuSi 
ftdicina. 
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element, and a remarkable development of individual character¬ 
istics. 

The principal iiidigenouB feature is tlie profu^se abundance of 
tlie genus Oovhlodyla^ a group of large and elegant land shells, 
])artly helicoid, ])artly bulimoid in sha]>e, many of tlie species of 
which are covered witli a curious liydrojihanous epidermis. They 
are in the main of arboreal habits, living in the tops of the 
enormous forests which cover the greater part of the islands. 
As many as 247 species, belonging to 15 sub-genera, have been 
described. 

The distribution of the sub-genera of Cochlostyla on the 

Fio. 210.—CocMostyln {Chry¬ 
salis) mindoroetisis Brod., 
Mindoro, Philippines. 

Fig. 211.—VocMostyla {Ortho- 
styhis) Portci Reeve, Luzon. 
x§. 

different islands of the Philippine group aflVirds important 
evidence on the geological relation of the islands to one another. 
Thus we find Orthostylus and Hypselostyla occurring in the 
central islands and S. Luzon, but not in Mindanao or Mindoro; 
we find Chrysalis peculiar to Mindoro, Prochilus to Mindoro 
and the Cuyos, Ptychostyla to Luban, all these being sub-genera 
of very marked characteristics. Six out of the fifteen sub-genera 
are entirely absent from Mindanao, although occurring on the 
islands in the immediate vicinity. The little group Tablaa- 
Eomblon-Sibuyan are entirely deficient in certain sub-genera 
which occur on the islands surrounding them on all sides.^ 

^ A, H. Cooke, P, Jgr. 1892, pp. 447-469. 
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Oilier forms peculiar to the riiili])])ines are Diaphora, a 
section of JEnnea with a curi¬ 
ously produced mouth, and 
several sub-genera of the 
^Jininidae( VitriniconuSy ViU 

rmoidedy Ilemitrichia), The 
great Rhysoia here find their 
metropolis. Another very 
marked- group of Helix is 

Pig. rda Bred., ^ 9 

species l)eing jieculiar. 
The Ilelicidae proper of the Philijipines are still held in 

check, as in the greater part of the Indian region, by the 
Naninidae. The single I'rachia and PhctoirojyiSy and the 2 
species each of Plectopylis and Satsurndy indicate affinities with 
Indo-China. Further important Indian relationships are seen 
in the great Nanina and CydophoniSy which here attain almost 
Indian dimensions; in Kaliella (8 sp.), Hdala (2), Clansilia 

(1). Among the operculates we still have 1 Alycaeus and 1 
Goptockilus, Singularly enough, several Indian genera which 
occur here are not found in the intervening islands of Borneo, 
Sumatra, or Java, e.g. StreptcixlSy HypseJostovidy Pitropis, Aemellay 

and Cyalhopoma. The curiously tubed Malay operculates, 
OpisthoporuSy etc., fail to reach the Philippines proper, although 
occurring in Borneo and N. Celebes; one of them reaches Palawan. 
The strikingly Malay genus Amphidromus reaches Palawan, but 
no farther (1 sp.), while 2 species reach Mindanao, and one of 
these penetrates as far as Bohol and S. Leyte. Amongst the 
slugs, Mariaella occurs again only in the Seychelles, and Tennentia 

only in Ceylon. 

Land and Fresh-water Mollusca of the Philippines 

Streptaxis . 1 Hemiplecta. 11 Trochomorpha 21 Papuiiia . . 1 
Ennea . .10 Hemitrichia 15 Endodonta . 1 , Phoenicobius. 7 
Mariaella . 3 Xesta... 2 Plectopylis . 3 Cochlostyla 247 
Tennentia . 1 Macrochlamys 5 Plectotropis . 1 Amphidromus 2 
Heliearion , 21 Microcystis . 3 Aulacospira . 3 Hapalus (?) . 4 
Vitrinopsis . 5 Lamprocystis 17 Pupisoma . . 1 Hypselostoma 1 
Vitrinoidea . 1 Bensonia. . 4 Satsuma . . 2 Pupa ... 4 
Bhysota . .17 Vitriniconus 16 Borcasia . . 2 Clausilia . . 1 
Trochonanina 2 Sitala. . . 2 Chloritis . . 7 Subulina . . 3 
Eiiplecta. . 28 Kaliella . . 8 Obbina . .19 Prosopeas . . 2 
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Opeas. . . 4 Melania . . 50 
Qeostilbia . 1 Pirena . . 2 
Tornalellina 1 Bithynia. . 1 
Succinea. . 3 Vivipara. . 7 
Vaginula . 2 Ainpullaria . 5 
Ancylus . . 1 Acmella . . 2 
Limnaea. . 3 Diplommatina41 
Planorbis . 3 Arinia . . 6 
Physa . . 2 Pupina . . 5 

Kegistoma . 7 

Hargreavesia, 1 Cyathopoma . 5 
Gallia ... 2 Cyclotus . .19 
Pupinella . . 3 Omphalotropis 3 
Helicomorpha 4 Helicina . .18 
Coptocbilus . 1 Georissa . . 3 
Alycaeus . . 1 
Leptopoma . 42 Anodonta . . 3 
Lagocbilus . 11 Cyrena. . . 3 
Cyclopliorus . 31 Corbicula . . 7 
Ditropis . . 7 

Islands adjacent to the Philippines.—The Philippines are 
connected with Borneo by two distinct ridges or banks of eleva¬ 
tion, which enclose between them the Soo-loo or Mindoro Sea. 
There can be little doubt that these ridges represent the 
ancient highway of transit, by which Indo-Malay species passed 
into the Pliilippines. The depth of the sea on either side is 
profound, ranging from an average of about 1000 fathoms west 
of Palawan to 2550 off the south-west coast of Mindanao. 

It appears that the fauna of the Soo-loo ridge is definitely 
Philippine up to and including Bongao, Sibutu, and Bilatan, the 
last islands at the Bornean end of the ridge. On these are found 
two species of Cochlostyla and an Ohbina. 

The Palawan ridge may also be described as more or less 
Philippine throughout. One species of Cochlostyla occurs on 
Balabac, just north of Borneo, and two on Palawan, but these 
are perhaps counterbalanced by the definitely Indo-Malay Amphi- 

dromus and Opisthoporus (1 sp. each). At the northern end of 
the ridge, on Busuanga and Calamian, the Philippine element 
predominates. 

Eepresentatives of two remarkable groups of Helix (Camaena 

and Phoenicolius) occur along the Palawan ridge and in Mindoro. 
The Phoenicobius find their nearest allies in the curious small 
group known as Obba, from N. Celebes, the Camaena possibly in a 
type of Helix (Hadra) occurring in New Guinea and N.E. Australia. 
The only other Helix from the whole of the E. Indies which 
bears any resemblance to the Phoenicobius group is H codonodes 

Pfr., which is peculiar to the Nicobars. A few forms assigned to 
Camaena also occur in Further India and Siam. It would 
appear possible, therefore, that these two isolated groups are a 
sort of survival of a fauna which perhaps had once a much 
more extended range. 
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(2) The Chinese Sub-region.—The Chinese Suh-region in¬ 
cludes the wliole of China from its southern frontier up to and 
including the basin of the Blue or Yang-tse Eiver, together with 
the coast district, including Corea, perliaps as far north as Vladi- 
vrjstok, and the outlying islands of Hainan, Formosa, the Loo- 
Choo and Bonin grouj)s, and Japan to the north of Niplion. It 
may be divided into two provinces, the Chinese and the Japanese. 

{(i) The fauna of the Chinese proiyer bears, in many 
respects, strong marks of relationship to that of India and Siam. 
Tlius Streptaxis, HeUearimi, MaeroMamys, Kaliella, ^ikila, Ario- 

phania, Bhysoia, Ifemipleeta, Diplommatina, Opisthoporus, Ptero- 

cyelnSy Lagochilus, and Alyeaeus all occur, especially in Southern^ 
China. The two points in which the sub-region bears special 
marks of individuality are Helix and Clausilia. The sub-genera 
of Helix which have their metropolis in China are Satsmna, 

Cathaieaf AegisfAi, Acusta, Etthadni, Pleclotrupis, and Pleelupylis. 

Sinistral forms (compare Fig. 213) are rather prevalent. In 
several cases—e.g. TrieMa, Oonostoma, Fruticicola—there is a 
reappearance of forms which appear to belong to well-known 
European sulvgenera. Clausilia here attains a kind of second 
centre of distribution, and is represented l)y its finest forms, 

which belong to several peculiar 
sub-genera. The carnivorous Mol- 
luvsca are not abundant, and are 
represented by Pathouisia (a peculiar 
genus of naked slug), Ennea, and 
Streptaxis. In the western provinces 
Bulirninus is abundant in several 
sub-genera, one of which appears to 
be the European Napaeus. 

There is little which is striking in the operculates, which are 
most abundant in the south, and appear to be mainly derived 
from Indian and Siamese sources. The occurrence of Helicina 

(3 sp.), OmphaXotTopis (1), Leptopoma (2), and Bealia (2), is 
evidence of some influence from the far East. Heudeia is a very 
remarkable and quite peculiar form of Helicina with internal 
plicae, perhaps akin to the Central American Ceres, 

Fresh-water genera are exceedingly abundant, espemally 
Melania, Unio, and Amdonta, The occurrence of Myeetopus 

(a South-American genus) is remarkable. There are several 

Fig. 213.—Helix {Cairmefna) dm- 
tricorn Miill., China. 
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peculiar forms of fresh-water operculates, whose exact position is , 
hardly yet assured. 

Land and Fresh-water Mollusca of the Chinese Province 

Bathouisia . 1 Trichia . . 10 Succinea . . 8 Leptopouia . 2 
Streptaxis 7 Cathaica . . 22 Vaginula . . 7 Lagochilus . 10 
Eimea. . . 12 Aegista . . 10 Liinnaea . . 2 Cyclophorus . 18 
Parmarioij 2 Armandia 3 Planorbis. . 6 Coelopoma . 1 
Helicarion 16 Acusta . . 16 Melania . . 44 Pterocyclus . 3 
Euplecta . . 3 Obbina . . 1 Paludomiis . 3 Opisthoporus 4 
Macrochlamys 19 Camaena . . 6 Bithynia . .12 Cyclotus . .10 
Microcystina 2 Euhadra . . 14 Lithoglyplius 3 Scabriiia . . 4 
Microcystis . 7 Plectopylis . 19 Melantho (?). 1 Ptycliopoma . 12 
Kaliella . . 16 Stegodera 6 Pachydrobia. 1 Omphsdotropis 1 
Sitala . . . 8 Chloritis . . 1 Prososthenia. 2 Ilealia... 2 
Arioplianta . 1 HeL Inc. sed. 39 Stenothyra . 2 Pseudopoinatias 1 
Rhysota . . 6 Buli minus . 21 Hydrobia. . 2 Helicina . . 3 
Hemiplecta . 
Trochomorplia 

1 Bulimiiiopsis 3 Mecongia *. . 1 Georissa . . 4 
2 Bulirainidius 3 Oncomelania 9 Heudeia . . 1 

Limax. . . 1 Napaeus . . 14 Margaracya . 1 Cyclas... 1 
Philomycus . 1 Rachis(?). . 4 Rivularia. . 4 Corbicula. .60 
Patula. . . 2 Pupa . . . 10 Delavaya. . 1 Unio . . .63 
Gonostoma . 4 Clausilia . 102 Fenouillia 1 Monocondylaea 1 
Metodontia . 2 Opeas . . . 12 Vivipara . . 34 Anodonta. . 66 
Valloiiia . . 1 Euspiraxis . 1 Diplommatina 20 Mycetopus . 12 
Plectotropis . 9 Subulina . . 5 Pupina . . 6 Pseudodon . 1 
Fruticicola .. 11 Stenogyra (?) 12 Alycaeus . .23 Dipsas... 4 
Satsuma . . 14 

The island of Hainan, in the extreme south of the sub-region, 
has 40 species of Mollusca, 22 of which are peculiar, but there is 
no peculiar genus. 

The Mollusca of Formosa, although in many cases specifically 
distinct, show close generic relationship with those of China. 
The characteristic Chinese groups of Helix and Clausilia occur, 
and there is still a considerable Indian element in several species 
of Stre'ptcms, Macrochlamys, Kaliella, and Alycaevs. The oc¬ 
currence of two Amphidromus, a genus which, though Siamese, 
is not found in China or Hainan, is remarkable. 

The peninsula of Corea must undoubtedly be included in the 
Chinese sub-region. It is true that the land operculates scarcely 
occur, but there are still a number of Clausilia, and several of 
the characteristic Chinese groups of Helix are reproduced. In 
some points Corea appears to show more affinity to Japan than 
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to China, four of the Helices being specifically identical with 
those of Japan, but the peninsula is at i)resent too little explored 
for any generalisations to be made as to its fauna in this respect. 

(6) Japanese Provime.—Kobelt distinguishes four groups ol 
Mollusca inhabiting Japan {a) circumpolar species, actually 
occurring in Europe, Siberia, or N. America, or represented by 
nearly allied species (these of course do not belong to the 
Japanese province as such); (h) Indo-tropical species; (c) species 
which are Chinese or akin to Chinese; {d) peculiar species, a 
mixture of two forms, southern and northern, the latter being 
chiefly Hyolinia, Patula^ and Frutieicola. Out of a total of 193 
Japanese species, at least 164 are peculiar. 

The Japanese Helices belong to sub-genera common to 
China (Plectotropis 8, Euhadra 21, Acusta 23?); but the 
Naninidae scarcely occur at all. The principal feature of the 
fauna is the development of Clausilia, which pi’esents some 
extraordinarily fine forms. One slug (Philomycus) is identical 
with an Indian species. The operculates, which consist mainly 
of a few species each of Diplommatina, Cyclophorns, Pupinella, 

Pupina, Helicina, and Georissa, belong almost exclusively to the 
southern islands Kiu-siu, Sikoku, and southern Niphon. The 
three species usually reckoned as Japonia are probably forms of 
Lagoehilus. 

C. The Australasian Region 

This region includes all the islands of the Pacific east of the 
Moluccas, and falls into three sub-regions—the Papuan, the 
Australian, and the Polynesian. 

1. The Papuan Sub-region may be divided into—(a) the 
Papuan Province proper, which includes New Guinea, with the 
Am Is. and Waigiou, the Admiralty Is., New Ireland, New 
Britain, and the d’Entrecasteaux and Louisiade Groups; (6) 
the Queensland Province, or the strip of N.E. Australia from 
C. York to the Clarence E. (about 29® S. lat.); (c) the 
Melanesian Province, which includes the New Hebrides, New 
Caledonia, with the Loyalty Is. and the Viti Is. The Solomons 
form a transition district between the Papuan and Melanesian 
provinces, abounding on the one hand in characteristic Papuan 
Helices, while on the other they form the north-western limit of 
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Placostylus, the group especially characteristic of the Melanesian 
province. 

(a) The Papuan Province.—The molluscan fauna of New 
Guinea is the richest and by far the most original of all the 
Australasian region. We find ourselves, almost in a moment, in 
a district full of new and peculiar forms. New Guinea may be 
regarded as the metropolis of the rich Helicidan fauna, which is 
also characteristic of the Moluccas to the west, of N. and N.E. 
Australia to the south and south-east, and of the Solomons and other 
groups to the north-east. Here abound species of Papuina and 
Insularia (the latter being quite peculiar), among which are 
found, if not the largest, certainly the most finished forms of all 
existing Helices. Chloritis (13 sp.), Planispira (5), and Cristi- 

gihha (9) are common with the Moluccas, while a tropical 
Australian element is shown in Pedinogyra (1) and Hadra (4). 
Very remarkable, too, is the occurrence of one species of Obbina 

and Bhysota, genera which culminate in the Philippines and here 
find their most eastward extension; while a single Corasia serves 
to form a link between the Corasia of the Philippines and those 
of the Solomon Is., if the latter are true Corasia. 

We naturally find considerable traces of a Polynesian element, 
which appears to be principally characteristic of the eastern part 
of the island. Most noteworthy in this respect is the occur¬ 
rence of Partula (3), Tornatellina (1), Charopa (1), Thcdassia 

(3). As compared with the true Pulmonata, the operculates are 
feebly represented, and the great majority are of a markedly 
Polynesian type. Not a single Cyclophorus occurs; Lagochilus, 

AlycaeuSy and all the tubed operculates, so marked a feature of 
the Indo-Malay fauna, are conspicuous by their absence, and the 
prevailing genera are CyclotuSy Helicinay and a number of sections 
of Pupina. Leptopoma, as in the Philippines, is strongly repre¬ 
sented. Not that an Indo-Malay element is altogether absent. 
We still have Xesta (5), Eemiplecta (8), and even Sitala (2), but 
the great predominance of Helix seems to have barred the pro¬ 
gress, for the greater part, of the Indian Naninidae. 

The slugs appear to be represented by a solitary Vaginvla. 

A single Perrieria is a very marked feature of union with 
Queensland, where the only other existing species (P. australis) 

occurs. The solitary Rhytiday so far the only representative of 
the carnivorous group of snails, emphasises this union still 
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further. Little is known of the fresh-water fauna. Melania 

(28 sp.) is predominant, but on the whole the relations are 
Australian rather than Indo-Malay. Ampullaria is wanting, 
while a decisive point of similarity is the occurrence of Isidora 

(3 sp.), a genus entirely strange to the Oriental region, but 
markedly characteristic of the Australasian. 

La,nd and Fresh-water Mollusca of New Guinea 

Rhytida . . 1 Thalassia 3 Calycia . 4 Diplommatina 1 
Helicarioii . 2 Ochthephila (?) 1 Partula . 3 Pupina . . 4 
Hhysota . . 1 Chloritis. . 13 Pupa. . . 1 Pupinella . 3 
Hemiplectii . 11 Planispira . 5 Stenogyra 1 Oniphalotropis 2 
Xesta. . . 2 Cristigibha . 9 Tornatelliiia 1 Bellardiella . 2 
Microcystis . 3 Insularia 17 Perrieria. 1 Leptopoma . 16 
Microcystina 2 Obbina . 1 Succinea. . 1 Cyclotus. . 5 
Sitala . . 2 Albersia . 3 Vaginula 1 Cyclotropis . 5 
Oxytes (?) . 2 Hadra . . 4 Limnaea. 2 Helicina . . 15 
Conulus . . 1 Pedinogyra . 1 Isidora . . 3 Unio . . . 4 
Trocliouiorpha 8 Papuina . 35 Melania . 28 Cyrena . . 3 
Nanina (?) . 3 Coraeia (?) . 1 Faunus . . 1 Corbicula 1 
Charopa . . 1 Bulimus \i) . 1 Vivipara. . 4 Batissa . . 8 

Waigiou is practically a part of New Guinea. Twelve 
genera and twenty species of Mollusca are known, eight of the 
latter being peculiar. The occurrence of Papuina, Insularia, 

and Galycia sufficiently attest its Papuan relationship. Two 
species each of Alhersia, Chloritis, and Planispira occur.’ 

The Aru Is. are, as we should expect from their position, and 
particularly from the configuration of the adjacent sea bottom 
(see map), markedly Papuan. At the same time they show un¬ 
mistakable signs of long-continued separation from the parent 
island, for of their 36 laud Mollusca 15, and of their 20 fresh¬ 
water Mollusca 9 are peculiar. The Papuan element consists in 
the presence of Papuina, Albersia, and Cristigibha. Moluccan 
influence is not absent, for the three ffelicina, the Albersia, and 
one Cyclotus are aU Moluccan species. The fresh-water fauna 
appears to be a mixture of varied elements. The single 
Segmenttna is common to India, the Olaucomya to Malacca and 
the Philippines, while the single Batissa is also found in New 
Zealand. 

* Myttol, with 2 dUoritis, 1 hnsularia, 1 CrUHgibha^ is decidedly Pitpuaii. 
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Xesta... 4 Chloritis . 
Microcystis . 1 Cristigibba 
Hyalinia (?) . 1 Albersia . 
Trochomori)lia 1 Papuina . 
PatuUi , . 1 Pupa . . 
Eulota . . 1 Stenogyra . 2 

Planorbis . 1 Cyclotus . . 3 
Segmentina . 1 Helicina . . 3 
Melania . .14 Cyrena . . 2 
Leptopoma . 3 Glaucoinya . 1 
Moussonia . 1 Batissa . . 1 

Eealia . . 1 

Land and Fresh-water Mollusca of the Aru Islands, 

5 
2 
1 
4 
2 

The Louisiadcs, the d'Entrecasteaiix, and Trohriand Is., and 
Woodlark L, are closely related to New Guinea, containing no 
peculiar genera. Each group, however, contains a considerable 
proportion of peculiar species, an indication that their separation 
from New Guinea dates from a very distant period. From the 
Louisiades are known 34 species in all, 22 of which are peculiar. 

The fauna of the Admiralty Is., of New Hanover, and New 

Ireland is markedly Papuan, without any especial feature of 
distinction. The Admiralty Is. contain 15 sp. Papuina, 7 
Chloritis, 1 Planispira, and 1 Corasia. A single Janella shows 
relationship with the New Hebrides and with New Zealand. In 
New Ireland Planispira (which is specially characteristic of W. 
New Guinea and the Moluccas) has disappeared, but there are 7 
Papuina and 6 Chloritis, The essentially Polynesian Partula is 
present in both groups. 

The prominent feature of the Mollusca of the Solomori Is. is 
tlie extraordinary development of Papuina, which here cul¬ 
minates in a profusion of species and singularity of form. The 
genus is arboreal, crawling on the branches and attaching itself 
to the leaves of trees and underwood. Of the 140 land 
Pulmonata known from the group, no less than 50, or 36 per 
cent, are Papuina. Ten species of Corasia occur, but whether 
the shells so identified are generically identical with those of the 
Philippines, is not satisfactorily determined. Trochomorpha, 

with 22 species, here attains its maximum. Chloritis begins to 
fail, but still has 3 species. Indo-Malay influence still appears, 
though feebly, ip Hemiplecta (3), Xesta (1), and possibly even 
Macrochlamys (1). The Rhytida, the 3 Hadra, and possibly 
the Paryphanta represent the Australian element. The grow¬ 
ing numbers of PartvXa (13), the small and inconspicuous land 
operculates (only 22 in all, with Helicina very prominent), and 
the almost complete absence of fresh-water bivalves, show signs 
of strong Polynesian affinitiea An especial link with the New 
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Hebrides, Now Caledonia, and the Viti Is. is the occurrene>e of 
riacosiylus (16 s]).). It is very remarkable that this genus 
should ocour in the Solomon Is. and not in New Ireland. The 
occurrenoe of if authentic, is very noteworthy, the 
nearest species l)eing from the Philippines. 

Land and Frenh-watcr MoUusea of fdic Solomon Islands, 

Strcptaxis (?) 1 
Rliytiila . . 1 
Pary pi Uinta ( ?) 1 
Hclicarioii . 2 

Nesta... 1 
MacruclilauiyH 1 

Hi*mi])lecla . S 

Microcysti« . 2 

Troclioinorplia 22 
Naiiiiia (?). . 2 
Patula ... 1 

Thala.«!sia . . 2 
Chloritis . . 3 

IMiilina. . . 2 

Hadra ... 3 

Papuina . .50 

Meropo . . 1 
Oorasia (?) .10 

llacostylus . 16 

Partiila . .13 
iSuccinea. . 1 
Melania . .18 

Diploiinnatina 2 

Pupina . . 4 
Lepto})oma . 4 

Oinj)lialoti‘02)i.s 2 
Cyclijtiis . . 1 
Oydotrojiis . 2 
Ileliciiia . . 7 
Unio . . . ] 

(1>) The Queendand Province,—The stri}) of coast-lim^ fi‘om Cape 
York to the Clarence E. stands apart from the rest of Australia, 
and is closely connected with New Guinea. There can be little 
doubt tluit it has been colonised from the latter country, since 
an elevation of even 10 fathoms would create (see map) a wide 
bridge between the two. Many of the genera are quite strange 
to the rest of Australia. I.rfind oi)erculates are abundant, and of 
a Papuan type. Several of the characteristic Papuan genera of 
Helix {Pa;yninaj Chloriiis, Planisplra) occur, while Hadra attains 

its maximum. Panday Pedinogyra, and Thersites are tliree remark¬ 
able groiq)S in a rich Helix fauna. ParmaeocMea is a peculiar 
form akin to Hdicarion, The carnivorous MoUusca are repre¬ 
sented by EJiytiday Diplo'inphalns (New Caledonia), and Maea, 

One species of Janellay a slug peculiar to this region, occura 
The predominant fresh-water genus is Bnlinus {Isidora). Am- 

pullaria and Anodonta are entirely absent from Australia and 
New Zealand. 
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La7id Mollusca of the Queensland Pi'omnce 

Diplomplialua 1 Macrocyclis (?) 1 Helix (iuc.sed.) G Jamdla . . 1 
Kliytida . . 10 JJelicella 10 Buliiriu8(?) . 1 Georissa . . 1 

Elaea. . . 1 Planispira 8 Stenojryra . 1 Pupiiia . .16 
Parinacochlea 1 Hadra 51 Tornatelliiia 4 Hedleya . . 1 
fTclicarion . 7 5 Pupa . . . 3 (hllia. . . ] 

Nanina . . 3 Pedinoj^yra 1 Vertigo . . 4 Diploniiuatina 3 
Ilyalinia 10 Tliersitcs 1 Perrieria I Ditropis . . 2 
Tlialassia 4 Papuiiia . (> Succiiiea. 3 Dermatocera 1 

Cliar()})a . 5 J’ail da 2 Vagin 111 a 1 Helicina . . 8 

Patula (?) . 4 

(r) The Melanesian Proviiuc includes those islands on wliicli 
the itnnarkalde gi*oup P/acosti/lvs occurs, the metropolis of whose 
distribution is New Caledonia. These islands are very possildy 
the remains of wliat was once a much wider extent of land. 
A single species of Plaeostyhis occurs both on Lord Howe/s L 
and in the North 1. of New Zealand, but this fact, while 
highly interesting as indicating a possildt*, former extension 
of laud in a south-easterly direction, is hardly suflicient to bring 
these islands within the province as now limited. The Solomon 
Is., although containing Placosbjlus as far to the west as Faro 
L, form, as has been already stated, a transitional district to the 
Papuan province. 

Neio Caledonia..—The chief features of the Mollusca arc the 
nuuarka]»le development of the helicoid carnivorous genera 
llhytula (30 sp.) and Piploinphalns (13 sp.), 
and of Plaeostylns (45 sp.). There is a stray 
J*ajmina, and a peculiar form Pseudoparkda, 

but Helix lias almost entirely disappeared. 
Polynesian innuence is represented by Micro- 

cysl/is (3 s}).), the so-called Paltila (13 sp., 
many of which are probably Charopa), Torna- 

tellina (2 sp.), and Helicina (20 sp.). Partula 

does not reach so far south, but there a.re two 
species of Janella. The recurrence of Mel- 

anopsis{19 sp.), absent from the whole Oriental 
region, is curious, and forms another link 
with New Zealand. The cmdous sinistral Lim- 

naea (Isidora), common with Australia and 
New Zealand, is abundant. 

The Hew Hebrides link New Caledonia and the Solomons by 

Fig, 215.—Placostylua 
caledonicuH Pet., 
New Caledonia. 

xS- 
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their possession of the typical heavy Placostylus (5 sp.) of the 
former, and the lighter and more elegant Charis (2 sp.) of the 
latter. There are 4 Papuina, and Partula is abundant (18 sp.), 
but there is no evidence at present that the carnivorous genera 
or the Melanopsis and Isidora of New Caledonia occur. 

The Fiji Is., by the possession of 14 Placostylus of the Charis 

section, which is entirely absent from the adjacent Tonga group, 
form the eastern limit of the province. There appears to be 
only a single Partula, but the Polynesian element, especially as 
seen in Navicella (8 sp.), Neritina (20 sp.), Hclicina (11 sp.), 
and Omphalotropis (11 sp.), is very strong. The Microcystis (9 
sp.) and I'rochomorpha (14 sp.) are also of a Polynesian type. 

(2) The Australian Sub-regionincludes the whole of Australia 
(with the exception of the Queensland province) and Tasmania, 
with New Zealand and the off-lying islands. The fauna, from 
the prevalence of desert, is scanty, especially in genera. Land 
operculates are almost entirely wanting. Umax is not indi¬ 
genous, though several species have become naturalised. The 
bulk of the fresh-water species belong to Isidora, and it is doubt¬ 
ful whether Physa occurs at all. Unio has a few species, and 
also Vivipara, but neither Auodonta nor Ampullaria occur. 
There are a few Melania and Neritina. 

Tropical SotUh Australia.—The Mollusca are scanty, and 
occur chiefly in the neighbourhood of the rivers, the soil being 
arid, with no shelter either of trees or rocks. Fresh-water 
species predominate, and the rich land fauna of Queensland is 
totally wanting. There are no land operculates, 6 Hadra, 1 
Bulimus (?), 1 Stenogyra. 

West Australia.—Owing to the deserts which bound it, the 
Mollusca are very isolated, only one species being common 
with N., S,, and E. Australia. The chief characteristics are 
Liparus, a form intermediate between Helix and Bulimus, and, 
among the Helices, the group Rhagada. There are no slugs, no 
carnivorous snails, and only three land operculates. 

Land Mollusca of West Australia, 

Lamprocystis 1 Gonostoma . 2 Hadra . . 5 Cyclophorus 2 

Hyalinia. . 1 Trachia . . 3 Liparus . .10 Helicina. . 1 
Patula ... 7 Xeropliila 1 Pupa ... 4 
Chloritis . 2 Ehagada . 8 Succinea. . 3 
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In Eastern and Southern Australia (New South Wales, 
Victoria, and South Australia) the tropical element, so abundant 
in Queensland, almost entirely disappears, the last operculate (a 
Helicina) only reaching Port Macquarie, though several species 
of Helicarion occur in the extreme south. Hadra is still abun¬ 
dant in New South Wales (18 sp.) and S. Australia (10 sp.), but 
becomes scarce in Victoria (2 sp.); New South Wales has also 
one Panda and two Thersites. Cystopelta is common with Tas¬ 
mania, and one of the Janellidae {Aneitea) with Queensland. 
The carnivorous snails are represented by Rhytida. Caryodes, a 
bulimoid grouj) perhaps akin to Liparus, is common with 
Tasmania only. 

Tasmania.—About 80 species of land Mollusca are known, 
not more than 10 being common with Australia. No land 
operciilates occur; Endodonta and Charojpa are rare, and 
Hadra has entirely disappeared, but Pupa and Succinea occur. 
Carnivorous genera are represented by Paryphanta, Rhytida^ and 
Rhenea. Anoglypta is a peculiar section of Helix, while Caryodes, 

Cystopelta, and Helicarion are common with Australia. Among 
the fresh-water Mollusca are a Gundlachia (see p. 345), and some 
forms of Amnicola or Hydrolia, one of which {Potamop^yrgus) is 
common only with New Zealand.^ 

The Neozealanian Province.—The Mollusca of New Zealand, 
with the Kermadec, Chatham, and Auckland Is., are remarkably 
isolated. Such genera as Nanina, Partula, Pupa, Stenogyra, 

Succinea, Vaginula, Truncatella, Helicina, and Navicella, which 
might have been expected to occur, are entirely absent. The 
bulk of the land Mollusca are small and obscure forms, perhaps 
remains of a very early type, and appear to belong to the 
Zonitidae, neither Patula nor Helix occurring at all. The 
carnivorous forms are represented by Schizoglossa, a peculiar 
genus akin to Daudehardia, by Paryphanta, an extraordinary 
group of large shells with a thick leathery epidermis, and by 
Rhytida and Rhenea. In spite of its extreme isolation, the 
general relations of the fauna are partly with New Caledonia, 
partly with E. Australia. The occurrence of Placostylus has 
already been mentioned (p. 323), and three species of Janella, 

a genus which also occurs in Queensland and New Caledonia, 

^ See especially C. Hedley, Note on the Relation of the Land Mollusca of Tasmania 
and New Zealand, Arm. Mag. Nat. HUA. (6) xiiL p» 442, 



POLYNESIA CHAP. 

indicate the same affinity. Otoconcha is peculiar. The fresli- 
water Mollusea, l)esides tlie Isidora (ffiaracteristic of the sub- 
region, are partly related to New (Caledonia through the occur¬ 
rence of Melanopsis, partly to Tasmania through Potamopyryvn, 

wliile the peculiar Latin is possibly akin to Gnndlaohia (Tas¬ 
mania). The land operculates number only 5 genera and 14 
species in all, excluding a doubtful Di2dovimatina} 

La7}d avd Frcsli-vmter Mollvaca of the Neozealanian Frovime 

Scliizoglossa . 1 Gerontia . . 2 Placostylus . 1 Melanopsis . 

Piirypliaiita . 5 Allodisciis 10 Carthaea . . 1 Poiamopyrgiis 

Rhytida . . G Pyriha . . 1 Tornatelliiia. 1 Paxillus . . 

Hhenea . . 2 Therasia . . 7 JaiiclJa 3 Lagochilus . 

Ilelicarioii . 1 Phenacolielix 3 Latia . . . 2 Ompbalotr(>])is 

Otoconcha 1 Suteria . . 1 Ancylus . 2 Bcalia. 
Microcystis . 1 FlainmuliiJJi. 13 Limnaea . . 5 llydroceua . 

Trochonaiiina 1 Laoina 23 Auipliipeidca 2 Unio . . . 

Pliacussa . . 3 Eudodonta . 10 Planorbis. , 1 S])baerium . 

Tlialassolielix 5 Cdiaropa . . 28 Isidora . . 7 Jbsidiiim . . 

Lord IToives /. is rcmarkalde as containing a Plaeostylus, 

which thus links the island with this province. The remainder 
of the fauna is Polynesian, with the exception of a species 
(common to the Pijis) of Parmella, a vslug akin to Hclicarion, 

Pcwmacochleay and CystopeHa. 

(3) The Pol3mesiapn Sub-region includes all the island grouj)s 
of the central and southern Pacihc (except those classified in the 

Fio. 216. — Oliaracteristic 

Papuan and Australian sub-regions), from 
the I^elews and Carolines in the west to 
the Marquesas and Paumotus in the east, 
and from the Tonga group in the south 
to the Sandwich Is. in the north. It may 
be subdivided into {a) the Polynesian pro¬ 
vince proper, and (?>) tlie Hawaiian pro¬ 
vince, which includes the Sandwich Is. 

Polynesian Mollusea : A, Q^ly 
Actmti^idla xndpirui Fer., ^ * 
Sandwich Is.; B, Par- (a) The general features of the Poly- 

SodefyTs!^^^^ ^66^^71 provi^we are very similar through¬ 
out, although the Mollusea of each island 

group are in the main peculiar. The species are mostly small 

1 Hedley and Suter, Proc. Linn, Soc, K, 8, Wal&s (2), vii. p. 613. Twenty-one 
species are “ introduced.^’ 
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and obscure. Helix scarcely occurs, its place being taken by 
small Zonitidae {Microcystis, Ckaropa, 'frocliomorpha, etc.), and 
by groups of so-called Fatula {Endodonta, Fitys, etc.), the exact 
position of which is not yet settled. Libera, remarkable for its 
method of ovipositing (p. 128), is peculiar to the Society and 
Hervey Is.; Fartula is almost universal, attaining its maximum 

(40 sp.) in the Society Is.; Tornatellina, Fuj)a, and Vertigo occur 
throughout. 

The land operculatos consist chietly of Om'phalotrof is, Fu/pma, 
Realia, and Helicina. Di^domiaatina and Falaina are abun¬ 
dant on the Pelews, and a Moussonia occurs in the Samoa Is. 
Osiodcs, a small form of Cyclophorus, is found in some of tlie 
southern groups. The fresh-water operculates are Melania, 
Ncritina (including Clithon, a sub-genus furnished with spines), 
and Narioella; there are no XJnionidae, while fresh-water 

Fidmonata are very scarce. 
{b) The land Mollusca of tlie Hawaiian jprovhice are dis¬ 

tinguished by the possession of four entirely peculiar genera— 
Achatinella, Leptachatina, Carelia, and Auriculella. More than 
300 of the two former genera have been described, every moun¬ 
tain valley of some of the islands having its own peculiar species. 
The destruction of the indigenous herbage by goats is rapidly 
extinguishing many forms. Fartula, and the small land oper¬ 
culates, so characteristic of the other groups, are, with the 
exception of Helicina, entirely wanting. The occurrence of one 
of the Merope group of Helix (Solomon Is.) is remarkable, and 
there is a rich development of Succinea. FaUdal' Microcystis, 
Tornatellina, and the other small Polynesian land Fulmonata 
are well represented. The presence of Isidora, absent from the 
central Pacific groups, is remarkable, and Erinna is a peculiar 
genus belonging to the Limnaeidae. 



CHAPTEE XI 

GEOGRAPHICAL DISTRIBUTION OF LAND MOLLUSCA (continued)— 
THE ETHIOPIAN, NEAllCTIC, AND NEOTROPICAL REGIONS 

D. The Ethiopian Region 

The Ethiopian region includes the whole of Africa south of the 
Great Desert, and Southern Arabia, together with the outlying 
islands, excepting those of the Atlantidean province (p. 297). 

Regarded as a whole, the Ethiopian is poorest in land Mollusca 
of all the tropical regions. And yet its characteristics are very 
remarkable. The entire Achatina group is peculiar, and takes, 
especially in W. Africa, some curious forms {Golumna^ Perideris, 

Pseudachatina). Carnivorous Mollusca {Eiinea, Gibbus, etc.) are 
highly developed, especially in the south and east, the largest 
known helicoid form (Aerope) being from Natal. In the posses¬ 
sion of these types of the Agnatha, Africa is more closely related 
to the Australasian than to the Oriental region. The true Cyclo- 

stoma are entirely peculiar to the region, but are absent from 
West Africa. 

Fresh-water Mollusca are abundant and characteristic, especi¬ 
ally in and near the Great Lakes. Lanistes, Cleopatra, and 
Meladomus, among the operculates, together with Mutela and 
Aetlieria (Unionidae), Galatea and Fischeria (Cyrenidae), are 
peculiar. 

In its neg9.tive, as well as its positive features, the Ethiopian 
region is markedly isolated. Helicidae and Naninidae are equally 
deficient, the former, ir^deed, attaining some numerical predomin¬ 
ance in the extreme soiVth, but the species are nearly all insignifi¬ 
cant in size and colojuring. It is only in Madagascar that 
Helix asserts itself. Arion, Umax, Hyalinia, Olaudlia, and a 



CHAP. XI CENTRAL AFRICAN SUB-REGION 329 

number of other genera abundant along the Mediterranean, are 
eitlier altogether absent, or are very scantily represented. Land 
operculates, so characteristic of other tropical countries, are almost 
entirely wanting. If we disregard the Malagasy sub-region, there 
are scarcely forty species of land operculates on the whole 
African continent. 

The Ethiopian region may be divided into three sub-regions: 
(1) the Central African; (2) the South African; (3) the 
Malagasy. 

(1) The Central African Sub-region is bounded on the north 
by the Great Desert, on the east and west by the ocean, and on 
the south by a line roughly drawn between the mouth of the 
Orange Eiver and Delagoa Bay; it also includes S. Arabia. No 
natural features exist which tend to break up this vast district 
into areas of independent zoological development. The absence of 
long and lofty mountain ranges, the enormous size of the great 
river basins, and the general uniformity of climate, equalise the 
conditions of life throughout. It will be convenient to break 
the sub-region up into provinces, but in most cases no precise 
line of demarcation can be laid down. 

(а) The Senegamhian Provhice may be regarded as extending 
from tlie mouth of the Senegal Eiver to Cape Palmas. Only 8 
genera of land Mollusca are known, including 4 Limicolaria and 
3 Thapsia, with 1 small Cyclophorus. Fresh-water genera are 
abundant, and include most of the characteristic Ethiopian forms.. 

(б) The West African Province extends from Cape Palmas to 
the mouth of the Congo, and is rich in Mollusca. The great 
Achatina, largest of land snails, whose shell sometimes attains a 
length of 6^ in., Limicolaria, Perideris, and Psendacliatina are 
the characteristic forms. The Agnatha are represented by Ennea, 

Streptaxis, and Streptostele. Bachis and Pachnodus, subgenera 
of Bvliminus, occur also on the east coast. A special feature is 
the development of several peculiar slug-like genera, e.g. Oopelta, 

perhaps a form of Avion; Estria, a slug with an external shell, 
akin to Parmacella; and Aspidelua, a form intermediate be¬ 
tween Hdicarion and Limax. Claviger, a handsome group 
akin to Cerithium, is peculiar to the estuaries of West African 
rivers. 

About sixteen species are known from the Cameroons District, 

but no peculiar genera occur. The French Congo District has 
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not yet l)een well explored. Toinofitcle, a genus allied to 
J^trcptosie/cy is x)eeuliar, and Psendacliatina attains its niaxiinum. 

>sy. Thomas and Princes Is., in the (lulf of 
Oiiinea, are well known, rrinces I. has 22 
spe(3ies, 14 peculiar, and 2 eoinnion to St. Thomas 
only, one of the lattcu- being the great sinistral 
Achatina hicarinata Cdiem. The remarkable 
genus Cohnnna. (Fig. 217) is peculiar, and 
idircptostclc (4 sp.) attains its maximum. IVculiar 
to St. Thomas are Ptfrfflna, a turrehal form of 
idtcnoijyra; ThyroidioreUa, a sinistral form of 
Zonites; anti Atopocochlis, a large ])ulimoid 
shell, whosti true relationshi})S are not yet known. 
Ho morns, a grou]:) oi Achat ina with an elongated 
spire, occurring also in the Angola District and 
on the east coast, has 4 species. No fresh-water 

Fi«. 217. —cW/mm s])e('ies have as yet been discovered in either of 
Jlanunca Mull, inlands. 
rrmcos I. 

The Anffola and BenejneJa District, extend¬ 
ing from the Congo to the Cunene R, probably belongs to the 
West African Siib-region, but until its fauna is better known 
it is advisable to consider it apart. Achatina. (jontinues 
abundant, but the other characteristic West African forms 
{Pscndachatkm, Strcjdostelc, Pcridcris) diminish or are absent 
altogether. No Helix and only 1 Cyclophoras occur. 

Ovampo, Dartaira, and Great Namaqnaland, lying between 
the CumeiKi and Orange rivers, seem to form a transition 
district between the West and South African faunas. Helix 

reappears, while the (diaracteristic West African genera are 
almost entirely wanting. 

(r) The East African Province extends from about Delagoa 
Bay to the Abyssinian shores of the Eed Sea. In general out¬ 
line the province consists of a flat marshy district, extending 
inland for many miles from tlie sea; this is succeeded by rising 
ground, which eventually becomes a high table-land, often 
desolate and arid, whose line of slojxi lies parallel to the trend of 
the coast. The Mollusca are little known, and have only been 
studied in isolated districts, usually from the discoveries of 
exploring expeditions. 

The Mozambique District, from Delagoa Bay to Cape Delgado, 
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includes no genus which does not occur on the west coast, exce]>t 

Cyclostoma (2 sp.) Trochonanina (4 sp.), Urocydus, a cliaracjter- 

istic African slug (2 sp.), llachis (6 sp.), Facknodtis (2 sp.), and 

Achatina (5 sp.), are the principal groups. 

Fia. 218.—ITrocycl us common sis 
Fisch., Comoro Is. : G, (jOi- 
erative orifice ; M, mucus 
gland ; O, orifice leading to 
internal shell; P, pulmonary 
orifice ; T, tentacles. (After 
Fischer.) 

The Zanzihar JHsiricty from Cape Delgado to tlie Somali 

country, has the same general features. Mdadomvs, a Lirge 

siiiistral AmpuUaria, is characteristic, while Cyclostoma (5 sp.) 

Ikhioiiu's more alumdant. Helix is still absent, but the carnivor¬ 

ous forms {i^treptaxis 2 sp., Ennea 7 sp.) are rather numerous. 

The t^omali JHsirict is characterised by o])erc\date groups of 

the Oiopoma, type {Gcorijia^ Rocliebrunia^ llevoUia) whose generic 

value is rather doubtful. Peiracus^ in an Arabian type, sup- 

])lants llach/ls and Pachnodtis, Achatina is nearly wanting, 

but Lltnicolarla has 9 species. A few Helix, said to be of the 

Pisam>a group, occtur. 

Tlie District hetween the Great Lakes and the coast reef ion is 

hiirly well known through recent explonitions, especially those 

associated -wuth Emin Pasha. iStreptaxis (G sp.) and Ennea 

(24 sp.) are numerous, Helix is wanting, and the Naninidae 

are represented by Trochonamina (7 Rp.)> otlier forms at 

present gToui>ed under Nanina or Hyalinia. On the high ground 

BuliminuSy Cerastus, and Hapalus replace, to some extent, the 

Achaiina and Limicolaria of the marshy jdains. Land oper- 

(JJydophorns 1, Cyclostoma 8) are more numerous; among 

fresh-water genera we have Lanistes (5 s}).), Cleo2Jatra (3 sp.), 

Meladomus (1 sp.), and Leroya, a sinistral form with the lacies 

of a Littorina. The characteristic African bivalves {Mutela, 

Bpatha, etc.), are few in number. 

(d) Province of the Great Lakes,—The Mollusca of the four 

great lakes of Eastern Central Africa—I.akes Alliert Nyanza 

(Luta ITzige, 2720 ft.), Victoria Nyanza (Oukerew4, 3700 ft.), 

Kyassa (1520 ft.), and Tanganyika (2800 ft.)—are well known, 

and supply an interesting proUem in ^ Those pf^the 
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three first nieutioned lakes differ in no way from the rest of 
tropical Africa, but the Mollusea of Tanganyika include, in 
addition to the ordinary African element, a number of peculiar 
operculate genera, belonging principally to the Melaniidae and 
Hydrobiidae. Several of these possess a solidity of form and com¬ 
pactness of structure which is unusual in fresh-water genera, and 
has led to the belief, among some authorities, that they are the 
direct descendants of marine species, and that Tanganyika reprc^- 
sents an ancient marine area. This view appears untenable. 
The Victoria Nyanza and Nyassa are part of the same system as 
Tanganyika, and it is not easy to see how, if Tanganyika were 
once an arm of the sea, they were not equally so, especially as 
they are several hundred miles nearer the Indian Ocean as at 
present defined. IJ'or, as will be seen from the figures given 
above, is there anything in the altitudes which would make us 
expect anything exceptional in Tanganyika. The similar case of L. 
Baikal must be compared (p. 290), where again a number of 
specialised forms of Hydrobia occur. 

Of the genera concerned, Paramelania and Nassopsis are 
forms of Melaniidae; Tijphobia (Fig. 219), which is allied to 
Paludoimbs, is a compact shell with angulated spinose whorls; 
LacnnopsiSy Ponsonhya, Limnotrochus, and Tanganyicia are prob¬ 
ably forms of Lithoglyphus, some, as their names denote, being 
of decidedly marine facies; Syrnolopsis and Turbonilla (?) look 
like Pyramidellidae, Horea and Reymondia like Rissoina; Bout- 

guignatia appears to belong to Vivipara, with which has now 
been merged the genus Neothauma, Eecently discovered forms 
from the adjacent L. Mweru are evidently of kindred origin. 

{e) The Afro-Arabian Provime includes Abyssinia, with S. 
Arabia, the African shores of the Gulf of Aden, and Socotra. 
The province contains a singular mixture of types. The high 
ground of Abyssinia stands like a lofty European isl"*^ in the 
midst of a tropical plain, with Palaearctic genera flouL.: ng like 
hardy northern plants on a mountain in low latitude Helix, 

Vitrina, and Pupa abound, with a few Clausilia and even a 
Limax. On the lower levels occur Limicolaria (3 sp.), Suhdina 

(7 sp.), Heluarion, and Homorus, but land operculates are entirely 
wanting. Characteristic of the province as a whole are various 
forms of Buliminm, which in Socotra are represented by two 
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Arabia the mixture of types produces curious results: tlie Hdix, 

Clausilia, and VitriTia being Palaearctic, the Limicolaria and 
all the operculates Ethiopian, while tlie single Trochomorjjfui 

is Indian. Indian influence, indeed, comes out unmistakably 

Fig. 219. — Tiphobia llorei E, A. Smith, 
L. Tanganyika. 

Flo. 220. - Mollusca charac¬ 
teristic of L. Tanganyika: A, 
A'^a.sstpsis nassa Woodw. ; 
B, Spekia zoiwAa Woodw. ; 
C, S'l/rnolopsis lac h sir is E. 
A. Smith. 

throughout the province. Thus in Socotra there arc two Ci/do- 

topsis, in Abyssinia two Afrioarion (closely related to the Indian 
Girasia), two Microcystis, and a Glessula, and in the Scioa dis- 
tricit there is a Sitala. The fresh-water Mollusca of Socotra are 
Indian forms. 

(2) The South African Sub-region.—The principal charac¬ 
teristic of tlie Molluscia of S. Africa is 
tlie occurrence of numerous small species 
of Helicidae, belonging chiefly to the 
groups PeMa, Fhasis, Dorcasia, and 
Scidptaria, all of which are practically 
peculiar. Carnivorous genera are also 
})rominent, Ennm here attaining its 
maximum. Ehytida (to which several 
species s|jiil regarded as Pella belong) is 
commoi?' . y to the S. Pacific and Aus¬ 
tralasia, u ^d forms, with Isidora among 
the fresh-water pulmonates, a remarkable 
link of connexion. Aerope, the largest 
of all helicoid carnivorous genera, and 
Ghlamydephorus^ a carnivorous slug with 
an internal shell, are peculiar. Achatim 

is still abundant^ but Limicolaria is wanting. . Liyinhaoea^ a 

Fig. 22l.---AckUim zthra 
Lam., S. Africa, x J. 
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form witli a continuous peristome, perhaps akin to Bulimus; 

Apera, a form of slug; and Coeliaxis, a genus perhaps akin to 
the Papuan and Queensland Perrierlay are all peculiar. The 
land operculates, which are not numerous, are of the East 
African type. 

Land Mollusca of the S, African Suh-region, 

Clilamyduphorus 1 Vitriim . . 7 Helix(inc.sed.) 4 Stenogyra . 4 
Eunea . . . 31 Nan ilia . . 6 liachis . . 1 Coeliaxis . 1 
Aeropti . . . 5 Conn his . . 2 Pachiiodiis . 3 Succinea . 3 
Rliytida . . . 3 Patula . 2 Biiliinimi.s (?) 4 Vaginula . 2 
Helicarion . 3 Pella . . . 44 Pupa ... 20 Cyclophorus 1 
Troclionauina . 1 Porcasia . . 8 Vertigo . . 2 Cyclostoiua 7 
Trochozouites . 1 Phasis . 1 Achatina. .18 Cyclotu.'« (?) 1 
Liiiiax . 1 Sculptaria . 2 Livinhacea . 1 Blanfordia . 1 
Apera . . . 1 

St Helena.—The Molluscan fauna of St. Helena is perhaps 
the most puzzling, as regards its geographical aftinities, of any in 
the world. It consists of 29 peculiar species of land Mollusca 
(fresh-water species being unknown), 19 of which are recently 
extinct, partly owing to the destruction of the forest, but are 
found in considerable abundance in a state of good preservation.^ 
The genera are— 

Hyalinia 1 Buliruulus 7 (5 extinct) Pupa . 2 (extinct) 
Patula . 4 (3 extinct) Pachyotus 1 (extinct) Succinea 3 
Endodonta 10 (7 extinct) Toniigerus (?) 1 (extinct) 

The 5 genera which concentrate our attention are Patula, 

Endodonta, Pachyotus (Eig. 222), Tomigerus, and Bulimulus, all 
of which appear utterly strange to an oceanic island in the middle 
of the S. Atlantic. Patula and Endodonta are essentially Poly¬ 
nesian forms, occurring abundantly on all the island groups in 
the Central Pacific. Pachyotus, Tomigerus (assuming its correct 
identification), and Bulimulus are all S. American forms, the two 
former being especially characteristic of Brazil. How this mix¬ 
ture of genera now confined to regions so widely distant, not only 
from St. Helena itself, but from one another, became associated 
here, is a problem obviously not easy of solution. The fauna 
is probably a remnant of a very ancient type, possibly at one 

’ Niue species have been introduced: 6 from Europe, 2 from the West Indies. 1 
from the Western Isles. 
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time much more widely distributed. Endodonta (an essentially 
insular form, like Omphalotropis) actually occurs on Fernando 
Noronlia, off the Brazil coast, and we shall see how an Indian 
and even a Polynesian element is present off the eastern coasts 
of Africia. 

Ascension L—One indigenous species, a so-called TAmax, is all 
that lias ever been discovered. 

(3) The Malagasy Sub-region includes Madagascar with its 
attendant satellites Bourbon, Mauritius, and llodrigiiez, and the 
Seychelles and Comoro groups. No land Mollusca arc known 
from the Amirantes, the Chagos, or from Aldabra. The special 
characteristics of the sub-region are the great development of the 
carnivorous land Mollusca {Ennea, Gihhus), the occurrence of a 
considerable number of true llelicidae of great size nnd beauty, 
and the prominence of the genus Cyclostoirui. 

(a) The Madagascan Province.—The land Mollusca of Mada¬ 
gascar, although as yet imperfectly known, possess a striking 
individuality. Two of the chief characteristics of the Ethiopian 
region are the paucity of its land operculate and of its Helix 

fauna; Madagascar is especially distinguished by the rich develop¬ 
ment of both these groups. For size, colouring, and beauty of 
shape, the Helicidae of the two subgenera Ampelita and Helico- 

fhanta rival, if they do not surpass, any in the world. They 
are quite peculiar to this sub-region, not a trace of them occur¬ 
ring on the Mascarenes, Seychelles, or even on the Comoros. 
Uelicophanta is distinguished by the enormous size of its embry¬ 
onic shell, which persists in the adult (Fig. 223), and in this 
respect the group appears to be related to Acavus (Ceylon, Fig. 
204) and Panda (N.E. Australia). As is usual when Helix is 
well developed, Nanina (about 12 sp.) is proportionately scanty. 

The African Bulimini {Pach'mdm and Baehis) are repre¬ 
sented by two species, but Achatina, so abundant on the main¬ 
land, is scarce. Two other groups of Buliminus, Leucotaenia 

and Clavator, are peculiar. The presence of a single Kaliella, 

specifically identical with a common Indian form, is very 
remarkable. 

Cyclostoma proper, of which Madagascar is the metropolis, 
is richly developed (54 sp.). Many of the species are of great 
size and of striking beauty of ornamentation. Unlike its Heli- 
ddae, this genus is not restricted to Madagascar; several species 
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occur on the mainland, 6 on the Comoros, one on the Seychelles, 
and 16 in Mauritius. The sub-genera Acro^tijchia and Hainesia 

are peculiar. 

The fresh-water MoUusca of Madagascar contain further 

Fio. 22.2.—Pacliyotus anris Fig. 22^,---neUx{JIelicnphanta) 
Desli., St.Helena Soiiverhuma Fiscli., Mada- 

(sub-fossil). gascar, showing embryonic 
shell, X 

traces of Indian relationship. Thus we find two species of 
raludomus, a genus whose metropolis is Ceylon, India, and 
Further India, and which is barely represented on the Seyclielles 
and in tlie Somali district. Melanatria, which is peculiar to 
Madagascar, has its nearest affinities in the Cingalese and East 
Indian faunas. Several of the Melania and the two Bithynia 

are of a type entirely wanting in Africa, 
but common in the Indo-Malay sub- 
region. Not a single one of the char¬ 
acteristic African fresh-water bivalves 
{Mutela, Spatha, Aetheriay Galateay etc.) 
has lieen found in Madagascar. On 
the other hand, certain African Gaster- 

Fio.224.—opoda, such as Cleopatra and Isidoray 
iMum pfr., Madagascar. occur, indicating, in common with the 

land Mollusca, that an ultimate land connexion with Africa must 
have taken place, but at an immeasurably remote period. 
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Land and Fresh-water MoUusca of Madagascar. 

Ennea ... 9 
Urocycliis . . 2 
Helicarion (?) . 1 
Macrocyclis (?) 1 
Kaliella . ' . 1 
Naiiiiia(iiic.Bed.) 9 
Aiiipelita . .35 
Helicophaiita. 17 
PachnodiiH . 2 
Rachis ... 2 

Leucotaenia. 
Clavator . . 
Achatina. . 
Opeas. . . 
Subulina. . 
Vaginula. . 
Liniiiaea. . 
Planorbie 
Isidora . . 

2 Melania . . 
2 Melanatria . 
3 Paludomiis . 

2 Vivipara. . 
3 Bitliynia. . 
4 Cleopatra 
2 Ampullaria . 
3 Cyclopliorus 
3 Cyclotus (?) . 

7 Cyclostonia 
4 Otopoma . 
2 Litliidion. 
1 Acroptychia 
2 Hainesia . 
2 Unio . . 
6 Corbicula. 
2 Spliaerium 
1 Pisidiiini . 

54 
5 
1 
3 
3 
1 
2 
1 
1 

'The Comoro Islands.—This isolated group possesses about 
100 species, almost all of which are peculiar. The principal 
feature is the rich devcdopment of Ennea (30 sp.) On the whole 
the group shows more relationship to Madagascar than to the 
mainland. Thus we have six species of true Cyclostoma, and 
only one Achatina, while among the fresh-water genera is 
Seytaria, which is characteristic of the whole Malagasy Sub¬ 
region, but is absent from the mainland. The Helicidae are all 
of insignificant size. Peculiar to the group is the remarkable 
genus Cyclosurus (Fig. 152, p. 247). 

(&) The Mascarene Province (Mauritius, Bourbon, Kodriguez, 
and the Seychelles).—The percentage of peculiar species, which 
is very high, can only be paralleled in the case of some of the 
West Indian islands, and sufficiently attests the extreme isola¬ 
tion of the group from Madagascar. We have— 

Total sp. Land sp. 
Fresh-water 

sp. Peculiar. 
Peculiar to 

group. 

Mauritius . . 113 104 9 78 102 (90 p.c.) 
Bourbon . 45 40 6 19 38 (84 p.c.) 
Rodriguez . . 23 19 4 15 21 (95 p.c.) 
Seychelles . . 34 27 7 24 30 (90 p.c.) 

The MoUusca of the group exhibit three distinct elements, 
the Indigenous, the Madagascan, and the Indian and Austra¬ 
lasian. 

The genus Pachystyla (Naninidae) is quite peculiar, forming 
the main portion of the land snails proper. It attains its maxi¬ 
mum in Mauritius (17 sp.), with 5 sp. in Bourbon and one 
sub-fossil sp. in Rodriguez, while in the Seychelles it is absent. 
But the principal feature of the Mascarene group is the extra¬ 
ordinary development of the carnivorous genus Oibbus, which has 

VOL. Ill z 
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27 Bp. in Mauritius, 8 in Bourbon, 4 in Kodriguez; in the 
Seychelles it is replaced by Edentulina and Streptostele. The 

principal link with Madagascar is 
found in a part of the operculate 

fauna. Cyclostoma is present 
^ (with Otojionui) in several fine 

living forms, and the number of 
sub-fossil s])ecie8 is a clear indi- 

pWB cation that this group was, not 
J much more abundant, 

for of the 16 Cyclostoma known 
^ B " Mauritius 10 are sub-fossil. 

''tod’llu't'SSUS'FS Tl» ope»«l.t», form o fcidod 
A', young of same; B, Gihfms lyone- feature of the land fauiia; thus 
hanus Pall. Mauritius there are 3 2 species, 

or more than 28 per cent of the whole. 
Indian and Australasian affinities are unmistakably present. 

Thus Omphalotropis, a genus characteristic of small islands, is 
profusely represented, but it does not occur in Madagascar or 
Africa. Two Helicina. (Mauritius and Seychelles) and a single 
Leptopoma (possibly a Leptopomoides) are also of eastern relation¬ 
ship. Gyclotopsis, Cyathopoma, and Geostilbia are markedly 
Indian genera. Microcystis, Fatula, and Tornatellirm are l^oly- 
ncsian. Hyalimax—and this is a very striking fact—occurs 
nowhere else but in the Andamans and Nicobars, and on tlu5 
Aracan coast. The nearest relation to the Seychelles Mariaella 

appears to be the Cingalese I'ennentia, Not a single repre¬ 
sentative of these eleven genera has been found even in Mada¬ 
gascar. 

The fresh - water Mollusca (omitting the Neritidae) are: 
Mauritius 9 species. Bourbon 5, Eodriguez 4, Seychelles 6, with 
only 15 species in all. The one Planorhis and the Vivipara, 

the Paludomus and two of the Melania are of Indian types. The 
Lantzia (peculiar to Bourbon) is probably allied to the Indian 
Camptonyx. Owing to the paucity of permanent streams, no 
fresh-water bivalves occur. Among the Neritidae is a single 
Septaria, a genus which, though occurring in Madagascar, is 
entirely strange to Africa, and is abundant in the Oriental and 
Australasian regions. 

It would seem probable that when the closer connexion which 
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at one time undoubtedly existed between India and Eastern 
Africa began to be less continuous,^ the Mascarene group was 
first severed from what ultimately became Madagascar, while the 
Seychelles, and perhaps the Comoros, still continued united to it. 
The Comoros, which lack the great Helices^ separated off from 
Madagascar first, while the Seychelles continued in more or less 
direct union with that island sufficiently long to receive the pro¬ 
genitors of Stylodonta (a peculiar group of Helix), but became 
disunited at an exceedingly remote period. 

E. The Nearctic Region 

The southern boundary of this region may be regarded as 
roughly corresponding to that of the United States, i.e. Lower 
California and Mexico are excluded. The southern portion of 
Florida belongs to the Antillean sub-region. 

The principal characteristic of the Nearctic Eegion is the 
remarkable poverty of its land Mollusca. No district in the 
world of equal extent is so poor in genera, while those which 
occur are generally of small size, with scarcely anything re¬ 
markable either in colouring or form. The elongated land shells 
{Clausilia, BvMminus), so characteristic of Europe, are entirely 
wanting, but a few Bulimulus, of Neotropical origin, penetrate 
Texas, ai^d from the same sources come a few species of Olandina 

(as far north as S. Carolina), Holospira (Texas), and Helicina. 

The region falls into two well-marked sub-regions, the N. 
American and the Californian, with the Eocky Mountain district 
as a sort of debatable ground between them. The Californian 
sub-region consists of the narrow strip of country between the 
Sierra Nevada, the Cascade Mountains and the coast-line, from 
San Diego to Alaska; the N. American sub-region consists of the 
remainder of the region. 

(1) The N. American Sub-region.—^The carnivorous genera 
are represented solely by the few QlmMna mentioned above, 
and by the indigenous genus Selenites, a form mid-way between 
Testacella and Limojx, whose metropolis is on the Pacific slope, 

Mt is by no means implied that ufibroken land communication between India 
and Madogaacai’, across the Indian Ocean, ever existed. A series of great islands, 
whose remains are attested by the Ohagos and other banks, would be quite sufficient 
to account for the results, as we dnd them. See especially Medlicott and Blanford, 
Oeologif of Indian vol. i. p. Ixviii,* 
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but which spreads eastward into the Antilles. Among the 
Limacidae, Limax is common to both sub-regions, hut Tehemmo- 

phoTus (4 sp., 8 of which belong to the genus Pallifera), a 
genus found also in China and Siam, and Vitrinozonites do not 
occur in the (Jalifornian. HyaUnia {Zo7iites) is fairly abundant, 
especially in the groups Mesomphix and Gastrodonta (peculiar 
to this sub-region), and HyaUnia proper. Patula is wtdl re¬ 
presented. The Helicidae l)elong principally to the groups 
Mesodon, Stenotrema, dViodopsis, Polyyyra, and Strohila, only 6 
of which, out of a total of 84, reach the Tacific slope. Land 
operculates are conspicuous for their almost complete absence 
(see Map, frontispiece^. 

The poverty of the land fauna is atoned for by the extra¬ 
ordinary abundance and variety of the fresh-water genera-. A 
family of operculates, the Pleuroceridae, with 10 genera and 

Fia. 226. — Cliaracteristic 
North American Mol- 
liiHca. A, Helix [Me- 
sodon) patliata Say, 
Ohio. B, HelU {Poly- 
gyra) cereohis MiihlC 
Texas. C, Patula a/- 
tenutia Say, Tennessee. 

about 450 species, is quite pcctdiar, a few stragglers ordy reacli- 
ing Central America and the Antilles. The nucleus of their 
distribution is the Upper Tennessee Kiver with its branches, and 
tlie Coosa Eiver. Tliey appear to dislike the neighbourhood of 
the sea, and are never found numerously within 100 miles 
of it. They adliere to stones in rapid water, and differ from the 
Melaniidae of the Old World and of S. jVmerica in the absence 
of a fringe to the mantle and in being oviparous. They do not 
occur north of the St. I^wrence Eiver, or north of U.S. 
territory in the west, or in New England. Three-quarters of 
all the known species inhabit the rough square formed by the 
Tennessee Kiver, the Mississippi, the Chattahoochee Kiver, and 
the Gulf of Mexico. The Mississippi is a formidable barrier to 
their extension, and a whole section {Trypanostoma, with the 
four genera lo, Pleurocera, Angitrema, and Litliasia) does not 
occur west of that river. The Viviparidae are also very largely 
developed, the genera MelanthOy Liopletx, and Tulotoma being 
peculiar. The Pulmonata are also abundant, while the richness 
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of tlie Unionidae may 1)0 gatliered from the fact that Wetlierhy 
states^ that in 1874 no less than 832 species in all liad been 
described. 

The entire Mississippi basin is inhabited by a common 
assemblage of Unionidae, and a considerable number of the 
species are distributed over the wliole of this area, Texas, and 
])arts of E. Mexico. Some s])ecies have spread out of tliis area 
into Michigan, Canada, tlui Ihxl Itiver, and Hudson’s Tlay district, 
and even into streams in New York which drain into tlie 
Atlantic. An entirely dihcnait set of forms occujjy tlie great 
majority of the rivers falling into the Atlantic, the Appalachian 
Mountains aciing as an cifective barrier between the two groups 
of s[)ecies, wliich apjiear to mingle below the southern end of the 
raiigf'.. In many cases Unionidae seem to have no dilliculty in 
migrating fi‘om river to river, if the distance is not extreme; 
tln^y probably are carried across overflowed districts in time of 
Hood.2 

(2) The Californian Sub-region is markedly distim^.t from 
tlie r(tst of N. America. Tlie characteristic sombre Helices 
of the Eastern States are almost entirely 
wanting, and are replaced hy Arionta (20 
sp.), a larger and more varied group, whicdi 
may liave some affinity to Chinese forms. 
GJyptostoma (1 sp.) is also ])eculiar. Sele- 

nites here has its nietro})olis, and Prutiloma 

is a remarkable group of small Hyalinia 

{Zoniifs), but the larger forms of the Eastern 
States are wanting. Several remarkable 

^ i'lU. £.£il . - JLJKVWj 

and quite peculiar forms of slug occur, onta) jideiin Gray, 

namely, Ariolimax (whose nearest relation is Oregon. 

Avion), Frophysaony Hemphillia, and Binneya. There are no 
land operculates. 

Not more than 15 to 20 species of the Pleuroceridae (sect. 
Goniohasis) occur west of the Eocky Momitains, and only a single 
UniOy 5 .Anodonla, and 1 Maryaritana, which is common to 
New England. Pompholyx is a very remarkable ultra-dextral 
form of Limnaea, apparently akin to the Choanomphalus of 

^ Joum. Qinc. Soc. Nat. Hist. iii. p. 317. The number is doubtless susceptible 
of very considerable reduction, say by oue-half at least. 

® Simpson, Amor. HaZ. xxvii. 1893, p. 854. 
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L. Baikal. Bithynia, absent from the Eastern States, is repre¬ 
sented by two species. The general indications are in favour of 
the Californian fauna having migrated from an Old World source 
after the upheaval of the Sierras; the American fauna, on the 
other hand, is purely indigenous, with no recent Old World 
influence at all. 

Land Mollusca of the Nearctic Region 

Glandina . . 4 
Selenites . . 6 
Limax ... 4 

Vitrina . . 4 
Vitrinozonites 1 
Mesomphix . 15 
Hyalinia . .22 
Conuliis . . 1 

Gastrodoiita . 9 

Pristiloma . 2 
TebeimoplioruR 4 
Ariolimax , 6 

Propliysaon . 2 

Hemphillia . 1 
Binneya . . 1 

Patula . .18 
Punctum . 2 

Arionta . .20 
Helicina 

Praticola . 2 
Glyptostoma 1 
Mesodon . 27 

Stenotreina . 11 
Triodopsis . 21 
Polygyra . 23 

Polygyrella . 2 
Gonostonia . 1 

Vallonia. . 1 
. . 2 

Strobila . . 2 
Pupa ... 18 
Vertigo . . 8 

Holospira . 2 
Cionella . . 1 
Buliniulus . 8 

Macrocerainus 1 
Succinea . .21 

Vagiiiulus. , 1 

F. The Neotropical Region 

The land Mollusca of the Neotropical Region stand in com¬ 
plete contrast to those of the Nearctic. Instead of being scanty, 
they are exceedingly abundant; instead of being small and 
obscure, they are among the largest in size, most brilliant in 
colour, and most singular in shape that are known to exist. At 
the same time they are, as a whole, isolated in type, and exhibit 
but little relation with the Mollusca of any other region. 

The most marked feature is the predominance of the peculiar 
genera Bulimus and BulimuluSy the centre of whose develop¬ 
ment appears to lie in Peru, Ecuador; and Bolivia, but which 
diminish, both in numbers and variety of form, in the eastern 
portion of the region. In the forests of Central America, 
Venezuela, and Ecuador, and, to a lesser degree, in those of Peru 
and Brazil, occurs the genus Orthalicus, whose tree-climbing 
habits recall the Gochlostyla of the Philippines. These three 
groups of bulimoid forms constitute, as far as the mainland is 
concerned, the preponderating mass of the land Mollusca. Helix 

proper is most strongly developed in the Greater Antilles, which 
possess several peculiar groups of great beauty. In Central 
America Helix is comparatively scarce, but in the northern 
portions of the continent several fine genera {Labyrinthus. 
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Isomeria, Solaropsis) occur, which disappear altogether towards 
the south. 

CJariiivorous land Mollusca are, so far as Central America is 
crmcerned, more highly developed tlian in any other quarter of 
the world, particularly in the genera Glandma and StreptostyJa. 

These genera also penetrate the northern portions of the con¬ 
tinent, Glandina reaching as far as Ecuador, and Streptostyla as 
far as Peru. The Greater Antilles have also characteristic forms 
of these genera. Streptcwns is tolerably abundant all over 
tropical South America, and is the one pidmonate genus which 
shows any affinity with the African fiiiina. 

The slugs are exceedingly scarce. Vaginvla occurs through¬ 
out, and is the only genus in any sense characteristic. 

Clmisilia, in the sub-genus Nenia, occurs along the Andean 
chain frojii the extreme north (but 
not in Central America) as ffir south 
as Polivia. It has in all probability 
made its way into S. America in 
exceedingly remote ages from its head- 
quarters in Eastern Asia. No species 
survives in N. America, and a single 
straggler is found in Porto Eico. The _ 

^ 1. I ¥iQ,22^,~Humdlonyxu7iguisV^r,, 
genera Mm'roceranviis, Cyhvdrclla, and Demerara. shy Shell (shown 

Stro27hiay are characteristic West pulmonary 

Indian forms, which are only slightly 
represented on the mainland. Homalonyxy a curious form akin 
to Succinciiy is peculiar to the region. 

Land operculates attain a most extraordinary development in 
the Greater Antilles, and constitute, in some cases, nearly one- 
half of the whole Molluscan fauna. Several groups of the 
Cyclostomatidae find their headquarters here, and some spread 
no farther. On the mainland this prominence does not continue. 
West Indian influence is felt in Central America and on the 
northern coast district, and some Antillean genera make their 
way as far as Ecuador. The whole group entirely disappears in 
Chili and Argentina, becoming scarce even in Brazil. 

Among the fresh-water operculates, Ampullaria is abundant, 
and widely distributed, Vivipara, so characteristic of N. 
America, is entirely absent. Ohilina^ a remarkable fresh-water 
pulmonate, akin to Limnaea, is peculiar to Chili, Patagonia, and 



344 ANTILLEAN SUB-REGION CHAP. 

Southern Brazil, but is not found in the tropical portion of the 
continent. Of the fresh-water Pelecypoda Mycetojpus, Hyria, 

Gastaliay Ldla^ and MulUria are peculiar forms, akin to the 
Unionidae. 

(1) The Antillean Sub-region surpasses all other districts in 
the world in respect of (1) extraordinary abundance of species, 
(2) sharp definition of limits as a whole, (3) extreme localisation 
of the fauna of the separate islands. The sub-region includes the 
whole of the half-circle of islands from the Bahamas to Grenada, 
together with the extreme southern end of the peninsula of 
Florida, which was once, no doubt, a number of small islands like 
the Bahamas. Trinidad, and probably Tobago, although contain¬ 
ing an Antillean element, belong to the mainland of S. America, 
from which they are only separated by very shallow water. 

The sub-region appears to fall into four provinces:— 
(a) Cuba, the Bahamas, and S. Florida; (&) Jamaica; (c) 

San Domingo (Haiti), Porto Kico, and the Virgin Is., witli the 
Anguilla and St. Bartholomew group; (rf) the islands from 
Guadeloupe to Grenada. The first three provinces contain the 
mass of the characteristic Antillean fauna, the primary feature 
being the extraordinary development of the land operculates, 
which here reaches a point unsurpassed in any other quarter 
of the globe. The relative numbers are as follow:— 

Cuba. Jamaica. San Domingo. Porto Bico. 

Inopcrculate , 362 221 152 75 

Operculate , . 252 242 100 23 

It appears, then, that the proportion of operculate to inoper- 
culate species, while very high in Cuba (about 41 per cent of the 
whole), reaches its maximum in Jamaica (where the operculates 
are actually in a majority), begins to decline in San Domingo 
(about 40 per cent), and continues to do so in Porto Eico, where 
they are not more than 24 per cent of the whole. These oper¬ 
culates almost all belong to the families Cyclostomatidae and 
Helicinidae, only two genera {Aperostoma and Megalormstoma) 

belonging to the Cyclophorus group. Comparatively few genera 
are absolutely peculiar to the islands, one or two species of most 
of them occurring in Central or S. America, but of the several 
hundreds of operculate species which occur on the islands, not 
two score are common to the mainland. 
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The next special feature of the sub-region is a remarkable 
development of peculiar sub-genera of Hdix, In this respect 
the Antilles present a striking contrast to both Central and S. 
America, where the prime featui’e of the land Pulmonata is the 
profusion of Bulimus and Bulimulus, and Helix is relatively 
obscured. N'o less than 14 sub-genera of Helix, some of which 
contain species of almost unique beauty and size, are quite 
peculiar to the Greater Antilles, and some are peculiar to in¬ 
dividual islands. 

Here, too, is the metropolis of Cylmdrella (of which there are 
130 species in Cuba alone), a genus which just reaches S. America, 
and has a few species along the eastern sea-board of the Gulf of 
Mexico. Macroceraimis and Strophia are quite peculiar; the 
former, a genus allied to Cylindrella, which attains its maximum 
in Cuba and San Domingo, is scarcely represented in Jamaica, 
and disappears south of Anguilla; the latter, a singular form, 
resembling a large Pupa in shape, which also attains its maxi¬ 
mum in Cuba, is entirely wanting in Jamaica, and has its last 
representative in S. Croix. One species irregularly occurs at 
Cura(j.ao. 

The carnivorous group of land Mollusca are represented by 
several peculiar forms of Glandina, which attain their maximum 
in Jamaica and Cuba, but entirely disappear in the Lesser 
Antilles. 

A certain number of the characteristic N. American genera 
are found in the Antillean Sub-region, indicating a former con¬ 
nexion, more or less intimate, between the W. Indies and the 
mainland. The genera are all of small size. The characteristic 
N. American Hycdinia are represented in Cuba, San Domingo, 
and Porto Eico; among the Helicidae, Polygyra reaches Cuba, but 
no farther, and Strobila Jamaica. The fresh-water Pulmonata are 
of a N. American type, as far as the Greater Antilles are con¬ 
cerned, but the occurrence of Gundlachia (Tasmania and Trinidad 
only) in Cuba is an unexplained problem at present. Unionidae 
significantly occur only at the two ends of the chain of islands, 
not reaching farther than Cuba {Unio 3 sp.) at one end, and 
Trinidad (which is S. American) at the other. 

A sm^-U amount of S. American influence is perceptible 
throughout the Antilles, chiefly in the occurrence of a few species 
of Bulimulus and Simptdopsis, The S. American element' may 
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have strayed into the sub-region by three distinct routes: (1) 
by way of Trinidad, Tobago, and the islands northward; (2) by 
a north-easterly extension of Honduras towards Jamaica, forming 
a series of islands of which the Eosalind and Pedro banks are 
perhaps the remains; (3) by a similar approximation of the 
peninsula of Yucatan and the western extremity of Cuba. 
Central America is essentially S. American in its fauna, and the 
characteristic genera of Antillean operculates which occur on its 
eastern coasts are sufficient evidence of the previous existence of 
a land connexion more or less intimate (see map). 

(a) Cuba is by far the richest of tlie Antilles in land Mollusca, 
but it must be remembered that it is also much better explored 
than San Domingo, the only island likely to rival it in point of 
numbers. It contains in all 658 species, of which 620 are land 
and 38 fresh-water, the land operculates alone amounting to 252. 

Carnivorous genera form but a small proportion of the whole. 
There are 18 Glandina (which belong to the sections Varicella 

and Boltenia) and 4 Streptostyla, the occurrence of this latter 
genus being peculiar to Cuba and Haiti (1 sp.) among the 
Antilles, and associating them closely with the mainland of 
Central America, where Streptostyla is abundant. These two 
genera alone represent the Agnatha throughout the sub-region. 

There are no less than 84 species of Helix, belonging to 12 
sub-genera. Only one of these {Polymita) is quite peculiar to 
Cuba, but of 7 known species of Jeanerettia and 8 of Cory da, 6 and 
7 respectively are Cuban. Thelidomus has 15 species (Jamaica 
3, Porto Eico 3); Polydontes has 3, the only other being from 
Porto Eico; Hemitrochushdi^ 12 (Jamaica 1,Bahamas 6); Cysti- 

copsis 9 (Jamaica 6); Eurycampta 4 (Bahamas 1). 
The Cylindrellidae find their maximum development in Cuba. 

As many as 34 Macroceramus occur (two-thirds of the known 
species), And 130 Cylindrella, some of the latter being most 
remarkable in form (see Fig. 151, B, p. 247). 

The land operculates belong principally to the families 
Cyclostomatidae and Helicinidae. Of the former, Cuba is the 
metropolis of Ctenopoma and Chondropoma, the former of which 
includes 30 Cuban species, as compared with 1 from San 
Domingo and 2 from Jamaica. Megalomastoma (Cyclqphoridae) 
is also Haitian and Porto Eican, but not Jamaican. Blaesospira, 

Xenopoma, and Diplopoma are peculiar. The Helicinidae con- 
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sist mainly of Ilelicina proper (58 sp.), which here attains by 
far its finest development in point of size and beauty, ami of 
EutrocliateMa (21 sp.), which is peculiar to the three great islands 
(Jamaica 6 sp., San Domingo 6 sp.) 

The BahamaSy consisting in all of more than 700 islands, are 
very imperfectly known, but appear to be related partly to Cuba, 
partly to San Domingo, from each of which they ai’e separated 
by a narrow channel of very deep water. They are certainly 
not rich in the characteristic groups of the Greater Antilles. 
The principal forms of lldix are Plagwptychft (0 sp.), common 
with San Domingo, nnH llmiitrochus (G sp.), common with Cuba. 

Fk!. 229. — Cliaracierislic 
(Mban Helices. A, Poly- 
dontes im,peratoi' Moiitf. 
B, Caracolus rostmta 
Pfr. C, Polymita mus- 
carum Lea. 

Strophia is exceedingly abimdant, but Cylindrelltty MaeroceramuSy 

and Glandina have but few species. There are a few species of 
Ctenopo7na, Chondropoma, and Cistula, while a single Schasicheila 

(absent from the rest of the sub-region) forms a link with 

Mexico. 
Southern Florida, with one or two species each of Hemitroclms, 

Cylindrella, Macroceramus, Strophia, Gtenopoma, and Ghondropoma, 

belongs to this province. 
(6) Jamaica,—The land Mollusca of Jamaica are, in point of 

numbers and variety, quite unequalled in the world. There are 
in all as many as 56 genera and more than 440 species, the 
latter being nearly all peculiar. The principal features are tihe 
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Glandinae, the llelieidae, and tlie land operculates. The Glan- 
dinae belong principally to the sub-geiiera Varieella, MeJuiy and 
Volutaxis, ^^trcptostyla being absent, although occurring in Cuba 
and San Domingo. Tliere are 10 genera of HeliXy of which 
Plenrodont(c is quite i)eculiar, while Sayda (113 sp.) is common 
only with S.AV. San Domingo (2 sjx), and Lej^tolomu ((S sp.) only 
witli (Uiba (1 sp.) The single Strohila seems to bci a straggler 
from a N. American source. Mavroceramus has only 2 species as 
against 24 in (Juba, and of Cyli)idrel1ay in whi(‘li Cuba (120 sp.) 
is so ricli, only .‘Ui species occur. The genus Leiay however (14 
sp.), is all but ])eculiar, oceuri'ing elsewhere only in the neighbour¬ 
ing angle of San Domingo, which is so closely allied with Jamaica. 
The complete absence of Stropliia is remarkable. 

Kf(5. 230.—Characteristic Jamfii- 
caii and Haitian Mollusca: 
A, Sagda ejnsfylwut. Miill., 
Jamaica ; B, Ch^ndropovm 
salleamwi Pfr., San Dominpo ; 
C, Eutrochatella TankennUei 
Gray, Jamaica ; D, Cylin- 
dreUa mfneaiana C. B. Ad., 
Jamaica. 

The land operculates form the bulk of the land fauna, there 
being actually 242 species, as against 221 of land Pulmonata, a 
proportion never again approached in any part of the world. 
As many as 80 of these belong to the curious little genus Stoa- 

domoy which is all but peculiar to the island, one species having 
been found in San Domingo, and one in Porto Eico. Geomclania 

and OhittyaytyNO singular inland forms akin to Tru7icatellaya.Te quite 
peculiar. Alcadia reaches its maximum of 14 species, as against 
4 species in San Domingo and 9 species in Cuba, and Lucidella 

is common to San Domingo only; but, if Stoastoma be omitted, 
the Helicinidae generally are not represented by so many or by 
so striking forms as in Cuba, which has 90 species, as against 
Jamaica 44, and San Domingo 36. 
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(c) San Domingoy although not characterised ])y the extra¬ 
ordinary richness of Cuba and Jamaica, possesses many specially 
remarkable forms of land Mollusca, to which a thorougli explora¬ 
tion, when circumstances permit, will no doubt make important 
additions. From its geographical position, impinging as it does 
on all the islands of the Greater Antilles, it would be expected 
that the fauna of San Domingo would not exhibit equal signs of 
isolation, but would appear to be influenced by them severally. 
This is exactly what occurs, and San Domingo is consequently, 
although very rich in peculiar species, not equally so in peculiar 
genera. The soutli-west district shows distinct relations with 
Jamaica, the Jamaican genera Leia, Stoastomay Lucidcllay and the 
Thaurnasia section of Gylindrella occurring here only. The 
north and north-west districts are related to Cuba, while the 
central district, consisting of the long band of mountainous 
country which traverses the island, contains the more char¬ 
acteristic Haitian forms. 

The Helicidse are the most noteworthy of the San Domingo 
land Mollusca. The group Eurycrateray which contains some 
of the finest existing land snails, is quite peculiar, while Far- 
thenay Cepolis, Flagioptycha, and Caracolus here reach their 
maximum. The Cylindrellidae are very abundant, but no 
section is peculiar. Land operculates do not bear quite the same 
proportion to the rulmonata as in Cuba and Jamaica, but they 
are well represented (100 to 152); Rolleia is the only peculiar 
genus. 

The relations of San Domingo to the neighbouring islands 
are considerably obscured by the fact that they are well known, 
while San Domingo is comparatively little explored. To this 
may perhaps be due the curious fact that there are actually more 
species common to Cuba and Porto Kico (26) than to Porto Rico 
and San Domingo. Cuba shares with San Domingo its small¬ 
sized Caracolus and also Liguus, but the great Eurycrateray Far- 
thena, and Flagioptycha are wholly wanting in Cuba. The land 
operculates are partly related to Cuba, partly to Jamaica, thus 
Ghoanopomay Ctenopomay Cistvlay Tudoray and many others, are 
represented on all these islands, while the Jamaican Stoastoma 
occurs on San Domingo and Porto Rico, but not on Cuba, and 
Lueidella is common to San Domingo and Jamaica alone. An 
especial link between Jamaica and San Domingo is the occurrence 
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in the south-west district of the latter island of Sayda (2 sp.). 
The relative numbers of the genera Stroj[>kia, Macroccmmus, and 
IleHcina, as given below (p. 351), are of interest in this con¬ 

nexion. 
Porto Rico, with Vi^jque, is practically a fragment of San 

Domingo. The points of close relationship are tlie occurrence of 
Caracolm, Cepolu, and Parthena among the llelicidae, and of Sim- 
pulopsis,PseMdolalea, and Stoastomn. Cylindrella and Macrocermnms 
are but poorly represented, but StT02)liia still occurs. The land 

Fig. 231.—Examples of West 
Indian Helices: A, Helix 
[Partkena) angalata Fer., 
Porto Rico; B, Helix (The- 
lidomus) lima Fcr., Vi^iie ; 
C, Helix {DentellxLria) nux 
dentimdata Cheiu., Martin¬ 
ique. 

operculates (see the Table) show equal signs of removal from the 
headquarters of development. Mcgalomastoma, however, has some 
striking forms. The appearance of a single Clamilia, whose 
nearest relations are in the northern Andes, is very remarkable. 
Gaeotis, which is allied to Peltella (Ecuador only), is peculiar. 
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Streptostyla . 4 2 Subulina 6 14 2 2 
Volu taxis . ii(?) 1 Glandinella. 1 
Seleiiites ! *i ... Spiraxis 2 (?) 2 1 
Hyalin ia . 4 i'i 5 *6 Melaniella . 7 
Patula . 5 1 Geostilbia . 1 1 
Sagda . 13 2 Ciouella 2 
Microphysa. *. 7 18 8 *3 Leptiiiaria . 1 *8 
Oysticopsis . . 9 6 Obelisciis . ... i 2 
Hygromia(?) 3 ... Pupa . 2 *7 3 2 
Leptaxis (?) . 1 Vertigo 4 • •• 
Polygyra . *. 2 Strophia 19 3 2 
Jeaiierettia . . 6 i Clausilia 1 
Euclasta 4 Succinea i’i *2 *5 3 
Plagioptycha 
Strobila 

. i*4 2 Vaginula 2 2 2 1 

. i ... Megalornastoma 13 1 3 
Dialeuca 1 ... Neocyclotus 1 33 (?) 
Leptoloina . *. i 8 ... Lioina 1 3 
Eurycampta . 4 ... ... Jamaicia 2 
Corytla 
Thelidomus 

. 7 

. 15 3 3 
Crocidopoma 
Kolleia 

... 1 3 
1 

Evirycratera *7 Ohoanopoma 25 12 19 3 
Parthcna • ... 2 2 Ctenopoma . 30 2 1 ... 
Copolis • 3 1 Cistula 15 3 3 3 
Caracolus . . 8 ... 6 2 ChoTidropoma 

Tudora 
67 (?) 19 4 

Polydontes . . 3 1 7 17 6 
Hernitrochus . 12 i Adamsiella . 1 12 
Polymita . 5 ... Blaesospira . 1 
Pleurodonta . ,,, 34 Xenopoma . 

Cistula 
1 

Inc. sod. . "6 ... 15 ’3 3 
Simpulopsis 'i 1 Colobostylus 4 13 6 
Bulimulus . . 3 3 6 7 Diplopoma , 1 ... 
Orthaliciis . . 1 1 Geomelania 21 ... 
Liguus . 8 1 ... Chittya 1 ... 
Gaeotis ... ... 3 Blanaiella . 1 
Pineria *2 ... 1 Stoastoma . 80 1 1 
Macroceramus . 34 2 14 3 Eutrochatella 21 6 6 
Leia . • ... 14 2 Lucidella • • • 4 1 
Cylindrella . . 130 36 ‘35 3 Alcadia 9 14 4 
Pseudobalea 2 • • • 1 1 Helicina 68 16 24 ”9 
Steiiogyra . ! 6 7 (?) ... Proserpina . 2 4 ... ... 

The Virgin Is., with St. Croix, Anguilla, and the St. Bar¬ 
tholomew group (all of which are non-volcanic islands), are 
related to Porto Kico, while Guadeloupe and all the islands to the 
south, up to Grenada (all of which are volcanic), show marked 
traces of S. American influence. St. Kitt’s, Antigua, and 
Montserrat may be regarded as intermediate between the two 
groupa St. Thomas, St. John, and Tortola have each one 
Plagioptycha and one ThelidomuB, while St. Cixiix has two sub- 



352 LESSER ANTILLES CHAP. 

fossil Caracolus which are now living in Porto Eico, together with 
one Plagioptycha and one Thdidomns (sub-fossil). The gradual 
disappearance of some of the characteristic greater Antillean 
forms, and the appearance of S. American forms in the Lesser 
Antilles, is shown by the following table:— 

{d) In Guadeloupe we find Cyclophorus, Amphihulimus, llomaU 
onyx, and Pellicula, which are characteristic of S. America, and 
nearly all recur in Dominica and Martinique. These islands are 
the metropolis of Dentellaria, a group of Helix, evidently related to 
some of the forms developed in the Greater Antilles. Stragglers 
occur as far north as St. Kitt’s and Antigua, and there are several 
on the mainland as far south as Cayenne. Traces of the great 
Bulimus, so characteristic of S. America, occur as far north as S. 
Lucia, where also is found a Parthena (San Domingo and 
Porto Eico). Trinidad is markedly S. American; 55 species in 
all are known, of which 22 are peculiar, 28 are common to S. 
America (8 of these reach no farther north along the islands), 
and only 5 are common to the Antilles, but not to S. America. 
The occurrence of Oundlachia in Trinidad has already been 
mentioned. 

The Bermudas show no very marked relationship either to 
the N. American or to the West Indian fauna. In common 
with the former they possess a Polygyra, with the latter (intro¬ 
duced species being excluded) one species each of Hyctlosagda, 
Subvlina, Vaginula, and Helicina, so that, on the whole, they 
may be called West Indian. The only peculiar group is Poecilo* 
zonites, a rather large and depressed shell of the Hyalinia type. 

(2) The OentraJ American Sab-region may be regarded as 



XI CENTRAL AMERICA 353 

extending from the political boundary of Mexico in the north 
to the isthmus of Panama in the south. It thus impinges on 
three important districts—the N. American, West Indian, and S. 
American; and it appears, as we should perha})S expect, that the 
two latter of tliese regions have considerably more influence 
upon its fauna than the former. Of the N. American Helicidae, 
roly gym is abundant in Mexico only, and two species of Strohila 

reach N. CUiatemala, while the (..•alifornian Arionta occurs in 
Mexico. S. American Helicidae, in the sub-genera Sohiropsis 

and Lahyrinthus, occur no farther north than Costa Rica. Not 
a single representative of any of the characteristic West Indian 
Helicidae occurs. JJalimvlus and OtaHtonufn, which form so large 
a })roportion of the Mollusca of Venezuela, (Colombia, Ecuador, and 
PtTU, together with Orthalicns, are abundant all over the region. 
Again, (fyllndrella, Mar/r()rera7tins, and some of the cliaracteristicj 
Antille?an operculates, are represented, tlu*ir occurrence being in 
most cases limited to the eastern coast-line and eastern slope of 
the central range. 

Besides tlicse external elements, the region is rich in indigenous 
gemera. Central America is remarkable 
for an immense number of large carni¬ 
vorous Mollusca ])ossessing shells. There 
are 49 species of Glandina, tlie bulk of 
which occur in eastern and southern 
Mexico; 3 G of Streptostyla (S.E. Mexico 
and Guatemala, only 1 species reaching 
Venezuela and another Peru); 5 of Sala- 
sidla, 2 of Petc7iia, and 1 of Strehelia ; the 
last three genera being peculiar. Strej)^ 
axis, faii'ly common in S. America, does 
not occur. Velifera and Cryptostracmi, 
two remarkable slug-like forms, each with 
a single species, are peculiar to Costa Rica. 
Among the especial peculiarities of the 
region are the giant forms belonging to the 
Cylindrellidae, which are known as Hole- 
spira, EmalodiuTn, and Coelocentrum (Fig. 
232). They are almost entirely peculiar 
to Mexico, only 7 out of a total of 33 reaching south of that 
district, and only 1 not occurring in it at all. 

TOL ni 2 A 

Fig. 232. — Examples of 
characteristic Mexican 
Mollusca; A, Coelocen- 
trnm turns Pfr. ; B, 
Streptostyla DeUUtrei 
Pfr. 
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The land operculates are but scanty. Toinocyclus and Amphi- 
cyclotus are peculiar, and Schasicheilay a form of Hdicina., occurs 
elsewhere only in the Bahamas. Ceres (see Fig. 18, C, p. 21) and 
Proserpinellay two remarkable forms of non-operculate Helicinidae 
(compare the Chinese Heudeia)y are quite peculiar. FachychiluSy 
one of the characteristic fresh-water genera, belongs to the S. 
American (Melaniidae) type, not to the N. American (Pleuro- 
ceridae). Among the fresh-water Pulmonata, the Aplecta are 
remarkable for their great size and beauty. In the accompany¬ 
ing table Mexico ” is to be taken as including the region from 
the United States border up to and including the isthmus of 
Tehuantepec, and “ Central America ” as the whole region south 
of that point. 

Land Mollusca of Central America 
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Strebelia 1 Berendtia 1 
Glandina 33 13 3 Orthalicus . 6 3 3 
Saksiella 4 1 Pupa . 1 1 1 
Streptostyla . 18 12 6 Vertigo. 1 
Petenia. 1 1 Holospira 12 
Limax . 1 Coelocentriim 6 1 i 
Velifera 1 Eucalodium . 15 5 
Omphalina . 10 1 ‘l Oylindrella . 

Macroceraraus 
6 4 

Hyalinia 2 5 3 2 1 
Guppya 
Pseudohyaliiia *2 

8 3 
2 

Simpulopsis . 
Caecilianella. 

2 
1 

1 

Tebennophorus 1 Opeas . 1 2 3 
Cryptostracon i Spiraxis 8 2 1 
Xanthonyx . 
Patula . 

4 
3 4 

lieptinaria . 
SuDiilina *2 

2 
3 ”4 

Acantliinula . 1 2 2 Succinea 11 3 1 
Vallonia 1 Vaginula 1 
Trichodiscus . '*2 2 ’3 Aperostoma . 4 i 
Praticolella . 1 1 Amphicyelotus "2 1 2 
Arionta 3 ... Cystopoma . 2 
Lysinoe 1 1 1 Toraocyolus . 1 ’2 
Oxychona 2 5 Choanopoma . “2 2 
Solaropsia ... 2 Chondropoma 2 11 
Polygyra 14 1 '2 Helicina 13 10 *6 
StrobUa 1 1 Sohasicbeila . 2 1 
Labyrinthus . 5 Ceres . 2 . - « 

Otoatoinus . 28 20 '7 Proserpinella 1 • • • ... 
Bulimulus . 6 6 2 

(3) The Colombian Sub-region includes Colombia, New 
Grenada, Venezuela, Guiana, Ecuador, Peru, and Bolivia. It has 
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been usual to separate off the two latter countries as forming a dis¬ 
tinct Peruvian'’ sub-region; but there is, as will be seen, absolutely 
no line to be drawn between the Mollusca of Peru and those of 
Ecuador; nor would one, on geographical considerations, expect 
to be able to draw such a line. A better method of subdivision, 
so far as the species of tlie whole eastern portion of the region 
are concerned, would be to group the Mollusca according to the 
altitude at which they occur, were it not that the evidence on 
this point is at present but fragmentary. We know, however, 
that all along the line of the Andes certain species, more parti¬ 
cularly of BuliviuluSy occupy their own zones of elevation, some 
ascending as liigli as 10,000 feet above the sea, and never occur¬ 
ring on tlie ])laiiis. 

In the n(n*theru ]K>rtions of this sub-region, Central American 
and West Indian influence is felt to a certain extent. Thus there 

A 

Fi«. 233.—A, OrthaUnis 
Jtebi(>rgki(ie Reeve, 
Ecuador ; B, Jiylim%(>8 
(Pachyotus) egregius 
Jay, Brazil. 

B 

are eight Glandina and one Streptostyla in Venezuela and Colombia 
together with one or two species of Gistulay Chondropoma, Fro- 

serpiim, and Cyliiidrella, while a single Strophia (decidedly a 
straggler) occurs at Cura9ao. In Demerara and Cayenne there 
are tliree or four species of Dentellaria. In Ecuador, however, 
Glandina diminishes to three species, and in Peru disappears 
altogether, although one Btreptoatyla occurs. Similarly the West 
Indian operculates are reduced to one Chondropoma (Ecuador), 
and disappear entirely in Peru. 
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The Helicidae are most abundant in the north and west, and 
are represented by several very striking sub-geuera, some of which 
possess remarkably toothed apertures, and perhaps betray an 
ancestry common to some of the West Indian genera. Of these, 
Lahyrinthm has 12 species in Venezuela and Colombia, 5 in 
Ecuador, and 3 in Peru and Bolivia; Isomcria 12 in Venezuela 
and Colombia, 20 in Ecuador, and 2 in Peru and Bolivia; 
Solaropsis is represented in these countries by 6, 3, and 7 species, 
and Systrophia by 4, 5, and 8 s])eeies respectively. 

Clausilia—in tlie grouj) Neyiia—appears in some numbers 
along the Andes chain, the only other representative in the New 
World being the solitary s])ecies occurring at Porto Eico. There 
have been descril)ed, from Venezuela and Colombia 10 species, 
from Ecuador 5, and from Peru and Bolivia 12. 

Anotlier marked feature of the region is tlie occurrence of the 
Orthalicidae, in the two genera Orthalicus and Porphyrolmplic, 

The latter of these magnificent forms is peculiar, while the 
former reaches Mexico, the West Indies, and Brazil. Ecuador, 
whi('h contains 23 species, seems the metropolis of the 
grou]). 

Bulimm and Bulimidim, the former genus being peculiar to 
S. America and the adjacent islands, are largely 
represented, the former in the three groups 
Bor if s, Dryptus, and Orplmus. These attain 
their maximum in Peru, with 25 species, but 
Venezuela and Colombia have as many as 17. 
Bulimulus has been sul)divided into a niunber 
of groups, e.g. Brymaeus, Mesemhrinus, Thau^ 

mast ns, Mormics, Scutalus, with many others, 
— the exact scientific limits of which are not 
easily discernible. It must suffice here to 
state that I’eru seems to be the head-quarters 
of the group with about 190 species (which 
probably may well be reduced), Ecuador having 
about 7 0, and Venezuela and Colombia between 
80 and 90. 

Fia. ^ZL^Rhodea Two very remarkable forms belonging to the 
-A.nosioma (Eig. 154, p. 248) and Tomi- 

yerus, occur in Venezuela, the metropolis. Bhodea, 

another very peculiar, shell (Fig. 234), whose exact family position 
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is uncertain, is peculiar to New Grenada. The land operculates 
are few in number, and in Bolivia almost disappear. Tliey 
belong principally to Neocyclotus (of which 11 species occur in 
Venezuela and Colombia) and Helicina (10 species in the same 
district), besides the stragglers already mentioned from West 
Indian sources, and a few Gyclojphorus. Bourcieria is a form of 
Hclieina peculiar to Ecuador. Amjpullarla, with Ceratodes, a 
peculiar planorbiform sub - genus, and HemisinuSy form the 
bulk of the fresh-water operculates. 

The Galapagos. — Thirty-four species of land Mollusca, all 
peculiar, are known from these islands; 25 of these are forms 
of BulimuhLS. There are no Helicidae, one each of Hyaliniay 

Leptinariay and Helicina^ and two Pupa. The Bulimulus are 
mostly of the group NcsiotiSy and in their brown colour bear 
some outward resemblance to the dark Achatinella of the Sand¬ 
wich Is., living as they do mostly under scoriae on the ground, 
and not on trees. In type, however, they appear to be derived 
from Chili and Peru, rather than from the parts of S. America 
immediately contiguous. Another section {Pleuropyrgus 2 sp.) 
closely resembles a marine Ghemnitzia. The islands are all 
volcanic, and are probably not the result of subsidence; thus the 
existing species are not to be regarded as the relics of a more 
widespread fauna, but as a new set of inhabitants. 

(4) The Brazilian Sub-region.—This immense district is very 
little known, except in the south, and it is consequently im¬ 
possible to give any satisfactory account of its Mollusca. It is 
possible that eventually it will be found that it falls into 
provinces which correspond more or less to (a) the Amazon basin; 
(Z>) the mountainous district in the east, drained by the Tocantins 
and the San Francisco; (c) the Parana basin in the south central 
district; and (d) the Argentine or Pampas district in the extreme 
south. But at present the data are insufficient to establish any 
such subdivisions, whose existence, if proved, would have an 
important bearing on the problem of the coalescence of S. 
America into its present form.^ 

The Agnatha are represented by Streptaxis alone (17 sp.). Helix 

is rare, but includes the peculiar Polygyratia (Fig. 150, A,p. 246), 
while Labyrinthus (2 sp.), Solaropsis (5 sp.), and Systrophia are 

^ Compare von Martens, Malak, BliiAU 1868, p. 169 ; von Ihering, Nacfw. Deutsch. 
Malak. GeseU. 1891, p. 98. 
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common witli tlie Colombian sub-region, and Ojiyvkonn (4 sp.j 
with the Central American. Balimus has 
in all 36 S2)ecies, the sub-genera Pachyotus 
(Kig. 233) and A^tropliochilm being j)eciiliar. 
Puliinidits, though not so abundant as in reru 
and Ecuador, has about 60 species, of which 

Fio. m. ~ liMmidus Nmncuht (¥ig. 2:'>5) is the most renuirkabJe 
{Naricula) viamcula group. Mcqcuipira is peculiar. Orthalicvs has 
Wagu., Brazil. ^ \ • 1 *1 . 

only 4 species, while Tonnycrus (4 S]).) and 
AnosUmm (3 sp.) are common with A^enezuela. Laud opercu- 
lates are scarce, and appear to include only JV'eocycIotus, Cyclo- 
j?horu,% and HdicAnn. 

In Argentina, which may probably rank as a, separate pro¬ 
vince, the tropical forms greatly decrease, 
Streptao^is being reduced to 2 species, and 
Bulim/i(s and Jhdimulm together to 40, while 
Orthalkus, the great Helices, and tlie land 
operculates disappear altogether. Odonto- 

stornns (Fig. 236), a genus of the Pupidae, is 
abundant in the northern part of the province. 
Two or three species of Ohilma occur. 

(5) The Chilian Sub-region.—The great(ir 
part of Chili, from its arid and rainless climate, is 
^ , atonnis pimtayrii- 
unfavourable to the existence of land Mollusca. eUmis Moric., s. 
Bidimus{Boru8)sti\\ has 3 or 4 species,and Bull- Brazil, x ^ 

mulus {Plectostylu^ 11, Scutalvs 9, Peronaeus 7) is fairly abundant, 
but the profusion of the tropics is wanting. There are no car¬ 
nivorous genera, and only two land operculates. A remarkable 
form of Helix {Mcbcrocyclis, Fig. 237) is quite peculiar, but the 
majority of the species belong to two rather obscure groups, 
Stepsanodci, and Amphidoxa. Chilimi, a singularly solid form of 
Limnaea (of which 8 sp., with a sub-genus P^mdochilina, occur in 
Chili), is peculiar to Chili, S. Brazil, and Patagonia. From the 
two islands of Juan Fernandez and Masafaera, are known several 
Helix, of Chilian affinity, several curious 8%mAnea, a Homalonyx, 
Leptinaria, and Nothm, and three species of Tornatellina, with 
the almost universal lAmdx gagates. 

The question of the existence at some remote period of a 
Neantarctic continent, which formed a communication between 
the three great southern peninsulas of the world, is one on 
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which the Molliisca may ofiei* evidence. Von Ihering holdn that 
an essential diherence can he observed between (*ertain of the 
Unionidae which inliabit S. America, Africa, and Australia with 
New Zealand, and those wliicli inlialnt Europe, Asia, and N. 
America, l)ut the point can liardly lie regarded as definitely 
established at present. Something perhaps may be made of the 
distribution of Bulimns and Bulimulm. It seems difficult to 
explain the occurrence of sub-fossil BvHinvs on St. Helena except 
on some such lines as have been recently adduced to account for 
the presence of struthious birds in the Mascarenes, and possibly 
the form LivinhoAxa may be a trace of the same element in S. 
Africa. Again, the Liparus of S. and W. Australia, with the 
Caryodes of Tasmania, and tlie LeMcotcienia and Clwmtor of 
Madagascar (which all may be related to Bulimns), together with 
the Plofiostylus of New Caledonia and the adjacent islands, 

Fia. 237. —Macrocydis 
lamia Fer., Chili. 

reaching even to New Zealand, and perhaps even the Amphidromus 

of Malaysia (which are more akin to Bnlimulus), may be thought 
to exhibit, in some remote degree, traces of a common ancestry. 

The land operculates give no help, and, of the carnivorous 
genera, lihytida is a marked link between Africa and Australia, 
while Streptaxis is eqmilly so between S. America and Africa. 
As regards fresh-water Gasteropoda, Ampullwria is common to S. 
America and Africa, while Isidora is common to Africa, Australia, 
and New Zealand, but is altogether absent from S. America. 
Guudlachia occurs in Florida, Trinidad, and Tasmania, but has 
not been detected in Africa. It must l>e concluded, therefore, 
that the present state of the evidence which the Mollusca can 
afford, while exhibiting certain curious points of relationship be¬ 
tween the three regions in question, is insufficient to warrant 
any decided conclusion. 



CHAPTEE XII 

DISTRIBUTION OF MARINE MOLLUSCA-DEEP-SEA MOLLUSCA AND 

THEIR CHARACTERISTICS 

Marine Mollusca may be divided roughly into Pelagic and non- 
Pelagic genera. To the former division belong all Pteropoda and 
Heteropoda, and a large number of Cephalopoda, together with 
a very few specialised forms of Gasteropoda {lanthina, Litiopa, 

Phyllirrhoe, etc.). Pelagic Mollusca appear, as a rule, to live at 
varying depths below the surface during the day, and to rise to 
the top only at night. The majority inhabit warm or tropical 
seas, though some are exceedingly abundant in the Arctic 
regions; Olione and Limacina have been noticed as far north 
as 72V 

The vertical range of Pelagic Mollusca has received attention 
from Dr. Murray of the Challenger, Professor Agassiz of the Blake 

and Albatross, and others. Agassiz appears to have established 
the fact that the surface fauna of the sea is limited to a com¬ 
paratively narrow belt of depth, and that there is no inter¬ 
mediate belt of animal life between ciuatures which live on or 
near the bottom and the surface fauna. Pelagic forms sink, to 
avoid disturbances of various kinds, to depths not much exceedr 
ing 150 to 200 fathoms, except in closed seas like the Gulf of 
California and the Mediterranean, where the bathymetrical range 
appears to be much greater.^ 

Non-Pelagic MoUusca are, from one point of view, con¬ 
veniently classified according to the different zones of depth at 

^ The distribution of some Pteropoda has been worked out by Munthe, Bih. 
Svensk. Ak, HandL XIL iv. 2, by Pelseneer ** Challmger** Bep.^Zool,, xxiih, and by 
Boas, Bpolia Atlantica, 

* B%IL Mu8. 0, Z. Hem), xiv. p. 202 xxiii. p. 81 f. 
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which they occur. Thus we are enabled to distinguish Mollusca 
of {a) the litioraly (h) the laminariany {c) the nullipore or 
corallincy and {d) the abyssal zones. It must be borne in mind, 
however, that these zones cannot be exactly defined, and that 
while the littoral zone may be understood to imply the area 
between tide-marks, and the abyssal zone a depth of 500 
fathoms and upwards, the limits between the laminarian and the 
coralline, and between the coralline and abyssal zones can only 
be fixed approximately. 

The difficulty of assigning special genera or species to speicial 
‘ zones of depth ’ is increased by two important facts in the 
phenomena of distribution. In the first place, it is found that 
species which occur in shallow water in northern seas often 
extend to very deep water in much lower latitudes. This in¬ 
teresting fact, which shows the importance of temperature in 
determining distribution, was first established by the dredgings 
of the Lightning and Porcupim off the western coasts of Europe. 
In the second place, a certain number of species seem equally at 
home in shallow and in abyssal waters, in cases where a great 
difference of latitude does not occur to equalise the temperature. 
Tlius the Challenger found Venus mesodesma living on the beach 
(New Zealand) and at 1000 fath. (Tristan da Cunha); Lima 

multicostata in 'shallow water’ (Tonga and Port Jackson) and 
at 1075 fath. (Bermuda); Scalaria acus from 49 to 1254 fath. 
(N. Atlantic); and S. hellenicd from 40 to 1260 fath. (Canaries). 
The Lightning and Porcupine found, or record as found,^ Anomia 

ephippium at 0 to 1450 fath., Pecten groenlandicus at 5 to 1785 
fath., Lima subauriculata at 10 to 1785 fath., Modiolaria discors 

at 0 to 1785 fath., Crenella decussata at 0 to 1750 fath., 
Dacrydium mtreum at 30 to 2750 fath., Area glacialis at 25 
to 1620 fath., Astarte compressa at 3 to 2000 fath., and Scro- 

bicularia longicallus at 20 to 2435 fath, Puncturella noachina 

has been found at 20 to 1095 fath., Natica groerdandica at 2 to 
1290 fath., Missoa tenuiscvlpta at 26 to 1096 fath. In many 
of these cases we are assured that no appreciable difference can 
be detected between specimens from the two extremes of 
depth. 

In spite, however, of these remarkable vagaries on the part 
of certain species, we are enabled roughly to distinguish a large 

‘ See papers ia i*. Z* 8. 1878-55. 
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number of genera as ' shallow-water * and ' deep-water ’ respec¬ 
tively, while a still larger number occupy an intermediate 
position. Among shallow-water genera may be named Patella, 

Littorina, Nassa, Purpura, Stromhus, Haliotis, Mytilus, Cardium, 

Solen; while among deep-water genera are Pleurotoma, Seism- 

rella, Seguerzia, Dentedium, Gadulus, Limopsis, Nucula, Leda, 

Lima, and Axinus. 

Theories on the geographical distribution of marine Mollusca 
have been revolutionised by the discoveries of recent exploring 
expeditions. The principal have been those of Torell (Swedish) 
(1859-61) on the coasts of Greenland and Spitzbergen; of the 
Lightning and Porcupine (British) in 1868-70, in the N.E. 
Atlantic, off the Scotch, Irish, French, and Portuguese coasts, 
and in the Mediterranean; of the Challenger (British), under 
Sir C. Wyville Thomson, in 1873-76, in which all the great 
ocean basins were dredged or sounded; of the Blake (Americian), 
under Alexander Agassiz, in 1877-80, in the West Atlantic, 
Gulf of Mexico, and Caribbean Sea; of the Travailleur (French) 
in 1880-83, off the west coasts of France, Portugal, and Morocco, 
Madeira, the Canaries, and the Golfe du Lion; of the Talisman 

(French) in 1882, off the west coast of Africa from Tangier to 
Senegal, the Atlantic Islands, and the Sargasso Sea; of the 
Albatross (American) in 1891, off the west coast of tropical 
America; of several other vessels belonging to the U.S. Fish 
Commission and Coast Survey, off east American shores; and 
of the Prince of Monaco in the Hirondelle and Princesse 

Alice at the present time, in the N. Atlantic and Medi¬ 
terranean. 

The general result of these explorations has been to show 
that the marine fauna of very deep water is much the same all 
the world over, and that identical species occur at points as far 
removed as possible from one another. The ocean floor, in fact, 
with its uniform similarity of temperature, food, station, and 
general conditions of life, contains no effectual barrier to the 
almost indefinite spread of species.^ To give a few instances. 
The Challenger dredged Silenia Sarsii in 1960 fath., 1100 

^ A break in this uniformity may be found underneath the course of a great 
oceanic current like the Gulf Stream, 'which rains upon the bottom a large amount 
of food. A. Agassis (Bull. Mu». C, Z, Ewrv, xxi. p. 185 f.) explains in this way the 
richness of the fauna of the Gulf of Mexico as oompai^ with that of the west ooast 
of tropical America. 
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miles south-west of Australia, and also in 2650 fath, off the moutli 
of the Rio de la Plata; Semele 'profundorum, in 1125 fath. 
near the Canaries, and in 2900 fath. mid N. Pacific; Vcrti- 

cordia deshayesiana in 155 fath. near Cape York, and in 350 
fath. off Pernambuco; Area pteroessa in 2050 fath. mid K 
Pacific, in 1000-1675 fath. west of the Azores, and in 390 fath. 
off the West Indies; Area corpulenta in 1400 fath. off N.E. 
Australia, in 2425 fath. mid-Pacific, and in 1375 fath. near 
Juan Fernandez; Lima goliath in 775 fath. off S. Japan, and 
in 245 fath. off S. Patagonia; Pleurotoma engonia in 700 fath. 
north-east of New Zealand, and in 345 fath. oft* Inoshima. A 
surprising range was occasionally found even in shallow-water 
species; thus Petricold lapicida was discovered by the same 
expedition in the West Indies and N. Australia, Cardita calycu- 

lata off Teneriffe and in Bass Strait, Area imbricata off Cape 
York and in the West Indies, Modiolaria euneata at Port Jack- 
son and Cape of Good Hope, Lima squamosa at Teneriffe and the 
Philippines. In these latter cases it is not improbable that the 
species lives in deep water as well, from which it has not yet 
been dredged. 

It follows from these considerations that any attempt to 
classify marine Mollusca under Regions and Provinces can only 
apply to Mollusca which occur at moderate depths. The most 
important factor in the environment, as determining distribution, 
is the temperatv/re of the water^ which is probably to be regarded 
as affecting not so much the adult Mollusca as their ova; for 
the adult might possibly support life under conditions in which 
the ova would perish. It appears that a sudden change of tem¬ 
perature is the most effective barrier to distribution,^ and may 
bring the range of a species to an almost instantaneous stop, 
while a very gradual change will allow it to extend its range 
very widely. 

^ On the western coasts of Europe and America, where the change in surface 
temperature is very gradual, Purpwra lapUlus (the west American ‘species’ are 
at best only derivatives) is able to creep as fer south as lat 32* (Mogador) in the 
former case, and lat. 24* (Margarita Bay) in the latter, the mean annual tempera¬ 
ture of the surface water being 66® off Mo^or, with an extreme range of only 8®, 
and that of Margarita Bay 78®, with an extreme range of only 6®. On the eastern 
coasts, where the Pacific and Atlantic gulf-streams cause a sudden change of tem¬ 
perature, the Purpvau is barred back at points many degrees farther north, viz. at 
lat. 41* (Hakodadi), surface temperature 62®, extreme range 25®; and at lat. 42* 
(Newhaven), surface temperature 62®, extreme range 80®. 
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It has been usual to classily marine Mollusca from moderate 
depths under the following regions and sub-regions:— 

Regions. 

A. Atlantic and 
Circumpolar | 

B. Indo-Pacifiic 

Sub-regions. 

[I, Arctic. 
2. Boreal. 
3. Celtic. 
4. Lusitanian. 
5. West African. 

South African. 
Indo-Pacific. 
Japanese. G: 

Regions. 

C. AustralianI2' 

D. American < 

Sub-regions. 

Australian. 

Neozeahuiian. 
1. Aleutian. 
2. Californian. 
3. Pananiic. 
4. Peruvian. 
5. Magellanic. 
6. Argentinian. 
7. Caribbean. 
8. Transatlantic. 

A. The Atlantic Region 

includes the whole of the eastern shores of the Atlantic, from 
the extreme north to the Cape of Good Hope, together with the 
circumpolar seas, which may be regarded as roughly bounded 
by the Aleutian Islands and the coasts of Newfoundland. 

(1) The Arctic Sul-region includes the circumpolar seas, and 
is bounded in the N. Pacific by a line drawn between Cape 
Avinofif in Alaska, and Cape Lopatka in Kamschatka, so as to ex¬ 
clude the Aleutian Islands. On the western shores of the Atlantic 
the cold Labrador current brings it as far south as the coast of 
Newfoundland, but on the eastern shores the influence of the 
Gulf Stream has the contrary effect, so that the North Cape may 
be taken as its southern limit. 

The principal genera (many species of which are common to 
the whole sub-region) are Volutomitrcby Buccinum^ BuccinopsiSt 

Neptunea, Trophon, Bela, Admete, Velutina, Trichotropis, Lacuna, 

Margarita, Philine, Pecten, Leda, Yoldia, Astarte, and Mya, The 
shells are generally unicoloured, and of a dead white or rather 
sombre tint. 

(2) The Boreal Sub-region may be subdivided into two 
provinces—the European and the American. The former includes 
the entire coast-line of Norway, the Faroe Islands, and Iceland 
(except perhaps the northern coast), and possibly the Shetland 
Islands; the latter the American coasts from the Gulf of St. 
Lawrence to Cape Cod (lat. 42°). Thus the Boreal American 
province does not extend nearly so fer south as the Boreal 
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European, the reason being that on the American coasts the cold 
Labrador current, which hugs the land, bars back the advance of 
southern genera, but allows boreal genera to spread southwards, 
while on the European side the warmer conditions produced by 
the Gulf Stream keep the boreal species back, and allow more 
southern forms to spread northwards. 

Many of the Boreal species occur on both sides of the Atlantic, 
and thus support the theory of a more continuous fringe of con¬ 
tinental land once existing along the north of the Atlantic. 
Among the prominent genera, besides several of those mentioned 
under the Arctic Sub-region, are Purpura, Chenopus, Littorina, 

Gihhula, Natica, Patella, Tectura, Chiton, Doris, Aeolis, Tellina, 

Thracia, 

(3) llie Celtic Sul-region includes the British Islands (except¬ 
ing perhaps the Shetland Islands), the coasts of the North Sea 
and the Baltic, with N. France to Cape Ushant. The absence 
of any cold or warm current exerting direct influence upon the 
coast-line of this sub-region causes a very gradual change in the 
conditions of life as we move either southward or northward. 
The fauna of the British seas contains a decided mixture of 
northern and southern forma The following are among the 
common Boreal species which attain their southward range on 
our coasts: Tectura testudinalis Miill. (to Dublin Bay and 
Scarborough), Trichotropis borealis Brod. (to the Dogger Bank), 
Margarita helicina Fabr. (to Yorkshire and Dublin Bay), M, 

groenla^ndica Chem. (western Scotland), Natica montacuti Fork 
(to Cornwall), Trophon truncatvs Str. (to Tenby), Chiton mar- 

moreus Fabr. (to Dublin Bay and Scarborough). Bmcinum 

undatum and Littorina littorea become very scarce on our extreme 
south-western coasts. Among Lusitanian species which reach our 
coasts are Gihhula magus L. (to Orkney and Shetland Islands), 
Phasianella pullus L. (to Caithness), Galerus chinensis L (to 
Milford Haven), Galeomma Turtoni Turt. (to Weymouth), Car- 

dium aculeatum L. (to Isle of Man), Solen vagina L. (to north 
Ireland). 

It appears from the Mollusca of our Crag formations that at 
the time of their deposition the temperature of our seas must 
have been considerably warmer than it is now. Thus in the 
Crag we find many species and even genera (e.g. Mitra, Fossarm, 

Triton^ Vermetus, B/ingicvla, Chama) which now occur no farther 
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north than the southern coasts of the Channel, the west of 
France, and the Mediterranean. 

The Baltic, a sea specially liable to violent changes of tem¬ 
perature, witli a large admixture of fresh water at its eastern 
end, appears to possess only about 65 species in all. More than 
50 genera occurring on the western coasts of Denmark do not 
enter the Sound. In the eastern portion of the Baltic marine 
and fresh-water species live together (p. 12). 

(4) The Lusitanian Sub-region extends from Cape Ushant 
in the north to Cape Juby (lat. 28°) in the south, and includes 
the whole of the Mediterranean, as well as the Azores, Canaries, 
and Madeira groups. 

The English Channel acts as an effectual barrier to the 
northward extension of many species; as many as 81 species 
which occur in western France do not reach British coasts 
(P. Fischer). At the same time, the western coasts of France 
are rather intermediate between the two sub-regions than 
distinctly Lusitanian, for between 50 and 60 Mediterranean 
genera do not occur on those coasts. 

The Mediterranean itself is exceedingly rich in species, about 
1200 in all (including deep-water species) being known. A 
certain number of these belong to tropical genera which here 
find their northern limit, e.g. Fasciolaria, Gancellaria, Sigaretus, 

Siliguaria, Ghama, Spondylus, Here too occur Garinaria, 

Lobiger, Oxynoe, Pedictdaria, Gypraeay Marginella, Mitray Boliumy 

Gassisy Gassidariay Pisaniay Euthrioby VermetuSy Argonautay and 
many others. A few Celtic and even Boreal species, which occur 
on the western coasts of Morocco, do not enter the Mediterranean. 
Among these are Purpura lapilluSy Helcion pellucidumy and 
Telhna balthica. Haliay a rare West African genus akin to 
Plev/rotomay is found in Cadiz Bay, and the West African Gym- 

bivm occurs on the Spanish coasts as far as Malaga, 
The Black Sea, whose northern and western coasts are 

exceedingly cold, is comparatively poor in species. The Sea of 
Azof is chiefly characterised by forms of Gardium, 

(5) The West African Sub-region extends from Cape Juby to 
a point probably not very far south of lat. 30° S,, the cold cur¬ 
rent which sweeps up from the Pole probably limiting the south¬ 
ward extension of tropical species on this side of Africa, while 
the warm Mozambique current on the eastern side permits the 



XII WEST AND SOUTH AFRICAN SUB-REGIONS 367 

spread of many Indo-Pacific species almost as far south as the Cape. 
Owing to its extreme unhealthiness, and the absence of harbours, 
the sub-region is very little known. 

The principal genera are Gymlium, Pleurotoma, Marginella, 

Terehra^ Mitra, Agaronia, Murex, Cancellaria, Purpura, Pseud- 

oliva, Natica, Tellina, Lucina, Tugonia, Schizodesma, and Area. 

Studer has enumerated as many as 55 species common to West 
Africa and the opposite American shores. The north and south 
equatorial currents, which circulate in this part of the Atlantic, 
probably transport the larvae from one coast to the other. Pur¬ 

pura coronata Lam., a characteristic West African species, is 
represented by a well-marked variety in Demerara. 

The Mollusca of St. Helena (178 known species) most 
resemble those of the West Indies, 50 per cent being common, 
while 30 per cent are common to the Mediterranean. From 
Ascension Island only 33 species are known, which in their 
general relations resemble those of St. Helena.^ 

(6) The South African Suh-region extends along the coast 
from about lat. 30° on tlie west, to about East London on the 
east. Mr. G. B. Sowerby enumerates 740 species from ' South 
Africa,' but includes in this list Natal species, which more properly 
belong to the Indo-Pacific fauna. Of these 740, 323 are 
peculiar, while 67 also occur in European seas, some being 
familiar on our own shores. It is remarkable to find in a sub- 
region separated from ourselves by the whole width of the tropics, 
such well-known forms as Mangilia costata Don., M. septangvlaris 

Mont., Cylichna cylindracea Penn., Pholas dactylus L., Solen 

marginatus Pult., Cultellus pellmidus Penn., Geratisolen legumen 

L, Lutraria oUonga Ohem., Tellina fahula Gmel., T, tenuis Da C., 
Modiolaria discors L., and many others. 

The leading genera are Euthria, Triton, Gominella, Bullia, 

Nassa, Gypraeorula, Oxystele, Fissurella, Fissurellidaea, Patella, 

and Ghiton. 

The Mollusca of Kerguelen Island and the Marion and 
Crozets groups show relationship partly with South America, 
partly with the Cape, and partly with South Australia and New 
Zealand, thus showing some trace of a circumpolar antarctic fauna 
corresponding to, but not nearly so well marked as that of the 
circumpolar arctic sub-region. Among the remarkable forms 

> K. A Smith, P. Z, B. 1890, pp. 247, 317. 
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discovered off Kerguelen are Nedbuccinum and a sub-genus of 
Struthiolaria {Perissodonta). 

B. The Indo-Paciflc Region 

includes the whole of the coast-line of the Indian and western 
Pacific oceans, from about East London in South Africa to the 
north of Niphon (lat. 42°) in Japan, with the Eed Sea and 
Persian Gulf, the whole of the Indo-Malay Archipelago, Polynesia 
to the Sandwich Islands in the north-east, and Easter Island in 
the south-east, and Australia to Swan Kiver in the west, and to 
Sandy Cape and Lord Howe’s Island in the east. It is especially 
the region of coral reefs, which furnish so favourite a home of the 
Mollusca, and which are entirely absent from the Atlantic 
Eegion. 

(1) The Indo~PaciJic Suh-region proper (which includes the 
whole of this region except that part defined below as the 
Japanese Sub-region) is by far the richest in the world. The 
marine Mollusca of the Philippines alone (in some respects the 
nucleus of the whole region) have been estimated at between 
5000 and 6000 species, and Jousseaume estimates Eed Sea 
species at about 1000. Some prominent genera are very rich in 
species. Garrett enumerates from Polynesia 81 species of Conus, 

60 of which occur on the Viti Is., 21 on the Sandwich Is., and 
only 14 on the Marquesas, where coral reefs are almost absent; 
82 species of Cypraea, Viti Is. 44, Sandwich Is. 31, Marquesas 
only 13 ; 167 species of Mitra (besides 29 recorded by others), 
Viti Is. 120, Sandwich Is. 36, Marquesas 7. Of 50 existing 
species of Stromhus, 39 occur in this region, and 10 out of 11 
Eburna. 

The following important genera are quite peculiar to the 
region: Nautilus, several forms of Purpuridae, e.g, Bapana, 

Magilus, Rapa, Melapium, and Bicinvla; Tudicla, several forms 
of Strombidae, e.g. Bostellaria, Terebellum, Pteroceras, and Bimella; 

Cithara, Melo, Neritopsis, Stomatia, Malleus, Vulsella, Cueullaea, 

Tridcbcna, Sippopus, Libitina, Glaucomya, Anatina, Aspergillum^ 

and many others. 
The number of species common to the Red Sea and 

Mediterranean is exceedingly small, some authorities even deny¬ 
ing the existence of a single common species. The present 
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author, from an examination of the shells dredged by Mae- 
Andrew at Suez, regarded 17 spccdes as common, and Mr. E. A. 
Smith has confirmed this view with regard to 8 of the species in 
question.^ The Mollusca occurring in Post-pliocene beds at Suez 
show that Mediterranean species lived there in comparatively 
recent geological times. 

The opening of the Suez Canal appears to have already 
induced several species to start on their travels from the Mediter¬ 
ranean to the Eed Sea and vice versd. Two Ked Sea species 
{Mactra olorina Phil., Mytilus varialilis Kr.) had in 1882 estab¬ 
lished themselves at Port Said, while two Mediterranean species 
{Pholas dactylus L,, Solen vagina L.) had reached Ismailia.^ 

(2) The Japanese Sub-region consists of the Japanese Islands to 
Niphon, together with Corea and a stretch of adjacent mainland 
coast of unknown extent. The warm Kuro Siwo current, sweep¬ 
ing up between Luzon and Formosa, permits tropical species to 
extend much farther north than on the opposite shores of America, 
where a cold polar current keeps them back. A certain number 
of species, however, are common to the two shores of the Pacific, 
and a few circumpolar species occurring on our own coasts reach 
Japan, e,g. Trophon clathratus, Functurella noachina, My a arenaria, 

Modiola modiolus, Lasaea rubra, and Nucula tenuis. 

Among the characteristic genera are Fusus, Siphonalia, Colum¬ 

barium, Hemifusus, Rapana, Ghlorostoma, Pleurotomaria, Haliotis, 

and Cydina. 

C. The Australian Region 

includes the Australian coast-line from about Swan E.* (lat. 
32° S.) to Sandy Cape (lat. 25® S.), Tasmania, New Zealand, and 
the adjacent islands (except Lord Howe's I.). 

(1) The Australian Sub-region proper (which consists of the 

* A. H. Cooke, Ann, Mag, Nat, Hist, (5) xviii. (1886) p. 880 f; E. A. Smith, 
P, Z, S. 1891, p. 891 f. 

® 0. Keller, Nem Denksch, Schw, Oesell, xxviii. 1888, pt. 3, 
* According to Tate {Trans, Boy, Soc, S, Auslr, 1887-88, p. 70), ‘Australian’ 

i^ecies predominate at Freemantle (32*), but Tenison-Woods (J, Boy, Soc, N, S. IVodes, 
xxii. p. Ip6) holds that the tropical fauna extends as far south as Cape Leeuwiu (34'’), 
and that the Australian forms are not predominant until the extreme south, 
Tenison-Woods regards Cape Byron (31*) as the limit of the tropical fauna on the 
east coast, while some characteristic tropical genera reach Port Jackson, and a few 
{e.g. Oyyram mwtUus) Tasmania^ 
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whole of the region excepting New Zealand and the adjacent 
islands) is deterinined by the intiiience of the Antarctic Drift, 
which washes the whole of the southern coasts of Australia, and 
runs strongly northward between Australia and New Zealand. 
The E, Australian warm current from the north is checked at 
Sandy Cape by this cold current, and flows off to New Zealand, 
the western shores of which island are consequently much warmer 
than the eastern. On the western coast of Australia the 
Antarctic Drift has less force, and tropical genera accordingly 
range some 7 degrees farther south on the western than on the 
eastern coasts. 

The characteristic genera are Voluta (of which half the known 
species occur on Australian coasts^), GomineUa, Sij^lioncdia, 

Struthiolariay Bisella, Phadanella, a number of genera belonging 
to the Trochidae, e.g. Liotia, Clanculvs, Euchelus, Thalotia, 

EleThchuSj Trochococlileay ZizyphinuSj Banhima; Trigoniay My odor a, 

Myochamaj Solenomya, Ejpliijppodonta, Anapa, Mylitta, Mesodesma, 

and Chamostrea. Trigonia, originally discovered as a recent 
form in Sydney Harbour (p. 65), is not peculiar to that locality, 
occurring also off Cape York, West Australia, and Tasmania. 

(2) The Neozealayiian Sub-region includes New Zealand, with 
the outlying islands (Chatham, Auckland, and Campbell Is.). 

As many as 455 species (Cephalopoda, 8; Gasteropoda, 311; 
Scaphopoda, 2; Pelecypoda, 134) have been enumerated by Professor 
r. W. Hutton as occurring within the sub-region, of which only 
64 are found elsewhere, the proportion of peculiar species being 
thus nearly 86 per cent. New Zealand therefore is, in its marine, 
no less than its land MoUusca, greatly isolated. 

The characteristic genera are Anthora, Cryptoconchus, and 
Vanganella, which appear to be quite peculiar, Trophon, Gominella, 

Euthria, most of the Trochidae also characteristic of S. Australia, 
Haliotis, Patella; Taria, Mesodesma, Mylitta, Zenatia, Siandella, 

and Myodora, 

D. The American Region 

includes the entire coasts of North and South America with the 
adjacent islands, south of Cape Avinoff on the western, and south 

^ A full account of the distribution of Volute is given by Crosse, CmihyU 
(8) xix. p. 263. 
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of Cape Cod on the eastern coast, the portions north of tliese 
points belonging to the Arctic Sub-region. 

(1) The Aleutian Sub-region consists of the islands of Yesso and 
Saghalien, with the adjacent shores of the Sea of Okhotsk to Cape 
Lopatka, the Aleutian Is., and the west American coast from about 
Cape Avinoff (lat. 60° N.) to St. Jean de Fuca Straits. 

A certain number of species, probably of arctic origin, are 
common with British and also with East American shores, the 
former being the more numerous. Species as familiar to us as 
Lacuna divaricata Fabr., Trichotropis borealis Brod., Fholas 

crispata L, Mya truncata L., M. arenaria L., Mytilus edulis L, 
and Modiolaria nigra Gray, occur. The more characteristic 
genera are GhrysodomuSy Volutharpa, Buccinum, Tectura, Scurriay 

Chitony Cryptochiton {Cr. Stelleri Midd. is by far the largest 
known of the Chitonidae, 6 inches long), Tellinay and Becten, 

(2) The Californian Stib-region extends from St. Jean de Fuca 
Straits (lat. 48° N.) to Cape St. Lucas, the Gulf of California 
belonging to the Panamic sub-region. The northern polar current, 
which washes the shores of this sub-region throughout their whole 
extent, prolongs the southward range of the more northern genera, 
and keeps back those more markedly tropical, the latter, however, 
creeping northward in the warmer waters of the Gulf of California. 
Some authorities subdivide this immense stretch of coast-line, as 
characterised by sub - temperate, temperate, and sub-tropical 
genera, into the Oregonian, Californian, and Lower Californian 
provinces. 

The characteristic genera are—in the north, Argobuccinuniy 

ZizyphinuSy Chlorostomay Tectura, Scurriay Chiton {Katharinay 

Mopaliay Tonicia), Cryptochiton, Placunanomiay and Mytilimeria; 

in the centre, Purpura, Monoceros, Amphissay Norrisia, Platyodouy 

Tapes, and Macoma; and, towards the south, Olivella, Chorus, 

Macron, Pseudoliva, Trivia, and Haliotis. 

(3) The Panamic Sub-region extends from the head of the 
Gulf of California to Payta in Peru (lat. 5° S.). It is exceed¬ 
ingly rich in species, about 1500 having been described. The 
Mollusca are entirely distinct from those of the Indo-Pacific 
Region, which, although extending from Natal to the Sandwich 
Islands, are unable to pass the enormous extent of sea which 
separates the nearest Polynesian island from the American coast. 

On the two sides of the isthmus of Panama there occur certain 
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pairs of species, which, while specifically distant, are evidently 
closely related to one another. Amongst these are, on the 
Panamic side, Purjpura s^eciosa, Cypraea cervinetta. Cassis ah- 

hreviata, Natica Ghemnitzii, and Strombus gracilior, correspond¬ 
ing to Purpura deltoidea, Gypraea exanthema, Cassis injlata, 

Natica maroccana, and Strombus pugilis, on the Caribbean. It is 
reasonable to conclude that these “analogous species'' are 
descendants of a stock which was common to both seas when the 
isthmus was open (probably not later than Miocene times), and 
which have, since the closing of the isthmus, become modified, 
some species considerably more than others. 

Among the characteristic genera (compare p. 3) are Conus, 

Pleurotoma, Terebra, Murex, Purpura, Oliva, Northia, Gantharus, 

Golumhella, Anachis, Gypraea, Strombus, Cerithium, Coecum, 

Grepidula, Grucibulum, Vitrinella; Tellina, Semele, Tellidora; 

and Area. 

(4) The Peruvian Sub-region extends from Payta in Peru to 
about the latitude of Conception in S. Chili (37° S.), being 
checked from further extension southward by the cold Humboldt 
current, whose force is distinctly felt as far north as Callao. This 
cold current thus produces the same results as the similar current 
which impinges on S. Africa, but has even more effect in decisively 
separating the fauna on the two sides of the great peninsula, 
scarcely a single species being common to the western and eastern 
coasts of S. America. The characteristics of the coast-lines them¬ 
selves contribute to this result. The Chilian coast is rocky, and 
descends abruptly to a great depth, while that of Patagonia and 
Argentina is sandy and very shallow to a great distance from 
land. 

The characteristic genera are Cancellaria, Golumhella, Monoceros, 

Concholepas, Trochita, Fisswrella, Chiton; Geronia, Malletia, and 
Cumingia, Some of the Californian genera, absent or poorly 
represented in the Panamic Sub-region, reappear in Chili, e.g. 
Scurria, Teotwra, and Chlorostoma, 

(5) The Magellanic Sub-region includes the coast-line and 
adjacent islands (with the Falklands) from Conception in 
S. Chili to about Port Melo in Eastern Patagonia (lat. 45° &)• 

The principal genera (many of which find a habitat on the 
gigantic Macrocystis which grows on every rock at low water) are 
Euthria, Voluta (6 species, one, V. the largest known), 
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MonoceroSy Photinula, Patella, Chiton; Modiolarca, Mcdletia, and 
Mvlinia, Several genera, characteristic of the Boreal and Arctic 
sub-regions, recur, e.g. Trojphon, Admete, Margarita, Pumturella, 

Gyamium, and Astarte. 

(6) The Argentinian"^ Sub-region extends from about Cape 
Melo in Patagonia to the neighbourhood of S. Caterina I. in 
South Brazil (lat. 28° S.). The sub-region stands in the same 
relation to the Magellanic, on the east coast, as the Peruvian sub- 
region on the west, but, owing to the influence of the warm 
Brazil current, which overpowers the colder water of the Falkland 
branch of the Cape Horn current, it reaches a point much farther 
south. 

The MoUusca are not well known. The prevailing genera 
appear to be Oliva, Olivancillaria, Voluta, Bullia, Crepidula; 

Periploma, and Lyonsia. 

(7) The Caribbean Sub-region extends from S. Caterina I. in 
the south to Florida in the north, and includes the shores of the 
Gulf of Mexico and the whole of the West Indies. The influence 
of the warm Brazil current (a branch of the South Equatorial) 
carries the range of the purely tropical species to a point much 
farther south than is reached by the tropical species on the west 
coast. 

The sub-region is very rich in species, especially on the coral 
reefs of the Bahamas and N. Cuba, but the exceedingly small 
tide-fall makes shore collecting somewhat diflicult beyond a certain 
point. The leading genera are Murex, Purpura, Melongena, 

Latirus, Marginella, Strombus, Triton, Cerithium, Littorina, 

Merita, Scalaria; Tellina, Strigilla, Lucina, and Venus, Pleuro- 

tomaria, a genus long regarded as extinct, has been dredged alive 
off, Tobago. 

As compared with the tropical fauna of the Old World, that 
of the New World is poor in peculiar genera (compare p. 368). 
The relations of this sub-region to the West African and the 
Panamic have been already dealt with (pp. 367 and 372). 

(8) The Transatlantic Sub-region extends from Florida to Cape 
Cod (see p. 364). In the north the limits of the sub-region are 
distinctly marked, in the south Caribbean species intermingle. 

^ Usually known as * Patagonian,' but since the Magellanic Sub-region includes 
a considerable part of Patagonia, and since the greater part of sub-region (6) lies out 
of Patagonia, it has been thought adyiaable to change the name. 
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Gould and Binney,iii their Invertebrata of MassachuseMs, enumerate 
275 species (Cephalopoda, 6 ; Gasteropoda, 159 ; Scaphopoda, 2 ; 
Pelecypoda, 108), of which 59 (Gasteropoda, 37; Pelecypoda, 
22) are British. 

Among the characteristic genera are UrosalpinXy Uupleuray 
Fnlgnr, Ptycliatract'uSy Nassa^ Crepidula; Solenomya, Afactra, 
Cypricia, Baeta, Astarte, and Yoldia, Our common Littorina 
litfarea appears to have been introduced into Nova Scotian 
waters in about 1857, no previous trace of it occurring either in 
literature or shell-heaps. Since then it has spread rapidly into 
the Gulf of St. Lawrence, and also as far south as NewhaVen, and 
is said to be driving out the indigenous Z. paliiata from New 
England shores.^ The debt has been repaid by the introduction 
into British waters of the American clam (Venus mercenaria L.), 
which, according to the Manchester City Nenos of 23rd March 
1889, was first observed in the Humber in 1864, and has 
steadily increased up to the present time, when it bids fair to 
compete, in those waters, with the familiar Cardium edule. 

Characteristics of Abyssal Mollusca.—Large shells appear 
to be rare in the great ocean depths, and are usually very fragile; 
even moderately-sized specimens are far from common. The 
only group in which species occur larger than the usual size is 
the Nudibranchs, which are represented by at least one form 
larger than an orange. 

It would seem that abyssal molluscs are much less active and 
energetic than their brethren on the shores. This view is 
favoured by the looseness of their tissues, which seem ill adapted 
for prompt and vigorous action. The tenacious character of the 
mud on the ocean floor must make rapid motion very difficult. 
The shell itself is usually fragile and delicate, the upper layers 
of arragonite being thin as compared with shallow-water species, 
which makes the nacreous layer, when present, appear unusually 
conspicuous; in many cases the surface is characterised by a 
peculiar iridescence or sheen. The colour in the shell of deep-sea 
Mollusca is never very pronounced, and is often absent altogether. 
Light pink and salmon, pale yellow and brown, are not uncommon. 
If the colour is in pattern, it is usually in the form of necklaces 
of spots, which sometimes coalesce into bands. With regard to 
sculpture, stout knolls and powerfully buttressed varices, such as 

* Amer, Nai, xx. p, 931. 
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occur in the tropical Murex and Furpura, are not found in deep- 
sea species. But the ornamentation is frequently elaborate, and 
the sculpture rich and varied. Tliere is an especial tendency 
towards strings of bead-like knobs, revolving striae, and delicate 
transverse waves, the sculpture being in many cases of a 
character which tends to strengthen the structure of the shell, 
like the ridges in corrugated iron. 

A remarkable feature in some deep-sea Mollusca is their 
singular resemblance, in shape, and particularly in the possession 
of a strong green periostracum, to some of our common fresh-water 
species. According to Dr. Dali, the cause of this phenomenon 
is the same in both cases. The fresh-water Mollusca secrete a 
strong periostracum, in order to protect the shell against the 
corrosive influence of the carbonic acid gas with which the water 
is surcharged. The shells of deep-sea Mollusca, living, as they 
do in water probably undisturbed by currents of any kind, have 
to protect themselves against the same eroding influence, and do 
so in the same way.^ 

Mollusca which live exclusively on algae and other forms of 
plant life are almost entirely wanting in the great depths, where 
vegetation is probably unknown. The struggle for existence 
must be much less keen than in the thickly populated shallows, 
where vicissitudes of every kind occur. The absence of rapid 
motion of water must obliterate many of those mechanical eflTects 
which tend to produce modifying influences upon the animals 
affected. In the absence of circumstances tending to cause varia¬ 
tion, in the unbroken monotony of their surroundings, species 
must, one would think, pi'eserve a marked uniformity over an 
exceedingly wide area of range. 

Vegetable food being wanting, those genera which in shal¬ 
lower waters never taste flesh, are compelled to become carnivor¬ 
ous. Characteristic of the great depths are very remarkable forms 
of Trochidae, in whose stomachs have been found the remains 
of Corallines and Foraminifera. According to Dr. Dali, the 
results of this diet show themselves in the greatly increased space 
occupied by the intestine, in the diminution, as I'egards size, of 
the masticatory organs, the teeth and jaws, and also in the pro¬ 
longation of the anal end of the intestine into a free tube, which 
carries away the excreta in such a way that they do not foul the 

' W* H. Dali, Proc. Biol. Soe. Wmhingtmt v. p. 1 f. 
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water taken into the gills. The amount of nutriment contained 
in the bodies of dead Foraminifera is so small that a compara¬ 
tively large quantity must be swallowed to keep the vital 
energies active, and therefore the amount evacuated must be pro¬ 
portionately larger also. The abyssal Trochidae, then, and many 
other genera, sustain themselves by feeding on the ' rain ’ of dead 
animal matter which falls upon the ocean floor, not so much, 
hunting their prey as opening their mouths and eating what¬ 
ever happens to fall into them. Genera which are normally 
carnivorous would appear to do the same. The Pleurotomidae, 
for instance, are a family markedly characteristic of very deep 
water. Eepresentatives of the genus which occur in shallower 
water are known to secure their prey while in the living state. 
But, according to Dr. Dali, a singularly small proportion of deep- 
sea Mollusca, as compared with those from the littoral region, 
show signs of having been drilled or attacked by other Mollusca. 
This could hardly be the case if the Pleurotomidae retained their 
predatory habits, since they are more numerous in the great 
depths than any six other families taken together. It has 
already been mentioned (p. 186) that a large proportion of deep- 
sea Mollusca are perfectly blind. 

Amongst other remarkable forms from the great depths may 
be mentioned Pleurotomaria, with its singular anal slit (Fig. 269, 
p. 407) extending in some cases half-way round the last whorl. 
Three or four species of this genus, so characteristic of almost all 
fossiliferous strata down to the Cambrian, have been obtained in 
very limited numbers off the West Indies and Japan. Dentaliidae, 
especially the sub-genus Cadulus, find a congenial home in the 
slimy ocean mud. One of the greatest molluscan treasures procured 
by the Challenger was Guivillea alabastrina Wats., a magnificent 
Volute as white as alabaster, 6^ inches long, which was dredged 
from 1600 fath. in the South Atlantic, between Marion Island 
and the Crozets. Another very curious form, belonging to the 
same family, is Provocator pulcher Wats., a shell about half the 
size of Guivillea^ of stouter proportions, and with an angulated 
and patulous mouth. This shell was dredged by the ChMenger 

in comparatively shallow water (106-150 fath.) off Kerguelqn 
Island. Among the Trochidae are the fine new genera Padlism, 

Bemhix, and Gam, The exploring voyages of the American sur¬ 
veying steamer Blahe, in the Gulf of Mexico and the Caribb^n 
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Sea, have given us the remarkable new forms Benfhobia (possibly 
akin to AdmtU\ Mesorhytis (a sub-genus of Fasciolaria hitherto 
only known from the Cretaceous of North America), and Bentlio- 

dolium (possibly = Oocorys), a genus akin to Cassis, 

In his report on the Pelecypoda obtained by the Challenger, 

Mr. E. A. Smith remarks that as a rule ''very deep-water 
‘ benthal * species certainly have a tendency to be without 
colour and of thin structure, facts no doubt resulting from the 
absence of light, the difficulty of secreting lime, the scarcity of 
food, and other unfavourable conditions of existence.” At the 
same time, he notices that most of the species obtained belong to 
genera which, even when occurring in shallow water, are thin and 
colourless, e.g. Neaera, Lima, Cryftodon, Ahra, Verticordia, etc. 
Deep-water species of such genera as have a decided periostracum 
{Malletia, Limopsis, Leda, Nucula, Area) retain it with little if 
any modification. The deep-water Pelecypoda of the Atlantic 
and Pacific Oceans present no special features of interest. The 
species are few in number, and the genera are not remarkable 
either for novelty or peculiarity of form. 

The greatest depth at which Pelecypoda have been obtained 
is 2900 fath. mid North Pacific (Callocardia pacifica Sm., Air a 

proftindorum Sm.); the greatest depth at which Gasteropoda have 

been obtained is 2650 fath. South Atlantic {Stylifer Irychius 

Wats.), both by the Challenger, The deepest Challenger Nudi- 
branch came from 2425 fath., and the deepest Chiton from 2300 
fath. The greatest depth ever dredged is 4575 fath. off the east 
coast of Japan. 



CHAPTER XIII 

CLASS CEPHALOPODA 

The Cephalopoda present a complete contrast to the majority of 
the Mollusca in habits and in many points of organisation. In 
their power of rapid movement and their means of progression, 
their extreme ferocity and carnivorous habits, their loss, in so 
many cases, of a shell, and in its constitution when present, in 
the general symmetry of their parts, in their reproductive and 
nervous system, they stand in a position of extreme isolation 
with nothing to connect them with the rest of the phylum. 

Professor A. E. Verrill has collected many interesting details 
with regard to gigantic Cephalopoda occurring on the north¬ 
eastern coasts of America. From these it appears that the 
tentacular arms of some species of Architeuthis measure as much 
as 32, 33, 35, and 42 feet in length, while the total length, 
including the body, sometimes exceeds 50 feet. Even off the 
Irish coast a specimen was once captured whose tentacular arms 
were 30 feet long, the mandibles 4 inches across, and the eyes 
about 15 inches in diameter.^ The strength of these,giant 

Cephalopods, aided as they are by formidable rows of suckers and 
other means of securing a grip, is almost incredible. Cases are 
not uncommon, in which persons diving or bathing have been 

attacked, and have with difficulty made their escape. 
Great damage is frequently inflicted by Cephalopoda upon 

shoals of fish on our own coasts. Off Lybster (Caithness) Loligo 

and Ommmtrephes devour the herring, large numbers of which are 
cut up and bitten on the back of the neck by these creaturea 
On the American coasts the mackerel fisheries are sometimes 
entirely spoiled by the immense schools of squid which infest the 

^ Trims, Connect, Acad, v. p. 177 ; Zoologisty 1875, p* 450*2- 
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Bay of St. Lawrence.^ When excited in the pursuit of fish 
Cephalopoda leap high out of tlie sea. Dr. W. H. Eush ^ relates 
that when about 300 miles off the coast of Brazil, a swarm of 
hundreds of decapods flew from the water and landed on the 
deck of the ship, which was 12 feet above the surface level, and 
they had to go over the hammock nettings to reacli it. 

The common Octopus vulgaris Dim., of our own and the south 
European coasts, inhabits some rocky hole, the approaches to 
whkdi, like tlie den of a fabled giant, are strewn with tlie bones 
of his victims. Homer himself knew how liard it is to drag the 
polypus out of liis hole, and how the stones cling fast to his 

Fig. 238.—Octopns 
vidgaris Lain., 
Naples: A, At 
rest; B, in mo¬ 
tion ; /, funnel, 
the arrow .show¬ 
ing the direc¬ 
tion of the pro¬ 
pelling current 
of water. (After 
Merculiano.) 

suckers. The colour-changes, which flit across the skin of the 
Octopus, appear, to some extent, expressive of the different emotions 
of the animal. They are also undoubtedly protective, enabling it 
to assimilate itself in colour to its environment. Mr, J. Hornell ^ 
has noticed an Octopus, while crawling over the rock-work in his 
tank, suddenly change the colour of the whole right or left side 
of its body, and of the four arms on the same side, to a snowy 
whiteness. ,They 'hav6 also been seen to change colour, as if 
involuntarily, jicccrding to the material on which they crawl. 

^ Jlcp. Seoich Fish. iii. 1885, App. F, ]». 67. 
® Nautilus, vi. 1892, p, 82. * Joum. Mar. Zool. i. pp. 3, 9. 
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The nerve-centres which control the chromatophores or pigment 
cells, causing them to expand or contract, are found to connect 
with the optic ganglia; hence the changes of colour may be 
regarded as a reflex result of the creature's visual perception of 
its surroundings. 

Order Dibranohiata 

Cephalopoda with two symmetrical branchiae, funnel com¬ 
pletely tubular, mouth surrounded by 8 or 10 arms furnished 
with suckers or hooks, ink-sac and fins usually present, eyes with 
a lens; shell internal or absent. 

The Dibranohiata are not known from Palaeozoic strata, and 
first appear (Belemnites, BeUmnoteuthu) in the Trias. Whether 
they are to be regarded as derived from some form of Tetra- 
branchiata, e.g. Orthoceras, or as possessing an independent origin 
from some common stock, cannot at present be decided. They 
attain their highest development at the present time. The 
earliest representatives of the Order (the Phragmophora) possessed 
a shell chambered like that of the Tetrabranchiata. These 
chambered Dibranchiates rapidly reached their maximum in the 
upper lias and as rapidly declined, until at the close of the 
Cretaceous epoch they were comparatively scarce, only a few genera 
{Beloptera, Spirulirostra) surviving into Tertiary times. 

The ordinary Dibranchiate Cephalopod may be regarded as 
consisting of two parts—(a) the head, in which are situated the 
organs of sense, and to which are appended the prehensile organs 
and the principal organs of locomotion; (6) a trunk or visceral 
sac, enclosed in a muscular mantle and containing the respir¬ 
atory, generative, and digestive organa The visceral sac is often 
strengthened, and the viscera protected, by an internal non-spiral 
shell. The ' arms' which surround the mouth are modifications 
of the moUuscan foot (p. 200), and ard either eight or .ten in 
number. In the former case (Octopoda) the arms, which are 
termed ‘sessile,’ are all of similar formation, in the latter 
(Decapoda), besides the eight sessile arms there are two much 
longer ‘ tentacular ’ arms, which widen at their tips into ‘clubs* 
covered with suckers. 

Remarks have already been made on the generative organs 
of Cephalopoda (p. 136 f.), the branchiae (p. 170), the nervous 
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system (p. 206), the eye (p. 182), the radula (p. 286), and the 
ink-sac (p. 241). 

One of the ’most characteristic features of the Dihranchiata 
are the metahula^ or suckers, with whicdi the 
arms are furnished. They are usually disposed 
on the sessile arms in rows (of which there are 
four in most Se'^ia, two in Octopus, and one in 
Medone), and become more numerous and smaller 
at the tip of* the arm. They are massed together 
in large numbers of unequal size on the ' clubs' 
in the Decapoda, particularly in Loligo, In most 
Octopoda their base is flush witli the surface of 
the arm, but in Decapoda the acetabula are ped¬ 
unculate, or raised on short stalks. In Octopoda 
again, the acetabula are fleshy throughout, but 
in the Decapoda they are strengthened by a 
corneous rim with a smooth or denticulate edge 
(Onimdstrephes, Arcldteuthis). Many of the 
acetabula on the tentacular and sometimes on Fig. 239.—-‘Club* 

the sessile arms of the Onychoteuthidae enclose 
a powerful hook, which is retractile like the 
claws of a cat. 

In mechanical structure the acetabula consist 

of Loligo vul¬ 
garis L., show¬ 
ing the crowded 
pedunculate ace¬ 
tabula. X i. 

of a disc with a slightly swollen margin, from which a series of 
muscular folds converge towards the centre of the 
disc, where a round aperture leads to a gradually 
widening cavity. Within this cavity is a sort of 
button, the carmwle, which can be elevated or 
depressed like the piston of a syringe; thus when 
the sucker is applied the piston is withdrawn and 
a vacuum created (Owen). - 

of the suckers In many Octopoda the arms are connected by 
^ which sometimes extends up 

ing the denti- the greater part of the arms (Cirrhoteuthis, some 

and^^co^n^us others oocuTS only at the base. The 
ring; p, ped- use of the Umbrella is perhaps to assist in loco- 
uncle. motion, by alternate contraction and expansion. 

^ A cartilaginous skeleton is well developed, .especially in the 
Decapoda. In Sepia a cephalic cartilage forms a complete ring 
round the oesophagus, the eyes being situated in lateral prolonga- 
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tions of the same. In front of tlie cephalic cartilage occurs a 
piece like an inverted T, wliich supports the base of the aiitericjr 
arms. The Decapoda liave also a ‘ nuchal ’ cartilage}, connecting 
the head with the anteiior dorsal portion of the mantle, while 
cartilaginous knobs on the ventral mantle button into correspond¬ 
ing sockets on tlie funnel. 

Sub-order I.—Octojmla.—^Body round or bag-like, generally 

Fig. 241.—Oirrhoteuthis magna Hoyle, S. Atlantic. Two of the left arms and their 
web have been removed: /, funnel; fins ; m, mouth. (After Hoyle, X x-5-} 

without fins, arms eight, suckers fleshy, usually sessile, oviducts 
paired, no nidainental glands, shell absent. 

Fam. 1. Cirrhoteuthidae,—Body with two prominent fins; 
arms in great part united by a web; one row of small suckers, 
with cirrhi on each side.—^Atlantic and Pacific Oceans, deep 
water (Fig, 241). 

Fam. ;2. Amphitretidae,—Body gelatinous, mantle fused with 
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the funnel in tlie median line, forming two openingvS into the 
l)ranchial cavity; arms with one row of suckers; umlu'clla 
extcmding more than two-thirds up the arms.—South Pacific 
(Fig. 242). 

The two pocket-like openings into 
tlie branchial cavity are unique among 
Oephaloi)oda (Hoyle). 

Fam. 8. Argonmitidae. — Female 
furnislied with a symmetrical, unilo¬ 
cular shell, spiral in one plane, secreted 
by, tliin terminal expansions (the vela) 

of the two dorsal arms, no attach¬ 
ment muscle; suckers in two rows, 
pedunculate ; male very small, without 
veligerous arms or shell. — All warm 
seas (Fig. 24.8). Pliocene-. 

The shell consists of three layers, 242.--peia- 

the two external being prismatic, the is.: c, ; fi funnel; p, 

luiddle fibrous. Its secretion by the ngMjputle-pocket. (After 

arms and not by the mantle edge is 
unique, and shows that it is not homologous with the ordinary 
molluscan shell. 

The great controversy on the Argonanta, which once raged 
with so much fierceness, is nqw matter of ancient history. It 

Fig. 243.—Argonauia argo 
L., the position assumed 
by a specimen kept in 
captivity, the arrow show¬ 
ing the direction of move¬ 
ment:/, funnel; mouth, 
with jaws projecting ; 
shell, with arms as seen 
through it; wa^ Webbed 
arm clasping shell. (After 
Lacaze-Duthiers.) 

seems scarcely credible that between fifty and sixty years ago, 
two of the leading zoologists of the day, Mr. Gray and M. de 
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Blainville maintained that the animal which inhabits the 
Argonaut shell is a parasite, without any means of depositing 
or forming a shell of its own, but which possesses itself of the 
Argonaut shell, either by expelling or succeeding the original 
inhabitant, a supposed nucleo-branchiate (Heteropod) mollusc akin 
to Carinaria, The final blow to this strange hypothesis—which 
was urged by the most ingenious series of arguments—was given 
by Professor Owen, who in 1839 brought before the Zoological 
Society of London the admirable observations of Madame 
Jeannette Power, who made a continuous study of a number of 
specimens of Argonauta in her vivarium at Messina. The 
result of these observations tended to show that the young 
Argonauta when first excluded from the egg is naked, but that 
in ten or twelve days the shell begins to form; that the 
principal agents in the deposition of shell are the two velated or 
web-like arms; and that portions of the shell, if broken away, 
are repaired by a deposition of calcareous matter.^) 

Fam. 4. Philonexidae.—Mantle supported by two ridges 
placed on the funnel; large ‘aquiferous' pores (supposed to 
introduce water into the tissues) near the head or funnel; suckers 
in two rows, pedunculate.—^Atlantic and Mediterranean. 

Genera: Ocythoo, arms of unequal size, no intervening mem¬ 
brane, third arm on the right hectocotylised (see Fig, 51 p. 138), 
two aquiferous pores at the base of the siphon; male very small; 
TremoctopiLS, two aquiferous pores between the eyes, two on the 
ventral side of the head. 

Fam. 5. Alloposidae,—Mantle edge united to the head by 
three commissures; arms extensively webbed, acetabula sessile. 
Hectocotylised arm developed in a cavity in front of the right 
eye.—"N, Atlantic. 

Fam. 6. Octopodidae.—Head very large, arms elongated, 
similar, more or less webbed, acetabula usually in two rows, sessile; 
mantle supported by fleshy bands, no cephalic aquiferous pores. 

In Octopm proper the web is usually confined to the lower 
part of the arms; Fischer separates off sub PUroctopw a form in 
which it reaches almost to their extremity. The third right 
arm (Fig. 62, p. 140) is hectocotylised, the modified extremity 
being, according to Hoyle, sometimes minute, sometimes spoon¬ 
shaped, with a tendency to transverse ridges, rarely slender and 

^ BHL Ame, 1844, Transactioaa p. 74; P. Z, S, 1889, p. 
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very long. The relative length of the pairs of arms varies in 

different species. Two cartilaginous stylets, imbedded in tlie 

dorsal mantle, are said by Owen to represent the shell. 

Other genera ; Phinoetop^ts, body furnished with broad lateral 

wings which meet at the posterior end; Cistopvs, a large web 

prolonged along the sides of 

the arms, fitted with oval 

aquiferous pouches, with pores 

at their base, between each 

pair of arms; Eledone (Fig. 

244), one row of acetabula ; 

Trltaxmp m, lapctcUa. 

Sub-order II.—Decapods. 

— l^ody oblong, mouth sur¬ 

rounded l^y four ])airs of sessile 

and one pair of tentacular arms, 

tlie latter terminated by a 

‘ club ’; acetabula- ])edunculate 
and furnished with a corneous ^ZAX.—Eledone. AldrormuU Delle Cliiaje, 

. , T •ITT Naples, from ventral side, x A. 
margin; mantle margin locked 

to the base of the funned by a cartilaginous apparatus; head and 

anterior part of body furnished with aquiferous pores; fins 

])rosent; mandibles corneous; oviduct single, large nidainental 

glands in the female; shell internal. 

' The tentacular arms, which are the principal external feature 

of the Decapoda, are not derived from the same muscular ring as 

the sessile arms, but arise from the cephalic cartilage,- and emerge 

between the third and fourth arm on each side.^ In Sepia they 

can be entirely retracted into a kind of pocket behind the eyes, 

while in Lolujo they are simply folded over one another. In 

Ckiroietdhis the arms are six times as long as the body, and the 

clubs liave four rows of denticulate suckers. 

The anterior ventral ^ jxirtion of the mantle is finnished with 

a singular contrivance for locking it to the funnel, and so render¬ 

ing the whole animal more capable of resisting the impact of any 

force. This contrivance generally consists of a series of ridges 

or buttons which fit into grooves or button-holes, the ridges being. 

on the interior face of the mantle and the corresponding grooves 

^ U ponveni«nt, but not moqihologically correct, to apply tbe terms Central* 
a-tid ‘dorsal* iii tliis sense, 

VOL. Ill 2 C , 
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on the funnel, or vice versd. This " resisting apparatus ' is most 
elaborate in the pelagic genera, and least so in the more sluggish 
littoral forms. A similar, but not so complex, arrangement 
occurs also in the Octopoda. 

/ The different forms of the sliell appear to indicate successive 
stages in a regular course of development.We have in Spirula 
(Fig. 247) a chambered shell of the Tetrabranchiate type, but of 

considerably diminished size, which has ceased to 
(iontain the animal in its last chamber, and has 
become almost entirely enveloped in reflected folds 
of the mantle. These folds gradually concresce to 
form a definite shell-^c, by the walls of which are 
secreted additional laminae of calcareous shell - 
substance. These laminae invest the original 
shell,) which gradually {t^pirulirostra, Bdosepia) 
loses the spiral form and becomes straight, eventu¬ 
ally disappearing, while the calcareous laminae 
alone remain {Sepia). These in their turn dis¬ 
appear, leaving only the plate or ' ptm ' upon which 
they were deposited {Loligo), which itself also, 
with the shell-sac, finally disappears, surviving 
only in the early stages of Octopus (liaiikester). 

The Decapoda are divided, according to the 
character of the shell, into Phragmophora, Sepio- 
phora, and Ghondrophora} 

A. PHKAGMorHORA: — Arms furnished with 

Fm 245 Club* acetabula; shell consisting of a phrag- 
of Onychoteu- mocone or chambered sac enclosed in a thin wall 

ing X’ hooks conotheca), septa x)ierced by a siphuncle near 
and clusters of the ventral margin (in Spirula alone this charn- 

aM^^acetabuia forms the whole of the shell). The 
below them, apex of the cone lies towards the posterior end of 

^ the body, and is usually envelojHjd in a calcareous 

guard or rostrum. Beyond the anterior end of the rostrum the 

conotheca is extended forward dorsally by a pro-ostro/cum or 

anterior shell, which may be shelly or horny, and corresponds to 

the gladius of the Ghondrophora, The rostrum consists of 

calcareous fibres arranged perpendicularly to the planes of the 

laminae of growth, and radiating from an axis, the so-called 

^ partition; cuttle-We; cartilage. 
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apical line, which extends from the extremity of the phragmocone 
to that of the rostrum. Distribution, see p. 380. 

Fam. 1. SpiruUdac.—Arms with acetabula, shell a loose 
spiral, without rostrum or pro-ostracum, partially external, 
enclosed in two lobes of the mantle (Figs. 247 and 248). 

The single species of the single genus {S, Peronii Lam. = laevis 

dray) has not yet been thoroughly investigated, although the 
shell occurs in thousfinds on many tropical beaches, and is some¬ 
times drifted on our own shores. The animal appears t(> liave 
the power of adhesion to the rocks by means of a terminal sucker 
or pore. The protoconch is present, 
and contains a ])rosiphon, which does 
not connect witli the siphuncle; The 
septal necks are continuous, not broken 
as in Nautilus. Tlie siphuncle is on 
the ventral margin of the shell, the 
last whorl of which projects slightly on 
the dorsal and ventiul sides, but is 
even there covered by a thin fold of 
the mantle. The njtractor muscles of 
the funnel and of the head find their 
point d'appui on the shell, the last 
chamber of which contains the pos¬ 
terior part of the liver, with which the 
membranous siphuncle is connected. 

Fam. 2. Belemnitidae.—Arms hooked 
as in Onychotcuthis, fins large; phrag¬ 
mocone straight, initial chamber globu¬ 
lar, larger than the second, rostrum 
often very long, investing the phrag¬ 
mocone, pro-ostracum sword- or leaf¬ 
shaped, rounded in front, seldom pre¬ 
served, ink-sac present,—Lower Lias 
to Cretaceous. 

The Belemnitidae are believed to have been gregarious, and to 
have lived in shallow water on a muddy bottom. Specimens are 
sometimes found in which even the ink-sac can be recognised in 

situ. The relative proportions of rostrum and phragmocone vary 
greatly in different groups, the rostrum being in some cases 
twn feet long, in others only just enclosing the phragmocone. 

Flo. 246.—Sepia ojicinalis L., 
mautltt cut away to 

show position of internal 
shell. X 4. (The ends of the 
tentacular arms are cut off.) 
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As a rule the rostrum is the only portion whicli has been 
preserved. 

Fam. 3. Belosepiidac,—Phragmocone short, sliglitly curved, 
chambers small, placed at the posterior end ot* a sepion, rostrum 
solid, obtuse.—Eocene (Paris, Bracklesliam, etc). 

Fam. 4. Bclopteridae, — Sepion not known; phragmocone 
curved, siphuncle on the ventral margin, rostrum well developed, 
pointed. Principal genus, Sp 'mdiTostm.—Miocene of Turin. 

These two families, with their small, cnirved 
phragmocone and (in the case of tlie P>el()se- 
piidae) large sepion, are clearly intermediate 

Fig. 247.—Shell of SpirvZa Peronii Lam A, Outside view ; B, 
showing last ehumber and position of siphuncle ; C, in section, 
showing the septa and cojirse of siphuncle ; I), shell broken 
to show the convexity of the inner side of the septa ; por¬ 
tion of a septal neck. 

Fk}. Per- 
on a Lam.: e/, ter¬ 
minal sucker ; ./i 
funnel ; *2, pro¬ 
jecting portions of 
shell, the internal 
part of which is 
dotted in. (From 
Ovveiiand A. Adams 
combined.) 

between the Phragmophora and Sepiophora. Some authorities 
place them with the latter group. 

B. Sepiophora.—Shell internal, consisting usually of (a) an 
anterior cancellated portion, (b) a posterior laminated portion, 
the laminae enclosing air. It terminates in a very rudimentary 
phragmocone and a rostrum, but there is no siphuncle. 

Fam. Sepiidae.—'EjeB with cornea complete, body oval, fins 
narrow, lateral, as long as the body, generally united behind; 
sessile arms short, tentacular arms long, acetabula generally, in 
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four rows, fourth left arm in the male hectocotylised near the 
base (Fig. 249).—World-wide. 

The sepion or " cuttle-bone ’ runs the whole length and width 
of the body. In Sepia it is very thick in front, while the 
posterior ventral end is concave and terminated by a prominent 
spine, the rostrum or macroy which points downwards. The 
whole shell is surrounded by a thin 
chitinouH margin, which forms a 
lateral expansion. Other genera are 
Sepiclhiy JlemiscpiuSj and Trachyteii- 

this (fossil only). 
G. GIIONDKOPHOIIA.—-Shell (ylucHus 

or long, chitinous, 
(^a) My ops idae : ^ cor nea entire, 

species mostly suh4Utor(d, 

Fam. 1. Sepiolidae.—Fins large, 
dorso-lateral; tentacular arms retrac¬ 
tile ; two first dorsal arms in the 

Fig. 249.—ITeclocotylised arm (/?.«) 
of Sepia offichialis Ij., shown in 
contrast to one of the ortiinary 
sessile arms ; m, mouth ; p, 
pocket into which the tentacular 
arm is retracted. 

male liectocotylised; gladius narrow, lialf as long as the body.— 
World-wide. 

Principal genera: Sepiola, dorsal mantle connected with the 
head by a broad cervical band, ventral mantle with the funnel by 
a ridge fitting into a groove; Rossia, dorsal mantle supported 
by a ridge, arms with never more than four rows of acetabula; 
Inioteuthis, Stoloteuthis, Nextoteutliis, and PromachoteiitUis, 

Fam. 2. Sepiadariidae.—Fins not as long as the body, mantle 
united to the head on the dorsal side, fourth left arm in the 
male hectocotylised ; no gladius. Principal genera, Sepiadwnum, 

Scpioloidea.—Chiefly Pacific Ocean. 
Fam. 3. Idiosepiidae.—Fins very small, terminal; fourth 

pair of arms in the male hectocotylised, bare of suckers. 
The only genus, Idiosepion, with a single species (/. pyg- 

maeum Stp.) is from the Indian ocean, and is the smallest 
known Cephalopod, measuring only about 15 mm. in length. 

Fam. 4. Loliginidae.—Body rather long, fins varying in size, 
tentacular arms partially retractile, gladius as long as the back, 
pointed in front, shaft keeled on the ventral side,—World-wide. 

. Loligo proper has a pointed body with triangular posterior 
fins united behind; sessile arms with two rows of acetabula, 

^ pviw, close the eyes ; .sight; contrasted with Oigopsidae (o/yw, open). 
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tentacular arms with four; fourth left arm hectocotyliseni at tlie 
tip; funnel attached to the head. Other genera are Loligurieula, 
SepioteuthiSf and Loliolus, Belemnoscpiay BelotcMthiSy LcptoteM- 
thisy and FhylloteutJris are fossil genera only, differing in the 
shape of the gladius. 

(Jj) Oigopsidae: cornea more or less open; species pelagic. 
Fam. 5. Oiiirnastrepliidae.—liody cylindrical, fins generally 

terminal, united together, regularly rhomboidal, sessile arms with 
varying number of rows of ace tabula, mantle connexions elabo¬ 
rate; gladius horny, murow lanceolate, with a hollow cone at 
the posterior end.—World-wide. 

Ommastrejdies proper has a natatory web on the sessile arms; 
the wrist of each club has a series of acetabula with coiTespond- 
ing cushions on the other wrist. In ThgsanotetdJiis (often made 
a separate family) the sessile arms have two rows of cirrhi, with 
lateral expansions of the skin; fins as long as the body. In 

Fro. 250. —ArchiteuVdfi princ^Sy Verr., E. America: /, Rijrht fin ; fUy funnel; f.Cy 
fixing cuahions and acetabula on the tentacular arms {ty t). (After Verrill. x g\j.) 

Architeuthis, to which belong the largest Cephalopoda known, 
the fins together are shaped like a broad arrow-head; acetabula 
of sessile arms strongly denticulate; tentacular arms very long, 
with equidistant pairs of acetabula and fixing cushions through¬ 
out their entire length, and a group of the same at the base of 
the club. The acetabula and cushions corrt'.8pond on the oppos¬ 
ing tentacles, and enable them to pull together. Other genera 
are BosidicvSy Todarodes, Illex, Bathyteuthis and Mastigoteuthis. 

Fam. 6. Onychoteuthidae.—Body cylindrical, fins terminal or 
lateral, mantle-locking apparatus elaborate, tentacular arms very 
long, sessile or tentacular arms furnished with retractile hooks, 

: gladius lanceolate, with a terminal cone.—World-wide. 
The prehensile apparatus of Cephalopoda reaches its maximum 

df power and singularity in this family. In Onychia, O^chor 
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teuthis, and Amistroteuihis, the sessile arms Iiave acetalnila only, 
in Gonatus and Abralia they have hooks as well, while in 
Verania, ATwistroclivniH and Enaplotenthis, the sessile arms have 
hooks only. The numl)er of rows of hooks or acetabula varies 
with the different genera. 

Fam. 7. C%iroteuthidae.—Head nearly as large as the body; 
fins terminal, tentacular arms very long, 
sessile arms slightly webbed, acetabula 
denticulated; mantle-supports consisting 
of cartilaginous ridges on the mantle, 
which fit into corresponding depressions 
on the funnel, gladius expanded at each 
end.—Atlantic Ocean. 

The six dorsal arms in HistioteMthis 

are united by a broad web, while in 
Hiatio^^su the web only reaches half 
way up the arm. In Chiroteuthis the 
tentacular arms have scattered sessile 
suckers throughout their whole length, 
and four rows of veiy long peduncu¬ 
late suckers on the clubs. 

Fam. 8. Crayichiidae,—Head small, 
body rounded, barrel-shaped, fins termi¬ 
nal, eyes often very large, sessile arms 
short, tentacular arms long, thread-like. 
—World-wide. 

Cranchia proper has the tentacular 
clubs finned, with eight rows of suckers, 
body sometimes covered with warty 
tubercles. Loligopsis has a very attenu¬ 
ated body, with fins terminally united; 
some species are spotted with colour, 
or have rows of tubercles on the ventral 
side. Taonius (Fig. 251) is doubtfully 

Fig. 261. — Taonius hyjterhoreus 
Stp., N. Atlantic : e, «, eyes ; 
/, /, fins; U tentacular 
arms. (After Hoyle, x ^). 

distinct from Loligopsis. 

Order Tetrabrandiiata 
la 

Cephalopoda with four branchiae and four kidneys; animal 
inhabiting the last chamber of an external multilocular shell; 
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funnel consisting of two separate lobes; tentacles nunierouH. 
without suckers or hooks; no ink-sac. 

The shell consists of two layers, the outer being porcellanous, 
and the inner, as well as the walls of the chambers or mpta 

nacreous. The septa vary greatly in shape. In most of the 
Nautiloidea they arc regularly curved, as in NmitiluH, or 
straight, as in Orthocerm, but in the Ammonoidea they are often 
exceedingly complex. The edge of the sei)tum, where it unites 
with the sliell-wall, is called the suture, and the sutural line, 
which is not seen until the porcellanous layer is removed, varies 
in shape with tlie septum. 

The septa are traversed by a membranous tube known as the 
siphuncley which in Nautilus is said by Owen to connect ulti¬ 
mately with the pericardium. The septal iiecks, or short tubular 

Fig. 252.—NautUm pompilius L., iu section, Bliowiug thf septa («, a), the septal necks 
(s.w-, 8.n)f the siphiinele dotted in (,«), and the large body chamber {ch). 

prolongations of the septa where they are perforated by the 
siphuncle, are in the great majority of the Nautiloidea directed 
backwards (Fig, 252), i,e,, they project from the front Wall of 
each chamber, while in nearly all Ammonoidea they are directed 
forwards. When the siphuncle is narrow, as in the Ammon¬ 
oidea, it is simple, but when wide, as in many of the Hautiloidea, 
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its walls are often tliickeiied by the deposition of masses of cal¬ 
careous matter, or by rings and radiating lamellae of the same 
material. In position, the siphuiicle is sometimes central, some¬ 
times sub-central, sometimes (Ammonoidea) 
itiarginal. In some cases its position is 
Indieved to change during the growth of 
tlie individual. The precise ol)ject served 
by the siphuncle is at present unknown. 
Some hold that it preserves the vitality of 
the uno(icupied cham]>ers, by connecting 
them witli the soft parts of the animal; Eia 2rj3 — (Cn- 

, , 1 1 n doceras) 
otliers have regarded it as a means for Keiiaway s iiock, show- 

lightening tlie sliell by the passage of some iwi? the marginal position 

gas into the chambers. 
The initial chamber in Xautiloidea consists of an obtuse 

incurved cone, marked on tlie outer surface of its posterior wall 
by a small scar known as the vivatrix, which may be slit-like, 
round, oval, or cruciform in shape. It has been held that the 
cicatrix originally cumnuinicated with the })rotcx;^onch or larval 
shell, which proliably dropped off as development proceeded. In 
the Ammonoidea, on the other hand, there is no cicatrix, and the 
initial (diainlier probably represents the proioconch, as seen in the 
nucknis of many Gasteropoda. 

Sub-order 1. JVautiloidea.—Shell straight, bent, or coiled, 
aperture simple or contracted; siphuncle often narrowed by 
internal deposits, position variable; septal necks short, usually 
directed backwards; septa concave towards the aperture ; initial 
chaml)er conical, with a cicatrix on the posterior wall. 

The Nautiloidea, of which Nautilus is the sole living repre¬ 
sentative, date hack to the Cambrian epoch, and attain their 
maximum in the Silurian and Devonian. At the close of the 
Palaeozoic era, every family, with the . sole exceptions of the 
Orthoeeratidae and Nautilida^e, appears to have become extinct. 
The former disappear with the Trias, and after the lapse of the 
whole Secondary era, Aturia, a form closely related to Nautilus, 

makes its appearance. 
(a) Betrosiphonata : septal necks directed hojckwards, 

Fam. 1. OrthoceraJtidae}—-Shell straight or slightly curved, 
aperture simple, body-chamber large; siphuncle cylindrical, 

^ The claasifleation is that of Fooid, Catah Fossil Oephah BrU, 1888. 
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position variable. Single genus, Orthooeras (Fig. 254).—Cam¬ 
brian to Trias. 

Fam. 2. JUndoceratidae,—Shell straight, siphuncle wide, mar¬ 
ginal, septal necks produced into tubes fitting into one another. 
Principal genera : Endoeerm (specimens of which occur six feet 
long), and Pilocera^s,—Ordovician. 

Fam. 3. AcMnoceratidae, —Shell straight or slightly curved, 
siphuncle wide, contracted at 
the septa by obstruction-rings. 
Principal genera: ActinoceraSy 

DiscosoruSy Huroiiiay Sa-ctoccras. 

—Ordovician to Carboniferous. 
Fam. 4. Goinphoceratidae.— 

Shell globular, straight or con¬ 
siderably curved, aperture nar¬ 
rowed, T-shaped, body-chamber 
large, siphuncle variable in posi¬ 
tion. The ai>erture is in some 
cases so narrow that probably 
only tlie arms could be pro- 

Fio. 254. — A, Section of OrthoceraSy . i i t> • • i ^ 
showing the septa («,«), and siphuncle truded. x rillCipal geUUS, GOM- 
(si, «t); B, portion of tUe exterior of phoceras (Fig. 255).—Siliimn. 
Orthoceras anniUatum Sowb., a-i cnn 
(Woodwardiaii Museum, Cambridge.) » AM. 5. AscOQeTCtt'tdae.-Shell 

sac-like or flask-shaped, apex 
truncated, unknown, body-chamber occupying nearly the whole 
of the shell on the ventral side, contracting at the aperture, last 
few septa coalescing on the dorsal side and encroaching upon the 
body chamber. The young form has a symmetrical shell like 
OrthoceraSy attached to the sac-like shell above described; as 
growth proceeds the former portion is thrown off Principal 
genera : AscoceraSy Glossoceras.—Ordovician and Silurian. 

Fam. 6. Poterioceratidae,—Shell fusiform, contracted at both 
ends, aperture simple, siphuncle variable in position, inflated 
between the septa. The form generally resembles GomphoceraSy 

except for the simple aperture and fusiform shape.—Ordovician 
to Carboniferous. 

. Fam. 7. Cyrtoceratidae,—Shell conical or sub-cylindrical, 
slightly curved, body-chamber large, siphuncle variable in posi¬ 
tion. Single genus, Cyrtoceras,—Cambrian to Carboniferous. 

Fam. 8. Zdtuitidae.’ShQll coiled in a flat, sometimes loose 
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.9?., 

spiral, last whorl straight, containing the body-chamber, often 
greatly prolonged. Principal genera: Lituites, Ophidiocems,— 

Ordovician and Silurian. 
Fam. 9. Troehoceratidae,—Shell helicoid, with seldom more 

than two whorls, dextral or sinistral, last whorl sometimes 
partly uncoiled. Principal genera: Trockoceras, Adelphoceras.— 

Ordovician to Devonian. 
Fam. 10. Naviilidae..—Shell with few whorls more or less 

overlapping, septa simple, siphuncle central 
or sub-central, aperture not contracted. 

The 'tentacles’ are about 90 in number, 
and consist of four groups each of 12 or 13 
labial tentacles surrounding the mouth, two 
groups each of 17 larger (brachial) tentacles 
on eacli side of the head, two thicker tenta¬ 
cles which combine to form the ' hood,’ and 
two small tentacles on each side of the eye. 
When the animal swims, the tentacles are 
extended radially from the head, somewhat 
like those of a sea-anemone. The direction of 
the many pairs of tentacles at constant but 
different angles from the head is the most 
striking feature in the living Nautilus, and 
accounts for its being described, when seen 
on the surface, as ' a shell with something like 
a cauliflower sticking out of it.’ ^ The funnel is not a complete tube, 
but is formed by the overlapping of the margins of two thin fleshy 
lobes (which are probably morphologically epipodia), so that when 
the two lobes are parted, a broad canal appears, leading to the bran¬ 
chial cavity. The head is conical, and the mouth and its appendages 
can be retracted into a sort of sheath, over which fits the ' hood.’ 

Other genera are Twcholites, Gyroceras, Hercoceras, Discites, 

Aturia,—Ordovician to present time. 
Fam. 11. Bactritidae. — Shell straight, conical, siphuncle 

small, marginal, septal necks long, funnel-shaped, sutures undu¬ 
lating, with a sinus corresponding to the siphuncle. This family, 
from the form of its sutures, appears to constitute a passage to the 
Ammonoidea. Single genus, Baotrites.—Silurian and Devonian. 

(6) BrosiphomtcL-—Septal necks directed forwards, 

^ Saville Kent, Proc, Jlmj, Spe, Quemslanit vL p. 229. 

Fig. 255. — A, _ 
ceras ellijsticumM^Coy, 
Silurian: B, aperture 
(ap) of same ; s, s, 
septa ; si, position of 
siphuncle. (After 
Blake.) 
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The two geuei-a are Bathmocerm (Ordovician), shell straight, 

conical, always truncated, siphon marginal; and Notkoceras 

(Siluiian), shell nautiloid with sim})le sutures. 

Sub-order 2. Ammonoidea,— Shell multiform, straight, 

curved, flat s])iral, or turretted, sutural lino more or loss complex, 

siphuiicle simple. 

Some autliorities liold that the members of this great sub¬ 

order, now totally extinct, ]>elong to the I)il)raiichiata, on the 

ground that the protoconcli resembles that of Sjpirida rather 

tlian that of the Nautiloidea. Others again regard the Am- 

monoidea as a third, and distinct Order of Ceplialopoda. Their 

distribution extends from the Silurian to (possibly) the early 

Tertiary. No trace has ever been found of an ink-sac, mandible, 

or hooks on the arms; the shell w^as undoubtedly external. 

The sutural line, which indicates the septa, and is generally 

concealed beneath the outer layer of shell, consists of a number 

of lohrs or depressions, the concave part of which is direc.ted 

towards the aperture. Between these lobes lie corres])onding 

elevations, or saddles, the convex part of which is directed 

Fig. 256.—Diagram of tlic sutures of 
Ammonites: A, an elaborate suture 
{i^hyUoceras); B, a simple suture 
{Veratites) ; s.s, siphoiial, ven¬ 
tral, s.l, first lateral, s.l', second 
lateral saddles; s.a, s.a, auxiliary 
saddles; l,v, ventral, I, first lat¬ 
eral, r, second lateral lobe ; La, 
I,a, auxiliary lobes. The arrow 
points twoards the aperture. (From 
Wooilward.) Compare Fig. 258. 

towards the aperture. There are six principal lobes (Fig. 256) 
the siphonai or ventral, which is traversed by the siphuncle, the 
dorsal, and a superior and inferior lateral on each side; smaller 
auxiliary lobes may succeed these latter. The adjacent saddles 
have received corresponding names. As a rule the sutural line 
is very complex, but in some oases (Ooniatites, ZoUtee) it is 
simple (Fig. 258, A). The first saddle of a large number of genera 
serves as a means of classification, according as it is broad or 
narrow. Soii^e authorities reverse the terms ventral and dorsal. 
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as applied above. It is probable, however, that the position of 
the aniiiial of Ammonites in its sliell resembled that of Nantilas, 

The siphuucle is dorsal (internal) in 
Clymenia only, ventral (external) in all 
other genera. 

The apt'f/ehvs of Animonoidea is a 
corneons (jr calcareous valve-like body, 
generally formed of two symmetrical 
parts (Fig. 257). It lias been regarded 
by some as the covering of the nida- 
mental gland, and hence as occurring Fig. 2r>7.—Aptycliiis of Ammonite 

, . , , ,, (Ti'ignnellites latus). Kim- 
only 111 ttie lemale, by others, with moie mertlge Olay, Ely. x j. 

probaldlity, as an operculum, covering 
or imbedded in a hood formed, as in KautiluH, of modified arms. 
Sometimes the Aptychus is in a single piece {AnapUjchus), some¬ 
times the two pieces are united on t)ie median line {Symqitychus), 

The Ammonoidea are thus classified by Dr. 1\ Fischer:— 

(a) Retrosipliouata .... Goniatitidae. 
I' First saddle, f Arcestidae, Tropitulae^ 

wide \ Ceratitidae, Cbjdonitidae, 
/ Fmacoceratidaey A mu U 

{h) Prosiplionata; 

No Aptychus or 

I Aua])tychus -j 

corneoua 

single 

First saddle,theidaCy AmmonitidaCy 
narrow ( Lytoceratidae. 

Aptychus calcareous, valves f Harpocemtidacy Stephano- 

double or united ( ceratidae. 

(a) Eeirosiphonata, Fam. 1. Goniatitidae.—Shell nautiloid, 
whorls sometimes disjoined, siphuncle ventral or dorsal, sutures 
simple. IVincipal genera: Chjimnivby GoniatiteSy (Fig. 258, A). 
—JJevonian to Carboniferous. 

(h) Prosiplionata. Fam. 2. Arcestidae.—Shell globular, smooth 
or striated and rayed, body-chamber very^ long, aperture often 
with a projecting hood, umbilicus closed ])y a callosity, lobes 
numeroiis, foliaceous, aptychus present. Principal genera: ArcesteSy 

LohiUs.—Principally Trias. 
Fam. 3. Tropitidae,—Differs from Arcestidae mainly in the 

more highly ornamented surface, which is decorated with ribs 
which become granular at the periphery. Principal genus, 
Tropites.—Trias and lias. 

Fam, 4. Ceratitidae.—Shell ribbed and tuberculated, body 
chamber short, lobes denticulated, saddles simple. Principal 
genera: Ceratites (Fig. 258, B), Trachyceras.—Principally Trias. 
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Fam. 5. Clydoniiidac,—Shell variable in form, body-chamber 
short, sutural line undulated, simple. Principal genera: Clydonites, 

Ghoristocevds, Bhabdoceras, Cochloceras.—Trias. 
Fam. 6. Finacoceratidae.—Shell discoidal, usually smooth, 

body-chamber short, sutural line very complex, lobes numerous. 
Principal genera : Finacoceras, Sayeceras. —Carboniferous to Trias. 

Fam. V. Amaltheidae,—Shell broad, keeled, last whorl con¬ 
cealing most of the spire, sutures with auxiliary lobes, incised. 
—Principal genera: Ainaltheus, SchloetibacAa, SjAieyunUscus,— 
Trias, Cretaceous. 

Fam. 8. Aimnonitidae,—Body-chamber long, whorls narrow, 

Fio. 258.—Various forms of Arnmonoidea: A, iioniatiUs crenisiria J. Phil., Garb. 
Limestone ; B, CercUites nndosiis de Hann., Muschelkalk ; C, xUniiAonites {Parkin- 
soma) l^arkinsoni ^o\fh., Inf. Oolite; D, PhyUoceras hxtero^hyllum Sowb., Upper 
Lias ; sutural lines. 

uncovered, more or leas ribbed, aperture simple, sutural line 
normal, aptychus single, corneous. Principal genera: Ammonites, 

Aegoceras,—Principally Lias. 
Fam. 9. Lytoceratidae,—Shell discoidal, body-chamber short, 

aperture simple, no aptychus. Principal genera: Lytoceras, 

Phylloceras (Fig. 268, D).—Trias to Cretaceous. 
Fam. 10. Marpoceratidae, — Shell discoidal, compressed; 

mar^n keeled, surface with str^ght or arched ribs, aperture 
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with lateral projections, suture with accessory lobes, aptychus in 
two pieces. Principal genera: HarpoceraSy Oppelia, Lissocercts. 
—Jurassic to Cretaceous. 

Fam. 11. Stephanoceratidae.— Shell discoidal, helicoid or 
straight, whorls sometimes disunited, surface often with bifur¬ 
cating ribs, which are tu])ercled, 
aperture often with lateral pro¬ 
jections, sutural line incised, 
aptychus in two pieces, some¬ 
times united. 

In the discoidal group, 
pJiamceras is strongly ribbed, 
tubercled at the point of liifur- 
cation, Cosmoceras lias long 
lateral projections of the aper¬ 
ture when young, Ferisphinctes 
lias a large body chamber and 
numerous smooth ribs. Other 
genera are AcanthoceraSy Fdto- 
ceraSy AspidoceraSy and Hoplites. 

Among the loosely whorled 
genera, Seaphites (Fig. 2GO, A) 
has tlie last whorl produced and bent back agai^i in horse-shoe 
form, while the early whorls are concealed; HamiteSy Hamulinay 

and Ftychoccras have a ^hell shaped like a single or double hook, 
the sides of which 
may or may not be 
united; Crioceras 
(Fig. 260, B) in form 
of whorls resembles a 
Spirula, Aiwyloceras 
a Scaphiks with 
the first whorls dis¬ 
united. Ma^^rosca-^ 
phites (Fig. 259, B) 
is similar, but with 
the first whorls 
united and not con¬ 

cealed. Turrilites (Fig. 259, A) is turretted and sinistral, while 
Baeulites is quite straight, with a long Wy-ohamber. 

A B 
Flu. ‘259.—A, Turrilites catenulatus d’Orb, 

Gault; B, Macroscapkites Iranii d’Orb, 
Upper Neocomian. (From Zittel.) 

Fig. 260.—a, ScaphUes aequalis Sowb., Cretaceous; B, 
Criocefas hifwrctUum Queust., Cretaceous. (From Zittel.) 
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CLASS GASTEROPODA-AMPHTNEURA AND PROSOBRANCITIATA 

Order I. Amphineura 

Bilaterally symmetrical Mollusca, anus at the terminal end of 
the body, dorsal tegument more or less furnished with spicules. 

Sub-Order 1. Polyplacophora (Chitons).—Foot co-extensive 
with ventral surface of the body, dorsum with eight transverse 
plates, articulated (except in Chitonellus), a row of ctenidia on 
each side between the mantle and the foot. Silurian-. 

The Chitons are found in all parts of the world, ranging in 
size from a length of about half an inch to six inches or more in 
the giant Cryi)tochiton, Although in the main sub-littoial, they 

occur at very great depths; the Challenger dredged Leptochiton 
hentlms Hadd. at 2300 fathoms. Chiton Polii exceptionally 
occurs at Malta—teste MacAndrew—above sea margin, but 

within reach of the ripple. As a rule, the Chitons live in con¬ 
cealment, on the under surface of stones or in deep and narrow 
fissures in the rocks. When the stone to which they are 
attached is turned over, they crawl slowly to the side which is 

not exposed, as if disliking the light. An uiidescribed species, 
however, which I took at Panama, crawled quite as fast as an 
ordinary snail. Chiton fuhus Wood, apparently is accustomed 
to crawl with some rapidity. MacAndrew took it in abundance 
on his anchor chain in Vigo Bay every time his yacht was got 

under weigh. He also found it crawling in sand on the shore, to 
which habit is no doubt due its extreme cleanness and freedom 

from the foreign growths which are so characteristic bf many of 
the species. When detached a Chiton contracts the muscles of 
the whole body, and rolls up into a ball like a woo(tiousa 
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The PolyploAiophora are characterised, exlernalhf, hy their 
usually articulated sliell of eiglit idates or valves^ which is 
surrounded and partly ke])t in position 
hy a muscular girdle. These plates over¬ 
lap like tiles on a roof in such a way 
that the posterior edge of the first, ceph¬ 
alic, or anterior valve projects over the 
anterior edge of the succeeding valve, 
which in its turn overlaps the next, and so 

on throughout. Seven- 
valved monstrosities 
very rarely (K^cur. 

A certain portion 
of each valve is (jovered 
either hy tlie girdle or 
Ijy tlie valve next an¬ 
terior to it. This por¬ 
tion, which is whitish 
in colour and non- 
porous in structure, 
forms part of an inner 
layer which underlies 
the rest of the sub¬ 
stance of the valve, 
and is called the arti- 
adamentuM, The ex¬ 
ternal portion of the valves, or tegmentum, is 
generally more or less sculptured, and is largely 
composed of chitin, impregnated with salts of 
lime, thus answering more to a cuticle than 
to a shell proper. It is very porous, being 
pierced by a quantity of minute holes of two 
sizes, known as megalopores and mieropores, 
which are connected together by minute 

Pia, 262. — Valves of containing what is probably fibrous 
Ckit(meiius»ep&tfiiiia or-merve tissue, the mouths of the pores being 
uppermost); a,a, ar- occupied by sense organs connected with these 
iictiiamentum; t, t, nerves. The tegmentum of the six inter- 

mediate valves is generally divided into three 
triangulitt areas by two more or less prominent ribs, wl^icb 

you Di 2d 

Fio. 261.—Valves of a Chiion 
separated to show the vai i- 
ous parts (anterior valve 
upjiermost): a, a, artiun- 
lameutuiu ; b, beak ; j, 
jugnin ; pi, pi, jdeura ; 
t, t, tegmentum. 
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diverge from the neighbourhood of the median leak or uviho. 

The space enclosed between these ribs is known as the median 

areAi or jvfjum, the other two 
spaces as the lateral areas or 
pleura. The ribs terminate with 
the edge of tlie tegmentum, and 
are not found on the articula- 
inentum. In certain genera these 
areas are either non-existent, or 
are not distinctly marked. Tlie 
sculpture of the lateral areas (which 
is, as a rule, much stronger than 
that of the median area) will 
generally be found to resend )le 
that of tlie anteinor valve, wliic.h 
lias no proper median area. In 
the jiosterior valve tlie median 

Fio. 263.-First, fourtli, and eighth Hrcu is Very small, while the sculp- 
valves of a Chiton, showing /. /, ture of the rest ol' the valve cor- 
lamiiiae of insertion ; n, n, notches ; 
8.1, 8,1, sutural laminae, x 2. responds to that of the lateral 

areas generally (see Fig. 2()1). 
The articulamentum of the intermediate valves is divided into 

two equal parts in the middle of the anterior edge, opposite to 
the beak, by a simis. Each of the portions thus formed is again 
divided by a notch or suture into two unequal parts, the anterior 
of which is known as the sutwral lamina, and is more or less 
concealed by the valve in front of it, while the lateral part, or 
lamina of insertion, is entirely concealed by the girdle. The 
articulamenta of the anterior and posterior valves are either 
simple or pierced liy a series of notches (Fig. 263). 

The girdle of the Chitonidae varies considerably in character. 
Sometimes its upper surface is simply corneous or cartilaginoid, 
with no other sculpture than fine striae, .at others it is densely 
beset with spines or bristles, or tufted at intervals with bunches 
of deciduous hairs; again it is marbled like shagreen or mossy 
down, or covered with serpent-like scalea The width of the 
girdle varies greatly, teing sometimes very narrow, sometimes 
entirely covering all the valves {Cryptochiton). As a rule, its, 
outer edge is continuous, but in Schizochiton it is sharply notched 
over the anua 
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A description iias already been given of the dorsal eyes in 
Chiton (p, 187), the nervous system (p. 202), the branchiae (p. 
154), the radula (p. 228), and the generative system (p. 120), 

The recent Chitons a};e thus classified by Dr. W. If. ] )all:— 
Section 1. Chitomes Kegularks.—Anterior and posterior 

valves of si/tnilar cliaraeter. 

A. LepUndm, — Insertion plates obsolete, or, if })resent, 
unslit; LeptocMton, llanhyia, ITernia/rthr^im, Microplax. 

E. Isvhnoidea. — Insertion plates sharp, smooth, fissured; 
with eaves ; Traehydermon, LUdloekiton^ Tonieella^ Schizo- 

plaXy Leptoplax, Chaeioplexvra^ Spotiyiochiton, Ischnochiton, 

Callisiochiton, 

C. Lophyroidm,—Insertion plates broad, pectinated, project- 

Fio. 264.—Girdles of 
various Chitonidae. 
A, Jiadsia sulcata 
Wooil, X 2 ; B, 
Maugeria granu- 
laia Gmel., x 3 ; 
C, Emplochitoih 
viger Barnes, x 3 ; 
D, AcanthochUon 
/ascicidaris L., x 
4 ; E, Tonicia fas- 
tigiala Sowb., x 4. 

D E 

ing ]>ackward; Chiton, Tonieia, Eudoxochiton, Cmsfyedo- 

chiton, 

D. AcMuthoidea.—Insertion plates thrown forward ; Selero- 

chiton, Acanthopknra, Einoplax, Middendorffia, Nuttallina, 

Arthiiria, PhmeUople/ma, ^ 
Section II. Chitones Ikregulares. — Posterior valve 

abnormal, or with a sinus hehimL 

E, Schizoidea,—Posterior valve fissured ; Lorita, Schizochiton, 

h\ Placiphoroidea.—Posterior valve unslit, internally ridged, 
umbo nearly terminal ; Enoplochiton, Ornithochiton, 

Plaxiphora. 

G. Mopaloidea,—Posterior valve with posterior sinus and one 
slit on each side; Mopalia, Katherina, Acanthochiton, 

Noioplax. 
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H. Cryptoidea.—AVitli (l(Hiblc sutural laniiiuie; Cri/ptoconchns, 

A mic ala, Cryptochiton. 

Piu. 265.—Chitondliia fasciatns Qiioy' ant, anterior end. 

I. Chitondloidea.—Posterior valve funnel shaped ; laminae 
thrown forward; Chitonellus, CkoncpJax. 

Sub-order II. Aplacophora.—Aniinal vermiform, foot absent, 
or a mere groove, cuticle more or less covered 
witli spicules. 

According to Marion, ^ne of the principal 
.Sft jiB autliorities on the grou]), the Aplacophora 

are perhap.s Amphineura wliosc develo}>ment 

Fin. .'irrested lit an narly stage, their 
carinaia Tuiib.: a, womi-like exterior being 

«'»t„ ,«v- 
roundings. They have 

liitherto been found chiefly in tlie N. Atlantic 
and Mediterranean, generally at considerable 
depths, and often associated wdth certain 
polyps ill a way wliich suggests a kind of 
commensalism. 

Fam. 1. Neomeniidac. — Foot a harrow 
groove, intestinal tube without diflerentiated 
liver, kidneys with common exterior orifice, 
sexes united, ctenidia present or absent. 
(lenera: Nei)mema (Jig. 206), rarmmma, Lov.: 
Proneomenia, Ismenia, Leindome.nw, Don- <«»'»; mouth. 

7 . X 3. 
dersia. 

Fam 2. Ckaetoderrmtidae. — Body cylindrical, no ventral 
groove, liver a single sac, kidneys with separate orifices into the 
branchial cloaca, two bipectinate ctenidia. Single genus, Chaeto- 

derma (Fig. 267). 

Order II. Prosobranchiata. 

Visceral loop twisted into u figure of 8 (streptoneurous), right 
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half supra-intestinal, left half infra-intestinal; branchia (cteni- 
diuiii) generally single, usually behind the heart; head with 
a single pair of tentacles; animal dioecious, usually marine, 
more or less contained within a shell, operculum generally 
present. Cambrian to present time. 

Sub-order 1. Diotocardia.—Heart with two auricles (except 
in the Docoglossa and Helicinidae), branchiae bipectinate, front 
end free; two kidneys, the genital gland opening into the right 
(except in Neritidae); nervous system not concentrated; no 
proboscis or siphon, penis usually absent. 

(а) Docoglossa (p. 227).—Heart with a single auricle, 
ventricle not traversed by the rectum, visceral sac not spiral, 
shell widely conical, non-spiral, no operculum; radula very long, 
with few hooked teeth in each row. 

Fam. 1. Acmaeidac.—Left ctenidium alone occurring, free on 
a long stalk. Cretaceous-. Principal genera: Pectinodonta, 

front part of head much produced, radula 0 (1. 0. 1.) 0 ; Acmaea 

(= Tectura), with sub - genera Collisella and Colliselliria, no 
accessory branchial ring, shell closely resembling that of Patella, 

but generally with a distinct internal border; Scwrria, accessory 
branchial ring on the ijiantle. 

Fam. 2. Lej)ctidae.—No ctenidia or accessory branchiae, 
animal generally blind. Pliocene-. Principal genera: 
Lepeta ; Propilidium, apex with internal septum; Lepctella. 

Fam. 3. PatelUdae,—No ctenidia, the osphradial patch at the 
base of each alone surviving, a circlet of secondary branchiae 
between the mantle and sides of the foot. Ordovician-. 
(i.) Patellinae,—Three lateral teeth on each side, two of them 
anterior. Principal genera.: Patella, branchial circlet complete; 
chief sections Patella proper, Seutellmtra, ATicistromesus (A. 

mexicana Bi’od., measures 8-14 in. long); Helcion, branchial 
circlet interrupted in front; Tryllidium (Ordovician).—(ii.) 
Nacellinae.—Two developed laterals on each side, one anterior. 
Genera: Nacella, branchial circlet complete; Helcionisciis, bran¬ 
chial circlet interrupted in front. 

(б) Ehipidoglossa (p. 225).—Ventricle of the heart traversed 
by the rectum (except in Helicinidae), one or two ctenidia; jaw 
in two pieces, radula long, marginals multiplied, rows curved. 

Of all the Gasteropoda, this section of the Diotocardia approach 
nearest to the Pelecyj)oda, particularly in the least specialised 
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fj iimssir- 

foriiiH. The auricle, the l)ranehiae, and the kidneys are in many 

cases paired, and more or less symmetrical. Tlie ventricle is 

generally traversed l)y the rectum, there is a long laL)ial com¬ 

missure between the cerebral ganglia, s])ecial copulative organs 

are usually absent, while the shell is often nacreous, like those 

of relecy}M)da oi’ a i)rimitive ty))e. 

Section 1. Zvoobiianciiiata.—Two ctenidia, shell with a])ical 

or marginal slit or holes, corresixuiding to an anal tube in the 

mantle (p. 205). 

Fam. 1. FissurcUi(ht(\—Two symmetrical ctenidia and kidneys, 

visceral mass conical, shell conical, elevated or depressed, wdth 

a single anterior or apic'ul slit or im])ression; no operculum. 

(i.) Flsaurf'llittae. SlielJ wildly (ixternal, apex 

entirely removed by perforation, ajiical 

callus not truncated ^posteriorly ; cmi- 

tral tooth narrow^ (Tcnera : FitiHurelUt. 

(Figs. 171, p. 201; 178, ]>. 205), j^Vs- 

titiridca, Clypiilella, (ii.) FUi^urelli- 

dinac. Sliell partly internal, otherwise 

as in (i.); central tooth liroad, mantle 

moi-e or less retlected over the shell, 

apical hole very wu'de. (leiiera: Fis- 

Hmrllidaea, Pvpillaea, jAimpina^ Mega- 

telminus^ Mae roHcldstn a, I/arapinell a, 

(iii.) Emarginulinac. Shell usually 

Fio. 268.-,<?!•«<«* avsiraih Uni., wliolly external, ai)ex nsiuilly net re- 
Australia; 9/1, w, mantle; .s//, movedbyperforation,sometimeswdth ill- 

X l. ternal septum, anal tube in a narrow slit 

or sinus. Genera ; Glyp^hiSj externals of Fissure!la, l)ut hole-callus 
truncated behind; Fiincturella (sub-genera Cranopsis and Fissuri- 

slit just anterior to the apex,a small internal septum; Zeidora, 
large internal septum as in Crepidula: Fmnrginula, shell elevated, 
slit very narrow, on the anterior margin (in subg. Rimula, it is 
lietween the apex and the margin), radula bilaterally asymmetrical; 
Suhemarginnla, margin indented by a shallow groove; Scutvs 
( = Parmophorus) shell oblong, depressed, nicked in front, largely 
covered by the mantle. 

Fam. 2. Ilaliotidae.—Eight ctenidium the smaller, epipodial 
line broad, profusely lobed; shell rather flattened, spire short, last 
whorl very large, with a row of perforations on the left side, 
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wliicli become successively obliterated ; tlirougli tliese holes, the 

X)osterior of which is anal, pass tcuitacular appendages of the 

mantle ; no operculum. (Jn^taceous-. Single genus, llaliotis ; 

principal sub-genera PadoUus, Teinoilii. 

Fam. rieurotomarlidae.—Central tooth single, narrow, 
about 20 laterals, 00 to 70 unciiii. Shell generally variously 
trochiform, naci-eous, operculahi, with a rather broad marginal 
sinus in the last whorl; as tJiis sinus closes up it forms an 'Canal 
fasciole or “ sinus band.’' Cambrian-. Trincipal genera : 
Sv/tHHurella, epipodial line with several long ciliated a])])endages at 
each side, shell very small, slit open, sinus band extending nearly 
to apex; S<‘hlsm(tp(\ anal slit closed in the adult into an oblong 
perforation; Muirkiso7ti(t (Palaeozoic only), shell long, tuiretted, 
wliorls angulate or keeled with a sinus band; Odo)itoinari(t 

(Palaeozoic only), shell 
tubular, curved ; 
ma 1 'ia (Carbonil‘e 1*ous), 
shell tur])inate, slit a series 
of small holes connected 
by a passage; TivchMomn, 

shell trodliform, perfora¬ 
tion consisting of two nar¬ 
row holes united by a slit; 
Plv ifrofotrurriit, branchiae 
almost symmetrical, radula 
as above, shell variously 
spiral. 

In Phm'otommda we 
have the ease ot‘ a genus 
lon<^ supposed to be extinct —Pl^urotomaHa adansoniana Cr. and 

More tliaii 1100 foasil 
species have been descrilxid, and within the last 38 years about 
20 specimens, l>eloiiging to 5 species, have been discovered in a 
living state. 

Pam. 4. BeMerophontidae.—Shell naiitiloid, spire generally 
concealed, aperture large, sinus or perforations central (Fig. 179, 
p. 266). Ordovician — Trias. Genera: Bellcrophoii, Trema- 

tonoiuSy Cyrtolites. 

Section II.—^Azygobhanchiata.—One ctenidium (the left) 
present. 
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Fam. 1. Coccnlinidac.—A single cervictil cleiiidium, foot 

broad, no eyes, shell patelliforin, with caducous spir(\ Single 

genus, Coccidina. ]Jee}> water. 

Fam. 2. iitnmateUidde.—A single (left) etenidiuni, front third 

free, shell nacreous, s})iral or patellilbrni, depressed, last whorl 

large. Jurassic-. ( Jeiiera: JS^tomatella Synajdocochlea^ 

Xlphonia), .slu‘11 depressed, spirally ribbed, s])ire short, optuxuiluni 

present; Phamia, fluviatile only, shell trochiform, imperforate, 

last whorl keeled, sinuate in front; Idtonudia., spire sliort, surface 

tubercled or keeled, no o])erculum: Gctia, shell haliotis-shaped, 

surface smooth, aperture very large : Broderij>ia, shell patelliforin, 

spiral apex often lost. 

Fam. 3. Cyclostmiiatiditr.—Tentaeh's ru'liated, thi'ead-like, 

snout bilobed, foot truncated in front, angles ])i‘oduc(Mi into a 

filament, shell dej)resse(l, iimbilicated, not nacreous. Eocene 

-. Principal genera : CycloMrema, Tnuontoma, VitrineUa, 

Faim. 4. Liotiidac.—Ei)i])odial line with .‘i lol)e behind each 

eye-peduncle, shell solid, trochiform, longitudinally ril)bed or 

trellised, aperture round, operculum miiltis])iral, hispid, corneous, 

with a calcareous layer. Silurian-. rrinci}>al genera : 
TAotia, Crasj[>edostomn (Silurian), Croasostoma (Jurassic). 

Fam. 5. Trochidae..—Snout short, broad, frontal lobes often 

present, epipodial line furnished with cirrlii; shell nacreous, 

variously spiral, operculum corneous, multispiral, nucleus (tentral 

(Fig. 182, p. 2G8). Silurian-. 

(i.YP'f'ocMnae.—Frontal lobes present, 
lateral teeth ( = side centrals) 5 only, 
no jaws, peristome incomplete. Prin¬ 
cipal genera: Trochns (subg. Cardi- 

nalia, Tecftis, Infundibulum, Clan- 

cuius), Monodonta (subg. Diloma), 

Fig. Monodonta canalifera Cantharidus (subg. Bankivia, Tha- 
(After Qnoy . Miewgaza), 

Galloyaza, Bemhix, Chlorostoma, (ii.) 
Gibbviinae.—Frontal lobes and jaws present, laterals often 
more than 6, peristome incomplete. Principal genera: Gib- 

hula (subg. Monilia, Aphanotrochus, Enida), Minolia, Circulm, 

Trochiscus, Livona, Photinula, Margarita, Solariella, Colli- 

ostoipa. Turcica, Basilissa, Euchdus (subg. Olivia, Perrinia), 

(iii.) Delphinvlinae,—No frontal lobes, jaws present; shell solid, 
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surface spirany lirate, scaly, spinose, uml)ilicate, peristome con¬ 
tinuous. Single genus, TJelphimda. (iv.) Umhoniinae.—Eyes 
peduiKiulate, left tentacle attached to a frontal appendage, mantle 
rehected over edge of aperture, lateral tecith 6 on each side; 
shell polished, peristome incomxdete, umbilicus generally closed 
by a callosity. Principal genera: Umhonium, Ethalia^ Isanda, 

CamitWy Uinlmidla, Chrysodoma. 

Eam. (). Turhinidite.—E])ipodial line with slender cirrhi, snout 
broad, short, eyes ])e(hinculate at outer l)ase of tentacles, a frontal 
veil between tentacles ; slicdl turbinate, solid, aperture continuous, 
opeixnilum solid, calcareous, usually paucispiral, convex exteriorly 
(Fig. 182, ]). 2()8) Silurian-. (i.) PkasiaiieMinae.—Shell 
biilinioid,polisli(id,not nacreous, coloured in patterns, aperture oval. 
Single genus, PhadandJa (Fig. 271). (ii.) Turhininae.—Shell very 
solid, nacatious within, ajierture circular or long oval. Princijial 
genera, Tnrho, whorls rounded above and below, spines, if present, 
becoming more ])rominent with age, operculum smooth or granu- 
lose, nucleus sub-central; subg. Callo'pomay Nlndla, Marm orostoma, 

HarmaticuSy J^risoyaster; Astraliuni, whorls flattened above and 
]>elow, spines, if present, becoming less prominent with age, 
operculum oblong, often excavated at centre, last whorl large, 
nucleus marginal or sub-marginal; subg. Litho2>omaf IniperatoTy 

Gwlldfordia, Bohna, Cydocanthay UvanUla, 

Cookia, PonmulaXf Pachypoma, (iii.) Cydo- 

nem ai inae.—Shell nacreous, umbilieate,oper- 
culum conical outside, whorls scalariform. 
Principal genera; Cydo7iema, Horiostoina, 

(?) AiJihcrleya (Silurian to Lias), (iv.) Lepta- 

thyriiuie, — Shell small, solid, depressed, 
operculum nearly Hat, nucleus sub-central. 
Genera ; Leptothym, Collonia. (?). 

Fam. 7. Mritojmdae,—Tentacles wide 
apart, long, eyes on short peduncles at tlui 
outer base; shell solid, neritiforni or naticoid, 
aperture semi-lunar or oval; operculum 
(Fig. 183, p. 269) thick, ctilcareous, non¬ 
spiral, exterior face smooth, interior face 
divided into two unequal parts, with a broad 

Fro. 271.—PfuisirnieUa aus¬ 
tralis Gixiel., Australia. 

median appendage. Devonian-. Principal genera: Mri- 

topsis (one recent species), Naticopsis (Devonian tp Miocene). 
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Fam. 8. Macluritidae,—Shell discoidal, whorls few, longi¬ 
tudinally grooved behind, right side convex, deeply iimbilicated, 
left side flat; operculum very thick, nucleus excentrical, internal 
lace with two apophyses, one very large. The general appearance 
is more that of an inequivalve bivalve, such as Itequienia, than of 
a spiral gasteropod. Palaeozoic-. Single genus, Mav.lv/rea. 

Fam. 9. Neritidae.—Snout short, tentacles long, eyes pedun¬ 
culate at their outer base, brancliia triangular, free at the front 
end, epipodiuin without cirrhi, penis near the riglit tentacle; 
shell solid, imperforate, turbinate to almost patelliform, spire 
short, internal partitions absor bed (p. 168), columellar region br*oad, 
edge simple or dentate, operculum calcareous, spiral or non-spiral, 
with prominent apophyses on the interior face, one of which locks 
behind the columellar lip. Jurassic-. Principal genera: 
Merita (Fig. 13, p. 17); Neritina (chiefly brackish water and 
fluviatile), sub - genus ClithoTiy usually coronated with spines; 
Velatcs (Tertiary), Neritoma (Jurassic), Dcianira (Cretaceous), 
Septaria (= Naviv.ella), shell more or less narrowly patelliform, 
with terminal apex, aperture very large, with a broad columellar 
septum, operculum too small for the aperture, more or less 
covered by the integument of the foot; fluviatile only; Pilcolus 

Jurassic to Cretaceous). 
Fam. 10. Hydroeenidae,—Branchia replaced by a pulmonary 

chamber, eyes at the outer base of the tentacles, marginals of 
the radula very oblique, centrals often' wanting; shell small, 
conical, whorls convex, operculum calcareous, with a prominent 
apQphysis. Eecent. Principal genera; Hydrocena, Georissa. 

Fam. 11. Hclicinidae.—Branchia replaced by a pulmonary 
chamber, heart with one auricle; shell globular, with a short 
spire, internal partitions absorbed; operculum without apophysis. 
Carboniferous-. Principal genera: Helicina (Fig. 18, B, p. 
21; subg. Alcadia, Schasicheila, Mevdeia, Calyhium), JEutrochatella 

(subg. Lucidella)j Stoastoma, Bourcieria, (Carboniferous). 
Fam. 12. Proserpinidae.—Branchia replaced by a pulmonary 

chamber, mantle partly reflected over the shell, eyes sessile; shell 
depressed, discoidal, columella folded or truncated at the base, 
whorls with one or more internal plicae, internal partitions 
absorbed, no operculum. Eocene-. Single genus; Prom- 

pim, subg. Proserpinella, Cyavs, Limorphoptyehia (Eocene), and 
Ceres (Fig. 18, C, p. 21). 
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Sub-order II. Monotocardia.—Heart with one auricle, one 
ctenidiuin (the left), rnonopectinate, fused witli the mantle 
(except in Valvata), one kidney, not receiving the genital 
products, nervous -system somewhat concentrated, proboscis and 
penis usually present. 

{d) Ptenoglossa.—Eadula with formula 00. o. co, teeth 
similar throughout, outermost largest (p. 224). 

Fam. 1. lanthinidae.—Snout prominent, blunt, no eyes, shell 
helicoid, fragile, bluish, no operculum ; eggs carried on a raft of 
vesicles attached to the foot (Fig. 42, p. 126). Pelagic only. 
Pliocene-. Genera : lanthinay Rcduzia. 

Fam. 2. Scalariidae.—Shell long, turriculate, whorls often 
partly uncoiled, with longitudinal ribs and prominent lamellae, 
aperture circular, operculum spiral, corneous, animal carnivorous. 
Ordovician-. Principal genera ; Scalaria, Rglisia, Elas- 

vioneura (Silurian), Holopclla (Silurian to Trias), Adis. 

(h) Taenioglossa.—Eadula with normal formula 2.1.1.1.2, 
marginals sometimes multiplied (p. 223). 

Section I. PLATyrODA.—Foot more or less flattened ventrally. 
Fam. 1. Naticidae.—Foot very large, produced before and 

behind, propodium reflected upon the head, eyes absent or buried 
in the integument, central and lateral tooth of the radula tri¬ 
cuspid, middle cusp strong; shell globular or auriform, outer lip 
simple, operculum corneous or calcareous, nucleus excentrical. 
Carboniferous-—. Principal genera; Naticay with many 
sub-genera; Avipullina (Tertiary) ; Amaura; Deshayesia (Ter¬ 
tiary) ; Sigaretus (Fig. 91, p. 186), shell auriform, last whorl very 
large, operculum much too small for the aperture. 

Fam. 2. Lamellariidae.—Mantle reflected over more or less 
of the shell, shell delicate, no operculum. Eocene-. Prin¬ 
cipal genera: Lamdlariay shell completely internal, transparent, 
auriform; some species deposit their eggs on compound Ascidians 
(p. 74); Velutinay shell almost entirely external, paucispiral, 
with a thick periostracum; Marseninay shell auriform, partly 
internal; OnchidiopsiSy shell a membranous plate, internal. 

Fam. 3. Trichotropid<u.—Branchial siphon short, eyes on 
the outer side of the tentacles; radula closely allied to that of 
Velutina; shell conical, last whorl rather large, periostracum 
thick and hairy, operculum blunt claw-shaped, nucleus terminal 
Cretaceous-, Genera: TrichotropiSy Torellia. 
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Fam. 4. Xarlcidac.—Tentacles broad in the nuddle, with 

sessile eyes at the exterior base, propodium narrow, quadrangular, 

a large epipodial veil on each side of the foot; sliell natieoid, 

cancellated, with velvety periostracuni. J uras»ic-. Single 

genus ; Nnrica, 

Fam. 5. Xenophoridae.—Foot divided ])y a groove, anterior 

portion the larger ; central tooth heart-shaped, with l)lunt (uisps, 

lateral large, roughly triangular, marginals long, falciform; sliell 

trochiform, somewhat tlattened, attaching various fragments 

externally. Devonian-. Single genus, Xenophimi (Figs. 

25, 26, p. 64). 

Fam. 6. (\fpfdidar.—Otenidium deeply and finely pectinate, 

visceral sac sc^irc'ely spiral, penis long, behind the l ight tentacle; 

shell roughly patelliform, with scarcely any spire, interior 

}H)lished; usually with a se])tum or internal \yhiie of variable form, 

no ojierculum. Devonian-•. rrincipal genera (Fig. 155, 

p. 248); Cap id us, shell cap-shaped, no internal plate ; Flati/vems 

(Palaeozoic, see p. 76), DlaphoTOstoma (I^ilaeozoic), Addlsanla 

(?); Cnwilndum, internal appendage funnel-sha]>ed ; Cnpidula, 

(including CrcpipateHa and Enjaea), shell 

slipper - shaped, with a large sejitum; 

Califptraea (including Galerus and Tro- 

idiita^, internal lamina semi-spiral. 

Fam, V. Hijiponycidae.—Foot aborted, 

animal sedentary, adductor-muscle sha|)ed 

like a horse/s hoof, fastened on the ven¬ 

tral side to the region of attachment, or 

Fifl. 272.—Two spediiiens of (‘alcareous ])late which closes 
Crejfifivia (niarketi a and the upertiirc like a valve; ventral side of 
b) oil an old shell of ,, , , i i i 
Murex radix Gmei. the bcKly surroundcii by a mantle witli 

])apillose border, whic^li corresponds mor¬ 

phologically to the iqiipodia, head emerging between the dorsal 

and ventral mantles. Shell thick, bluntly conical, surface rugose. 

Eocen^J-. (fenera : Hippomjx ; Mitrularia, a narrow half 

funnel-shaped appendage within the shell. 

Fam. 8. Solariidae.—Foot large, eyes sessile, near the outer 

base of the tentacles, radula abnormal (p. 224); shell more or less 

depressed, lip simple, umbilicus wide, margins often crenulated, 

operculum variable. The proper position of the family is quite 

uncertain. Ordovician-. (i.) Solariinae, Genera: Sola- 
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rium, sliell depressed, highly finished, angular at peripliery, 
operculum corneous, central tooth 
absent, laterals and mai*ginal.s num¬ 
erous, long, and narrow; rittty,^c]nHm(f. 

(Silurian), (ii.) Torhtvinae. (Jonera: 
Torinuty whorls usually rounded, 
operculum (Fig. 18.‘)) conically ele¬ 
vated, spiral externally, central tooth 
present, marginals few, edge pecti¬ 
nated ; Oma/axlfi. (iii.) IJuowjjha- 

linae, shell planorbiforiii, whorls 
rounded. (Jenera: JiJiiom'ph.ahus, Ophi- 

leta, Srkizofito nw, kmphalvH 

(all I'alaeozoic). 
Fam. 9. JFoinahuiyrlihte. — Tentacles a])sent, eyes sessile, 

central tooth unicuspid on a (juadrangular ))ase. Literals and 
marginals ivjdaced hy an oblong plate; shell very small, ])lanor- 
biform. Kec(*nt. Single genus: whose true position 
is uncertain. 

Fam. 10. Litiorinidae,—Proboscis short, broad, tentacles 
long, eyes at their outer bases, penis behind the right tentacle; 
reproduction oviparous or ovoviviparous, radula very long; shell 
turbinate, solid, columella thickened, lip simple, operculum corne¬ 
ous, nucleus exccmtrical, Jurassic-. Principal genera: 
Liitonna (ladula, Fig. 16, j). 20), Cre.miiocomdhns (p. 16), Fos- 

sifrina ; TecUrrins, shell tubercled or spinose; Bisella, base slightly 
concave; Lacuna, shell thin, grooved behind the columellar lip. 

Fam. 11. Fossaridac.—Shell turbinate, solid, small, white, 
spirally ribbed, outer lip simple. Miocene-. Principal 
genus, Fofisarus, 

Fam. 12. Cydopl\oridae,—Ctenidium replaced by a pulmon¬ 
ary sac, tentacles long, thread-like (radula, Fig. 17, p. 21); 
shell variously spiral, peristome round, often reflected, operculum 
circular. Terrestrial only. Cretaceous-. (i.) Fomatiasinae, 

shell high, conical, longitudinally striated, operculum consisting 
of two laminae united together. Single genus, Pomatias. (ii.) 
Diplommatininae, shell more or less pupiform, peristome thick¬ 
ened or reflected, often double. Genera ; Diplommaiina (subg., 
Nicida, Palaina, Faxillns, Ari^iia), shell dextral or sinistral, 
small, columella often denticulated; Opisthostoma (Fig. 208, p. 
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309), last whorl disconnected, often reflected back upon the 
spire, (iii.) Pufinituu, shell more or less lustrous, bllintly 
conical, lip with a channel above or below. (Genera: Papina 

(subg. RegiMomay Calluty StreptauluSy Piipincllay Ana ulus)^ Hyho- 

eystis (Fig. 205, p. 305), CatauluSy CoptocliiJuSy Mcgaloutastoma. 

(iv.) Cyclophorinacy sludl turbinate or depressed, operculum corne¬ 
ous or calcareous. Genera: AlymeuSy CraspcilopouHiy Lcplopomay 

jAigocliiluSy ('yidopliorus (Fig. 206, p. 306 ; including Dlndemay 

Aulo2>oma, DitropiSy and otliers), Apfrosfoiua (including Cyrtotoma 

and otliers), Cyallnquim/f, Pteroryclus (subg., MyxostAnnUy ^pira- 

cuIutUy Opistho^ioruSy and Rhiostoma (Fig. 180, p. 266), CyvlutvSy 

CydosuruSy and t^trophosfouia, 

Fam, 13. Cydostomatidae.—Ctenidium replaced liy a pul¬ 
monary sac, tentacles obtuse, foot with a di^c]) longitudinal median 
groove; central tooth, lateral, and first marginal more or less 
bluntly cus])(h1, second marginal large, edg(^ jiecitinate; shell 

variously spiral, s]>ire usually tdevated, 
j0k aperture not tpiite circular; operculum 

generally with an external calcareous and 
an internal cartilaginoid lamina, rarely 
corneous. Terrestrial only. CretaceoTis 

Leonlay Twpidopliora y Ro(\hd>runl((y 

Fig. — Cydostorim cam- Oeorgiay Otopomay lAthidiony RevoiJia)y 
panidatum Pfr., Mada- CydotopsiSy C%oanop07i}a (subg., Liviimy 

Jamaiviay Ctaw'pomay Dqdoptoma.y Adtrm- 

slella)y Cistida (subg., Chomlrogmuwy T'ud,ora)y Otfij^hfdotropis (subg., 
Real My Cydomo'ipha), Hainesuiy Arro^dyidda. 

Fam. 14. Acimlidae,—Ctenidium replaced by a pulmonary 
sac, tentficles cylindrical, pointed at the end, eyes behind their base, 
foot long and narrow; central tooth and lateral very similar,pinched 
in at the sides, external marginal broad, edge finely pectinate; 
shell small, acuminate, with a blunt spire, operculum corneous. 
Terrestrial only. Tertiary-. Genus, Acicula {z=:Acme).' 

Fam. 15. Trumatellidae.—Ctenidium replaced by a pulmonary 
sac, proboscis very long, eyes sessile, behind the base of the 
tentacles, shell small, evenly cylindrical, apex truncated in the 
adult. Eocene-. Genera : Truncatdla (subg., Taheitias 

Blanfordiay and Torniehia), Geomekmia (subg., Chittya and 
Blandidla)y Cecina (?). 
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Fam. 16. lUssoidae. — Eyes at the external base of the 
tentacles, epipodiurn with filaments, operculigerous lobe with 
appendages; central tooth pleated at the basal angles, lateral 
large, bluntly multicuspid, marginals long, narrow, denticulate at 
the edge; shell small, acuminate, often elaborately sculptured, 
mouth entire or with a shallow canal, operculum corneous. 
Marine or brackish water. Jurassic-. Principal genera: 
Rissoa (subg., Folmia, Onoha, Alvania, Cingula, Nodulus, Anaba- 

thron, Fmella, Iravadia, and others), Scaliola (shell agglutinating 
fragments of sand, etc.), Bissoina (lip thickened, operculum with 
an apophysis as in Ncrita), Barleeia, PaTypUodoma (Eocene). 

Fam. 17. IJydrobiidae.—Eyes at the outer base of the 
tentacles, penis behind the right tentacle, prominent, operculi¬ 
gerous ](jbe without filaments; radula rissoidan, central tooth 
often witli basal denticulations; shell more or less acuminate, 
small, aperture entire, operculum corneous or calcareous. Brackish 
or fresh water. Jurassic-. Principal genera: Baicaliay with 
its various sub-genera (p. 290); Fomatio^ms, Hydrobia, Bithynclla, 

Micro'pyrgus (Tertiary), Fyrgula, Fmrnericia, Benedictia, Litho- 

gly^dius, Tanganyioia, Lhmiotrochus (?), Jidlienia, Pachydrobia, 

Potamo2)yrgns, Littorinida, Amnicola, Fluminicola (subg., Gillia, 

Somatogyrns), Bitliynia, Fossarvlus (Tertiary), Stcnothyra. 

Fam. 18. Assirnineidne,—Cteuidium replaced by a pulmonary 
sac, no true tentacles, eye-peduncles long, retractile; radula that 
of Hydrobia; shell small, conoidal, operculum corneous, nucleus 
sub-lateral. Eocene-. Genera: Assiminea, Acmella, 

Fam. 19. Skeneidae.—Eadula resembling that of Hydrobia, 

shell very small, depressed, widely umbilicated, operculum 
corneous. Pleistocene—. Single genus, Skenea, 

Fam. 20. JeffreysUdae.—Mantle with two pointed ciliated 
appendages in front, tentacles ciliated, eyes sessile, far behind 
the base of the tentacles; marginal teeth sometimes absent; 
shell small, thin, pellucid, whoils rather swollen, operculum with 
marginal nucleus, divided by a rib on the inner face. Eecent. 
Genera : Jeffreysia, Dardania, Marine, living on algae. 

Fam. 21. Litioyidae,—Epipodiurn with cirrhi on each side, 
operculigerous lobe with appendages; radula rissoidan; shell 
small, conical, columella truncated, operculum corneous. Eocene 
-. Genera: Litiopa, living on the Sargasso weed, suspended 
by a long filament; Alaha, Diala. 
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Fam. 22. Adeorhidae. Eadula essentially rissoidan; shell 
depressed, circular or auriform, widely umbilicated, operculum 
corneous, paucispir^,!, nucleus excentrical. Pliocene- 
Principal genera: Adeorbis, Stenotis, Megalomphalus. 

Fam. 23. Viviparidae.—Snout blunt, tentacles long, right 
tentacle in the male deformed, pierced with a hole corresponding 
to the aperture of the penis, two cervical lobes, the riglit being 
siphonal, foot with an anterior transverse groove; teeth broad, 
shallowly pectinate at the ends; shell turbinate, whorls more or 
less rounded, aperture continuous, operculum corneous, nucleus 
sub-lateral, with a false sub-central nucleus on the external face. 
Animal ovoviviparous. Fresh water. Cretaceous-. Genera: 
Vivipara {=^Faludina), subg., Cleopatra, Melantho, Tvlotoma; 

Tylopoma (Tertiary), and Lioplax. 

Fam. 24. Valvatidae.—Branch ia exserted, bipectinate, ciarried 
on the back of the neck, a filiform appendage (Fig. 66, p. J69) on 
the right of tlie neck, penis under the right tentacle, prominent, 
eyes sessile, behind the tentacles; radula like that of Vivipara; 

shell small, turbinate or flattened, operculum corneous, nucleus 
central. Fresh water. Jurassic-. Single genus, Valvata, 

Fam. 25, Ampullariidae,—Snout with two tentacles, tentacles 
proper very long, tapering, eyes prominently pedunculate, two 
cervical lobes, the left siphonal, respiratory cavity divided by a 
partition, a large branchia in the right chamber, the left func¬ 
tioning as a pulmonary sac (Fig. 65, p. 158); radula large, 
central tooth multicuspid, base broad, lateral and marginals falci¬ 
form, simple or bicuspid; shell large, turbinate or flattened, spire 
small, whorls rounded; operculum generally corneous, nucleus 
sub-lateral, false nucleus as in Vivipara, Fresh water. Creta¬ 
ceous-. Single genus Ampvllaria (subg., Ceratodes, Pachy- 

labra, Asolene, Lanistes, and Meladomus), 

Fam. 26. Cerithiidae.—Branchial siphon present, short, eyes 
variable in position; central tooth small, evenly cusped, lateral 
hollowed at base, multicuspid, marginals narrow; shell long, 
turriculate, whorls many, generally tuberculate, varicose or spiny, 
aperture sometimes strongly channelled; operculum corneous, 
sub-circular, nucleus nearly central. Marine or brackish water. 
Trias-Principal genera: Triforis, shell small, generally 
sinistral; Fastigiella, Cerithium, (Fig. 12, p. 16), Bittium, Pota- 

nudes (subg., Tympanotomvs, Pyrazm, Pirendla, Telescopium, 
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Cerithideay Lawpania, all brackish water), DiasUmm (Eocene), 
Cerlthiopsis; Oeritella (Jurassic), Braehytreiaa (Jurassic), and 
Flanaxis (subg., Quoyia and Holcostovia), 

Eam. 27. Modniidae.—No siphon, radula of Ccritliium; shell 
with short spire, columella strongly toothed at tlie base, aperture 
neaily circular. Itccent. Single genus, Modulus. 

Fam. 28. Nermeidae.—Shell solid, long sub-cylindrical, aper¬ 
ture chaiiTKilled, columella and interior of whorls with continuous 
ridges, extending up the spire. Genera: Nexlnca (Trias to 
Cretaceous), AptyxicUa (Jurassic). 

Fam. 29. Mchtnildac.— Border of mantle festooned, foot broad, 
with an anterior groov('., penis present; radula closely resembling 
that of CerttJi/luvi; shell long, spiral, with a thick ])eriostracum, 
surface with tubercles, ril>s, or striae, suture shallow; operculum 
corneous, paucispiral, nucleus excentrical. Animal 
ovovivi])arolls. Fresh water. Cretaceous-. 
rrinci]3al genera: Mcinma (with many sections or 
sub-genera), FachychlluSy Claviycr ( = Vihcx\ Ifrmi- 

sinusy Firetuf, Mrlavopsts, 2^'i2diobta, Fidvdanivs 

(subg., FkilopotamiSy Tanalia, Stoiitatodon)^ Hunt- 

Iccnia (Eocene), Larina (?). 
Fam. 30. Flevroceridae. — Mantle edge not 

festooned, no c.ojiulatory organ, otherwise like 
Melaniidae; opercidum with nucleus sub-marginal. 
Animal oviparous. Fresh water. Cretaceous-. 
Genera: Fleurocera (including Fig. 12, p. 16, 
AngitremUy lAthasia, Strepliohasis)^ Goriiohasis, Ancu- ‘cCylon. ^ 
lotus, Gyrotoma. 

Fam. 31. Fseudowdaniidac. — Shell resembling that of 
Melaniidae, but marine. Genera: Fscudomelania, Loxonema, 

Bourytietia, Macrochilus, Palaeozoic to Tertiary strata. 
Fam. 32. l\irritellidae.—Mantle with a siphonal fold on the 

right side; radula variable (p. 224); shell long, whorls many, 
slowly increasing in size, tranversely ribbed or striated, ajier- 
ture small; operculum corneous, nucleus central. J urassic-. 
Principal genera: Turritella, Mesalia, Protoma, Mathilda (?). 

Fam. 33. Coeddae.—Tentacles long, eyes sessile at their base ; 
shell small, spiral in the young form, spire generally lost in the 
adult, the shell becoming simply a straight or curved cylinder; oper¬ 
culum corneous, multispiral. Eocene-. Single genus, Coecum. 

VOL. Ill 2 E 
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Fam. 34. Vcrmetidae. — Visceral sac greatly produced, 
irregularly spiral, no copulatory organs (radula. Fig. 126, p. 

223), shell tubular, irregularly coiled, last 
whorls often free, aperture circular; operculum 
corneous, cinailar, nucleus central. (Jarbo- 
nifei’ous-, Principal genera : Vermetiis ; 

Fig. 276. ■ 
nieiit of Coecum: A, 
showing the gradual 

turn , 
septum. {After de 
Folin.) B, adult 
form of C. (ibameum 

Ad., Panama, x 10. 

Sili(j(uirla 153, p. 248), a long fissure, 
or siuies of hokis, runs along a (ionsiderable 
part of the shell, operculum with outer face 

• Develop- spiral, elevated. 
Fam. 35. Stromhidae.—Foot narrow, arched, 

formation of septa; metapodi 11111 greatly })roduced, snout long, eye 

tnre^r«A‘! St Tep- pcduiicles loiig, thick, eyes elaborate, siphon 
second short, pcuis prominent, liifiircate; central tooth 

with strong median cusp, marginals falciform, 
slender, edge more or less denticulate; shell 
solid, spire conical, outer lip generally dilated 

into wirigs or digitations, channelled hefoi’e and behind, a labial 
sinus at the base, distinct from the anterior canal; operculum small 
for the aperture, corneous, claw-shaped, edge notched. Lias-. 
Genera: f^tromhus (Fig. 99, p. 200); rereiraca (Miocene), 
Pterocerm (Fig. 277; digitations of the outer lip very strong), 
JRostellaria (s])ire j^njduced, anterior canal very long), Rimella, 

Pterodonta, TerehcUmn (base of shell truncate, spire short). 
Fam. 36. CJienopodidae {=zA2)orrh(ndae).—Foot flat; lateral 

and marginal teeth not denticulate; shell resembling that of 
Stromhus, outer lip dilated, wing-like, no labial sinus. Jurassic 
-. Genera: Chenopus ( = A^hirrhais), Diastevia, Malaptera, 

Harpagodes, Alaria (last four from Secondary strata). 
Fam. 3 7. StrutMolariidae,—Kadula allied to that of Stromlus, 

marginals occasionally multiplied; shell buccinoid, very solid, 
outer lip thickened, canal short, oj)erculum claw-shaped, notched, 
nucleus terminal. Tertiary-. Single genus, Struthiolaria 

(subg., Perissodonta, marginal teeth multiplied). 
Fam. 38. Cypraeidae,—Mantle with two large lateral lobes 

reflected and meeting over the shell, siphon small; central and 
lateral teeth bluntly tricuspid or multicuspid, laterals fairly 
broad, edges cusped or finely pectinate; shell polished, solid, 
spire generally concealed in the adult or overlaid with enamel, 
aperture straight, narrow, nearly as long as the shell, toothed at 
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the sides, channelled at each end, labium inflected; no operculum. 
Jurassic-. Clenera : Omda (including AmpUiperas, Trans- 

ovula, Cyphoma, Badius, Simnia), Pedicularia, Cypraea (with 
suhg., Cypraeov'ula, Cypraedia, and Trivia), and Erato. 

Fam. ,‘^>9. IMiidar.—Foot expanded, wider and longer tliaii 
the shell, truncated and thickened in front, siphon very long and 
narrow; central tooth with‘very strong median and small lateral 

Fia. 277.—Three stages in the growth of Pternceras ruyoRiim Sowb., E. Indies, 
showing tlie development of the * fingers.' 

and basal cusps, lateral and marginals bluntly falciform; shell 
ventricose, without varices, spire short, outer lip generally simple, 
anterior canal rather wide, no operculum. Cretaceous-. 
(Genera: Dolvam (subg. Malm, outer lip thickened, denticulate, 
reflected); Pirula, mantle with two lateral lobes reflected over 
part of the shell, shell fig-shaped (Fig. 278). 

Fam. 40. Cassididae.—Foot broad, siphon long (radula, Fig. 
125, p. 223); shell ventricose, with varices, spire short, outer 
lip reflected or thickened, anterior canal short, recurved narrow; 
operculum semilunar, with ribs radiating from a marginal 
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nucleus. Cretaceous-. Genera : Cassis (subg. Semieassis 

and Cypraecassis), Mario (= Cassidaria), Ohiscia. 

Fam. 41. ColumheUintdae —Shell solid, ril)])ed, usually 
cancellated, with an oblique posterior canal, columella callous, 
more or less reflected. (hmera: ColuinhelUna., Colvvihellarlay 

Ziftdia, Pefcrsla, Alariopsls (?). Se(3ondary strata only. 
Fam. 42. Tritonidae,—Foot short, narrow; siphon short, not 

prominent; radula allied to that of Cassididae; shell thick, 
varicose; outer lip inflected and thickened, canal long, perios- 

tracum often thick and hairy, opercnlum 
corneous, nucleus terminal or sub-marginal. 
Cretaceous-. Genera: Triton {¥ig, l\)ly 

p. 275; subg., TJpidromus, Plvsiotrilon, Him- 

piihm, Banularin, Argohuvcinum); Persona, 

aperture toothed, narrow; columella r(‘flected 
upon the last whorl; Itanella, shell dorso- 
ventrally compressed, generally with two con¬ 
tinuous lateral varices, posterior canal present. 

The position of the following lour families 
is doubtful:— 

Fam. 43. Oocorytliidae.—Siphon short, 
foot broad, eyes absent, radula taenioglossate; 

Fio. 278.—PiVi/Za shell bucciiioid or cassidiform, op(irculuni cor- 
simieri Val,, Philip- . , ^ .i* i 
pines. X j. neous, spiral.—Keccnt. Single genus, Ooeorys. 

Fam. 44. SuhuHtidae.—Sliell elongate, 
fusiform, smooth; suture shallow, base truncate or rounded, 
aperture channelled or notched. Ordovician to Trias. Genera: 
^nbulites, Fusispira, Euchrysallis, 

Fam. 45. tdeyiienzUdae.—Eadula taenioglossate, shell trochi- 
form, aperture channelled, columella twisted, operculum multi¬ 
spiral, nucleus central. Idiocene-. Single genus, Scguenzia, 

Fam. 46. Choristidae.—Anterior tentacles united by a frontal 
veil, posterior simple ; eyes absent, foot with tentaculae before and 
behind; three central teeth, outer marginal with a basal plate; 
shell helicoid, suture deep, peristome continuous, operculum 
corneous, paucispiral. Pliocene-. Single genus, Choristes. 

Section II. Heteropoda.—Foot fin-shaped, not flat. 
The Heteropoda are free-swimming Mollusai, being, like the 

Pteropoda, Gasteropoda modified to suit their pelagic environ¬ 
ment. Their nervous system is streptoneurous, and they are 
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therefore probably derived from the Prosobranchiata, but they 
are highly specialised forms. Pelscneer considers them far more 
widely removed from the Streptoneura than the Pteropoda are 
from the Euthyneura. They swim on the surface “ upside down/' 
ix. with the ventral side uppermost. 

The tissues and shell are transparent, permitting observation 
of the internal organs. In the Pterotrachaeidae the foot takes 
the form of a fan-shaped disc, usually furnished witli a sucker. 
The body is compressed at the posterior end, often with a ventral 

fin.” In Atlanta the loot consists of three very distinct parts : 
a propodium, a mesopodium, on which is a small sucker, and a 
metapodium, which carries the operculum. The branchiae are 
carried on the visceral sac, and are free in Pterotrachaea, slightly 
protected by the shell in Carinaria, and entirely covered in 
Atlanta ; absent altogether in Firoloida. 

The head carries two tentacles (except in PteTotrachaea)^ with 
large, highly organised eyes on short lobes at their outer base. 
The alimentary tract consists of a long protrusiblc proboscis, 
with a taenioglossate radula (Fig. 132, p. 227), a long oesophagus, 
and a slightly flexured intestine. In Atlanta the visceral sac is 
spiral and protected by a spiral planorbiform shell; in Garin- 

aria the visceral sac is small, conical, protected by a very thin 
capuliform shell. There is no shell in Pterotrachaea or 
Firoloida, 

The Heteropoda are dioecious. In the male there is a 
flagellum behind the penis, which is near the middle of the right 
side. Pterotrachaea lays long chains of granular eggs, and has 
been noticed to produce a metre's length in a day. The eggs 
of Atlanta are isolated. The embryo has a deeply bilobed 
velum. 

Fam. 1. Pterotrachaeidae,—Body long, with a caudal fin; ” 
branchiae dorsal, free or partly protected by a shell; foot consist¬ 
ing of a muscular disc, with or without a sucker. 

Pterotrachaea proper has no mantle, shell, or tentacles. The 
branchiae are disposed round the visceral sac, at the upper part 
of which is the anus. In Firoloida the body is abruptly trun¬ 
cated behind, with a long filiform segmented caudal appendage; 
visceral sac at the posterior end: fin-sucker present or absent in 
both- male and female. Cardiapoda resembles Carinaria, but the 
visceral sac is more posterior and is only slightly protected by 
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a. very small spiral shell. Carinaria (Fig. 279) has a rugose 
translucent skin, visceral sac sub-median, apparently peduncu¬ 
lated, covered by a capuliform shell. The larval shell, which 
persists in the adult, is helicoid. 

Fam. 2. Atlcmtidae.—Shell spiral, operculate, covering the 
animal. Brancliiae in 
dorsal cavity of the mantle ; 
foot trilobed, with a small 
sucker on the mesoj)odium. 

Tlie shell of Atlanta is 
discoidal ixnd sharply keeled, 
while that of Oxygyrm is 
nautil6id, with the spire 
concealed, no keel, caj)erture 

Fig. 279.— Carinaria mediierranea Lani., Na])les: 
rt, anus ; 6r, branchiae ; J\ foot; intestine ; ^ ‘ . 
wi, mouth ; penis ; .s’, sucker ; sh^ shell ; (c) GYMNOGLOSSA.-Ka- 
tentacies. xf dula aild jaws absent; jiro- 

boscis prominent, sexes probably separate, penis present. The 
section is probably artificial and unnecessary, the families com¬ 
posing it being, in all probability, Taenioglossa which have lost 
their radula in consequence of changed conditions of life (pj). 
79, 225). 

Fam. 1. E'Ulimidae,—Proboscis very long, retractile, mantle 
forming a siphonal fold; shell small, long, subulate, polished; 
suture shallow, aperture continuous, operculum iiresent or absent. 
Animal often parasitic, sucking the juices of its. host by its long 
proboscis. Trias-. Genera: Eulima (subg. Suhulariay Arm- 

ella, Apicalia, Mmrondlia, Stiliferina, and others), Stilifer, 

Scalenostornay Niso, aftd Hoplopteron, 

Fam. 2. Pyramidellidae,—Tentacles auriform, proboscis as in 
Eulimidae, a prominent mentum or flap under the buccal orifice; 
shell usually small, conical; suture shallow, apical whorls (the 
embryonic shell) sinistral (p. 250), operculum corneous, pauci- 
spiral; nucleus excentrical. Trias-. Genera: Tyrami- 

della (subg. Syrnola, Otoplenmy Chryscdliday Mumiola), Odostomia, 

Eulimellay MurcMsoniellay Tnrhonilla (subg. Dunkeria and 
Cingulina), 

\d) Eachiglossa (p. 220).—Proboscis long, retractile; siphon 
distinct, radula without uncini, sometimes without laterals; teeth 
strongly cusped; shell generally wholly external. 
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Fam. 1. Muricidae—Eyes sessile at the outer base of the 
tentacles, penis large, behind the right tentacle, radula within 
the retractile jiroboscis, central tooth (Fig. 119, p. 220) with at 
least three strong cusps, laterals jdain ; shell solid, more or less 
tuberculate, spiny and varicose, anterior canal varying from a 
mere notch to a long channel. Cretaceous-. Principal 
genera: (i) Muricinae, nucleus of operculum sub-terminal; TropJion, 

TyphiSy Murex (with many subdivisions), Ocinehra (including 
Gerasiomay Vitulariay and Hadriania)y UrosolpinXy Eupleuray 

Pseudomurex. (ii) Purpurinmy nucleus of operculum lateral; 
Bapana (including Latiaxis)y Purpura (with subg. Cumay lopas, 

Vexillay and Pinaxia)y Monoceros (including Chorus), Purpuroidea 

(Secondary strata), Pentadactylus, Sistrum, Comholeyas, 

Fam, 2. Gorodliophilidae.—Animal living in Madrepores, 
resembling Purpuruy radula absent; shell variously shaped, often 
deformed or tubular, operculum that of Purpura, if present. 
Miocene-Principal genera: Bhizochilus, Coralliophilay 

LeptocomhuSy Magilus (Fig. 29, p. 75), Bapa, 

Fam. 3. Colvmlellidae.—(Eadula, Fig. 123, p. 222.) Shell 
small, solid, fusiform, aperture narrow, canal short, outer lip 
thickened. Miocene-. Single genus, Columhella (subg., 
Nitidella, Auachis, Meta, Stromhina, Atilia, Conidea, Awphissa, 

Mitrella, and others). 
Fam. 4. Nassidae,—Foot long and broad, often with terminal 

appendages; siphon long, eyes on outer base of tentacles, central 
tooth of radula arched, multicuspid, lateral strongly bicuspid, 
with small denticles between the cusps; shell rather small, buc- 
cinoid, columella more or less callous, outer lip thickened, often 
toothed; operculum corneous, edges often toothed. Miocene 
-. Principal genera: Nobssa (with many sections), 
Amycla, Desmoulea, Cyclonassa, Canidia (subg. Clea and Nos- 
sodonta), Dorsanum, Bullia Buccinanops, Fig. 62, p. 155), 

Trumaria, 
Fam. 6. Buccinidae,—Siphon rather long, eyes at outer base 

of tentacles; central tooth of radula with 5 to 7 cusps, laterals 
bicuspid or tricuspid (Fig. 118, p. 220); shell more or less fusi¬ 
form, thick, covered with a periostracum, canal of varying length, 
outer lip simple or thickened; operculum corneous, nucleus vari¬ 
able in position. Cretaceous-. Principal genera: Group 
i Chrysodomus (with sections Neptuuea, Volutopsis, Pyrolofusus, 
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Jmnala\ su]>g. Sipho; Si2>ho7ialia (subg. JOlldla), Group ii. 
JAivnicsus Biiminopsis), Oiwp iii. (Fig. iB, p. 6; 
subg. Volutharjntj MvhuccimitJi). Group iv. Cominclla, Triton- 

idea, rimnia, Euthria; Annra (Miocene), 
Genea (Pliocene), Mctula, Engina. Group v. 
Ehm, HAids la. Group vi. Dijmwvvs ( = 
Ehvrna), Mavron. Gnnip vii. rseudolira, 

Fam. G. TiLrhineUldar.—Central tooth 
of radula tricuspid, median cusp strong, 
lateral bicuspid, cusps unequal (Fig. 117, 
p. 220); shell fusiform or pear-shaped, 
heavy, canal often long, oi)erculuiii corneous, 
claw - shaped, jiucleus terminal. Miocene 
-. lh'inci])al genera : Turlnnclla, Cyno- 

do nta, Tndida (subg. Strephmp}um)\ riropsis 

(Cretaceous), Ferissolax (Cretaceous), Strep- 

PiG. ^^O.—Turhindla pyr- sid am (Eoccue, subg. Wkitiicya), Mela pin m, 
Lam., Ceylon. \ 'i. ^ Busycon, Fig. 150, p. 249, in¬ 

cluding Bjjcotypas), Melongemi (subg. PugiUno., Myristiva); TAo- 

stoma (Eocene), llernifusus (subg. Megalatraetus), Fiychairactus, 

Meyer ia, 

Fam. 7. Fasciolar lid ae.—Eyes at the outer base of the tenta¬ 
cles (radula. Fig. 121, p. 221); shell 
fusiform, spire long, canal often very 
long, columella often with a fold at 
the base ; operculum corneous, nucleus 
terminal. Cretaceous-. Principal 
genera; Fimis (including Binistralia., 

Aptyxis, Trosehelia), with subg. Berri- 

fusus (Cretaceous), Clavrlla (subg. 
Thersites), Fasciolaria, Latirus (subg. 
Polygona, Pcrister^iia, Leucozonia, 

Lagena; Mazzalina (Eocene), Chaseax), 

Fam. 8. Mitridae.—Siphon rather 
long, with anterior appendages, eyes 
on the side of the tentacles, proboscis - 
very long; radula variable, laterals Fig. 281.—{LeumzcmiA) 

sometimes lost (Fig. 120, p. 221); Wood, Panama, 

shell fusiform, solid, spire more or less pointed, columella with 
several prominent folds, the posterior the largest, aperture rather 
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narrow, no oporculuni. Cretaceous-. 
Mitm (with many s(3ctions), subg. ^tri(jntella, 

Mitrmla, Mutyva^ BihafplmB; Floclidasa (Ter¬ 
tiary), Thuhi; Turrivula (with several sec¬ 
tions), Cylindromitm, ami Imbricarin. 

Fam. 9. Volntidae,—Foot broad in front, 
head laterally dilated into lobes, on which are 
placed the sessile eyes; si])hon prominent, with 
appendages at the base (radiila. Fig. 122, 
p. 221); shell thick, often shining, fusiform, 
globular or cylindrical, columella projecting 
anteriorly, with several folds, the anterior of 
which is the largest, aperture notched, canal 
not produced, operculum generally absent. 
Cretaceous-. Principal genera: Cryido- 

chorda (Eocene), Zidona, Provocator, Guivillea, 

Yctas Cyinhlnm), (with many sections); Volutolithes 

(chiefly Eocene), Volutolyria, Lyria, PJiiaeta, Vohdomitra, 

Fam. 10. Marymellidae.—Foot broad, siphon without ap¬ 
pendages, mantle largely i*eflected over the sliell; radula without 
laterals, central tooth comb-like, cusps rather blunt; shell oval 

or colloidal, polished, aperture narrow, outer lip 
thickened, columella with many folds ; no oper¬ 
culum. Eocene-. Principal genera : Mar- 

(jinelhi, with many sections and so-called sub¬ 
genera ; ^Persimla, Pachyhathron (?), CystiscuSy 

Microvoluta. 

Fam. 11. Harpidae,—Foot large, with a 
transverse groove, separating off* a semi-lunar 
propodium; mantle jiartly reflected over the 
shell; shell ventricose, polished; spire short, 
strongly longitudinally ribbed, ribs prolonged 
over the suture, columella callous; no oper¬ 
culum. Eocene-. Single genus, Harpa 

Fig. 283.—OZim (subg. SiUa), 

rtnama. Fam. 12. Olividae,—Propodium semi-lunar, 
with a longitudinal groove above, mesopodium 

reflected laterally over the shell; central tooth of radula tri¬ 
cuspid on a very broad base, lateral simple, hooked; vshell sub- 
cylindrical or fusiform, polished; aperture narrow, operculum 

Principal genera: 

Fig. 282.—Voluia ni- 
vvsa Lam., West 
Australia, x 
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present or absent. (Jretaceons-. rrineipul genera : Olvva 

(Figs. 28.‘> and 98, p. 200), Olivamdllaria (in¬ 
cluding Lintrivula and AgaroniiC)^ Olivella^ 

A nr ilia (subg. AncMlinn). 

{c) Toxo(iLOSSA (p. 218).—Radula with nor¬ 

mal formula 1*0*1., teeth large; oesophagus 
with a large pois^m gland; animal carnivorous, 

exclusively marine. 

Fam. L Trrehridae,—Eyes at the end of 

the tentacles, shell subulate, 
many whorled, operculum 

with terminal nucleus. 
Eocene-. Single 
genus, Terehra, with several 

sections. 

Fam. 2. Gonidae.—Eyes 
on outer side of tentacles, 

siphon prominent; shell coni- 
YiQ,2U.~Tcrebrast(h^ fusifomi, aperture nar- 

idata L., Ceylon. ^ 
row. Cretaceous-. 

Principal genera: ConaSy shell solid, spire 

short, aperture narrow, straight, internal par¬ 

titions partly absorbed; Conorhis, Genotia Tia. 2S5,—Pieurotomi 

(with several sections, cliiefly Tertiary), Pus- 

ionella, Cohmhariimy Clmmiula, Surcula, Pirn- 

roioma\ Borsonia (Eocene), DriUia (subg. Spirotropis), Belay 

Mangilia (including Daplinellay Clathurellay and others), llalia. 

Fam. 3. CaneellaTiidae,—Proboscis short, usually no radula, shell 

oval, columella strongly plicate; no operculum. Cretaceous—-. 

Single genus, CaTicellaria (subg. Merica, Trigomstoma, Admet^ 



CHAPTER XV 

CLASS GASTEROPODA {continued): OPISTHOBRANCHIATA AND 

PULMONATA 

Order III. Opisthobranchiata. 

Visceral loop not twisted (except in Actaeon) in a figure of 8 

(Euthyneurons type, p. 203), auricle usually behind the ventricle, 
ctenidium often replaced by secondary branchiae, pallial cavity, 
if existing, more or less open, shell present or absent, operculum 
absent (except in Actaeon), animal hermaphrodite, with separate 
sexual openings, marine only.—Carboniferous to present time. 

The character of their nervous system decisively removes the 
Opisthobranchiata from the Prosobranchiata, and approximates 
them to the Pulmonata. Actaeon, however, which is strepto- 
neurous, as well as possessing an oi>erculate shell with prominent 
spire, forms an interesting link witli the Prosobranchiata. At 
the opposite extreme to Actaeon stand forms like Siphonaria 
and Oadinia, which are probably close links with the Pulmonata 
(p. 19). The generative system of the whole group, which is, 
as in the Basommatophora, of the hermaphrodite type, without 
mutual fecundation, is another link of connexion with the 
Pulmonata. The respiratory organs present the most varied 
forms, sometimes consisting of one ctenidium (never two), some¬ 
times of secondary branchiae, variously placed, while sometimes 
no special organ exists. 

The prolongation of the foot into lateral epipodia or parapodia 
(possibly to aid in swimming), and the effect of the epipodia 
upon the shell, according as they involve it completely or 
partially, are among the most instructive features of the 
Opisthobranchiata. If the epipodia are developed on the 
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anterior portion of the body, and do not become reflected, they 
may, as in most Pteropoda Thecosomata, not directly aflect/ the 
shell. But when, as in tlie Tectibranchiata, the epipodia are 
medio-lateral, and tend to envelope the sliell, their effect may be 
traced by a series of forms varying in proj)ortion to the amount 
of sliell-surfece covered by the epipodia. The two princi])al lines 
along whicli modiflcation takes place are the gradual reduction 
of tlie spiral nature of the shell, and the gradual lessening of 
its solidity. Botli these changes are the direct result of the 

Fig. 286.—Illustrating tlie transition 
of form in the shell of Tecti¬ 
branchiata from the pointed spiral 
to the almost flattened plate: A, 
Actaeon; B, Apluslrtim; C, Cyli- 
chna; D, Atys; E, Philine; F, 
iJolahdla; G, Aptysia; H, Plea- 
rohranchus. (Not drawn to scale.) 

Fig. 287.—Illustrating the gradual covering 
of the shell in the TectiV>ranchiata by the 
epipodia and mantle; A, IJaminea; B, 
JScapkander; C, Aplnstnim ; D, Aplysm; 
E, Philine; c.<i, cephalic disc; ep^ ejtv, 
epipodia ; sA, shell. (Not drawn to scale.) 

additional protection afibrded to the visceral mass by the 
reflected epipodia, which renders the existence of a shell less 
and less necessary. A precisely similar line of change is seen 
in the Pulmoiiata, culminating in forms like Avion (p. 174). 

The habits of life of the Opisthobranchiata are very varied. 
Some, especially the heavier types, burrow in sand, and are t|;ien 
usually furnished with a broad cephalic disc, as a digging 
apparatus; some (certain Bulla) flit about in shallow pools on 
mud flats; others {Phyllirrhoe and the Pteropoda) swim freely 
in the open sea ; others (most Nudibranchiata) crawl slug-like on 
sea-weeds or corallines, and in colour singularly harmonise with 
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their environment (p. 71 f.); others again {Sijphonaria, Gadinia)^ 

stick limpet-like to rocks between tide marks. As a rule, they 
occur only in clean salt water, but EmUetonia has been found in 
the Victoria Docks at Eotherhithe, as well as in parts of the 
Baltic, where the water has only 7 parts of salt in 1000, while 
Limwpontia occurs in nearly fresh water at Bornholm and 
Gothland. 

Their food varies greatly. As a rule, they are frugivorous, 
but many cases of carnivorous habit occur. Scaphander has 
been seen to swallow Dentalium six at a time, and in six hours 
the shells of all were reduced to tiny fragments. Glaucus devours 
the soft portions of the pelagic Porpita and Velella; Idalia 

elcgam eats its way into the test of Ascidians, and completely 
buries itself in the body of its prey.^ 

The Opisthobranchiata may be classified as follows:— 

1. TBCTIBRANCniA.TA 

Opisthobranchiata < 2. Ascoglossa 

3. Nudibkanohiata 

4. Ptkropoda . 

(Bulloidea 
Aplysioidea 

Pleurobranchoidea 
Siphonarioidea 

{Cladohepatica 
Holohepatica {Thecosomata 
Gymnosomata 

Sub-order I. Tectibranchiata. — Eight ctenidium usually 
present, more or less concealed by the mantle fold, visceral 
ganglia united by a very long commissure, shell variable in 
form, more or less enveloped in folds of the mantle and foot, 
often becoming rudimentary. 

Section I. Bulloidea.—Shell more or less spiral, internal or 
external, epipodia more or less developed, a broad cephalic 
disc, distinct from the dorsal region, usually no tentacles, eyes 

sessile. 
Fam. 1. Actaeonidae,—Shell spiral, solid, entirely covering 

the animal; spire generally prominent, operculum corneous, 
visceral loop streptoneurous, no epipodia, radula multiseriate, 
teeth numerous, very small. Carboniferous-. Genera: 
Actaeon (Fig. 2 8 6 A.); Volvaria (Tertiary), Fortisia (Eocene) Aotae- 

^ J, Power, Aniu Mag, M, S, (2) xx. p. 834; F,Z,S, 1836 p. 113 ; Avch, Zool, 
Exp. Gin. (3) i. 1898, p. 105. 
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onina (Carboniferous), Gylindrites (Secondary strata), Actaeonella 

(Cretaceous). 
Fam. 2. I'ornatinidae. — Shell spiral, cylindrical, entirely 

covering the animal; spire concealed, cephalic disc with two 
large tentaculiform appendages behind, no radula. Genera: 
Toriiatina (= Utriculus), Volmila. 

Fam. 3. Scaphandridae,—Shell more or less external, covering 
all or nearly all the animal, spire concealed, cephalic disc simple 
or notched behind, epipodia well developed, radula with first 
lateral very large, stomach sometimes with powerful gizzard. 
Genera: Scaphander (Fig. 287 B); Sabatia Sinaragdi- 

nella, Atys (Fig. 286 D), Cylichna (Fig. 286 C), Arnphispliyra, 

Fam. 4. Bvllidae.—Shell external or partly internal, spire 
quite or nearly hidden, cephalic disc broad, without appendages, 
epipodia often large; radulausually miiltiseriate. Genera: Bulla 

(subg. Haminea), Accra, mantle with long filiform appendage, 
epipodia touching over the shell; Gylindrobulla, Volvatella. 

Fam. 5. Aplustridae.—Shell partly internal, overlaid by the 
posterior part of the cephalic disc, spire not prominent, epipodia 
reflected, tentacles auriform. Single genus, Aplustrum (Fig. 286 
B; subg. llydatina), 

Fam. 6. Ringiculidae.—Shell small, solid, covering all the 
animal; spire somewhat prominent, aperture narrow, plicated; 
peristome thick, sometimes channelled, cephalic disc with a kind 
of posterior siphon. Genera: Ringicula ; Avellana (Cretaceous). 

Fam, 7. Gastropteridae.—Shell completely internal, nautiloid, 
small; epipodia very large, rounded, united behind; cephalic disc 
simple. Single genus, Oastropteron, 

Fam. 8. Philinidae.—Shell completely internal, thin, slightly 
spiral; epipodia thick, cephalic disc large, thick, simple; stomach 
usually with powerful gizzard. Genera: Philine 287 E), 
Colpodaspis, Golohocephalus, Chelinodura, Phanerophthalmus, Crypt- 

ophthalmus, 

Fam. 9. Doridiidae. — Shell completely internal, a mere 
pellicle with a small spiral nucleus;, mantle with two posterior 
lobes and a caudal filament, epipodia reflected. Single genus, 
Doridium. 

Section II. Aplysioidea.—Shell small, usually not spiral, 
sometimes absent, no cephalic disc, head prominent, with two 
pairs of tentacles, epipodia large, more or less reflected. 
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Fam. Aplysiidde,—Characters those of the section. Genera: 
Aplysia (Fig. 287 D), shell arched, flattened, animal large (the 
‘'sea hare''); Dolahella, shell sub-triangular (Fig. 286 F); Dola- 

hrifer, shell sub-quadrangular, not spiral; Notwrchus, shell micro¬ 
scopic, spiral; Phyllaplysia, body very depressed, oval, no shell 

Section III. Pleurobranchoidea.—^Dorsal region protected 
by a wide notaeum or dorsal covering, or by a shell; no epipodia, 
ctenidium large, external, between the right under surface of the 
notaeum or shell and the foot; head short, shell present or 
absent. 

Fam. 1. Pleurohramhidae.—Shell internal or absent, notaeum 
with spicules, radula multiseriate. Genera: PleurobraTichus 

(Fig. 286 H), (?) Haliotinellay Pleurdbranchaeay (?) Neda. 

Fam. 2. Runcinidae.—Branchial lamellae few, under the 
posterior right notaeum, no shell Single genus, RuTicina. 

Fam. 3. Umlrellidae,—Shell external, depressed patelliform, 
not covering all the animal; foot very thick, ctenidium large, 
head depressed, small; radula multiseriate, teeth innumerable, 
very small Genera: Umlrella (Fig. 5a, p. 10), Tylodina. 

Section IV. Siphonarioidea.—Shell patelliform, branchia 
replaced wholly or in part by a pulmonary sac, pulmonary 
orifice closed by a small lobe, radula multiseriate, teeth very 
small 

Fam. Siphonariidae,—Characters those of the section. Genera: 
Siphonaria (branchia as well as pulmonary sac), Gadinia (no 
branchia). These genera, hitherto placed among the Pulmonata, 
have been recently shown (see p. 19) to be modified Opistho- 
branchiata. 

Sub-order II, Ascoglossa.^—Branchia, mantle cavity, and 
shell generally wanting, liver ramified, rami enclosed in external 
papillae (cerata) or beneath the dorsal surface, kidney not com¬ 
pact, branched; radula with one series of strong teeth (Fig. 288), 
worn out teeth at the front end not dropping off, but preserved 

in a special sac {aaKosi). 

According to Bergh, the Ascoglossa form a link between the 
Tectibranchiata,—especially the Aplysiidae and Bullidae—and the 

1 In deference to Bergh’s high authority, the position of a sub-order is here 
given to the Ascoglossa. It may be doubted whether that position will stand the 
test of further investigation, and whether the families concerned will not be added 

to the Cladobepatio Nudibranchs. 
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Cladohepatic Nudibranchs, while the Pleurobranchidae form a 
somewhat similar link between the Holohepatic IsTiidibranchs and 

the other Tectibranchiata. 
Fam. 1. 0xy7W(ddae} — Animal long, tentacles aurifonn, 

epipodia large, simple, or wing-like, a ctenidium and branchial 

chamber on right side, shell small, thin, 

slightly S])iral, not covering much of 

the body. Genera : Oxynoe ( = Lo'phocer- 

ciih), Lohiyer, 

Fam. 2. Hermacidae. — Body de¬ 
pressed, cerata in several I’ows, no 
branchiae, no shell. Genera : llermaea, 

PhyllohraTudius, Stiliger, Aldevia. 
Fig. 288.—Raduia of one of Fam. 3. IJh/siidac,—Body depressed, 

Ascoglossa {Mt/6'ia vii'idis ^ i i ^ ^ i -i* 
Mont. X 40). head i*ather elevated, tentacles auriiorm, 

sides of body dilated into two large 
wings, which enclose branches of the liver and sometimes fold 
over the dorsal surface, no branchiae, no shell. (Jencra: Elysiay 

ThridacMa, Plac ohra nchus, 

Fam. 4. Lirnapontiidae.—Body slug-like, liver scarcely rami¬ 
fied, no branchiae, shell, or appendages. Genera: Liinapontia, 

Actaeonia, Cenia. 

Sub-order III, Nudibranchiata.—Shell absent in tlie adult, 
no ctenidium proper, or osphradium, cerata dorsal or dorso-lateral, 
nervous system concentrated, kidney not compact, ramified, penis 
retractile, jaws and raduia usually present. 

Section I. Cladoiiepatica.—Cerata usually latero-dorsal, 
elongated, or arborescent, buccal mass strong, jaws present, liver 
generally ramified, rami generally entering the cerata. 

Fam. 1. Aeolididiu,—Body slug-like, head with tentacles and 
rhinophores, dorsal area with rows of cerata, which usually con¬ 
tain sting-cells, raduia variable. Genera: Aeolis, Cratena, 

Tergipes^ Coryphella, Favorinus, Facelinaj MabelliTUt, Fiowiy 

GlamiuSy Janus, Hero, with many sub-genera. 
Fam. 2. Tethymelihidae,—Body slug-like, large, cerata very 

large, no sting-cells, head large, cowl-shaped, no tentacles, rhino¬ 
phores much foliated, no raduia. Genera: Tethys, Melihe, Tlie 
cerata of Tethys, which are capAfele of independent movement 

^ This family has also been classified with the Bulloidea and with the 
Aplysloidea. 
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when severed, have been described as parasitic worms. Tethys 

feeds on molluscs and Crustacea. 
Fam. o. Lomanotidae,—Body slug-like, dorsum prominent, 

undulating or lobed, with one row of small cerata, no tentacles, 
rhinophores much foliated, radula with uncinated dentate laterals. 
Single genus, Lomanotus. 

Fam. 4. Dotonidae.—Body slug-like, small, two rows of cerata, 
each ceras surrounded by a ring of tubercles, rhinophores simple, 
radula uniseriate. Single genus, Doto, 

Fam. 5. J)e7uironotidae.—Body slug - like, somewhat com¬ 
pressed, two rows of arborescent cerata, no tentacles, frontal 
margin with arborescent papillae, rhinophores arborescent, radula 
multiseriate. Genera: Cainpaspey Dendromtus. 

Fam. 6. Bornellidae.—Two rows of dorsal papillae, with 
branchiform appendages at the base, rhinophores foliate, radula 
multiseriate. Single genus, Bornella. 

Fam. 7. Scyllaeidae.—Body oblong, compressed, two large 
foliated cerata with branchial appendages on the inner side, no 
tentacles, rhinox)hores large, radula multiseriate. Single genus, 
Scyllaea, 

Fam. 8. Phyllirrhoidae,—Body much compressed, with bovine 
head and neck, tail tapering, no tentacles, rhinophores simple, 
teeth few, no marginals. Single genus, Phyllirrhoe, 

Fam. 9. Pleurophyllidiidae.—Body elongate-oval, snout broad, 
covered by an arched shield with lateral angles prolonged, 
branchiae consisting of two rows of lamellae placed between the 
notaeum and the foot, no tentacles, rhinophores short, hidden, 
radula multiseriate. Single genus, Pleurophyllidia. 

Fam. 10. Pleuroleuridae,—Animel Temmhlmg Pleurophyllidia, 

but without the branchial lamellae. Single genus, Pleuroleura. 

Fam, 11. Tritoniidae,—Body long, two rows of unequal 
arborescent cerata, rhinophores with ramose appendages, liver not 
prolonged into the cerata. Genera: Tritonia, Marionia, 

Section 2. Holohepatica.—Cerata medio-dorsal, retractile 
or not, usually paucifoliate, liver never ramified, usually no 

jaws. 
Fam. 1, Borididae,—Branchia consisting of a circle or semi¬ 

circle of pinnate leaves united at^the base, surrounding the anus, 
almost always retractile into a cavity, rhinophores foliate, no 
suctorial proboscis, radula multiseriate. Grenera: Bathydoris, 

VOL. m 2 F 
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Hexahranchiis, ArcMdoris (Fig. 289), JJlscodoris, Diauhda, 

Cadliiniy Centrodoris, Flat//dor is, Chro- 

modoris, Miamira, with niuiiy sub- 
geiiera. 

Fam. 2. Doriopsidae.—Braiicliia and 
rhinophores as in Dorididae, oral aper¬ 
ture pore-shaped, suctorial, no radula. 
Single genus, Doriopsis. 

Fam. S. Phyllidiidae.—Body oval, 
depressed, leathery, a ring of branchial 
lamellae, only interrupted hy tlie head 
and genital papilla, under tlie pallial 
edge, oral aperture pore-sliaped, suc¬ 
torial, no radula. (lenera: Fhijllidia, 

Fnjena. Bergh unites this and the 
preceding family in the group Forosto^ 

mata, which, witli Fam. 1, form the 
group Dor id idae cryptohrariv-hUitae, 

Fam. 4. Folyecridae.—Body slug-like, brancliiae not retractile, 
usually surrounding the anus, rhinophores foliate, tentacles 
simple, radula variable, central tooth generally wanting. Genera: 
Notodoris, TriopcUa, Aegires, Triopa, Issa, Triopha, Crimora, 

Thecacera, Fohjcerella, Fatio, Folycera, Oliola, Trevelyana, Nem- 

hrotha, Euplocarnus, Flommopherns, Kalinga, 

Fam. 5. Goniodoridae,—Body oval, depressed, branchia multi- 
foliate, usually disposed in shape of a horse-shoe, rhinophores 
foliate, retractile or not, mouth' with a large suctorial proboscis, 
radula variable. Genera : Akiodoris, Doridunculus, Acanthodoris, 

Adalaria, Laiaellidoris, Calycidoris, Goniodoris, Idalia, Awula, 

Drepania. 

Fam. 6. Coramhidm.—Body otherwise Dom-like, but with 
two posterior branchiae under the mantle edge, jaws present, no 
central tooth, about five laterals. Single genus, Goramhe ( = 
Hypohranchiaea). Bergh unites this and the two preceding 
families in the group Dorididae phanerohranchiatae. 

Sub-order IV. Pteropoda.— The Pteropoda are pelagic 
animals in which the lateral portions of the foot are modified 
into fins, which are innervated by the pedal ganglia. Their 
systematic position has undergone recent revision. It has been 
the custom to regard them as an Order of equivalent value to the 

Fig. 289. — Doru {Ardndoris) 
iuhercidata L., Britain : a, 
aims ; hr, branchiae sur¬ 
rounding the anus ; m, male 
organ ; rh, rh, r}iiuoi)hores. 
Xj. 
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other four, while some have held them to be a subdivision of 
Cephalopoda. Modern authorities, chief among whom is Pel- 
seneer, regard the Pteropoda not as a primitive, but as a derived 
and recent group. They are Gasteropoda in which the adapta¬ 
tion to pelagic life has so modified their external characters as 
to give them an apparent symmetry.” 

The principal point which relates the Pteropoda to the 
Gasteropoda is the asymmetry of the visceral organs, intestine, 
heart, kidney, and genital gland, which results from their 
development on one side only of the body. Their hermaphro¬ 
ditism and the structure of their nervous system relate them to 
the Euthyneura rather than to the Streptoneura. Eesemblances 
in the organs of circulation and generation approximate them to 
the Opisthobranchiata rather than to the Pulmonata, while of 
the two groups of the former, they tend to closer relationship 
with the Tectibranchiata than with the Nudibranchiata. The 
two sections of Pteropoda liave been considered of distinct origin, 
the Thecosomata being derived from the Bulloidea, the Gym- 
nosomata from the Aplysioidea.^ 

Thus the Pteropoda are a group whose true relations are 
masked by the special conditions of their existence, which have 
tended towards the development of certain organs, the so-called 

wings ” and the shell, which give them an apparent symmetry; 
this symmetry disappears on a closer investigation of the internal 
organs. They are hermaphrodite; the genital gland has a single 
efferent duct (except in some Gavolinia), a seminal groove leading 
to the copulatory organ, which in the Thecosomata is on the 
right side of the head, in the Gymnosomata on the right side of 
the foot. The genital system resembles that of the Opistho¬ 
branchiata and of the digonoporous ” Pulmonata. 

Section 1. Thecosomata.—Shell or cartilaginoid test always 
present, fins united by an intermediate lobe, ctenidia as a rule 
absent, replaced by secondary branchiae, no very distinct head 
or eyes, one pair of tentacles; cerebral ganglia on the sides of 
and under the oesophagus; radula with three rather large teeth 
in a row, generally unicuspid, jaw in two pieces, stomach with 
horny plates, anus generally on the left side. 

The Thecosomata feed on Protozoa and the lower Algae; 

* It appears more convenient to treat the whole group together, rather than deal 

witli the two sections separately. 
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they have no proboscis, and the intestine is Ilexured. The tins 
are always closely connected with the head, or what answers to 
it. About 42 species are known, belonging to 8 genera. 

Fam. 1. IAmac>i7iid<((\—Fins very large, branchial chamber 
dorsal, anus on right side; shell sj)iral, sinistral (ultra-dextral, 
see p. 249), operculate. Genera: Liiiiacina, shell helicoid, 
deeply iinibilicated (Z. helicina swarms in Arctic seas and 
furnislies food for many Cetacea); Peradisy spire turreted, 
aj)erture large, elongated, produced anteriorly, no umbilicus; 
operculum sinistral, in spite of the shell being ultra-dextral. 

Fam. 2. Cavoliniidae.—Fins large, branchial chamber ventral, 

Fkj. 290,—Illustrations of Pteropoda Thecosomata; A, Limacina arntralis Eyd.; B, 
Cleodora cuspidata Bose, (shell only) ; C, Cuvieritia columnella Kang; I), CVmiw 
mrgvla Rang ; E, (JUo balantium Rang ; /, /, tins ; liver ; o, ovary ; sh, shell. 
(After Souleyet.) 

shell a non-spiral cone, angular or round, very thin, embryonic 
portion distinct, or formed of two separate plates. 

In Cavolmia ( = Bj/alaea, Fig. 5, B, p. 10) the shell consists of 
two plates, the ventral being convex, with one to three sharp 
spines at the posterior end, the dorsal flatter, without spines. 
The aperture is broad, contracted dorso-ventrally. Two long 
pointed prolongations of the mantle jiroject from the lateral slits 
of the shell, and probably serve to balance the bulky body when 
swimming. Fins trilol)ed at the margin. Cleodora has only 
rudimentary lateral puDlongations, fins bilobed, shell triangular, 
angles greatly produced, aperture very wide, dorsal side keeled. 
In Cuvierina the shell is straight, sub-cylindrical, with a median 
partition, slightly expanding towards the apex, which is truncated 
in the adult. The principal sub-genera of Clio are Creme, which 
has an elongated sub-cylindrical shell, sometimes slightly curved, 
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smooth or grooved; and Clio proper, in which the shell is long, 
angular, with a dorsal rib, apex (= embryonic shell) rounded, 
constricted. Styliola and Hyalocylix also belong to this group. 

Fam. 3. Cywhuliidae.—Test (which is not homologous with 
the shell of other Thecosomata) slipper-shaped, cartilaginoid, 
simply a thickening of the mantle; embryo with a calcareous, 
spiral, operculate shell. Genera: Cyrnhulia^ CyTiihuliopsis, Gleha, 

Three other families, Hyalithidae, Pterothecidae, and Conu- 
lariidae, from Palaeozoic strata, are generally added to the Thecoso¬ 
mata. All are fossil only, and it is doubtful whether they are 
really Molluscan. Pelseneer holds that no true fossil Pteropoda 
occur until the lower Tertiaries. 

Section 2. Gymnosomata.—Mantle and shell absent in the 
adult, fins not connected by a lobe, no branchial chamber, head 
well developed, with two pairs of tentacles, eyes on the posterior 
pair; cerebral ganglia above the oesophagus; buccal cavity pro¬ 
vided with a pair of protrusible “hook-sacs,'' radula generally 
with 4 to 12 hooked laterals, central tooth triangular, jaw in one 
piece, composed of horny plates, no horny plates in stomach, 
anus on the right side. 

The Gymnosomata are carnivorous, feeding on Thecosomata 
and other pelagic animals, being provided for this purpose with 
a formidable buccal armature of hook-sacs and suckers. The 
intestine, as usual in carnivorous groups, passes straight from the 
stomach to the anus; the fins are not attached to the head, but 
to the anterior part of the body. The larva has a straight shell, 
which disappears in the adult. About 21 species are known, 

belonging to 7 genera. 
Fam. 1. Pneumodermatidae,—^Animal fusiform, fins rather 

small, head prominent, anterior part of buccal cavity protrusible, 
with suckers on the ventral side, hook-sacs well marked ; 
branchia on right side, skin soft, pigmented. Genera : JDexio- 

hranchaea, no posterior gill, hook-sacs short; Spongiobranchaea, 

posterior gill circular ; Pneumoderma, gill tetraradiate, hook-sacs 

long. 
Fam. 2. Clionopsidae,—Body barrel-shaped, proboscis three 

times the length of the body, no buccal appendages, hook-sacs 
short, no lateral gill, posterior gill tetraradiate, skin not pig¬ 
mented. Gliorvopsis is the single genus. 

Fam. 3. Mtobranohaeidae,—Body ovate, buccal appendages 
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conical, no lateral gill, posterior gill with three radiating crests, 
skin pigmented. Notohramham is the single genus. 

Fam. 4. Cllonidae.—Body long, angulated behind, proboscis 
short, mouth with two or three pairs of appendages, no jaw, no 

gilk 
Clione limacina is so abundant in Arctic seas as at times to 

colour the surface for miles. Eaeli of the cephalic a})pendages 
has about 60,000 minute pedicellated suckers. 

Ji.s Fia 291.—A, An¬ 
terior portion of 
1*71 eum oderma ; 
B, Clione lima- 
cvna Phii)ps ; 
C, Ilalopuffche 
Oandichaudi 
Soul. ; f, /, fins; 
h..% h.8^ hook- 
sacs ; Lf\ lobe of 
the foot; .v, 
.suckers; o, pos¬ 
terior genital 
orifice; U 
tentacles. (After 
Soiileyet.) 

Fam. 5. Halopsychidae.—Body ovate, thick, rounded behind, 
no gill or proboscis, fins long, narrow, broadened at the ends, 
epidermis sub-cartilaginoid. 

Halopsyche (= Euryhia) has the power of withdrawing its 
head completely into a sort of ])ocket, which is closed by an 
anterior fold of the mantle. There are two long non-retractile 
buccal appendages. 

Order IV. Pulmonata 

Gasteropoda with two pairs of tentacles, visceral loop euthy-, 
neurons, ganglia concentrated round the oesophagus; breathing 
air by a pallial cavity formed by the union of the front edge of 
the mantle with the cervical region, sexes united, shell present 
or absent, no operculum ^ (except in Amphihola). 

Sub-order I. Basoxnmatophora.—Eyes generally at the base 
of the tentacles, which are not retractile, male and female genital 
orifices separate, radula (p. 235)multiseriate, shell always present, 
external. Fresh water or quasi-marine. 

* An operculum is said to exist in the young forms of AuriQula and I^armacella. 
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Fam. 1. Aunculidae,—Breathing organ a pulmonary sac or 
true lung; shdl spiral, colloidal, internal partitions usually 
absorbed, aperture more or less 
strongly toothed. Jurassic-. 
Genera : Annvmla^ Carychvuniy 

Scarahus, Alexieiy Tralia, PlerAi- 

treimiy Cassididn, Melauqrtis, Lem- 

conia, PedipcH (Fig. 292). 

Fam. 2. Otinidae,—Shell auri- | 
form, S])ire very sliort. CJenera : 
Otina^ Cum'ptonyx.—Eecent only. 

Fam. o. Amphiholidae. — A 

pulmonary sac on right side of "Mwy 
neck, eyes almost pedunculate, ^ ^ 

shell tlirl)inate, rudely sculptured, Fro* 292.~Exami)les of the Anricnlidae: 
'' A, Auricuia Jndav Lam., Bonier); B, 

0]:)erculate. Ileceilt. Genus, .Scarabus J^ssoni Blahw., E. indies ; 
AmpJdhola (Fig. 293); subg. vmMiva Desh N. 

^ ^ ® ® Zealand ; D, Mclawpus castaneus 
AinpuUaTind: Muhlf., S. Pacific ; E, Pediptes quad* 

Fam. 4. lAmnaddae.-VxxX- 

monary sac protected by an external lobe; shell variable, fragile. 
Jurassic- (i.) Amylinac, shell more or less limpet-shaped. 
Genera: AnryluSy Gundlachiay Laiia, (ii.) LimnaeAnae, shell spiral. 
Genera: LirtuiaeOy AwpliApeplexiy Erinnity Lanizia, PomphoJyXy Ghoa- 

nomphalus (witli Cariiiifex), (iii.) PlanorhinaCy shell siiiistral, spire 
flattened or elevated. Genera: PlanorlrlSy Isidora (=zBulinus). 

Fam. 5. Physldae,—Mantle more or less reflected over the 
shell (radula, Fig. 141, C, p. 235); shell sinis- 
tral, lustrous. J urassic-. Genera: Physay 

AplecAa. 

Fam. 6. Cliilinidac,—Lobe of pulmonary 
sac large, tentacles broad; shell ventricose, 
rather solid; columella plicate. Miocene-. 

Fig. Single geiius, Chilina. 
avellana Oheni. , rn 

Sub-order II. Stylommatophora. — Two 
pairs of retractile tentacles (except in JaneMa), eyes at the tip of 
the upper pair, male and female orifices united (except in Vaginu- 
lidae and* Onchidiidae), no distinct osphradium. 

Fam. 1. Testaeellidae.—Animal carnivorous, slug-like or 
spirally coiled, no jaw (whence the name Aynatliay often given 
to this group), radula with usually few, large, sickle-shaped 

Pig. 293.—Awphibola 
avellarui Oheni. 

slug-like or 
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teeth (p. 232), shell variable, 
Cretaceous-. Principal 

Fig. 294.—A, Ennm {Gihbidinu) pahin^ 
Flt ; A', young of same ; B, Gihhi 
lyonetianus Pall. 

rarely absent, usually external, 
genera: Chlamydc'phorus (shell a 
simple plate, internal), Apera, 

Testcuxlla (slug-like, shell ter¬ 
minal), ^trchelia, Streptvstyla, 

Glmulina, Salasiella, Petenia, 

Pseudos ahulina, l:^tr(ptostGle, 

Tomostele, J^^treptaxls (Fig. 203), 
Olbhus, Enneay Paudehcfrditi (Fig. 
193), l^chizoglossa y Guesteridy 

AeropCy Parypliantdy Bhytida 

(subg. DiplowplialttHy Elaea and 
Phcnea,) 

Fam. 2. Selenitidae. — vShell 

internal, external, or absent; jaw present, radiila Testacellidaii, 
central tooth present. Tertiary-. Genera: Sele7iites, 

Phiionuiy Trigonocldamys, Pseudoviilax (?), JRafJiouisia (?). 
Fam. 3. Lmncidae.—Shell present or absent, internal or 

externa], spiral or not, tail often with a mucus pore, jaw (Fig. 
107, A, p. 211) with projecting rostrum on cutting edge, radula 
with central tooth tricuspid, laterals bi- or uni-cuspid, marginals 
aculeate. Eocene-. Genera: Otoco7udut, Urovyclns, Maria- 

ella (subg. TeTiiientia), Pai'marwTiy HeXicarimiy Cystopelta, Aspi~ 

deluSy Estridy Vitidnopsis (subg. Vitrhioidea, Pa7'mella), JJn7nay- 

tmtia, Nanirm (= Arloidiantay including Pmliystylay PJiysota, 

I£e7niplerM, T7'ochonanina, Euplecta-y Orpiellay Xesta, MacrochhmiySy 

MicrocystiSy Sitalay Kaliella, Durgelldy Amtenidy Girasidy Parma- 

cochhdy AfricarioTiy Sesardy Macroce7'aSy and others), VitriniconuSy 

Pdr7nacellay Limax (subg. Amalidy and many sections), VUrhidy 

(subg. VitrinozoniteSy Velifera)y Zonites (subg. Stenopus, Moreletidy 

Meso7nphix, ITyalinia, Gastrodonta, P7^i$tilomd, PoecilozoTiites, 

Thyrophorella'), 

Fam. 4. Philo7nycAdas.—Shell absent, jaw limacidan, radula 
helicidan, shield covering all the body. Single genus, Philomijcus 
( = Tehe7mophorus)y with subg. Pallifera, 

Fam. 5. Heluidae.—Shell present or absent, internal or ex¬ 
ternal ; jaw of various types, radula with central tooth tricuspid, 
equal in size to the first laterals, laterals bi- or tri-cuspid, margi¬ 
nals smaller, cusped. Eocene-. Principal genera: Oopdta 

(no shell), ArioTi (shell absent or formed of calcareous granules), 
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Ariolimax, Gcomalacus, Anmienus (aubg. Prophysaon\Hcmpliillia, 

Gnjptostracon, Binncya, Helix (see below), Coclilostyla, Bulimus, 

(subg. BoruSf Orphnus^ Dry pins, Btrophochilus, Paehyotus, and pos- 
aildy Caryodes, Leuvoiaenut, Lvpartifi, Lmnliaeea, PachnoduSy Rachi% 

AtopocA^ehliSy CrrastnSy Clavaior belong liere, (jr with Bnliminus\ 

Berendtiiiy llhodeti. Pilalay ])ro])oses ^ to group Helix as follows : 
A. Eggs or young very large at birtli: 
(1) Macroduy incl. AcaviiSy PyrocMlus ( Pha^ HtylodontHy 

Helicophcmta, 

B. Eggs or young smaller or minute at birth: 
(2) Belogona.—Female genital system with dart sac and 

mucus gland. Helix [restricted] (with 
sections Arimitay Campyhiea.y Ckilotremdy 

Pomaiia.y Maxalariay TdeheUy IheruSy Lep- 

taxiSy Enlida.y Frii.tlcieolay Xerophila; 

DorcasWy AeustUy Plecf(dro2ritty Aeyiatay 

CathaieHy SatsviiUfy Eukadra ; Lyslnoe?)y 

Gnnostoma, Lenxoekroay AUognathnSy 

Cocklosiylay Poly mildy Ikemitroclms (with 
sections Playioptyckay DUdencay Coryddy 

Jeanercftia)y GlyptostoniHy Acantkinnlay 

Vallo7ii(L 

( o ) Tel eopk al I a. — F emale sy st(mi 
without accessories, male with flagellum 
and appendix on penis; no epipliallus. 
Sugdity Cysticopsis. Uelicophanta Souverhianti 

(4) KpiphnUophora.—Female system stdl’; 
without accessories, male with epipliallus x li¬ 
on penis ; no appendix. Caraxolus (with 
sections Lneeriuiy DentellariHy Isovieriiiy Lahj^dntlmSy Eurycrateray 

Parthcnay Polydonfes, TkelldovmSy Cepolh)y Camaena (incl. Phoe- 

nicohius), Ohha, Ok lo7'itu (incl. Hadra^y Papui^Wy Phmispira (subg. 
Cristigibha). 

(5) Haplogona.—All accessory organs absent, jaw soldered 
into one piece. Polygyra (incl. Baedalochilay TriodopsiSy MesodoQiy 

Stenotrema), Eiidodonta (incl. Lihenty Charopa, Gerorituiy Therasia, 

and others), Patida, Trocdiomorpiluiy Anoglypta, 

(6) Polyplacognobtlm,—All accessory organs absent, jaw com¬ 
posed of 10-24 separate platea Pmichimy Laoma, 

' Proc. Ac. Philad. 1892, p. 390. 
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Genera of doubtful position : Strohilops, Am/pelita, redinogyra^ 
Polygyratia, Macrocyclis, Solaropsis, 

Fam. 6. Orthalicidae.—Radula, p. 233. Shell external, large, 
bulimoid. Single genus, Orthaiims; subg. Liguus, Porphyro- 
haphc, Corona. 

Fam. 7. Bvlimulidae.—Radula, p. 233; jaw, p. 211; shell 
usually external. Genera: Bulimulus (incl. PlccocMlm, Gonio- 
stomus, Drymaeus, Liostrac^ts, OtostomuSy Ndvicida, Braitalus, 

PeronaeuSy EurytuSy EndlojifuSy PlectosiyliiSy Mcsem- 
hrlrmSy Mormus, etc.; Thamnastus, E'esiotis), Plaro- 
stylus (incl. Charifi)y Amphidromus, Partukiy CalycAa 
{?)y Peliella. (animal limaciform, shell internal), 
Pelliculay Amphihulhivus (incl. Simpulopsls). 

Fam. 8. Cylindrdlidm.—Radula, p. 233 ; shell 
many whorled, long turriculate, last whorl often 
detached, apex often truncated (Fig. 1G9, p. 2GO). 

Fro. Eocene-. Genera: Cylindrdla (with sec- 
tostonius pan- . n . mi • \ ^ t • 

tagruciinus tioiis Callonia, Thcummia), Lcuty Mai^rocerainnSy 
Monc., s. pineria. 
Brazil, xl. 

Fam. 9. Pupidac. — Radula, j). 233; shell 
external, spire usually long, aperture often narrowed, more or 
less toothed, often with internal lamellae. Carboniferous-. 
Genera: Anostoma (Fig. 154,p. 24:^), Hypsdostom<(> (Fig. 202, A, 
p. 302); Anastomopsis (Cretaceous), Lychnns (Cretaceous), Boysia, 
Odontostomus (incl. Tomigerus), Buliminus (incl. 
PetraeuSy JHapaeuSy Zchrinay MastiiSy GhondruUiy 

Enay and perhaps BarMSy Pa^hnoduSy HapaluSy 

and others). Pupa (incl. Torquillay Pupillay 

SphyradAumy Leucocliilay etc.), Zospeumy VertigOy 

Megaspiray Strophiay Holospiray Eucalodium 

(incl. Goelocentrum^y CoeliaxiSy Perrieriay Balea; 

Eillya (Eocene), Clausilia (with many sub¬ 
genera) Bhodina (?). 

Fam. 10, Stenogyridae.—Radula, pi 234; 
shell long, spiral, shining, more or less trans- 
lucid, apex blunt, sometimes decollated. 
Eocene-:-. Genera: Stenogyra (subg. Buminay 

OheliscuSy OpeaSy Melaniellay SpinixiSy LepfAnariay 

Fig. 297.—L,Claus{lia 
crassicosta Ben., 
Sicily; B, Clau¬ 
silia macarana 
Zieg., Dalmatia; 

clausilium of 
same. 

NothuSy Suhulinay Glessula), Ferimaeia (subg. Cionellay Azeca)y 

Gaeciiiamlla (subg. Geo8tilbia)y Achatina (shell large, ventricose, 
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columella strongly truncate), witli the suh-genera PerideriSj 

Limicolarm, ColnmnUj Pseudacluitina, Homorus, probably belongs 
to a distinct family. 

Fam. 11. AchafAnellidae,—Kadula, p. 234; shell small, buli- 
nioid, indifferently dextral or sinistral. Genera: Achatinella 

(sul)g. Aurlculella, AmaMra, Cardia), Tornatellina, 

Jam. 12. S‘U(‘(‘%neid.cfe,—Tiadula, p. 234; lower pair of ten¬ 
tacles wanting or small; shell internal or external, thin, spiral 
or not, last whorl large. Eocene-. 
Genera: Suremea, Ilojualonyx, Hyedimax, 

(?) LWiotAs, (?) CatAndla. 

Fam. 13. Jandlidae.—liadula,p. 234; 
animal slug-like, no lower tentacles, shell 
an i7iternal plat(;. Single genus, Jaridla 

( = Athormophorns), with subg. Amitm.. 

Fam. 14. Vagintdidae. — Eadula, p. ! 
234; animal slug-like, covered with a 
coriaceous mantle, lower tentacles bifid, 
genital orifices widely separated, male 
behind the lower right tentacle, female 
on inferior median part of right side, 
anus and pulmonary orifice nearly terminal; „ 

, ,, , , T'c 1 Tr • 7 Fin, 298.—Achatina zebra 
shell absent. Single genus, Vaginula Lam., s. Africa, 

( = Veroiiicdla). 

Fam. 15. Omhidiidac.—Body oval, mantle tliick, often warty, 
sometimes set with ''eyes” (p. 187), two tentacles, genital orifices 
widely separate, anus and pulmonary orifice as in Vaginula; no 
shell. Genera: Peronia, Omdiidium, Onchidiella. The family 
appears to be an instance of Pulmonata reverting to marine 
habits of life. 



CIIAPTEll XVI 

CLASSEIH SCAPHOrODA AND PELEOYPODA 

CLASS SCAPIIOPODA 

Head rudimentary, mantle edges ventrally concresceiit, forming 
a tube opciiiing before and beliind, and 
covered with a sliell of the same shape ; sexes 

se})arate. 
The Scaphopoda form a small l)ut very 

distinct class, whose organisation is decidedly 
of a low t}^)e. The l)ody is usually slightly 
curved, the concave side being the dorsal; 
muscles near the posterior end attach the 
body to the shell. The foot, which can bci 
protruded from the anterior or wider aper¬ 
ture, is rather long, pointed, and has some¬ 
times two lateral lobes {Dent(dmm\ some¬ 
times a terminal retractile disc {Si'plwnoden- 

taliuvi), sometiincvs a i*etractile disc with a 
central tcmtacle {Pnhellum). The cephalic 
region, as in T’elecypoda, is covered by the 
mantle. The mouth is situated on a kind of 
projection of the pharynx; the buccal mass, 
containing the radnla (p. 236), is at the 

aperture of mantle; /, i^ase of the foot, and the intestine branches 

i^^^kidneyforward from the front part of the stomach, 

tff*?) The liver (Fig, 299) is paired, and consists 
of a number of symmetrical, radiating coeca. 

There are no eyes, but on each side of the mouth are small 
bunches of exsertile filaments icapimvla), which appear to act as 
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tactile organs for the seizing of food. There is no special respir¬ 
ing apparatus, heart or arterial system, breathing being conducted 
by the walls of the mantle. The ner/ous system has already 
been described (p. 205). 

Two kidneys open on either side of the anus. The genital 
gland is large, occupying nearly all the posterior part of the body, 
the sexual products being emitted through tlie right kidney. 
The veliger has already been figured (p. 131, Fig. 44). The 
embryonic shell is formed of two calcareous laminae, which sub¬ 
sequently unite to form the tube. 

With regard to their general relationships, the Scaphopoda 
resemble the Gasteropoda in their univalve shell, and in the 
possession of a radula; while the pointed foot, the non-lobed 
velum in the veliger, the generative system, the bilateral symmetry 
of the organs generally, and the absence of any definite head, 
eyes, or tentacles, are points which approximate them to the 
Pelecypoda. 

The Scaphopoda are known from Devonian strata to the 
present time. They are found at a depth of a few fathoms to 
very deep water. The only three genera are Dentalium, Siphono- 

dentcdium (subg. Cadulus), and Pulsellum, which difler in the 
structure of the foot, as described above. 

CLASS PELECYPODA 

Cephalic region rudimentary, mantle consisting of two sym¬ 
metrical right and left lobes, covering the body and secreting a 
bivalve shell hinged at the dorsal margin; no radula, sexes usually 
separate. Eeference has already been made to the reproductive 
system (p. 145), breathing organs (p. 164 f.), mantle (p. 172), 
nervous system (p. 205), digestive system (p. 237 f.), and nomen¬ 
clature of the various parts of the shell (p. 269 f.). 

The shape of the shell, in many Pelecypoda, involving as it 
does the position, size, and number of the adductor muscles, is 
probably due to mechanical causes, depending on the habits and 
manner of life of the individual genus. Thus in a typical 
dimyarian or two-muscled bivalve, e.g. My a (Fig. 300, A), the 
adductor muscles lie well towards each end of the long axis of the 
shell, with the hinge about midway between them. In this 
position they are best placed for effectually closing the valves. 
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and since they are nearly equidistant from the axis of motion, i.e, 

from the hinge, they do an equal amount of work, and are about 
equal in size. But in a form like Modiola, where the growth of 
the shell is irregular in relation to the hinge-line, the anterior 
muscle is l)rouglit nearer and nearer to the umbones, where its 
power to do work, and therefore its size, becomes less and less. 
But the work to be done remains the same, and the posterior 
muscle has to do it nearly all; hence it moves farther and farther 
away from the hinge-line, and at the same time gains in size. 
In shells like Ostrea, Pecteri, and Vulsdla, the anterior muscle, 
having drawn into line with the hinge and the posterior muscle, 
becomes atrophied, while the posterior muscle, having double work 
to do, has doubled its size.^ 

The development of the foot, again, largely depends upon habits 

Fia. 300.—Illustrating clianges in the position and size of the adductor muscles accord¬ 
ing to the shape of the shell: A, Mya; B, Modiola; C, Vulsella, The upper 
dotted line shows the hinge-line, the lower connects the two muscles. 

of life. It is well developed in burrowing forms, while in sessile 
genera (Ostrea, Cliama, Spondylus) it becomes unnecessary and 
aborts. Even in Pecten, which does not become sessile, but has 
ceased to use the foot as an organ of progression, a similar result 
follows. Forms which burrow deeply often gape ” widely, some¬ 
times at one end only, sometimes at both. Venus, Doiuix, Tellina, 

Mmtm, which are shallow burrowers, do not gape; Solen, Lutraria, 

and to a less degree Mya, burrow deeply and gape widely. In 
order to burrow deeply the foot must be highly developed, and 
the larger it becomes, the more will it tend to keep the valves 
apart at tlie place where it is habitually protruded. Burrowing 
species always remain in communication with the surface by means 
of their siphons, the constant extension of which tends to keep 
the valves apart at the end opposite to the foot. Burrowing 

^ Compare Jackson, Amer, Nat, xxv, p. 11 f. 
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species, again, tend to burrow in such a way as to descend most 
easily, and not be impeded by their own shells; in other words, 
they act as a wedge, and descend with their narrowest part fore¬ 
most. But the burrowing organ, the foot, has to follow suit, and 
gradually draws round to the narrowest part of the shell, so that 
the habitual deep burrower, such as Lutraria, lies with its long 
axis exactly at right angles to the surface, its siphons protruding 
from, and keeping open, the uppermost or posterior margin of the 
shell, and the foot producing the same effect upon the lower 
or anterior margin. The deeper the burrower, the more elongated 
does the shell become, until, through forms like PholcLS and 
Saxicavay we arrive at SoleUy the most highly specialised burrower 
of all, in which the breadth of the shell is equal throughout, 
and no obstructive curve exists to impede its rapid ascent or 
descent. 

The Pelecypoda have been classified in various ways; by the 
completeness or sinuation of the pallial line, depending on the 
absence or presence of siphons, by the number of adductor 
muscles, by the character of the hinge-teeth, and by the number of 
the branchiae. For various reasons, none of these methods have 
proved entirely satisfactory. That adopted here was suggested by 
Pelseneer, and depends upon the character of the branchiae them¬ 
selves, as suggesting successive stages of development (p. 166 f.). 

Order I. Protobranchiata 

Branchial filaments not reflected, the two rows inclined at a 
right angle (more or less), ventral surface of foot more or less 
flattened, byssogenous apparatus little developed, a single anterior 
aorta, kidneys distinct, sexes separate, each genital gland open¬ 

ing into the corresponding kidney. 
Fam. 1. Nuculidae,—Labial palps very large, rows of branchial 

filaments at right angles to one another, mantle edges open, 
siphons contracted, foot disc-shaped, elongated; shell equivalve, 
oval, or produced, interior generally nacreous, hinge with numerous 
saw-like teeth. Silurian-. Principal genera : Nucula (heart 
dorsal to the rectum); Palaeoneilo (Devonian), (?) Sarepta, Leda, 

Yoldia, Malletia; Tyndaria (Upper Tertiary), (Silurian), 
AcHnodonta (Silurian), Bdbinka (Silurian). 

Fam. 2. Solenomyidae.—Labial palps united, one row of 
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branchial filaments pointing dorsally, the other ventrally; mantle 
edges in great part united postero-ventrally, a single siphonal 
orifice with two very long tentacles, foot prohoscidiform, with a 
round denticulate disc at tlie end; shell etpiivalve, i*esembling a 
Soleiiy with a strong corneous periostracum ; no hinge-teeth, liga¬ 
ment internal. Single genus, Solenomya, (?) Cretaceous-. . 

Order IL Filibranchiata 

Eows of branchial filaments parallel, pointing ventrally, re¬ 
flected, and provided with interfilamentary ciliated junctions, foot 
usually with a well-developed byssogenous apparatus. 

Sub'Order I. Anomiacea.—Heart dorsal to the rectum, a single 
aorta, foot small, anterior adductor very small; shell ostreiform, 
no hinge-teeth, fixed by a calcified byssus traversing the right 
valve (Fig. 173, p. 262). 

Fam. Anomiidae. Jurassic-. Genera: Ammia, Plamma- 

nomia ; Carolia (Eocene), Placuna ; Uypotmna (Jurassie), Placun- 

opsis (Oolite). 
Sub-order II. Arcacea.—Mantle edge open, both adductors 

well developed, heart with two aortae, branchiae free, without 
interlamellar junctions, no siphons; renal and generative aper¬ 
tures distinct. ■ 

Eam. 1. Arcadae.—Mantle edge with composite eyes; shell 
round or trapezoidal, solid, often with stout bushy periostracum; 
ligament often external, on a special area; hinge with numer¬ 

ous lanielliform teeth. Ordovician-. 
Principal genera: Area (incl. Barhatia, 

Scaphula, and C'mullnea)^ heart dorsal to 
rectum; Pectunculus, Glomus, Limopds; 

Trinacria and Nuculina (Tertiary). 
Eam. 2. Trigoniidae,—Foot large, 

hatchet-shaped, with ventral disc; no 
byssus, mantle edge with ocelli; shell 
sub-trigonal, hinge-teeth few, strong; in- 

violet-nacreouA Devonian- 
luUa Lam., Sydney, Genera: Trigonia ; Myophoria and Sehiz- 

odus (Trias), CyrtoTwtm (Devonian). 
SulHorder m. Mjrtilacea.—Mantle edges fused at one point, 

anal orifice distinct, anterior terminal adductor small, one aorta, 
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branchiae with interfoliary junctions, genital glands penetrating 
the side ot tli(i mantle and opening ])y tlie side of the kidneys. 

l^AM. Mytd'ulae.—Byssus well developed, shell more or less 
ecpiivalve, oval, brnad ; hinge-teeth evanescent. Devonian-. 
Ihincipal genera: Mytilu^,^ Myalina, Scptifer, Modiola, Lithodomus, 
Crendlti, Darvydiioti^ Myrina, Idas, Modiolaria, Modiolarca, 

Order III. Pseudolamellibranchiata 

Mantle edges entirely r»pen, foot little developed, anterior 
adductor usually aborted, branchial filaments reflected, with inter- 
Ifuixellar junctions, which are sometimes vascular; genital glands 
opening into the kidneys or close to the apertures of tlici kidneys. 

l^AM. 1. Avivulidae.—Foot long, tongue-shap(5d, byssogenous 
a])paratus well developed, branchiae concrescent with the mantle, 
iiddiictor muscle sub-central, at times a small anterior adductor, 
siphons absent; shell usually 
inetpiivalve, dorsal margin 
straight, often very long, 
winged, lateral teeth much 
prolongxjd ; structui’c of sludl 
cellular, inside prismatic, out¬ 
side nacreous. I^ilaeozoic 
_^ Inlineipal <^enera : ^^2.—Avkula heieroptei'd Lam., Australia, 

^ nr 1 showing the iuequivalve shell and byssal 
A vivid a, including Melen- sinus (6.6). 

ijrbm, Malleus; Vulsella (no 
wings or hinge-teeth); Perna, including Cre.natula, Inneera.mus 
(ligaments in a number of fossettes); Aueella and Moiwtis 
(Palaeozoic and Secondary); Pte.rinaca nwd AmbonycMa 
zoic); Pinim; Avie/idopinna (Carbonifcrt)us). 

Fam. 2. Prasinldae.—Shell very small, umbones anterior, in¬ 
curved, anterior side depressed, hinge-teeth replaced by dentiform 
projections of the lunule fitting into corresponding grooves. 
Ilecent. Single genus, Prasina, 

Fam. 3. Ostreidae,—Heart generally ventral to the rectum, 
branchiae concrescent with the mantle, no byssus; shell inecpii- 
valve, fixed by the left valve, fonn irregular. Jurassic-. 
Genera: Ostrea; Heligmus (Oolite), Naiadirm (Cretaceous), Pern- 

ostrea (Jurassic). 
Fam. 4. Pectinidae,—Byssus usually absent, mantle edge open, 

VOL. Ill 2 G 
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duplicated, folded back, with pallial ocelli; brancliiae not con- 

cres(ieiit with the mantle; shell 

with unequal ears'' at the umbo, 

liinge-teeth lamelliforin, often ob¬ 

scure. Silurian-, Principal 

genera: Fednin, ChlimySy HinniteSy 

Kemipecten, Amvssum, Fevkn; Avi- 

cidopecten (l^ilaeozoic), Cmiipecien. 

Pam. 5. JJmidae.—Mantle edge 

as in Feeteri, tentaculate; shell 

sub-e([uivalve, eared, fixed by a 

byssus or free. Carboniferous-. 

(reiiera : Jyima (Fig. 85, p. 179). 

Limed. 

Fam. C. Spondylidac,—Foot with 

a peduncular a.p])endage, no 

byssus, numerous pallial ocelli; shelf fixed by 3’ight valve, 

surface often very spinose, two cardinal teeth in t^ach valve. 

JiTOSsic-. Genera: Flicntula, Spondylns; Tmpuemia (Lias). 

Fig. 303.- -Pecien paUiim L., East 
Indies. 

Fia. 301. — Spondyhis 
petrosdlnum Sowb., 
Mauritius ; on a coral. 

Fam. 7. Bimyidm.—Shell ostreifom, fixed, hinge with or 
without symmetrical teeth, two muscular impressions. Single 
genus, JHmya (Tertiary). 
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Order IV. Eulamellibranchiata 

Mantle edgc^s united at one or more points, branchiae with 

interfilaiiientary jhmctioiis wliicli are always vascular, genital 

glands not opening into the kidneys, usually two adductor 

muscles. 

Sub-order I. Submytilacea.—Mantle edges more or less open, 

anal oriticxi distinct, usually no siplions, pallia! Ihu) usually simple, 

cardinal and lateral te(ith well marked. 

Fam. 1. Carditidae.—Foot with a l)yssus or groove, branchiae 

large, une(|ual; sliell eqnivalve, solid, radiately grooved, one or 

two obli(pie cardinal teeth, one or two laterals. Silurian-. 

J^rincipal genera: Vcnr.ricardui, Ckmlitu, CardlicUa, Carditopsls, 

Milneria ; Pleurojihor}^ (Palaeozoic), Amdontopsis (Silurian). 

Fam. 2. Astartidac.—A short anal siphon, labial palps large; 

sljell triangular, thick, ligiament external, hinge with two or 

three cardinals in each valve, laterals obscure. ? Devonian-. 

rrinci])al genera: Adartc; Pachytypivs (Jurassic), Plesiastartc 

(Eocene), Parastarte, Woodia, Opls (Secondary strata), I^rosocoelus 

(Devonian). 

FAM. 3. Crassatellidac,—Mantle with anal orifice or open; 

shell ecpiivalve, tljick, subtriangular, ligament in an internal fos- 

sette,hinge with two cardinals, laterals produced. (Jretaceous-. 

Principal genus, CvKmddla, 

Fam. 4. Cardiniidae.—Shell e(piivalve, oval or triangular, 

ligament external, cardinal teeth small, laterals fairly strong. 

Devonian-Oolite. Principal genera: Cardiniay Anihrcwosia, 

Carhonicola, A noplopkora, 

Fam. 5. Cyprinukic.—Anal and branchial orifices complete, 

papillose, foot thick; shell variable, equivalve, 

thick, umlx)nes often spiral, hinge teeth very 

variable, ligament external. Jurassic-. 

Principal genera: Cyprina; Pygocardia{Qv^^y 

Veniella (Cretaceous), Venilicardia (Second¬ 

ary strata), Anisocardia (Jurassic), Isocardta, 

Lihitina, Coralliophaga; Basterotia (Eocene). 

The families Pachydomidae (Palaeozoic) and r 4. t 

Megalodontidae (Palaeozoic—Secondary) are. Reeve, China, 

probably related to the Cyprinidae. 

Fam. 6. AetheTiidae,-—Anal orifice complete, foot absent, labial 
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palps large; shell irregular, free or fixed, no hinge teeth. 
Fluviatile, recent only. Genera: Aetheria, Mulleria, Bartlettia, 

Fam. 7. Unionidae.—Foot large and thick, no byssus, anal 
siphon short, branchial orifice complete or not, siphon present or 
absent, embiyo of certain groups passing through a glochidium 

stage (p. 146); shell equivalve, sometimes very thick, nacreous 
within, hinge variable. Fluviatile. Jurassic-. Principal 
genera: Unio (subg. Arconaia), Monocondylaea, Pseudodon, Am- 

donta, Solenaia, Mycetopus, Mutela, Spatha, Syria, Castalia, Leila. 

Fam. 8. Preissensiidae.—Both siphons prominent, foot tongue¬ 
shaped, byssiferous; shell inytiliform, with small internal septum. 
Genera: JDreissensia; Dreissensiomya (Tertiary). The common 
Dreissensia polymorpha Pall, was distributed over large parts of 
Europe in later Tertiary times. From unknown causes it died 
out, and has during the past two hundred years been regaining its 
position, migrating N. and W. from its original habitat, the 
Caspian, by the Volga and its Oka confluent. 

Fam. 9. Modiolopsidae.—Shell mytiliform, ligament exterior, 
hinge teeth small, rather numerous. Palaeozoic-. Principal 
genera: Modiolopm, Cyrtodonta, Mytilops, Ptychodesma, 

Fam. 10. Lucinidae.—Anal orifice sometimes with a siphon, 
branchial orifice complete or not, sometimes a single branchia; 
foot very long, vermiform, no byssus, anterior adductor long; 
shell rounded, equivalve, blanched, hinge with two cardinals and 
two laterals in each valve, sometimes toothless, ligament more or 
less internal. Silurian-. Principal genera: Lucina, Corhis, 

Axinus, Diplodonta, Montacuta, 

Fam. 11. Ungulinidae,—Anal orifice complete, foot vermiform, 
no byssus, two branchiae; shell equivalve, subcircular, hinge 
teeth variable, no laterals, adductor impressions long, continuing 
the pallial line. Tertiary-. Single genus, Ungulina. 

Fam. 12. Unicardiidae.—Shell equivalve, round or oval, 
cardinal shelf large, a single cardinal in each valve, ligament 
external. Carboniferous — Cretaceous. Genera : Unicardium, 

Scaldia, Psevdedmor^dia. 

Fam. 13. Kellyellidae.—Anal siphon prolonged, no marked 
branchial orifice; shell very small, oval or round, anterior lateral 
very strong, under the cardinal Eocene-Genera: Kelly- 

eUa; AUopagus and Lutetia (Tertiary), Turtonia. 

Fam. 14. Eryeinidae,—Mantle ^ges with three apertures, 
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branchial orifice on the buccal margin, foot long, broadened, with 

a byssuH, animal usually viviparous. Tertiary-. Genera: 

Eryv/inaj Kellicty Fytlhiim^ Lobsaeay Le/pton, 

Fam. 15. OaUommiilm,—Mantle edges more or less reflected 

over the sliell, apertures and foot as in Erycinidae; shell thin, 

equilateral, hinge with few teeth or none. Tertiary-. 

Genera: Galemmma, {^cintillay (^portella, Chlamycloconcha, Hinds- 

iellity Hplivppodontft (Fig. 32, p. 81). 

Fam. 1G. Cyrenidae.—Siphons short, foot large, no byssus; 

shell equivalve, subtriangular, with periostracum, hinge with two 

or three cardinals, laterals present; animal hermaphrodite, 

viviparous. Fresh or brackish water. Jurassic-. Genera: 

Cyrenay Corlmula (subg. Batissay Veloritbi), Spliaervmti ( = Cyclas\ 

Blsidiumy GalateUy Fischeria. 

The families Cyrenellidm (single genus Cyrenella) and 

Bmiyiidae (single genus Emigia) are probably to be placed here. 

Sub-order II. Tellinacea.—Siphons long, separate, foot and 

labial palps very large, pallial sinus deep, two adductor muscles. 

Fam. 1. Tellinidae.—External branchial fold directed dorsally, 

foot with byssogenous slit, but no byssus, branchiae small; shell 

comi)resse(l, equivalve, ligament external, at least two cardinals 

in each valve, laterals variable. CJretaceous-. Principal 

genera: Tellina (with many sections), Gastram, 

Fam. 2. Scrohiculariidae,—Animal as in Tellina ; shell orbicu- 

late or long oval,equivalve, 

hinge teetli weak, liga¬ 

ment in an internal cavity. 

Tertiary-. Prin¬ 

cipal genera: Scrohicn- 

larifty Byndosmyay Theora, 

Cumi ny uiy Se m cle. 

Fam. 3. Donbuidae.— 

External branchial fold fici. 306—Hanl, East Indies, 

directed ventrally; shell 
equivalve, subtriangular, solid, smooth, two or three cardinals in 
each valve, laterals variable, ligament external. Jurassic- 

Genera; Donax, Iphigenia, Isodonta. 
Fam. 4. Tancrediidae.—Shell donaciform, ligament external, 

pardinalH usually two in each valve, posterior laterals strong. 
Xrias-Genera: Tancredia (Secondary strata), Hemidonax. 
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Tam. 5. Cwrdiliida^,—Shell heart*sliai)ecl, hinge as in Mactridae, 

posterior adductor resting on a myophore or shelf. Single genus 

Cardilia. Tertiary-. 

Fam. G. Me.sodesiaatidae,—Mantle edges lai'gely united, with 

three orifices, foot l)yssifer<)us t)r not; shell regular or irregular, 

usually one cardinal and strong lateral te(4/h. Tertinry-. 

(Jenera: Mrsodesma, Ervilia. 

Fam. 7. Miufrldar.—External branchial fold directed ven- 

trally, siphons fused, foot tongue. - sha]>ed; shell equivalve, 

triangular-oval, hinge with ligament in an internal fossette, 

another portion external, a bifure^ited cardinal tooth in tlie left 

valve, fitting into a l)ranching tooth in the riglit valve, latenils 

present. Jurassic-. (lenera: Mavira, HarreUa, lltd'fd, 

Easton ia, Heterocardia, Vanganella. 

Sub-order III, Veneracea.—Branchiae slightly folded, foot 

compressed, siplnais generally short, pallial line •v'ai‘iable, two 

adductor muscles. 

Fam. 1. Veneddae,—Siphons free or partly united, foot 

seldom byssiferous; shell solid, equivalve, hinge usually with three 

cardinal teeth, laterals variable. 

J urassic-. 1 hdncipal genera: 

CythcTCM., Circe ; GratcUnqda^ (Ter¬ 

tiary), Me.roe, Dosinia ( = Artemis), 

Cyprimeria, Cyclinay Venus, Clem- 

entla, Lminopsis; Thetis (Creta¬ 

ceous), Tapes, Venernpis. 

Fam. 2. PetricolUhie,—Animal 

’ perforating rocks ; shell oval, 

slightly gaping Iwhind, two or three cardinals, no Ifiterals, 

pallial sinus well marked. Eecent-. Genera: Peti-icola, 

Naranio. 

Fam. 3. Glaucomyulm.—Siphons long, united, foot small; 
shell produced, thin, hinge with three cardinals, no laterals, 
pallial sinus well marked, lieceut. Genus, Glawomya (inch 
Tanysiphon). 

Sub-order IV. Cardiacea.—Branchiae much folded back, 
mantle edges with three apertures, foot cylindroidal, more or less 
produced, siphons present or absent, one or two adductor muscles, 
pallial line variable. 

Fam. 1. Cwrdiidae.—Siphons rather long, foot long, no 
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Fifl. 308. — Cardiuin [Hemicar- 
ifmin) cardissa L., East Indies. 

byssus; .shell etiuivalve, more or less radiately ribbed, binge with 

one or two cardinals in each valv(*., laterals variable, ligament ex¬ 

ternal, two adductors. Bi’ackisli water or marine. Devonian-. 

(lenera: By^iHomrdmm and Lithocanlriim (Tertiary), Oono-^ 

cardimn (Pala(HJZoic), Oard'innh (with 

many sections, imduding Jlmdmr- 

dinm)j JAmmmirddum (su])g. Dldarna, 

Monodmna, Adavtia). 

Fam. 2. JAmulwardiidar. — Shell 

eciuivalve, very inequilateral su])tri- 

angular, anterior margin short or trun- 

(*rite<l, with a dee}> lunide. Single genus, 

Lu'UMh(‘(trdn()n> (l\ilaeozoi(‘). 
Fam. Trid(U‘iiid.(((\—Mantle ori¬ 

fices widely se})arated, foot short, bys- 
siferous, no anterior adductor; sliell 
equivalve, lai'gi*-, thic'k, usually gaping 
in front, one (ardinal tooth jind one or two ])Osterjor laterals in 
each vah e, no ])allial sinus. Miocene-. Genera: Trldania^ 

IfvppopHs. Tlie muscular power of the great Tridama is immense. 

Once caught bc^tween their gaping valves, a Juan's baud or foot 

can scarcely be withdrawn. Two valves of T. yujas in the British 

Museum weigh respectively 154 and 150 Hjs. 

Fam. 4. Ckamidae.—Mantle orifices widely separated, foot 

short, no byssus, both adductors jjresent, ovary invading the 

mantle lobes; shell fixed, irregu¬ 

larly ineciuivalve, iimbones spiral, 

ligament external, cardinal teeth 

often a mere ridge, anterior lateral 

strong, nearly central, no pallial 

sinus. J iirassic-. Genera: 

Chama; Diceras (Jurassic), attached 

by one umbo, umbones very promi¬ 

nent, teeth strong; JTeferodieeras 

rm.S09.-l^Requimmmnmo,miGom., (Jurassic), Ecqnimia (Cretaceous). 
Neocomian, x B, nip}niriies left valvB widely Spiral, attached 
carnu-mcdnum GoWf., Cretaceous. . .1 1 • i i 1 11 

x-i. «.rigi.t valve;/.point of fix- V umbo. right Yalve smaU. 
ture. (Prom Zittei.) fitting Oil the other as an oper¬ 

culum, teeth obsolete; I'oucada^ Aprictvrdia^ McCtheronia (all 

Secondary strata). 
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The four succeeding families require special study in a work 
on Palaeontology. 

Fam. 5. Monopleuridae.—Shell very inequivalve, left valve 
operculiform, right conical or spiral, fixed at the apex, ligament 
prolonged in external grooves. Cretaceous-. Genera: 
Monopleura, Valletia. 

Fam. 6. Caprinidae.—Shell very inequivalve, thick, free or 
fixed by apex of right valve, which is spiral or conical, left valve 
spiral or not, often perforated by ludial canals from the umbo to 
the free margin. Neocomian and Cretaceous-. Principal 
genera: Plagioptychus, Cafrina, Ichthyosarcolites, Caprotina, 

Polyconites. 

Fam. 7. Hippuritidae ( = Pudistae).—Shell very inequivalve, 
externally as in Caprinidae, umbo central in left valve, no liga¬ 
ment proper, left valve with strong hinge teeth and grooves, two 
adductor impressions on prominent myophores, shell structure 
of the two valves differing. Cretaceous only. Single genus, 
Hippurites (Fig. 309, B). 

Fam. 8. Itadiolitidae.—Shell inversely conical, biconical, or 
cylindrical, general aspect of Hippurites, umbo of left valve 
central or lateral, right valve with a thick outer layer, often 
foliaceous, umbonal cavity partitioned off by laminae. Cretaceous 
only. Genera: Eadiolites, Biradiolites. 

Sub-order V. Myacea.—Branchiae much folded back, mantle 
edges usually with three openings, foot compressed, siphons large, 
united or not, two adductor muscles, pallial line variable. 

Fam. 1. Psammobiidae,—Siphons long, not united, foot large, 
not byssiferous; shell equivalve, long, oval, slightly gaping at 
the ends, ligament external, prominent, two cardinal teeth in 
each valve, no laterals, a deep pallial sinus. Jurassic-. 
Genera: Psammobia, Solenotellina, Sanguimlaria, Asaphis, JElizia, 

Quenstedtia (Jurassic). 
Fam. 2. Myidae,—Pedal orifice small, siphons long, united in 

great part; shell inequivalve, gaping at one or both ends, perio- 
stracum more or less extensive, ligament internal, resting on 
a prominent shelf; hinge teeth variable. Cretaceous-. 
Genera: Mya, Tugonia, Sphenia, Gorbula, Lutraria (for-.which 
latter some propose a separate family). 

Fam. 3. Solenidae,—Foot long, powerful, more or less cylindri- 
cal, no byssus, siphons usually short, united or not, branchiae 
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narrow; shell equivalve, long and narrow, gaping at both ends, 

with periostracuni, umbones flattened, ligament external, hiiige 

teeth variable. ? Devonian-. Genera: Solecurius, Fharella, 

PharuSy Cultcllmy Siliquay Pnais, Solcny 

Ortlionota (?), Palaeosolen (?). 

Fam. 4. Glycimeridae.— Pedal orifice 

very narrow, siphons long, united in great 

part, often covered with ])eriostracum; 

ijliell more or less equivalve, ga})ing at 

both ends, hinge toothless or with two 

weak cardinals, ligament external; animal 

free or perf(n‘ating. Cretaceous-. 

Genera: O/ycimcriH, SaxuMvay Cyrtodaria, 

Fam. 5. OaHtrockaenidm.—Foot small, 

cylindrical, no byssus, l)ranchiae narrow, 

siphons long ; shell perforating or 

cemented to a slielly tube, gaping widely 

on the anterior and ventral sides, no 

hinge teeth, a deep pallial sinus. Cre- 

taceons-. General: Gastrochamay 

Fintulana (tube with a median dia])hragm, 

])erforated by the siphons). 

Sub-order VI. Pholadacea.—Mantle 

edges largely c1os(mI, siphons long, united, 

foot short, trunc‘.ated, disc-shaped, liga¬ 

ment absent, two adductor muscles; 

animal perforating. 

Fam. 1. PJiol(tdidae. — Organs con¬ 

tained within the valves, ctenidia 

prolonged into the branchial siphon, 

shell more or less gaping, thin, dorsal 

margin in part reflected over the um¬ 

bones, one or more dorsal accessory pieces, pn,. s^o.—Tnedo namiis L.; 

no hinge teeth, an interior apophysis p'''p!uietf/^ss ^ 
proceeding from the umbonal cavity. (After Moblus.) ’ 

Jurassic-. Genera: Pholas, Talonay 

Pholadidea (posterior extremity of the valves prolonged by a 

corneous appendage, a passage to the long tube of Tered6)y 

Jouannetiai JCylophaya, Martesia; Teredina (Eocene). 

Fam. 2. Teredinidae — Animal vermiform, ctenidia mainly 
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within the brancliifil siphon, siphons very long, with two cal¬ 

careous appendages pallets ”) near the anterior end, shell very 

small, continued into a long calcareous tub(^, valves deeply notched, 

internal apophysis as in Pholadidae. Lias-. Single 

genus. Teredo (Fig. JLIO). 

Sub-order VII. AnatinaiCea.—External branchial fold directed 

dorsally, not reflected, sexes united, ovaries and testes with sepa¬ 

rate orifices, mantle edgtis largely united, byssus usually absent, 

two adductor muscdes, pallial line varialfle, shell usually nacreous 

within. 

Fam. 1. Pandoridae,—Siphons short, largely united, foot 

tongue-shaped; shell free or fixed, inecpiivalve, semilunar, or 

subtriangular, ligamcmt often with calcart^ous ossicle, pallial line 

_ complete or with slight sinus. 

Ch'etaceous-. Genera : Pan- 

dor My odor fly Myochatna. 

Eaivi. 2. Chamodreidae.—Shell 

fixed, 67/{^//nf-like, thick, umbones 

spiral, ligament with ossicle. 

Single genus, Chawosfrea. 

Fam. 2. VertieordUdae, — 

Siphons not ])rolonged; shell 
heart-shaped, umboiies ])roininent, 
spiral, ligament with an ossicle. 

Fig. ZW.—Myochmia Stutchhmri A, pallial line Complete. Miocene 

tL., Mo“tu bX. = Verticordia. 
My til im er iay Lyo nsieMa. 

Fam. 4. LyonsUdae.—Foot short, byssiferous, siphons short, 

se])arate, sliell inequivalve, hinge teeth usually absent, ligament 

and ossicle in an internal groove. Eocene-. Single genus. 

Zyonsin, 

Fam. 5. Ccromyidae.—Shell inequivalve, large, heart or wedge- 

shaped, hinge toothless, ligament internal in one valve, external 

in the other. Secondary strata-. Genera: Ceromya, Gresslya, 

Fam. 6. Arcornyidae.—Shell equivalve, thin, surface finely 
granulated, hinge toothless, cardinal edge dentiform, ligament 
external. Secondary and Tertiary strata-. Genera: Arcomya, 

Goniomyat Pleuromya, Mmhomya, 

Fam. 7. Anatinidae.—fourth (? byssal) pallial orifice, siphons 
long, separate or fused; shell thin, sometimes inequivalve, exterior 
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often granulose, ligament often with ossicle, hinge toothless or 
with lamellae. Jurassic-Genera: Anatina, Plectomya 

(Secondary), Periploma, OocModesma, Thrmia, Tyleria, Alicia, 

Astlienothaerus, 

Fam. 8. GrammysUdae.—Shell equivalve, oval, ligament 
external, cardinal margin straight, toothless, pallial line complete. 
Palaeozoic-. Principal genus, Grammysia, with many other 
genera of tootliless hinge, but whose exact affinities are uncertain. 

Fam. 9. Praecardiidae—Shell thin, equivalve or not, radiately 
ribbed, margins dentatcd, subumbonal area as in Area, hinge 
toothless. Palaeozoic-. Piincipal genus, Praecardium. 

Fam. 10. Pholadomyidae,—A fourth pallial orifice, siphons 
very long, united, foot small; shell thin, equivalvx*, witli radiating 
ribs, ligament cxteimal, hinge toothless, pallial line sinuate. 
Jurassic-. Single genus, Pkoladomya. 

Fam. 11. Clavagellidae,—Foot rudimentary, siphons long, 
united, contained in a long calcareous tube; shell small, one or 
both valves soldered in the tube, tube with a centrally fissured 
disc at the anterior end, more or less frilled at the posterior 
end. Cretaceous-. Genera : Clavagella, Brechites (= Asper¬ 

gillum). 

Order V. Septibranchiata 

Mantle edges united at three points, branchiae replaced by a 
muscular septum extending from the anterior adductor to the 
point of separation of the siphons, septum with symmetrical 

orifices. 
Fam. 1. Poromyidae.—^Branchial septum with groups of 

lamellae between the orifices, labial palps large, foot long and 
narrow, siphons short, papillose, separated, animal hermaphrodite; 
shell small, slightly inequivalve, rounded or oblong, nacreous 
within. Eocene-. Genera : Poromya, Silenia. 

Fam. 2. Cuspidariidae.—Siphons long, united in part, foot short, 
animal dioecious; shell small, slightly inequivalve, rostrate, not 
nacreous, each valve with ligamentary cartilage spoon-shaped, with 
a calcareous ossicle, cardinal and lateral teeth present or absent. 
Jurassic---Single genus, Cuspidaria, with many sections. 
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Introduction 

The group Brachiopoda owes its chief interest to the immense 
variety and great antiquity of its fossil forms. Whereas at the 
present time the number of extant species amounts to but about 
120, Davidson in his admirable monograph^ on the British 
Fossil Brachiopoda has enumerated close upon 1000 fossil species, 
found within the limits of the United Kingdom alone. 

The amount of interest that the group in question has 
excited amongst naturalists is evinced by the invaluable Biblio¬ 
graphy of Brachiopoda, prepared by the same author and his 

friend W. H. Dalton.^ This monument of patient research con¬ 
tains over 160 quarto pages, each with the titles of from 

eighteen to twenty separate papers dealing with Brachiopods, 
published between the years 1606 and 1885. 

Probably the first reference to Brachiopods in zoological 
literature is to be found un a work entitled Aqmtilium ei 

Terrestrnun aliquot Animalium, published in the year 1606 by 
Prince Fabio Colonna at Rome. This work contains the first 

description of a Brachiopod under the name of Gomha diphya. 

In a second edition, which is not so rare in our libraries as the 

1 **A Monograph of the Biitish Fossil Brachiopoda,” Palaemtographical Society^ 

London, vols. i.-v, 1861-84. 

» jm. vol vi. 1886. 
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first, the author mentions three more species of Brachiopods. 
Towards the end of the same century, Martin Lister of Oxford, 
in his Historia sive Synopsis metliodica ComTiyliorum, which 
appeared in parts, described and figured a considerable number 
of Brachiopods, which, under the name of Anomia, were until 
the present century regarded as Molluscs, and placed in the sub¬ 
division Pelecypoda (Ijamellibranchiata). 

The first satisfactory figure and description of a Terelratula 

were published in the year 1766, in Pallas* Miscellanea Zoologica, 

still under the name Anomia. In 1781 0. F. Muller figured a 
Crania under the name Patella anomala, the generic name being 
subsequently altered by Cuvier into Orlicula. 

Brugui^re in the year 1789 was the first to recognise the 
relationship between Lingula and the other Brachiopods. He 
for the first time saw the stalk of this genus, and compared it 
with that of the stalked Barnacles, a class of animals which has 
been more than once associated with our group. 

Cuvier, in his Mdmoire sur VAnatomic de la Lingule, 1797, 
gave the first account of the internal anatomy of a Brachiopod. 
The same naturalist first described the nephridia, although his 
mistake in considering them lateral hearts was not rectified until 
the middle of the present century, when Huxley pointed out that 
these structures serve as excretory ducts for the genital products. 

Dumdril in 1807 proposed the somewhat unfortunate name 
of Brachiopoda and although efforts have been made by 
de Blainville, who suggested Palliobranchiata, and more recently 
by Haeckel, who proposed Spirobranchiata, to arrive at a name 
which would be both grammatically and physiologically more 
correct, the older name has maintained its position, and is now 
universally in use. 

In 1834 and 1835 Professor Owen published the results of 
his researches into the anatomy of the Brachiopoda. He investi¬ 
gated in these years the structure of Waldheimia flavescens, of a 
species of Lingula and of a Discina, called by him Orhicula, He 
regarded the group as midway between the Pelecypoda and the 
Ascidians. The structure of Lingula was further investigated 
by Carl Vogt, who in 1851 also supported the view that the 
Brfiuihiopoda were related to the Mollusca. But already in 1847 
and 1848 Steenstrup had thrown doubts upon this relationship, 
and had maintained that the Order vra& more closely related 
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to certain members of the Chaetopoda, a view which afterwards 
found its ablest supporter in the American naturalist Morse. 

iJ'Orbigny seems to have been the first observer who drew 
attention to the resemblances alleged to exist between the 
Brachiopoda and the Polyzoa, and Hancock, in his masterly 
works On the Anatomy of the Fresh-water Bryozoa (Polyzoa) and 
in his Organisation of the Brachiopoda, dwelt on these resem¬ 
blances, and placed the Brachiopoda between the Polyzoa on the 
one hand and the Ascidians on the other; a collocation which 
subsequently resulted in their inclusion in the now discarded 
group of Molluscoidea. 

In 1854 Huxley^ published what is, with the possible 
exception of Hancock’s monograph, mentioned above, the most 
important work upon the anatomy of the Brachiopoda with 
which we are acquainted. He corrected numerous errors of his 
predecessors and added many new facts to our knowledge of 
the group. He was the first to describe the true nature of the 
lateral hearts of Cuvier, and to describe the true heart, afterwards 
so carefully figured by Hancock. 

A further step was made in 1860 and 1861 by the discovery 
and description of the larvae of Brachiopoda, by F. Muller and 
Lacaze-Duthiers. Since that time we owe what little advance 
has been made in the embryology of the group to the researches 
of Morse and of Kowalevsky. 

Modern methods of research—section cutting, etc.—were 
first applied to the group by the Dutch naturalist, van 
Bemmelen,^ from whose admirable historical account of our know¬ 
ledge of the group mfiny of the above facts have been gathered. 
These methods have thrown considerable light upon the histology 
of the group, but have not added very much to our knowledge of 
the structure or the affinities of the Brachiopoda. The modern 
views as to the latter point may be best discussed after some 
account of the anatomy of the various genera has been given. 

The SheU 

The body of a Brachiopod is enclosed within a bivalve shell, 
j but the two halves are not, as they are in the Pelecypoda, 

1 Contributions to the Anatomy of the Bratchiopoda,” Proe, Hoy, Soc,yvol vii. 
2 “ Untersuchungen iiber den anatomischen u. histologischen Bau der Brachio 

poda Testicardinia,*/cnaiscAe voL xvi., 1883. 

VOL. Ill 2 H 
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one on each side of the body, but occupy a different ‘ position 
with regard to the main axes of the body.' What this position 
is, has formed the subject of a good deal of discussion. For our 
pui7)ose, however, it will suffice to distinguish the two valves by 
the most commonly accepted terms of dorsal and ve7itraL The 
former is, as a rule, the smaller of the two, and usually lies 
on the lower surface of the animal in life. Adopting the orienta¬ 
tion indicated above, the stalk by means of which the Brac*hio- 
poda are attached to the rocks and stones, etc., upon which 
they live, becomes posterior, and the broader edge of the two 
shells, which are capable of being opened to some extent, is 
anterior. 

The posterior end of the shell usually narrows, and the 
ventral valve projects l)ehind the dorsal, and may be produced 
into a sort of beak or funnel, through the aperture of which tlie 

Fia. 312.—Four specimens of 
Terebraiulina caput serpen- 
tis, attached to a water¬ 
logged piece of wood, from 
the Clyde area. 

stalk protrudes. This aperture may be comideted by the ventral 
shell, or the latter may only be notched, in which case the hole 
is completed by the posterior edge of the dorsal shell. 

The nature of the shell has been used in classifying the 
group into two orders:— 

I. The Ecardines, whose shell is chitinous but slightly 
strengthened by a deposit of calcareous salts. There 
is no hinge and no internal supports for the arms. 
The alimentary canal terminates in an anus. 

II. The Testicardines, whose shells are composed of calcareous 
spicules. The valves are hinged together, and there 
is usually an internal skeleton supporting the arms. 
There is no anus. 

The outside of the shell of recent Brachiopods is often smooth, 
but many are ridged. In a recent species, Bhymhonella Doder- 
leini from Japan, Davidson^ has described a number of spines 

^ ‘'On a liWhg^Spinose from Mag, NaJt, 5th 
Ber. roh xvil 18S5. 
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arranged in concentric circles on the ribbed shell. They are not 
so long as the spines irregularly scattered on the shell of Eh, 

spinosa from the Jurassic formations. Some shells are brightly 
coloured, as, for instance, the various species of Gistella which 
live on the coralline rock in the Mediterranean; these exhibit 
bands or rays of alternate orange and bright pink. On the 
other hand, the shells of Terehratida vitrea are of a slightly trans¬ 
lucent white, and of the utmost delicacy.^ They are very large, 
so tliat the cavity within the valves is of much greater size than 
the l)ody of the animal, but in other genera the soft parts are 
packed very closely, and there is but a very small mantle-cavity 
or space within the shell unoccupied by the body of the animal. 
It is, however, more common for the shells of r)rachio])ods to be 
(d‘ a dull yellowish colour, and to be somewhat massive. Most 
species ai-e attached by a x»edicle or 
stalk to some rock or stone at the 
bottom of the sea, but in some, as in 
(kanidy the ventral valve becomes 
closely adherent to its support, so 
much so that it is dilhcult, or impos¬ 
sible, to remove the animal without 
leaving the ventral valve behind. 
Lingulay like Crania, one of the 
Ecardines, lives in sand (Eig. 321, 
p. 483), and does not use its long 
pedicle to adhere to any fixed object. 

Fia. 313.—Three specimens of Oa- 
nia anomala ou a stone dredged 
in Loch Fyne. The topmost 
specimen is seen in profile. 

The outline of the shell varies extremely. It may be almost 
roumkor prolonged along either axis; the edges of the valves 
may be smooth or fluted in correspondence with the ridges and 
grooves of the outside of the shell. 

On the inner surface of the shell of the Testicardinate Brachio- 
poda, at the hinder end of the ventral valve, are two lateral 
teeth, which fit into corresponding sockets in the dorsal valve. 
These form a hinge, which in many cases is so arranged as to 
permit the shell to be opened to only a very limited extent. 
There are also certain plate-like processes which project into the 
lumen of the shell, and help to support various portions of 
the body; and in Terehratvla, Waldheimia, etc., these form a 
complicated band-like loop, which increases in complexity with 
•advancing age, and serves to support the arms. In the extinct 
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Spirifera the internal skeleton takes the form of two spirally 
coiled lamellae, which almost entirely fill the cavity of the shell; 
the apices of the spirals point outwards (Fig. 330). The inner 
surface of the shell also bears the marks of the insertion of the 
numerous muscles which govern its movements. 

Microscopic examination of thin sections of the shell shows 
that it consists of small prisms or spicules of calcareous sub¬ 
stance, whose long axis lies, roughly speaking, at right angles to 
the surface of the shell. These spicules are held together by 
an organic matrix, in which, however, no cellular elements can 
be detected. In sections made through a decalcified shell the 
position of the spicules which have been dissolved by the acid is 
indicated by spaces, and the matrix remains as a network of fibrils, 
which end on the outside in a thin cuticular layer of organic 
matter. In Lingula and Discina the organic matter takes a 
much larger share in the formation of the shell, which in these 
genera consists of a number of alternating layers of horny and 
calcareous matter. The former is described by Gratiolet as 
fibrillated, the fibrils being obliquely placed, whilst the latter 
consists of a number of small prisms set at right angles to the 
surface of the shell. 

In many genera, as in Terebratula, Terebratella, Cistella, 
Waldheimia, Crania, etc., the shell is pierced by a number of 
small canals (Fig. 314), which in the dried specimens form so 
many open pores, but in the living animal contain prolongations 
of the mantle or body wall which secretes the shell. Tliey con¬ 
tain extensions of the layer of epithelial cells which lines and 
secretes the shell The canals come to the surface and at 
their outer end are often slightly swollen. They are closed by 
the cuticular layer which is mentioned above as covering the shell 
externally. They are not found in the loops or other internal 
processes of the shell. In Crania the canals depart to some 
extent from the usual type; instead of running a straight course 
to a somewhat swollen outer end, they break up into a number 
of very fine branching tubules, which form a very minute mesh- 
work near the surface of the shell These fine branches con¬ 
tain protoplasmic fibrils, which have their origin in the epithelial 
cells which lie in the tubules. 

By carefully counting the number of tubules in a given area 
of young and old specimens of WMheimia cranium, van Bern- 
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meleii ^ was able to show that the spaces between the tubules 
did not increase with age. He therefore reasoned that the shells 
of Brachiopoda do not increase by intussusception, and that their 
increase in size must be entirely due to additions made round 
their free edge. 

The function of the tubules has been a matter of some dis- 
cussion. They have been regarded as respiratory organs, but it 
would seem more reasonable to suppose that they serve as organs 
to supply nourishment, etc., to the organic matrix of the shell.^ 

With the exception of the genus Crania^ it is usual for 
Brachiopods to bear round the edge of their mantle rows or bundles 
of chitinous setae or bristles (Figs. 315 and 319). The length and 
arrangement of these structures vary in the different species; they 
are secreted from little pits in the edge of the mantle. It seems 
probable that they serve to some extent as organs of defence, 
especially in the larva, where they make their appearance at an 
early stage; possibly they also serve as a filter, and prevent the 
entrance of foreign bodies into the shell. Their presence has 
been taken to indicate a certain degree of affinity between Brachio¬ 
pods and Chaetopods, since setae are very characteristic of the 
last-named group. 

The Body 

The shell of a Brachiopod is secreted partly by the general 
surface of the body which is situated at the hinder end of the 
shell, and partly by the two leaf-like extensions of the body, 
which are termed the dorsal and ventral mantles. These are, in 
fact, folds of the body wall, and into them the body cavity and 
certain of its contents, such as the liver and generative glands, 
etc,, extend. The space between the two folds of the mantle, 
which is limited behind by the anterior wall of the body, is 
termed the pallia! or mantle cavity. On each side of the middle 
line the anterior wall of the body is produced into two arms,” 
which occupy as a rule a considerable part of the mantle cavity. 
These arms may be but flattened portions of the general body 
wall, which occupies a large part of what in other genera is the 

1 hoc, cU, p. 466. 
* Shipley, On the Structure and Development of Argiope,” MiU, am d. Zoot 

Siat zu Nea^* Bd. iv. 1883. 
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mantle of the dorsal valve, as in Cistella and Argiope ; ^ or they 
may be outgrowths of the body wall in the form of long processes, 
which are coiled and twisted in a very characteristic manner in 
the various genera. In any case the cross section of the arm 
shows a groove, one side of which forms a continuous lip, and 
the other takes the form of a single row of tentacles, wliicli are 

Fia. 314.—View of tlio loft half of Cistella 
{Argiope) neapoliiana^ which lias been cut 
ill two by a median longitudinal incision, to 
show the disposition of the organs. Partly 
diagrammatic. The inorganic part of the 
.shell only is shown. The tubular exten¬ 
sions of the mantle and the organic outer 
layer are not indicated, and hence the pores 
appear open. 

1. The ventral valve. 
2. The dorsal valve. 
3. The stalk. 
4. The mouth. 
6. Lip which overhangs the mouth and 

nius all round the tentacular arms. 
6. Tentacles. 
7. Ovary in dorsal valve. 
8. Liver diverticula. 
9. Occlusor muscle; its double origin is 

shown. 
10. Internal opening of left nephridium. 
11. External opening of left nephridium. 
12. Ventral a<5ustor. The line from 10 

crosses the dorsal adjustor. 
13. Divaricator muscle. 

richly ciliated and capable of considerable movement. The whole 
arm in RhyTiohonella can be protruded from the shell, as was 
noted years ago by 0. F. Muller, and although his statement to 
this effect has often been doubted, its truth was confirmed by 
Professor Morse,* who writes: In the year 1872, while studying 
living BhifTUihonella in the St. Lawrence, I observed a specimen 

^ Schulgin, ** Argiope Kowalevskii,” ^n$8» Zffpl Bd. 41, 1SS5. 
® ATMTwm Jour, of ScL and series, vdl. xvli 1679. 
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protrude its arms to a distance of 4 c.m. beyond the anterior 
borders of the shell, a distance nearly equalling twice the length 
of the shell.” The same observer also mentions that Lingula 
has the power of partially protruding its arms. In most genera 
the cirrhi or tentacles can alone be protruded. 

The cilia which clothe the tentacles keep up a constant flow 
of water into the mantle cavity. This stream not only serves 
to aerate the blood of the animals-^a process which probably 
takes place through the thin inner lining of the mantle—but it 
also brings with it a number of diatoms and other minute 
organisms which serve as food. These particles become entangled 
in the tentacles, and are ultimately lodged in the groove at their 
base, and passing along this by the action of the cilia they find 
their way into the wide mouth, into which the groove deepens in 
the posterior median line. 

The Digestive System 

The mouth leads into an oesophagus; this widens into a 
chamber which may be termed the stomach (Fig. 314), and which 
receives the openings of two large branching glands usually 
known as the liver. The stomach passes into a short intestine 
which is usually bent at about a right angle with the oesophagus. 
In the Testicardines the intestine ends blindly, but in the 
Ecardines it is of much greater length, and terminates in an 
anus, situated posteriorly in the median line in Crania, but 
asymmetrical and to the right of the body in Lingula (Fig. 315) 
and Discina; in both cases, however, the opening is into a 
portion of the mantle cavity. The alimentary canal is supported 
by a median dorsal and ventral mesentery, and by two pairs of 
lateral mesenteries which pass to the body wall. The lateral 
mesenteries are not always quite distinct. When they are, the 
anterior pair are known as the gastro-parietal bands, and the 
posterior as the ileo-parietal. In Ehynchonella there are two 
pairs of renal organs, and each of these mesenteries bears the 
internal openings of one pair. In all other Brachiopods there is 
only one pair, and they are supported by the ileo-parietal bands. 

The alimentary canal is ciliated throughout, and some inter¬ 
esting observations have been made by Schulgin' on the shorten- 

i Loc, eiL p. 470. 
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ing of these cilia in Artjiopc {Cidella) when the animal is well 
fed, and their elongation when the animal is Imngry. Amongst 
the ciliated cells certain glandular cells have been described. The 
so-called liver consists of two more or less brandling glands, 
which o])en by wide apertures, one on each side of the stomacli. 
It seems probalile that a good deal of digestion is carried on in 
these glands, since the diatoms and other minute organisms 
U])on which the Brachiojioda live are usually I'ound in the 
branches of these glands, and the glandular cells lining the 
tubules vary much in appearance according to the animaTs state 
of nutrition. 

The Body Cavity 

The alimcmtary canal ami liver occupy a considerable portion 
of the body cavity or general space t>f 
tlie bfuly; tliis s]>ace is to some extent 
cut up ]>y the various mesmiteries 
above numtioned. it also lodg(>s the 
reproductive organs and tlie excretory 
ducts. Its walls are ciliated, and the 
action of the cilia keeps in motion 
tlie corpusculated huid tliat l)a,ihes the 
various tirgans in the Ixxly cavity. The 
mantles, which are nothing but flat¬ 
tened leaf-like extensions of the body 
wall lining the shell, also contain 
diverticula of the l)ody cavity, which 
may be simple flattened spaces or may 
be broken up into definite channels, as 
in Ling^Ua (Fig. 315). It seems not 
improbable that the body cavity fluid 
is aerated through the thin inner layer 
of the mantle. 

Eunning along the base of each arm 
/jm (after Francois), to show caiials, a small One at the base 
the definite arrangement of . i 1*1 

the channels in the mantle: a, ot the tentacles, which we may term 
lotion of month; b, posi- t^e tentacular canal, and a larger 

one, the canal of the lip. The 
former sends a prolongation into each tentacle. The latter is, 
according to Blochmann, a closed canal in Crunia, Zinguia, Rhyn- 

Fro. 315.—View of the inner side 
of a valve of JAngula anatU 
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cliondlay and others; but according to Joubin,^ it communicates 
in Crania at one point with the tentacular-canal. It is probably 
originally a part of the body cavity. Blochmann - states in very 
definite terms that in Crania neither the large canal nor the 
small canal communicates with the general body cavity, but he 
admits that in Lingula the small canal opens into that space. 

The Circulatory System 

The details of the discovery of the central circulatory organ 
of Brachiopods form a curious and instructive chapter in the 
history of modern morphological inquiry. Hancock, in his 
monograph on the group, described and figured on the 
dorsal surface of the alimentaiy canal a well-developed heart, 
which had been previously noticed by Huxley, who first showed 
that the organs which up to his time had been regarded as 
hearts were in reality excretory organs. In connexion with this 
heart Hancock described numerous arteries, distributed to various 
parts of the body. The observers who have written upon the 
anatomy of Brachiopods since Hancock's time, in spite of the 
fact that they had at their disposal such refined methods of 
research as section cutting, which was quite unknown at the 
time his monograph was written, have almost all failed to find 
this circulatory system, and many of them have been tempted 
to deny its existence. Blochmann,^ however, in the year 1885 
stated that he had found the heart, and had seen it pulsating in 
several species of Brachiopoda which he had rapidly opened 
whilst alive. Joubin has also described it in large specimens 
of Waldheimia venosa, and recently Blochmann has published a 
detailed account of his work on this subject, if Both these authors 
describe the heart as a vesicle with muscular walls, situated 
dorsal to the alimentary canal. From this, according to Bloch¬ 
mann, a vessel—the branchio-visceral of Hancock—^runs forward 
as a triangular split in the dorsal mesentery supporting the 
alimentary canal This vessel divides into two at the oeso¬ 
phagus, and passing through some lacunae in the walls of this 

1 “Recherohes sur TAiiat. des Brachiopodes Inarticiiles,” Arch, Zool, Edt^, (2), 

Tome iv., 1886. 
* Uritcrsuchungen Uber den JBau der Brachiopodenf Jena, 1892. 
* ** Vorliiufige Mitthoilungen fiber Brachiopoden/* ZoqI, Anz, Bd. viii. 1885* 
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tube, opens into the tentacular canal, and consequently supplies 
the tentacles with blood. These two canals, which diverge 
from the median artery, are connected ventrally by a vessel which 
runs below the oesophagus; the latter is therefore surrounded 
by a vascular ring, Blochmann also describes two pairs of 
vessels that were seen and figured by Hancock. A pair of 
these pass over the gastro - parietal mesenteries and into the 
dorsal mantle sinus, the second pair pass over the ileo-parietal 
mesenteries and into the ventral mantle sinus; each of these four 
arteries runs to one of the four generative glands, which, as is so 
usually the case in the animal kingdom, have thus a specially 
rich blood supply. If this description should prove to be correct, 
the vascular system of Brachiopods shows a striking resemblance 
to that of the closed vascular system of the unarmed Gephyrea, 
except that the former group has specialised genitail vessels. 
The blood is colourless. 

Joubin's description of tHe vascular system of W. venosa differs 
in some respects from that of Blochmann. He regards the heart 
as collecting the lymph which it receives from numerous lacunar 
spaces in the walls of the alimentary canal, and distributing it 
through various vessels, which in the main correspond with those of 
Blochmann, and which run both to the “ arms and to the genera¬ 
tive glands. The latter vessels, however, open freely into the 
body cavity, and the fluid which is forced out from their openings 
freely bathes the organs found in the body cavity. Whichever 
of these accounts should prove to be more closely in accordance 
with the facts, there is little doubt that in addition to the true 
blood there is'a corpusculated fluid in the body cavity which is 
to some extent kept in motion by the ciliated cells that line its 
walls. 

The Excretory Organs 

The excretory organs (kidneys) which were at one time 
regarded by Cuvier and Owen as hearts, are typical nephridia— 
that is to say, they are tubes with glandular excretory walls 
which open at one end by a wide but flattened funnel-shaped 
opening *into the body cavity> and at the other end by a circular 
pore to the exterior (Fig. 314). In Mhj/nehoTtella, where 
there are two pairs of these tubes,—the only evidence that the 
group presents of any metameric repetition of partS/7—the inner 
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ends of the anterior pair are supported by the gastro-parietal 
mesenteries, and those of the posterior pair by the ileo-parietal 
mesenteries. In all other Brachiopods the posterior pair alone 
exists. The external opening of these nephridia is near the 
base of the anus; in Cistella it is at the bottom of a brood-pouch 
formed by the tucking in of the body wall in this neighbour¬ 
hood, and in this brood-pouch the eggs develop until the larval 
stage is reached. 

The walls of these nephridia are lined by ciliated cells,, 
amongst which are some excretory cells, in which numerous 
brown and yellow concretions are to be seen; these are probably 
the nitrogenous excreta of the animal, and pass out of the body, 
being washed away by the stream of water which is constantly 
passing between the shells. 

As in so many other animals, the nephridia act as genital 
ducts, and through them the ova and spermatozoa, which break 
off from the genital glands and fall into the body cavity, find 
their way to the outer world. 

The Stalk and Muscles 

The body cavity of a Brachiopod is traversed by several pairs 
of muscles, which are very constant in position, and whose con¬ 
traction serves to open and close the shell, to move the animal 
upon its stalk, and to govern the movements of the arms. 

The stalk is absent in Crania, and the members of this 
genus are attached to the rocks on which they are found by the 
whole surface of their ventral valve. In Lingula (Fig. 315) 
the stalk is long and hollow, containing what is probably a 
portion of the body cavity, surrounded by. muscular walls. 
Lingula is not a fixed form, but lives half-buried in the sand 
of the sea-shore (Fig. 321). Discina, the other member of 
the Ecardines, has a peduncle which pierces the ventral valve 
and fixes the animal to its support. Amongst the Testicardines, 
Thecidium is also fixed to it& sv^jp^ts by the surface of its 
ventral valve; the other genera, however, are provided with 
stalks, which, being the means of the fixation of the animals, 
become at the same time the fixed points upon which their 
very limited movements can be effected. The stalk protrudes 
through the notch or aperture at the posterior end of the ventral 
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valve, and it probably belongs to the ventral side of the body. 
It is in Cntdla, and doubtless in other genera, in close organic 
connexion with both valves, and it seems to consist of an un¬ 
usually large development of the supporting tissue which occurs 
so frequently in the body of Brachiopods. The surface of the 
peduncle is produced into several irregularities and projections 
which fit into any depressions of the rock upon which the 
animal is fixed. 

In Cistella there are four pairs of muscles, two connected 
with opening and closing the shell, and two with the movement 
of the body upon the stalk (Fig. 314). The most considerable 
of these muscles are the two occlusors, which have their origin, 
one on each side of the middle line of the dorsal valve, and their 
insertion by means of a tendon into the ventral valve. In the 
species in question each of these muscles arises by a double 
head, the two muscles thus formed probably representing the 
anterior and posterior occlusors of other forms. The contraction 
of these muscles undoubtedly serves to close the shell, which 
is opened by a small pair of divaricators arising from the 
ventral valve, and inserted into a portion of the dorsal shell 
which is posterior to the axis of the hinge. Contraction of 
these muscles would thus serve to approximate the posterior 
edges of the valves and divaricate the anterior edges and thus to 
open the shell. 

The adjustors are four in number, a ventral pair running 
from the ventral valve to be inserted into the stalk, and a corre¬ 
sponding dorsal pair from the dorsal valve. The simultaneous 
contraction of either pair would tend to raise the valve, whilst 
the alternate contraction of the muscles of each side would tend 
to rotate the shell upon the peduncle. The muscles of Wald- 
heimia fiavescens are shown in Fig. 329, and described briefly 
on p. 502. 

The muscles of the Ecardines differ from those of the Testi- 
cardines inasmuch as they do not terminate in a tendon, 
but the muscle fibres run straight from shell to shell. They 
are also more numerous. In Crania there is an anterior and 
a posterior pair of occlusor muscles, and two pairs of oblique 
muscles, which seem when they contract together to move the 
dorsal shell forwards, or when they contract alternately to 
slightly rotate it. In this genus there are also a pair of pro- 
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traetorH and a pair of retractors, and two levators of the arms, whose 
function is to draw forward or retract the arms, and an unpaired 
median or levator ani muscle. In addition to these bundles of 
muscles there are certain muscles in the l)ody wall, and it seems 
probable that by their contraction, when the adductors are 
relaxed, the body may become somewhat thicker and the valves 
of tlie shells will slightly open. 

In Lingula (Fig. 322) the muscular system is more com- 

Fi(5. -il6. — A semi - cUagrammatic 
figure of the muscular system of 
Crania (after Blochraaim) : a, 
auterior occlusor ; h, posterior 
occlusor; c, superior oblique ; 
d, inferior oblique ; e, retractor 
of the arms ; /, elevator of the 
arms; g, protractor of the arms; 
/(,, unpaired median muscle. The 
dorsal valve is ui)i)ermost. 

idicated; in addition to the anterior (= anterior laterals) and 
])osterior ( = centrals) pairs of occlusors, there is a single divari- 
cator ( = unibonal), whose contractions in conjunction with those 
of certain muscles in tlie body wall press forward the Iluid in the 
body cavity, ami thus force the valves of the shell apart; and 
there are three pairs of adjustor muscles. Tlu^se latter are 
called respectively the central (= middhi laterals), external 
( = external laterals), and posterior ( = ti'ansmedians) adjustors, 
whose action adjusts the shells when all contract together, and 
brings about a certain sliding movement of the shells on one 
another when they act independently of each other.^ 

1 Hancock’s nomenclature is here used. The corresponding names used by King 
and Brooks are placed in brackets. Their nomenclature is used by many palaeon¬ 

tologists, and is adopted in Fig. 822. 
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The Nervous System 

The nervous system of Brachiopods is not very clearly 
understood, and there are considerable discrepancies in the 
accounts of the various investigators, even when they are 
dealing with the same species. So much, however, seems certain, 
that there is a nervous ring surrounding the oesophagus, that 
this ring is enlarged dorsally, or, in other words, near the base 
of the lip, into a small and inconspicuous dorsal ganglion, and 
again ventrally or just behind the base of the tentacles into a 
ventral or sub-oesophageal ganglion.' The latter is, contrary to 
what is usual in Invertebrates, of much larger size than the 
supra-oesophageal ganglion, but like the last named, it has retained 
its primitive connexion with the ectoderm or outermost layer 
of the skin. Both ganglia give off a nerve on each side which 
runs to the arms and along the base of the tentacles and lips. 
The sub-oesophageal ganglion also gives off nerves which supply 
the dorsal and ventral folds of the mantle, the muscles, and 
other parts. 

The modified epithelium in connexion with the ganglia may 
possibly have some olfactory or tactile function, but beyond this 
the Brachiopoda would appear to be devoid of eyes, ears, or any 
other kind of sense organs,—a condition of things doubtless 
correlated with their sessile habits, and with the presence of a 
bivalved shell which leaves no part of their body* exposed. 

The Reproductive System 

The majority of Brachiopods are bisexual, and many autho¬ 
rities regard the separation of sex as characteristic of the group; 
on the other hand, Lingvla pyramidata is stated to be herma¬ 
phrodite, and it is not impossible that other species are in the 
same condition. 

The generative organs are of the typical sort, that is, they 
are formed from modified mesoblastic cells lining the body 
cavity These cells are heaped up, usually in four places, and 
form the four ovaries or testes as the case may be (Fig. 314). 
The generative glands usioally lie partly in the general body 
cavity and partly in the dorsal and ventral mantle folds, two on 
each side of the body. Along the axis of the heaped-up cells 
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runs a blood-vessel, which doubtless serves to nourish the gland, 
the outer surface of which is bathed in the perivisceral fluid. 
Every gradation can be found between the ripe generative cell 
and the ordinary cell lining the body cavity. When the ova 
and spermatozoa are ripe they fall off from the ovary and testis 
respectively into the body cavity, thence they are conveyed to 
the exterior through the nephridia. The ova in certain genera, 
such as ArgiopCy Gistellay and Thecidiumy develop in brood- 
pouches which are either lateral or median involutions of the 
body wall in the neighbourhood of the external opening of the 
nephridia; they are probably fertilised there by spermatozoa 
carried from other individuals in the stream of water which 
flows into the shell. In other species the ova are thrown out 
into the open sea, and their chances of meeting with a sperma¬ 
tozoon is much increased by the gregarious habits of their 
sessile parents, for as a rule considerable numbers of a given 
species are found in the same locality. 

The Embryology 

We owe what little we know of the embryology of the group 
chiefly to Kowalevsky,^ Lacaze-Duthiers,^ and Morse.^ The 
Russian naturalist worked on Cistella (Argiope) neapolitana, the 
French on Thecidium, and the American chiefly on Terebratvlina, 

Although this is not known with any certainty, it seems 
probable that the eggs of Brachiopods are fertilised after they 
have been laid, and not whilst in the body of the mother. The 
spermatozoa are doubtless cast out into the sea by the male, and 
carried to the female by the currents set up by the cilia clothing 

the tentacles. 
In IThecidium, Gistella, and Argiope the first stages of develop¬ 

ment, up to the completion of the larva, take place in brood-pouches; 
in Terehratvlina the eggs pass out of the shell of the mother and 
hang in spermaceti-white clusters from her setae and on sur¬ 
rounding objects. In the course of a few hours they become 
'ciliated and swim about freely. The brood-pouch in Thecidium 

1 Dewilop'rneiiU of the Bra^iopoday 1873 (Russian). 
* “Histoire de la Th4oidie,'* Ann» d, Sci. Nat,y S4r. 4, vol. xv, 1861. * 

^ “ On the Early Stages of Terebratulina septentrionalis/* ifm. Boston Soc, Nod, 
Hia* vol. ii. 1869. “On the Development of Terebratulina,” Ibid, vol. iii. 1873. 
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is niediaii, in the convex lower shell, in Cistella it is paired, and 
arises hj the ])ushing in of the lateral walls of the body in the 
region just behind the horse-shoe-shaped tentacular arms; tlie 
renal ducts, whicli also serve as oviducts, open into these lateral 
recesses. 

In tlie female 'fhecidium (Fig. .‘>17) the two median tentacles 
which lie just behind the mouth are enlarged and their ends 
somewhat swollen; they are bent back into the brood-pouch, 
and to them the numerous larvae are attached by a short fila¬ 
ment inserted into the second of the four segments into wliich 
tlie larva is divided. Tn CisteUa a similar filament attaches the 
larvae to the walls oi‘ the brood sac; thus tli(*y are secured from 

Fio. 317.—Brood-i)oucli of Thecidimn 
mcditerruneiDti. (After Lai’aze- 
Dutliiers.) Part of llic wall of the 
poucli has been removed to sliow 
the (dusters of larvae. 

1. Mouth, overliung by lip. 
2. One of the two uiediau ten¬ 

tacles which are enlarged and inodi- 
tied to bear the larvae. 

3. Wall of brood-pouch into 
whicli the median tentacles are 
folded. 

4. Larva attached to the swollen 
end of the tentacles. 

being washed away by the currents constantly flowing through 
the mantle cavity of the mother. 

In CistAla the larva consists at first of two segments, but 
the anterior one divides into two, so that in tlie free swimming 
larva we find tliree segments, the hiiidermost somewhat longer 
and iiarroAver than the otliers and destined to form the stalk. 
About the time of the uppeuraiic(3 of the second segment four 
red eye-spots arise in tlie anterior segment, which tends to be¬ 
come constricted off* from the others, and may now be termed the 
head. It gradually becomes somewhat umbrella-shajied, develops 
cilia all ovet its surface and a sjiecial ring of large cilia round 
its edge. 

In the meantime the second or mantle segment has grown 
down and enveloped the stalk, and four bundles of setae have 
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ariHeii from its edge, lii this stage the larva leaves its mother’s 
shell and swims out into the world of water to look for a suit¬ 
able jdace on whieh to settle down. This is the only stage in the 
life history of a ErachiopcKl when the animal is locomotor, and can 
serve to spread its species. The extreme minuteness of the larva 
and tlie short time it spends in this motile condition probably 
accounts for tlie fact that Brachiopods are extremely localised. 
Where they do occur they are found in great numbers, rocks 
being often almost covered with them, but they are not found over 
large areas. Whtm viewed under a microscope the larvae seem 

Fig. 31S. —Young larva of 
CinO’fla n mpoli tmm, 
showing three seg¬ 
ments, two eye spots, 
and two huiidles of 
setae. (After Kowa¬ 
le vsky. ) 

Fig. 319.—Full-gi’own larva of Cis- 
tella neAipolitanaj with uinhrella- 
shai>ed head, ciliated. (After 
Ko walev-sky.) 

to be moving with surprising rapidity, but judging from the 
analogy of other forms, it seems doubtful if they swim a yard in 
an hour. 

Frequently tlie larva stands on its head for some time, as if 
investigating the nature of the rocks on which it may settle; it 
is extremely contractile, turning its head from time to time, 
and seldom retaining the same outline for any length of time; the 
setae are protruded, and at times stick out in every direction; 
they are possibly defensive in function. When fully stretched 
out the larva is about ^ mm, long, but it frequently shortens its 

VOL. ni 2 I 
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body to two-thirds of this length. The larvae are of a pinkish 
red colour, with eye-spots of ruby red. Their colour renders 
them difficult to discern when they are swimming over the red 
coralline rocks upon which tliey frequently settle. After swim¬ 
ming about for a few hours the larva fixes itself finally, 
apparently adhering by some secretion produced by the stalk 
segment. The folds of the second or body segment then turn 
forward over the head, and now form the ventral and dorsal 
mantle folds; these at once begin to secrete the shell on their 

© Q B 

Fig. 320. —Stages in the development of the larva of TerehratuUna septpntrionaUs. (After 
Morse.) The youngest larva has two segments, a third then apjiears, the larva 
then fixes itself, and the second segment folds over the first and develo]>s bristles 
round its edge. 

outer surfaces. The head with its eye-spots must be to some 
extent absorbed, but what goes 011 within the mantle is not 
ticcurately known. The setae di‘op off and the tentacular arms 
begin to appear as a thickening on the dorsal lobe of the mantle. 
They are at first circular in outline. The various changes which 
the larva passes through are well illustrated by Morse for 
h^atvlina, which spawns at Eastport, Me., from April till August. 
The different stages are represented in outline in Fig. 320, taken 
from his paper. 

Habits 

There is little to be said alx)ut the habits and natural history 
of the Brachiopoda. When once the larva has settled down, the 
animal never moves from the spot selected; occasionally it may 
rotate slightly from side to side on its stalk, and from time to 

time it opens its shell. As so frequently is the case with sessile 
animals, the sense organs are reduced to a minimum, the eyes of 
the larva disappear, and the only communication which the 
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animal has witli the world ai'ouiid it is 
by means of the currents set up by the 
cilia on tlie teuUudes. 

In s])ite of the absence of any definite 
eyes, Thrvidlum, accordinj^ to Dicaze- 
1 luthiers, is sensitive to li^ht; he noticed 
for instance that, wlum liis sliadow fell 
across a number of tliese animals he was 
watching in a vessel, their shells, whic'h 
had been piujviously gaping, shut up at 
once. 

In Cistcllff the tentacles can bo ])ro- 
tnided from the open shell, and in Bhyn- 
choudht the spirally-coiled arms can be 
unrolled and extruded from the shell, but 
this does not seem to have. l)een observed 
in other genera, with the possible ex- 
ce]»tioii of lAnyula. The food of these 
animals consists of minute fragments 
of animal and vegetable matter, a veiy 
large proportion of it being diatoms and 
other small algae. 

LvHjjula. differs markedly from the 
other members of the grou]), inasmuch 
as it is not firmly fixed to a rock or 
some sui'h liody by a stalk or by one of 
its valves, but lives in a tube in the 
sand. Some rei'cnt observations of 
Mons. r. Francois^ on living specimens 
of LinyuUi (oudifvm which he found 
living in great numbers on the sea- 
sh(U*e at Noumea in New Caledonia 
may be mentioned. The jiresence of 
the animal is shown by a miinber of 
elongated trilobed orifices which lead 
into the tube in which the Lingula lives. 
The animals, like most other Brachi- 
opods, live well in captivity, and he was 
able to watch their habits in the aquaria 

Fifj. 321.—Figures illustrating 
the tubes in which Lhigula 
anatlfera lives. The upper 
figure is a view of the tri¬ 
lobed opening of the tul>e. 
The lower figure shows the 
tube in the sand laid open 
and the animal exposed. 
The dotted line indicates 
the position of the body 
when retracted. The darker 
portion is the tube of sand 
agglutinated by the secre¬ 
tion of the stalk. (After 
Francois.) 

I ‘‘Clioses de Noumea.,” Arch. d. Zool. esrp- d gen. 2nd ser. vol. ix. 1891. 
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of his laboivatory. The Lingula place themselves vertically; the 
anterior end of the body just reaches the level of the sand; the 
three lobes into which the orifice of the tube is divided corre¬ 
sponding with the three brushes of setae which project from the 
anterior rim of the mantles. Tliese setae are described by Morse 
as projecting in the form of three funnels ; currents of water are 
seen continually passing in at the side orifices and out through 
the central. The tube consists of two portions: an upper part, 
which is flattened to correspond with the flat shape of the body, 
and a lower part, in which the stalk lies. The upper part 
is lined with a layer of mucus, but the sand is not glued 
together to form a definite tube. The lower part of the 
stalk, or the whole when the animal is contracted, is lodged 
in a definite tube composed of grains of sand agglutinated by 
mucus, probably secreted from the walls of the stalk. At the 
least sign of danger the stalk is contracted violently, and the 
body is withdrawn to the bottom of the upper portion of the 
tube. The rapid retreat of the animal is followed by the 
collapse of the sand at the mouth of the tube, and all trace of 
the presence of the Lingula is lost. 

The shells of this species are frequently rotated through a 
small angle upon one another, a movement which is prevented 
in the Testicardines by the hinge. In very young transparent 
specimens Franqois was able to observe the movements of the 
fluid in the system of tubules which penetrate the mantle; these 
tubules are figured by him, and Fig. 315 is taken from his 
illustration. 

Davidson, in his Monograph on the British Fossil Brachi- 
opoda, states that the largest " recent Brachiopod which has 
come under my notice is a specimen of Waldheimia venosa 
Solander, measuring 3 inches 2 lines in length, by 2 inches in 
breadth, and 1 inch 11 lines in depth.” It was found in the 
outer harbour of Fort William, Falkland Islands, in 1843. A 
specimen of Terehratula grandis from the' Tertiary deposits, how¬ 
ever, exceeds this in all its dimensions. Its length was 4^ 
inches, its breadth 3 inches 2 lines, and its depth 2 inches 2 
lines. 

Distribution in Space 

Brachiopods are very localised; they live in but few places 
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but when they are found they usually occur in great numbers. 
During the cruise of the Challenger, dredging was conducted at 
361 stations; at only 38 or 39 of these were Brachiopoda brought 
up. Mr. Cuming, quoted by Davidson, records that after a great 
storm in the year 1836, he collected as many as 20 bushels of 
JAngida anatifera on the sea-shore at Manilla, where, he relates, 
they are used as an article of food. It has been suggested above 
that their abundance in certain localities is due to their limited 
powers of locomotion, which are effective but for a few hours, 
the larva being, moreover, so minute that unless borne by a 
current it could not travel far from its parent. When once 
settled down it has little to fear from the attacks of other 
animals. The size of its shell relative to its body would 
deter most animals from regarding it as a desirable article of food, 
and as far as is known at present the Brachiopoda suffer but 
little from internal parasites, the only case I know being a 
minute parasitic Copepod belonging to a new and as yet unnamed 
genus which I found within the mantle cavity of Cistella (Argiope) 
neapolitana in Naples. Their slight value as an article of diet 
has doubtless helped to preserve them through the long periods 
of geological time, through which they have existed apparently 
unchanged. 

Two of the recent genera of the family Lingulidae, Ling'ida 
and Glottidia, are usually found between tide-marks or in shallow 
water not exceeding 17 fathoms. Discina is also found about 
the low-tide level, but one species at any rate, Discinisca atlantlca, 
has been dredged, according to Davidson,'' at depths ranging from 
690 to nearly 2425 fathoms.” Their larvae frequently settle on 
the shells of their parents, and thus numbers of overlapping shells 
are found clustered together. Crania is usually dredged from 
moderate depths down to 808 fathoms, adhering to roc^ks, lumps 

of coral, stones, and shells. 
Of the Testicardines, Terelratula Wyvillei has probably been 

found at the greatest depth, i,e, 2900 fathoms, in the North 
Pacific. It is interesting to note that its shell is glassy and 
extremely thin. The Brachiopoda are, however, as a rule, 
found in shallower water; they abound up to a depth of 500 or 
600 fathoms, after which they rapidly diminish with increasing 
depth. About one*half the named species occur at a depth of 

less than 100 fathoms. 
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The vertical range of depth of certain species is great; Ttrc- 
hratida vitrea is recorded from 5 to 1456 fathoms, 2\ Wyvillei 
from 1035 to 2900 fathoms. This is to some extent explic¬ 
able since, after a certain depth has been reached, many of 
the external conditions, such as absence of temperature and 
light, must remain constant even to the greatest depths of the 
ocean. 

The area of the oc(?an explored by dredging forms such an 
infinitesimal fraction of the whole, that it seems su])erfluou8 to 
consider the horizontal distribution of Brachiopods. A few facts 
may, however, l)e mentioned. Certain species, as Terebratula 
vitrea, 2\ caput serpentis, Waldheimia cranium, Mcgerlia trun- 
cata, and Discinisca atlantica have a very wide if not cosmo¬ 
politan distribution. The second of the above named extends as 
far north as Spitzbergeii, and as far south as Kerguelen Island. 
Many species are, on the other hand, very localised, and have 
hitherto only been found in one place. A very considerable 
number of these have l)een dredged off* Japan and Korea, and 
this region may be to some extent regarded as the headfjuarters 
of the group. 

Tlie following species have been obtained within the limits 
of the British Area, as defined by Canon Norman, who has been 
good enough to revise the list, which is founded on tluit drawn 
up by Davidson in his Challenger Eeport. Their range of bathy¬ 
metric distribution is given in the column on the left. 

Dftpth in 
FatliuiiKS. 

0 to 1180. Tcrchratulina ccr,p%it serpmUis Lin. 

8 to 25. Tei'ehratnla {Gwynm) eapmla JefF. 

5 to 690. Waldheimia cranium Muller . . 

75 to 725. Waldheimia septigera Loven . . 

20 to 600. TerehraUlla spUzhergenensia Dav.. 
18 to 364. Argiope decollata Chemnit?: . . 
20 to 45. Cistella ciSUllula S. Wood . . . 

C50 to 1750. Atrclia gnopmi Jeff.. 

. Oban, and off Cumbrac Islands, 
Loch Tonidon, Scotland, off 
Belfast 

. Belfast Bay, E. and S. coast of 
Ireland, Plymouth,Weymouth, 
and Guernsey 

. North British seas. Off Shet¬ 
land 

. North British seas. Off Shet¬ 
land 

. N.N.W. of Unst, Shetland 

. Two miles east of Guernsey 

. Shetland, near Weymouth, S. 
coaat of England 

. W. of Donegal Bay in 1443 

faths. Between Ireland and 
liochall, in 1350 faths. 
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D©})tU in 
Fatliojiis. 

10 to 690. Rhymihoii^^lla psittacm Ginelin . . Shetland and near Dogger Bank. 

3 to 808. Crania anoinala Miiller . . 

690 to 2425. Discinisca ailanJLica King . 

This species is possibly fossil 

as well as recent. 

. . Loch Fyne, North of Scotland 

. . W. of Donegal Bay in 1366 faths., 

W. of Ireland in 1240 faths., 

olf Dingwall Bay 

Classification. 

The table of classification here appended is that suggested by 
Mr. Davidson in his Monograph on the Eecent Brachiopoda. 

I. TESTICAEDINES 
Family. 

A. T.KUKBiiATL’MnAi?. This includes the majority of genera and of species, the 

latter, without counting uncertain species, amount¬ 
ing to sixty-eight. Examples ; Terebrahila^ Tere- 
hratdla, Terehratulina^ Waldheimia^ Megerlia^ 
Argiope, Gvitclla. 

B. TfiECiDiiDA.c. This family contains one genus, Thecidiuw>, with two 
siiecies, 

C. Rhyxchonellidae. This family is made up of eight species, six of which 

belong to the genus Ehynchonella^ and two to 
Atrdia, 

11. ECARDINES 

D. CuANiiDAE. This family comprises the four species of Crania. 
E. Discinidae. This family contains one species of Discina and six 

of Ducinisca. 

F. Linguudae. This family consists of eight species of Lingula and 
three of GlottuHa. 

It is impossible to come to any satisfactory conclusion as to 
the position of the group Brachiopoda with relation to the rest 
of the animal kingdom. They have, in accordance with the views 
of various investigators, been placed in close connexion with many 
of the large groups into which the Invertebrates are split up. The 
Mollusca, the Tunicata, the Polyzoa, the Chaetopoda, the Gephysea, 
and of recent times such isolated forms as Phoronis and Sagitta^ 
have all in turn had their claims advanced of relationship to this 
most ancient group. As far as I am in a position to judge, their 
affinities seem to be perhaps more closely with the Gephyrea and 
with Phoronis than with any of the other claimants ; but I think 
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even these are too remote to justify any system of classification 
which would bring them together under a common name. In¬ 
vestigation into the details of the embryology of the group, more 
especially into that of the Ecardines, might throw some light 
on this subject, and it is much to be desired that this should be 
undertaken without delay. That the group is a most ancient 
one, extending from the oldest geological formations, we know; that 
the existing members of it have changed but little during the 

vast lapse of time since their earliest fossil ancestors flourished, 
we believe; but "we are in almost total ignorance of the origin or 
affinities of the group, and we can hardly hope for ony light on 

the subject except through embryological research. 
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CHAPTER XVIII 

PALAEONTOLOGY OF THE BllACIIIOPODA 

INTRODUCTION-DIVISION L ECARDINKS-EXTERNAL CHARACTERS- 

INTERNAL CHARACTERS-DIVISION 11. TKSTICARDINES-EX¬ 

TERNAL CHARACTERS-INTERNAL CHARACTERS—SYNOPSIS OF 

FAMILIES-STRATIGRAPIIICAL DISTRIBUTION-PllYLOGENY AND 

ONTOGENY. 

Introduction 

The wide distribution and vast abundance of the Ih’achiopoda 
throughout the whole series of geological formations make this 
group of especial importance to the student of the past history 
of the earth; and the zoologist must always regard the fossil 
forms with i)cculiar interest, because they not only largely out¬ 
number th(‘ living representatives, but comprise numerous extinct 
genera, and even families, exhibiting types of structure and 
characters entirely absent in the modern members of the group. 
It is a most fortunate circumstance that the excellent state of 
preservation in which we frequently find them, and the immense 
amount of material at our disposal, enable us to determine with 
accuracy and certainty the internal characters oi the shells in 
the great majority of cases. But it is only since the beginning of 
the present century that our knowledge of the anatomy of the soft 
parts of the living animal has rendered any tracing of homologies 
possible. In the case of features in fossil extinct types the interpre¬ 
tation must be to some extent doubtful. Barrande, Clarke, David¬ 
son, Hall, King, Oehlert, Waagen, de Verneuil, and a host of other 
workers have contributed to the information which we now possess; 
and their works must be consulted for details of the subject. 

1 J. Barrande, Syst, Silur. BoUvie, voL v. 18/9. Hall and Clarke, IrUrod. Falaeo- 
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Since all Brachiopods are inhabitants of the sea, the geologist 
at once recognises as a marine deposit any bed which contains 
their remains. Under favourable conditions they swarmed in the 
seas of Palaeozoic and Mesozoic times. Beds of limestone are fre¬ 
quently almost entirely composed of their shells, as, for instance, 
some of the Devonian limestones of Bohemia. Often they give 
the facies to the fauna and outnumber in species and individuals 
all the other organisms of the period. The Ungulite Sandstone 
(Cambrian) of Eussia and the Productus Limestone of the Salt 
Eange in India of Carboniferous and Permian age are well-known 
examples. 

Many species seem to have been gregarious in habit; thus 
Productus giganteus of the Carboniferous Limestone may generally 
be found in crowded masses, as in some localities in Yorkshire. 

The fact that certain species of Brachiopods characterise 
definite stratigraphical horizons orzonesgives them occasionally 
an importance equal to that of Graptolites; for instance, the 
Ecardinate species Trematis corona marks a set of beds in the 
Ordovician, and the isolated Stringocephalus Burtini is restricted 
to the upper part of the Middle Devonian, giving to the lime¬ 
stone on that horizon its distinctive name. It is noteworthy also 
how certain species affect a sandy and others a calcareous sea- 
bottom, so that beds of the same age show differences in their 
Brachiopod fauna owing to a dissimilar lithological composition. 

While few of the recent Brachiopods reach a large size, some 
of the extinct species measure several inches in breadth, but the 
great Productus giganteus attained the width of even a foot. 

The bright colours of the shells of the living animals are 
not generally preserved amongst the fossil species from the older 
rocks; yet in a Carboniferous Terelratula we can even now 
detect the purple bands in some specimens, and a Cretaceous 
Bhymlionella similarly exhibits its original colour. 

The Brachiopoda are evidently a group in its decline, as the 
geological record shows; but they date back from the earliest 
known fossiliferous rocks, in which the Ecardinate* division 
is alone represented. As we ascend through the stratigraphical 
series the number and variety of genera and species belonging to 

wdc. Brack, (PalaewU, of New Yorh^ 1892-1894). Davidson, Monogr^ BrU, Foss, Brack, 
{PtjUaeont Soe, 1851-1884). Waagen, Salt Mange Fomts (Mem. (Seol. Surv. India, 
1879-1885). 
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both divisions rapidly increase until in the united Ordovician and 
Silurian there are nearly 2000 • specif's and about 70 genera. 
From this point of maximum development down to the present 
day there is a gradual decirease in numbers. 

According to Davidson, at least 17 Upper Tertiary species are 
still living ou our sea-bottoms; and many recent Mediterranean 
forms occur in the Pliocene rocks of the islands and shores of that 
sea, and in the Crags of East Anglia. 

A brief review of the chief -characteristics of fossil Brachio- 
poda is given below. Those genera which have the greatest 
zoological or geological importance can alone be noticed owing 
to the exigencies of space. 

1. ECABDINES 

External Characters 

A considerable diversity of external form is met with even in 
this division, from the limpet-like Uiscina to the flattened tongue¬ 
shaped Lingula. The valves have most commonly a smooth 
external surface with delicate growth - lines; but sometimes 
pittings {Trematis) or radiating ribs {Omnia) are present, and in 
a few forms the shell is furnislicd with spines {Si2)honotreta), 

which perhaps served to anchor it in the soft mud of the sea- 
bottom. The usual mode of fixation was by means of the pedicle 
( = peduncle or stalk), which either (1) passed out simply between 
the posterior gaping portion of the valves {Lmgula), or (2) lay 
in a slit in the ventral valve {Lingulella), or (3) pierced the sub¬ 
stance of the latter valve by a definite foramen {Discina). The 
first-mentioned condition of the pedicle seems tlie most primitive. 
Earely the pedicle was absent, and the shell was attached by 
the whole surface of the ventral valve {Crania, p. 467). 

The two valves in the fossil Ecardines were held together by 
r9.u8cular action, though in some families {Trimerellidae) we see 
traces of articulating processes. The “ hinge line,’* or line along 
which the valves worked as on a hinge, is in most forms more or 
less curved. A hinge area ” {i.e. that portion of the sheU gener¬ 
ally smoother than other parts of the valves, more or less tri¬ 
angular in form, and lying between the beaks on one or both 
sides of the hinge line), is usually absent in the Ecardines. 
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Internal Characters 

Owing to the rarity of well-jn’eserved interiors of valves 
in this division, our knowledge of tlieir internal characters is still 
far from satisfactory. The arrangement of the muscular impres¬ 
sions varies greatly amongst extinct genera, l)ut we are often able 
to interpret them with a ('onsiderable amount of certainty by a 
stud)^ of the scars Jiud the muscdes of the well-known recfent 
Lingnht (Fig. M22). The extreme specialisation of the muscles in 
many of the earliest genera (e.g. TAnguIa) is remarkable, and points 
to a long ])ut so far undiscovered ancestry in pre-Cambrian times.^ 
In fossil species ol’ Crania and Lingida the muscle-scars corn'.spond 

closely with those in the liv¬ 
ing repnjsentatives of these 
genera. In tlie most highly 
specialised family of the E('ar- 
dines—the Trimerellidac— 
we meet with featui'es of 
peculiar interest.- The mus(‘le- 
S(‘ar8 in this family (Fig. 
32.*>, A, B) are most remark¬ 
able for the devcdopment of 
the so-called “ crescent,” (</,r.6*.) 
which skirts the posttjrior 

’gin of both valves as a 
sub-cardinal impression. Tt 
is believed to be the trac'-e 
oi* a strong post - parietal 
muscular wall, analogous in 

position to that of Lingula. Tlie three pairs of “ lateral ” 
muscle-scars in the latter genus seem to be represented by 
the terminal ” (s) and lateral ” (r) scars on the crescent 

Fig. 322.—Muscle-scars of Lingula anatinn. 
Inner .surfiice of A, Pedicle-valve or ventral 
valve. B, Brachial or <lorsal valve; ^./f, 
parietal scar ; umhoiial muscle ; trans¬ 
medians ; r, centrals; a.7n.e, laterals (</, 
anteriors ; w?, middles ; c, externals). 

^ The results of the investigations of King {Ann. Mag. Nat Hist. 4tli ssr. 
vol. xii. 1873) and of Brooks {Chemp-alce Zool. LahoraJtvry, Scientijic p* 35, 
1879), and the simple nomenclature of these authors are here followed in preference 
to those of others, owing toe the difference of opinion amongst anatomists of the 
functions and homologies of the muscles. The lateral muscles enable the valves to 
move backwards and.for^rds on each othcr^ the centrals <slose the shell; the um- 
bonals open it; and the transmediaus allow a sliding sideways movement of one 
valve across the other (sec also p. 477). 

* Davidson and King, Quart. Jour. Qeol. JSoc, xxx* (1874), p. 124. 
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of the I’rirmrellidae, A pair of “ transverse ” scars (f) occui'S 
in each valve between the “ terminals ” and the antero¬ 
lateral edge of the “platform” (/). “Cardinal” (?;), “ suh- 
cardinal (?/;), and “ umho-lateral ” (,<;) scars also occur. The 
median impre.ssion which covers the “ ])latfonn ” {j) consists of a 
central, lateral, and usually an anterior pair of scars; and the 
impressions oi tlie genital organs, according to Ilavidson and 
King, lie medianly posterior to the “ platform.” The “ platform ” 

Fxa. 323.—Trimcrella. (After Davidson and King). A, Inner surface of pedicle-valve or 
ventral valve: o,, pseudo-deltidium ; A, deltidial slope ; c, deltidial ridges; dy areal 
borders ; cardinal <’allosities ; f, cardinal facet; (/, lozenge; uinbonal chambers 
separated by cardinal buttress; y, platform ; A:, platform vaults; /, median plate; w, 
median scars ; n-, anterior scars ; o, lateral scars ; })y post-meilian scars ; crown 
crescent; r, side or lateral crescent; end or terminal crescent; ty transverse scars; 
Uy archlet (vascular sinuses); Wy sub-cardinal scars ; Xy innbo-latcral scars. B, Brachial 
or dorsal valve; c, cardinal sockets ; y, platform ; ky platform vaults ; ly median 
plate ; median scars ; anterior scars; 7, crown crescent; r, aide or lateral 
crescent; s, end or terminal crescent; ty transverse scars; w, archlet (vascular 
sinuses); Vy cardinal scars ; lOy sub-cardinal scars. 

itself is a more or less conspicuous central calcareous elevated 
area occurring in each valve, but most developed in the dorsal; 
in. some cases it is double-chambered with tubular cavities 
(“platform vaults,” Fig. 323, A, B, h\ in others it is more or less 
solid. It appears to have originated through a posterior shifting 
of the central muscular bands, that they might be inserted behind 
the liver; at the same time a deposition of shelly material, to 
form fulcra to work the heavy valves, took place at these points. 
The tunnelling-out of the platform was probably doe to the 
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continual pressure of the lobes of the liver. The division of the 
unibonal cavity into definite chambers in Moriomerella, and to a 
less extent in other members of this family, appears, according 
to Davidson and King, to have been caused by pressure of the 
ovarian lobes. 

In connexion with the foregoing remarks on the development 
of the “ platform,” it may be mentioned that the paths along 
which the muscle-bands move, as the shell of Brachiopods increases 
in size, are marked by elongated scars, and often by shelly 
deposits; and when the members of a muscle-pair come into 
juxtaposition these shelly deposits (winch act as fulcra for the 
muscles) combine, and by the growth of the shell form a septum, 
as in the case of the median septum of Lingulepis. 

The Oholidae show some important features in the internal 
impressions. Oholella crasset (Hall) may be taken as a well- 
known type of the family. In this species a pair of small 
scars, one on each side of the pedicle-groove, lies close under the 
hinge line in the ventral valve. There is also a well-marked scar 
for the insertion of the pedicle-muscle at the end of the pedicle- 
groove. A imir of much elongated lateral impressions extending 
forward from -the ''cardinals” may be homologous with the 
“ laterals ” of Lingula; and the two small central scars between 
them may be compared witli the “ centrals ” of Lingula which 
are in a somewhat similar position. In the dorsal valve of 0. 
crassa a pair o'f " cardinals ” is found, and on each side of a low 
median rounded ridge are two small " central ” scars. Indistinct 
" lateral ” scars arise close to or in the central area, and diverge 
anteriorly. 

Sometimes a great concentration of muscle - scars occurs 
round the foramen in the ventral valve, as in Siphonotreta. 

As regards the minute structure and composition of the shell 
in the Ecardines, we find that the Lingulidae and Biscinidae 
have their shell composed of alternating layers of phosphate of 
lime and a corneous substance; the former layers are pierced by 
microscopic canals. The Craniidaer have calcareous shells tra¬ 
versed by tubules, which divide into many fine branches near 
the external surfiice; a thin periostracum covers the exterior. 
The Trimerellidpie have heavy thick calcareous shells, for which 
they required, the previously-described elaborate arrangement of 
muscles to open and shut them. 
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II.—TESTICAIIDINES 

External Characters 

It is to this division that the great majority of the Brachio- 
poda belong; and the diversity of form, of ornamentation, and 
of internal characters is correspondingly greater than in the 
Ecardiiies. 

A transversely or longitudinally oval shape of shell is the 
commonest; but sometimes it is triangular, as in Rhynchoiiella 

(Fig. 327), or bilobed, as in Fygo'pe ( = Terehrattda dipJiyd), The 
ventral valve is usually more convex than the dorsal, and the 
former may be prolonged into a tube by the accelerated growth 
and infolding of the anterior and lateral margins, producing a 
very abnormal form (Frohoscidella), The external surface of the 
valves is frequently ornamented with more or less prominent 
radiating ribs; and fine concentric growth-lines are commonly 
shown, and may be developed into coarse ridges or wrinkles, 
particularly in old individuals. The members of the family Pro- 

d'octidae ai*e usually furnished with tubular spines, which are some¬ 
times of great length, and served to anchor the free shells in the 
mud, or were twisted round Crinoid stems and similar objects. 

In the ventral valve of many genera there is a median sinus, 
with a corresponding fold in the dorsal valve, and rarely vice 

versd; sometimes the fold and sinus are double. 
The hinge line is either curved or straight, and the valves 

are articulated by means of a pair of “ hinge-teeth (Fig. 329, t) 

in the ventral valve, which fit into corresponding sockets in the 
opposite valve. Some genera have the teeth very rudimentary, 
or have lost them altogether. The teeth are frequently sup¬ 
ported by “ dental plates,” and the sockets by “ socket plates ” 
(e.g. Goncliidium, Figs. 324, 325). A few genera with a long 
hinge line have the whole of it denticulated {Stropheodonta). In 
the dorsal valve inedianly close under the hinge line is a shelly 
protuberance—the '^cardinal process”—to which the diductor 
muscles are attached. It is sometimes of great length and 
forked {StringocephaluSy Fig. 326), or tripartite, or even quadri¬ 
partite ; but in Rhynchonella and some other genera it is rudi¬ 
mentary. 

VOL. IIT 2 K 
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A hinge area ” (Fig. 334, c.a) is often present on one or both 
valves, and may be of great size, as in Clitamhonites, but in 
Prod'itrt/us it is wholly absent. In those genera that possess it a 
triangular fissure—the “ deltidial fissure freiiueutly traverses 

Fig. 324.—Conchidium (jaleahtm. 
Weulock Liniestoiie. 

Fro.825.—Cimchidivm (jahaium. 
Transverse seetion, Dor¬ 
sal valve; d.s^ dorsal septum ; 
s, socket j)late ; ventral 
valve ; n.s, ventral septum ; 
d.pi dental plate. 

it on both valves; in the dorsal valve the fissure is merely the 
space between the dental sockets, and may lie occu])ied l)y the 
cardinal process (Fig, 334, C) or covered by a shelly plate—the 

chilidium.” In the ventral valve it gives passage to the pedicle. 

Fio. 326.—Stringocephaliia Bw'tinL (Modified from Woodward.) Devonian. A, Interior 
of dorsal valve. B, Side view of interior of shell; a, adductor (=occliisor) scars ; 
c, crura; c,j?, cardinal process; dorsal septum ; h,py hinge plate; brachiai 
loop ; sPf shelly processes ; ts, dental sockets; u.s, ventral septum, 

and may be partly or entirely closed by a similar plate (Fig. 
334, d) known as the pseudo-deltidium,” especially large in 
Glitaynhonites, or remain open {Orthu), This pseudo-deltidium 
is a primitive character, and arises in an early stage of the 
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deivelopment as a shell-growtli on the dorsal side of the animal, 
becoming attached to the ventral valve s ibsequently. The pedicle 
in many genera passes out through a special foramen in the beak 
of the ventral valve; and its proximal pcjrtion is often embraced 
by a pair of small plates—the deltidial plates or deltidium 
—which are forme<l on lateral extensions of the ventral mantle 
lobe, according to Beecher. These plates lie on each side of the 
])edicle, or grow round and unite in front of it {Rh/ynchoneUa, 
Fig. 327), or constitute merely its anterior border {Tefebratnla, 
Fig. 328). In some cases this foramen becomes closed in old age. 

The dorsal valve in a few cases has its beak perforated by a 

Fig. 327.—Rhynclumella Bouetu 
(Cornbrash.) (/, Deltidium; 
/ forameu. 

Fig. 328,—Terehratula seUa, 
(Lower Greensand.) c?, 
Deltidium ; /, Ibramen. 

foramen—the “ visceral foramen.'' This foramen is in no way 
connected with the pedicle foramen, but points perhaps to the 
existence in the early Testicardinate genera of an anal aper¬ 
ture. In Athyris concentrica (Devonian) this foramen is connected 
internally with a cylindrical tube, which extends longitudinally 
to about one-third the length of the valve. In Ceiitronella the 
aperture in the cardinal plate is rounded and complete; and in 
Strophomena and its allies the opening lies between the cardinal 
processes. If this feature is correctly interpreted, it suggests a 
retrogression of the group since Palaeozoic times not only in 
numbers, but in structure; and other evidence points the same 

way. 

Internal Characters 

The interior of the shell is sometimes more or less divided up 
by septa. A median septum occurs in one or both valves of 
many genera as a low ridge or strongly developed partition ( Wald- 
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heimia, Fig. 329, ss ; and StringocephaluSy Fig. 326, B, r.s). Ccm- 

chidium (Fig. 325) has its dental plates of great size, and unit¬ 

ing to form a Y-shaped chamber or “ spondylium,” supported ])y a 

median doiilde sej)tuni; and by means of these with a pair of septa 

and the large socket-plates in the dorsal valve the interior of 

the sliell of this genus is divided fip into several (chambers. 

The interiors of several other genera are somewhat similarly 

divided up. 

In the Carboniferous genus Syr'ingothi/rln two s})ecial ])late8, 

situated between tlie dental plates, are rolled into an incomplete 

tube, so as to enclose probably th(i anal extremity of the ali¬ 

mentary canal; and in several genera a sub-um])onal “ cardinal 

Fig. 329,—Waldh^imia {MageUania)flave8cc7is. A, Interior of ventral valve: a, adductor 
scars ; ventral adjustors ; divaricators ; a,dy accessory divaricators ; ])edun“ 
cular muscle ; dm^ deltidiurn ; /, fortaincn ; t, teeth. B, interior of dorsal valve ; 

anterior adductor (occlusor) scars; posteiior adductor (occlusor) scars; 
c.pf cardinal process ; cr, crura; d.Sj dental sockets ; hp^ hinge-plate; /, hrachial 
loop ; 3S, septum, (After Davidson.) 

plate ” is present, which is perforated {Athyris) or slit in some 

cases for the passage of the anal tube. 

For the support of the lleshy '' spiral arms ” the calcareous 

structures forming the '' brachial apparatus ” are of two main 

types—(1) the loop type; (2) the spiral-cone tyj)e. In the 

Strophomenidae no special calcareous support seems to have been 

usually present (Fig. 334), though in some species of Leptaena 

spirally-grooved elevated areas supported the fleshy arms; in the 

Productidae it is probable that the ridges enclosing the “ reni- 

form impressions'' (Fig. 333, i) served for a similar purpose. 

The Terehratulidae show the " loop type " of brachial appa¬ 

ratus. In Waldheimia (Fig. 32&), which may be taken as an 
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example, we ii()ii(H3 first in tlie (lorsal \alve the crura(rr), 

from whicli arise the two “ descending l)r}incheH ” which run 

forwards and tlieri are hent l)ack to form the ascending 

brandies ” which are united liy the “transverse*, band/’ In some 

genera the “ a.scending lirandies ” may be reduc'cd to mere points, 

and tlie “ transverse liand '' become a median vertical ydate ; tlie 

“crura,’’ too, may be fused so as to form a “crural band”; and, 

the “ descending branches ” imiy be connected by a cross band— 

the “jugal liand.” In (Fig. />2(), /, the loop 

is fui-nished on its inner edge with radiating processes; and 

in Arf/lojic the loop is sinijile, not reflect(*d, and fused with 

marginal septa.; while in the 'flurid I idae it is more or less fused 

with tlu^ sh(‘ll itself, and with the mass of calcareous spicules 

seended by tlie mantle. 

Tlie “ s])iral-cone ty])e ” of brachial apparatus is found in the 

^piriferidtte, Atrypidav, and Koninvldnidae, and consists of two 

spirally-enrolled calcified lamellae, forming two cones with their 

a})ices directed laterally (Spiri/era, Fig. 230), or towards the 

interior of the dorsal valve {Atvypa, .Fig. 33>2), or towards 

each other (Glassia); or forming two flat spirals in the same 

plane (^Kirndmekinlditc). A “jugal band ” is generally present, Imt 

varies much in yiosition, 

and in some genera has 

complicated jiosterior pro¬ 

cesses. 

The Jlhynch ondlidae 

have no loop or , sjural 

cones, but merely a pair 

of short “ crura.” 

The principal modifl- 
. . , , , Fro. 330.—Spirijera striata. (Carboniferous Linie- 

Cations in the attaciiments stone.) Showing brachial .spires. 

of the inuRcles in tlie 
Testicardines are illustrated hy rroductiis gigantem (Fi},'. 333), 
Leptaem rhomloidcdis (Fig. 334), and Waldheimm Jiavescens 

(Fig. 329). 
In Prod,ucUis (Fig. 333) we see in the ventral valve a pair of 

dendritic occlusor, often called adductor, impressions and a pair 
of large flabellate divaricator impressions. In the dorsal valve the 
large “ cardinal process ” served for the attachment of the divari¬ 
cator, and a low median septum separated the dendritic occlusor 
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scars, which are rarely divisible into anterior and posterior 

pairs. 

In Le/ptaena (Fig. 334) the occlusor scars {a) in the ventral 

Fi(5. 331.—Atrypa reticu¬ 
laris. (Wenlock Lime¬ 
stone. ) 

Fig. 332.—Interior of tlie same, seen 
from the dorsal side, showing 
brachial spires. (After Hall.) 

valve are narrow and median, and are enclosed hy a pair of 

flabelliform divaricator impressions (rf.r); in the dorsal valve two 

pairs of occlusor scars {a.a, are well marked, and accessory 

posterior occlusor scars are traceable in some specimens. The 

Pig, 383.-—Productus gigantetis. (After Woodward.) CarbouiferouR Limestone. A, 
Interior of dorsal valve, B, Interior of ventral valve. C, Transverse section of valves, 
D, Hinge line of A: a, occlusor scars ; d, divaricator scars : t, “reniform impres¬ 
sions ” ; ca, cardinal process ; /i, hinge line; p, brachial prominence ; s, cavity 

, for spiral arms ; do, dorsal valve ; vc, ventral valve. 

vascular sinuses (v.s) and genital areas are conspicuous in many 

species of this and other genera. 

In Waldheimia (Fig. 329) a snb-umbonal peduncular muscle ” ■ 
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scar (jp) ill the ventral valve has before it a pair of “ accessory 

(livaricator ’’ scars {a.d) flanked by a pair of “ ventral adjustor "• 

{v.a) and a pair of ‘‘ divaricator ’’ impressions (d), between which 

lie tlie two occlusor scars («). In the dorsal valve anterior and 

posterior pairs of occlusor scars {a,a, a.p) are visible. 

The minute structure of the calcareous shell of the Testi- 

cardines is of flattened fibrous prisms inclined at a very acute 

Fia. Lcplnena^ rhomhniMifi. (Silurian.) 
A, External view of ventral valve. B, In¬ 
terior of ventral valve; rt, occlusor scars ; 

p.seudo-cieltidinin ; d.v, divaricator scars ; 
cMy liinge area ; teeth. C, Interior of 
dorsal valve ; a.Gy anterior occlusor scars ; 

posterior oc- 
•pa OA clusor scars; c.«, 

hinge area ; c,py car¬ 
dinal process ; rf, 
chilidium ; a, dental 
sockets ; v.s, vascu¬ 
lar sinuses. 

angle to the surfaces. In many forms minute tubes more or 

less closely arranged pierce through the fibrous shell-substance; 

but in some genera {Product as) they do not reach the outer 

surface (see p. 468). Allied genera, however, differ much in the 

punctate or impunctate character of the shell. 

Synopsis of Families 

I. Ecarpines 

Family : Linxfulidae 

Shell elongated, composed of alternating chitinous and calcareous layers, 

the latter of which are perforated. Attached by a pedicle 2)a8sing between 

apices of valves. 
Anns have no calcified supports. 

(For muscles see Fig. 322.) 
Bange.—Lowei; Cambrian to Recent. 
Principal Geneba.—Lingulay Lingidellay Lingulepis, 
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Family : Obolidae 

Shell varies iu shape. Ventral valve proviiled with pedicular groove 
or foramen. Car<linal bolder tliickened. No brachial supports. Shell 
composed of alternating chitinoiis and calcareous layers. 

(For muscles see p. 496.) 
Range.—Lower Cambrian to Devonian. 
Principal Genera.—Oboliis^ Oholella^ Kutoryina, Linnarssonia^ Siphono- 

treiiiy Acrotreta, Neobohis. 

Family : Discinidae 

Shell rounded, valves more or less conical, fixed by pedicle passing 
through slit or tubular foramen in ventral valve. No calcified brachial 
supports. Shell structure chitino-calcareous. 

Range.—Ordovician to Recent 
Principal Genera.—Disciiia^ Orhiculoidea^ Trematis. 

Family: Oraniidae 

Shell calcareous, subcircular; fixed by surface of ventral valve ; dorsal 
valve the larger, depressed-conical. Shell structure punctate. 

Four principal muscular scars in each valve, with central triangular jjro- 
tubemnce in ventral valve (see p. 476). 

Range.—Ordovician to Recent 
Principal Genus.—Grania. 

Family: Trimerellidae 

Shell thick, calcareous, inequivalve; beak of ventral valve usually 
prominent; rudimentary teeth may be present ; hinge area well developed, 
with psendo-deltidium. In interior of valves muscular platform, “ crescent,** 
and sometimes sub-umbonal chambers (see p. 494, Fig. 323). 

Range.—Ordovician and Silurian; maximum in Wenlock. 
Principal Genera.—Trimerella, Monomerella, IHnoboluSy lihinoholm. 

II. Testioardines 

Family: Productidae 

Shell entirely free, or fixed by ventral valve or spines. Concavo-convex, 
more or less covered with tubular spines. Hinge line straight Hinge-teeth 
absent or rudimentary. 

Cardinal process prominent 
Reniform impressions in dorsal valve. 
(For muscular impressions see p. 601, Fig. 333.) 
Range.—Silurian to Permian. Genus Productm very characteristic of 

the Carboniferous. 
Principal Genera. — Productm^ OkoncUs^ StropKalona^ Prohomdella, 

AuloBteges. • 
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Family; Strophomeriidae 

Shell very variable in shape ; concavo-convex, plano-convex, or biconvex; 
hinge line usually straight; frequently with an area on each valve ; foramen 
may or may not be present. Shell structure nearly always punctate. Ventral 
valve usually furnished with hinge-teeth ; and dorsal valve with cardinal 
process. 

Brachial supports completely absent or very rudimentary. 
(For muscular impressions see p. 602, Fig. 334.) 
Range.—Wholly Palaeozoic. 

Principal Genera. — Orthis with many sub-genera, ClitamhoniteSy 
Skmidiumy l:^trophomcnay OrthotheteSy Leptaenay t^trojdicodontay Plectambonites. 

Family : Kmdnckinidae 

Shell plano-convex or concavo-convex. Brachial apparatus composed of 
two lamellae spirally enrolled in the same plane, or in the form of depressed 
cones, with the apices directed into the ventral valve. 

Range.—Silurian to Lias. 

PrincipaTi Genera.—Koninckinay Kminckellay Coelospiray Davidsonia. 

Family: Spiriferidae 

Shell biconvex. Brachial apparatus consisting essentially of two descend¬ 
ing calcareous lamellae which by spiral enrolment form a pair of laterally- 

directed cones (Fig. 330). 
Range.—Chiefly Palaeozoic, but a few forms puss up into the Lias. 
Principal Genera.—Spiriferay Gfjrtiay UnciteSy Athyrisy Merista, 

Family: Atrypidae 

Brachial apparatus consists of two descending calcareous lamellae which 
bend outwards at the extremity of the crura and are coiled into two spiral 
cones, the apices of which either converge towards each other (Glasda) or 

towards the dorsal valve (Afrj/pa, Fig. 332), or diverge towards the dorsal 

valve {Dayia); shell structure impunctate. 

Range.—Ordovician to Trias. 
Principal Genera.—Atrypay Dayia, Glasda. 

Family: Rhynchonellidm 

Shell biconvex, hinge line usually curved. 
Beak of ventral valve incurved, with foramen. 
Calcareous brachial supports reduced to a pair of short curved crura. 
The septa, dental and socket plates may be highly developed and divide 

up the cavity of the shell into chambei*s {Stenochismay Gonchidium). 
Shell structure fibrous, rarely punctate ; muscular impressions as in 

Terehratulidae* 
—Ordovician to Recent: majority of the genera are Palaeozoic. 

Principal Genera.—RAync/ionsWa (Fig. 327) Stenochismay Stncklandia, 

Cmchidium. 
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Family: Tereh-atulidae 

Shell structure punctate. 
Arms supported by a calcareous loop, usually bent back on itself. 
(For muscular impressions see p. 602, Figs. 328, 329.) 
Beak of ventral valve perforated by foramen, furnished with deltidium. 
Range.—Devonian to Recent; maximum development in Mesozoic times. 
Principal Genera.—Terehratulay Terebratulinay JValdheimiUy T&rehratdla, 

Kingenay MagaSy Gcntrmella. 

Family: Argiopidae, 

Large foramen for passage of pedicle. Marginal septa present in both 
valves. Calcareous brachial loop follows margin of shell and is more or less 
fused with the septa. Shell structure punctate. 

Range.—Jurassic to Recent 

Principal Genera.—Argiopcy CiMella. 

Family: Stringocephalidae 

Shell subcircular, punctate. Cardinal process highly developed, bifid. 

Brachial apparatus composed of two calcareous free lamellae, jirolonged at 
first downwards, then bent back, upwards and outwards to run parallel to 
margin'of shell and to unite in front, thus constituting a wide loop. 

Range.—Silurian and Devonian. 

Sole Genus.—Stringocephalus. 

Family: Thecidiidae 

Shell usually fixed by beak of ventral valve, plano-convex. Sub-cardinal 
apophysis in ventral valve for attachment of occlusors. Marginal septa in 
dorsal* valve. Calcareous brachial loop more or less fused with shell, and 
with calcareous spicules of mantle. Shell structure ; inner layer fibrous, 
outer layer tubulated. 

Range.—Carboniferous to Recent 
Principal Genera.—Thecidiumy Oldhamina, 

Stratigraphical Distribution of Brachiopoda 

It is remarkable that some of the earliest types of Brachiopoda 
exist generioally unchanged at the present day. Such are Zingvda, 
ranging from the Cambrian; Discina, and Crania, ranging from 
the Ordovician; and amongst the binged forms Terebratula from 
the Devonian, and Shynchonella from the Ordovician. 

In the lowest Cambrian (Olenellus beds) the most important 
genera are Linnarmnia and Kutorgina, The hinged forms 
appear in the Cambrian, being represented by Orthis; but the 
majority in this formation belong to the Ecardines. Lingula, 
Lingulella, and Obolella are characteristic. 

In the Ordovician many new genera of the TesticaMihee 



XVIIT STRATIGRAPIIICAL DISTRIBUTION 507 

maice their appearajice, such as i^trojihomena, Leptaenay Atrypa, 

Bhynchonellay ClitamhoniteSy etc., but the extraordinary abundance 
and variety of Orthis is most remarkable. The Ecardines are 
reinforced by such forms as Trematis and Siphonotreta. It is, 
however, in the Silurian that the Testicardinate Brachiopoda 
attain their maximum, for in addition to. a great development of 
species amongst the older forms, a host of new genera for the 
first time occur here {Spirifera, AthyriSy Conchidiurriy Stricklandiay 

ChoneteSy Cyrtiay etc.); and the Trimerellidae are especially 
characteristic of the Wenlock. 

With the commencement of Devonian times many species and 
genera become extinct, but new forms come in {Terehratulay 

OrthotheteSy ProductuSy etc.), and some genera are wholly confined 
to this formation { U'liciteSy Stringocephalus). The Carboniferous is 
marked by the maximum development of Productus and Sjnrifera; 

OrthotheteSy Stenochismciy and Athyris are also abundant, but there 
is a considerable extinction of the older genera and species, and a 
great diminution in the number of individuals and species of 
those that persist. 

A further reduction occurs in the Permian, where the most 
important genera are Prodwtus, Strophalosia, and Stenochisma; 
but Aulosteges is a new form peculiar to this period. In the 
Trias a new era commences; the principal families and genera 
of the older rocks disappear entirely; a few spire-bearing genera 
persist {Spiriferinay Athyris), and the genus Koninckina is 
restricted to this formation. 

The enormous development of species of the Terelratulidae 
and Ehynchonellidae is the most noticeable feature in Jurassic 
times; and a few ancient types linger on into the Lias {Spiri- 
fmna, Suessia, a sub-genus of Spirifera); KoniTickella here occurs. 

The Cretaceous Brachiopoda are closely allied to the Jurassic; 
Magas and Lyra are peculiar to the period, and the Terelratvlidae 
and Bhymhonellidae are very abundant, together with the 

Ecardinate genus Crania. 
With the commencement of Tertiary times the Brachiopoda 

have lost their geological importance, and have dwindled down 
into an insignificant proportion of the whole Invertebrate fauna. 

The distribution of the Brachiopoda in past tinie is shown 

in the following table:— 



Lingulidao 

Discinidac 
Oraiiiidao 
Trimercllidao 

Liugula . . 
Lingulella . 
Obolus . . 
Obolella. . 
Kutoi'giiia . 
]iiniiai\ssoi)ia 
Treniatis . 
Sij)lionotrota 
Acrotrota . 
])iMciiia . . 
Crania . . 
Trim ere 11a . 
Diiiobohis . 

Tkstio 
Productidao 

Stropbonieiiidae 

Koniiickinidae 

Spiriferidae 

Atrypidae 

Rhynchoiiellidae 

Terebratiilidae 

Centronella 
Argiopidae Argiopo . , 

, Cistella . . 
Stringocephalida® Stringoeepb 
Thecidiidae Thecidiuin . 

Oldhamina. 

AKDINI-S 

Productns . 
(>lioiietes . 
Stroplialosia 
Orthis . . 
Skenidium . 
Clitamboiiites 
Stropliomeiia 
Stroplieodonta 
Leptaena . 
Orthothetefi 
Davidsonia, 
Koninckina, 
Koiiinckella 
Spirifera. . 
Spiriferiiia . 
Cyrtia . . 
Syringotbyris 
Uncites . . 
Athyris . . , 
Merista , . 
Retzia . . 
Atrypa . . 
Dayia . . 
Coelospira . 
Rhynchonella 
Stenochisma 
Stricklandia 
Conchidium 
Terebratula. 
Terebratuliiia 
Waldheimia 
Terebratella 
Kingena. . 
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PHYLOGENY AND ONTOGENY 

Wherever successive stages in the life liistory of an individual 
resemble in important anatomical features the adult individuals 
of other species occurring in successive members of a strati- 
graphical series, the development of the individual may be 
legarcied as an epitome of the development of tlie species; it 
also generally throws light on the origin and relationships of 
allied genera and families. 

In the case of the fossil Brachiop6da comparatively little 
work has yet been done in tracing their ontogeny or phylogeny, 
though the abundance, variety, and excellent state of preserva¬ 
tion of the extinct species offer a promising field for investiga¬ 
tion. It is to Dr. G. E. Beecher and other recent American 
palaeontologists that we owe our advance in this branch of the 
subject. 

In the first place, in about forty genera, representing nearly 
all the leading families of the group, the important fact has been 
established of the presence of a common form of embryonic shell, 
termed the '' protegulum,” which is semicircular or semielliptical 
in shape with a straight or arcuate hinge line and no hinge 
area ” (Beecher).^ Its minute size and delicate texture cause its 
I)reservation to be rare, but its impression is not uncommonly 
left on the beak of the adult shell. 

The main features of this embryonic shell are exhibited in the 
adult Lower Cambrian Brachiopod 01)olus{Kutorgina) lahradorimis 

(Billings); the sub-equal semielliptical valves have lines of growth 
running concentrically and parallel to the margin of the shell, 
and ending abruptly against the straight hinge line; and this 
indicates that there has been no change in the outline and 
proportions of the shell during its stages of growth, but only a 
general increase in size. It is very significant that we have 
here a mature type possessing the common embryonic characters 
of a host of widely separated genera, and we may therefore regard 
it as the most primitive form known. 

Many genera pass through this so-called ''Baterina*’ stage 
either in the case of both their valves, or more generally in the 
case of the dorsal valve only; but modifications in the form of 
the protegulum arise, which are due to the influence of accelerated 

' Jfiler. Jour, Science^ 1890*1898. 
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growth, by which features belongiug to later stages become 
impressed on the early embryonic shell. The most variable and 
specialised valve—the ventral or pedicle valve—naturally ex¬ 
hibits the effect of this influence first and to the greatest 
extent. The Palaeozoic adult forms of many species represent 
various pre-adult stages of the Mesozoic, Tertiary, and Eecent 
species, as is especially well shown in the genera Orbiculoidea and 
IXscinisca, 

Ill the Strophomeiioid shells the protegulum in the dorsal 
valve is usually normal, but in the ventral valve abbreviation 
of the hinge and curvature of tlie hinge line are produced by 
acceleration of the “ Disci noid stage ” in which a pedicle notch 
is present. 

No marked variation has yet been noticed in the spire-bearing, 
or Terebratuloid, or Ehynchoiielloid genera. 

The form of the shell and the amount of difference in shape 
and size of the valves seem to be largely due to the length of the 
pedicle and its inclination to the axis of the body, as evidenced 
by the development of Terebratulina. A series showing progressive 
dissimilarity of the two valves arising from these causes can be 
traced from, Lingula to Crania. The greater alteration that takes 
place in the ventral valve appears to be due to its position as 
lower and attached valve. If the pedicle is short a transversely- 
expanded shell with long hinge line results when the plane of' 
the Valves is vertical or ascending, but when the latter is hori¬ 
zontal a Discinoid form is founcL This mode of attachment is 
often accompanied by a more or less plainly developed radial 
symmetry. Shells with long pedicles, on the other hand, are 
usually longer than wide. 

The character of the pedicle-opening is of great significance 
from an evolutional and classificatory point of view, for the suc¬ 
cessive stages through which it passes in embryonic growth are 
chronologically parallelled by difterent genera, and are likewise 
accompanied by the successive acquisition of other important 
anatomical characters, as has been shown by Beecher and others. 
The first and simplest type of pedicle opening is in shells with a 
posterior gaping of the valves, where the pedicle protrudes freely 
between them in a line with the axis, and the opening is shared 
by both valves, though generally to a greater extent by the ven¬ 
tral valve. Paterina ( = Oholus labradoricus) and Zingula furnish 
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examples of this type. In the second type the pedicle opening is re¬ 
stricted to the ventral valve, and the direc-tion of the pedicle makes 
a right angle with the plane of the valves; in the lower forms 
the pedicle lies in a slit or sinus {Trematidae), but by further 
specialisation it becomes enclosed by shell growth so as to lie 
within the periphery, and finally becomes subcentral in some 
genera {Discinidae). The third type shows the pedicle opening 
confined to the ventral valve and submarginal. A pseudo-delti- 
dium may preserve the original opening {Clitamhonites); or this 
shelly plate may become worn away or reabsorbed in the adult so 
that the deltidial fissure through which the pedicle passes 
remains quite open {Orthidae), In the fourth type the incipient 
stage marks a return to the simple conditions of the first type; 
but ultimately a pair of deltidial plates develop, and may com¬ 
pletely limit the pedicle opening below. Examples of this type are 
Spirifera and Rhynchonella. By means of these four types the 
Brachiopods have been divided into four Orders: the Atremata 
(type i.); the Neotreviata (type ii.); the Protremata (type iii.); 
and the Telotremata (type iv.). 

The Telotremata were the last to appear, but the four types of 
pedicle-opening with the various forms of calcareous brachial 
apparatus were in existence in the Bala period of the Ordovician. 

As Paterina is the most primitive form of all, we may place it 
at the root of the phylogenetic tree. From it sprang the Atremata, 
which gave off the Neotremata and Protremata; the most primi¬ 
tive Neotremata seem to be the Trematidae, while the connecting 
link between the. Protremata and Atremata is furnished by the 
Kutorginidae. From the genus Conchidium and its allies we 
may see how the Rhymhonellidae ushei'ed in the Telotremata as 
an oifshoot from the Protremata, The Telotremata subsequently 
gave off two main branches, which became specialised with the 
loop-bearing and spire-bearing forms respectively. 

The evolution and mutual relationships of genera have been 
indicated with much probability by Hall, Clarke, and others. 
The Obolelloid type may be connected with the Linguloid by 
means of Linguldla and Lingulepis, while in Lingvla itself we 
find the point of divergence for the ancestors of Trimerella, and 
for a line of variation culminating in Dignomia, The Palaeo¬ 
zoic Ehynchonelloids branched off at an early period from the 
same JSitock as Orthis, and are connecting links between this 
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genus and Mesozoic Rhynchonellae; and a whole series of genera 
exhibit intermediate stages of structure between the Rhyn- 
chonelloid and Pentameroid groups. The Terebratuloids can be 
traced back to the primitive type JRenssoellaria; and amongst 
spire-bearing forms, the protean genus Spirifem can be split up 
into groups of species wliich diverge along lines tending to forms 
no longer congeneric. When we come to deal with specific 
differences we find frequently such a host of intermediate varieties 
that the separation of many species, as in tlie case of Mesozoic 
Terebratulae, is to a large extent arbitrary and artificial. 



INDEX 
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in italics {391, J^O) 

Abralia, 391 
Absorption of internal portions of shell, 

*259 
Abyssal Mollusca, 374 
AcnnthmuUi, 441 
Amuihoceras, 399 
Acanthochitou, 403, 4(^3 
AcanthodoriK, 4^4 
AcMnthopleum, 403 \ eyes, 188 
Acavus, 303, 304, 335, 44^ 
Acera, 245, 430 
AcImUhu., 278, 328*337, 333, 443, 443 ; 

jaw, 211; food, 33; size of egg, 124 ; 
A/fulim, 279 

AcJuUiuella, 278, 326, 327, 443 ; radiila, 
234 ; musical sounds, 51 

A chatineUoides, 332 
AcicuUi, 287, 296, 4^4 
Ac'imm, 435\ radula, 227 
Ame, 4i-4 
Amelia, 314, ^75 
Acroptychm, 886, 414 
Acrotreta, 504i 608 
ActaeA)n, 250, 427, 428, 4^9 ; radula, 217, 

230 ; streptoneurous, 203 n. 
Aetaewiella, 430 
Actaemia, 433 
Actaemi'na, 250, 4^9 
Actinoceras, 394 
Aetinodmta, 44*^ 
Acueta, 306, 816, 318, 441 
Adacnei, 12, 297, 455 
Adalarm, 434 
Adamstellaf 414 
Addiemia, 413 
Addphoceraa, 395 
Adeorbis, 413 
Admete^ 4^ 
Aegirea, 434 
Aegiata, 305, 316, 441 
Aegoceraa, 398 

VOL. Ill 

Aeolis, 10, 162, 43£; radula, 217, 
229 ; stinging cells, 65 ; mimicked 
by Sagartia, 68 ; warning coloration, 
72 

Acrqpc, 328, 333, 440; radula, 215 ; 
habits, 54 

Aestivation, 25 
AetMria, 328-336, 453 ; variation, 92 
Africanon, 333, 440 
Agaronw, 436 
Age of snails, 39 
Aglossa, 7 
Agnatha, habits, 51 
Akmiiyi'is, 434 
AUiha, 415 
Alaria, 418 
Alaritjpsis, 430 
Albersia, 320 
Albino varieties, 87 
Akadia, 348-351, 410 
Alderia., 433 
Alexia, 439 
Alzcia, 459 
Allognatlius, 441 
Allopagus, 453 
Alloposidae, 384 
Alvania, 415 
Alycaeus, 266, 302 f., 309, 319, 414 
Amalia, 440 
Aimlthea, 78 
Amaltheus, 398 
Ammtra, 443 
Aimura, 4II 
Amberleya, 409 
Amhmychia, 440 
Amicula, 404 
Ammonites, 247, 893, 398, 398; sutures, 

896; aptyclius, 897 
Ammonoidea, 396 f. 
AmnicoUi, 825, 415 
Amoria, radula, 222 

2 L 
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AmpelitH^ 335, 44^ 
AmphiMUt^ 10, 18, 4^^U ; breathing, 151 ; 

radula, 236 
Amphihulimm^,'6f)2, 44^^ \ I’adula, 233 
Amphidoxat 358 
AiiiphidroniuSf 301, 305, 317, 310, 359, 

44^ \ radula, 233 
Ampliiiieura, 8, 4^6*; breathing organs, 

154, 168 ; nervous system, 203 ; geni¬ 
talia, 145 

Amphipepledy 4*^0 
AmphiperaUf 4^.0 
Amphisphyra, 4‘S^ 
A mphism, 4^3 
Amphitretus, 383 
AvipuUaria^ 17, ^76' ; self-bnrial, 42 ; 

spawn, 125 ; breathing organa, 151, 
168 ; jaws, 212 ; shell, 249, 263 ; oper¬ 
culum, 268 : distribution, 294, 320, 
322, 343, 359 

Ampidhmtiny 302, 4^9 
Ampullina^ 411 
Awnmum^ 430 
Amydn, 4^3 
A nahathnm, 4^3 
Atmdiis, 4^3 
Anmlenm^ 24, 44^ 
Anal glands, 241 
Anal siphon, 164, 173 
A nastimiopaU^ 443 
A'iMiina, 274, 276, 439 
Anatinacea, 438; gills, 167 
Aiimulus, 4^4 
Am'Jmtoma^ 293, 296 
Ancillat 267, 4^3 
Amnllina, 4^ 
A iiHstrochinus, 391 
Ancistromesus, 4^5 
Amistroteuthis^ 891 
Avcula^ 434 ; radula, 229, 230 ; warning 

coloration, 72 
AiicidotuSf 
Ancyloc&ms^ 247, 399 
AncyhiSj 19, 489 ; breathing, 162 ; hiber¬ 

nating, 27; radula, 230 
Aneitea, 325, 448 
Angitr&mUy 340, ^77 
Aninocardia^ 431 
Anodrmtay 259, 841, 432 ; shower of, 47 ; 

variation, 92 ; Oloch/idiumy 147 ; gill, 
167 ; otocyst, 197 nervous system, 
20$ ; hinge, 274 ; A, 24; dis¬ 
tribution, 282 , 

Anod(mio2idf(f 431 ^ 
Anoglyptai 325, 44^ 
Anomm, 267, 448t 464 ; intestine, 241 ; 

byssus hole, 262 ; hearing, 196 
Anoiniacea, 448 
Arnyylophorat 431 
Anostmmi^ 248, 266, 856, 358, 44^ ; aper¬ 

ture, 68 
Ardhracosiat 431 

Anum^ 424 
Anus, 209, 241 
Aperdf 334, 440 
Aperostovia, 344, 414 
Aphmiotrochw^ 408 
ApheXod.wl% radula, 230 
Apiealia^ 422 
Aplacophora, 9, 404» radula, 228 
Aplce.Uty 354, 489 
Aplusirum^ 246, 428, 480 ; radula, 230 
Aplysia^ 245, 428, 481 \ stomach, 239 ; 

purple fluid, 65 
Aplysioideu^ 430 
AporrluiiSj 4I8 ; radula, 215 
A^mrarduiy 433 
Aptychus, 397 
Aptyxielhiy 4II 
Aptyxis, 424 
Aral Sea, lAmnaea from lUiar, 84 ; Oor- 

diiim from, 91 
Area, 14, 171, 273, 448; eyes, 191 
Arcaeea, 448 
Ai'cachou, oyster-parks at, 105 
Arceste.^, 307 
ArchUioris, 434, 484) protective colora¬ 

tion, 73 
A rchiteulhis, 378, 390, H90 ; sucker, 381 
Ammya, 438 
Arcfmaia, 307, Jf32 
Arctic shells, colour of, 86 
ArcucUa, 4^22 
Argiope, 470, 472, 479, 487 ; jiarasite of, 

485 ; distribution, 486 ; fossil, 501, 306, 
508 

Argiopidae, 306, 508 
Argohuccinmn, 420 
Argona/uta, 383, 383 ; egg-laying, 127 ; 

hectocotylised arm, 137 ; radula, 236 
Aritiia, 413 
Ariolimax, 441^ 341 ; radula, 233 
A'rwn, 440 ; shell, 175, 245, 246 ; hardier 

than Hdix, 24 ; voracity, 30 f. ; egg- 
laying, 42 f. ; protective coloration, 70 ; 
pulmonary orifice, 160; food, 179; 
smell, 193 f.; radula, 233 ; distribution, 
285 

Aricmta, 341, 853, 441 
AriopMnta, 301, 808, 309, 316, 440 ; jiro- 

tective coloration, 70 
Aristotle, on modified arm of jjolypus, 138 
Arimiift, 434 
ArthurUi, 4O8 
Asaphis, 436 
AsGticerfhH, 394 
Aacoglossa, 11 n„ 481 
Ashford, C., on pulsations of beort in 

Hdix, 26 ; on homing of Helix, 35 ; on 
dart-sac, 143 

Aeolene, 4I6 
AepergiUmn, 262, 439 
Aspiddus, 829, 440 
Aspuioceraa, $99 
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Assiminea, JfLo 
Asiarie^ If51 
Asthenothaerus, 1^59 
Astmlmm, 4^)9 
A Ihm'acopho'rnii, 44^—sec Jdudlu 
Athyrin^ 499, 600, 50r} ; stratigraphical 

distribution, 607, 608 
Atiliu, Jf^S 
Atlanka^ 421, 4M \ loot, 200 
Atopncochlix^ 330, 4A^ 
Atremata, 611 
Atretia^ distribution, 486, 4^7 
Ainjpay 601, 602, 505 ; stratigrapliical 

distribution, 607, 508 
Ati’ypidae, 601, 606, 508 
AtMrUt, 393, S95 
Afys, 428, 4^30 
Aucapitaine, IT., on tenacity of life, 

38 
AucdUii 44^^ 
Anhpomu^ 167, 304, 4^4\ operculum, 

269 
Aulosteges, 504 \ stratigraphical distribu¬ 

tion, 507 
Auricula, 439, 
Auriculella, 327, 44^ 
Aiiriculidae, 17, 18, 260, 439, 450 \ lung, 

160 ; eyes, 186 ; radula, 236 
AustenUu 301, 304, 440 
Ardlana^ 4*30 
Avimla, 264, 258, 449, 44^ \ eyes, 190; 

genital orifice, 242; Ji. Duirqarilifcray 
100 

Aviculnpectmif 4*^0 
Arkulopinnn, 44') 
Axlnus, 4*^2 
Azcca, 44^ 
Azygobrauchiata, 166, 407 

Babinka, 447 
Bacirites, S95 
BaculiteSf 399 
BaikaUUf 290, 4^5 
Baird, Mr., on the British Museum snail, 

37 
Balm, 44^ ; perversa, 24, 43 
Baltic, fauna of the, 12, 83, 366 
BatiMvm, 408 
Barbatia, 448 
Barleeia, 41^ 
Baniacle, llev. H. 6., on musical sounds 

produced by Mollusca, 51 
Barometers, snails as, 60 
Bartlettia, 452 
Basilism, 376, 4O8 
Basommatophora, 11, 19, 181, 488 
Basterotia, 451 
Bateson, W., on variation in Cardium, 91 ; 

on hearing in AnomiUt 196 
BathmaeeraSy 395 
Baihydoru, 483 
BathyteuUiia, 390 

Batissn., 320, 453 
Beddomm, 304 
Beecher on phylogeiiy, 609 
Beetles, prey on Molhisca, 68 
Bela, 420 ; radiila, 219 
Bdemnites, 380 
Belemnitidae, 387 
Belemnusepiti, 300 
Bellemphon, 266, 4^ 
Beloptera, 380 
Belopteridae, 388 
Belosepki, 386, 38S 
Bdnte uth is, 300 
Bemhix, 376, 4O8 
BenedU'tia, 290, 415 
Benthobw, 377 
Be.nthodolium, 377 
Berendtia, 441 
Bendaut, experiments on Mollusca, 12 
Bideford Bridge and mussels, 117 • 
Binney, I>r., on e})iphragm, 28 
Bimeya, 341, 44^ 
Bi/radioliteji, 450 
Birds, devour Mollusca, 66 f. 
BUhynelUi, 289, 293, 415 
Biihynia, 336, 342, 4^5 \ stomach, 239; 

habitat, 26 
Bittinm, 4 HO 
lUaesosjdra, 346, 361 
BlADulidUty 16, 4^4 
BUinfardia, 414 
Blind Mollusca, 185 
Blood, 171 
Bodb, land Mollusca, 24 
Boeuf and French oysters, 107 
Bolnuty 400 
Boltenia, 340 
Boreo/usus, radula, 221 
Borndla, 433 ; stomach, 239 
Borsmiia, 420 
Barns, 356-358, 441 
BrnrctetHa, 357, 410 
Bourguetia, 4II 
Bonrguignatia, 332 
Boiivier—see Fischer 
BayHa, 302, 442 
Brachial apparatus, types of, 500 
Brachiopoda, fossil, limestone formed of, 

492; shell, 493, 497 ; muscle scars on, 
,494, 501 ; platform, 496 ; synopsis of 
families, -603 ; stratigi*aphical distribu¬ 
tion, 506; phylogeny and ontogeny, 
509 ; Orders, 511 

Brachiopoda, recent 463 ; historical 
account of, 464 ; shell, 465 ; body, 
469 ; digestive system, 471 ; body 
cavity, 472 ; heart, 473 ; excretory 
organs, 474 j muscles, 476 ; nervous 
system, 478 ; reproductive system, 478 ; 
embryology, 479 ; habits, 482 ; distri¬ 
bution, 484 ; classification. 487 ; affini¬ 
ties, 487 
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Brachytremuy 4^7 
Brackish-water species, 14 
Branchiae, 151, 168, 164 
Branchial siphon, 155, 164, 173 
Braun, on self-impregnation, 44 
Breathing organs — see Respiration, 

Branchiae 
Brechites^ 459 
Breeding, periodicity in, 129 
Brod&ripiii^ 40S 
Broti(u 805 
Brovniitti 133 
BuccinanopSf 4^^ 
Bmcinopsis^ 4^4; radula, 221, 222 ; egg- 

laying, 128 
Bucc'imwif 6, 4^4; radula, 217 ; mons¬ 

trosity, 251 ; breeding, 129 ; osphra- 
dium, 196 ; spawn, 126 

Bidiminys, 24, 278, 285, 296 f., 316, 331, 
339, 44^ \ protective habits, 70; B. 
pallidioT<t 38 

BiilmuluSf 278, 334, 339-359, 4^'* 
jaw, 211, 233 ; radula, 233 ; variation, 
87 

BuliwuSf 278, 342-359, 366, 44^^ ; radula, 
233 ; egg, 124 

Bvlimis—see Isidora 
BuUa, 428, 
BuUia, 166,4^3; habits, 192 ; foot, 198 ; 

radula, 221 
Bulloidea, 4^9 
Burrowing Mollusca, 446 
Burying propensities of Mollusca, 27, 

41 
Busycon^ 4^4 > money made from, 97 ; 

egg-capsules, 125—see FvXgui 
Butterell, Mr., on habits of Testehcella^ 

52 
BysscKXbrdinmy 455 
Byssus gland, 201 

Cadlina^ 434 
GadoceraSf 393 
CaduluSy 376, 445 
CaecUiandla^ 443 \ habitat, 48; eyes, 

186 
CalcardUt, 133 
California, land Mollusca, 280 
OaUiostorrm, 408 ; jaws, 212 
CaUistochitmy 403 
Callochiton, 403 
GallogaacLy 408 
GaUonidt 443 
GaUopomay 409 
Cahm, protective coloration, 74 
Galyhivm^ 410 
G(dycia.i 320, 443 
GcUyddctris^ 434 
GaLypimm^ 246, Jtl3 
Gammemi^ 305, 306, 315, 316, 441 
Cambrian, Mollusca of the, 2 
Got/^Uict^ 409 ^ , 

Campaspe^ 433 
Oamptoceraa^ 302 
GamptonyXy 278, 302, 439 
Gampylaeay 285, 289 f., 293, 441 
Canal, 155 
Gancellnruty 430 
Canidiciy 16, 305, 433 
Cannibalism in snails and slugs, 32, 

33 
Ganiharidusy 408 
CtmUuirus, 275 ; radula, 222 
CapHndy 4^j0 
GaprotinUy 4^0 
GapuluSy 413 
CaraculuSy 347-351, 44^ 
GarhmiicoUiy 4^1 
Cardiacea, 454 
GordUtpoddy 431 
Cd-rdilidy 454 
Cardinal plate, 500 
Cardinal process, 497, 501 
Gardinalia, 408 
Gardmidy 451 
Garditdy 273, 451 
Cardifelldy 451 
Garditopsis, 451 
Gardiviriy 6, 273, 466, 4"^5; <l edtdt'y 12, 

164; modiftcations, 12 ; variation, 84, 
91; nervous system, 207; distribution, 9Q‘> OQ7 

atrelL, 327, 443 
Garinnridy 9. 422, 433; foot, 200 
Garinifexy 439 
GdrolUiy 448 
Gartmmndy 296 
Garychiuviy 18, 439 
GaryodeSy 325, 359, 441 
Gaselldy radula, 230 
Gaspidy 12, 297 
Caspian Sea, fauna, 12, 297 
Gassidaritty 430 
Cassiduldy 18, 278, 439, 4^9 
Gdssisy 255, 430; radula, 223 
Gastalidy 344, 453 
GatatduSy 266, 304, 167, 414 
Caterpillars mimicking CtavAilixiy 68 
Gaihjdicxty 316, 441 
GatineUdy 443 
Gavolinid, 168, 430 ; eyes, 186 
Geeifidy 414 
Gmidy 4$^; breathing, 162 
Gentrodorwy 434 \ radula, 280 
CentroneUdy 499, 506y 508 
Cephalopoda, 378 f.; defined, 6; ink, 

66; egg-laying, 127; embryo, 163; 
branchiae, 168 ; osphradium, 196 ,• foot, 
200 ; nervous system, 206 ;* jaws, 218 ; 
radula, 236 

Cepolisy 349-361, 441 
Gerastomdy 433 
Gemstus, 331, 441 
Cerata of Nudibimnchs, 71* 159 
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CleratMes^ 307^ 398 ; Hutuve, 396 
Cerafxxles, 357, //JO 
(Jeres, 21, 354, 410 ' 
V&niMa, 4J7 
Cerilhideay 260, 417 ; <^. ohtnmy breath¬ 

ing, 152 
CerithiopHisy 41'^ 
(hrithiwmy 16, 41^ 
Oerowyay 45S 
Chueiodenm, 404, 404'’i breathing organs, 

164; nervous system, 203 ; radula, 217, 
228 

Chaetiipleuray 4^3 
Chamay 257, 272, 446, 435 *• 
Chivnwstrat, 453 
Changes in environment, effect of, 83 f. 
Chank-shell, fishery of, 100 
aimrisy 324, 443 
(Jhnropay 319, 323-327, 4.'/J 
(IfumaXy J/24 
VheJinoduniy //30 
ChelotropiSy 133 | 
Vhf/nipy.'i, 413 
Cliilidiuiu, 498 
atduwy 19, 34,% 358 
Chiliniclae, 43^3; radula, 236 
Ohihiretna, 441 
China, use of shells in, 3 01 
Ohiruptermy 133 
(Jliiroimthhy 385, 331 
Chitony 8, 163, 403't egg-laying, 126; 

breathing organs, 153 f. ; eyes, 188 ; 
osphradium, 195 ; radula, 228 ; nervous 
system, 203 ; valves, 401, 402 ; girdle, 
403 

GhitonelhiSy 404, 404 > valves, 401 
Chittyay 16, 348, 351, 414 
Chlamyd^phurusy 333, 440 
GhlamydoconchUy 175, 245, 453 
Chlamysy J/60 
GMoritiSy 306, 311, 319-324, 441 
OhlorostomMy 4OS 
Ghlorostraciay 307 
ChoanompfuiiuSy 250, 290, 430 
Chondrophora, 330 
Vhondrnpomay 346-355, 348, 414 
Chondruluy 285, 296, 296, 44^ 
ChoneplaXy 404 
Ghonetesy 504; atratigraphical distribu¬ 

tion, 607, 608 
Choristes, 4^0 
ChoristocerdSy 398 
ChortcSy 4^3 
Gh/romodoriSy 434; jaws, 212; radula, ^ 

230 
Ghryacdliday 433 
Ghrysodonvusy 433 
Ohrysostormy 409 
Cmgulay 415 
Cdm^vmy 433 
Oimdlay 443 
Oirce, 454, 468 

Circulatory system, 169 
GirculnSy 4O8 
Circumpolar species, 287 
GirrhotenihiSy 381, 382 
Gisiellay 467, 470, 472, 476, 476, 479, 

480, 437 ; larvae, 481, 483 ; parasite 
of, 485 ; distribution, 486 ; fossil, 50(iy 
508 

OutopuSy 335 
Gistida, 349, 351, 355, 414 
Cladohepatica, 432 
OlanmduSy 4O8 
Classification, 5, 8 ; of Gasteropoda, 8, 

11 
Clathurellay 426 
Gkumlui, 442, 443; mimicked by cater¬ 

pillars, 68 ; monstrosity, 251 ; distribu¬ 
tion, 285 f., 294, 305-318, 332, 339-356; 
G. ruyosUy 24; scalafis, 278 

Clavagella, 262, 459 
Glamtory 336, 369, 441 
Clamtida, 420 
Olarella, 434 
Glavigery 329, 417 
Glmy 16, 305, 423 
Gleinentia, 454 
Gleodoray 436, J^O 
Gleopatray 294, 328, 331, 336, 4IG 
Clessin, on duration of life, 39 
Glessinuiy 12, 297 
Glioy 436, 430 
Gliomiy enemy of oysters, 112 
Glimiey 168, 433 
Clionopsisy 437 
Glitamhonitesy 498, 505; stratigraphioal 

distribution, 607, 508, 511 
GHthAmy 327, 4IO 
Clydmiitesy 398 
GlymmwLy 397 
GlypideUay 4OO 
Goccidinay 408 
CochlwsUa cu'Mtay 278 
CocJdwlepas, 77 
GochZoceraSf 398 
Gochlodcsmiy 459 
Gochlostylay 124, 278, 313, 315, 44I 
Cockles, use of, 101, 118 
Coemmy 247, 260, 417, 418 
GoeliaxiSy 384, 443', habitat, 49 
Coelocentruniy 363, 443 
Codospiruy 505, 508 
Cold winter, effect on oysters, 112 ; on 

mussels, 116 
Collinge, W. B., on growth and burial of 

shells, 41 
CollMlay 405 
GoUiseUiw, 405; radula, 227 
CoHonuiy 409 
Golcboc^hcduSy 430 
Colour of arctic shells, 86 
ColpodaspiSy 430 
Columhariim, 430 
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Colvmhellay 42^^ ; radulva, 222 
(V//vmhilarin, 
Oolutnbellinft^ 4M) 
CoJummu 'S'2H, 330, 4-^/ 
ComimUa, 16, 4'M 
Conipositiou of shell, 252 
OourJia, 463 
Coacitidium, 497, 498, 500, ; strati- 

grapliical distrihutiou, 507, 508, 511 
Comholcpas^ 267, 
Con idea^ 4iiS 
Conocardiim, ^,75 
ConorbiSy Jf^C} 
ConiiSy 247, 275, 4^6 ; i)oisonous bite, 65 ; 

tooth, 66 ; shell, 69, 266, 260; mimicked 
hy Stroi/ihusy 69 ; ]>rices given for rare, 
121 ; spawn, 126 ; radula, 218, 220 ; 
operculum, 269 

Conkuiy 4^9 
(hpinchiliiSy 314, 414 
Corallioph-f((f(f, 4'^* 7 
ComUiophiioy 75, 4^^ 
Ooralliophilidae, radula, 216 
Corawbe, 4^4 
Corasiay 311, 319-321 
CorhicMhiy 15, 288, 292 f., J^SS 
CorbiSy 
Corhuht, 4*^6 
Corillay 303 
Corona^ 27, 
Cnronaria, 297 
Cori/da, 346-851, 44^ 
Coryphellay 4*S^ 
Oosmmerns, 399 
Cowry used as money, 96 
Coyote trapped by Jlaludis, 57 
Crttnck'di, 391 
Cranuty 464, 467, 468, 469, 471, 472, 

473, 475, 476, 477, >^.S7; distribu¬ 
tion, 486 ; fossil, 493, 494, 504 ; strati- 
graphical distribution, 506, 507, 508, 
510 

Craniidae, ^97, 496, 504^ 508 
Cmnopsis, 266, 400 
Craspedochitoriy 403 
Craspedopcma.y 298, 4^4 
Craspedostomiy 4O8 
Orassatdlaj 4OI 
Cratenay 4S2 
Crawling of Hefir, 45 
CremnocmchuSy 16, 302, 413 
Cretiatulay 75, 440 
Orcmllay 449 
Crenipecteity 450 
CrepidukLy 248, 257, 412, 41^; parasitic, 

78 
Cr^ipatdlay 248, 41^ 
OreseiSy 436, 430 ; eyes, 186 
OHmoray 434 \ raflula, 229 
Crimerasy 247, 899, 399 
Oristig^y 311, 319, 320, 44I 
Orosspstmmy 408 

Crurdhulaviy 248, 41 * 
CryptochHoHy 245, 371, 402, 4^4 
Vnjpioehorda,y 435 
<^ryptoco7irhiiSy 404 
i ^ryptoph th a Im ns, 430 
Cryptosiraetm, 353, 44^ 
Ctenidia, 151—see Branchiae 
CtenopmuOy 346-351, 414 
Caculkieay 21 Ay 448 
Culiellusy 457 
Cnvuty 4JS 
Ctmingia, 453 
Oiispidariay 459 ; braindiiae, 168 
CumeHna* 436, 430 
Cyaney 410 
CyathopMoety 247, 268, 314, 338, 4I4 
Cyclmy 403; veliger, 132; ova, 146; 

otocyst, 197 ; C. cornea, thread-spinning, 
29 ; distribution, 282 

Cyelimiy 454 
Cyclobranchiata, 156 
Cyclmnnthiy 409 
Cycloinorphu, 4^4 
Cyclmassuy 433 
CycloneoiHy 409 
Cyclophoridae, origin, 21 
Oyclophorns, 802, 306-319, 329-834, 344, 

35*2-358, 414; j''iws, 212; radula; 
21 

Cyclostomay 328, 331 - 338, 414, 414 ; 
stomach, 239 ; vision, 184 ; osphradiiun, 
195 ; nervous system, 206; V. degansy 
287, 288 

Cyclostomatidae, origin, 21; radula, 224 ; 
gait, 199 

Cydo8trema>y 4OS 
Cydosurusy 247, 337, 414 
Cydotopsisy 338, 414 
Cydotusy 296, 319, 320, 4I4 
Cylwhnay 428, 430 ; radula, 216 
dylhidrellay 247, 260, 278, 343-355, 348, 

443; monstrosity, 251, 262 
Cyiindrellidae, radula, 233, 234 
Cylbuiritesy 430 
Cylindrdbulhiy 430 
Cylindrmnitray 435 ; radula, 222 
CyviHmriy 255, 367, 435; radula, 221 
Gyvd)uliay 437 
Cynihvliopsisy 437 
Cy'ihodontay 434 
Cyphonm, 413 
Cypraea, 178, 413 ; prices given for rare, 

122 ; mantle-lobes, 177, 178; radula, 
224; shell, 266, 260, 261; C.nuyMtay 
96 

CypraecassiSy 430 
Cypretedia, 413 
Cypraeomlay 413 
CypHimridy 454 
Cyprim, 451 
CyrmoLy 16, 433; distribution, 285, 294 
OyrendlcLy 453 
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<1yrtw.^ 6O0 ; stratigrapliical distribution, 
r)07, 508 

Vyrtmemif^ Slh^i 
Vjfrtoilarm^ 4^)7 
Cyrtodonta., 
(Jyrtotife.'i, 4^)7 
CyrtonotuH, 44S 
Cyrloffmm^ 414 
Cysllcajms, 346-351, Jt41 
CystisniH, 4^5 
CystopeUa, 325, 326, 44i) 
Oyihcrm^ 454, 41^4 

Dacrydium, 449 
J)(icda/nvh ilUy 41f 1 
Dali, W. H., quoted, 35 ; on branchiae, 

1G4 
Damayantut, 44^^ 
DaphneUaj 42^* 
Darbishire, It. T)., on tenacity of life, 

39 
4ir> 

Dart-sac, 142 
Daudehardia, 289, 292 f., 449 
Davidfionidy fdiS, 508 
Dawsiaieda, 4^9 
Jjfn/idy filUly 508 

^Decaj)oda, 3Sa f. 
Decollation, 260 
Deep-sea Mollusca, 374 
De Folin, experiment on Vyclostomiy 157 
IkAaniray 419 
Delage, experiments on otocyats, 197 
DelphInula, 490 
Deltidium, 499 
Dendrmiotufi, 433; protective coloration, 

72 ; habits, 51 
Iknialmm, 6, 444, 44^*; money, 

97 ; veliger, 131; radula, 228 
DenicUaria, 350 - 355, 441 ; aperture, 

63 
Desert species, 25, 85 
Jkshayeski, 411 
Desnwulm, 4^3 
Development of fertilised ovum, 130 f. 
JJexidbranchaea, 437 
Diadcma, 414 
Dial a, 413 
Dialema, 441 
Diaphora, 314 
Dmpfu)rostoma, 413 
Diastema, 413 
DiasUma, 417 
Biaulnla, 434 
iHhaphus, 435 
Dibranchiata, 880; eye, 183; nervous 

system, 207 
Diceras, 269, 435 
Didmrm, 12, 297, 433 
Differences of sex, 133 
DignwnwL, 611 
Digonopora, 134, 144 

IHlmna, 498 
Dimwpluptych m, 419 
Dimya, 450 
Dinoholiis, .504-, 508 
hhwjdax, 493 
Diotocardia, 9, 170, 493 f. 
Diplodonta, 432 
hiphmmaima, 302-327, 413 
lli.phmphalvft, 322, 323, 449 
Diplopmxa, 346, 351, 414 
Dipsnrrus, 424 
Dlpsas, 307 
JHsciua, 464, 468, 471, 475, 487 \ distri- 

butioii, 485 ; fossil, 493, 304 ; strati- 
graphical distribution, 506, 508 

Disciiiidae, 487, 496, 504, 508, 511 
Diseiuisca, 487, 510 ; distribution, 485, 

486 
JtiscUes, 305 
Dincodfu is, 434 
Discammis, 304 
Dislortin, 255—see Persona, 
Ditropls, 312, 314, 414 
Docoglossa, 227, 493 
Dokibella, 428, 431 
Dolahrifer, 431 
Dolivm, 410; aci<l secretion, 237 
Donax, 269, 446, 433 
Dondersiu, 494 
Darcftsia, 333, 441 
Doridium, 439 
Dariduncuius, 434 5 radnla, 229 
Dorapsis, 434 
Doris, breathing organs, 159; radula, 

230. 
Dcrrsanunxi, 423 
Dosidicus, 390 
Dosinia, 434 
Dolo, 433 ; protective coloration, 7l 
Dreissensia, 14, 123, 452; hibernation, 

26 ; singular habitat, 48 ; veliger, 132, 
146 ; eyes, 192 

Dreissensiomya, 432 
JPrepania, 434 
Drillia, 430 
Dryniams, 356, 44^ 
Dryptus, 356, 441 
Durgella, 301, 304, 440 
Dwarf varieties, 88 
Dyboioskm, 290 

Mastonia, 454 
Ehuma, 267, j^4 ; radula, 220 
Ecardiiies, 466; muscles, 476; fossil, 

493 ; families, 487, 503, 508 
Eccyliomphalus, 413 
Echinospira, 133 
EdentuHna, 338 
Egg-laying of Avion, 42 f.; of Mollusca 

generally, 123 
Eglisixi, 411 
Eider-duck, shells used by, 102 
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Miami 322, 
Elaamonewraf ^11 
Eledonei 385, $85 ; radulu, 236 
EUzia) 4^6 
Ely da, 43$; protective coloration, 73 ; 

breathing, 152 ; radula, 217, 230, 432 
Emarginulai 265, 40€ 
Embletoniai 429 
Emmericiai 4^ 
Etui, 296, 44^J 
Enaeta, 4^5 
Endoceras^ 394 
Endodonta, 325, 334, 441 
Engim,, 4^4 
Enida, 408 
Emm, 298, 302, 306, 309, 314, 316, 

328*337,440,440; habits, 54 ; E, hicolor, 
279 

Enoplochiton, 403, 40$ 
KTioploteuthis, 891 
Ensis, 457 
ETitocolax, 77, 79, 152 
Entocancha, 77, 79, 152, 216 
Endomlm, 77, 82 
Ephippodonta, 453 ; commensal, 81 
Epidromm, 420 
Epiphragm, 26 27 f. 
Epipodia, 427 
Erato, 410 
Er&mophUa, 294 
Ergaea, 248, 41^ 
Erinna, 327, 4$0 
Erosion, 276 
ErvUia, 454 
Erycina, 453 
Escargoti^res, 119 
Estria, 329, 4W 
Estuarine species, 14 
Etkalia, 409 
Eucalodinm, 260, 353, 44$ 
Emhelus, 4O8 
Euchryaallis, 4$0 
Evdioptua, 44$ 
Evdoxochiton, 403 
Euhadra, 316, 318, 441 
Eulamellibrauchiata, 451; giUf 166, 

167 
Ealima, 4$$ ; parasitic, 77, 79 
Eulimella, 250, 4$$ 
Eulota, 296, 441 
EojomphaXua, 247, 41$ 
EapUota, 440 
Eupkura, J^$ 
Euplocamua, 4$4 
EuryUa, 4$8 
Eurycampta, 346-351 
Eurycratera, 349, 351, 441 
Euryaiotm, 304 
Eurytua, 44$ 
Eu^wia,i 4$4 
E^thyueura, 203 
EidroiduUella, 347'351, 848, 4IO 

Exploring expeditions, 362 
Eye in Mollusca, 181 f. 

Facelina, 432 
Fnsciolaria, 4$4; radula, 221 
FastigieUa, 4IO 
Favorinus, 4$$ 
Fenella, 415 
Fertilised ovum, development, 180 f. 
Ferassacia, 291, 293, 297 f., 44$ 
Fiji islanders, use of shells, 98 
Filibranchiata, 44$; gill, 166 
Fiiyna, 4$$ ; radula, 217 
Firdoida, 4$ I 
Fischer and Bouvier, on breathing of 

Ampullar Ui, 158 
Fischeria, 15, 328, 453 
Fish devour Mollusca, 59 
Fissurdla, 265, 406; breathing organs, 

153 ; apical hole, 156 ; nervous system, 
204 ; radula, 227 ; growth, 261 

FissurelHdaea, 40O 
Fissurldea, 4^ 
Fusurisepta, 406 
Fistulana, 262, 457 
Flahdima, 4$$ 
Fluminicola, 415 
Folinia, 415 
Food of Mollusca, 30 f. ; Mollusca as 

food, 102 f. 
Foot, 198 ; in classificatiou, 5 
Forel, on deep-water Lmnaea, 162’ 
Fonnation of shell, 255 
Fortisia, 429 
Foaaarina, 41$ 
Fosawmlus, 302, 415 
Fosmrus, 41$ , 
Fourth orilice in mantle, 174 
Fresh-water species living in sea, 12 ; 

frozen hard, 24 
Frogs and toads devour Mollusca, 58 
Fruticicola, 285, 290, 316, 318, 441 
Fruticocampylaea, 296 
Fryeria, 4$4 
Fi^ur, 249, 4$4 
Fmiapira^ 420 ‘ 
Fusua, 262, 4$4 

Qavinia, 152, 4$1; breathing, 18, 151; 
classitication, 19 ; radula, 217, 280 

Gain, W. A., quoted, 32, 33, 89 ; on taste 
of Mollusca, 179 

Qalatm, 16, 828, 386, 453 
OaUomim, 175, 453 
Oplerua, 248, 41$» agg-capsules, 125 
Garstang, W., on protective and warning 

coloration, 73 
Gaskoin, on tenacity of life, 38; on 0gg- 

laying, 42 
Gassies, on hybrid union in snails, 130 
Gasteropoda, classification, 8, 11, 400 t 
Qaatrami, 45$ 
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Qaatrochaem,, 4*'^7 ; habits, 64 
Qastrodmta, 4JfO 
Oastropterm, 245, JfSO 
0am, 376, 408 
Gena, 246, 408 
Genea, 4^4 
Genolia, 4^0 
Oeoinalacua, 160, 288, 291, 44^ ; pi‘o- 

tective coloration, 70 
Gemnelaniii, 16, 348, 351, 4^4 
Georgia, 331, 414 
Georissa, 318, 410 
Oeostilbia, 338, 44^ 
Germitm, 441 
Oerstfeldtia, 290 
Qihbula, 408 
Gibbus, 328-338, 440, 440 
Giilia, 415 
Gills—see Branchiae 
Girasia, 301, 304, 440 
Olandinn, 54, 178, 278, 292 f., 339- 

355, 440 ; radula, 231, 232 ; habits, 
53 

Glands, germ, 134, 140 ; nidameutal, 
136 

Glaseia, 501, 505 
Glaitcomga, 320, 4^4 
Qlaacua, 429, 48^ 
Gleha, 487 
Glessida, 301, 309, 310, 333, 448 
Glochidium, 147 
Glomtcs, 448 
Olossucems, 394 
Glossophora, 7 
Glotiidia, distribution, 485, 48"t 
OlycLmeriis, 45*7 
Glyphis, 406 
GlyptoaUnria, 341, 44^ 
Oomphoceras, 394, 396 
OonafAis, 391 
Ooniatites, 397, 398 
Omiidbam, 341, 477 
Goniodoris, 484 \ protective coloration, 

73; radula, 229 
Gmiiomya, 488 
Gonostovm, 291, 316, 441 
Goniostomus, 448 
Oraimnysia, 459 
Omtdoupia, 484 
Great Eastern and mussels, 116 
Greenhouses, slugs in, 35 
Green oysters, 108 
Gressiya, 488 
Growth of shell, 40, 267 
Gmsteria, 440 
QuUdfordia, 409 
Guimllea, 186, 376, 4^5 
Gulls and Mollusca, 56 
OuneUachia, 19, 325, 346, 352, 359, 

439 
Gymnoglossa, 216, 225, 488 
Gymnosomata, 487 

Gyroceras, 247, 395 
Gyrotoma, 411 

Uadjia, 306, 315, 319-325, 322, 441 
Hadriania, 483 
Haemoglobin, 171 
Hainesm, 336, 414 
Hidia, 366, 486 
Ifaliotinella, 481 
HalioUs, 266, 407 ; and coyote, 57 ; lioles 

of, 156; osphradium, 195; epipodium, 
199 ; nervous system, 204 ; radula, 215, 
226 

Halopaych*., 159, 438, 438 
JTwmmea, 428, 430 ; protective colora¬ 

tion, 73 
IIami tea, 899 
Hamtdina, 399 
Ilwideijm, 40s 
Uapalus, 331, 443 
Ilarpa, radula, 4Si5, 216, 221 ; self-muti¬ 

lation, 45 
Ilarpagodes, 418 
Harpoceras, 399 
Uarndla^ 484 
Hatching of eggs, 43 
Hazny, on duration of life, 39 ; on varia¬ 

tion in Linimea, 93 
Hearing powers of Mollusca, 196 
Heart, in classification, 9 ; action during 

hibernation, 26; and branchiae, 169 
Hectocotylns arm, 137 f. 
Helcmi, 4O8 ; protective coloration, 69 
Ifelcioniscua, 405 
Hele, F. M., on Hyalin la, 33; on Ste7io^ 

gym, 34 
Helicarkm, 309, 316, 325, 332, 440; 

radula, 232 ; habits, 45, 67 
Helicidae, radula, 232, 234 
Ilelicina, 305, 306, 316-327, 338-358, 

410; origin, 21; exterminated by 
cold, 24 

Jlelicophanta, 335, 336, 441, 441 
Ueligmua, 449 
Helix, 441 ; toothed aperture, 63 ; protec¬ 

tive coloration, 70 ; variation, 87 ; car¬ 
bonic acid, 163 ; eye, 181, 183 ; food, 
179 ; smell, 194 ; jaw, 211 ; distribu¬ 
tion, 286 ; tenacity of life, 37 ; breed¬ 
ing, 129 

Hdix cdternala, 340; angvlata, 350; 
aperta, 38, 39, 61, 293 ; arhustorum, 
bathing, 23 ; caperata, variation, 89; 
c&reolua, 340; cicatricosa, 316 ; crenk 
labris, 45 ; delphinuloides, 297 ; deserto* 
rum, 37, 38, 7.0, 294; fiddis, 841; 
hmvnmtoma, habits, 70 ; fm/rpa, 287 ; 
hortcnds, 10, 279; pulsations, 26 ; 
epiphragm, 28; rock-boring, 49; dart, 
143 ; impemtor, 847; habits, 45; 
Iminiosa, 297 ; Imtm, 25, 38, 42, 279 ; 
lima, 4150 ; mnsearum, 347; mnwralis. 
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38, 180 ; nkienais^ 292 ; nvx dentiru- 
latiiy 350 ; palliata, 340 ; piaaneij 25 ; 
habits, 33 ; pmnofvt^ 25, 34, 40 ; eye, 
181; poimm, 322 ; pulvheJhi, 279 ; 
richmondidud, 322 ; rnsaceu, 259 ; rns- 
tmta^ 347 ; rottf, 314 ; ‘nifcscmis^ j>iilsa- 
tiojis, 20 ; simihtrisy 279 ; soumtintiwi^ 
336, 441 ; strigata^ 293 ; trisfk^ habits, 
49 ; turricidn^ 297 ; Vcutchii^ 38 ; 
Wfdloni^ 304; Wnllustmiij 297 ; x(mnto^ 
298 

Hdix aspersa^ homing, 35 ; smell, 36 ; 
duration of life, 39; growth, 40 ; 
strength, 45 ; boring rock, 50 ; varia¬ 
tion, 87, 89 ; eaten, 119; hybrid 
union, 130 ; generative organs, 140 f., 
141 ; dart-sac, 143 ; pulmonary cham¬ 
ber, 160; rarlula, 217; alimentary 
canal, 237 ; monstrosities, 251, 252; 
growth, 258 ; distribution, 279, 289 

ffevLmrthxmn, 
Hemicardium ^ 455 
UeviUUmax^ 45S 
IhmiftmiSy 4'^4 
Hemipecten, 450 
HeMiplectu, 310, 316, 319, 321, 440 
Uemisepius, 389 
IlemisinuSf 357, 4^7 
Hem/itoina, 265 
Hemitrkkia^ 814 
llmitrodws^ 346-351, 44'^ 
lleMphUlin, 245, 341, 441 
Ifercocerm, 395 
Herdman, Prof. W. A., on cerata of Nudi- 

branchs, 71 f. ; experiments on taste of 
Nudibranchs, 72 ; on LitUmna rudiSf 
151 n. 

ffermaeu, 4^3 ; protective coloration, 
73 

Hermaphrodite Mollusca, 134, 140, 145 
Hermit-crabs, shells used by, 102 
Hero, 43^ 
Jieterocardia, 454 
Heterodiceras, 4^^* 
Heteropoda, 9, 430 f. ; radula, 228 ; 

foot, 200 
Heudem, 316, 470 
Uexahmnchus, 4^4 
Hibernation, 25, 163 
High altitudes, Mollusca living at, 24 
Hhndliiy 15 
Hindjtia, 4^4 
Hindsidla, 433 
Hinge area, 493, 49S 
Hinge, in bivalves, 272 
Hinnitea, 257, 430 
Hippmyx^ 248, 473 
HippopuSf 433 
Hippuritea, 455, 430 
Histiopftia, 391 
Histioteuthis, 391 
Holcoatoma, 477 

Jfolohc.patka., 453 
Jlolopella, 47 J 
Holospim, 339, 353, 44:i 
Tlolostomata, 156 
llmmdogym, 475 ; radula, 223 
Homalonyx, 245, 343-358, 443 
Homing powers of Mollusca, 34 
Homorm, 330-337,44i3 
HopUtea, 399 
Hoplopteroii, 432 
Horextj 332 
Henriostoma, 409 
Hot springs, Mollusca living in, 25 
Huron in, 394 
Hyiditm, 10, 430 
lluaUmax, 245, 305, 306, 338, 443 
Hyaline stylet, 240 
llyrdinia, 440 ; pulsations, 26 ; food, 33 ; 

smell, 194 : dart, 143 ; radula, 232, 
234 ; distribution, 287 f., 318, 340-357 ; 
H. alliaria, 279 ; smell, 194 ; cdluriu, 
279 ; Dmpanuddi, 33 

IlyaliM'jfUx, 437 
Hyalosagdo, 352 
IJyhocysds, 305, 309, 4^4 
Hybridism, 129 
l/yd<din-ff, 430; radula, 231 
llydrddn, 325, 332, 413; //. uJvoe, egg- 

laying, 128 
Hydntcena, 298, 470; radula, 226 
Hyinenoptera build in dead shells, 102 
Hypnlmimhaea, 437f^; radula, 230 
Hypotrenm, 443 
Hyj)sdostonm, 248, 302, 305, 314, 442 
HyrUi, 344, 452 
Hystricdla, 297 

lANTHTNA, 360, 126, 4^7 ; egg-capsules, 
125 ; eyes, 186 ; radula, 224 

Japetdla, 385 
Jberusy 285-293, 297, 447 
lehthyosarcoHtea, 450 
Idfdia, 179, 429, 434; radula, 229, 230 
Idas, 443 
Idioaepion, 389 
Hlex, 390 
Jmbrkaria, 425 ; radula, 221 
imperedor, 409 
Indians of America, use of shells, 100 
Infundibulum i 408 
InioteuthiSy 389 
Ink-sac, 241 
InoceraviuSy 443 
Insects eaten by Mollusca, 32 
Inavlaria, 819, 320 
Intestine, 241 
To, 16, 340, 477 
lopcLSy 423 
Iphigenm, 15, 433 
Iramdidy 305, 473 
Iridinay 294 
Irusy 2ft7 
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fsanda^ 409 
IschnocMton, 40^^ 
Jsidora, 298, 320-;i27, 333, 33(5, 359, 

4S9 
ImRciiiay 4^4 
Isom-rdia, 269, 451, ^7/ 
Isodonta, 4Sd 
Jsom,eria, 343, 356, 44^ 
Ism, 4^4 

Jam Aid A, 414 
Jmiella, 161, 44*^ \ pulinoiiarv orifice, 

161 
Jaiiellidae, rmliila, 234 ; distribution, 321- 

326 
Janus, 431 
Japonla, 818 
Jaws, 210 
JmuereMia, 346-351, 44 ^ 
Jeffreys, Dr., on Limtut.m, 34 ; on 

N&ptunea, 193 
Jeffretfsia, 41^ ; radula, 223 
Jorunna, protective coloration, 73 
JouanneMia, 4>‘^7 
JallienUt, 307, ^75 
Jmnala, 424 

Kaliella, 301, 304, 310, 314-317, 335, 
440 

Kalmga, Jf34 
Kashmir, laud Molhisca, 280 
Katkerina, 4^S 
Kellctm, 424 
Kcilia, 433 
Kdiyeliu, 432 
Kidneys, 242 
King, K. L., on smell in bivalves, 195 
Kingena, 306, 508 
Kitchen-middens, 104 
Koninckellct, 503; stratigraphical distri¬ 

bution, 507, 508 
Koninckina, x503 ; stratigraphical distribu¬ 

tion, 507, 508 
Koninckinidae, 601, 505, 508 
Kutorgina, 504 j stratigraphical distri¬ 

bution, 506, 508 ; embryonic shell, 
509 

Labial palps, 210 
Lahyrinthus, 342, 353-357, 44^ \ aper¬ 

ture, 63 
Lacaze - Buthiers on Testojcdla, 52 f. ; on 

smell in Helix, 194 
Lacuna, 413 
Lacunopsis, 332 
Lagena, 424 
LagochUus, 309, 316-319, 414 
lAxmellaria, 245, 4II; habits and protec¬ 

tive coloration, 74; parasitic, 78; 
radula, 223 

Lamdlidms, 434 * radula, 229, 230, 231 
LaD^pania, 417 

Land Molliisca, origin, Ilf. 
Jan isles, 249, 294, 328, 331, 4IO 
Laiikester, I’rof. E; Ray, on shell-gland, 

132 ; on haemoglobin, 171 
Lant^iia, 278, 338, 439 
Laoma, 441 
Larina, %9'2, 417 % 
Larvae of Pelecypoda, 7 ; of insects resem¬ 

bling Mollusca, 67 f. 
Lasaea, 453 
Laiia, 19, 326, 439 
Latiaxis, 428 
Latirus, 424 
Latter, O. H., on iUochidimn, 147 
liayard, E. L., on self-burying Mollusca, 

41 ; on sudden appearance of Stenogyra, 
47 ; on Ooeliaxis, 49 ; on Rhytkla and 
A erope, 54 

Lexla, 447 
Leia, 348-351, 442 
Leila, 344, 453 
Leo7iia, 414 
Lepeia, 405 
LeprMla, 405 
Lepetidae, radula, 227 
IjtpyUnnenia, 404 ; radula, 229 
Leptachatina, 327 
Lcpiacna, 500, 501, 502, 503, 505 ; strati¬ 

graphical distribution, 507, 508 
Lcptaxis, 44^ 
Leptmaria, 357, 358, 442 
LeptodUton, 403 
Leptoconchus, 75, 423 
Leptoloina, 348, 351 
Lepton, 433; parasitic, 77 ; commensal, 

80; mantle-edge, 175, 178 
Leptoplax, 403 
Leptopoma, 316, 319, 338, 414 
I^eptotcuthis, 390 
Leptothyra, 409 
Lermja, 331 
Leuccchila, 442 
[jeucochloridiuni, 61 
Jjeiicochroa, 292, 296, 441 
Leuconia, 439 
Leucotacnia, 335, 359, 441 
Lemozoniu, 64, 424, 424 
Levantina, 295 
Libania, 295 
IJhera, 327, 441; egg-laying, 128 
LiJbitma, 431 
Licina, 414’ 
Life, duration of, in snails, 39 
Ligament, 271 
Liguus, 349, 351, 442 
Lima, 178, 179, 430; habits, 63 
Limacidae, radula, 232 
Limacina, 59, 249, 436, 436 
Limapmtiai^ 429> 432; breathing, 152 
Limax, 245, 440; food, 31, 179; varia¬ 

tion, 86 ; pulmonary orifice, 160 ; shell, 
175 ; jaw, 211; radula, 217 ; distribu- 
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tion, 285, 324 ; L. arireatis, eats May 
flies, 31 ; arbimim, slime, 30; food, 
31 ; Jf^vus, food, 33, 36 ; habits, 35, 
36 ; ffaffates, 270, 358 ; mnximns^ 32, 
161; eats raw beef, 32 ; cannibalism, 
32 ; sexual union, 128; smell, 193 f. 

JAme$.^ 450 
LimiedarUty 329-332, 443 
Limnaea, 4S9; self-impregnation, 44; 

development and variation, 84, 92, 93 ; 
size affected by volume of water, 94 ; 
eggs, 124 ; sexual union, 134; jaw, 
211 ; radula, 217, 235 ; X. auricularia, 
24 ; glntimsa, sudden appearance, 46 ; 
Hooheri^ 25 ; inmluta, 82, 278, 287 ; 
peregray 10, 180 ; burial, 27 ; food, 34, 
37 ; variation, 86 ; distribution, 282 ; 
paZusiris, distribution, 282 ; sfagnalL^ 
food, 34, 37 ; variation, 86, 95 ; cir- 
cum-oral lobes, 131 ; generative organs, 
414 ; breathing, 161 ; nervous system, 
204 ; distribution, 282 ; iruncatuhiy 
parasite, 61 ; distribution, 282 

Limnocardium, ^55 
Limnoirochus, 332, ^75 
LirnopaiSy 443 
Limpet-shaped shells, 244 
Limpets as food for birds, 56; rats, 57 ; 

birds and rats caught by, 57 ; as bait, 
118 

Lingula^ 464, 467, 468, 471, 472, 473, 
475, 477, 478, 4S7; habits, 483, 484 ; 
distribution, 485 ; fossil, 493, 494, 50S; 
stratigraphical distribution, 506, 508, 
510, 511 

Lhigulellay 493, 503 ; stratigraphical dis¬ 
tribution, 506, 508, 611 

LinguUpiSi 603y 611 
Lingulidae, 486, 487, 496,, 50,7, 508 
Linnarssonmy 504 ; stratigraphical distri¬ 

bution, 506, 608 
Lintriculay 430 
LicdKiUadia. 290 
Limnesmy 434 
Lioplaxy 340, ^76* 
Liostormy 434 
LimtrmuSy 4J^ 
hixdUiy 408 
LiparuSy 324, 859, 441 
Lissocemsy 399 
ZitkaJiia, 340, 417 
LUhidimy 414 
LLthocardiuTfiy 455 
LithodomuSy 448 
Liihoglyphusy 294, 296, 297, 413 
Litkopcynm, 409 
LiihotUy 802, 443 
Litiopay 30, 361, 413 
Littorvmy 47^3 \ living out of water, 20; 

radula, 20, 215 ; habits, 50 ; protective 
coloration, 69 ; egg-laying, 126 ; hybrid 
union, 130; monstrosity, 251, 262 ; 

operculum, 269 ; erosion, 276 ; X, lit- 
toreay in America, 374 ; obtasatUy gener¬ 
ative organs, 136; rudis, 150; Prof, 
liordmau’s experiments on, 151 n, 

LittormidUy 413 
TAtuiiesy 247, 395 
Liver, 239 ; liver-fluke, 61 
Livinhaceny 333, 359, 441 
Livomiy 40s ; radula, 226 ; operculum, 268 
Lloyd, W. A., on Nassciy 193 
Lobigevy 432 
LoHteSy 397 
Loligoy 378-559; glands, 136 ; modified 

arm, 139 ; eye, 183 ; radula, 236 ; club, 
381 ; X. punctata, egg-laying, 127 ; 
vulgaris, larva, 133 

Loligopsisy 391 
Loliguncula, 390 
Loliolus, 390 
LitmauotuSy 433 
LophocercuSy 432 
Lorica, 403 
Lowe, E. J., on gi’owth of shell, 40 
Loxmiema, 417 
Lucapina, 4(>6 
Lucapindla, 4OO 
jAicema, 441 
LucMeUa, 348-351, 4IO 
Ijudna, 270, 432 
Lucinopsisy 434 
Lung, 151, 160 
Lumdicardium, 435 
Zutetiay ^32 
Lutraria, 446, 436 
Lgchnusy 443 
Lyonsuiy 458 
Lymsiellay 458 ; branchiae, 168 
Lyra, stratigraphical distribution, 507 
Lyria, 425 
LyrodesruMy 447 
Lysinoe, 441 
Lytoccras, 398 

Maackia, 290 
Macgillivrayiay 133 
Ma^omya, 438 
Maclurefty 4IO 
MacroceraMVAy 843-353, 443 
MacroceraSy 440 
MacrochUuSy 417 
Macrochlamysy 296, 299, 301 f., 310, 816- 

322, 440 
I^axTOCfydiSy 358, 859, 443 
Macroriy 434 
MacrobUy 441 
MacroacaphiUSy 247, 899, 399 
Macroachiamat 268, 406 
Mactray 271, 446, 434 
MactdcM-iai 285f 291, 292 f., 441 
Magm, 506; stratigraphical distribution, 

607, 608 
Magellania, 600 
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MagihiSi 75, 
MainwarinijUty 802 
MaUipteray 418 
Muleiiy 419 
MaUetMy 447 
Malleusy 44^J 
Mangiluiy 4'2^ 
Mantle, 172 f., 173 ; lobes of, 177 
Margarita, 408', radula, 225 
Maryinella, 4“Mh ; radula, 221 
MarUtdla, 314, 338, 440 
Marionia, 4^8 
Marinwodoma, 409 
Marrat, F. P., views on variation, 82 
Marsenia, 133 
Marnenina, 411 
Martenia, 305, 457 
Ma st igote u th is, 300 
Maksim, 296, 44^7i 
Mutheronia, 455 
Mathilda, 250, 417 
Mangeria, 403 
Mar.zalina, 424 
Megalatrartm, 424 
Megalodontidae, 
Mcgalmnastoma, 344, 411t 
Megaloniphtdus, 410 
Meganpira, 358, 442 
Megatdbenums, 400 
Mcijerlia, distribution, 486, 457 
Mdadonms, 249, 328, 331, 410 
Melampun, 18, 199, 250, 439, 4^9 
Melanafri/t, 836 
Melania, 276, 417, 417 : distribution, 285, 

292 t, 316 f., 324, 336 
Melaniella, 442 
Melaniidae, origin, 17 
Melanism in Mollusca, 85 
Melampeu, 417 ; distribution, 285, 291, 

292 f., 323, 326 
Mdantho, 840, 410 
Melapiumi, 424 
Melmgrvm, 449 
Mdia, 848 
Mdihe, 452 
Mdmigeua, 4241 radula, 220 ; stomach, 

238 
Merica, 420 
MeHata, 505, 508 
Meroe, 454 
Merapc, 327 
Mes^ia, 417 
Mesembrinm, 856, 442 
Mesodemm, 454 
Mesodon, 340, 441 
Mesomphix, 340, 440 
Mesarhyiis, 877 
Mda, 428 
Metula, 424 
Meymxt, 424 
Miamim, 424 
MicroG&dis, 323, 324, 827, 388, 440 

Mir/rogaza, 4O8 
Micromelania, 12, 297 
Microphysa, pi otective habits, 70 
Mkroplax, 403 
Mkropyrgua, 415 
Mkrmiolutn, 425 
Middendorjjia, 40S 
MihierUi, 451 
Mimicry, 66 
Mimlia, 4O8 
Mitra, 425 ; radula, 221 
Mitrdla, 423 
Mitreola, 425 
Mitrularia, 248, 412 
Modiola, 446, 449 ; habits, 64 ; genital 

oritice, 242 
Modiolarca, 449 
Modiolaria, 449 ; habits, 78 
Modiolopain, 452 
Modulus, 417 
Monilia, 4O8 
Monkey devouring oysters, 59 
Mo’Hocero.s, 4271 
Mmwcondylaea, 452 
Monodaaia, 12, 297, 455 
MonodouUt, 4O8, 408 ; tentaculae, 178 
Monogonvpvra, 134, 140 
Monomerdla, 496, 504 
Monophura, 450 
Monotis, 449 
Monotocardia, 9, 170, 4II 
Monstrosities, 260 
Mmitacuia, 452 ; M. fermginosa, commen¬ 

sal, 80 ; substriata, parasitic, 77 
MoiKdia, 40s 
Moquiu-Tandon, on breathing of Idin- 

naeidae, 162 ; on smell, 193 f. 
Mordetia, 440 
Morio, 420 
Momius, 356, 442 
Moseley, H. N., on eyes of Chiton, 187 f. 
Mimssonm, 327 
Mouth,. 209 
Mucronalia., 422 
Mucus, use of, 63 
Mvlinia, 272 
MuUeria, 344, 452 
Mumiola, 422 
Murchmmia, 265, 407 
Murdiismiiella, 422 
Murex., 428; attacks Area, 60 ; use of 

spines, 64 ; egg-capsules, 124; eye, 182 ; 
radula, 220 ; shell, 256 

Musical sounds, 50 
Mussels, cultivation of, 115 ; as bait, 116 ; 

poisonous, 117 ; on Ormt Mastem, 116 
Mtitda, 294, 828, 331, 336, 452 
Mvtyca, 425 
Mya, 271, 275, 446, 450 \ stylet, 240; 

M. arenaria, variation, 84 
Myacea, 450 
Mycdvfoi, 440 
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Myce^t^pusy 307, 316, 344, 452 
Myocimma, 468 
Myodora, 4*^8 
MyopJwria, 44^ 
Myopsiclae, 389 
Myrinn, 4^9 
MyrisHca^ 4^4- 
Mytilacea, 44^ 
Mytilimeria, 458 
Mytilops,.453 
Mytilopsis^ 14 
Mytilus^ 258, 44^ ; gill filaments, 166, 

285 ; M. etiulis^ 14, 166 ; attached to 
crabs, 48, 78 ; pierced by Purpura^ 60 ; 
Bideford Bridge and, 117 ; rate of 
growth, 258 ; stylet, 240 

Myxostmm, 414 

Nacella, 405 
Naiadina^ 449 
Nanum^ 278, 300 f., 835, 440 ; radula, 

217, 232 
Napaeus, 296-299, 816, 44^ 
NjpLTanio^ 454 
Narica^ 412 
NassiX, 423; egg-capsules, 126 ; sense of 

smell, 193 
Nassmicnita, 423 
Nassopsia, 332 
Natim, 246, 263, 411; spawn, 126; 

operculum, 268 
Natkopm^ 409 
‘ Native ’ oysters, 106 
Nmiaitora, 15 
Nail til oidea, 39S 
J^autilu8f 254, 392; 395 ; modified arms, 

140 ; eye, 183 ; nervous system, 206 ; 
radula, 236 ; ‘kidneys, 242 

Navicelkif 267, 268, 324, 327, 410; 
origin, 17 

y^avicula, 368, 442 
Navwvla (Diatom), cause of greening in 

oysters, 108 
Nectoteuthis^ 889 
Neda, 431 
NmimtureUa^ 12, 297 
Nendxrotha^ 434 
NeobolxiSi 504 
Neobiuicinum^ 424 
ReocydotuSi 357, 858 
Rmnmia, 8, 133, 216, 228, 404, 404; 

breathing organs, 164 ; nervous system, 
203 

Nmthwmna,^ 832 
Neotremata, 511 
Nepiunmy 252, 262, 423; egg-capsules, 

126 ; capture, 193 ; monstrosity, 261 
RerineUi 417 
Rerita, 17, 4IO; R. polita used as money, 

97 
Neritidae, 260, 4IO; radula, 226 

966, 410; origin, 16, 17, 21; 

I ^^g-laying, 128; eye, 181; distribution, 
i 285, 291 f., 324, 327 ; R. fimintiUa, 
1 habitat, 12, 25 
i Raritmm, 4IO 

Reritopais, 409 ; radula, 226 ; operculum, 
269 

Nervous system, 201 f. 
Resiotis, 357, 442 
New Zealanders, use of shells, 99 
Ricida^ 413 
RineUa^ 409 
Riphonia^ 4O8 
Ruo, 422 
RUkielUt, 423 
Riidulus, 4^5 
RntarclmRy 431 
Rothna, 358, 442 
Rotobranr.hnexif 438 
Rotodoria^ 434 
RotopluXy 403 
Rommdina, 305 
Rtmdcty 254, 269, 273, 447 
Nuculidae, otocyst, 197 ; foot, 201 
Ruculuia, 448 
Nudibranchiata, 432; defined, 10 ; ])ro- 

tective and warning colours, 71 f, ; 
breathing organs, 159 

Ruirimulina, 295 
RutUdlinaf 403 

OSBA, 311, 315, 44J 
OhUna, 306, 811, 812, 314, 319 
ObdiscuRf 442 
(dxoldla^ 496, 504 ; stratigrapbical distri¬ 

bution, 506, 508 
Obolidae, 496,504, 508 
Oholiis, 504^ 508 ; embryonic shell, 509 
Ocinebra, 423 
Octopodidae, hectocotylised arm, 187,139, 

140 
Octopus, 379 - 386 ; egg - capsules, 127 ; 

vision, 184 ; radula, 236 ; crop, 238 
Ocythoc, 384 ; hectocotylua, 138 
Od(mkmxtria, 
Odontostonius, 868, 442 
Odoatmuia, 250, 422; parasitic, 78 
Oesophagus, 237 
Ohola, 434 
Oigopsidae, 390 
Oldhaviina, 506, 508 
Oleacina, habits, 55 
Oliva, 199, 266, 275, 426, 426 
Oliva'iicillarija, 426 
OlivdJUx, 260, 267, 426; 0. hiplkata as 

money, 97 
Olivia, 4O8 
OnmUxxis, 413 
Omalimyx, habitat, 23 
Onmasbreplies, 6, 378, $90 
Omraatophores, 180, 187 
Omphalotxopis, 306, 309, 316, 824, 32/^ 

388, 4U ^ 
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(hu'hidieUay 44^ 
Ouchidiidae, 245; nidiila, 234 ; ajius, 

241 
Onchidiopsis, 4II 

; Ijreathing, 103; eye.8, 
187 

Onchuloris, radiila, 230 
Ofiiftriiij 4^0 
Onoha, 415 
Owyehia^ 300 
OnychoteiUfds, 390 ; club, 386 
OocorySf 4^0 
OopeMa, 329, 440 
OpeaSf 44^ 
Operculiuii, 267 f. 
Ophidm'cras, 247, 303 
<J2)hUetu, 
Opts, 4<^^ 
Oi)istliobranchiata, 4^'^; defined, 9 ; 

waruing, etc., colours, 71 f. ; generative 
organs, 144 ; breathing organs, 158 ; 
organs of touch, 178 ; parapodia, 199 ; 
nervous system, 203 ; radula, 229 

OphihopnritSf 266, 300, 314-310, 4^4 
OpiMhustnma^ 248, 309, 
Oi^pelia^ 399 
Orhicukf., 464 
Orbiculoidea, 304, 010 
Orders of Mollusea, 5-7 
Organa of sense, 177 
Origin of land Mollusea, 11 f. 
OrnUliorhitim, 403 
OrpUniui, 356, 44^ 
Orpifii/a, 440 
OrOudiens, 342-358, 366, 44'^ j luibits, 

27 ; variation, 87 ; jaw, 211; radula, 
233, 234 

OrthiSf 505 ; stratigi-aidiical distribution, 
506, 507, 511 

OrOioeeras, 394, 394 
OrthonoUi^ 457 
Orthotlieles, 505; stratigrapliical distribu¬ 

tion, 507, 508 
OrygocerdSf 247 
Osphrndiimi, 194 f. 
OstodeSf 327 
Ostmeotherejf, 62 
Ostrea, 252, 258, 446, 440 ; intestine, 241 
OUtia, 18, 439 
OtoconcJm, 326, 440 
Otocysts, 196 f., 197 
Otoplenra, 4^^ 
Otvpom/if 381, 838, 4^4 
Otostemus, 363, 44^ 
Ovary, 135 
Ovoviviparous genera, 123 
Ovida^ 4^0 ; protective coloration, 70, 76 ; 

radula, 80, 224 ; used as money, 97 
Ovum, development of fertilised, 130 
Oxychmia, 368 
OxygyruSf 4^2 ; foot, 200 
Oxynoe, 432; radula, 230 

Oyster-catchers, shells used by, 102 
Oyster, cultivation, 104-109 ; living out 

of water, 110; enemies, 110 f.; repro¬ 
duction, 112 f. ; growth, 114 ; cookery, 
114; imisonous oysters, 114; vision, 
190 

PACiimimSy 329-335, 441, 443 
Pueh yhft ihrou, 425 
Pfudiychihi^, 354 
Pachydesma crasmtdloidts^ money made 

from, 97 
Pacliydomidae, 4^1 
Paxhydrooia^ 307, 
PachyUfhraf 4^0 
PacliyoUm, 334, 336, 366, 358, 44I 
Packypemm^ 409 
Pachystyla, 337, 440 
ParhytyjjuSf 
Padollus, 407 
I’alaearctic region, 284 f. 
Palaeonedo, 447 
l*(da€osolen, 4^7 
P(daun(, 327, 
7W/o, 434 
Pallial line and sinus, 270 
Pallifera^ 340, 440 
PaUiobranchiata, 464 
Polmliao, 410; penis, 136; eye, 181 ; 

vision, 184 ; P. vivipara^ 24—see also 
ViHpani 

Palmhmus, 332, 336, 338, 477 
Panama, Mollusea of, 3 
Panda^ 322, 825, 335 
Pfmdimi, 43s 
Papuans, use of shells, 99 
PiqmOia, 309, 319-324, 441 
ParamclAmia, 332 
Paranmvia, 404 
Parasitic worms, 60 f. ; Mollusea, 74 f. 
ParaMarfe, 431 
Pm'kimonia, 398 
Pannacella, *245, 291, 294 f., 438 n., 440 ; 

radula, 232 ; shell, 175 
Parmacochlea, 322,326, 440 
Parmurionf 309, 440 
Parmella^ 326, 440 
PamnopJioi'nSy 4OO 
Parthena, 349-352, 350, 441 
Parts of univalve fshell, 262 ; bivalve, 269 
Partiday 319-327, 326, 442; radula, 233 
Paryphmita, 321, 325, 440 
ParyphostonMy 413 
Paasamaiellay 332 
PateUtty 403y 464; as food, 66 f. ; eye, 

182 ; radula, 214, 215, 227; crop, 238; 
anus, 241; kidneys, 24,2; shell, 262 ; P, 
vulgutdy veliger, 182 ; breathing organs, 
etc., 156, 157 

Patelliform shell in Tarious genera. 19 
Pateriruiy 609, 510, 611 
PatineUtty radvila, 227 
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Patula, 297, 298, 318-888, 340, ^^7 
Paxillus^ 41S 
Pearl oysters, 100 
PiCteriy 446, 450, 450% organs of touch, 

178 ; ocelli, 191 ; flight, 192 ; nervous 
system, 206 ; genital oriflce, 242 ; liga¬ 
ment, 271 

Pectinoifonia, 405 ; radula, 227 
PectumuluSf 44^ 
Pedicularia, 75, 4^0; radula, 224 
Pedinogyra, 319, 322, 44>^ 
Pedipes,*!^, 199, 439, 439 
Pedmriy 450 
Peliigic Mollusca, 860 
Pelecypoda, 7, 445 ; development, 145 ; 

generative organs, 146 ; branchiae, 166- 
169; organs of touch, 178 ; eyes, 189 f.; 
foot, 201; nervous system, 205 

Paild'f 833 
PeUit'ulUt 352, 44^ 
Pdtoccras^ 309 
Pentadactylus, 4^3 
Peraclifi, 436 
Pereimea^ 418 
Perid&rw, 328-330, 443 
Periodicity in breeding, 129 
Periophihalmuft^ 187 
Periostracuni, 275 
Periplonuiy 459 
Perisphincte^^ 399 
P&rissodmta, 416 
PerittsoUtXf 4^4 
P^ruternid, 4^4 
PenWf 44^ ; ligament, 27l 
P&mostrea, 440 
Peronaeus, 358, 41t^^ 
Peronidf 445 
Pei'riermf 319, 44^ 
Perrinia, 408 
Persicula^ 4^5 
Persona, {—Distortio)f 430 
Petenia^ 363, 440 
Petersidy 430 
Petmeus, 295, 331, 442 
Petricolay 454 
PJuieeUoplmmt 403 
PhanerophthalmttSy 450 
PJmnetcLf 408 
Phmidy 312, 44^ 
PhareUa^ 457 
Phamsy 457 
Pharynx, 210 
Phasianella, 409 
Phdsis, 338 
Phenomena of distribution, 362 
Philim, 246, 428, 450 ; protective colora¬ 

tion, 73 ; radula, 229, 280 
PkUtmyciiSy 246, 318, 440 
PhilonesdSy 188 
PhUopotamiSy 804, 417 
PhoenwdbiuSy .815, 44^ 
Pholadacea, 4^ 

Pholadiden^ 457 
Pholadomydy 459 
Pliolasy 246, 274, 447, 457; in fresh 

water, 16 
Phosy 424 
PJtotinuldy 408 
Phraginopliora, 386 
Phylliduty 454 ; breathing organs, 159 
Phyllirrhoe, 360, 428, 433 
Phyllobranchusy 452 
Phylloceras, 398, 398% suture, 396 
Phylloteuihisy 390 
Physdy 439 ; aestivating out of water, 27 ; 

spinning threads, 29; sudden appear¬ 
ance, 46 ; osphradiuni, 195 ; nervous 
system, 206 ; radula, 235 ; P. hyp- 
nOTumy 23, 27 

PileoluSy 410 
PUeopsiSy 76 
PiloccraSy 394 
Pinaxin, 423 
PinerUiy 443 
Piniuiy 449 ; shell, 254 
PinnocioptiSy 385 
Pinnotheres^ 62 
PhwcerdSy 398 
Pirendy -^77 
Pirenelldy 4^6 
Piropsisy 434 
Pindd—see Pyrnla 
PimnUty 434 
Pisidium, 453; smell, 195 ; ova, 146; 

P. punlluniy distribution, 282 
Pitysy 327 
PlacohrdnchuSy 432 
Placostylns, 322, 328-325, 359, 443; 

radula, 233 
Plarundy 445P> placenta used for 

windows, 101 
Placwmnomidy 448 
Pldcunopsisy 448 
Plagioptychay 347'351, 44 ^ 
Plagioptyehusy 456 
Planaxisy 417 
Planispirdy 311, 312, 319, 441 
PUmorbiSy 27, 247, J^9 ; monstrosity, 93; 

eye, 181 ; P, cdbusy distribution, 282 
Platycerasy 76, 413 
PlatydoriSy 434 
Platypoda, 4II 
Platyschismay 415 
Plaadphoray 405 
Plecochilmy 443 
Plecotramy 459 
Pkctamhonitesy 605 
Pltctomya, 459 
Plectopylis, 808, 806, 814, 316 ; aperture, 

68 
PlectoatyluSy 358, 443 
Plectotropisy 305, 306, 310, 311, 814-338, 

m 
PleGtropkoruSy 298 
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Plesiastarte^ JfSJ 
Plesiolritmiy Jj^O 
PleAirvbranchaat, ; jiiws, 212 
PIe.wmhrmu'hOlden, J^S 1 
l*lnirofmi))ehus, ''2.i(), 428, ; waruiug 

coloration, 75 ; jaws, 212 ; radula, 230 
Pleiirocera, 340, 417 
Plcuroccridjie, origin, 17 
Pleurodontn, 348 ; aperture, 63 
PIviu'ohura, 41^8 
PUiiromyay 4>^H 
Plcnnyphoras, 4^1 
PhurophylUdia, ; breathing organs, 

169 ; radula, 230 
Plenropyrgus, S37 
PlmroUma, 426, 4^6; slit, 263, 265 
PLcm'otoviarki, 266, 373, 376,407,^^^7; 

prices giv-en for recent, 122 ; slit, 156 ; 
radnla, 226 

Plicatuln, 
Pliny the elder, on use of snails, 118, 120 
Plovamopherm, 4^4 
JHocheJnm, 4^^ 
Phitonin, 298, 440 
Pnenmodernia, 158, 4117, 438 
J*oeci(oumiteH, 352, 44^) 
Poisonous bite of Co7ius, 65 ; poisonous 

oysters, 114 ; mussels, 117 
Pohjeern, /pS4 ; radula, 230 
Polycerdla, 4^4 
Polyconites, ^6’ 

Polydontes, 346-351, 347, 44J- 
poly go ua, 4^4 

340, 345-353, Ji41 ; aperture, 63 
Polygyratia, 246, 263, 357, 4J^ 
Polymita, 346*351, 347, 44^ 
Polyplacophora, 9, 401 f. ; radula, 228 
PolytreAimria, 266, 407 
Pomedia, 285, 293, 295, 441 
Pomatias, 288, 289, 292 f., 302, 4Pi 
Pmimiiopsis, 415 
Pommlax, 40O 
Pomphoh/x, 250, 341, 450 
Pimsonhya, 332 
Pwmnyti, 459 ; branchiae, 168 
Porphyrobaphe, 27, 356, 445 
Position of Mollusca in Animal Kingdom, 4 
Potamiden, 16, 410 
Potanumya, 15 
PotawopyrguSf 325, 326, 415 
Poterioceratidae, S94 
Preteatrdium-f 459 
Prasina, 449 
Prices given for rare shells, 121 
Priiiiitive mollusc, form of, 245 ; types 

of, 7 
Pruogasier^ 409 
PrUitluim, 341, 440 
Proboseidella, 497, 504 
Productidae, 497, 600, SO4, 508 
Prodmtus^ 492, 601, 502, 504; strati- 

graphical distribution, 508 

VOL. Ill 

Prmnachoteuthifi, 889 
Proneamenia, 404 \ breathing organs, 154 ; 

nervous system, 203 ; radula, 229 
ProphysaoH, 341, 44I ; habits, 44 
PropUidinin, 405 
Proserpina, 21, 355, 410 
Proserpinella, 354, 4IO 
Proserpinidae, relationships, 21 
IVosobranchiata, .9, 404 b » breathing 

organs, 154 
Prosocoeliis, 451 
Protective coloration, 69 f. ; in snails, 70 ; 

in Nudibranchs, 71 f. ; in other Mol¬ 
lusca, 74 

Protegulum, 509 
Protobranchiata, 44'^ \ branchiae, 166 
Protmna, 41"^ 
Protromata, 511 
Provocatory 376, 455 
Psammiohia, 456 
Pseudaclmtinay 328-330, 448 
f*semhdmondw., 455 
Pseudohalen, 350 
Pseudo-deltidium, 498, 511 
J^seudodmi, 295, 807, 455 
Pseudolamellibranchiata, 167, 449 
Pseudolivay 454 
Pseiuiomelania, 411 
Pseudomilax, 296, 440 
Pseiidomure-Xy 458 
Psewlopartula, 323 
Pseudomhulina, 440 
Ptenoglossa, 224, 4II 
PUrinam, 449 
Ptermcras, 256, 262, 4I8 
PteroctopnSy 384 
Pterm'ydusy 266, 267, 300, 316, 414 \ 

tube, 157 
Pt&rodontay 4I8 
Pteropoda, 7, 484 ; breathing organs, 1.58 ; 

foot, 200 ; radula, 230 
PterotraeJmeay 451; foot, 200; radula, 227 
Ptychntractusy 454 
PtychocerfiSy 399 
Ptychodcjimay 455 
PugUina, 454 
Puiraonata, 10, 22, 151, 185, 488', origin, 

17, 19 ; breathing organs, 160 ; nervous 
system, 203 

PulsePuWy 444 
Pumtum, 441 
Puneiurella, 265, 406 
Pupa, 289, 296, 325-357, 445 ; P. cmereu, 

hybrid union, 129 
Pupidae, radula, 233 
Pupilkty 445 
Pupillaea, 406 
Puphia, 157, 266, 309, 318-327, 4U 
Pupindla, 318, 414 
Purpiiray 453 ; operculum, 269 ; erosion, 

276 ; P, coroTUita, 367 ; lapUltis, feeding 
on MytUusy 60 ; on oysters, 111 ; pro- 

2 H 
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tective coloration, 69 ; variation, 90 ; 
eggrcapsules, 124; time of breeding, 
129 ,* distribution, 363 u. 

Purpuroidm^ J^S 
PusioneUa^ 4^6 
Pygocardia^ 451 
Pygope, 497 
Pyramuidlat 4^2 
Pyramidellidae, 262 
Pyrazudf 50, 41^ 
Pyrgina^ 330 
Pyrgula^ 4^5 
PyrochUus, 441 
Pyrolo/uitus, 4^3 
Pymla (= Pirvln), 41^1420; spawn, 126; 

operculnm, 269 
Pyffiinat 4^3 

Quenstedtia, 450 
^uoyiUf 260, 41^ 

Rachiglossa, 220, 4^2; eggs, 124 
Pmkis, 329-335, 441, 44^ 
RadioliteSj 4^6 
Radius, 41*3 
Radsia, 403 
Radula, 213 f. ; of Littorina, 20; of 

CyclophoruSf 21 ; of i)ara8itic Mollusca, 
79 

Ra^ta, 41>4 
Ranella, 256, 4^0 
Range of distribution, 362 f. 
Rangia, 16, 4^53 
Ranularid, 4^0 
Rapa, 4^3 
Rapaim, 4^3 
Raphaulus, 306, 309 
Raihouisia, 316, 440 
Rats devouring Mollusca, 57 
Realm, 316, 327, 414 
Reduzia, 411 
Rectum, 241 
Registoma, 414 
Relationship of Mollusca to other groups, 5 
Renssoellaria, 612 
Reproductive activity of oyster, 112 ; 

system in Mollusca, 123, 134 f. 
RiSgux&th'Wi, 269, 466, 435 
Respiration, 150 f. 
Retzia, 508 
Revoilia, 331, 414 
Reymondia, 332 
Rhahdocems, 39S 
Rhagada, 311, 824 
Rhenea, 325, 440 
Rhinobolua, 504 
RhmaUma, 247, 266. 309, 414 
Rhipidoglossa, 225, 405 
Rhizochilua, 75, 4^3 
Rhodea, 356, 441 
Rhodina, Wi 310, 442 
Rhynchonm, 466, 470, 471, 472, 474, 

483, 4S7 \ distribution, 487 ; fossil, 492, 
497, 499, 505 ; stratigraphical distribu¬ 
tion, 606, 507, 508, 511 

Rhynchonellidao, 4^7, 501, 505; strati¬ 
graphical distribution, 507, 608, 611 

Rhyaota, 67, 310, 314, 316, 319, 440 
Rhytida, 319-326, 333, 359, 440; habits, 

54 ; radula, 232 
RiMya, 44^ 
Riniella, 415 
Rimula, 266, 406 
Ringicula, 450 ; radula, 230 
Risella, 415 
Risson, 415 
Rissoimt, 415 
RobUlardia, 77 
Rodiehrunia, 331, 414 
Rock-boring snails, 49 
RoUeia, 349 
Hossia, 350 
Roatellaria, 418 
Rudistae, ^6 
Rumina, 260, 445 
Runciua, 451; protective coloration, 73 

RAS ATI A, 450 

Sactoccras, 394 
Sagda, 348*351, 441 
Sageceras, 398 
Salasiella, 353, 440 
Salivary glands, 237 
Sandford, on strength of Hdix, 45 
Sandwich islanders, use of shells, 99 
Sangu in oUtria, 456 
^repta, 447 
Sannatwus, 409 
Satswna., 314, 316, 441 
Raxicava, 447, 457 
Saxidamus arata, money made from, 97 
ScaUHa, 247, 263, 4II > radula, 224 
Scaldia, 452 
Scalenostfwia, 455 
Scaliola, 415 
Scaphander, 428, 429, 450 ; radula, 2315 

gizzard, 238 
Scaphitea, 399, 599 
Scaphopoda, 444 \ defined, 6; breathing 

organs, 160; nervous system, 205 ; 
radula, 236 

Scaphula, 14, 305, 445 
Scarabua, 18, 278, 439, 459 
Scharff, R., on food of slugs, 31 ; on pro¬ 

tective coloration in slugs, 70 
SchasicheUa, 347, 851, 854, 4IO 
Sohiamope, 266, 407 > 
Sohizochiton, 187, 402, >4^5 
SchizodvA, 448 
Schdzogloaaa, 825, 440 

4fi3 
SchizoaUma, 415 
Sehlaenbaeia, 39$ 
SdntiUa, 176, 453 
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ScuHarelkiy 265, /fOI ; radiiLi, 226 
ScXernchiton^ 4(13 
3'rohwn/c(ru(f 15, 164, 4^33; Ki|>lion.s, 164 
i^iidjttarm, 333 
Scurrm, 4(^^ 
SeutaluHf 356, 44^ 
Scutelladra, 4(^5 
ScutuSf 245, 406, 40€ 
ScyUaea, 4^3 ; jaws, 212 ; stomacli, 239 
Segment'inaf 320 
Sdenite^, 339, 341, 440 
Selenitidae, radiila, 231 
iSelmocJdumys, 296 
Self-fertilisation, 42-44 
iStjw-ele, 4^3 
Sewknsfiifi, 430 
Semper, K., on habits of Limnam., 34 ; of 

ITelicarwUy 45, 67 ; on mimicry, 67 ; 
on parasitic Euliinu, 79 ; on develop¬ 
ment of Limnam^ 84, 94 ; on sexnal 
maturity in snails, 129; on Onclndiimf 

187 
Sepuiy 381, ,385-387, 3SUegg capsules, 

127 ; glands, 136 ; jaws, 214 ; radiila, 
236 ; alimentary canal, 238 ; ink-sac, 
241 ; hectocotylus, 389 

Sepu/darlv't/i, 380 
Sepielht^ 380 
Sepiola, 380 ; glands, 136 ; radiila, 236 
8epioloidea.f 380 
Sepiophora, 388 
SepioteuihiSf 300 ; hectocotylus, 139 
SeptarWf 337, 338, 4^0 
Septibranchiata, 145, 167, 430; branchiae, 

166 
Sepdf/er^ 274, 440 
Seque7izm, 430 
Sergius Grata, 104 
Serr{fusuSf 4^4 
Sesara, 305, 
Sex, differences of, 133 
Shell, 244 f. ; internal, 174 ; shape of 

bivalve, 445 
Shell-gland, primitive, 132 
Shells as money, 96 f. ; as ornament, etc., 

98 f. ; various uses of, 98 f. ; prices given 
for rare, 121 ; sinistral, 249 

Shores of N. Asia, no littoral fauna, 2 
Showers of shells, 47 
Si^aretuSf 186, 246, 267, 4^1; loot, 198 
Sight, 180 
SUeniat 439 ; branchiae, 168 
Silia, 433 
SUiqm, 274, ^7 
SUiqibana, 248, 4^0 

419 
SimptUppsktf 345, 350, 443 
Simpul%m>i 4^0 
Simroth, on recent forms of 22 ; 

on food of slugs, 31; on crawling of 
45 

Singular habitat, 48 

Sinistral shells, 249 
SmistmlUi^ 43^4 
Sinnsigeraf 133 
Siphn, 4B4 
SipJwnalia^ 424 
Siphonarki, 18, 431classification, 19 ; 

breathing organs, 151, 162 
Siphonarioidea, 431 
SiphonodentaliuiUf 444 
Siphonostomata, 156 
8ip}y)n()treta^ 493, 496, 504 ] stratigraphi- 

cal distribution, 507, 508 
Siphons, 173 ; in burrowing genera, 165 ; 

branchial, 155 
Sistrmn., 75, 433; radula of S. spectrum, 

79 222 
Sitafa, 301, 304, 310, 314-319, 333, 440 
Sktirgard, Mollusca of the, 13 
Skenm, 4^3 
Skenidium., 505, 508 
Slit, in Gasteropoda, 265, 406 
Slugs, habits and food of, 30 f. ; bite 

hand of captor, 33 ; in bee-hives, 36 ; 
in greenhouses, 36 ; protective colora¬ 
tion, 70 ; eaten in England, 120 

Sttmragdia, 21 
S)naragdw el let, 430 
Smell, sense of, 192 
Smith, W. Anderson, quoted, 98, 111, 

114, 191 
Snails as barometers, 50 ; plants fertilised 

by, 102 ; cultivation for food, 118 f. ; 
used for cream, 119 ; as medicine, 120 ; 
banned by the Church, 121 

Solariella, 408; radula, 225 
Solarium, 264, 4^3, 413 ; radula, 224 
Soktropsis, 343, 353-357, 443 
Solecurtm, 166, 437 

ySolen, 171, 446,437; vision, 190; habits, 45 
SoleTtaia, 432 
Solenomya, 275, 443 
Solemtdlwui, 430 
Solomon islanders, use of shells, 98 
Somatogyrus, 413 
Sophina, 306 
Spallanzani, experiments on Helix, 163 
Spat, fall of, 113 
Spatha, 294, 331, 386, 432 
Spekia, 833 
Spermatophore, in Cephalopoda, 137 ; in 

Helix, 142 
Spermatozoa, forms of, 136 
Sphaerium, 433 
Sphenia, 456 
Sphenodiscus, $98 
Sphyradium, 442 
Spines, use of, 64 
Spiraculum, 266, 414 
^iraxis, 4^ 
^irialis, 249 
^pvHfera, 468, 501, 5Qd; stratigraphical 

diatributjion, 607, 508, 511, 612 
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Spiriferidae, 501, 508 
i^j>iri/erin<c, stratigrapliical distribution, 

507, 508 
Spirobraiichiata, 404 
Spirolropis, 4^(} ; radula, 218, 219 

^^Spiniki, 247, 386, .%7, 888 
Spiridirostm, 380, 386, S8S 
Spondylium, 500 
Spondi/lnSf 257, 446, 460, 450; ocelli, 

191 ; genital orifice, 242 
Spmyiobrmtch^n, 4^^ 
SpongiovMkm, 4^^ 
Sportellay 45>S 
Starfish eat oysters, 110 
Stearns, R, E. C., on tenacity of life, 38 
8fegodero^ 306 
StenocMnwa^ 505 ; stratigrapliical distri¬ 

bution, 507, 508 
Stemgyra, 324, 44^ 5 (Ucollata^ 279 ; 

food, 34 ; vSiuell, 194 ; Goodallii^ 279 ; 
mtonay sudden appearance, 47 

Stenogyridae, radula, 234 
Sterwpus, 440 ; habits, 45 
Stenothyra^ 415 
8te.7iotiSy 410 
Stmoirmcij 340, 44^ 
Step/ianoceraif, 399 
Stepmuoda^ 358 
Stilifer, 76, 77, 79, 4^ 
StUiferina, 76, 4^2 
StUigery 45'2 
St Hina, 76 
Stmtstotnn, 348-351, 410 
StoloteMihis, 389 
Stomach, 239 
Stomatella, 4O8 
Stmmtia, 4O8 
Stmnutodxm, 302, 41'! 
Strehelia, 353, 440 
Strength of Uelix, 45 
Strephobasis, 417 
Strepffidura, 424 
Streptaulus, 414 
Streptaxis, 302, 306, 309, 314-331, 343, 

357-359, 445 ; variation, 87 
Streptoneura, 203, 404 
Streptosiph&n, 4^4 
Streptoside, 329, 338, 44O 
StreptostyUi, 343-355, 863, 440 
StricMandia, 605 ; stratigrapliical distri¬ 

bution, 507, 508 
Strigatella, 4^5 
Stringocephalidae, 506, 508 
Stringocephalm, 492, 497, 498, 500, 501, 

506 ; stratigraphical distribution, 507, 
508 

SinMla, 340, 845-353 
Stroldhps, 44^ 
Strombidae, habits, 64 ; penis, 136 
StrotnMfta, 4^3 
StronrhuB, 69 800, 252, 418 \ mimicking 

OmtiB, 69 j operculum, 78, 269 j pearls 

from, 101 ; metapodium, 199 ; stomach, 
239 

Sirophahma, 504 ; stratigraphical distri¬ 
bution, 507, 508 

Stropheodonta, 497, 505, 508 
Strophm, 843-355, 44^ J ♦Su 'iWiu, 278 
StrophochiluB, 358, 441 
Stropfbomena, 499, 505; stratigi’uphical 

distribution, 607, 508 
Strophornenidae, 500, 505, 508 
Strophostonw, 248, 414 
Structure of shell, 252 
Striithiolaria, 99, 418; radula, 216 
StylUda, 437 
Stylodonln, 339, 44^ 
Stylommatophora, 11, 181,^?.9 ; origin, 19 
Subewarginula, 4O6 
Submytilacea, 451 
SuhuJaria, 4^3 
Suhiilhm, 332, 352, 442 
Suhnlites, 420 
Succineu, 325, 327, 358, 443 \ jaw, 211; 

S. putriB, parasite of, 61 
Succineidae, 443; radula, 234 
Sudden appearance of Mollusca, 46 
Sueasia, stratigrapliical distribution, 507 
Sulphuric acid, 237 
Surcula, 426 
Syeotypns, 434 
Synaptocochlm, 4O8 
Syndosnu/a, 453 
Syringothyris, 500, 508 
Synwla, 422 
Syrnolo2)ifi$i 332, 333 
Systrophia, 356, 357 

Tachea, 441 
Taenioglossa, 223, 4II 
Taheitia, 414 
TaUnm, 457 
Tanalia, 304, 417 
TamredUi, 453 
Tanganyicia, 332,413 
Tanganyika, L., fauna of, 12 
Tanysiphiyn, 4^4 
Tamiim, 391, 391 
Tapes, j^4 
Taste, 179 
Tehmnophorus, 143, 340, 440 
Tectarius, 4^3 
Tectibranchiata, 10, 439 
Tectura, 305, 435 
Tectus, 4O8 
Teeth in aperture of the shell, 63 
Teinostmtui, 247, 408 
Teinotw, 407 
Tdesmpium, 252, 4IO 
TelUm, 446, 468, 453; T baXihka^ varia¬ 

tion, 84 
Tellinacea, 433 
Telotremata, 611 
Tenacity of life, 37 
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Teiiison-Woods, on red blood, 171; on 
shell-eyes, 189 

Tennent, Sir J. E., ou musical sounds 
produce<l by Molluscn, 50 

Tennentia, 304, 314, 338, 440 
Terehellurriy ^7cV ; jumping powers, 04 
Terehrdy 246, 263, 426, ^0; radula, 219 
T&rebratella^ 4G8, 4^7; distribution, 480 ; 

fossil, S06; stratigrapliical distribu¬ 
tion, 508 

Terehratuht^ 467, 468, 4^7 ; size, 484 ; 
distribution, 485, 486 ; fossil, 492, 499, 
,W6‘; vStratigj’aphical distribution, 506, 
507, 508 

Terebratulidae, 4^7; fossil, 500, /iO/j, .500 ; 
stratigrapliical distribution, 507, 508 

Terehralulma, 466, 479, 4^*7; larva, 
482 ; <li.stribution, 486 ; fossil, 000 : 
stratigrapliical distribution, 508 ; form 
of shell, 510 

Tcredina^ 4ri7 
Teredo^ 262, 467, ; nervous system, 

206 ; intestine, 241 
Terglpesy 4^i^ 
Terqyemia, 4^0 
T(’sf(iceli(t, 22, 62, 440 ; habits, etc., 49, 

51 f. ; pulmonary orifice, 160; eyes, 
186 ; radula, 231 ; anus, 241 

Testicardines, 466, 4^7; muscles, 476 ; 
fossil, 497, SO4; external (diaracters, 
497 ; internal cliaracters, 499; atta(*h- 
ment of muscles, 501 ; stratigrapliical 
distribution, 608 

Testis, 185 
Tethyidae, 216 
Teihi/s, 4Si^ 
Tetrabranchiata, 091 f, 
ThuOij 4^0 
Th^iLhiHsia^ 319 
Thalotia, 40S 
Thapsia^ 329 
Tliaumasia, 349, 44^ 
Thaitmcbstus^ 856, 44^ 
ThecacEra, 4S4 ; radula, 229 
Thecidiidae, 4S7; fossil, 501, 500, 508 
Th^cidiuvi, 475, 479, 480, 483, 4<S7‘, fossil, 

500, 508 
Thecosomata, 4^*5 
Thdklomus, 346-351, 360, 447^ 
Theora, 4^S 
Therasia, 447. 
Thersites (Helicidae), 322, 325 
Thersitfs (Fasciolariidae), 4^4 
TJieiia, 4^4 
fhmcuiy 245, 4^9 
Thread-spinning, 29 
TkrUlachui, 
Thyctty 76, 79 
ThpTdphvrdla^ 330, 440 
fhysamtei^this, 390 * 
Tiedemannw^ veliger, 132 
TipMifi, 332, 888, 417 

Titicaca, L., Molliisca of, 25 
Todurodes, 390 
Tomichut, 414 
Ttmiyerus, 334, 356, 358, 44^ 
TmuiH'.ytilus, 364 
Toimkele, 330, 440 
Tonieella, 403 
Tonicin, 403 ; eyes, 188 
ToreUia, 4II 
Torinki, 41^ \ radula, 224; operculum, 

269 
TorrmtpJlma, 278, 319, 323-327, 338, 35$, 

443 
Tonmtina, 250, 430 
Torqiiilla, 443 
Toucfisiu^ 455 
Touch, sense of, 177 
Toxoglossa, 218, 4‘^0 
Trachw, 314 
Tmchyceras, 397 
Trachydermon, 403 
Trachyteulk is, 389 
Tralia, 439 
Tntnsmmla, ^/.9 

492, 493, .504; stratigraidiical 
distribution, 507, 508 

TrmmtoHotus, 407 
Treftnociopns^ 384; radula, 236; liecto- 

cotylus, 137 
Trevel yam, 4^4 
Trkhia, 316 
Trickotropis, 275, 4II 
Tricula, 302 
Tndacna, VIZ, 435 
Trifork, 4IO ; radula, 224 
Trigomllites, 397 
Trigonkt, 16, 254, 269, 443', jumping 

powers, 65; distribution, 370 
Trigonochlamys, 296, 440 
Trig(rm)stonia, 436 
Triimrella, 496, 604, »^^08, 511 
Trimerellidae, 493, 494, 496, 504; strati- 

graphical distribution, 507, 608 
Trmxo'rut, 443 
Triodopsis, 340, 441 
Triopa, 434 
Triopella, 434 
Trwpha, 434 
TrUaxcopus, 3S5 
THtmi, 256, 276, 430; jaws, 212 
THtmiia, 433 ; protective coloration, 71 
TrUonulea, 4^4 
Trivia, 410 
Trocliidae, egg-capsules, 125 
Trockkeus, 4O8 
Trochita, 248, 413 
Trockoc&ras, 895 
TrockoliteSi 395 
TrocM^mrpka, 306, 321, 324, 327, 388, 

441 
Trochomnina, 831, 440 
Trochosphere, 5, 130 
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Trochoionvctf 266, 407 
TrochAASf 263, 408; eye, 182 ; stomach, 

239 
Trophon, 4^3 
Tropical beach, Mollusca of a, 3 
Trqpidophora, 4^4 
Tropitea^ 397 
Troscheliaj 4^4 
Truncaria^ 4^3 
Truncatella, 260, 4^4 
Tryhlidium^ 405 
Trypanostomaf 340 
Trypho of Lamiisacus, prayer against snails, 

121 
Tubed operculates, 157, 266, 300, 307, 

309 
Tudicla, 4^^ 
Tudcrra^ 291, 349, 351, 4^4 
Tugonia^ 456 
Tulotomat 340, 410 
TurUnella^ 100, 262, 264, 424, 4^4 
Turbot 409 ; eye, 182 ; osphradium, 195 ; 

operculum, 268 
TurbonilLa^ 250, 332, 4^2 
Turcica^ 408 
Turrmhctj 4^5 ; radula, 221 
TurriliteSi 399, 399 
Turritdla^ 252, 417 J radula, 215, 224 
TyleHa, 459 
Tylodinuj 451 
TylopomUf 410 
TympanotonuSf 4IO 
TyndarUij 447 
Typhia^ 423 

Ultra-dexthal shells, 250 

UrnbrndUi, 409 
409 

UmhreUa, lO, 451; radula, 217, 230 
UndteSf 605; stratigraphical distribution, 

507, 508 
Underground snails, 48 
Ungvliiiiaf 452 
XJmmrdiumf 452 
Unio^ 452; shell, 254, 259, 273, 341 ; 

variation, 92 
Union of LimaXy 128 
Unionidae, origin of, 16 ; eaten by rats, 

57 ; larvae, 146 
Urocyoluay 331, 440 
Uromlpinxy 423 
Utriculuay 430 
VvaniMy ^9 

VAGiNVLAy 245, 319, 343, 362, 44S 
Vaginnlidae, radula, 234; anus, 241 
VoUetiay 450 
VaZliMuty 441 
Valvaia, 133, 4IO ; bronchia, 159 
Valves of Chitouidae, 401 f. 
Vaiigandtay 454 
Variation, 82 f. 

VarMla, 346, 348 
VdaUSy 260, 4IO 
Velif&ray 353, 440 
Veliger stage, 131 ; mistaken for perfect 

form, 133 
Veloriiay 302, 453 
Velum, 131 

275, 4II *, radula, 223 
Veiieracea, 454 
Vmiericardm, 451 
Venerupisy 454 
VenidlOy 451 
Venilicm'diu y 451 
VcmiSy 270, 271, 446, 4^4 > U* imrcenaria^ 

97, 374 
Veraniay 391 
VennctnSy 247, 413; radula, 223 
Veronicella, 443 
Verticordia, 458 
Vertigoy 327, 442; T'. arcticay 287 
Vexdla.y 423 
Vibexy 417 
Vitrdlay 289 
Vitrimy 22, 296 f., 332, 440; hardy 

habits, 24 ; jumping powers, 65 ; shell, 
175 ; radula, 217 

Vitrindlay 4O8 
VitrinicmmSy 314, 440 
Vif/rinoidexty 314, 44O 
VUrimozoniteay 340, 440 
VU'idaria, 423 
Vivipara, 324, 343, 4IO 
Volume of water, effect in producing 

variation, 94 
Vdutay 267y 425,425; spawn, 125 ; radula, 

217, 221 ; distribution, 370 ; prices 
given for rare, 122 

Volutaxisy 348 
VolnOmrpay 267, 424 
YdutolithaSy 425 
Volutolyrkiy J^5 ; radula, 222 
VoluimnitrUy 425^ radula, 221 
Volutopaisy 423 
Volvariay 429 
VdvatdUiy 430 
Volvultty 430 
Vuladla, 75, 446, 449 

WALDHElMiAy 464, 467, 468, 478, 474, 
487; size, 484; distribution, 486; fossil, 
500, 501, 502, 506y 508 

Walton and mussel cultivation, 115 
Wampum, 97 
Warner, R., quoted, 37 
Warning coloration, 71 f. 
West Coast, South America, melanism of 

shells occurring on, 85 
Whelks, use of, 118 
Whitntyay 424 
Whitstable, oyster*J)arks at, 106,1,12 
Willem, V., on vision of Mollusca, 186 
Wollaston, T. V., quoted, 82 



INDEX 535 

Wood, Rev. J. G., on starfish eating 
oysters, 111 

W(H)dmf Jt51 
Woodward, S. P., on tenacity of life, 38 ; 

Dr., on the same, 38 
Wotton, F. W., on egg-laying of Arion^ 42 
Wright, Bryce, on tenacity of life, 38 

XENOniORA^ 41^ ; habits, 64 
Xe7i>op<y)nttj 346, 351 
XeropMa, 285, 296, 44i 
Xesta, 310, 319, 321, 440; mimicry by, 

. 66 f. 
Xyl(^)}iagat 4^7 

rETUs, 4B5 

Yoldia, 447; genital orifice, 242 

Zaqrabtca, 297 
Zebrimt 285, 296, 44^ 
Zeidora^ 406 
ZMona, 4^^ 
Zittdm, 4^0 
Zones of depth, 861 
Zonites, 276, 440 ; food, 33 ; radula, 232 ; 

distribution, 294, 296, 340 
Zospeumt 187, 44^ 
Zygobranchiata, 154, 406 
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PROTOZOA, OOELENTERATES, EOHINODERMS, etc. 
VOLUME I. 

Protozoa, by Marcus Hartog, M.A., D.Sc.; Porifera (Sponges), by 

Igerna B. J, Sollas, B.Sc. ; Goelenterata and Ctenophora, by 
S. J. Hickson, M.A., F.R.S. ; Echinodermata, by E. W. MacBridb, 

M.A, F.RS. 

NATUJiE.—“Taken in conjunction with the earlier published volumes, the 
work seems to fuliil the purpose of providing an intelligible and adequate survey ol 
the entire animal kingdom without giving undue prominence to particular groups. 
. . . The illustrations are excellent. ’* 

FIELD,—“ The book can be in the strongest manner recommended to those for 
whose benefit it has been written. We know of no work from Avhich a more truly 
scientific account of the Protozoa, Echinodermata, and other lower forms of animal 
life could be gained." 

OUTLOOK,—“There is much valuable matter in these w-ell-planned sections 
which will render the volume, like the others which have preceded it, a necessary 
book of reference in every well-equipped library." 

WORMS, ROTIFERS, AND POLYZOA 
VOLUME II. 

Flatworms and Mesozoa, by F. W. Gamble, D.Sc. ; Nemertines, by Miss 

L. Sheldon ; Threadworms and Sagitta, by A. E. Shipley, M.A., 
F.RS.; Rotifers, by Marcus Hartog, M.A., D.Sc.; Polychaet 
Worms, by W. Blaxland Benham, D.Sc., M.A,; Earthworms and 
Leeches, by F. E. Beddaud, M.A., F.K.S.; Gephyrea and Phoronis, 
by A. E, Shipley, M.A-, F.RS.; Polyzoa, by S. F. Harmer, Sc.D., 

F.RS. 

CAMBRIDGE REVIEW.—“Several of the groups treated of in this volume are 
unknown, by sight even, to the general reader, and possess no ])opular name what¬ 
soever; and as only a few insignificant details are known of the habits of the 
animals composing them, their treatment in the volume before us has necessarily 
been to a large extent anatomical. This circumstance renders the book of especial 
value to students, more j)articularly as in some oases the articles on the groups in 
question are the first comprehensive ones dealing with their resiiective subjects. . . . 
Most of the articles are of a very high order of merit—taken as a whole, it may be 
said that they are by far the best which have as yet been published. ... We may 
say with confidence that the same amount of information, within the same compass, 
is to be had in no other zoological work." 

NATURAL SCIENCE.—“This second volume of the Cambridge Natural History 
is certain to prove a most welcome addition to English Zoological literature. It 
deals with a series of animal groups, all deeply interesting to the specialist in 
morphology ; some important from their economic relations to other living things, 
others in their life-histories rivalling the marvels of fairy-tales. And the style in 
which they are here treated is also interesting; history and the early observations 
of the ol(^er writers lend their charm ; accounts of habits and mode of occurrence, 
of life, in a word, fVom the cradle to the grave, are given in ample detail, 
accompanied by full references to modern and current literature. The whole is 
admirably illustrated." 

I 



MOLLUSCS AND BRAOHIOPODS 

VOLUME III. 

Molluscs, by the Bev. A. H. Cooks:, M.A.; Brachiopods (Eecent), by 

A. E. Shipley, M.A., RRS.; Brachiopods (Fossil), by F. B. C. 
Bbbd, M.A. 

FIELD,—** We know of no book available to the general reader which affords 
such a vast fund of information on the structure and habits of molluscs.” 

KEO WLEDGE,—“ If succeeding volumes are like this one, the Cambridge Natural 
History will rank as one of the finest works on natural history ever published.” 

ATHENjEUM,—** The series certainly ought not to be restricted in its circula¬ 
tion to lecturers and students only; and, if the forthcoming volumes reach the 
standard of the one here under notice, the success of the enterprise should be 
assured.” 

VOLUME IV. 

Crustacea, by Geoffrey Smith, M.A., and the late W. F. R Weldon, 

M.A.; Trilobites, by Henry Woods, M.A.; Introduction to 
Arachnida, and King-Crabs, by A. E. Shipley, M.A., F.R.S.; 
Eurypterida, by Henry Woods, M.A. ; Scorpions, Spiders, Mites, 
Ticks, etc., by Cecil Warborton, M.A.; Tardigrada (Water-Bears), 
by A. E. Shipley, M.A., F.B.S.; Pentastomida, by A. E. Shipley, M.A., 

F.B.S.; Pycnogonida, by D’Aroy W. Thompson, C.B., M.A. 

MORNING POST,—“The present volume fully maintains the standard that has 
been set by the earlier volumes. . . . The editors are heartily to bo congratulated 
on the accomplishment of their laborious undertaking. They have produced a 
trustworthy account of the various departments of the animal kingdom, of value 
both to the naturalist and to the professed zoologist, a work containing such a 
quantity of information as will scarcely be found in any other zoological treatise of 
the same kind.” 

GUARDIAN,—“The editors may be congratulated on the production of a work 
which is excellently fitted to accomplish its purpose of meeting the needs both of 
the serious student and also of the general reader in search of accurate information. 
Such an undertaking could only have been brought to a successful issue by the 
combined labour of many specialists, and in the present volume, no less than in 
others of the scries which have been already noticea in these columns, the principle 
of co-operation has been employed with the best results.” 

PERIPATUS, MYRIAPODS, AND INSEOTS-Part L 

VOLUME V. 

Peripattts, by Adam Sedgwick, M.A., F.R,S.; Myriapods, by P, G. 
Sinclair, M.A.; Insects, Part I., Introduction, Aptera, Or1^optera> 
Neuroptera, and a portion of Hymenoptera (Sessiliventres and 
Parasitica), by David Sharp, M.A., M.B., F.B.S. 

Prof, RAPHAEL MELDOLA^ F,R.S., F,0,S,, in his Presidential Address to the 
Entomological Society of London^ said:—“The authors of this volume are certainly 
to be congratulated upon having furnished such a valuable contribution to our litera¬ 
ture. When its successor appears, and I will venture to express the hope that this 
will be at no very distant period, we shall be in possession of a treatise on the 
natural history of insects which, from the point of view of the general reader, will 
compare most favourably with any similar work that has been published in the 
English language.” ^ 

ENTOMOLOGISTS MONTHLY MAGAEINE,--*^Vrf ronturQ to think the 
work will be found indispensable to all who seek to extend their general knowledge 
beyond the narrowing influence of exclusive attention to certain orders or groups, 
and that it will take a high position in ‘The Cambridge Natural Histoiy * series.” 
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INSECTS—Part IL 

VOLUME VI. 

Hymenoptera continued (Tubulifera and Aculeata), Coleoptera, Strep 
siptera, Lepidoptera, Diptera, Apbaniptera, Iliysanoptera, Hemip- 
tera, Anoplura, by David Sharp, M.A., M.B., F.R.S. 

SATURDAY REVIEW.—“Dr. Sharp’s treatment is altogether worthy of the 
series and of his own hig;h scientific reputation. But in a work of this sort it is 
not only necessary that information should be accurate, but also that it shall be 
presented to the eye, so far as illustrations and printing are concerned, in such a 
way as to render its matter as easily intelligible as possible, and readily usable 
for purposes of reference. Under both these heads we have nothing but commenda* 
tion for Mr. Sharp’s treatise. The illustrations are indeed beautiful, and the use 
of the heavy type for the headings of the various sections and leading paragraphs 
materially helps the reader in the progress of his study. Certainly tnis is a book 
that should be in every entomologist’s library.” 

DAILY NEWS.—“It would be hard to say too much in j>raise of this most 
admirable volume. It is too often the case that scientific books are w'ritten in a 
dull and uninteresting style. The reader will find nothing of that kind to complain 
of here. The descriptions are clear, the illustrations are excellent; while, as in the 
previous volumes of the series, printing and paper are all that could be desired.” 

FISHES, ASOIDIANS, etc. 
VOLUME VII. 

Hemichordata, by S. F. Harmer, Sc.D., F.KS. ; Ascidians and Amphioxus, 
by W. A Herdman, D.Sc., F.R.S.; Fishes (exclusive of the System¬ 
atic Account of Teleostei), by T. W. Bridge, Sc.D., F.E.S.; Fishes 
(Systematic Account of Teleostei), by G. A Boulbnger, F.R.S. 

A TEENMUM.—“ All who take a serious interest in the advance of ichthyology 
will find this a fascinating book.” 

NATURE NOTES.is a thoroughly scholarly work for students, amply 
sustaining the reputation of an ancient university as being in the van of scientific 
progress.” 

AMPHIBIA AND REPTILES 
VOLUME VIII. 

By Hans Gadow, M.A., F.R.S. 

FIELD,—“ The work is worthy of the series in which it appears, and we can¬ 
not give it higher praise.” 

SCIENCE GOSSIF.—“More than maintains the high scientific reputation of 
this series. The herpetologists, or students of the Amphibia and Reptiles, have now 
a standard work of the highest class.” 

LANCET.—“An account of both Amphibia and Reptiles which should satisfy 
the expert, and at the same time entertain the reader who is merely interested in 
the tit-bits of natural history. ... A book full of accurate information and pleasant 
reading.” 

MOkNING post,—“A delightful as well as a serviceable book. . , . Herein 
perhaps lies the great charm and merit of Dr. Gadow’s book, that, while satisfying 
all the inquiries of the studen^ it is also in great part written for the ordinary 
intelligence, and the naturalist in the crowd may, while necessarily gliding over dis¬ 
tressing technicalities, find in its pages many hours of profitable and entertaining 
study of the habits of the classes under notice.” 

NATURE.—“ In concluding the review we would express the opinion that by 
this handsome volume a very important addition to science has been made; that 
the beautiful illusti^tions, together with the clear and charming accounts of the 
life-histories w^hich it contains, will do much to popularise the study of a rather 
neglected section of zoology ; and Giat lovers of Reptiles, of which there are more 
than one generally thinks, will feel that the new knowledge impaled to them 
emanates nom one who is thoroughly in sympathy with their enthusiasm.” 
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BIRDS 
VOLUME IX. 

By A. H. Evans, MA 

IBIS.—“Mr. Evans has produced a book full of concentrated essence of inform a« 
tiou ou birds, especially as regards tboir outer structure and habits, and one that 
we can cordially recommend as a work of reference to all students of ornithology,” 

NATURE NOTES,—“ We venture to predict that, of tlie ten volumes of which 
this excellent series is planned to consist, none will secure a wider popularity than 
Mr. Evans’s treatise on birds. Strange as it may appear, among the many books 
on birds that have appeared of late years, we do not recall any that covers the same 
ground. . . . We are grateful to the author for the mine of valuable information 
which he has crowded between his two covers.” 

SCIENCE OOSSIP.—“General readers will find this work most useful in 
obtaining a proper understanding of birds, and will be assisted by the effective 
diagram of a hawk in the introduction, showing the recognised names of every part 
of the exterior appearance. The expressions used in naming the various portions 
are fully explained on the adjoining page. As we have already said, the illustra¬ 
tions are admirable. The book is a useful addition to any library, as it treats of 
nearly every known kind of bird throughout the world. ” 

SA TURD A Y REVIEW.—“The expert and the novice alike must be at once 
delighted by the accuracy and the beauty of the Illustrations. ... It is astonish* 
ing to note the mass of information the author has been able to bring together. . . . 
With a little practice any observant person would soon learn by the help of this 
volume to track down any bird very nearly to its ultimate place in classification. ” 

MAMMALIA 

VOLUME X. 

By Frank Evers Beddarp, M.A., F.KS. 

NATURE,—“Cannot fail to be of very high value to all students of the 
Mammalia, especially from the standpoints of morphology and palaeontology.” 

ATHENJUUM.-^^^Uj, Beddard has produced a volume equal in interest and 
value to the others in the Cambridge series.” 

LAND AND WATER.-^** A notable book, the result of long study, patient 
labour, sound reasoning, and careful selection, for which we are deeply indebted to 
the author.” 

DAILY NEWS.—“ A volume which, for the interest of its contents and for its 
style and method of treatment, is not only worthy of its predecessors, but may be 
regarded as one of the most successful of a brilliant series.” 

KNOWLEDGE.—“In this volume Mr. Beddard has undoubtedly made an 
important contribution to the history of mammals, his text-book being only one 
which can be said to be up to date and to contain notices of the many important 
types—both recent and fossil—discovered during the last few years.” 

FIELD.--** Its utili^Ji^thB'i^ilEihg zoological student can hardly be overrated, 
It is exceedingly ypeir illustrated.” 
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