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"Why, you might
I

take to some light study

;

conchology

now

;

always think that must be a light study."

Georgk Eliot, Middlcmarch.

PREFACE TO THE MOLLUSCA
The

general plan of classification adopted in this work

any single authority.

of

that

It

is

not

has been thought better to

adopt the views of recognised leading specialists in the various
groups, and thus place Ijefore the reader the combined results of
recent

investigation.

certain

number

This method

may, perhaps, occasion a

of small discrepancies, but

it is

believed that the

ultimate effect will be to the advantage of the student.

The
of

classification

Hoyle

('

adopted

Challenger

'

for the recent

tliat of

is

that

xvi.), for

the fossil

Fourd {Catalogue of

the Fossil

Kcports, Zooloiju, vol.

Cephalopoda (Nautiloidea)

Cephalopoda

Cephalopoda in the British Museum, 1888-91), and (Ammonoidea)

{Manuel de Conchyliologie, 1887).

P. Fischer

In the Gasteropoda

the outlines are those adopted by Pelseneer {Mem.
Belg. xxvii. 1894), while the

from

r.

reo-arded

The Amphineura,

Fischer.

a

as

branchiata

is

Philijipinen,

separate

that of

ii.

details are

3).

class.

The

Soe. Malacol.

derived, in the main,

h(iwever,

grouping

have
of

not
the

been

Xudi-

Bergh (Semper, Reisen im Archiprl der

The Pelecypoda

are classified according to

Pelseneer's most recent grouping.
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SCHEME OF THE CLASSIFICATION ADOPTED IN
THIS BOOK
MOLLUSCA
Class.

Sub-order.

OCTOPODA
Dibranchiata

Section.

(p.

382)
Pliragmoi:)liora (p. 386).
(jj. 388).

f

I

Dec.APODA

Sepiophora

I

(i,. 389)
Oigojjsidae (p. 390).

J jfi/op^idcte

1 Cliondropliora

CEPHALO-

'^

V

[

PODA
Nautiloidea
Tetra-

Retrosiplionata

(

\ Prosiplionata

(p. 393).

(jj.

395).

branchiata

[am?MOXOIDEA

Retrosijilionata (p. 397).
l*ro.si2)liouata (p. 397).

(

\

| roLYPLAcoPHoiiA
''Amphineura
^
t Aplacophora (p.

(p. 400).
404).

Docoglossa

(p. 405).
I

DiOTOCARDIA

T,i

1

^

Zi/(/oh,rinch'iata

(p.

406).

,

Aziiqobrancliiata ip.

'^

I

I

407).

Proso-

branchiata

r

Ptenoglossa

(p. 411).
.'/i'«^« (P-

Taenioglos.sa

MONOTOCARDIA-'

GASTERO-

PODA
(^

[

Tecti-

Opistho-

AscoCxLOSsa

branchiata

BRAXCHIATA

f
[

Bulloidea

(p. 429).

j

I

Siphouarioidea

(p. 431).

f Cladohepatica (p. 432).
\ Holohepatica (p. 433).

I

Thecosoniata

(p. 435).

Gymnosomata
Basommatophora (jj. 438).
Stylomjiatophora (p. 439).
{

Pulmonata

Uymnoglo.ssa (p. 422).
Rachiglossa (p. 422).
Toxoglossa (jj. 426).

(p. 431).

Xri)i-

Pteropoda

\\ HcUropoda
^^f

,

,

Ap:
Apljf^ioidea
(p. 430).
Pleurobraiiclioidea (p. 431).

I

BRAXCHIATA

.

(p. 437).

411 )•

{^. ¥IQ).

SCHEME OF MOLLUSCA AND BRACIIIOPODA
Order.

Class.

SCAPHOPODA
(p. iii)-

f Protobranchiata (p. 447).
r

Filibranchiata

-

V

Pseudolamellibranchiata

Anomiacea (p. 448).
Arcacea (p. 448).
Mytilacea (p. 448).

(p. 449).

SUBMYTILACEA (p. 451).
Tellinacea (p. 453).

PELECYPODA

Venekacea
Caudiacea

Eulamellibranchiata

Myacea

(p. 454).
(p. 454).

(p. 456).

Pholadacea
Anatixacea
,

Septibranchiata

(p. 457).

(p. 458).

(p. 459).

BRACHIOPODA
Family.
^

Lingiilidae (pp. 487

Obolidae

ECAIIDIXES
I

I
'

and

50-3).

(p. 504).

Disciiiidae (pp. 487 and 504).
Craniidae (pp. 487 and 504).
Trimerellidae (p. 504).

Productidae

(p. 504).

Strophomenidae (p. 505).
Kouinckiuidae (p. 505).

Brachiopoda

Spiriferidae (p. 505).

Testicakdines

Atrypidae (p. 505).
Rhynchonellidae (pp. 487 and 505).
Terebratulidae (pp. 487 and 506).
Argiopidae (p. 506).
Stringoceplialidae (p. 506).

Thecidiidae (pp. 487 and 506).
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INTRODUCTION

DOM

POSITION

—-CLASSIFICATION

I

OF MOLLUSCA
-ORIGIN OF

IN THE ANIMAL KINGLAND AND FRESH-WATER

MOLLUSCA
It

is

the generally accepted opinion

all life

originated in the

sea.

among men

Not that

all

of science that

parts of the sea are

equally favourable to the development of forms of

ocean surface, with

and the deep

sea,

its entire

The

life.

absence of shelter or resting-place,

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 the 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

migrated from elsewhere.
It was no doubt the

immediately below

it,

who

inhabit

littoral region

them

in all probability

and the shallow waters

a region of changeable cuiTents, of light

and shade, of variation, within definite limits, of temperature
and tide effects, which became the scene of the original development of plant life, in other words, of the food -supply which
But the
rendered possible its colonisation by higher animals.
littoral region, besides the advantages of tenancy which it offers
The violence of the sm^f
to animal life, has also its drawbacks.

may

beat

its

inhabitants in pieces, the retreat of the tide exposes

them, not merely to innumerable enemies in the shape of predatory birds and beasts, but also to a change in the atmospheric

medium by which they

d

Hence, in all probaare surrounded.
have arisen the ^^arious forms of adaptation which are
cakndated to bring about the 'survival of the fittest'; hence, to
bility,

VOL.

Ill

5

B

VARIETIES OF STATION
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-mollusc 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
representatives of nearly all the great Orders as they exist at the
present day, and without the slightest sign of approximation to
With regard to the origin of the land and freshone another.
water Mollusca some definite conclusions can Ije arrived at, which
will be given in their proper place.

Scarcely any portion of the coast -line of the world
tute of molluscan

life,

forbids its existence.

is desti-

where extreme cold
Thus along the shores of Xorthern Asia
except in regions

no proper littoral fauna, the constant influence of travelanimal life begins at about
sweeping it all away
three fathoms.
But in every coast region not positively hostile

there

is

ling ice

;

to existence

habitat has

and

exist

Mollusca make their home.
its

own

Each description

of

peculiar species, which there flourish best,

precariously,

if at

all,

Thus the sandy

elsewhere.

waste of estuaries, the loose and shingly beaches, the slimy mudbeset with mangroves, the low stretches

of jagged rock,
from whose base the sea never
recedes, have all their own special inhabitants.
The same is
true of the deep sea, and of the ocean surftice.
And when we
come to examine the land and fresh-water Mollusca, it is found
not merely that some Mollusca are terrestrial and others fluviatile, but that certain species haunt the hills and others the
valleys, some the recesses of woods and others the open meadow
sides, some prefer the limestone rocks, others the sandy or clayey
districts, some live only in still or gently moving waters, while
others are never found except where the current is rapid and
flats

and even the precipitous

cliffs,

powerful.

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

erous,

'

See especially IMosele}', Xaturc, 1885,

p.

417.

,

A TROPICAL BEACH
variety of station, abounds in niolluscan

must

life

to

an extent which
at Panama, to

The beach

literally be seen to be believed.

an instance familiar to the present writer, is astonishingly
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 Trmicatella
Mclampus, Littorina, and Siphonaria ; where a mangrove-swamp
replaces the rock, on the branches overhead are huge Littorina,
select

rich in species,

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

and Area burrow into

mark

half- tide

it.
Lower down, in the rock pools at
Cerithium, Purpura, Omphalius, Anachis

are

and several Crepidula.
At low -water mark of
under stones half buried in clean sand, are Coecum
and Vitrinella ; under the blocks which rest on solid rock are
Cypraea (4 or 5 sp.), Cantharus, more Anachis, Coluiiibella (3
(2

JVassa,

sp.),

ordinary

tides,

including the graceful

sp.

C.

harpiformis), and Nitidella.

Where

the blocks of rock are rather muddy, Comis 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 Turlo, Purpura and Clavella.
At extreme low -water mark
of spring tides, on the isolated rocks are Monoceros, Leucozonia,

and

Vermetus, in them are Pholas and a burrowing Mytilus,

tender

them

are

Patches of

more Conus, Dolium, and huge

clean

gravelly

the operculum of the great

sand
Str.

galea

frilled

produce

here

Murices.

Stromhus

;

on

sure to be a Crepidula,

is

fitting its breadth.
On the liquid mud- flats to the
north glide about MargineUa, JVassa and Trunearia, in the clean
sand -stretch to the west Olivella ploughs about by hundreds
with several species of Natica, and Tellina and Donax bury

exactly

down
mix with the

themselves deep, while farther

where

mud

begins

to

Area.

Each of these species has

scribed

to

a

few square

utterly useless to seek for

feet
it

at

its

are Artemis,

Chione, and,

sand, Mytilus

own

the

and more

habitat, often circum-

most, and

anywhere except

it

would be

own

special

tropics.

Prof.

in its

domain.
E(jually
C.

in

abundant are the land Mollusca of the

Adams relates that within the limits of a single parish
Jamaica, named Manchester, which measures no more than
P.

I'dUi-

miles long and one mile l)road, he oljtained no fewer than

^

LAND MOLLUSCA
one hundred species.

Mollusca

the

lively picture
locality
"

:

—

he

Mr.

obtained

S.

near

THE TROPICS
Gibbons, in a description of
St.

Ann's,

Curasao,

a

gives

abundance in an exceptionally favoured

of their

Near the outskirts

me with

J.

IN

of

the town a waste piece of ground

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

supplied

occupation for

specimens could have been collected in a few yards to supply,
I should suppose, all the shell cabinets in the world.
.

The

.

.

and ground were covered with Strophia uva
L., Tudora
megacheila, P. and M., was in equal abundance,
suspended by its silk-like thread from acacia boughs, or strewed
thickly on the ground underneath.
A Bulimulus (B. multilineatus var. sisalensis) abounded on the smaller boughs, while
under masses of coral Macroceramus inermis Gundl., Fupa parraiana d'Orb, and P. pellucida Pfr., were abundant.
In the loose
soil Cylindrella Baveni Bland, Cistula Baveni Bland, and a curious
Cionella 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
stones, plants,

obtained a larger number of specimens.

A

species of Stenogyra

and a Succinea complete a list, all of which might have been
gathered from almost 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 the Mollusca as one
of the four subdivisions of a great family known as Malacozoa,
the subdivisions being (1) Mollusca, (2) Tunicata, (3) Brachiopoda, (4) Polyzoa or Bryozoa. This classification is still retained

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 groups as such a classiin the leading

fication

would seem to imply.

The

Tunicata,

for

instance,

appear, from the whole course of their development, to occupy
^

Quart. Journ. Conch,

^

Manuel de

Paris, 1S87.

i.

p.

Conchyliologie

371.
et

de PaUontologie Conchyliologique.

Dr. P. Fischer,

—
KINGDOM

rOSITION IN ANIMAL

I

The

a position near to the Vertebrata.

5

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 Mollusca is, in many respects, one of considerable isolation.

them

Any

attempt, therefore, definitely to relate

group or another,

to one

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

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
first

as generally distinct from one another as they are at the present

time.

It

confidently

would seem that any theory of development, which
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-

An

semblance.

especial

characteristic of the

Mollusca

is

the

possession of a particular form of larva, which occurs in one of

known as the trochosphere (see p. 130).
shared with two orders of Annelida, the

the stages of development,

This form of larva

is

Chaetopoda and the Gephyrea armata, and, in all probability,
with the Polyzoa as well.
It may also be significant that the
adult form in Eotifera bears a close resemblance to the trochosphere larva in those groups.

Basis

of

Classification,

— The

Mollusca

are

divided

into

Orders

Cephalopoda, Gasteropoda, Scaphopoda,
and Pelecypoda.^ Each name, it will be noticed, bears reference
to the
foot,' i.e. to the organ of motion which corresponds in
fom-

great

'

function to the foot in the Vertebrata.

In the Cephalopoda the feet, or, as they are more frequently
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'
termed, the

'

'

'

^

KecpaXrj,

noobs. a foot.

head

;

yacrry^p,

stomach

;

(XKairreLv,

to dig

;

iriXeKvs,

an axe

;

iro6$,

,

CLASSIFICATION
of the

Snails,

foot.

slugs,

sea-liares,

whelks, periwinkles, and

examples of this Order.

coats-of-niail or chitons are

The Sccqjhojwda

jjossess a long tubular shell open at l)oth
with their small and elongated foot they are supposed to
into the mud in which they live.
The connnon DeMalium

ends
di(j

;

or tusk-shell of our coasts

is

a representative of this Order.

—

Fid. 1.
Examples of the four
Orders
A,
Cephalopoda
:

;

Gasteropoda
C, Scaphopoda, aud D, Pelecypoda.
B,

;

A, Ommast replies sagittatus
Naples
a,
a, arms
surrounding the mouth
./',
Lain.,

:

;

funnel

;

t,

lar 'arms.
11

n datum

the two tentacuX |. "B, Buccinuiii
h., Britain: /', foot;
'

t,

x

pr, proboscis,

talium entalis
foot.

D,

L.,

i.

C, De7i-

Norway

:

f,

Cardium ohlonyum,

Chem., Naples: /, foot;

s,

or anal siphon
s'
afferent or branchial siiihon.
efferent

;

The Pclecyiiodo ^ are enclosed in a bivalve shell fastened hj a
muscular hinge, the adjacent part of the valves being generally
more or less toothed the foot is as a rule loughly comparal )le
to the shape of an axe-head.
;

To these four Orders
whose exact position is
Pteropoda

^

are

'

pelagic,'

is

frequently added a

at present not
i.e.

They

day.
'

Also

Pteroiwda,

The

they live in the open waters of the

ocean, rising to the surface at night,
liy

fifth, t]u?

absolutely settled.

and sinking into cooler water

are provided with a pair of wing-like appendages

known

as LamcHihrancliiata, Conchlfcra
-

irrepov,

wing.

and Acrphala.

CLASSIFICATION

7

on each side of the head, by means of which they are
Some authorities regard the Pteropoda as a
subdivision of Gasteropoda, others as forming a separate Order,
or

'

feet,'

enabled to swim.

The question

of equivalent value to the other four.

be suthcient

state

to

it

will

that the weight of evidence appears

show that the Pteropoda
adaptations to pelagic

be

will

further discussed below (see chap, xv.), but for the present

to

are modified Gasteropoda, with special

and are therefore not entitled

life,

to

rank

as a separate Order.

Some

writers conveniently group together the

the

these Orders,

Cephalopoda,

Gasteropoda, and

first

three of

Scaphopoda,

under the title Glossophora,^ or Mollusca furnished 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)r i.e. those Mollusca which
have no radida and no head.
To the latter belong only the
fom'th 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

This form, it is held, either developed or
In the former case, in consequence of the more

or triturating food.

degenerated.

mode

active

entered,

it

upon which

of life

gave

rise

to

all

it

may

be

supposed to have

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

and either

lost

apparatus.

It

was,

we may

believe, modified accordingly,

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
a remarkable fact in support

is

of the origin of the Aglossa

known to possess
mouth and eyes,
mantle

lobes,

stage

reached.

is
'

yXQiffcra,

that certain

of this theory

of their larvae are

traces of higher organisation,

e.g.

an external

the former of which becomes covered by the

while the latter disappear long before the adult

tongue

;

(pepeiv,

to carry.

-

XeiTreiv, to

be wanting.
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Thus we have

MOLLUSCA
Glossophora

Cephalopoda

Aglossa

Scaphopoda

Gasteropoda

Classification

of

Gasteropoda.

Pelecypoda

— The

Gasterojwda are nu-

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

Glossophora, far more complicated as regards classification, and

contain a large proportion of those examples of the Mollusca

which are most familiar

to the ordinary observer.

It will there-

fore be convenient to postpone for the present a fuller discussion

and Scaphopoda, as well

of the subdivisions of the Cephalopoda
as of the Aglossa, returning

(chaps,

xiii.

and

xvi.),

and

to

them again

in special chapters

few introductory words to

to devote a

the classification and relations of the Gasteropoda.

The Gasteropoda are divided into four

Classes,

Am^Jhineura,

Prosohranehiata, Opistliohranchiata, and Pulmonata.
(1)

The Amphineura'^

are bilaterally symmetrical Mollusca,

Fig.

3.

—An

example

rinata Tullb.
ventral groove

the

of

Ncomenia

Aplacophora,

;

ca-

anus g7\
m, mouth.

a,

:

;

—

2.
An example of the
Polyplacophora Chiton spin-

Fig.

:

osus Brucr.

with organs either single and central, or paired and disposed
on either side of the longer axis of the animal.
The shell, when

i.e.

1

a.ix<pl,

on both sides

Amphineura

;

vevpov,

as a distinct Order.

nerve,

vessel.

Some

authorities

regard the
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present,

is

never

spiral,

but consists of eight overlapping plates,

kept together by an elliptical

girdle.

The Amphineura

are

divided into (a) PolyiJlacophora^ or Chitons, and {h) Aplacoijhora
(Chaetoderma and NeoTncnia).
(2) The Frosohrmchiata^ are so named from the fact that
the breathing organ (branchia or ctenidium •') is as a rule situated
i7i front of the heart, the auricle at the same time being in front

They are asymmetrical, almost always furnished
which is at some 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 (a) Diotocardicf^
of the ventricle.

with a

shell,

(Raliotis,

whose

Trochus, Nerita, Patella), which have, or

Fissurella,

immediate

ancestors

two

auricles to the heart,

are

sets of

believed

to

have

had,

two

breathing organs, two kidneys,

but no proboscis, penis, or
siphon,

cardio

,^

and (?>) Monotoin which the heart

has only one auricle, the
true

organ

breathing

is

and there is a single
kidney.
To this division

single,

belong the great majority
of marine univalve
lusca,

e.g.

—

4.
Heterojiod, Carinaria
Example of
a,
amis
br,
mediterranea Lam., Naples
intestine
branchia /, foot
m, mouth ;
sh, shell
penis
s, sucker
t, tentacles.
J),
The auimal swims foot uppei'most.

Fig.

Murex,

nurn,

Mol-

Cypraea, BvxciLittorina,

lantliina, all the land

and

;

:

;

;

;

;

;

;

fresh

-

water

operculates

{Ci/clostoma, Melania,
iled ina,

Fa-

well as the Ifcterojwda, which are a group of

etc.), as

Prosobranchiata which have betaken themselves to a pelagic

life.

(3) In the Opisthohranchiata^ the breathing organs (when
present) are heJtind the heart, and the auricle of the heart is

behind

consequently

the

ventricle.

They

are

asymmetrical

marine animals usually, but by no means always, without a
sliell, scarcely ever with an operculum in the adult state.
The
;

^

TToXi's,

many

;

7r\d^, plate.

-

irpdaw, in front.

^

KTividiov, a little

'

o-maOiv, behind.

Often alluded to in the sequel as 'opereulate Gasteropoda.'
* dvu, two
Sira, auricles Kapdia, heart.
comb.
fj.6vos, single
;

;

;
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sexes are united in the same individual.
fall

into two divisions

organ

more

is

usually

or

covered

less

which

present,

The Ojnsthohrcmchiata
which the In-eathing
mantle,
and a shell is
the

(a) Tectihranchiata, in

:

is

l)^

sometimes

rudimentary,

Bulla,

e.g.

A

i^MMa

TectibrauFig. 5.— a,
chiate
Oi)isthobrauch,
Umlirella
m editerranca Lam., Naj^les : a,

anus
foot

;

;

br,

brauchia

VI,

mouth

liiiuopliores

;

;

/,
rh,

;

sh, shell.

A

Pteroi^od, Jlyalaea tridentata Forsk.,

B,

Naples

sh, shell

:

swimming

;

I,

I,

lobes of foot.

A

NudibranchiC,
ate Opisthobranch, Aeolis iMTcgrina, Naples
f, foot ; c, cerata.

Aplysia, Umhrella, and the whole group of PteroiJoda
or sea slugs, which have
but breathe either by the

hranchiata,
ctenidia,

papilliform

organs prominently

no
skin,

developed

shell

or

on

;

:

(h) JVudi-

and no true
l;)y

the

'

cerata

back

:

'

or
e.g.

Boris, Aeolis, Dendronotus.
(4)

FiG.

6.

The Pulmonata

— Examples

peregra Miill.
Helix hortensis
:

position

of

the

of
e,

— A,
e,

Miill.

non-

Basommatophora, the common Limnaea
B, Pulmonata Stylommatoiihora,
tentacles
t,
t,
2^- o, pulmonary orifice (the
in Limnaea will be seen by reference to

Pulmonata

eyes
:

asymmetrical air-breathing

are

^

e,

t,

;

e,

pulmonary

tentacles.

t,

eyes

;

orifice

;

Fig. 101).

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

P'ulmo, a lunff.

—

-

AND FRESH-WATER MOLLUSCA
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1

;

1

)

which the

are conveniently divided into Stylomviato2:)hora} in

eyes are at the tip of the upper tentacles, which are retractile
{Helix, Limax, Bulimus, and all true land slugs and snails), and
Basommatophora, in which the eyes are at the base of the
tentacles, which are not retractile (Limnaea, Planorlis, Physa,
and all the Auriculidae).
Thus we have
,

.

C

Amvhineura
^

i

(^

,,
,

,

,

.

^

"\

•

,,

7

,

•

,,

I

\

^^^

^

,

\^JSudibrancniaia

,

^

rStylommatopliora
i
I^Easominatophora

,

ulmonata

-r.

\

The

< -^t

-*

I

i

I^Monotocardia (mcl. Heteropoda)
TTectibranchiata (incl. Pteropoda)

,

Ovist liobrancliiafa

1

I

i

rDiotocardia

J

J

^

Polyplacophora
a
Aplacophora

i

i.

relation of the four great Orders to one another will be

when we come to deal with each Order
The problem of the origin and mutual relationship
the various forms of moUuscan life is of extreme subtlety, and
discussed

better

separately.
of

solution

its

survey of

can only

many

approached

be

complicated anatomical

—

after

a

details.

comprehensive

But there

is

the land and fresh-water genera
one branch of the Mollusca
whose origin is, comparatively speaking, of recent date, and
whose relationships are therefore less likely to have suffered

complete obliteration.

—

The
Fresh-water Mollusca.
ultimate derivation of the whole of the land and fresh-water
Origin

the

of

Land and

molluscan fauna must, as has already been remarked, be looked
in

Ibr

In certain cases the process of conversion,
sea.
be so termed, from a marine to a non-marine genus,
in others
in progress, and can be definitely observed

the

may

if

it

is

still

;

the conversion
Ijeen

the
in

so

slight,

connexion
others

date of

its

complete, but the modification of

is

or

again,

the

date

of

occurrence so recent,

its

unmistakable, or at

is

the modification

least

has been so great, or

occurrence so remote, that the

'

(ttCXos, i)illai'

;

life

dfj-ixara, C3'es.

Ascorjlossa are dealt with

the

actual line of deriva-

This passage from a marine to a non-marine

The

that

highly probable

tion is obscured or at best only conjectural.

-

form has

below

(cliap. xv.).

—

in other

I
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cii.

words, this direct derivation of non-marine from marine genera

—

is

illnstrated

hj the faunal plienomena

of an inland l^ackish-

water sea like the Caspian, which is known to have 1)een
originally in connexion with the Mediterranean, and therefore
originally

Caspian,

supported a marine fauna.
The Mollusca of the
although without exception lirackish- or fresh-water

Of the

species, are in their general facies distinctly marine.

univalve species which inhabit

{Micromelania, C'asjna,

2(5

it

19 Ijelong to 4 peculiar genera

Clessiiiia,

Nematurellct), all of whicli are

modified forms of the marine

The character-

Bissoidae.
istic

bivalves belong to the

genera

and

Adacna, Didocna,
Monodacna, all
of

whicli can

l)e

shown

Cardium

to he

common

derived from the

^Ve have

edulr.

here a case where complete
isolation

combined

from
the
no doulit

sea,

witli

a gradual freshening of

tlie

water, lias resulted in the
Fig

the
B,
Sea.

-A,
edide

L.).

common
Adacna

Caspian
C,
Pall., Caspian Sea.

(Cardium

cockle
2}licata

Didacna

Eichw.,

number
The singu-

development of a
of

new

genera.

trigonoldcH

larly

marine

of the

facies of several

fresh-water

genera

now inhaljiting Lake Tanganyika, las uiven rise to the belief,
among some authorities, that that lake was at one time an
In the upper waters of the Baltic,
So
marine and fresh-water Mollusca flourish side by side.
complete is the intermixture, that an oljserver who had lived
on no other shores would prol;)al)ly Ije unal;)le to separate the
Thus between Drago and
one set of species from the other.^
Papenwick ^ Mytilus edulis, Cardium rdidc, TeUina lied fit lea,
Mya arcnaria, Littorina rudis, and Hydrohia ludthica are the
only true marine species with these live Unio, Cyclas, Xeritina,
The marine species and jSferitina live
Limnaca, and Bithynia.
inlet of the

Indian Ocean.

;

^

-

by very gradually changing the water, accustomed marine
and fresh-water species to live in salt water.

Beudaiit,

live in fresh,

Braun, Arch. f. Naturk. Liv.

(2), x. p.

102

f.

species to

EMIGRATION TO LAND AND FRESH WATER

1

down

to

15-20

fatli.,

the rest only

down

to 3 fath.

I

Under

3

stones

young
Limnaea ^pcregra, and

Stockholm

close to the shore of the Skiirgard at

^

are found

Cardium and Tellina, and at 3 to 6 fath.
Physa fontincdis. Near Gothland Limnaea is found in the open
At
sea at 8-12 fath., and with it occur Carduim and Tellina.
the Frisches Haff" My a arenaria is the only marine species,
and lives in company with 6 sp. Limnaea, 1 Fhysa, 9 Flanorhis,
Were the Sound to become
1 Ancylus, 4 Valvata, 2 Spliaerium.
Baltic
perfectly fresh, it would
closed, and the waters of the
arenaria,
and
such
other marine species
be inevitable that Mya
their
changed
conditions,
live
under
should in
as continued to
course of time submit to modifications similar in kind to those

experienced by the
It

seems

quondam marine

probable,

species of the Caspian.

however, that

the origin, at

least

in

and fresh -water Mollusca need not
a
involuntary
changes of environment
accounted
for
by
such
be
as the enclosure of arms of the sea, or the possible drying
up of inland lakes.
These cases may be taken as illustrations
gradual
processes of nature by which the
the
much
more
of
land and fresh -water fauna must have been developed.
The
ancestry of that fauna must be looked for, as far as the
Gasteropoda are concerned, in the littoral and estuarine species ;
The effect of the
for the Pelecypoda, in the estuarine alone.
recess of the tide, in the one case, and the effect of the reduced
great part, of the land

percentage of

salt,

in the other, has tended to produce a gradual

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

adaptation to

species

exhibiting

relationships

with

such

as the Volutidae, Cancellariidae, Terehridae, or

trenching on the lowest part of the littoral
Haliotidae, Conidae; Olividae, Ca'pulidae.
are rather with
Littorinidae,

The

deep

-

sea

signs of connexion

the Neritidae, Cerithiidae, and above

which are accustomed

genera

even with genera
zone, such as the

to live for hours,

all

the

and in the

case of Littorina for days or even weeks, without being moistened

by the

Similarly the fresh -water Pelecypoda exhibit re-

tide.
^

LiudstiiJm, Oef. K. Vet. Fork.
-

H^itockh.,

1855,

Mcudthal, Schr. Ges. Konigsh., xxx.

p. 49,

p. 27.
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lationsliips,

known

nob with genera exclusively marine, but with genera

to inhabit

estuaries,

such as the Mytilidae, Corhulidae,

Cardiidae.

would be natural

It

process
iible to

of

conversion

to

still

expect

we should

that

lind

this

going on, and that we should be

detect particular species or groups of species in process

of emigration from sea to land,

Such species

will

or

intermediate

Ije

land or fresh -water species, and
as one or the other.

from sea to fresh water.
between a marine and a
to classify

difficult

distinctly

Cases of Mollusca occupying this interme-

diate position occur all over the world.

They inhabit brackish

swamps, damp places at high -water mark, and rocks only at
Such are Fotamides, Assiminea,
intervals visited by the tide.
S'qolionaria, Melmiqyus, Hydrohia, Truncatella, among the univalves, and many species of Cyrena and Area among the
l»ivalves.

Origin of the Fresh-water Fauna

—

(a) Pelecypoda.
Estuarine species, which have l)ecome
accustomed to a certain admixture of fresh water, have gradually
ascended the streams or been cut off from the sea, and have at
last become habituated to water which is perfectly fresh.

—

Fk;. 9.
A,
Philippines,

8.

L.

—A,

,

Thus
and

X.

Brcisse^isia

America)

scarcely modified

(rivers

and

My till

canals

a,nd

llytilojjsis

(Fig. S)

naricella

Reeve,

a marine species.
B,
Area {Scaphula) pinna Bens., R.
Tenasserim, a fresh - water species
which lives many miles above the
tide-way.

Tlie common Mytilus edulis
a marine genus and species.
B,
Dreissensia, a fresh- water genus, closely
allied to Mytilus.

Fig.

Area

;

throughout X. Europe
of America)
are

(rivers

Sccvpluda

is

a modified Area,
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and

the Jumna, and

the Ganges,

in

lives

Tenasserim at

the

1600 miles from the sea (Fig. 9).
found imbedded in floating wood on the

Fholas rivicola

a distance of
is

miles from

its

Pantai

E.

many

Cyrena, Corhicula, and prohal)ly Si^haerium

mouth.

and Pisidium are derived, in

different degrees of removal, from
marine Veneridae ; Potamomya (rivers of S.
America), and Himella (E. Amazon) are forms of CorhuJa.
The Caspian genera derived from Cardium (Adacna, Didacna,
Monodacnct), have already been referred to.
Nausitora is a
form of Teredo, which lives in fresh water in Bengal.
Raiyjia,

the

exclusively

and Galatea probably share the derivation

Fischeria,

we have one

Cyrenidae, while in Iphigenia

which has not yet mounted
estuarine

life.

estuaries

is

The

but

rivers,

the

confined to a strictly

is

familiar Scrobicularia piperata of our

TeUina, which lives

a

of

Donacidae

of the

own

by preference in brackish

water.

The great family
derived from

as

similarity

nacreous

Unionidae

the

the

development

presence of a

regarded by

is

Trigonia, the points

l)eing
shell,

of the

Neumayr

'

(jf

a

(jf

strung

and the arrangement of the
muscular scars.
It is remarkable, too,
that on many Uniones of Pliocene times
there is found shell ornamentation of such
a type as occurs elsewhere among the
Pelecypoda only on Trigonia.
The genera of fresh- water I'elecypoda
are comparatively few in number, and
epidermis,

their origin

is

far

Fig.

10.

— Trigonia

(inata

more

clearly discernible

than that of any other group.

This

Laru.

,

^jec-

Sj'duey,

N.S.W\

is

perhaps due to the fact that the essential changes of structure
required to convert a marine into a fresh-water bivalve are but

Both animals

slight.

"

breathe water," and l)oth obtain their

nutriment from matter contained in
ap})ly

to fresh-water

water.

operculate Ciasterop(xla.

from a marine to an aerial

life

involves

environment, wliich have to be met

<if

portant changes in the organism.
^

SB.

accepted.

K. Akad.

ITiss.

IVicn,

1889,

p.

remarks
passao-e

much profomider changes
l)y

This
4,

Similar

But the

correspondinglv im-

may

but the view

be in part
i«

tlif,

not uiiivcrsallv

,
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i6
reason

why

water,

is

(h)

the ancestry of

so (lifficnlt to

Gasteropoda.

<ill

I'uhuonata, whether land or fresh-

tract'.

—

Caniducnnd

Oprrculatc.

(I)

closely allied,

with but

little

are

C/ea

nioditication, to

H)^ '^^ i^ <''l^'*
They occur (in fresh

the marine Cominellu'^ (i^gJSfassodonta to JVassa.

water) in the rivers of India, Indo-China, Java,

and Borneo, associated with

essentially fresh-

water species.

witli

subgenera
^a marine ^eii us, which
between tide
lives
and from
marks,
which is proLahiy

Potamides,

{Tel esc opium

Gerithidea,e.tc.),'A\\

,

various

Pirenella,

ofwhich inhabit swamps and

mudflats just above high-water
'

i

its

l^yrazvs,

•

mark in all warm

n
irom Certt/num

i\-

Countries, are derived

-±1

/i.-'-

(1' ig.

i

o\

12):

derived B, Clea, ^i
genus occiuTing only
iu fresh water.

Assim i Hca, Jli/drohia, ixiid -^erha^s Tru7icateU<i
from Itissoa.
It is a remarkable fact that in
Geomelania (with its subgenera Chittya and
JJlandieUa) we hnxo a form of Truncatclla which lias entirely

—

Fig. 12.
A, Cerithium coluvma Sowh. (marine). B, Potamides microptera 'K\n\.
(brackish water). C, lo tijjiuosa Lea, one of the Pleuroeeridae (fresh water).

the neighbourhood of the sea, and lives in wood}'
Cremowmountainous localities in certain of the West Indies.
conchvs, a remarkable shell occurring only on wet cliffs in the
Neritina and
ghats of southern India, is a modilied Littorina.
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 {JSF. lineata, Cheni.) ascends

deserted

;

^

Not

to JVassa, as lias been generally held.

particularly the teeth of the radula,

show a much

The shape

of the operculum,

closer connexion

and

with Cominella.
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25 miles from their mouth, and others liauiit
marshes of brackish water.
Neritina is the fresh-water form,
some species of which are found in brackish swamps or even
creeping on wet mud between tide marks, while the great
majority are Huviatile, one group {Neritodryas) actually occurring
rivers as far as

in

Philippines on trees of some height, at a distance of a

tlie

quarter of a mile from any water.

Navicella

is

a

still

further

modified form of Neritina, occurring only on wet rocks, branches,
etc.,

in non-tidal streams (Fig. 13).

—

Illustrating the development of the fresh-water genus Navicella,, through the
brackish-water Nentina, from the marine Nerita, with corresponding changes in the
operculum.
I. Nerilu ;
2, 3. Neritma; 4. iVenYM«(, intermediate form; 5, 6.

Fig. 13.

yavicella.

The great family
rivers of

warm

the Melaniidae, which

of

occurs in

countries all over the world, and

Pleuroceridae, which

is

that

the

of the

confined to North America, are, in

all

The
some form or forms of Ceritliium.
origin of the Paludinidae, Valvatidae, and Ampullariidae is more
douljtful.
Their migration from the sea was probably of an
probability, derived from

early date, since the

first

traces of all three appear in the lower

Cretaceous, while Melaniidae are not

known

until Tertiary times.

shows distinct signs of relationship to
Ampullaria,
aftinities
of Faludiiia and Vcdvata cannot as
while
the
Natica,
aflirmed.
yet be approximately
Intermediate between the essentially fresh(2) rvlmonata.
marine species come the group somethe
essentially
water and
times known as Gehydrophila, consisting of the two families
These may l)e regarded as Mollusca
Auriculidae and Otinidae.
which, though definitely removed from all marine species by the
liowever,

—

development of a true lung or lung cavity in place of a
VOL.

Ill

c

gill.

INTERMEDIATE FORMS

i8

have yet never become, in respect of habitat, genuine fresliLike Potamicles, they haunt salt niarslies, manwater species.
grove swamps, and the region
about high-water mark. In some
cases (Otina, Melam^ius, Prdi'pcs)

they

which

on rocks

live

moistened, or even bathed

l)y

are

the

spray, in others (Cassidula, Auri-

immersed in some
depth of brackish water at high

cula) they are

tide,

in others

they are more

and
woods

trial,

in
Fig. 1 4. -Exaoipies of the

A uricuiidae

.

A, Auriada Judae Lam., Borneo
B, Scarabus Lessoni Blaiuv., E.

;

Cassidula
musteUna
N. Zealand
D, Melampus
castaneus Miihlf., S. Pacific
E,
Pedipes quadridcns Pfr., Jamaica.
Indies
Desh.,

;

c,

;

;

^om

{Scarahus)

definitely

terres-

under dead leaves
at some little distance
live

I ndeed

water.

dindnutivC

i.i

again

one genus of

size {Cciryclliuni)
^

-i

haS
^

,-,

Completely abandoned the neigh-i

l.ourhood of the sca, and
SWanipy ground almost

inhal)its
all

OVer

the world.

To this same section Gehydrophila have been assigned two
remarkable forms of air-breathing "limpet," Siphonaria and
Gadinia (see page 151), and the aberrant Amphibola, a unique
instance of a true operculated pulmonate. Sijiho7iaria possesses a

a

gill,

pulmonary cavity

as well as

while Gadinia and Ampliihola are ex-

clusively air-breathing.

Si2)honaria lives on
above high -water mark, Gadinia
between tide marks, Amphibola (Fig. 15) in
brackish water at the estuaries of rivers, half

rocks at

or

Fig. 15.

—An example

There can be little doubt
of Amphibola {avellana Cheni.), the
that all these are marine forms which are
only true Pulmogradually becoming accustomed to a terrestrial
posnate which
sesses an opercuexistence.
In Gadinia and Amphibola the prolum.
cess is so far complete that they have exchanged gills for a pulmonary cavity, while in Sip)1ionaria
we have an intermediate stage in whicli both organs exist
together.
A curious parallel to this is found in the case of
Amjjullaria, which is furnished with two gills and a pulmonary
chamber, and breatlies indifferently air and water.
It is a little
buried in the sand.

AFFINITIES OF THE LIMNAEIDAE

I

I

9

remarkable that Svphonaria, which lives at a higher tide level

than Gadinia, should retain the

The ultimate

affinities of

gill,

while Gadinia has lost

it.

the essentially fresh-water groups,

The form
Limnaea, Physa, Chilina, cannot be precisely affirmed.
of shell in Latia, Gundlachia, and perhaps A'ticylus, may suggest
to some a connexion with the Otinidae, and in Chilina, a similar
But, in a question of derivaconnexion with the Auriculidae.
of shell alone are of little value.

tion, similarities
little

remarkable, for instance, that

we should

forni shell in genera so completely distinct

It is

not a

find a simple patelli-

from one another in

all

anatomical essentials as Ancylus, Patella, Siphonaria, Propilidium,

Hipponyx, Cocculina, and

Some
regard

the

Uiiibrclla.

grounds of general

authors, on

recent

Limnaeidae

adapted to an aerial

and
It

life.

their
is

held

allies
^

organisation,

Opisthobranchs

as

that the Nudibranchiate

(Dpisthobranchs have given birth to the Pulmonata Stylommato-

phora or land snails, and the Tectibranchiate Opisthobranchs to
the Pulmonata Basommatophora or fresh-water snails.

Such a

view seems at first sight open to some objection from other views
The Opisthothan those which deal simply with anatomy.
hranchiata are not, to any marked extent, littoral genera, nor do
On the contrary,
they specially haunt the mouths of rivers.
they inhabit, as a rule, only the very lowest part of the littoral
zone, and are seldom found, except where the water is purely
salt.

genera

which

In other
is

indicate,

modification

when

cases,

well

fairly

the derivation of land or fresh-water

established,

with more or

has

proceeded.

shown that Siphonaria

intermediate

less clearness,

It

has,

forms

persist,

the lines along which

however, recently

been

and Gadinia,^ which have, as has been
already mentioned, hitherto been classified as Pulmonata, are in
reality modified forms of Opisthobranchiata, which are in process
-

They may

of adaptation to a life partly marine, partly on land.

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.

consensus of
views,

some writers
1

-'

opinion

recent
*

The general

towards accepting

these

being content to regard the Pulmonata, as

Kg.

Kohler, Zool. Jahrb.

inclines

vii.

Bouvier, Le Natural. 1889, p. 242.
1893, p. 1 f Haller, Arh. Zool. Inst. JVien,

SB. kon.

;

3

Plate,

*

E.g. Pelseneev, B^lU.

Preicss.

Ak. Wiss.

S'c.

Bcrl. 1893, p. 959.

France Behj. xxiv.

p.

347

f.

x. p.

71.
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from the Tectibranchiate Opisthobraiichs,
regard the Stylommatophora as
derived directly from the Basommatophora.
a whole, as

derived

while others

^

go further and

Origin of the

Land Fauna

—

(Ij Operculate.
Gasteropoda.
On a 'jj'i'iori grovmds, one
might predict a douljle origin for land operculates.
Marine
species might be imagined to accustom themselves to a terrestrial existence, after a period, more or less prolonged, of litt()ral
probation.' Or again, fresh- water species, themselves ultimately
derived from the sea, might submit to a similar transformation,
after a preliminary or intermediate stage of life on mudbanks,
wet swamps, branches overhanging the water, etc.
Two great
families in this group, and two only, seem to have undergone
these transformations, the Littorinidae and the Neritidae.
The

derivation of almost all existing land operculates

may

be referred

to one or other of these groups.

:7^^}^

V

—Two rows of

Fig. 16.

The power

tlie

radula of Litlurina littorea L., x 72.

of the Littorinidae to live for days or even

may

without l)eing moistened by the sea

weeks

be verified by the most

In the tropics this power seems even greater
than on our own shores.
I have seen, in various parts of
Jamaica, Littorina muricata living at t]ie top of low cliffs among
grass and herbage.
At Panama I have taken three large species
of Littorina (varia, fasciata, pidchra), on trees at and above
high-water mark.
Cases have been recorded in which a number
of Z. muricata, collected and put aside, have lived for three
These facts are
months, and L. irrorata for four montlis.casual observer.

significant,

when we know

that

the

operculates almost

land

certainly originated in a tropical climate.
'

E.g. Bergh, Zwl.^ Jahrh. v. p.
-

Calkins,

Amrr. Xat.

xi.

p.

1

f.

687.

:
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Cycloplioridae,
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Cyclostomatidae, and Aciculidae,

Avliicli,

as contrasted with the other land operculates, form one group,

have very
of

close relations, particularly in the lengtli

and formation

raduLi, or lingual ribbon, with the Littorinidae.

tlie

Frfi.

On

17.

the

—Two rows of the radula of Cijdophorus

other hand,

Proserpinidae

are

the

Helicinidae,

equally closely

related

sp., India,

x

40,

and
The
Central America

Hydrocenidae,
to

Proserpinidae (restricted to the Greater Antilles,

Neritina.

and Venezuela) may perhaps be regarded as the ultimate term
of the series.
They have lost the characteristic operculum,
wliicli 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 Neritina {Neritodryas) occurs normally out of the
water.
This group furnishes a link between the fresh-water and

land forms.

It

most perfect

Fkj.

18.

— A,

neritella

is

interesting to notice that here

sequence

of

derivatives

Nerita

;

in

we have the
the main a

Neritina reticularis Sowb., Calcutta (brackish water)
B, Helicina
Lam., Jamaica (land)
C, Proser})ina [Ceres) eolina Duel., Central America
;

;

(hmd).

marine form, with certain species occurring also in
water; Neritina in the main fresh -water, but some
species occurring on the muddy shore, others on dry land

piirely

lirackish

Helicina the developed land form
aberrant derivative which has lost
'

One step even

further (or perhaps

seen in the genus Smaraydia, which

purely marine habit of

life.

it
is

;

and

the-

finally

Proseiyina, an

operculum.^

slioukl be

termed a branch derivative) is
lias resumed a

probably a Neritina whicli

ORIGIN OF LAND PULMONATA
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—

The origin of these, the
(2) Fulmonata.
Gasteropoda.
bulk of the land fauna, must at present be regarded as a problem
not yet finally solved. Some authorities, as we have seen, regard
from the Nudibranchiate, others, probably more
from the Tectibranchiate Opisthobranchs.
The first known members of the land Pulmonata {Pupa [?],
Hycdinia) are from the Carboniferous of North America. Similar
but new forms appear in the Cretaceous, from which time to the

them

as derived

correctly,

The characteristically
we liave an unbroken series.
modern forms, according to Simroth,^ are Helices with thick
According to the same author, Vitrina and Hycdinia
shells.
are ancestral types, which give origin not only to many modern
present

shells, but to many shell-less genera also, e.g. Testaprobably derived through Daudebardia from Hyalinia,
consideration
while from Vitrina came Limax and Amalia.
of the radulae of the genera concerned certainly tends in favour

genera with
cella

is

A

of these views.

Godwin -Austen, speaking generally, considers^ genera of
land Pulmonata with strongly developed mantle-lobes and rudimentary shell as more advanced in development than genera
in

which the

shell

is

large

and covers

all

or

animal.
1

SB. Nahirf.
-

Gesell. Leipz. 1886-87, pp. 40-48.

L. and F. TV. Moll, of India,

iv. p.

167.

nearly

all

the

CHAPTER

II

LAND AND FRESH-WATER MOLLUSCA, THEIR HABITS
AND GENERAL ECONOMY

The majority
than

is

Land

of the

snails

more sensitive
must affect
a considerable extent.
Every one
come out on a damp evening,

As

rule,

Molliisca are probably

The humidity

usually believed.

the svu'face of their skin to

how

has noticed

especially after

the

rain.

a

of the air

'

'

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

Certain Helices which

air.

are accustomed to live in moist places, will find their

way

to

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
water,

if

to enjoy the

luxmy

of a douche.

How

delicately the conditions

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."
Endurance of Heat and Cold. The MoUusca are capable,
at least as far as some species are concerned, of enduring severe
extremes both of cold and heat.
The most northern pulmonate
of life are balanced in

—

yet observed

is

a fresh -water species, Physcc (Aplecta) hypnorum L.

This hardy mollusc, whose shell
careful handling, has been
^

T. Scott, Journ. of Conch,

v.

is

so fragile as to

need most

noticed on the peninsula of Taimyr,
p. 230.

"

J. S.

Gibbons,

ibid.

ii.

p. 129.
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North Siberia, in 73"^ 30' N. lat., a region whose mean annual
temperature is below lO"" 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

not merely under, but enveloped in

live

ice,

and themselves

Garnier relates^ that, during the winter of 1829-

frozen hard.

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°
after being

F., and the former has produced young shortly
thawed out of the ice."-^ As far north as Bodo in

Norway (67°

37' N.

lat.,

well within the Arctic circle) there

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
V. glacialis is said by Charpentier
leaves of a wood or copse.
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.
Arion, in spite of having no external shell to
protect it, is apparently less affected by the cold than Hdio:, and
does not commence hibernation till a later period in the autumn.
are found no less

The operculate land Mollusca,
their

operculum

sensitive to cold,

may

be

in spite of the protection wliich

supposed to

and the whole group

afford,

is

of tropical or semi-tropical regions (see

are

exceedingly

without doubt a product

map

at frontispiece).

A

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
At
to live appears to be the Liti Pass (Himalayas, 14,000 ft.).
this enormous altitude, two species of Buliminus (arcuatus Hutt.
and nivicola Bens.) live on juniper bushes among patches of
snow.
An Anadenus is said to have been found in a similar
species of Helieina

1

Bull. Soc. Linn. Norcl, Abbeville, 1840, p. 150.

-

Joly,

Comptes Reiidus, 1842,

xxvii. p. 118.

p.
^

460

Von

;

compare

W.

A.

Gain, Science Gossip,

Martens, SB. Nat. Fr. Berl. 1881,

p. 34.

ENDURANCE OF HEAT AND COLD
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locality at

15,000

ft.,

25

while Lminaea Hookeri has been taken

In the Andes of Pern and
Pupa, and one of Limax
occur at an elevation of 10,500 to 15,000 ft.
Several freshwater 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 110° 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, H. 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
desertoTum, or else it gains immensely in thickness.
Specimens
of
pomatia, recently procured from Fez, are of extraordinary
thickness as compared with forms from our own chalk downs of
from over 16,400

ft.

in Landour.

Bolivia, five species of Bulimulus, one of

;

H

Kent and Surrey.
Fresh -water Mollusca are frequently found inhabiting hot
Thus Neritina fiuviatilis lives at Bagneres de Bigorre
in water at about 68° F.
In another hot spring in the eastern
Pyrenees a Bithynia lives at a temperatm^e of over 73° F. while
springs.

;

Blainville mentions another case of a Bithynia living in water

122° F.
Hibernation and Aestivation.
As autumn begins to draw
on, and the first frosts to nip vegetation, terrestrial species retire
at

—

beneath stones, into cracks in old walls, holes in tree trunks,
deep fissures in rocks, and nooks and crannies of every kind,
or else bury themselves deeply in the earth or in moss and
heaps of leaves.
They thus commence their period of hiberna-

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
tion,

HIBERNATION AND AESTIVATION

26

temperature
retreat in

is
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but low, as to share the comforts of a cosy

common.

Shigs 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

up the mouth of their

own

slime.

The Helices usually

close

by the formation of a memljranous
or chalky einphragm, 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
are said to be most esteemed by foreign epicures if captured just
shell

at this period.^

During hibernation, the action
ceases almost entirely.

of the heart in land

Pulmonata

This appears to be directly due to the

Mr. C. Ashford has related ^ some interestinoexperiments 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:
effect

of cold.

—

Number

of pulsations per minute.

ix hortensis.

EFFECTS OF COLD AND HEAT

II

mud

Limnaea and Planorhis have

in deeper water.^

2/
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 bury

inches deep, wlien surprised by a sudden

fall

itself

the ditch on Coe Fen, behind Peterhouse, Cambridge.
Iii/pnorum

by preference

frequents

ditches

three

of the water in

Fliysa

which dry up

in

summer, as does also Flanorhis spirorhis, the latter often forming a sort of epiphragm against eva,poration.
Ancylns has been
oljserved to spend the whole winter out of water, and P. sjnrorhis
has been noticed alive after fom: months' desiccation.^

True aestivation, liowever, occurs mainly in the tropics,
where there is no winter, but only a period when it is not c^uite
so hot as the rest of the year, or on a coast like the Mediterranean, 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
Orthalicus, Corona, and Porpliyrohaplie, 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 consideraljle number of the land Pulmonata (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 epiphragm is halntually formed hy certain species during hibernation
^

Reicliol, Zool.

An~.

x. p.
•^

-

488.

Fisclier

and

Scliuiiiann, Sch7: Gcs.

Crosse, Mexico, p. 437.

Danz.

(2) vi. p. 159.
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or

aestivation,

even

or

during

shorter

periods

of

inactivity

object being, either to check evaporation of

and retirement, the

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, Flanorhis) consisting of the merest
membrane, while at others (Helix apcrta,
H. ipomatia) it is a thick chalky substance, with a considerable
admixture of carbonate of lime, with the consistency of a hardWithin these extremes every
ened layer of plaster of Paris.
During
variety of thickness, solidity, and transparency occurs.
long hibernation several epiphragms are not unfrequently formed
by the same individual snail, one within the other, at gradually
The epiphragm thus performs, to a certain
lessening distances.
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

pellicle of transparent

a living part of the animal.

The

mode

actual

withdraws into

epiphragm would seem
According to rischer,^ the mollusc

of formation of the

to differ in different species.
its shell,

completely blocking

all

passage of air

and closing the pulmonary orifice.
Then, from
the middle part of the foot, which is held exactly at the same

into the interior,

plane as the aperture,

is

slowly secreted a transparent pellicle,

which gradually thickens, and in certain species becomes calcareous.
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
The pulmonary orifice is then
is thrown out [? where from].
opened, and a portion of the air within suddenly ejected, with
such force as to separate the viscid matter from the collar, and
The animal
to project it, like a bubble of air, from the aperture.
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

Journ.

dr.

it

hardens and forms the epiphragm.

Conch,

iv. p.
-

397; but the species observed

BiUl. Mils. C. Z. Harv.

iv. p.

378.

is

In some

not mentioned.

SPINNING OF THREADS
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European species
more carbonate of
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which the gelatinous secretion con-

of the

in

tains

lime, solidification seems to take place

moment when

at the

these

is

the air

is

expelled,

and the epiphragm in

in consequence strongly convex.

—

Thread-spinning.
A considerable number of fresh-water
Mollusca 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, Physa,
and Planorhis, by JBitliynia tentaculata, and several of the
Cycladidae.
They are anchored to the sui'face 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 Fhysae, 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
Ijecome 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.
Cydas cornea appears to be
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 hangsuspended from it for a considerable time.

What

may be, must to a certain
The Limnaeidae are, in the
compelled to make periodic visits to the

the exact use of the thread

extent be matter of

conjecture.

great majority of cases,

sm-face in order to inspire oxygen.

It

is

also a favourite habit

with them to float just under the surface, or crawl about on its
under side, perhaps in pursuit of tiny vegetable organisms.

Whatever may be the

object of

an excursion to the surface, a
way up than any other

taut thread will obviously be a nearer

which

is likely to present itself; indeed, without this threadspinning power, which ensures a tolerably rapid arrival at the
svn-face, the animal might find itself aspliyxiated, or at least

USE OF THREADS
seriously inconvenienced, before

not breathe

air,

could succeed

it

With

the desired supply of oxygen.

such an explanation

case the thread seems to

in taking in

the Cycladidae, which do
is

out of place

;

in their

be a convenient means of restin^r 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 \)j
certain of the Cyclostomatidae, by some Cerithidca, several Eissoa
and other marine genera, prominent among which is Litiopa
horiihyx, 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

liy

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 I'ehennojyJiorus,
tlireads

Limax

possess this singular property.

only slug which has been noticed

the

descend, its thread.

It

is

unable

to

sustain

to

ascend, as well

has also been observed

gorged with food,

species

arho7'um appears to be

slime

its

weight,

its

is

when

as
this

thin and watery, and

that

])ut

that

^

the

after

process

mucus again becomes
thick and tenacious.
It
appears therefore that when the
animal is hungry and most in need of the power of making
digestion

of

distant
it

to

been

has

excm'sions

do

so,

in

performed,

search

of

the

food,

when no such

but that

thread -forming mucus

is

not

condition

its

necessity

secreted,

or

is

is

enables

pressing, the

perhaps held in

suspense while the glands assist in lubricating the food before
digestion.^

Food of Land and Fresh-water MoUusca.

—Arion

great black slug, although normally frugivorous,

ably carnivorous as well, feeding on

whether decaying, freshly

all

sorts of

is

ater,

the

unquestion-

animal matter,

even in a living state.
It
frequently noticed feeding on earthworms kept in captivity,
killed, or

;

will eat

raw beef;

dead brethren.
one morning to
supposed,

does not disdain the carcases of its

own

An old man near Berwick-on-Tweed, o-oina; out
mow grass, found a black slug devom'ing, as he

a dead mouse.
1

^

it

is

it

W.

Being of an

Harte, Proc. Duld. N. H. Soc.

See on the whole subject of threads G.

S.

inquisitive
iv, p.

tui'n,

182.

Tye, Joivrn. of Conch,

i.

p.

401.

and

FOOD OF SLUGS
if it were really thus engaged, he drew the
When he returned in the evening, the
mouse a little back.
mouse was reduced almost to a skeleton, and the slug was still
there.^
Indeed it would seem almost difficult to name anything
which Arion atcr will not eat. Dr. Gray mentions - a case
of a specimen which devoured sand recently taken from the
Leach, 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
l>y 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

wishing to ascertain

;

reluctantly.^

According to Simroth
British

A.

slugs,

Limax maximus,

e.g.

inter mcd'kis,

and Scharff^ the food of several of our
L. jiavus, Arion suhfuscus,

^

non-chlorophyllaceous

of

consists

substances

only, while anything containing chlorophyll is as a rule refused.

On

the other hand L. agrestis and

entirely

The

on green

latter species lives

day, and comes

the

to

Amalia carinata

feed almost

and are most destructive in gardens.
several inches under ground during the

food,

surface

only at night.

It

largely

is

responsible for the disappearance of bulbs, to which

it

ex-

is

marginatus ( = arhoruni Bouch.) feeds exclusively on lichens, and in captivity absolutely refuses green
tremely partial.

leaves

and a

L.

flesh

follows therefore, if these observa-

It

diet.

must be
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
tions are correct, that the popular notions about slugs
revised,

opposite direction.

Limax

agrestis has been seen devouring the crushed

remains

of Arion ater.

Five specimens of the same species were once
noticed busily devoiu"ing a May-fly each, and this in the middle

of a large

1

meadow, where

Zoologist,

ii.

p.

296

;

iii.

p.

it

may

833

;

be presumed there was no lack

iv.

p.

1216

;

iii.

p.

1036

;

iv.

p.

1216

;

iii.

p. 1037.
-

Ann. Nat.

* Zcit.

wiss.

Hist.

ZooL

ii.

1838, p. 310.

xlii.

y.

203

f.

=*

•'

H. W. Kew, Naturalist, 1889,
Sci. Trans.

Ii.

Duhl. Soc.

p. 103.

(2) iv. p.

520

f.
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CHAP.

The capture and eating of insects hj 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 cantiana,
5 H. Mspida, and 1 If. virgata, together with an abundant
Aljout a fortnight afterwards,
supply of fresh leaves and grass.
on the bottle being opened, it was found that every single
specimen of the Coleoptera had been devoured by the snails.^
Amalia niarginata in captivity has been fed upon the larvae of
Euclielia jacohaeae, eating three in two hours.of green food.

its

Limax maximus (Fig. 19) has l^een seen
way into a dairy and feed on raw Ijeef ^

frequently to

confinement

are

kept

guilty

W.

Mr.

canniljalism.

Gain

make

Individuals kept in
of

A.

specimens

three

in a box together, and found

one

"

eaten,

cut

them

of

the

two

tail

-

thirds

left

clean

reminding

off,

one

of

that portion of a fish on a
fishmonger's
starvation
Fig. 19.-

-

Limax maximus
x

PO, pulmonary

L.

the

not

was

crime

That
prompt
proved hj

stall."

did

during the
preceding night the slug had been supplied with, and had eaten,
orifice

a considerable

:

the

\.

quantity of

fact

favourite

its

that

food.

On two

other

occasions the 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 captivity with
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
a

species on a

warm summer

night than the bodies of its brethren
on the night preceding it will also devour
dead Helix aspersa.
Mr. Gain considers it a very dainty feeder,

which were

slain

;

preferring fungi to all other foods, and apparently doing no
in the garden.
1
•

Zoologist, iv. p.

H. W. Kew,

/.

c.

Naturalist, 1889, p. 55.

1504

;

iii.

p.
"

1038

;

iii.

p. 943.

Zoologist, xix. p. 7819.
^

H.

W. Kew,

I.

c.

harm
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Limax

Jiavus, which is fond of inhabitiug the vicinity of
makes its presence most disagreeable by attacking articles
of food, and especially by insinuating itself into vessels containiiig
meal and flour.
It is particularly partial to cream.
cellars,

^

Mr. Kew
on being stopped 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 sometimes bite their captor's hands.

relates that a

Limax

agrestis,

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.While Mr. Gain was handling a large
Arion 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 Arion ater,
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 aw^ay, and the place remained tender and
;

sore, like a slight bm^n, for several days.'^

Helix pisana,

if

freshly caught,

and placed in a box with

other species, will set to work and devom- them within twentyfour hours.
The present writer has noticed it, in this position,

attack and kill large specimens of H. ericetorum, cleaning

completely out, and inserting

whorls of

its

its

them

elongated body into the top

unfortunate victims in a most remarkable manner.

Amongst a large number of species bred in captivity by Miss
F. M. Hele,^ was Hyalinia Bra/parnaldi.
In the first summer
the young offspring were fed on cabbage, coltsfoot, and broadleafed docks.

They would not hibernate even in the

severest

and, no outdoor food being available, were fed on chopped

frosts,

This,

beef.

Miss

Hele

thinks,

must have degenerated their
and summer they constantly

appetites, for in the following spring

devoured each other.
Zonites algirus feeds on decayed fruit and vegetables, and

on stinking

flesh.''

Achatina panthera has been known to eat

1

W.

*

Science Gossip, 1885, p. 154.

•

K, St'anden, Journ. 0/ Conch,

Journ. of Conch,

«

A. PalacUlhc in MS.

'

G. Binney, Bull. Mus. C. Z. Harv.

VOL.

Ill

v. p. 4:!.

iv. p.

144.

-

Nakoralist,
vii. p.

letter.

D
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197.
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meat,

otlier

common

(when

snails

dead),

chap.

and

vegetables,

The

paper.^

Stenogyra decollata of the South of Europe has a very

bad character for flesh-eating habits, when kept in captivity.
Mr. Binney ^ kept a number for a long time as scavengers, to

As soon

clean the shells of other snails.

as a living Helhi w^as

placed in a box with them, one would attack

it,

introduce itself

and completely remove the animal.
One
day a number of Succinea ovalis were left with them for a short
The Stenogyra had eaten shell
time, and disappeared entirely
This view of Stenogyra is quite confirmed
as well as animal.
" I can keep,"
by Miss Hele, who has bred them in thousands.
"
she writes,^ no small Helix or Bulimus with them, for they at
They will also eat raw meat."
once kill them and eat them.
Even the common Limnaea stagnalis, which is usually reinto the upper whorls,

!

garded

as

strictly

herbivorous,

sometimes

will

l)etake

itself,

Karl Semper
liis
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
The same species has also been noticed to
within easy reach.*
Limnaea peregra
devour its own ova, and the larvae of Dytismis.
has been detected capturing and partially devouring minnows in
an aquarium, when deprived of other food, and Dr. Jeffreys has
seen the same species attack its own relatives under similar

by preference, to a diet
frequently observed the Limnaeae in

apparently

circumstances, piercing the spire at

of

flesh.

thinnest point near to the

its

an aquarium, has succeeded in
Z. stagnalis, kept
overpowering and partially devouring healthy specimens of the
in

apex.^

common

stickleback.*^'

Powers of

Intelligence, Homing-,

and finding Food.

—

It is

not easy to discover whether land Mollusca possess any faculties

which correspond

what we

from
hearing.
and
Darwin
their capacities for
mentions " a remarkable case, communicated to him by Mr.
Lonsdale.
A couple of Helix pomatia, one of which was sickly,
to

J. S.

Bull. Mus.
I.

c.

intelligence, as distinct

taste,

Gibbons, Quart. Journ. Conch,

^

^
3

call

sight,

smell,

ii.

p.

143.

C. Z. H(trv. iv. p. 193.
•

p. 362.

Animal

Zoologist, 1861, p.

e

H. Ullyett, Science Gossip,

^

Descent of

Man,

i.

Life, p. 59.

7400; Brit. Conch,

5

i.

p.

108.

xxii. (1886) p. 214.

p. 32.5, ed. 1.
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were placed in a small and ill-provided garden.

35

The stronger

of

the two soon disappeared over the wall into the next garden,

which was well furnislied 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 l)oth started off along the same
track,
Dall,^

and disappeared over the wall.
According to Dr. W. H.
a young girl who possessed a remarkable power over

animals succeeded in training a snail {H.
of its lurking-place at her

shrink into

always start

its shell at

call.

come out
it would
but it would

alholcibris) to

If placed in a room,

the sound of any other voice,

off in the 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.

]\Ir.

C.

Ashford

once marked with a dab of white paint seven Helix asjoersa found
lurking under a broken flagstone
at 1
P.M. the same evenino;

three had disappeared on the forage
'

at home.'

The following night

;

at 1

the next morning
p.m. five

were

all

were gone

out,

two being discovered with some difficulty in a small jungle
six feet away
the next morning six out of tlie seven were safely
beneath the flagstone.
According to the same authority, Helix
asjjersa 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, altliough 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
luider 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, coining down as soon as it was
dark, and retiring to rest during the day.
lu 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.
Limax fiavus has l)een
noticed 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,
1

plays a considerable part in keeping

Amn:

Xat. xv. 1S81, p. 970.

it

;

HOMING AND FINDING FOOD
same outward and homeward track, or at least in guiding
Yet even scent is occasionally at
back to its hiding-place.
fault, for on one occasion a Limax fiavus was accustomed to make
nightly excursions to some basins of cream, which were kept in
When the basins were removed to a distant shelf,
a cool cellar.
wandering disthe creature was found the next morning
consolately about in the place where the basins had formerly
to the
it

'

'

stood.^

A

remarkable case of the power of smell, combined with great

perseverance on the part of a Helix,

He

noticed

recorded by Furtado.^

is

a Helix aspersa 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
Again he threw it away, to the same distance,
on the flower-pot.
Next morning at nine
and determined to notice what happened.
o'clock, the snail was resting on the rail of a staircase leading up
in the evening it started again,
to the verandah from the court
;

quickening

its

pace as

advanced, eventually attacking the

it

banana in precisely the same place where

it

had been gnawed

before.

For further instances of the power of smell in
chap.

snails,

see

vii.

Slugs have been known to make their way into bee -hives,
Sugaring the trees at
presumably for the sake of the honey.^
'

'

night for moths will often attract a surprising concourse of slugs.
Sometimes a particular plant in a greenhouse will become the

and they will neglect every
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 indisThe flowers of orchidaceous plants
criminately at many kinds."
exercise a special attraction over slugs, which appear to have
some means of discovering when the plants are in bloom. " I

object of the slugs' persistent attacks,

other food in order to obtain

it.

'^

have often observed," says
^

W.

whicli I

A. Gain, quoted by H.

am

INIr.

W.

mucli indebted.

T. Baines, " that a slug will travel

Kevv in Nahoralist, 1390,
- Ann. Mag. Nat. Hist.

3

Science Gossip, 1882, pp. 237, 262.

*

H. W. Kew, Naturalist, 1893,

p.

149, another

p.

307, an article to

(5) xvi. p. 519.

most valuable

article.

SLUGS IN GREENHOUSES
over the surface of a pot in which

IJ

growing a Dcndroljium

is

a Cattlcya, Vanda, or similar upright plant for a score
of times without ever attempting to ascend into the head of the
nohile,

plant unless
their

way

it is

in bloom, in

which case they are certain to find
after which they will descend,

straight to the flowers

;

and return to some favourite hiding-place, often at the opposite
end of the house." ^ Mr. R. Warner has " actually seen many
little slugs suspending themselves by slime - threads from the
rafters and descending on the spikes of the beautiful Odontoglossum 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 bookcovers, 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.

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

Land Mollusca have been known to exhibit,
Tenacity of Life.
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
201, quoted

shells in the

hy Kew, ut

^

Garden,

v. p.

-

Kew,

sup.

*

T. D. A. Cockerel], Science Gossip, 1885, p. 211.

5

Ann.

lit

^

same

si(p.

Science Gossip, 1883, p. 163.

Marj. Nat. Hist. (2) vi. (1850) p. 68.

case,
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Mr. Baird noticed a recently formed epiphragm over the mouth
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
of one of these snails.

when it was first affixed to the tablet.
While resident in Porto Santo, from 27th April to -itli 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 afterwards, many of them were found to be still alive.
A whole bagful
of H. turricula, collected on the Ilheo de Cima 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.
Yernedi, 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 1855 Dr. Woodward placed specimens of
candidissima and II. aperta in a glass box, to test their tenacity of life
he writes of their being still alive in April 1859.
Mr.
E. C. Stearns records ^ a case of Bidiminus pallidior and
H. Veatch'ii from Cerros I. living without food from 1859 to March
1865.
H. Aucapitaine mentions * a case of H. lactect found in calcinated 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. SterkuKp put specimens of H.
nemoralis 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

^

R

1

Ann. Mag. Nat. Hist. (2) vi. p. 489.
Amer. Nat. xi. (1877) p. 100

-

=*

^

;

Ibid. (3)

Proc. Calif. Ac.

Gaz. Med. Alger. 1865, Stli Jan. p. 9.
e
Ami. Mag. Nat. Hist. (2)

^

iii.

p.

iii.

p. -148.

329.

Science Gossip, 1867, p. 40.
498.

ix. p.

AGE OF SNAILS

39

purchased from a dealer in whose (h-awer they had been
years.

ibr

This dealer had them from a merchant at Mogador,

had kept them

two

who

more than that time under similar conditions.
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 w^ere found crawling on the glass.
Mr. E. J). Darbishire bought some H. ajpcrta 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. apertct not being, like H. desertorum,
H. lactea, H. VeatcMi and Bui. pallidior, a desert snail, and there-

One

for

of these shells on being

^

fore not

accustomed to fasting at

—

Age

all.

It would appear, from the existing evidence,
of Snails.
which is not too plentiful, that five years is about the average

common garden

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
age of the

snail

;

;

;

perfect

lip.

May

1885. Left winter quarters; companion introduced,
with which it was seen in company on
5 th August.
9th Aug.
Laid eggs in soil, which were hatched on
„
10th September, and feeding on 17th
September; in May 1886 the largest of
these was \]^ in. diameter.
13th Oct. 1887. Old snail died, aged 5 years 2 montlis.
According to Clessin, the duration of life in Vitrina is one
year, Cydas 2 years Hyalinia, Succinea,_Lim7iaea, Flanorhis, and
Ancylus are full grown in 2 to 3 years. Helix and Paludina in 2
to 4, -AW^ Anodonta in 12 to 14.
Hazay finds ^ that the duration
of life in Hyalinia is 2 years, in Helix i^omatia 6 to 8, in Helix
candicans 2 to 3, in Paludina 8 to lQ,\w Limnaea and Flanorhis
3rd

;

3 to

4.
'

Journ. of Condi,
-

vi. p.

101.

Malak. BIMt.

-

Kulurctlist, 1889,

(2) iv. pp.

43 and 221.

\).

55.

—

;
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Growth of the Shell. Mr. E. J. Lowe, many years ago, conducted^ some interesting experiments on the growth of snails.
The facts arrived at were
(1) The shells of Helicidae increase but little for a considerable period, never arriving at maturity before the animal has once

become dormant.
(2)

Shells

do

grow whilst the animal

not

itself

remains

dormant.
(3)

The growth

of shells

is

very rapid

when

it

does take

place.

(4)
tiie

Most

species bury themselves in the

dimensions of their

ground

to

increase

shells.

Six recently hatched

pomatia were placed in a box and

IT.

regularly fed on lettuce and cabbage lea\'es from August until

December, when they buried themselves in the soil for winter
had gradually increased in dimensions to the
size of M. hisjnda.
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 perceptibly larger, but on that day five of them disappeared, having
buried themselves, with the mouth of the shell doivmvards, in the
soil.
After ten days they reappeared, having in that short time
at this period they

grown so rapidly as to be equal in size to IT. 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 tlie winter and they became
dormant.

A similar experiment, with similar results, was carried on
with a number of H. aspersa, hatched on 20th June.
During
the summer they grew but little, bm^ied themselves on 10th
October with the head to2nvards, and rose to the sm-face again on
5 th April, not having grown during the winter.
In May they
buried themselves with the head dowmuards, and appeared again
in a week double the size
this went on at about fortnightly
intervals until
18 th July, when they were almost fully
grown.
;

Helix nemoralis, H. virgata, H. caperata, and H. hispida
^

Phil. Trans. 1854 (1856), p.

8.

bmy

1:;

SELF-BURIAL OF SNAILS
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themselves to grow H. o'otundata burrows i]i.to decayed wood
Hyalinia radiatula appears to remain on decaying blades of
grass; Pupa umhilicata, Clavsilia rugosa, and Buliminvs 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
jMollusca enlarge their shells.
He bred and reared most of the
commoner forms of Helix and also Clausilia rugosa, but never
saw them bmy 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 aUr (3—4 in.), Agriolimax agrcstis (6-8 in.), Hyalinia
cellaria and H. alliaria {Q—Q in.), Hyalinia glabra (5 in.), Helix
aspersa (5-6 in.),
rufescens (4-6 in.), H. rotundata (4-5 in.),
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 rotu7idata (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: Spliaerium corneum (3-14 in.), S. rivicola (5-6
;

H

H

(10-14 in.), all the
Limnaea truncatula (18

in.), 8.

lacustre

British species of Fisidium

(4-12

in.),

in.,

oiu^

species of

a single specimen).

All

Unio, Anodonta, Bithynia, and Paludina

themselves habitually in fine

bury
or thick wet mud, to a depth of

from 4 to 14 inches.
This bmying propensity on the part of Mollusca has been

known

to play its

part in detecting fraud.

When my

friend

Mr. E. L. 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.
1

XalarcUid. 1891, p. 75 f.
Cmichologisi, ii. 1892,
2 Taylor, Journ.
of Conch. 1888, p. 299.
;

p. 29.
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Mr. Layard promptly had a trencli sunk across what was said to
be the old course, and the discovery of numerous living Aiiqndlaria, biu-ied 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, wdien once impregnated, 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

and early

in the following

summer

company with

noticed in

another on 5th August; on 9th August
it

it

laid eggs in the soil,

laid a second batch of eggs,

companion had been removed directly after its first
introduction.
An Avion received from a distance laid 30 egors
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 aljout two years
more.
It was then taken out, and placed in water, when it
revived, and was placed alone under a bell jar with earth
and food.
Six months after, about 30 young H. lactea were
found crawling on the glass, the act of oviposition not having
although

its

been observed.

The observations of Mr. V. AV. Wotton,"* with regard to the
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
fertilisation

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 13 th October, three days after A, made up for the delay
by laying 246 eggs in 40 hom^s on 26th October it laid 9, on
10th November, 121; and on 30th November, 1 1 a total of 477.
;

;

;

^

See Tennent'.s Ceylon,

*

W.

i.

p. 221, ed. 5.

A. Gain, Naturalist, 1889,

p.

55

;

Brockmeier, Nachr. Deutsch. Maluk.

Gcsell. XX. p. 113.
3

Ann. Mag. Xaf.

Hist. (2) ix. p. 498.

*

Journ. Conch,

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 weiglit in 40 liours,
while the whole number laid were rather over |- of its own
weight
-i|

AVhile 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
the reproductive

When

orifice.

above

lifted just

taken into the hand,

it

went on

laying eggs without interruption or agitation of any kind.

After

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,
it

have survi\ed

a

compulsory bath, wdth

total

submersion, of

nearly three days' duration.

Wotton's account of the hatching of the eggs is equally
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
]\Ir.

interesting.

;

30th Xovember, the first 2 were hatched on tlie 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 19 being unproductive.^

By placing the egg on a looking-glass the act of exclusion
can be perfectly observed.
Tor 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.

begins to crawl freely,

it Ijuries

itself in the

days without food, after which time
increasing to
is

At
56 mm.

original size.

its

exclusion,
after

it

When

ground

for

it

once

4 or 5

emerges, nearly double

the average length

the end of 5 months.

is

mm.,

9

Full growth

attained about the middle of the second year, and nearly

die at the end of this year or the beginning of the next.

exhaustion fre([uently

i'rom
'

1

succeede;!

summer

in

liatcliiiig

of 1893, iu 17 days.

occurs

after

parturition.

all

Death
Death

out eggs of lIcUx aspcrsa, during the very

warm
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from suffocation
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sometimes the result of the formation of

The
small blisters on the margin of the respiratory aperture.
attacks of an internal parasite cause death in a singular way.
The upper

tentacles

swell

prevent their extrusion

at

the

base

way

such a

in

as to

digestive troubles follow, with 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
One of these, after remaining in absolute solitude
denied them.
for 10|- months, began to lay, scantily at first (11th January, 2
11th February, 2), but more abundantly after25 th January, 2
29th, 53, etc.), the
15th and 16th, 70
wards (3rd April, 60
The precautions taken
eggs being hatched out in 42-48 days.
seem to have been absolutely satisfactory, and the fact of tlie
power of self-fertilisation appears established as far as Arion ater
;

;

;

;

is

concerned.

Braun took young individuals of Limnaca auricularia on the
day they were hatched out, and placed them singly in separate
This was on 15 th June,
vessels with differing amounts of water.
In August 1888 specimen A had only produced a little
1887.
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 liappened to be living with
three PlanorUs, produced five pieces of spawn distinctly Lim;

;

naeidan,

but

nothing

is

recorded

impregnation, therefore, with
lished for this species of

Reproduction

of

Limnaea}

Lost

of

their

Parts.

tentacles, eyes, or portions of the

—When

foot,

deprived

of

Self-

estab-

their

MoUusca do not seem

and generally reproduce the

suffer severely,

hatching.

a fruitful result, appears

to

lost parts in a short

If, however, one of the ganglia is injured, they perish.
Certain of the MoUusca possess the curious property of being
When Frophysaon, a
able to amputate certain parts at will.

time.

species

of

Californian

slug,

is

annoyed by

l^eing

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

Sometimes the Proj^liysaon only threatens
shaken completely off.
this line appears (always
spontaneous dismemberment

this

;

^

Nachr. Deuisch. Mcdak. Gcsdl. xx,

p. 146.
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exactly in the same place), but

indeutatiou

proceeds

no

45

thinks better of

it

According

further.^

to

it,

and the

Gundlach,^

Helix imperator and H. crenilahris, two large species from Cuba,

same property, which is said to be also character(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
Karl Semper, in commenting
the foot by pressure of the shell.
on the same property in species of Helicarion from the Philppines (which whisk their tail up and down with almost convulpossess the

istic

of the subgenus Stenopus

sive rapidity,

until it

drops

off),

considers

^

it

greatly to the

any predacious bird which
attempted to seize it, but only secm-ed a fragment of tail, would
probably be discom-aged from a second attack, especially as the
Helicarion would meanwhile have had time to conceal itself
advantage

among

the

of

mollusc,

since

the foliage.

Strength and Muscular Force.
a Helix aspersa, weighing

— The

Sandford

snails is surprisingly great.

^

oz.

He

muscular strength of
an experiment on

relates"'

found

it

own

could drag verti-

Another
oz., was able to drag in a horizontal direction
weighing
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 1 7 oz.,
This latter experiment
or more than fifty times its own weight.
was much the same as asking a man of 12 stone to pull a load
cally a weight of
snail,

of over

2^

oz.,

or nine times its

weight.

-g-

3^

tons.

and made to crawl, it
waves appear to pursue one another
along the under siu-face 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 network of 'muscular fibres, those which run longitudinally being
If a snail be placed on a piece of glass

will be seen that a series of

chiefly instrumental in producing the undulatory motion.

means

of these muscles the sole is first elongated in front,

By
and

Thus a snail slides,
then shortened behind to an equal extent.
not on the ground, but on its own mucus, which it deposits
mechanically, and which serves the purpose of lubricating the

-

^

^ Riiymoud, Nautilus,
Quoted by Oehlert, E^v. Sc.

Aniinal Life, Intern. Scientif. Scr.

iv. p. 6.

xx.\viii. p. 701.

ed. 1, p. 395.

*

Zoologist, 188(5, p. 491.

;
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ground on which

it travels.
It has been calculated that an
average sized snail of moderate pace progresses at the rate of
about a mile in IG days 14 hours.^

—

Sudden Appearance of Mollusca. It is very remarkable
how suddenly Pulmonata seem to appear in certain

notice

to

where they have not been noticed before.
This sudden
is more common in the case of fresh-water than of land
Mollusca, 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 moUuscan life, Mollusca
districts

appearance

are certain to be found in
ago," writes

Mr. AV.

it

Nelson,"-^

sooner or
" I

later.

"

Some

was in the habit of

2 3 years
collecting

pond near to the Black Hills, Leeds. At that
time the only moUuscan forms found there were a dwarf form of

shells in a small

Sphaerium lacustre, Pisidium pusillum, Planorhis nautileus, and
Limnaea peregra. About 10 years ago I resumed my visits to
the locality, and found, in addition to the species already
enumerated, Planorhis corneus.

These were the only species found

there until this spring [1883], when, during one of

my

frequent

was surprised to find Physa fontinalis and Planorhis
vortex were added to the growing list of species.
Later on PL
carinatus, Limnaea stagnalis, and Ancylus lacustris turned up
and during June, PI. 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 handfuls.
After that year they did not appear numerous, and after
three or foiu: 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 particidar 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 Aplecta, which up to that time had not been noted as occm-ring in Cambridgeshire at all.*
In a few days the species entirely
disappeared and was never again noticed in the locality.^
visits,

^

Thomas, quoted by

- Journ. of Conch, iv. ji. 1 17.
Jeftreys, Brit. Conch, i. p. oO.
* Id.
Rev. L. Jenyns, Ohscrvations in Nat. Hist., p. 318.
ib. p. 319.
Further detailed examples will be found in Kew, The Dispersal of Shells, jip. 5-26.

^

*

I
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London from Now
The West Indian
turned up here in
tell.
They are on a
coffee estate at Kanala on the east coast.
I have made inquiries, and cannot find that the planter ever had seed coffee
All he planted came from I>onibay, and
from the West Indies.
Writing

to

the

Zoological

Society

Mr. E. L. Layard remarks
species Stenoyyra octona has suddenly
how introduced, none can
thousands
Caledonia,

of

:

^

"

;

would be interesting

it

appeared there

to

out whether

find

the

species

has

to

disturb

the

also."

Sometimes a very small event

is

sutlicient

natural equilibrium of a locality, and to become the cause either
of the introduction or of

destruction of a species.

tlie

In 1883

a colony of Helix seric.ea occupied a portion of a hedge bottom

twenty yards long near Newark.
It scarcely occurred outside
this linut, but within it was very plentiful, living in company
with H. nemoralis, H. liortensis, H. hisinda, H. rotundata, Hyalinia
cdlaria and Sy. nitidida, and Cochlicopa luhrka.
In 1888 the
liedge 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 scriccar
Showers of Shells.- Helix viryata, H. caperata, and Coclilicdla 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 tlie 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 ]\IoIlusca may be cauglit 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 afterwards 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 clearly estal)lished that the shells
^

1

P. Z. S. 1888, p. 358.

*

Das

Wetter.

Dec.

1892.

-

W.

Another

A. Gain, Naturalist, 1889, p. 58.
is recorded in
Amrr. Nat.

i,ase

iii.

p.

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

river

or

when

it

abundance.

Cases of Singular Habitat.
themselves

to

living

very

in

—Mollusca
strange

sometimes accustom
besides

localities,

the

In the
extremes of heat and cold mentioned above (pp. 23-24).
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

fiuviatilis

be

inhabited

and a

species

in
of

considerable numbers

Limnaea?

by Neritinct

Breissensia polymorph a

has been found in a similar situation in Oxford Street, and also

Hamburg, and has even been known

to block the pipes and
In an engine cistern at Burnley,
60 feet above the canal from which the water was pumped
Sphaerium
into the cistern, were found the following species
corneum, S. lacustre ; Valvata piscinalis, Bithynia tentaculata
Zimnaea peregra, very like Succinea in form and texture
Flanorhis alhus, P. corneus, P. nitidus, P. glaber, 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
In certain parts of southern
the cistern all the year round.^
Algeria the fresh-water genera Melania and Melanopsis inhabit
abundantly waters so surcharged with salt that the marine
Cardium edule has actually become extinct from excess of brine.
The common Mytilus edulis is sometimes found within the

in

cisterns

of private houses.

:

branchial

chamber and attached

to

the

abdomen

of

crabs

(Oarcinus maenas), which are obliged to carry about a burden
of which they are powerless to rid themselves (see p. 78).

A

variety of the
of

common Limnaea peregra

some of the geysers

named geisericola.
Underground Snails.

of

— Not

hot water

and has accordingly been

Iceland,

only do

aestivate, or hibernate, as the case

lives in the

may

many
be,

of the land Mollusca

beneath the surface of

the soil, but a certain number of species live permanently underground, like the mole, and scarcely ever appear in the light of
Our own little Caecilianella acicula lives habitually from
day.
1

Zoolu'jlst, X. p.

3430.

-

Science Gossip, 1S8S, p.

2SL
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below ground, appearing to prefer the vicinity of

feet

graveyards.

Testacella, the carnivorous slug, scarcely ever appears

on the surface during the day, except when driven by excessive
and even then it lurks awhile under some protecting cover

rain,

There

of leafage.
to Corsica,

which

is
is

a curious

little

Helix

{tristis Pfr.), peculiar

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-

and dryness of the

ture

air.
In hot and very dry weather it
nearly 2 feet below the surface, only coming up
during rain, and bmying itself again immediately the rain is
over.
Like a Solen, it often has a hole above its burrow, by

buries

itself

which

it

stifled

in the sand.

communicates with the

singularly

mucus.

soft

air above, so

as to avoid

being

The animal, in spite of its dry habitat, is
and succulent, and exudes a very glutinous

It probably descends in

burrow until it arrives at
is due to the capillarity of the sand.^
I am assured by Mr. E. L. Layard that
precisely similar underground habits are characteristic of Coeliaxis Layardi, which lives exclusively in sand at the roots of
scrub and coarse grass at East London.
the

humid stratum, the

its

persistence of which

—

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 Eoches, ten miles from Boulogne, occur a

number of
The sides

solid calcareous rocks scattered about

in the wood.
the rocks which face KE. and E. are covered
with multitudes of funnel-shaped holes, Ij inch in diameter at
the opening and contracting suddenly within to
^ inch. Sometimes the holes are 6 inches deep, and terminate, after considerable
of

windings, in a cup-shaped cavity.

I"

Helix hortensis inhabits these

and has been observed to excavate them at the rate of

holes,

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 rock.
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.^
^

-

VOL.

Lecoq, Journ. de Conch,

Boiichar.l-Cliaiitereaux,
Ill

Ann.

Sci.

ii.

p. 146.

Nat. Zool.

(4) xvi.

(1861) p. 197.
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Helix asjjersa
at

said

is

Constantine/ and

excavate

to

holes

Mazzullii

I£.

limestone at Palermo.-

is

10

to

recorded

chap.

12 cm. deep
perforating

as

—

An American writer of more than
gave his experience of Helices as weatherAccording to him, H. alternata is never seen abroad

Snails as Barometers.
thirty years
prophets.

ago

^

it then climbs on the bark of trees,
Helix clausa,
ligera,
and stations itself on leaves.
i^ennelevata climb trees two days before rain, if it
sylvanica, and
Succinca does the same, and
is to be abundant and continuous.
Several of the
its body is yellow before rain and bluish after it.
Helices assume a sombre colour after rain, when their bodies
after the humidity has passed off they
are exceedingly humid
resume a clearer and lighter tint.
Certain molluscs
Production of Musical and other Sounds.

except shortly before rain

;

H

H

H

;

—

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
" The
shell
to the animal supposed to produce the sounds.
sounds," he says,* " came up from the water like the gentle
'

'

musical chord, or the faint vibrations of a wine-glass

thrills of a

when

rim

its

rubbed by a moistened

is

finger.

It

was not one

sustained note, but a multitude of tiny sounds, each clear and
distinct in itself; the sweetest treble

On

bass.

mingling with the lowest

applying the ear to the woodwork of the boat, the

The sounds varied
we moved across the lake,
hearing of them altogether."

vibration was greatly increased in volume.

considerably at

points as

different

and occasionally we rowed out of

According to the fishermen, the shells were Pyrazus palustris
It appears uncertain whether the sounds
and Littorina laevis.

Fishermen in other parts of India
made by fish, and, like those in
The same, or a
Ceylon, produce the fish which they say sings.'
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

are really due to MoUusca.
assert

that

the

sounds

are

'

^

Forel,

Aim.

Set.

Nat.

(3)

xx.

p.

576

;

Bretonniere,

Comptes Eendus,

cvii.

p. 566.
-

^
*

Mus. Collection.
Thomas, quoted by Recliiz

Brit.

Nat. Hist, of Ceylon,

p. 82.

p.

in Journ. de Conch,

382.

vii.

1858, p. 178.

See also T. L. Taylor, Ecp. Brit. Ass. for 1848,

HABITS OF CARNIVOROUS SNAILS AND SLUGS

5

i

Mexico.
Dendronotus arhoresccns, when confined in a
glass jar
of sea water, has been noticed ^ to emit
a sound like the\-link" of
a steel wire.
According to Lieut.-Col. Portlock,^
F.E.S.,

Ilehx

common species in South Europe, has the property
emitting sounds when irritated.
When at Corfu, he noticed

aperta, a very

of

that if the animal

is irritated by a touch with
a piece of straw
other light material, it emits a noise,
as if grumblino- at
being disturbed.
He kept a specimen in his house for a con-

or

siderable time,

which would make

this noise

whenever

it

was

touched.

The Kev. H. G. Barnacle describes the musical
properties of
Achaiinella in the following terms ^ " When
up the mountains
of Oahu I heard the grandest but
wildest music, as from
hundreds 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
Achatinella, 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
;

shells of all varieties."

/

Habits of the

and mode of

life

Agnatha.— Not much

is

known of the habits
Land Mollusca.

of the Agnatha, or carnivorous

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
habits

difficult.

worms, which
weather diives

2

It
it
it

life
is

of Testacella

believed

pm-sues

in

to

their

to the surface, for

makes observation

feed

of its

exclusively

burrows.

on earthContinued wet

though loving damp

Dr. R. E. Grant, Edinl. Phil. Journ. xiv.
p. 188
Rep. Brit. Ass. for 1848, p. 80.
The statement is

soil it

confirmed by Rossmassler.

^

Journ. of Conch,

iv. p.

118.
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is

much

decidedly averse to too

moisture, and under such cir-

has even been noticed ^ in considerable numbers
In the spring and autumn months,
crawling over a low wall.
according to Lacaze-Duthiers,- it comes to the surface at night,
Earthhiding itself under stones and dehris during the day.

cumstances

it

nearer the surface, and the Testacella
The author
has been seen creeping down into their burrows.
common
the
of
clumps
has taken T. Maugei abundantly under
nest in
open
of
sort
in
a
white pink in very wet weather, lying
baked
earth
is
the
when
On the other hand,
the moist earth.

worms

are, at these periods,

dry by continued drought, they either bmy themselves 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

When

skin.

first

taken

froiii

the earth and placed in

a box, the Testacella invariably resents its capture by spitting iip
the contents of its stomach in the shape of long fragments of

half-digested WT)rms.
It appears not to bite the

2Q.— Testacella
oe,

oesophagus

haliotidea
;

before swallowing

most remarkable manner, to

contrives, in the

Fig.

worm up

p.o,

Drap., protrudiug

puhuonavy

oritice

;

sli,

its

it,

pharynx {ph) and radula

shell

;

t,

but

take down whole

tentacles

(/•)

;

Lacaze-

(after

Duthiers).

worms apparently much

too large for its stomach.

Mr. Butterell

that, after teasing a specimen of T. Maugei, and making
relates
respiratory aperture,
it emit a cpiantity of frothy mucus from the
and rubbed the
long,
inches
three
he procured a worm of about
tongue was
The
Testacella.
the
worm gently across the head of
^

The odontophore was
rapidly extended, and the victim seized.
worm, which
struggling
the
it
with
then withdrawn, carrying
minutes all
five
about
in
vain
in
but
made every effort to escape,
;

This
had disappeared except the head, which was rejected.
whole
of
the
indeed
and
(^radula)
protrusion of the tongue
1

"

"

Zoologist, 1887, p. 29.

Journ. of Conch,

iii.

p.

277

;

Arch. Zool. Exp. Gen.

compare

W. M. Webb,

(2) v. p.

459

f.

Zoolorjid, 1893, p. 281.
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remarkable feature in the hal)its of the
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

pharynx,

is

animal.

It

a

very

appears, as

drawn into the oesophagus (Fig. 20).
Most gardeners are entirely ignorant of the character of
Testacella, and confuse it, if they happen to notice it at all, with

surely

common enemies of their tender nurslings. Cases have been
known, however, when an intelligent gardener has kept specimens
In some
on purpose to kill worms in ferneries or conservatories.
districts these slugs are very numerous Lacaze-Duthiers once dug
182 specimens from a good well-maniu-ed piece of ground whose
the

;

surface measured only ten square yards.

Towards the end of September or beginning of October the
I infer this from the behaviour of

period of hibernation begins.

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
The eggs are apparently much less numerous than is the
winter.
case with Limao: or Helix,

and very

large,

measuring about

-^

inch

They are enveloped in a remarkably tough and
membrane, and, if dropped upon any hard surftice, rebound

in diameter.
elastic

several inches, just like an india-rubber ball.

and has the power of
a remarkable extent. When placed on the

The animal creeps rather
elongating

its

body

to

rapidly,

surface of the ground, in the full light of day,

it

uneasiness, and endeavours to creep into concealment.
of burying itself is

very interesting to watch.

soon betrays
Its

method

It first elongates

head into the soil gradually the body
Ko
begins to follow, while the tail tilts upwards into the air.
motion
wriggling
of
writhing
or
surface motion of the skin, no
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 development in Mexico and the southern United States, are a very
According to Mr. Binney,^
noticeable family in this group.
Glandina truncata Gmel., one of the commonest species of the
It is found in the sea
genus, is somewhat aquatic in its habits.

its

neck and inserts

its

;

;

^

Bull. Mus. Com]). Zool. Harv.

iv. p. 85.

—
,

HABITS

54

Of^

islands of Georgia

where

humid

it
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and around the keys and everglades of Florida,

maximum

attains a

length of 4 inches, while in less

situations it scarcely measures

more than

1

inch.

It

occurs most abundantly in the centre of clmnps and tu.ssocks of
coarse grass in marshes close to the sea-coast.

the sharp, sickle-shaped teeth of

its

By

the action of

radula the soft parts of

its

prey (which consists chiefly of living Helices) are rapidly rasped

away

;

sometimes they are swallowed whole.

to attack

Limax when

pieces of the integument.
to

devour one of

its

interior of the shell,

Fig.

own

known

In one case an individual was noticed
its long neck into the

species, thrusting

and removing

2L

It has lieen

confined in the same box, rasping off large

all

the viscera.

— (Jlandina sowerhyana

Pfr. (Strebel).

The Glandinae

of southern Europe, although scarcely rivalling

Central

America in size or beauty, possess similar
Glandina Foireti has been ol)served,^

those of

carnivorous propensities.

on Yeglia Island, attacking a living Cyclostoma elegans.
By its
powerful teeth it filed through two or three whorls of the shell
of its victim, and then proceeded to devour it, exactly in the
same manner as a Natica or Buccinvvi perforates the shell of a
Tellina or Mactra in order to get at its contents.
Few observations appear to have been made on the hal)its
or food of Streptaxis, Rliytida, Ennea, Daudebardia, Faryplianta
and other carnivorous Mollusca.
A specimen of Ennea sulcata,
enclosed in the same box as a Madagascar Helix (sepulchralis
Fer.) many times its own size, completely emptied the shell of
its inhabitant.Mr. E. L. Layard informs me that certain Cape
lihytida, e.g. R. capsida Bens., R. dumeticola Bens., and R. vernicosa Kr., eat Cyclostoma affine, Helix capensis, H. cotyledonis, etc.
To Mr. Layard I am also indebted for the perhaps apocryphal
tradition that the best time to capture the great Aero2Je caffra

—

1

Erjavec, Xoxlir. Deutsch. Malnk. Gescll. 1885, p. 88.
-

Crosse, Jovru.

clc

Conch. (3) xiv. (1874) p. 223.
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Fer. in numbers was after an engagement between the Kaffirs
and Zulus, when they might 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 sagraiana'^
;

1

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

CHAPTER

III

—

MEANS OF DEFENCE MIMICKY AND
ENEMIES OF THE MOLLUSC A
COMMENPARASITIC MOLLUSCA
PROTECTIVE COLORATION
VARIATION.
SALISM

Enemies of the MoUusca

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. Grulls are especially partial to bivalves, and
may be noticed, in our large sandy bays at the recess of the tide,
busily devouring Tellina, Mactra, My a, Syndosmya, 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
was unbroken

number

it fall.
it

On

alighting and finding that the shell

again took

of times, flying higher

Hooded

was broken.

up and repeated the process a
and higher with it until the shell

it

many

crows, after

unavailing attempts to

break open mussels with their beak, have been seen to behave
Crows, vultures, and aquatic birds carry
in a similar way.^
thousands of mussels, etc., up to the top of the mountains above

Cape Town, where their empty
about the

shells

The common limpet is the
whose strong biU, with

catcher,

in

enormous heaps

favourite food of
its

calculated to dislodge the limpet

When

lie

cliffs.^'

the limpet

is

flattened end,

from

its

seat

the
is

oyster-

admirably

on the rock.
all, and

young, the bird swallows shell and

has been calculated that a single flock of oyster -catchers,

it

frequenting
1

W. V.

a

small

Scotch

loch,

must consume hundreds

- Blackball, Researches,
Legge, Zoologist, 1866, p. 190.
* Barrow, Travels in South Africa, ii. p. 67.

p.

of
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CHAP.

AND LIMPETS

BIRDS, RATS,

Ill

57

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

A rat

gradually towards a rocky shore.

movement of his powerful
empty shells about the

a sudden

dislodging the

shepherd

largest

Mr.

to

specimens.

W. Anderson

shelves

jaw, and, judging from the

of the

size

cliff

jerks the limpet off with

holes, has
'

I

Smith,^

no

difficulty

once landed,' relates

'on

the

I.

of

in
a

Dun-

and it was so full of rats that I was afraid
and the grass was so full of limpets that I could
scarcely use the scythe, and had to keep sharpening it all the
staffnage to cut grass,
to go

on

time.'

;

Sometimes, however, the limpet gets the better both of

The same writer mentions the case of a rat
being caught by the lip by a limpet shell, which it was trying
bird and beast.

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
to dislodge.

under a limpet, which, in closing instantly to the rock,
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
its toe

held

it fast.

drowned by the rising tide.
The Weekly Bulletin of San Francisco, 17th May 1893, contains 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
muzzle underneath to detach it, when the Haliotis instantly
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

his

closed

valves.

the foot

If,

when

in this condition, the valves are tightly pinched,

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 pressure 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
^

is

Loch Creran,
^

p. 102.

Amer. Nat.

-xii.

p.

695

;

Cordeaiix, Zoologist, 1873, p. 3396.

Science Gossip, 1865, p. 79.
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Eats also eat Vivipara, and even Limnaea, in every part

of the world.

Every kind of slug and

snail is eaten greedily

thrushes, chaffinches, and in fact by

many

by blackbirds,

species of birds.

A

thrush will very often have a special sacrificial stone, on which
he dashes the shells of Helix aspersa and nemoralis, holding
them by the lip with his beak, until the upper whorls are broken
heaps of empty shells will be found lying about the place of
slaughter.
The bearded Titmouse {Parus hiarmicus) consumes
quantities of Succinea jputris 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
The
had been abandoned for three years to weeds and slugs.
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

Agde, a beetle {Staphylinus olens) attack Helix ericetorum when crawling among herbEvery time
age, sticking its sharp mandibles into its head.
the snail retreated into its shell the beetle waited patiently
for its reappearance, until at last the snail succumbed to the
other land MoUusca.

E(^cluz noticed, near

M. Lucas

repeated assaults.

Drilus attacking a Cyclostoma.

noticed, at

The

Oran, the larva of a

JDrilus stood sentinel at the

mouth of the shell, which was closed by the operculum, until the
animal began to issue forth.
The Prilus then with its mandibles
cut the muscle which attaches the operculum to the foot, disabling it sufficiently to prevent its being securely closed, upon
which it entered and took possession of the body of its defenceless host, completing its metamorphosis inside the shell, after a
period of six weeks.* The female glow-worm {Lampyris noctihtca)
attacks and kills Helix nemoralis.

Among

the Clavicornia, some species of Silpha carry on a

They

determined warfare against small Helices.
1

Joxirn. Trent.

N. H.

Soc. 1887, p. 58.
3

*

-

Ann. Nat.

Hist.

iii.

seize

1893, pp. 238, 239.

Rev. Nat. Sc. Quest, 1891, p. 261.

Petit de la Saussaye, Journ. de Conch,

iii.

p.

the shell

97

f.
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in their mandibles,

break the

and then, throwino- their head backwards,

by striking

sliell

common water

The

it

against their prothorax.

One
The

prefer stagnalis, for

is

enemy

a dangerous

its

to fresh-

Dytiscus, kept in an aquarium, has been

Limnaca

noticed to kill and devour seven
of one afternoon.

marginalis, from

Dytiscus

beetle,

strength and savage disposition,

water Mollusca.

59

stagnalis in the course

beetles also eat L. peregra, but apparently

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

low

Burmah,

tide.

A

flat

rocks covered with oysters are laid bare at

species of

Monkey {Macams cynomolgus) has been

noticed to furnish himself with a stone, and knock the oysters
open, always breaking the hinge-end

and then pulling out

first,

the mollusc with his fingers.^

The walrus

Mya

is

said to support himself almost entirely on

two

them out of the
sand, in which they live buried at a depth of about 1^ feet, with
his powerful tusks. Whales swallow enormous numbers of pelagic
species of

{truncata and arenaria), digging

molluscs {Clio, Limacina), wiiich are at times so abundant in the
Arctic

seas,

as to colour the

surface for miles.

larger Cetacea subsist in great part on Cephalopoda
1

Many of the
as many as
;

8 lbs. of beaks of Teuthidae have been taken from the stomach

of a single Hyperoodon.

Fish are remarkably partial to Mollusca of various kinds.

(Ghimaera) devours Pectunculus and Cyprina, crushits 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 specimens of Buccinum undatum have been taken from the stomach
habitat
has been recorded for
of a single cod, and the same
some of the rarer whelks, e.g. Bucc. humphreysianum, Fusus
fenestratus, the latter also occurring as the food of the haddock
and the red gurnard.
No less than 35,000 Turtonia minuta
Nudibranchs
have been found in the stomach of a single mullet.
are no doubt dainty morsels for fish, and hence have developed,

The

cat-fish

ing the stout shells with

'

'

1

.1.

W. Williams,

Science Gossip, 1889, p. 280.
3

La

Nature, xv.

-

Noack,

(2) p. 4G.

Zool.

JB.

ii.

p. 254.

6o MOLLUSCA AS FOOD FOR FISH AND FOR ONE ANOTHER
in

many

concealment,

cases, special faculties for

distasteful,

or, if

71-74).
special means of remaining conspicuous (see pp.
from other
exposed
are
they
Besides the dangers to which

many

enemies,

their

otlier,

Ijrethren.

side of the

this

of the oyster.

Pmjnira hqnllns
eclulis to any

Mytilus

prefers

otlier food, piercing

iihout

Fig.

22.

—'Two

two

the shell in

time

days

powerful radula, which
valve« of Mytilus edulis

L., representing diiigramniatically the
appro.ximate position of the holes
bored by Purpura in about 100 speci-

mens of Mytilus,

gatliered

at

pears

gimlet

are generally failures.

l)y

its

it

ap-

employ somewhat in

to

If

fashion.

cannot he procured,

New-

qnay, Cornwall.

Peitella

a prey to

fall

Nassa and
Atand Urosaljnnx on the
are the determined foes

own

Murex on
lantic,

weaker

the

of

forms of Mollusca

Littorina

or

it

Trochvs,

Mytilvs
will eat
l)ut

its

attempts on the hard shell of
The statement which is some-

vital parts
times made, that the' Fuiyura makes its hole over the
in
embodied
evidence
of the Mytilus, appears, according to the
that
is
fact
The
the annexed figure, to be without foundation.
Mytilus, since the
a hole in any part of its shell is fatal to the
an entrance,
made
once
long proboscis of the Pur2mra, having

can^'reach from one end of the shell to the other.

The

liranchiae

edges of the mantle
are fiirst attacked, the adductor muscles and
ot
Natica and Nassa pierce in a similar way the shells
last.
furnished
is
tispina
Maetra, Tdlina, Donax, and Vcmis. Murex for
At
lip.
with a powerful tooth at the lower part of its outer

Noumea, in New Caledonia, its favourite food is Area
The Murex has been
which lives half buried in coral refuse.
and insert
concealment,
seen to drag the Area from, its place of
upon
closing,
their
between the valves, so as to prevent
jnlosa,

the tooth

which

it

was enabled

to devour its prey at leisiu^e.^

Te^staThe carnivorous land Mollusca, with the exception of
snails
54,
55).^
other
(pp.
cella, appear to feed by preference upon
of
number
considerable
A
Worms, Mites, etc.

—

Parasitic

the Trematode

worms

1

Franc;oi.s,

pass one or more of the stages
Arch. Zool. Exp. Gen.

(2) ix. p. 2-10.

in the

WORMS
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cycle of their developmeut within the bodies of

6I

MoUusca, attain-

ing to the more perfect or sexual form on reaching the interior
of

Thus

some vertebrate.

first

intermediate host

endohihmn. Duj.

Distoiiuc

in Liriinaea stagnalis

second in L. stagnalis, or in one of

(Gammarus

2nclex), ov in

and

L.

its

the fresh -water shrimps

the larvae of one of the ritrijganeidae

{Limno'pliil'us rhoi/ihicus), attaining

to the sexual

common

Ben. passes

Distoma ascidia

frog.

finds

ovata, its

v.

form in the
through

firstly

Lininaea stagnalis or Flanurhis corneus, secondly through certain
files and gnats {Eijlieniera, Perla, Chironuiivits), and finally arrives
within certain species of
firstly

fishes

Paludina

bats.

and

{Cyprinus, Acerina^,

common

The sporocyst

perch.

ttiacrostomum

Distoma nodidosuiii Zed. inhabits

inqrwra, secondly

inhabits

certain

lastly

the

of Distoma.

Suceinea

putris,

pushing itself up into the tentacles, which
become luaiaturally distended (Fig. 23).
AVhile in this situation it is swallowed l)y
various birds, such as the thrush, wagtail,

^^"'-

and blackbird, which are partial to buccinea,
and thus obtains lodgment
in their bodies.
*^
Am2)h'istoma suhclavatum spends an early
stage in Flanorhis contortus, after which it

23.

-A

Trematode

^yaradoxum Car.) paratentacles of
f
Succinea pntris L. x 20
'°

*^'«

l"^

(after

Baudon).

becomes encysted on the skin of a frog.
When the frog sheds
skin, it swallows it, and with it the Anvpliistonia, which
thus becomes estal)lished in the frog's stomach.^
its

The common

liver-fiuke,

cost this country the lives of

which in the winter of 1879-1880
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, liow
essential it is for the creature to meet, at certain stages of its

existence,

with the exact host to which

the newly -hatched end:)ryo finds a

about eight hours

it

been tried with

the other

all

it is

accustomed.

Unless

Limnaea truncatula within

l)ec()mes exhausted, sinks,

common pond and

and

dies.

It

has

river Mollusca, with

Limnaea

feregra, palustris, auric ul aria, stagnalis, with Flanorhis
marginatus, carinatits, vortex, and sjnrorhis, with FJnjsa fontinalis,
Bitliynia tentaculata, Faludina vivijMra, as well as with Succinea
putris,

Limax
1

agrestis

and maximus, Arion

A. Lang, Bcr. Naturf. Gcs. Frcih.

vi.

ater

and

1S92, p. 81.

hortensis.
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cuap.

Not one of them would it touch, except occasionally very young
specimens of L. peregra, and in these its development was arrested
But on touching a L. truncatula the embryo
at an early stage.
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

Zimnaea

proceed no farther.^

Many

similar cases occur, in which littoral Mollusca, such as

Littorina and Buccinum, form the intermediate host to a

worm

which eventually arrives within some sea-bird.
Certain Nematode worms {Rhabditis) are known to inhabit
the intestine of Arion, and the salivary glands of Limax agi^estis.
Diptera habitually lay their eggs within the eggs of Helix and
Limax.

Many

No

Limax maximus

species of mite (Acarina) infest land Pulinonata.

is without at least one specimen of
Philodromus (?) limacum, and the same, or an allied species, appears
to occur on the larger of our Helices, retiring upon occasion into
the pulmonary chamber.
Several of the Crustacea live associated with certain molluscs.
Pinnotheres lives within the shell of Pinna, Ostrea, Astartc,
Apparently the females alone reside
Pectunculus, and others.
within the shell of their host, while the males seize favom-able
A specimen of the great
opportunities to visit them there.

adult

pearl-oyster {Meleagrina margaritifera) was

recently

observed

It was
which contained a male Pinnotheres encysted in nacre.
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
Ostracotheres Tridacnae lives
prisoner before he could escape."

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.

Means
As
mode

a

rule,

among the

of resistance
1

to

the

of Defence

Mollusca, the
attacks

A. P. Thomas, Q. J. Micr. Sc, N.
-

H. AVoodvvard, P.

shell

forms a passive

of enemies.
S., xxiii.

(1883)

Z. S. 1886, p. 176.

Bivalves are
p. 99.

TEETH
enal)le(l,

smaller

IN
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hy closing their valves, to baffle the assault of their
and the operculum of univalves, l)oth marine and

foes,

Many land Mollusca, especially
Helix and Pu2ki, as well as a number of Auriculidae, have the
inside of the aperture beset with teeth, which are sometimes so

land, serves a similar purpose.

numerous and so large that it
animal can ever come out of
ever draw itself back again.

is

puzzling to understand

its

shell, or,

Several

having come

striking

toothed apertures are given in Fig. 24.

how

the

out, can

cases of these

Whatever may be the

—

Illustrating the elaborate arrangement of teeth in the aperture of some land
Pulnionata.
A. Helix [Labyrinthus) bifurcata Desh., Equador. B. H. [Pleurodontu) picturata Ad., Jamaica.
C. H. [Dentellaria) -nux denticulata Chem.,
Demerara.
D. Anostoma carinatum Pfr., Brazil ; a, tube communicating with
interior of shell.
E, H. {Stenotrema) stenotrema Fer., Tennessee, x #.
F. //.
{I'olijgijra) auriculata Say, Florida, x i.
G. //. {Plectoj)yUs) refugee Gld., Tenasserini (a and b x 2).

Fig. 24.

origin of these teeth, there can be little doubt that their extreme

development must have a protective result in opposing a barrier
to the entrance, predatory or simply inquisitive, of beetles and
other insects.
Sometimes, it will be noticed {G), the aperture
itself is fairly simple, but a formidable array of obstacles is
encountered a little way in.
It is possil)le that the froth emitted
by many land snails has a similar effect in involving an irritatingintruder 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 surrounding the exposed parts of their bodies with a ^'iscid
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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M. modiolus, con~^^I^^^^lZ~Mica, M. harhata, and sometimes

Gastrochaena frequently
way.
half cocoon of cement-like material.
encloses itself in a sort of
protects itself from observation by
The sincnilar genus Xenophora
d<^bris to the upper side of its
gluinc Atones, shells, and various
Sometimes the selection is made with remarkwhorfs (Fio- 25)
for instance, obtained a specimen
able careT the Challenger,
whorl exclusively with long and
which had decorated its body

ceal

themselves

in

similar

a

pointed shells (Fig. 26).

Xenophora {Phorus)
Fig. 25.
concoiichyliophora Born.,
cealed by the stones which
surface
it glues to the nppev
(From a British
of its shell.

Museum

The
Murex

specimen.

formidal3le

spines

Fjq 96 -^Xe7iophora{Phorus)palUdiila'Reeve.
by
A mollusc which escapes detection
shells of other
covering itself with dead
(From a Challenger specimen

m

species.

the British

with which

Museum, x+.)

the

shells,

contribute

e.g.

of the

greatly to their

family, are furnished must
JMurex
predatory animals
protection against fishes, and other
dangerous
as
prove
would
tenuispina, for instance (see chap, ix.),
that ot a dog.
as a hedgehog
a morsel in the mouth of a fish
(see
i.«co.om«
of
lip
outer
Whether the singular tooth in the
in
extent,
marked
less
a
to
chap Kiv.), a feature which is repeated,
is developed
muricoids,
Coast
Monoceros and several of the West
at present be decided.
for defensive purposes, cannot
of executing long leaps,
The StromMdae possess the power
In thentheir foes.
from
which they doubtless employ to escape
ol
ciuickness
singular
with
case alone this power is combined
collector,
celebrated
the
On one occasion Mr. Cuming,
vision
by the animal suddenly
a beautiful specimen of Terehellum,

m

_

lost
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leaping into the water, as he was holding and admiring

it

in his

Miss Saul has informed me that the first living specimen
of Trigonia 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
companion that it must be a Trigonia, and his companion had
laughed at the idea, reminding him that all known Trigonia were
hand.

fossil,

its

when

the shell in question baffled their efforts to discover

generic position by suddenly leaping into the sea, and

three

months before Mr. Stutchbury succeeded

in

it

was

obtaining

another.

Some genera

Many

defence.

somewhat viscous nature, and perhaps, besides being a
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
ofl'ence and defence.
Aplysia, when irritated, ejects a purple
fluid which used to be considered dangerously venomous.
Many
of a

is

means

.

possess more than merely passive means of
Cephalopoda emit a cloud of inky fluid, which

of covering retreat,

of the Aeolididae, including our

own common

Aeolis ^apillosa,

possess stinging cells at the end of their dorsal papillae, the effect

which

of

is

probably to render them exceedingly distasteful to

fish.

The common Vitrina pelludda has
all

a curious habit

which in

probability serves for a defence against birds in the winter.

When

crawling on the edge of a stone or twig

has the power
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.
of suddenly jerking its

'

tail,'

so as to

throw

it

itself

The poisonous nature

of the bite of certain species of Conus is
Sm-geon Hinde, Ii.N., saw " a native on the
I. of Matupi, New Britain, who
had been bitten by a Conus
geograplius, and who had at once cut small incisions with a sharp
stone all over his arm and shoulder.
The blood flowed freely,

well authenticated.

i

"

VOL.

Ill

W.

E. Colliiige, Zoologist, 1890, p. 407.

Proc. Linn. Sac.

N.

S.

Wales,

i.K.

\^.

9 14.
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taken these precautions
and the native explained that had he not
Instances have heen
died.
he would have
inflicted
recorded of poisonous wounds being

by the

bite of Co7ius aulicus, C. textile,

tidipa.
textile at

and

C.

According to Mr. J. Macgillivray ^ C.
Aneiteum (S. Pacific) is called intrag,

upon
and the natives say it spits the poison
of
cases
Two
off!
inches
them from several
gentlethis
to
occurred
l)ites from C. textile
man's notice, one of which terminated fatally
l)y

Sir

gangrene.

command

of

Edward

Belcher,

when

the Samarang, was bitten

2

in

by

Ternate in
a Conus aulicus at a little island off
out of
creature
the
As he took
the Moluccas.
prol-oscis
its
exserted
the water, it suddenly
sensation
inflicted a wound, causing a

and

similar to

that

produced by the burning of

The wound was
phosphorus under the skin.
mark, succeeded by a
^'lC';^^txlTcoZ a small, deep, triangular
imperialis L., x 50, -^yatery vcsicle.
The natives of New b-umea

"^

poroir duct."''

a coral reef he

C

it

away, and

it,

it

account would he permit Mr. Hedley
the bottle of
but insisted on himself placing it

hurtful qualities.
to touch

up, one of the natives hastily
explained, with vivid gesticulations its

Before he could pick

textile.

snatched

Cones.
have a wholesome dread of the bite of
on
^
collecting
Mr. C. Hedley relates that while
living
a
exposed
once rolled over a boulder and

On no

m

spirits.

Mimicry and Protective Coloration

when a species
Cases of Mimicry, or protective resemblance,
of a better
appearance
outward
otherwise defenceless adopts the
Semper*
Karl
Mollusca.
protected species, are rare among the
Helicamon tigrinus
mentions an interesting case of the mimicry of
appears that all
It
by Xesta Cumingii, in the Philippines.
1

Zoologist, xviii. (1860) p. 7136.

Zoology, p. 357.
A. Adams, Samarang, vol. ii.
In Thomson's British Nno Guinea, p. 283.
4 Animal Life, p. 395.
It should be mentioned that
theory.
Ges. 1890, p. 198) ridicules the whole
"

3

Yon

MollendorfT {Bcr. Senck.
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species of Hclicarion possess the singular property of shaking off
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-

the

'

'

sort of convulsive leap, among the dry leaves on the
This power of self-amputation must be of great value
to Helicarion, not only as enabling it to escape from the clutch
selves,

by a

ground.

of its enemies, but also as tending to discourage them from
attempting to capture it at all.
Now the genus XeMa is, in
anatomy, very far removed from Hclicarion, and the majority of

the species are also, as far as the shell

is

concerned, equally

Xcsta Gumingii, however, has, according to Semper,
assumed the appearance of a Helicarion, the thin shell, the long
tail, and the mantle lobes reflected over the shell
but it has not
the power of parting with its tail at short notice.
It lives
distinct.

;

and so close is the resemblance between
Semper pointed out its true position, it had

associated with Helicarion,

them

that, vmtil

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
(minclanaensis) which closely resembles a species of Rhysota
{Antonii), a genus not indeed so far removed from Xesta as
Helicarion, but, as far as the shell

from

In this

is

concerned, well distinguished

is no obvious advantage
gained by the resemblance, since Rhysota as compared with
Xesta is not known to possess any definite point of superiority
it.

case,

however, there

A

which it would be worth while to counterfeit.
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

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 tlie strong defensive house of a snail was
worth imitating.
Still it is probably not easy for creatm-es

as a

up into an elevated
any length of time.
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
bilaterally symmetrical to curl themselves
spiral for
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named Psyche helix, a kindred
known as Ps. ^planorMs.

aptly

An

species

from Italy being

from E. Africa is said
In this case the
spiral is indifferently dextral or sinistral, the shell being formed
of masticated vegetable matter, united together by threads spun by
Certain larvae of the Phryganeidae (" Caddis-worms ")
the larva.
enclose themselves in houses which more or less resemble a
spiral shell, and have in some cases actually been described as
moUuscan.
Such species, some of which belong to Helicopsyche,
have been noticed in S. Europe, Ceylon, Further India, China,
Tasmania, New Zealand, Tennessee, Mexico, Central America,
Venezuela, Brazil, and Argentina, and all
possess a dextral
shell/
In all these cases mimicry is probably not so much to
be thought of as the practical advantages which 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
insect larva {Cochlophorcc valvata)

to resemble a

Valvata or young Cyclostonia.

'

'

'

'

'

of space.

The larva

of

some

species of the Syrphidae {Diptera) 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 occxurring

near Grimma.

The

caterpillars of certain Microlepidoptera occur

on slabs of porphyry, associated with a species of Clausilia.
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.

mimicry between Aeolis
papulosa (a common British nudibranch) and Sagartia troglodytes
(an Actinian), and also between another species of Sagartia and
Aeolidiella Alderi.
The facts observed are not sufficient to
warrant a decided opinion, but it seems more probable that the
It has

been suggested

'^

that there

2

Von
Von

*

Garstang, Journ. Mar. Biol. Ass. N. S.

1

Alarteiis,

SB. Nat. Fr. Berl. 1891,

Martens,

ibid. 1887, p. 183.

1888, p. 502

f.

^

is

p. S3.

SB. Nat.
i.

p.

Gesell. Leipz. xiii.-xiv. p. 45.

432

;

Giard, Bull. Sci. Fr. Belg.
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Actinian mimics the nudibranch than vice versd, since Aeolis
known to be unpalatable to fishes.
Certain species of Strombus (mauritianus

show a

L.,

is

hiliuanvs L.)

remarkal:)le similarity in the

shape of the shell to that of Conus,
so

much

so,

that a tiro would be

sure to mistake them, at

nanus

at

first sight,

In the case of

for Cones.

least,

this

S. lull-

similarity

is

by the possession of a
remarkably stout brown epidermis.
Now Conus is a flesh-eating genus,
armed with very powerful teeth
which are capable of inflicting even
on man a poisonous and sometimes
increased

fatal

wound

(seep.

QQ\

Stromhus,

—

A, Stromhvs onauritianus
Lam., which mimics Conus in
shape.
B, Conus Janus Hwass,

Fig. 28.

Mauritius.

on the other hand, is probably frugiIt is
vorous, and is fm*nished with weak and inoffensive teeth.
It is quite
possible that this resemblance is a case of mimicry.'
conceivable that powerful fishes which would swallow a Stromhus
whole and not suffer for it, might ac(|uire a distaste for a Cone,
which was capable of lacerating their insides after being swallowed.
And therefore the more like a Cone the Stronibus became,
the better chance it would have of being passed over as an
'

ineligible article of food.

Protective coloration is not

Littorina ohiusata

Facus

uncommon among the Mollusca.
our own coasts, on

habitually found, on

vesiculosus, the air-ljladders of

in colour
species,

and shape.

resembles

Timor, on which
off.

is

so

it lives,

it

closely resembles

and showy
spongy crumbling rocks of
can hardly lie discerned a pace
large

a

the

closely

that

Helcion pellucidum, the

when young, almost

which

Littorina fcujoclus,

it

common

British

'

blue limpet,' lives,

on the iridescent leaves of
the great Laminariae, with the hues of which its own conIn mature life, when
spicuous blue lines harmonise exactly.
the Helcion invariably transfers its place of abode to the lower
parts of the stalk and finally to the root of the Laminaria, which
exclusively

are quite destitute of iridescence, these blvie lines disappear or

become much less marked.
The specimens of I'urjmra

la^nllus wliich occur at

Xewquay
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chap.

Cornwall are banded with rings of colour, especially with
way than any

in

black and white, in a more varied and striking

my

other specimens that have ever occurred to

notice.

I

am

inclined to refer this peculiarity to a tendency towards protective

the rocks on which the Purpura occvirs are

since

coloration,

often banded with veins of white

and

colour,

and variegated

to a

very marked extent.

Ovula varies the colour of its shell from yellow to red, to
of the Gorgonia on which it lives.
The same is
the case with Pedicularia, which occurs on red and yellow coral.
Selix desertorum, by its gray -brown colour, harmonises

match the colour

among which

well with the prevailing tint of the desert sands,

Benson observes that the gaudy H. haemastoma,
home.
which lives on the trunks of palm-trees in Ceylon, daubs its shell
Our own Buliminus ohscurus, which lives
with its excrement.
principally on the trunks of smooth - barked trees, daubs its
it

finds a

with mud, and must often escape the observation of
enemies by its striking resemblance to the little knots on
Some
the bark, especially of beech trees, its favourite haunt.
species of Microphysa, from the West Indies, habitually encrust
Vitrina
their shells with dirt, and the same peculiarity in
shell

its

has

already been
discovery

recent

Ariophanta Bohertyi Aldr., a
mentioned.
from Sumatra, is of a green colour, with

a singularly delicate epidermis

and

own

is

almost

slugs,

according

invisible

according

to

it

;

to

Scharff,

surroundings.

their

arboreal in

is

amongst the

foliage.-'

coloured

are

A

its

habits,

Many

of our

protectively

claret -coloured

variety

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

of

species

choose

hiding-places

for

the

yellow

fallen

leaves,

Limax marginatus ( = arhowhose colour they closely resemble.
rum Bouch.) haunts tree trunks, and may easily be mistaken
Amalia carinata lives on and under the
for a piece of bark
ground, and in colour resembles the mould Arion intermedins
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
;

;

1

Nautilus,

vi.

1892, p. 90.
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Ill

on

presumes

resemblance

this

contrary to the usual custom of

J

I

so

much

its

congeners, to the full light

as

expose

to

itself,

of the afternoon sun.^

Several views have been advanced with regard to the dorsal
or

jjapillae,

the

in

cerata,

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

may

they

place,

contain

large

offshoots,

or

diverticula,

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 Dcndronotus.
of the

liver,

Professor

may

in

that

extent

Herdman

is

aid

in

cases

all

is

He

so

small

of opinion

that although the

respiration

to

as

be

to

left

a certain

out

cerata

extent, yet

of consideration

two classes
mentioned above as " of primary importance in giving to the
animals, by their varied shapes and colom"s, appearances which
are in some cases protective, and in others conspicuous and
altogether.

regards

the cerata

in

both

the

warning."
Thus, for instance, Tritonia pleheia, which
at Puffin

and Hilbre

fairly

is

abundant

appears always to be found creeping

Is.,

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,

marked

being

in

varied

tints

of

gray, black, and opaque white, in such a

brown,

yellow,

way

blue,

harmonise

as to

varied colours of the Alcyonium upon which it
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
on the half- expanded
of tentacles

with

tlie

lives.

polyp.

Doto coronata, which, when examined by

Similarly,
is

itself,

a very conspicuous animal, with showy, bright-coloured cerata,
1

F. ScliarfT, Sci. Traiis. R.

1!.
-

Q. Journ. Micr.

ScL N.

Duhl. Soc.

(2) iv. p.

S. xxxi. (1890) p. 41

553
f.

f,
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found by Professor

is

Herdman

to

chap.

haunt no other situations

but the under-side of stones and overhanging ledges of rock

which are colonised by a hydroid, known as Clava multicornis.
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

The Doto

way

as to enable the animal, in all probability, to escape the

observation

of its

enemies.

According to Professor Herdman,

however, the brilliant and showy coloration of the cerata of
Aeolis. is not protective

away

but

'

warning.'

Aeolis does not hide

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 their 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 he 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 Herdman subsequently conducted some experiments ^ with fishes, with the view of testing his theory that the
shapes and colours of Nudibranchs serve the pm-pose 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 conspicuous mollusc, Ancula cristata, was introduced. Professor
Herdman 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,
itself

^

A

as if

detailed account is given in Proc. Livcrp. Biol. Soc.

iv.

(1890) pp. 150-163.
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when the experiments were conducted under conditions which
made the scene as much like real life as possible, did not
The Ancula crawled over
agree with Professor Herdman.
'

various parts of the tank
fish,

who sometimes went

'

days untouched by the

several

for

to

close

them and looked

at

them,

Experiments with species
whose colours were protective, such as Dcndronotus, were also
conducted, and the decided edibility of these species was
established, the fish competing eagerly for them, and tearing
but never attempted to taste them.

them rapidly
Mr.

W.

to pieces.

Garstang, of the Plymoutli Laboratory of the Marine

Biological Association, confirms
to

the shape and

colour

of

Professor Herdman's views as

^

Pleurohranclius

Opisthobranchs.

memlranaccus 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 and yellowish
warning colours.
Saminea and Philine, on the other hand,
are good to eat, and consequently possess
protective
coloration.
EuTicina Hancocki, 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

on green weeds, and dark

its

habitat,

being green

when

brown, or reddish brown, on

olive,

among tufts of littoral
Hermaea dendritica were kept in

Green specimens of
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 wliich 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 inpools

algae.

captivity,

conspicuous in that position.
iVgain,

Jorunna Johnstoni

upon stones on our southern
with a certain sponge (Halichondria sp.), wliich

coast, associated
it

lives

-

resembles so closely in outline, in colour, in character of

surface,

and in
'

its

projecting

plumes,

Journ. Mar. Biol. Ass. N. S.
^

Garstang, Conchologist,

ii.

i.

as
p.

418

p. 49.

to
f.

make

it

very
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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 resemblance must be decidedly to the advantage of the Jorunna.
Another ISTudibranch {Gahiut glaucoidcs 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 Laminaria, etc.^
The common Lamcllaria pcrspicua 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 Leptoclimim maculatum, in
which it had eaten a large hole.
It lay in this cavity so asand its dorsal integument
to be flush with the general surface
was not only whitish with small darker marks which exactly
reproduced the appearance of the Leptodinum surface with
the ascidiozooids scattered over it, but there were also twO'
larger elliptical clear marks which looked like the large common
Presumably the
cloacal apertures of the Ascidian colony.
Lamellaria escapes the observation of its enemies through
being mistaken for part of the Leptodinum colony and the
Leptodinum, being crowded like a sponge with minute sharp;

.

.

.

;

pointed

spicules,

is,

suppose,

I

avoided

as

inedible

(if

not

through some peculiar smell or taste) by
carnivorous animals which might devour such things as the
actually

noxious

soft unprotected mollusc."

Parasitic

MoUusca

Various grades of parasitism occm' among the Mollusca,
from the true parasite, living and nourishing itself on the tissues
and secretions of its host, to simple cases of commensalism.
Some authors have divided these forms into endo- and ectoparasites, according as they live inside or outside of their host.
^

Hecht, Comptes Rendus, cxv.
2

Conclwlogist,

ii.

p. 130.

p. 746.
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Such a division, however, cannot he rigidly carried out, for certain
forms are indifferently endo- and ecto-parasitical, while others

young form, and hecome endo-parasitic

are ecto-parasitic in the
in the adult.

will he convenient, therefore, simply to group

It

the different forms according to the

lodgment.

On
lar

in

horing

are

especially

from
form a

Porifera

Corals

many

are

into

almost

invariably

Eed

Sea.

home

amongst

which

forms

and Sistrnm.

sponges.

favourite

of

Corallio-

ZejitoconcJius,

FJtizocliilus,

2^hila,

Crenatula

abundant on

the

species,

several

and

Vulsella

find a

masses of irregu-

large

shape,

They

of

—

Sjwnges.

occur

home on which they

EMzochilus

a

is

very sino-ular creature, inhahitinu;

branching
forms

AVhen

corals.

irregular

shelly

adult, it

extensions
29.
Magilus antlqnus L.
A, the adult, imbedded in coral,
which has been broken away to
show the tube ; B, the young
(free) form.

FiG.

of both the inner and outer lips,

which adhere
coral,

or

to

to the shafts of the

the surface of neigh-

boiu"ing shells

;

:

at length the aper-

with the exception of the
closed
which becomes long, and consists of the same
shelly material.
The common Magilus (Fig. 29), from the
Eed Sea and Indian Ocean, in the young form is shaped like
a small Bucciiium.
As the coral (Meandritia) to which it
attaches itself grows, the Magilus develops at the mouth a
long calcareous tul)e, 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 completely closed by a mass of solid
ture

becomes

completely

siphonal tube,

calcareous matter.

assuming
certain

the

cases,

Certain species of Ovula inhabit Gorgonia,

colour,

yellow

developing,

or

red,

probably

for

of

their

host,

prehensile

pointed extension of the two extremities of the

and,

purposes,

shell.

in

a

Fcdic-

a form akin to Cyi)raea, but with a more patulous
mouth, inhabits the common Coralliani ruhru/ii of the Mediterularia,
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ranean, and another species

Mclithaca ochracea in

On

Ecliinodermata.

has been noticed

chap.

by Graeffe

—

{a) Cinnoidea.

Stilinacomatulicola lives

on Comatula mediterranea, fixed to the outer skin, which

by a very long proboscis

trates

A
A

on

^

Fiji.

;

the shell

is

it

pene-

quite transparent."

curious case of a fossil parasite has been noticed by Eoberts.^

named

Cal]/2Jtraea-sh.a'ped shell

Platyceras always occiu'red on

For
some time this was thought to afford conclusive proof of the
rapacity and carnivorous habits of the echinoderm, which had
Subsequent investigations,
died in the act of seizing its prey.
however, showed that in all the cases noticed (about 150) the
the ventral side of a crinoid, encompassed by the arms.

Platyceras covered the anal opening of the crinoid in such a

way

must have been directly over the
Asteroidea.
The comparatively soft
orifice of the anus.
(Jb)
texture of the skin of the starfishes renders them a favourite
home of various parasites. The brothers Sarasin noticed * a
that the

mouth

of the mollusc

species of Stilifer encysted on the rays of Linclda vndtiformis.
shell was enveloped up to the apex, which just projected
The proboscis was long, and
from a hole at the top of the cyst.
at its base was a kind of false mantle, which appeared to possess
On the under side of the rays of the same
a pumping action.
starfish occmTed a capuliform mollusc {Tliyca cdoconchd), furnished with a muscular plate, whose cuticular sm^face was inThis
dented in such a way as to grip the skin of the Linclda.
plate was furnished with a hole, through which the pharynx

Each

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 Pilcopsis aster icola as living
on the tubercle of a starfish,' and Stilifer astericola, from the
In the
coast of Borneo, as 'living in the body of a starfish.'
'

British
situ

'

Museum

there

on the ray of a

is

a specimen of Pileojjsis crystallina

starfish.

(«)

On

'

in

the brittle starfishes {OjjJiiu(d) Echinoiclea.

roidea) occur several species of Stiliferina.

Vari-

ous species of Stilifer occur on the ventral spines of echinoids,
^

Described as a Cijpraca, but no doubt an Ovida or Pedicularia

Par. V.
-

Von

"

Proc.

*

Ergch. naturio. Forsch. Ceylon, abstr. in Journ. Eoy. Micr. Soc. (2)

^

CB. Baht.

:

p. 543.

Grafr, Z. wiss. Zool. xxv. p. 124.

Amcr.

Phil. Soc. xxv. p. 231.

Voyage of the Samarang, Moll.

p. 69,

PL

xi. f. 1

;

p. 47, PI. xvii.

vi. p.
f.

5.

412.
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where they probably subsist on the excreta, and are sometimes
found imbedded in the spines themselves.
Bt. Turtoni occurs on
the British coasts on several species of Echinus, and Montacuta
suhstriata frequents Spatangus pvrpurcus

and certain

species of

Echinocardium, Cidaris, and Brissus.
Lepton parasiticum has
been described from Kerguelen I. on a Hemiaster, and a new
genus, BoMllardla, has recently been established ^ for a Hyaliniashaped shell, parasitic on an Echinus from Mam^itius.
(e) Holothurioidea.

The

of curious

forms,

sea-cucumbers afford lodgment to a variety
some of which have experienced such modifications that their generic position is by no means established.
Eiitoconcha occm-s 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 Myriotrochusr'

A

'

'

curious case of parasitism

described by Voeltzkow

is

^

on a Synciptct found between tide-marks on the I. of
In the oesophagus of the Synapta was found a small
bivalve {Entovcdva), the animal of which was very large for its
shell, and almost entirely enveloped the valves by its mantle.
as occurring

Zanzibar.

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
This proboscis was nearly three times as long as the
animal, and the forward portion of it was set with sharp thorns,
cavity.

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 Holothurians.^
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,

Ann. Mag. Nat.

^

in. long,

has been found

''

1

E. A. Smith,

-

^ ^ool. Jakrh. AUh.
Journ. de Conch. (3) xxix. p. 101.
f. Syst. v.
See especially Semper, Animal Life, Ed. 1, p. 3.51.
Gould, 3Ioll. of U.S. expl. expcd. 1852, p. 207 {St. acicula, from Fiji).
Stimpson, Proc. Bost. Soc. N. H. vi. ISf.S, p. 308.

*
5
^

'

Hist. (6)

Pidgeoii, 2\'aturc, xxxix. p. 127.

iii.

p.

living

270.
p. 619.
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under the carapace of the common shore-cral,^ {Carcinus macnas),
l)een noticed ^ where two mussels, one of several
months growth, the other smaller, well secured
hy theh^ byssi, were found under the abdomen
of the same species, in such a position as to
force the appendages apart and askew.
These,
however, are not so much cases of parasitism
j]

and one case has

\

r^v

as of involuntary habitat, the mussel no douljt

'

having become involved in the branchiae and
the al)domen of the crab in the larval form.
On MuUusca. A species of Odostoviia
{2JaUida Mont.) is found on our own coasts on
the ears of Pecten maximus, and also - on the
operculum of Turritclla communis.
Anotlier

—

Ai
}

'

'

Fig

30
onyx
sitic

— Creniduia

species (0. rissoides) frequently occurs in hiding

Sowi)., para-

under

on the operof Strombus

^vhetller

beds of mussels, but
;i

,i

i

-j.

•

it

is

not

clear

-i.due to parasitism,
or
fjaleatus
Swuius., simply to the fact that tlie mass of mussels,
Ptlllilllll
knitted together and to the rock by the byssi,
affords the Odostomia a safe lurking-place.
At l^inama the
present writer found Crepidula (2 sp.)^ plentiful on the opercula
In
of the great Stromhtis galea and of Cerithium irroratum.
each case the parasite exactly fitted the size of the operculum, and
Anialihca is
had assumed its colour, dark brown or chestnut.
very commonly found on Coptics, Turbo, and otlier large shells

cvdum

from

South

the

Pacific,

i

-i

i_

i

j

the habitat

is

but

prol)ably

this

is

not

a

case

oysters are

frequently seen on the carapace and

even

of

young

parasitism, but simply of convenience of habitat, just as

on

tlie

lews of large crabs.

On

lives in

—LamcUaria

deposits its eggs and lives on an
and the common Modiolaria marmorata
colonies imbedded in the test of Ascidia mcntida and

Tunicata.

Ascidian

{Lej^toclinuyii),

other simple Ascidians.
Special points of interest with regard to parasitic Mollusca
relate to (1)

Colour.

This

is

in

most cases absent, the

being of a uniform hyaline or milky white.

This

may

and
some deficiency

in the case of the endo-parasitic forms, to absence of light,
possibly, in those living outside their host, to
^

"\V.
-

Anderson Smith, Loch

Crcraii, p. 4G.

Smart, Journal of Conch,

v. p. 152.

shell

be due,

COLOUR OF PARASITIC MOLLUSCA

A

in the nutritive material.

colourless shell

79
not necessarily

is

though a transparent sh(41 niinht evade detection,
a milk-white hue would prohably Ijo conspicuous.
(2) ModiJic<(These are in many cases consideral»le.
tions of structure.
Entoconclia and Untocolax have no respiratory or circulatory organs,
and no known nervous system Tliyca
and certain Stilifcr possess a curious
protective, for

;

apparatus;

suctorial

has

cases

aborted,

locomotion

for

and

is

the foot
the

since

many

in

necessity

reduced to a minimum,

l)y an enormous
development of the proboscis, which enal)les the creature to provide itself with
nutriment without sliiftiug its position.

place

its

supplied

is

K. Semper notices a case where a Uulima,
whose habitat is the stomach of a Holothurian, retains the foot unmodified, while
a species occurring on the outer

Fig. 31.

lima

its

foot

Special

altogether.^

vision for holding on

is

:

A

Eyes are

endo- parasitic

A

structure occurs in (3) the
of

tlie

teeth.

pro-

l)ut

not

(After K. Semper.

specially

human

parain

modification

of

interesting

Badida or ribl)on-shaped arrangement

In most cases of parasitism {Etdlma,

conclui) it is al)sent altogether.
all

Eu-

on the

always wanting, even

Odostomia, Untoconcha, Entocolax, Magilus,

which are in

sessile

noticed in cer-

frecpiently,

forms.

species of

Holotliurian,
of
a
tlirough which it i^lunges
its sucking proboscis {Fr) ;
B creeps freely in the
stomach of a Holotliurian.

tain cases, reminding us of similar provision in
sites.

is

slvin

skin,

but provided with a long proboscis, has
lost

— Two

JSfiNfcr,

Corcdlio].)]iila,

Lepto-

In Ovula and Fedicidaria, genera

other respects closely allied

to

Cy2yi'ara,

tlie

radida exhil)its marked difl'erences from the typical radula of
the Cypraeidae.

The formula

laterals are greatly

(^M"']) remains the same, but the
produced and l)ecome find»riated, sometimes

sometimes along the wdiole length.
A
oi. Sisti'iim spectrum
lieeve, a species wliich is known to live parasitically on one of
the branching corals.
Here the laterals differ from those of
the typical Furpuridac in being very long and curved at the

at the extremity only,

very similar modification occurs in the radula

extremity.

Tlie general (dfect of these modifications appears to

be the prijduction of a radula rather of the type of
^

Animal

Life, p. 351.

tlie

vegetable-

CASES OF COMMENSALISM
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feeding Trochidac, which

may

chap.

perhaps be regarded as a link in

the chain of gradually degraded forms which eventually termi-

The

nate in the absence of the organ altogether.

softer

strong teeth to tear

food, the less necessity there is for

it

;

the

the

teeth either become smaller and more numerous, or else longer

and eventually pass away altogether.
It is
same modified form of radula should
appear in species of Ovuhi (e.g. ovum) and that the same absence
and more

slender,

curious, however, that the

of radula should occur in species of Eulimct

(e.g. politci)

known

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
to be not parasitic.

some of their

of that organ being continued in

non-parafeitical

descendants.

Commensalism
MoUusca

are concerned in several interesting cases of com-

mensalism, or the habitual association of two organisms, as distinguished 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 MontaciUa fcrruginosa with Echinocardium corThe Echinoderm lives in muddy sand in Torbay, at a
datum.
depth of about 6 inches, and the Montacuta lives in a burrow
leading from its ventral end and runuing 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 were always arranged in the
the Montacuta.
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
In another part of S. Devon, where the sand was soft
burrow.
and sloppy, the Echinocardia rise to the surface and travel
along the sand in this case the Montacuta were attached to
their host by means of a byssus, and were dragged along as it
;

travelled.

The Eev. Dr. Norman has noted
for

Lepton squamosum.

This rare

^

a somewhat similar habitat

little

British species was found

at Salcombe, living in the biurrows of Gehia stcllata, in all probability feeding
1

upon the secretions from the body

Jourii. of Conch, vi. 1891, p. 399.

^

^^^jj, j^f^ig.

of the crustacean.

K

E.

(6) vii. p. 276.

CASES OF COMMENSALISM
Dr.

Norman

Lefton

is

8r

suggests that the extreme flatness of the

of great advantage in enabling

of the Gehia as he scuttles

up and down

of the

sliell

not to get in the

it

his burrow.

way

Another

species of Leftoii

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 Gchia?

A

very singular case of commensal ism has l_)een recently
disregard to a genus of Australian bivalve shells,
Ephippodonta.
This genus is never found except in the burrow
of a species of prawn {Axius plectorlnjnclius Str.).
For some
reason at present unexplained, the burrow of this
particular
covered with

prawn appears
bivalves, for,

to be exceedingly popular as a habitat for certain
besides two species of Ephippodonta, a Kdlia and

,-'^^^5K^-"«^^r^4 if

SS^
Flf!.

32.

— Epkippodonta

(louijalli

Tate, S.

Mac-

Australia.

A, burrow of jirawn, the x
indicating the position of the
mollusc
sp,
sponge.
B,
Ventral view of Ephippodonta ; by, byssus /, foot
m, mantle ; mm, fused mantle
;

;

borders.

C,

;

View of

interior

of shells ; /i, hinge
m'm'
adductor muscles.
(A x i
B and C x 2.
;

;,

A
three Mylitta are found there, 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 calciferous sandstone.
" This
burrow is lined with a tenacious brown mud, composed of excrementitious matter and, in addition to the mud lining, there is
always more or less present an orange-coloured sponge whicli I
have never found elsewhere.
Upon the mud or sponge, and
;

adhering very closely, are found the Ephippodonta.
They (|uickly
form a pit -like depression liy means of their foot, and appear
almost covered by the mud."
During the winter months (MarchSHmi)son, quoted by Jcffroys, Brif. Conch, ii. 194.
Slim[ison, Juunt. Bust. Soc. X. II. vi. 1S57, p. 48.
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prawn appears

July) the

to

fill

his

burrow,

possibly

as

a

provision against stormy weather, with large quantities of minced

immense numbers of very young
The extreme flatness of the
Uphippodonta are found living.^
E])hippodonta must be due to the same cause as the flatness of
the Lepton noticed above, namely, the necessity of not impeding
In the case
or interfering with the lively motions of the prawn.
of Lepton the two valves close completely and the shell is still
very flat, in Ephippodonta, on the other hand, the same result
is produced by the valves being opened to their widest possible
extent.
As in Entovalva, a continuation of the mantle covers

seaweed, underneath which

the outer sm^face 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

These deviations

from the type form as usually understood.

may

be more or less pronounced, but, as a rule, a series of forms

•can be discovered,

gradvially leading

type.

The

definition of

what

more,

the

rigid

remain a

him who

in

ground

application

difficult task, so

for

to

or

down from

of

such definition

—

—

and,

will

the
still

always

long as the personal element persists

What

defines.-

distinction

up

constitutes a species,

of

seems to one authority ample
another may regard as of

species,

The

outcome of
by the attitude
of Mr. F. P. Marrat on the one hand, and of what may be called
Mr.
the modern French school of conchologists on the other.
Marrat holds, or held, that the great genus Nassa, of which more
than 150 species are generally recognised, is one shell (species)
The modern French school go to
in an endless variety of forms.
the other extreme, and apparently proceed upon the view that
almost any difference in form, however slight, is sufficient to concomparatively

importance.

trivial

these divergent views

practical

sufficiently illustrated

is

stitute a separate species.
It will be generally admitted, however, that
H. Matthews,

^

E.

^

Thus 'Limnaea

Conchologist,

involuta,

ii.

which

p. 144.
is

distinct species, has been held to be no

by

locality

;

some structured

see Zoologist, 1889, p. 154.

almost universally regarded as a good and

more than a variety

of L. peregra produced
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animal

difference in the organisation of the

of the shell alone)

is

(as distinct

S^

from that

necessary for the permanent constitution of

What amo^mt of structural difference is required,
what particular organ or organs must exhibit this difference, will
But if
depend largely upon the idiosyncrasy of the observer.
specific rank.^

something like this definition of a species be accepted,
which
exhibits differences from the type which do not amount to perthis, or
it

will follow that a so-called 'variety' will be a form

manent structural differences in the organisation of the animal.
The final court of appeal as to what affords sufficient evidence for
permanent structm-al differences will have to be, as with
Aristotle of old, the judgment of the educated man.
It is, however, more to om- present purpose to discuss the
causes of variation than to lay down definitions of what variation
One of the most obvious causes of variation lies in a change
is.
'

'

changes in the environment.

or

If

we may assume,

the

for

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

ment
more

of the

change

tending towards, or away from, the ojJtimtcm of environ-

itself as

for the species concerned.

marked according
must be noted that

or less

Hence may be produced
to

varieties,

the gravity of the change,

it
at times a change apparently
unimportant from om' 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 om? knowledge (beyond
certain broad results) what will be the particular effect upon a
species of any given change in its surroundings.

although

Effects

of

Change

in the

Environment as tending

produce Variation.
(a)

Changes in Climate, Tem])cratiire, Elevation,

etc.

eastern basin of the Baltic the marine Mollusca are
^

J.

W.

— In

the

much more

Taylor, Journ, of Couch, v. p. 289, an interesting article, with

useful references.

to

many
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stunted than in the western.^

chap.

For instance, Mytilus edulis near

8—9 cm. long, while near Gothland it only attains a
MoUusca living at only a shallow depth (e.g.
length of 3—4 cm.
Tellina hcdtJdca, Mya arenaria, CarcUum edule) do not differ
Kiel

is

much

in size in diflerent parts of the Baltic, but in the far

eastern basin the calcareous layers of the shells of

Mya

arenaria

and disappear very
death, leaving only the cuticular membrane, still

and Tellina halthica are extraordinarily
rapidly after

thin,

These
united by the ligament, in a perfect state of preservation.
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 vice
versd.

Karl Semper has shown that Limnaea stagnalis is developed,
and feeds best in a mean temperature of about 20° C.
This mean, however, must not be the mean of two
( = 68° F.).
distant extremes, for the Limnaea cannot digest its food and
grow in a temperatm-e 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

lives

the interruption to the growth of this species
and prolonged, and may tend towards the proThus specimens from
duction of more or less dwarfed varieties.

localities, therefore,

must be

serious

Malham Tarn, a lake in Yorkshire 1250 feet above the sea, are
permanently dwarfed, and have a very thin and fragile shell.
Limnaea 'pere.gr a in the Pyrenees, Alps, and Himalayas is
generally of a very delicate form and dwarfed habit, while the
small variety

known

as lacustris occurs,

according to Jeffreys,

only in mountain lakes in Zetland, Scotland, Ireland, and

N".

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

England.

environment (Figs. 33 and 34).
results to excess of cold.

warm

springs
^

Excess of heat produces similar

L. peregra var. thermalis, found in the

of the Pyrenees

and the Vosges, and the

Mobius, Report on Pommcrania' Exped. pp. 138-141.
'

var.

VARIATION DUE TO HEAT AND COLD
geisericola,
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from the hot water of the Iceland geysers are alike

thin and dwarfed forms.

Many instances may be given of varieties due to locality.'
In some of these, the cause which ]iredisposes towards variation
can be inferred with some approach to certainty, in others we
must be content to note the fact, without at present being able
'

to perceive its explanation.

Desert

specimens

2Jomatia, H.

much

nicicnsis,

of widely

H.

'piscina,

distributed species,
Leucocliroa

e.g.

Helix

candidissima are

than the type, and tend to lose all trace of
These modifications are clearly the means of
preventing evaporation of moisture, the dull white or grayish
thicker

bands.

coloured

—

Four examples of Lwinaea peregra Miill., from salt
marshes near the Sea of Aral,
showingdifferent effects prod need
by abnormal conditions of life.

Fig. 33.

—

34.
Four examples of Lininaea stagnalis L. from marshes

Fig.

,

Aral district wliich are salt
for several months in the year,

in the

illustrating variation

producedby

changes in the environment, x

h.

brown colour being calculated to absorb the smallest possible
amount of heat. Desert shells in all parts of the world (e.g. N.
Africa, Arabia, Central Asia, S. Africa,

W. America) have

been

noticed to exhibit these peculiarities.

A

very singular case of the reverse process,

i.e.

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
in

South
2'rueJi us,

This

melanism

is

especially

Turho, Chiton, Mitra, and Pleurotoma, and

noticeable
is

attested

names, not merely expressive of actual blackness
nigerrimus, ater, atramentariiis, maurus), bvit also of a

by the
(e.g.

America.^

specific

generally lugubrious tone
luctuosus).
specific

It

is

(e.g.

moestus, funehrcdis,

highly probable

that

this

trisfis,

higuhris,

concurrence

melanism (whicli stands quite alone in the world)
^

Journ. dc Concliyl.

xxiii.

1875, p. 105.

of
is
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due to the cold polar current which impinges on the Chilian
same genera occur on the opposite shores of the

coasts, for the

continent without exhibiting any trace whatever of this moiirnful
characteristic.
It is a

well-known

common Limax

fact, attested

agrestis

as

well

by many observers, that our
the young of Avion ater

as

become decidedly darker in summer than in winter.
If these
slugs were accustomed to disport themselves in the sun, it might
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 PoUonera, the
length of the keel in Limax arlorum 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.
Eoebuck 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. vvfus.
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." ^ According to Scharff, however^ (who regards the 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

that marine genera

appears unquestionable

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, Tvophoii, Chvyso(lomus, Margavita, Cvenella, Leda, Yoldia, Astavte illustrate this
fact.
In the more temperate seas of Eiu-ope, colours tend on the
1

J.

W.

Taylor, ut sup. p. SOO.

2

^^z.

Trans. R.

DiM.

Soc. (2) iv. p, 555.
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whole to increase, although there are certain genera (e.g. Pecten}
which are not more brightly coloured in Mediterranean than in
Icelandic waters.

Land Mollusca inhabiting the mainland
imfrequently become smaller
islands

where perhaps the

of a continent not

when they have spread

rainfall

less

is

to adjacent

abundant or the

soil

and food-supply less nicely adjusted to their wants.
Orthalicus
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 those from S. Thomas, while those from the
volcanic island of S. Lucia, where lime is deficient, are small and
very slender.

Streptaxis deformis, as occurring at Trinidad, is

only half the size of specimens from Georgetown, Demerara.^
Certain localities appear, for some unexplained reason, to be

The

particularly favourable to the production of albino varieties.

neighbourhood of Lewes, in Sussex, has produced no fewer than
fourteen of these forms of land Mollusca and five of fresh water.Om" common Helix aspcrsa, as found near Bristol, is said to
about Weston-super-mare brown, with black
be dark coloured
near Bath very pale and much mottled
markings
at Cheddar
very solid and large.' ^
Sometimes the same kind of variation
Thus
is exhibited by different species in the same locality.
specimens of H. aspersa, H. nemoralis, and H. hortensis, taken
from the same bank at Torquay, presented a straw-coloured tinge
Trochiof ground colour, with red-brown bands or markings.
form H. nemoralis and H. arlustoTum, sinistral //. hortensis and
H. aspersa, sinistral H. asinrsa and H. virgata, and similarly
banded forms of H. caper ata and H. virgata, have been taken
'

'

'

;

'

;

'

;

'

together.^

The immediate neighbourhood of the sea appears frequently
Thus the var.
have the effect of dwarfing land Mollusca.
conoidea of Helix aspersa, which is small, conical, with a compressed mouth, occurs 'on sandhills and cliffs at the seaside.'
The varieties conica and na7ia of Helix hispida are found near
the sea.'
Helix virgata is exceedingly small in similar localities,
and tends to become unicoloured.
caperata var. Gigaxii, a
to

'

H

^

*

J. S.

Gibbons, Journ. of Conch,

C. II. iloiris, ibid. vii. p. 191.
*

»

F.

ii.

p. 129.

M. Hele,

ibid. iv. p. 93.

T. D. A. Coukerell, Science Gossi]), 1887, p. 67.
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Sandwich and Falmouth.' ^
Sometimes, however, the exact opposite is the case, for H.
nemoralis var. major, which is much larger
than the type,
occurs on sandhills and downs and is remarkably large in the
I. of Arran, Co. Galway.'
The dwarf form of Limnaea peregra
known as maritima appears to be confined to the neighbom^hood
small

depressed

form,

occurs

at

'

'

'

'

'

'

of the sea.

Dwarfing of the

shell

seems frequently to be the result of an
much as the direct consequence

elevated locality, not perhaps so

of purer air and less barometric pressure, as of changes in the

character of the food supply and in the humidity of the

Several species of Helix have a variety minor which
teristic

which

of an Alpine habitat.
is

Helix arhustorum, var.

is

air.

charac-

aljpestris,

scarcely two-thirds the size of the type, occm^s on the

Sometimes a very

Swiss Alps in the region of perpetual snow.

At
Tenby the type form of Helix pisana is scattered in countless
numbers over the sandhills just above high-water mark. At the

slight elevation is sufficient to produce the dwarfed form.

extreme western

end of these

sandhills

height of over 100 feet the promontory

rises

known

abruptly to
as Giltar

a

Head,

the vegetation of which

is entirely distinct from that of the
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
Thus the var. alpestris
by surroundings of very different nature.
of
arhistorum mentioned above, besides being characteristic
of high Alpine localities, also occurs abundantly in low marshes
Helix p)ulc]iclla var. costata, acat Hoddesdon on the River Lea.
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
According to Brot, nineintrusion of some other organism.

burrows below.

H

Limnaea peregra inhabiting

tenths of the

of the base of the columella.

appearance, in

Hydra

viridis.
^

a

certain

pond near

with a malformation
This deformity coincided with the

Geneva, were, during one season,

afflicted

the same waters, of extraordinary numbers

The next

season,

J. G. Jeffreys, British

when the Hydra

Conclwlogy, vol.

i.

p. 214.

of

disappeared,
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Uie next generation of Limnaea was found to have resumed its
normal form.
It has been noticed that a form of Helix caperata 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
The Eev. S. S. Pearce
open downs and uncultivated places.

by the explanation that the flatter
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
accounts

^

for this divergence

spire enables the shell of the

He found that tliis variety (dark
bands on a white ground) occiu-red 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 compared with the typical form, which would be less readily
of H. caperata var. ornatci.

detected.
(b)

Changes in

Soil, Station,

Character of Water,

ficiency of lime in the composition of the soil of
locality produces very

marked

effects

upon the

etc.

—A

de-

any particular
shells of

the

they become small and very thin,
occasionally almost transparent.
The well-known var. tenuis of
Mollusca which inhabit

it

;

Helix asioersa occurs on downs in the Channel Islands where
For similar reasons,
arltistorum

H

calcareous material is scarce.

and transand also at Lunna I., E. Zetland.
The common dog-whelk {Purpura lapillus) of our own coasts

develops a war.fusca, which

is

depressed, very thin,

parent, at Scilly,

^

Journ. of Conch,

vi. p. 1 23.

;

'17

16
Fig. 35.

Purpura lapillus
— 19 specimens of
Newquay,
coast

Great Britain, illustrating variation.
on veined and coloured rock (4), Herm,
Land's End, exposed rocks, small food supply ;
Leonards, flat mussel beds at extreme low water
L.,

(2), (3)
(1) Felixstowe, sheltered
rather exposed ; (5), Solent, very sheltered ; (0),
(7) Scilly, exposed rocks, fair food supply; (S) St.
supply; (10) Rhoscollyn, on oyster bed,
(9) Robin Hood's Bay, sheltered under boulders, good food
4-7 fath. (Macandrew); (11) Guernsey, rather exposed rocks ; (12) Estuary of Conway, very sheltered, abundant food supply (13), (14) Robin Hood's Bay, very exposed rocks, poor food supply,
(lo), (16), (17), Morthoe, rather exposed rocks, but abundant food supply
(14) sli"-htly monstrous
St^Bride's Bay; (19) L. Swilly, sheltered, but small food supply. All from the author's collec;

;

;

;

;

(18)
tion,

except

(10).

VARIATION OF TURPURA LAPILLUS
an

is

exceedingly varialjle

variations
of life
e.(j.

may

and

species,

in
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many

cases

tlie

be shown to bear a direct relation to the manner

(Fig. 35).

Forms occurring

in very exposed situations,

Land's End, outer rocks of the Scilly

Is.,

and Yorkshire, are stunted, with a short

coasts of N.

spire

Devon

and relatively

large mouth, the latter Ijeing developed in order to increase the

power of adherence to the rock and consequently of resistance
On the other hand, shells occurring in sheltered
to wave force.
situations, estuaries, narrow straits, or even on open coasts where
there is plenty of shelter from the waves, are comparatively of
great size, with a well-developed, sometimes produced spire, and
a,

mouth small

accompanying

in proportion to the area of shell surface.
figure, the

In the
specimens from the Conway estuary and

the Solent (12, 5) well illustrate this latter form of shell, while that
from exposed rocks is illustrated l)y the specimens from Eobin

Hood's Bay (13, 14).
Had these specimens occurred alone, or had
they been brought from some distant and unexplored region,
they must inevital)ly have been described as two distinct species.
]\Ir. AV. Bateson has made ^ some observations on the shells
of

Cardium

edide taken from a series of terraces on the border

3

2

1

Fig. 3G.

4

— Valves of Cardium edulc from the four ujiper terraces of Sliumish Kul,
salt lake adjacent to

the Aral Sea.

a dry

(After Bateson.

which once formed a portion of the Sea of
gradually became dry, the water they
contained iDecame Salter, and thus the successive layers of dead
shells deposited on their Ijorders form an interesting record of
the progressive variation of this species under conditions wliich,
in one respect at h^ast, can be clearly appreciated.
At the same
time the diminishing volume of water, and the increasing average
temperature, would not be witliout their effect.
It was found
of certain salt lakes

As

Aral.

these

lakes

1 ridl. Trans. 1889, vol. 180 B,
A somewhat similar case (the celebrated
p. 297.
Steiuheim scries of Plaitorhis) is dealt with by Ililgendorf, MB. Akad. Bcrl. 1866,
and Hyatt, Froc. Ainer. Ass. Sc. xxix. p. 527.
p. -IT-i
;
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that the principal changes were as follows

:

chap.

the thickness, and

consequently the weight, of the shells became diminished, the
size of the beaks was reduced, the shell became highly colom-ed,
and diminished considerably in size, and the breadth of the shells

increased in proportion

the same species of

to

their length (Fig.

Cardmm,

36).

Shells

of

occm-ring in Lake Mareotis, were

found to exhibit very similar variations as regards colour,

size,

and thickness.
Unio pictorum var. compressa 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
shape,

in order to keep partly buried at the bottom.^

The

Ouse and Foss, which unite just below York, are
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 sliown in specimens of Unio tumidus, taken
from the same rivers, Ouse specimens being also slightly curved
in form.
Just above Yearsley Lock in the Foss, Unio tumidus
occiurs, 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 remarkably distorted varieties in two species of Aetheria which lived in
swift falls of the PJver Congo.^
A variety of Limnaea peregra with a short spire and rather
strong, stoutly built shell occurs in Lakes Windermere, Derwentrivers

-

W.

rivers

of strikingly

C.

^ J. 13. Bridgman, Quart. Jourii. Conch, i.
p. 70.
^ Zool. Anz.
Hey, Journ. of Conch, iii. p. 268.

xiii. p.

662.

VARIATION IN LITTORINA

Ill

93

It lives adhering to stones in places
and Llyn-y-van-fach.
where there are very few weeds, its shape enabling it to withstand the sm-f 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 percgra
Hazay, however, has
and L. ovata as two distinct species.
succeeded in rearing specimens of so-called fcregra from the ova
of ovata, and so-called ovata from the ova of jperegra, simply by
placing one species in running water, and the other in still

water,

water.

According to Mr.

J. S.

Gibbons

^

certain species of Littorina,

in tropical and subtropical regions, are confined to water more
or less brackish, being incapable of living in pm-e 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 admixtiu-e 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.
" L.

intermedia Eeeve, a widely diffused E. African

attaches itself by a thin pellicle of dried

mucus

shell,

to grass growing

by the margin of slightly brackish marshes near the coast, resembling in its mode of suspension the Old World Cyclostoma.
I have found it in vast numbers in situations where, during the
greater part of the year, it is exposed to the full glare of an
almost vertical sun,

dew

its

only som-ce of moistm-e being a slight

The W. Indian

at night-time.

L. angulifera 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
^

J.

last."

Madisou, Journ. of Conch,

v. p.

260.

-

Quart. Journ. Conch,

i.

339.

EFFECT OF VOLUME OF WATER

94

chap.

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

is

;

smaller and also darker coloured.

Changes in the Volume of Water.

(c)

that the largest specimens,

e.g.

of

—

Limnaea

It has long

stagnalis

been known

and Anodonta

anatina, only occurred in pieces of water of considerable

size.

Recent 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
Limnaea megasoma, when kept in an aquarium of
effects.
this process was
limited size, deposited eggs which hatched out
;

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
first

and

last

it as his opinion that the
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

again kept in an aquarium under
was found that the third generation had a

species being

similar conditions,

it

shell only four-sevenths the length of their great grandparents.
It was noticed also that the sexual capacities of the animals
The liver was greatly reduced, and the male
changed as weU.
organs were entirely lost.^
K. Semper conducted some well-known experiments bearing
He separated^ specimens of Limnaea stagnalis
on tliis point.
from the same mass of eggs as soon as they were hatched, and
placed them simultaneously in bodies of water varying in volume

All the other conditions
from 100 to 2000 cubic centimetres.
of life, and especially the food supply, were kept at the known
1

2

Amcr. Nat.

W'hitfield, Bull.
xiv. p. 51.

Amer. Mas. N. H.
^

Animal

i.

p. 29.

Li/c, Ed. 1, p. 160

f.
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found, in the result, that the size of the shell

varied directly in i)roportion to the volume of the water in which

and that

it lived,

this

was the

case, wliether

an individual

speci-

men was

kept alone in a given quantity of water, or shared it
At the close of G5 days the specimens
with several others.
raised in 100 cubic cm. of water were only

mm. long, those in 250 cubic
mm. long, those in 600 cubic
12 mm. long, while those kept

6

9

cubic cm. attained

a

length of

cm. were
cm. were
in

18

2000

mm.

(Fig. 37).

An

Fig.

interesting effect of a sudden fall

of temperature

connection

was noticed by Semper in

with

the

Vessels of iniequal

mens

above

size,

experiments.

containing speci-

37.^Four equally old
Limnaea stagna-

shells of

same
mass of ova, but reared
in difl'erent volumes of

Us, hatched from the

water
250,

:

A

in 100, B iu
600, and D in
cubic centimetres.

C

ill

2000
Limnaca, happened to stand
(Alter K. Semper.)
at a time wdien the tem55°
perature suddenly fell to about
F.
The sun, which shone
through the window, warmed the water in the smaller vessels,
Ijut had no effect upon the temperature of the larger.
The
result was, that the Limnaea in 2000 cubic cm., which ought
to have been 10 nnn. long when 25 days old, were scarcely
longer, at the end of that period, than those which had lived in
the smaller vessels, but whose water had been sutticiently warm.

of the

before a

window

'

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
common amongst

a

as

exceedingly

medium

exchange

of

was

uncivilised tribes in all parts of

One of
money cowry

the world, and has by no means yet become obsolete.

commonest

the

species

(Cypraea moneta,

L.),

thus employed

is

the

'

which stands almost alone

entire, while nearly all the other

in being used
forms of shell money are made

out of portions of shells, thus requiring a certain

amount

of

labour in the process of formation.

cowry as money occurs
on mathematics, written in the
seventh century a.d. A question is propounded thus: 'the ^ of -^^
of ^ of I" 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

One

of the earliest mentions of the

Hindoo

in an ancient

treatise

;

for a

shilling,

but the value appears to

differ

according to their

condition, poor specimens being comparatively worthless.

ing to Eeeve

^

a gentleman residing at Cuttack

is

Accord-

said to have paid

bungalow entirely in cowries. The building
£400), and as 64 cowries — 1 pice,
and 64 pice = 1 rupee sicca, he paid over 16,000,000 cowries in all.
Cowries are imported to England from India and other places
for the purposes of exportation to "West Africa, to be exchanged
The trade, however, appears to be greatly
for native products.
on the decrease.
At the port of Lagos, in 1870, 50,000 cwts.

for the erection of his

cost

him 4000

Es. sicca (about

of cowries were imported.^
^
^

P. L.

Conch. Syst.

ii.

p.

262

n.

Simmonds, Commercial Products of the

Sea, p. 278.
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A

banded form of Nerita

WAMPUM

9/

was used as money in certain
The sandal-wood imported into the

2^olita

parts of the South Pacific.

China market is largely obtained from the New Hebrides, being
purchased of the natives in exchange for Ovulum angulosum,
which they especially esteem as an ornament.
Sometimes, as
in the

Duke

restricted to

of

York group, the use

certain

of shell

money

specially

is

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
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
value, until

it

;

represented gold.

The ivavipum
from

all these

of the eastern coast of

North America

forms of shell money, in that

process for its manufacture.

Wampum

it

difiered

required a laborious

consisted of strings of

cylindrical beads, each about a quarter of an inch in length

and
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
half that breadth.

are often stained with purple at the lower margins, while the

Cut small, ground down, and pierced,

rest of the shell is white.

these shells were converted into money, which appears to have

been cm^rent along the whole seaboard of North America from
to Florida, and on the Gulf Coast as far as Central

Maine

America,

as

Mississippi.
shells

well

as

Another

of Busijcon

among

the

kind of

carica

inland

tribes

east

wampum was made

and B. perversum.

By

of

the

from the

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 California was Olivdla
by rubbing down the apex.
Buttonshaped disks cut from Saxidomus arata and Pachydesma
crassate! hides, as well as oblong pieces of Hcdiotis, were emhiplicata, strung together

VOL.

Ill
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;
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ployed for the same purpose,

when strung

chap.

together in lengths of

several yards.
"

There

Smith/

is

a curious old custom," writes Mr.

W. Anderson

" that used formerly to be in use in this locality

[the

western coast of Scotland], and no doubt was generally employed along the seaboard, as the most simple and ready means
of arrangement of bargains

was,

when

by a non-writing population.

That

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
Thus a man who had a
exactly was delivered up as a receipt
l)0x full of unfitted shells might be either a creditor or a debtor
!

but the box

filled

with

Those who know the

fitted shells represented receipted accounts.

some classes
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 argyrostoma and crenulatus
as weights at the edge of their nets, and also employ them as
sinkers.
A Cypraea tigris cut into two halves and placed round
a stone, with two or three showy Oliva at the sides, is used as a
Avicula margaritifera is cut into scrapers and
bait for cuttles.
Breast ornaments of
knives by this and several other tribes.
Chama, grouped with Solarium p^rsjoectivum and Terehra duplicata are common among the Fijians, who also mount the Avicula
on a backing of whales' teeth sawn in two, for the same piu^pose.
The great Orange Cowry {Cyj)raia aurantiacct) is used as a
bado-e 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 C. tal-pa, which is
difficulty of fitting the valves of

of bivalves will readily

—

more

easily imitated.

Among

the Solomon islanders, cowries are used to ornament

their shields on great field days,

human

and

split

cowries are worn as

Small bunches of Terehellum subulatum 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

a necklace, to represent

teeth.

single Natica.
^

Bendcrloch, p. 118.
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The native Papuans employ
Circlets for the

purposes.

shells for an immense variety of
head are formed of rows of N^assa

rubbed down till little but the mouth remains.
Necklaces are worn which consist of strings of Oliva, young

gihhosula,

Avicula, Natica 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 Struthiolaria is not
a native Papuan 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 cassowary feathers, as well as being fastened to the handle of a
sago-beater.

In the same island, the great Turho and Co/ms millepunctatus
ground down to form bracelets, which are worn on the
biceps.
The crimson lip of Stromltis 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-

are

The thick

cornuta is ground down to form
Fragments of a shell called Kdima
(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.
Por trumpets. Cassis cornuta, Triton
tritonis, and Banclla lampas are used, with a hole drilled as a
head.

lip of Cassis

nose pieces, 4:\ inches long.

mouthpiece

one of the upper whorls.

in

Valves of Batissa,

Unio, and Mytilus are used as knives for peeling yams.
for

scooping

the

white

Avicula margaritifera.

Spoons
from the cocoa-nut are made from
Melo diadema is used as a baler in the

canoes.^

In the Sandwich Islands Melampus luteus
necklace, in the latter

Nautilus, rubbed

down

group,
to

is

show the

formed

of

nacre.

The

worn

is

A

necklace, as well as in the Navigator Islands.

as

a

very striking

the

apices

New

of

a

Zealanders

use the green opercula of a Turbo, a small species of Venus,

and
Cypraea asellus to form the eyes of their idols.
Fish-hooks are
made throughout the Pacific of the shells of Avicula and
^

C.

Hedley

in J. P.

Thomson,

Brit.

New

Guinea,

p.

283.
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Haliotis,

AS SYMBOLS OF WORSHIP

cH.

and are sometimes strengthened by a backing made of

Small axe-heads are made
from Terebra crenidata 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. Specimens of AmpuUaria, Orthalicus, Labyrinthus, and Bulimulus
depend from the bottom and back of these garments, while great
Bulimi, 6 inches long, are worn as a breast ornament, and at the
the columella of Cypraea arabica.

end of a string of beads and teeth.^
The chank-shell {Turhinella rapa) is of especial interest from
The god
the religion of the Hindoos.
its connexion with
Vishnu is represented as holding this shell in his hand, and the
sinistral form of it, which is excessively rare, is regarded with
The chank appears as a symbol on
extraordinary veneration.
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,
In 1885-86 as many as 332,000 specimens
October-May.
were obtained, the net amount realised being nearly Es. 24,0 00.
In former days the trade was much more lucrative, 4 or 5
millions of specimens being frequently

ment
fish,

of Ceylon used to receive

but

now

divers from

the trade
2 or

3

is

free.

£4000
The

a year for licenses to

shells are

fathoms of water.

The govern-

shipped.

In

brought up by

1887

a

sinistral

Nearly
specimen was found at Jaffna, which sold for Es.700.'^
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 Mollusca is that connected with the pearl-oyster.'
The history of the trade forms a small literature in itself It
'

must be
not an
'

Lam.).

sulficient here to
oyster,'

The

'

note that the species in question

is

properly so called, but an Avicula {margaritifera
which is extensively employed

mother-of-pearl,'

the manufacture of buttons, studs, knife-handles, fans, cardcases, brooches, boxes, and every kind of inlaid work, is the
for

1

above facts are derived from a study of a collection of native
etc., in the Antiquarian Museum at Cambridge.
Thurston, Notes on the Pearl and Chank Fisheries, Madras, 1890.

Most of

tlie

implements, weapons, ornaments,
-

PEARL FISHERIES

10

I

internal nacreous laminae of the 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
several

the

of

tlie

Bay

groups

Panama.
The shell also occirrs in
the South Pacific
the Paumotu,

of

—

of

Gambler and Navigator Islands, Tahiti being the centre of the
and also on the coasts of Lower California.^
trade

—

Pearls are the result of a disease in the animal of this species
of Avicula
occur.

and probably in

When

ample space

the

other species within which they

all

Avicula

for individual

is

large,

well

formed,

development, pearls

and

scarcely

with
occur

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 creatm'es, then pearls are sure to be

at

found.
Pearls of inferior value and size are also produced by
Placuna placenta, many species of Pinna, the great Tridacna,
the common Ostrea cdulis, 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 extracting its small seed-pearls.'
Pink pearls are obtained from
'

the giant conch-shell of the

West

Indies {Stroiiibus gigas), as

well as from certain TurhincUa.

In Canton,

many

houses are illuminated almost entirely by
windows made of shells, probably the semitransparent valves of Placuna i^laccnta.
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
tlie outgoing Viceroy of Fukhien, stating that he had landed over
skylights

and

1

the insignia of

office

to his successor,

including inter alia the

couch -shell bestowed by the Throne.
A conch -shell with a
whorl turning to the rigid, i.e. a sinistral specimen, is supposed
when blown to have the effect of stilling the waves, and hence is
^

See in particular, P. L. Simiuouds, The Comtncrcial Products of the Sea.
- H. rrieiid, Field Cluh, iv. 1893, 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

Formosa, to which

shells

in virtue of his jurisdiction over

island periodical visits are supposed to be

made.^

by other species besides
prepare a number of
time
breeding
Oyster-catchers at
man.
spit
of land where they
gravel
on
the
imitation nests in the
Shells appear to be used occasionally

build, putting bits

of white shell in

them

to represent

eggs.^

This looks like a trick in order to conceal the position of the
According to Nordenskjold, when the eider duck of
true nest.
Spitzbergen has only one or two eggs in its nest, it places a shell

Buccinum glaciate beside them. The appropriation of old
shells by hermit-crabs is a familiar sight all over the world.

of

most striking in the tropics, where it is really
as I have done
a large
startling, at first experience, to meet
hill
side at
on
a
or
wood
in
a
Cassis or Turlo, walking about
{Phascolion
Gephyrean
sea.
A
considerable distances from the
Perhaps

it

is

—

—

strombi) habitually establishes itself in the discarded shells of
Certain Hymenoptera make use of dead shells
marine MoUusca.

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
of Helix hortensis in

Limax laevis^
MoUusca as Food
in the world in

for

which

Man.

—Probably

less use is

made

there are few countries

of the

MoUusca

as a form

There are scarcely ten native species

than in our own.
which can be said to be at all commonly employed for this
Neighbouring countries show us an example in this
purpose.
The French, Italians, and Spanish eat Natica, Turbo,
respect.
Triton, 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
In the Suez
mercenaria, Mya arenaria, and Mactra solidissima.
Avicula
Melongena,
and
Stromhus
markets are exposed for sale
while
delicacies,
are
Solen
and
and Cytherea. At Panama Donax
of food

Nature, xxxi. 1885, p. 492.
Smith, Bendcrloch, p. 173.
" SB. Nat. Fr. Bcrl. 1889,
Dominique, Feuill. Nat. xviii.p. 22.
1

2

»

W. Anderson

p. 197.
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Murex and Pyrula, and even the
huge 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 enumerate 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 Telescopiuni
fuscum and Pyrazus 'palustris, 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 3fytilus are quite peppery, and bite the tongue
our own Helix revelata, as I can vouch from personal experience,,
has a similar flavour.
Fusus eolosseus, Eapana hezoar, and
Purpura luteostoma are eaten on the southern coasts of China
Stromhus luhuanus, Turho elirysostomus, Trochus niloticus, and
Patella testudinaria, by the natives of New Caledonia
Stromhus
gigas and Livona piea in the West Indies
Turbo niger and
Concholepas 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 off and swallowing raw
the fleshy foot, which they call beef,' and rejecting the viscera.
Dried cephalopods are a favourite Chinese dish, and are regularly 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 natives also eat the great

;

;

;

'

'

The
less

'

MoUusca renders them much
Some species of Unionidae,
be eaten in France.
Anodonta edulis is

insipidity of fresh-water

desirable as a form of food.

however, are said to

specially cultivated for food in certain

the African Aetheriae

are

eaten by

districts

negroes.

of China,
JVavicella

and
and

Neritina are eaten in Mauritius, Ampullaria and Neritina in
Guadeloupe, and Paludina in Cambodia.
^

A. Adams, Voyage of the

'

Samaranr/,'

ii.

p. 308.
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The vast heaps

empty

of

shells

known

as

'

chap.

kitchen-middens/

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
occur in almost every part of the world.

form.

Pre-eminent among existing
cultivation of the oyster

of which

The

may

shell-fish

industries stands the

and the mussel, a more detailed account

prove interesting.

cultivation of the oyster

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

least

Ou

"he could
mouthful, if his oysters fed
the EutujDian or the Lucrine bed

Or

at Circeii."2

At

The

the

first artificial

oyster-cultivator on a large scale appears

to have been a certain

about a century

B.C.

tell

first

Eoman named
His

Sergius Grata,

object, according to

was not to please his own appetite so much
by ministering to the appetites of others.

who

Pliny the
as

to

lived
elder,^

make money

His vivaria were
situated 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 Orata'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.^
Orata's successors in the business seem to have
understood the secret of planting young oysters in new beds, for
^

Much

information has beea derived, on this subject, from Bertram's Harvest

Simmonds' Commercial Froducts of the Sea, the publications of the
Fisheries Exhibition, especially vol. xi. (Anson and Willett) ; see also Philpots,
of the Sea,
Oysters
2

and

all about them.

Juvenal, Sat.

iv.

140-142.

^ jj^^i^ j^r^^i^

ij._

79^

4

^al.

Max.

ix.

i.
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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

we

"

Lucrine flavour."

r
in the
whenever tliere is an
Mensibus
month, in other words, from September to April.
It has
vos ostrea manducatis
erratis,' as the poet has it,
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

Oysters are

'

in

season

'

'

'

'

!

'

'

Imndred million, the value being over thirteen 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

1884—85, 178,359,000 oysters were exported from this
In the season 1889-90, 50,000 tons of oysters
were consumed in London.

francs

;

place

alone.

Few

in

will

now be found
man

" That

With

Gay's opinion

to echo the poet

had sure a palate covered o'er

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 busliel, 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-dredging, (2) ignorant cultivation, and to these may be added (3) the effect of bad seasons in
destroying young oysters, or preventing the spat from maturing.

Our own

principal beds

are

at Whitstable, Eochester,
melting natives), Faversham,

those

Colchester, Milton (famous for its

'

'

Queenborough, Burnham, Boole, 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 miles.
Tlie principal of
these is a kind of joint-stock company, witli no other privilege of
entrance except birth as a free dredgeman of the town.
a holder dies, his

interest

dies

with him.

Twelve

When

directors,
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known
finds

as " the Jm-y,"

employment

turns over as

much

manage the

for

as

affairs of

several thousand

£200,000 a

year.

CH.

the company, which

and sometimes
The term Natives,' as

people,

'

applied to these Whitstable or to other English oysters, requires

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 tlian 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 upalong the coast or dredged from grounds public to all, somea

'

times as

much

probably

as

'

50s. a bushel being paid for the best brood.

combined with
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 wellbeing of the crop, and the destruction of their enemies.
For
It

is

this

system of transplanting,

systematic working of the beds, which has

'

'

week the men dredge

three days of every

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

working beds, which are artificial.
They are the
property of the town of Colchester, which appoints a waterof the great

bailiff to

twelve,

manage the

who

concern.

Under

his direction is a jury of

regulate the times of dredging, the price at which

be made, and are generally responsible for the
working of the trade.
Here, and at Faversham, Queenborough, Kochester, and other places, natives are grown which
sales

are to

practical

'

'

rival those of Whitstable.

There can be no question, however, that the cultivation of
by the French is far more complete and eflicient than

oysters
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our own, and has reached a higher degree of scientific perfection

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 failure and decay.
It was in 1858 that the celebrated beds on the lie de T16, near
Rochelle, 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
Accordingly, he constructed with his own hands a
of the tide.
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 young brood.
The
experiment was entirely successful, in spite of the jeers of his
neighbours, and Boeuf's profits, which soon began to mount up
at an astonishing rate, induced others to start similar or more
'

'

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
extensive farms for themselves.

general interests of the trade appear to be regulated in a similar

manner

to that at Whitstable

various communities to watch

;

delegates are appointed by the

over the business as a whole,

while questions affecting the well-being of oyster-culture are
discussed in a sort of representative assembly.

At

the same time as Boeuf was planting his

the shores of the

He

first

oysters on

de Re, M. Coste had been rej^orting 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 reestablishment of those numerous pares, with which the French
coast is studded from Brest to the Gironde.
The principal

GREEN OYSTERS

I08
centres

the industry are Arcachon, Auraj, Cancale, and la

of

Teste.

Marennes, in Normandy, that the production of the
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
It is at

celebrated

'

'

them, on the continent,

when we

may

be traced back as early as 1713,
having been served up at a

find a record of their

supper given by an ambassador at the Hague,

Green oysters

are not always green, it is only after they are placed
'

claires,'

or fattening ponds, that they acquire the

hue

in

the

they

;

The green colom- does not extend
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
never occur in the open

sea.

over the whole animal, but

is

'

'

;

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

—
—

which indeed had been observed 70 years
by a M. Gaillon 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
established^ the fact,
before

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

than blue in the gills,
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
fact that the colour is rather green

whicli are yellowish brown,

is

'

proper tint to qualify
are each about

100

it for

feet square,

of earth, about 3 feet high

'

The 'claires'
smTOunded by low broad banks

the Parisian restaurant.

and 6

feet thick at the base.

Before

the oysters are laid down, the gates which admit the tide are

opened and shut a great many times, in order to
amount of the Navimda. When this is done,
the beds are formed, and are not again overflowed by the sea,

carefully

collect a sufficient

^

Quart. Journ. 3Iicr. Sc. xxvi.

p. 71.
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except at very high tides.
'

claire

About

to another, in

'

fifty

1

million of these

'

shifted from one

oysters are

order to perfect the
huitres de

09

greening

'

Marennes

'

process.

'

are produced

annually, yielding a revenue of 2,500,000 francs.
It appears, from the experience of one of the most enthusiastic
French oyster-growers (Dr. Kemmerer), that oysters groio Lest
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,

of

as soon as it is of a suitable size, it should be transferred to the

closed tank or reservoir,

where

it

and the

will find the quiet

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

through

series of shiftings

tanks with water of graduated degrees of nourishment

is

tlie

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 partnerships 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

New

York, 3,000,000 to Providence, and 2,000,000 each to
Boston, Philadelphia, and Baltimore.
The Auierican native
to

'

'

virginicct) is a

{0.

also

distinct species

and longer in proportion
much more prolific.

larger

from our own, being much

to its breadth

;

it

is

said to be

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

See G. H. Lewes, Sea-side Studies, p. 339.

;

I
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the coasts of Calvados, the oj^sters are educated to keep their
shells closed

when

out of water, and so retain water enough

and arrive at their destination
an oyster is taken out of the

inside to keep their gills moist,

As soon

in good condition.

as

and keeps them closed until the shock of

sea, it closes its shells,

removal has passed away, or perhaps until the desirability of a
fresh supply of water suggests

The men take advantage
them from the sea for

itself.

of this to exercise the oysters, removing

longer and longer x^eriods.

In time this has the desired

the well-educated mollusc learns that

when
moist,

it

is

hopeless to

effect
'

open

'

out of the water, and so keeps his shell closed and his gills

and

his general

economy in good condition.

Oysters have been

known

to live entii'ely out of water for a

Prof. Verrill once noticed^ a large cluster of

considerable time.

oysters attaclied to an old boot, hanging outside a fish-shop in

They had been taken out of the water on about
10th December, and on 25th February following some of the
largest were still alive.
It was noticed that all those which survived 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
"Washington.

enemies.

One

of the worst of these

the ravenous Starfish, or

is

His omnivorous capacities are well described by a
" Here is one
clever writer and shrewd observer of nature
doubled up like a sea-urchin, brilliant of hue, and when spread
out quite 1 6 inches in diameter where, and oh where, can you
obtain a prey ?
The hoe we carry is thrust out and the mass
drago-ed shorewards, when the rascal disgoroes two largje dogwhelks 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 om^ other enemy, this carnivorFive-finger.

:

;

ous borer.

Here, quite close alongside,

is

another, only inferior

and we drag him ashore likewise, to find that the fellow
has actually had the courage and audacity to suck the contents

in size,

out of a large horse-mussel {Modiola), the strong muscle alone

remaining undevoiu'ed.
^

We

proceed along but a short

Bull. U. £. Fish.

Comm.

v. p.

161.

way
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when we meet with

I I I

another in the ciuied-up condition in

still

we drag it shorewards the
from
the relaxing grasp of the
shell of a
extended
the
stomach
returns
Slowly
to its place, and
ogre.
back
an
uncomfortable
settles
to
after-dinner
siesta
the monster
exposed
boulder
for
the
starfish
an
wraps
its
turned-out
on
stomach around the prey it has secm-ed, in place of attempting
to devour the limey covering in which most of its game is
which they gorge themselves, and as
Tcqycs pullastra drops

;

Once the mouth of the shell is enclosed in the
stomach of the starfish, the creature soon sickens, the hingespring relaxes its hold, and the shell opening permits the starfish to suck out the gelatinous contents, and cast free the

protected.

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 suflbcates the oyster by applying

two of

its

edge of the valves that the oyster is
after a while the vital powers relax and

fingers so closely to the

unable to open them
the shell gapes.

;

The Eev.

pom-s a secretion from

its

J.

Gr.

Wood

holds

mouth which

^

that the starfish

" paralyses

the hinge

muscle and causes the shell to open."
night a whole bed of oysters will

Sometimes in a single
be totally destroyed by an

invasion of starfish.
Another dreaded enemy is the whelk,' a
term which includes Purpura lapillus, Murex erinaceus, Buccinum
tcndatum, and probably also JVassa 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,
Ibe is found in the common mussel, wdiich takes up room meant
for the young oysters, grows over tlio larger individuals, and
harbours all sorts of refuse between and under its closely packed
^

W.
'^

Amler.sou Siiiith, Loch Creran,

p. 228.

Longman's Maxjazinc, June 1889.

I
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Cliona, a parasitic sponge, bores in between the layers

them with tiny holes (corresponding
and disturbing the inmate, who has constantly to
Weed, annelids,
construct new layers of shell from the inside.
blubber,' shifting sand or mud, sewage or any poisoning of the
A
water, are seriously harmful to the oyster's best interests.
of the oyster's shell, pitting
to its

oscula),

'

very severe winter is often the cause of wholesale destruction in
According to the Dail.T/ Neios of 26th March 1891,
the beds.
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

make up

spring, to

1892-93

for

the

down

in one week of the following
During the severe winter of
were made at Hayling I. to protect

loss.

extraordinary efforts

Twenty million oysters were placed
frost.
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
On the other hand, the unusually warm and sunny
the ponds.^
the oysters from the
in

summer of 1893 is said to have resulted in
known in Whitstable for fifty years.^
The reproductive activity of the oyster
mence about the third

year.

the finest

is

fall of

spat

supposed to com-

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
Here, however, two divergent
well as ova in the same gland.

views appear.
fecundate

its

Some authorities hold
own eggs, but that this

that the oyster does not

operation

is

performed by

It is believed that,
spermatozoa emitted by other specimens.
in each individual, the spermatozoa arrive at matmdty 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
eggs, ova being first produced,

chamber

—

—

^ St. James's Gazette, 6tli January, 189.3.
Also at Arcachon (W. A. Herdman, Nature, 1893, p. 269).
See especially Hoek, Tijdschr. Ned. Dierlc. Vercen, Suppl. Deal, i. 1883.

"

^

and passed into the infrabranchial
and then, after an interval,

the 'white-sick' stage

FALL OF THE SPAT
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—

formed and fecundating these ova
the
In this latter view the oyster is first
female and then male, and is, both morphologically and physiobeing

spermatozoa

'

black-sick

stage.

'

The

hermaphrodite.

logically,

and

oysters are the male,

'

view,

old

white-sick

'

that

'

the female,

black-sick

is

therefore

quite incorrect.

The
clusters

ova, in

their

globules

of

earliest

stage,

in

floating

consist

of

a transparent

minute

oval

They

mucus.

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
In about a fortnight, as the course of
termed white-sick.'
development proceeds, the fertilised ova become ciliated at one
end (the so-called veliger stage, p. 131), and soon pigment appears
'

is

in various parts of the

embryos, giving them a darker colour,

which varies from greyish

to blue,

and thus the white-sick oyster

When the black spat emerge, they are
becomes 'black-sick.'
This is
still furnished with cilia for their free-swimming life.
of very short duration, for unless the embryo finds some suitable ground on which to ahix 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
A temperature of 65° to 72'^
to secure the adhering of the spat.
Thus on a fine,
F. seems requisite for their proper deposit.
warm day, with little wind or tide rimning, the spat will fall
near the parents and be safely secured, while in cold blusteringweather it will certainly be carried off to a distance, and proThe number of young produced by
bably be altogether lost.
each individual has been variously estimated at from 300,000 to
Either extreme seems enormous, but it must be
60,000,000.
remembered that besides climatal dangers, hosts of enemies other
beset the opening career of the
MoUusca, fish, and Crustacea

—

—

young

oyster.

As soon
solid

as the spat

object,

swimming

and

life.

loses

It

has safely

'

fallen,'

begins

to

grow

rapidly,

about -^^ inch in diameter to about the
VOL.

Ill

it

adheres to some

the cilia which were necessary for

size

its

from
of a threepenny
increasing

I
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or six months, and in a year to
Eoughly speaking, the best guide to an

in

piece

five

diameter.
is its

size

The
is

POISONOUS OYSTERS

many

it is as

;

oyster

is

years old as

not

are

—

as

is

The

;

'

inch

life

on a
of annual

shoots

—marks

in

across.

natural

its

rings, or

supposed

frequently

1

oyster's age

measures inches

at its prime at the age of five

supposed to be about ten years.

shell

it

chap.

'

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
But there is no doubt that they are sufficiently
of real eyes.'
sensitive to the action of light to enable the oyster to apprehend
How
the approach of danger, and close his doors accordingly.
sensitive,' notes Mr. W. Anderson Smith,^ the creatures are to the
light above them
the shadow of the iron as it passes overhead
the lips are firmly closed.'
is instantaneously noted, and snap
The geographical distribution of Ostrea edulis extends from
Triinen, in Norway, close to the Arctic circle, to Gibraltar and
certain parts of the Mediterranean, Holland, and IST. Germany to
It
Heligoland, and the western shores of Sleswick and Jutland.
occurs in Iceland, but does not enter the Baltic, where attempts

growth

cases

;

'

'

'

'

'

'

;

!

Some authorities regard the
have always failed.
Mediterranean form as a distinct species.
The literature of oyster -cookery may be passed over in

to colonise it

silence.

The cm-ious may care

to refer to

M.

S. Lovell's

Edible

British Mollusks, where no less than thirty-nine different ways
of dressing oysters are enumerated.

It

may, however, be worth

Cases
while to add a word on the subject of poisonous oysters.
have been known where a particular batch of oysters has,
for

some

to

who have partaken of them.
may have been due, in certain instances,

reason, been fatal to those

It is possible that this

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 Eochefort through the importation of 'green
oysters' from Falmouth.
It would no doubt be dangerous ever
to eat oysters which had grown on the copper bottom of a ship.
But copper is present, in more or less minute quantities, in very
^

Bendcrloch,

p.

136.
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many MoUusca, and

it is more probable
that a certain form
slow 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 Jiands, 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
ihe cultivation ot the common mussel
{Mytilus edulis L) is
not practised in this country,
although it is used as food in the

ot

1'

natui-al state of growth all
round our coasts.
The French
appear to be the only nation who
go in for extensive mussel

larming.

The principal of these establishments
is at a little
not far from La Eochelle,
and within
sight of the He de Ee 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)

town

called Esnaudes,

'""''^'"^ '' '^^^' ^° ^'^^^ b^^^^
"^^ented as long ago
"'To.
as
by a shipwrecked Irishman named
1235J^'"
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
were a much more easily attainable
som-ce of food
and he accordingly multiplied his
to his stakes

stakes, out of which the
present 'louchot' system has
developed.
The shore is simplv a
stretch of liquid mud, and the
bouchots are arranged in shape
like a single or double V,
with the opening looking towards
tlie
sea.
The fishermen, in visiting the bouchots,
glide about over
the mud in p^Toques or light
flat-bottomed boats, propellinothem by shoving the mud with their
feet.
Each

about

l

450 yards

bouchot

long, standing 6 feet out of
the

is

now

mud, makino-

'?'^^^ basket-work, and as there are altogether a^
riT]
'^'^^ mussel-bearing length
^1^/°^^^^^^

!^1 ioU miles.
neaiiy
'

This

is

'^'^

of wall is

the view otE.
-

De

Kay Lankester, Quart. Joum. Micr.
Sc. xxvi
Quatrefages, Mambles of a Naturalist.
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The mussel -spat

affixes

itself

chap.

to

iiatm-ally

the

Towards

nearest the sea, in January and February.

bouchots

May

the

The young mussels are scraped off these
outermost bouchots, and placed in small bags made of old

planting

begins.

canvas or

netting,

each bag holding a good

handful of the

The bags are then fastened to some of the inner
boucliots, and the mussels soon attach themselves by their
They hang in clusters,
byssus, the bag rotting and falling away.
increasing rapidly in size, and at the proper time are transplanted to bouchots farther and farther up the tide level, the
object being to bring the matured animal as near as possible to

mussels.

the land

when

it

is

time for

it

This process,

to be gathered.

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,

in

than

rather

when we

quantity,

The element

boucholiers.

is

aim

the

of

the

Esnaudes
come

of quantity, however, seems to

are told that each yard of the bouchots

to yield a cartload of mussels, value 6 francs,

is

calculated

and that the whole

annual revenue is at least £52,000.
In this country, and especially in Scotland, mussels are
Of late years other
largely used as bait for long-line fishing.
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
The boughs are then sold, just as they are,.
with fine mussels.
by weight, and the shell-fish sent into the interior of Germany.
In 1874, during
Mussels are very sensitive to cold weather.
an easterly gale, 195 acres of mussels at Boston, in Lincolnshire,
They soon affix themselves to the
were killed in a single night.
bottom of vessels that have lain for any length of time in harbour
The bottom of the Great Eastern steamship
or near the coast.
was at one time so thickly coated with mussels that it was estimated that a vessel of 200 tons could have been laden from her.

In

some

of
^

our

low-lying

Quoted by

coast

districts

Jeffreys, Brit. Conch,

ii.

p. 109.

mussels

are

a
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valuable protection against inundation.

An

I I

7

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 northwesterly direction towards Hunstanton in Norfolk
and the
;

nature of the shore

such that

is

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

inhabitants,

Therefore, while

shore].

who claim

it

is

important for the

a right by custom, to take mussels and

other shell-fish from the shore,

it

is

equally important for the

manor to do his utmost to prevent these natural
his embankments and jetties from being removed in

lord of the
friends of

^

large quantities."

The
byssi

fable

that

of Mytilus,

Bideford

Bridge

which prevent the

is

held

together

by 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.

much more frequent than by oysters.
Germany, 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 harbom-, 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
Poisoning by mussels

At Wilhelmshaven,^

is

in

;

^

:\r.

S. Lovell,

Edible Mollusks, p. 49.

2

Science, vii. p. 175.

I
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and

kinds, exanthematous (skin eruptions), choleraic,

Cases

poisoning

similar

of

are

unfrequent

not

country, and the circumstances tend to

show

them when

'

out of season

paralytic.

in

own

our

that, besides the

danger from mussels bred in stagnant water, there
in eating

chap.

is

also risk

in the spawning time.

'

Whelks are very largely employed for bait, especially in the
The whelk fishery in Whitstable Bay, both for

cod fishery.

and

bait

of

for

Berwick,

human

£12,000 a year.
12 million

food, yields

estimated

Dr. Johnston,

about

that

were

limpets

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
annually consumed for bait in that district alone.

£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

50

He

B.C.

appears to have bred several species in his cochlearia,' keeping
them separate from one another. In one division were the
'

'

which came from Eeate in another the very big snails
in a third the African
(probably H. lucorum), from Illyria
in a fourth
snails, whose characteristic was their fecundity
nobility.'
To increase the
those from Soletum, noted for their
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

albulae,

'

;

;

;

'

'

expense of a special slave to catch the
were not regarded by the Eomans as a
Pliny the younger reproaches ^ his friend
particular luxury.
Septicius Clarus for breaking a dinner engagement with him, at
which the menu was to have been a lettuce, three snails and two
eggs apiece, barley water, mead and snow, olives, beetroot, gom-ds
and truffles, and going off somewhere else where he got oysters,
In Horace's time they were used as a
scallops, and sea-urchins.
ditch,

to

runaways.

save the
Snails

gentle stimulant to the appetite, for
" 'Tis best with roasted shrimps and Afric snails
To rouse your drinker when his vigour fails." *
^

Hist. Nat. ix. 82.
*

-

De

Hor. Sat.

re rustica,

iii.

II., iv. 58, tr.

14.

Conington.

^

E2nstlcs,

i.

15.
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Eseargotieres, or snail-gardens,

Europe,
central

Ulm.

at Dijon,

e.g.

at

Troyes

exist in

still

I

many

I

9

parts of

and many other places in
Brunswick, Copenhagen, and

and southern France, at
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 pomaticc 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 1 5 to 2

which may be

of wine, against

when

set the price fetched

by the

pipes
snails

sold in the market.

generally considered dangerous to eat snails at once
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
It

is

which

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 Eonian Catholic Church permits the consumption of
Very large numbers are eaten in France

snails during Lent.

and Austria at this time.
Bordeaux,
gaiety,

is

it

At the

village

of Caiideron, near

the proper thing to end Carnival with especial

but to temper the gaiety with a dish of

foretaste of

snails,

as

a

Lenten mortification.

The following

species appear to be eaten in France at the
H. pomatict, aspersa, nemoralis, hortensis, aperta,
2)'tsaiia, vermictdatct, laetea.
According to Dr. Gray, the giassmen
at Newcastle used to indulge in a snail feast once a year, and a
recent writer informs us that H. 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

present day

:

article of food

that they are

;

the limitation

much employed

that a retired

(!)

is

necessary, for Lovell tells us

in the manufacture of cream,

milkman pronounced

it

the most

and

successful

imitation known.

Preparations made from snails used to be highly esteemed as
'

Roberts, Zoologist, 1885,

p.

42;").

SNAILS AS MEDICINE
a cure for various kinds of diseases and injuries.

recommends them

for

Pliny the elder

a cough and for a stomach-ache, but

necessary " to take an uneven

number

of them."

it is

Five African

^

and beaten to a powder, with half a drachm of
and taken with myrtle wine, is an excellent remedy for
Treated in various ways, snails have been considered,
dysentery.
in modern times, a cure for ague, corns, web in the eye, scorbutic

slugs, roasted

acacia,

affections,

hectic fevers, pleurisy, asthma,

obstructions,

dropsy,

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
He regards slugs as immature
to be applied to the forehead.
snails, whose growth is not yet complete {nondum perfcdae).
swelling

of the joints, headache,

Lovell states that " a large trade in snails

Covent Garden market in the Lincolnshire
are sold

at

6d.

per quart, being

much

is

fens,

carried on

for

and that they

used for consumptive

patients and weakly children."

The custom

still seems to linger on in some parts of the
Mr. E. Eundle, of the Eoyal Cornwall Infirmary, gives
" I well remember, some
his experience in the following terms
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 sIucts
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 Monmouthshire) 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-bank after a shower of

country.

:

'

'

'

'

—

'

1

Hist. Nat. XXX. 15, 19.

-

Science Gossi}}, 1891, p. 160.

:

—
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I

They were " placed upon the tongue without any previous
My informant himself inpreparation, and swallowed alive."
dulged in this practice for some time, " not on account of any
rain."

it afforded, but from some vague notion that
might do him good."
A colleague of mine at King's College tells me that the country

gustatory pleasure
it

Morpeth, habitually collect Limax
milk as a prophylactic against consumption.
He has himself frequently devoured them alive, but they
must be swallowed, not scrunched with the teeth, or they taste
people

agrestis

at

Ponteland, near

and

somewhat

boil it in

bitter.

Snails have occasionally fallen, with other noxious creatures,

In a prayer of the holy martyr
Trypho of Lampsacus (about 10th cent, a.d.) there is a form of
It
exorcism given which may be used as occasion requires.

under the ban of the Church.

"

ye Caterpillars, "Worms, Beetles, Locusts,
Wire worms, Longlegs, Ants, Lice,
Bugs, Skippers, Cankerworms, Palmerworms, Snails, Earwigs,
and all other creatures that cling to and wither the fruit of the

runs as follows

:

Grasshoppers, Woolly- Bears,

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., hm^t
not the vines nor the land nor the fruit of the trees nor the

grape and

vegetables of

the servant of the Lord, but depart into the

wild mountains, into the unfruitful woods, in which

God hath

given you yoin* 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, such as the Volutidae, Conidae, and
Cypraeidae, were the especial objects of a collector's ardour, and

he spared no expense to

complete as possible.

make

Thus

his set of the favourite genus as

at Stevens' auction-rooms in Covent

Garden, on 21st July 1854, one specimen of Conus cedo nulli
fetched £9 10s., and another £16, a G. omaicus 16 guineas,
:

£10, and C. gloria maris, the greatest prize of all,
£43 Is. At the Vernede 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
C.

victor
:

extravagant prices, six specimens averaging over

£20

a-piece.
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Conus cedo nulli went for £18 and £22, G. omaicus for £12,
malaccanus for 10 guineas (this and one of the cedo nulli
being the actual
specimens figured in Eeeve's Conehologia
Iconica), G. cervus for £19 and G. gloria maris for £42.
On
9 th May 1866a Cypraea Broderi^ii was sold at Stevens' auctionrooms for £13, and at the Dennison sale a Cypraea princeps
fetched £40, and G. guttata £42.
The Volutidae, although not
quite touching these prices, have yet done fairly well.
Mr.
G.

Dennison's Voluta fusiformis sold for

£6

:

15s., V. papillaris for

£5, V. cymhiola for £5 15s., V. reticulata for 8 guineas, and two
specimens of the rarest of all Volutas, V. /estiva, for £14 and
:

both being figured in the Gonchologia.
At the same
two unique specimens of Oniscia Dennisoni fetched £17
and £18 respectively, and, at the Vernede sale, Ancillaria
Verntdei was bought for £6 10s., and Voluta piperata for

£16,

sale,

:

£7

:10s.

A
and

unique

specimen

of

a

recent

Pleurotoinaria

{quoyana

was purchased by Miss de Burgh in 1873 for 25
guineas, and another species of the same genus {adansoniana
Or. and F.), of extraordinary size and beauty, is now offered for
sale for about £100.
Bivalves have never fetched quite such high prices as univalves, but some of the favourite and showy genera have gone
near to rival them.
On 22nd June 1869, at Stevens', Pecten
Solaris fetched £4 5s., P. Reevii £4 8s., and Gardita varia
5 guineas.
Mr. Dennison's specimens of Pecten suinodosus sold
for £7, of Gorlula Soioerhyi for £10, of Pholadomya Candida
for £8 and £13, w^hile at the Vernede sale a Ghama damicornis
F.

B.)

:

fetched £7.

:

CHAPTER V
OF EGGS
DEVELOPMENT OF THE
DIFFERENCES OF SEX
DIOECIOUS AND
HERMAPHRODITE MOLLUSCA DEVELOPMENT OF FRESH-WATER

EEPRODUCTION

DEPOSITION

FERTILISED OVUM
BIVALVES.

EEPRODUCTION in the Mollusca 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.

eggs are

'

laid,'

As

a rule, the

and undergo their subsequent development apart

from the parent.
This rule, however, has its exceptions, both
among univalve and bivalve Mollusca, a certain number of which
hatch their yoimg from the egg before expelling them.
Such
ovoviviparous genera are Melania, Faludina, Balea, and Coeliaxis
among land and fresh -water Mollusca, and Cymba and many
Littorina amongst marine.
The young of Melania tuberculata,
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 ovoviviparous, e.g. Patula Cooperi, P. Hemphilli, and P. rupestris,
Acanthinula liarpa, Micro;p]iysa vortex, Pupa cylindracea and
viuscorum, Clausilia ventricosa, Opeas dominicensis, Rhytida inAll fresh-water Pelecypoda yet examined, except
aequalis, etc.
Dreissensia, are ovoviviparous.

The number
Pelecypoda.

of eggs varies greatly, being highest in the
In Ostrea cdulis it has been estimated at from

to 60,000,000; in Anodonta from 14,000 to 20,000;
Unio lyictoruni 200,000.
The eggs of icon's are reckoned at
from 80,000 to 600,000, oi 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).
Kests

300,000

in

I

EGGS OF LAND PULMONATA

24

chap.

which the ninnber of eggs
They are laid in little cup-

of Helix aspersa have been noticed, in

varied from about 40

100.

to

shaped hollows at the roots of grass, with a little loose earth
The eggs of TcstaccUa are rather large, and
if dropped on a stone floor they will rel)Ound
very elastic
spread over them.
;

sharply several inches.

The

Coclilostyla of the Philippines

lay

eggs at the tops of the great forest trees, folding a leaf

their

together to serve as a protection.

The

the

of

eo-Q-s

Bulimus

troincal

ureat

with

together

those

and Acliatina,
the Macroon

of

group of Helix {Helicoplianta^ Acarvs,
I'anda) are exceedingly large, and the
laid

iiunil)er

than in
iiius
1

liatched

men

There

is,

instance, from Baran egg about the size of a

(Fig.

si)arrow's

^
large

38.— Xewly- hatched youiiEf /
and egg oi Bubmns obhngus ti'ovsa as
Barbados,
muural Cingalese
Miill.,

hortensis.

less

Buli-

ohlonr/vs, for

)ados, lays

Fio.

grown H.

must be decidedly

smaller Pulmonata.

tlie

38),
^

Acliatina

as

a pigeons.

\

.

Wedtoni

Helix

is

Ihe

when

about the size of

in tlie British

sinis^.

,

Museum,

n

a

first

full-

speci-

Bulimus from S. America (probably maximus
which measures exactly l£ inch in length.

of the egg of a

or popelairanus)

The Zimnaeiclae deposit their eggs in irregular gelatinous
masses on the under side of the leaves of water-plants, and on
all

kinds of debris.

The Bachiglossa

or

marine carnivorous

families

la}"

their

eggs in tough leathery or bladdery capsules, which are frequently
joined together

shapes which differ with

in

capsule contains a varying

number

of ova.

tlie

The

genus.

Each

cluster of egg

Buccinwm unclatum is a familiar oljject on all our
sandy coasts.
The capsules of rvTjmreL la'pillus are like delicate
pink grains of rice, set on tiny stalks.
They are not attached to
one another, Init are set closely together in groups in sheltered
nooks of the rocks.
A single PurpuTa has been observed to produce 245 capsules
Busycon lays disc- shaped capsules which
capsules of

!

are all attached at a point in the edge to a cartilaginous band

nearly
t(j

a

3

feet

string

at

in length, looking like a

equal distances from one

number

of coins

another.

tied

In 3Iurex

crinaceus the egg capsules are triangular, with a short stalk.

EGGS OF MARINE GENERA
They

125

are deposited separately in clusters of from 15 to 150, tliere

being about 20 ova in each capsule.

It

appears that

all

the

same genus have by no means the same method
of depositing their eggs, nor do they always produce eggs of at
Thus, of two British species of Nassa,
all similar size or shape.
species of the

—

Fig. 39.
Various forms of sjiawii
ill
I'rosohranchiata :
and D,
I'yrula or Busycon ; B, Conus ;
Voluta
miisica
C,
; E, Ampullaria (from specimens in tlie
British Museum); all x %

A

iJU/'kyiy>

N. rctU'ulata lays egg-capsules in shape like Hattened pouches

them in rows to tlie leaves of
M. incrassata, on the other hand, deposits solitary
Nejjtunea
capsules, which are shaped like rounded oil-flasks.
antupia lays its eggs in bunched capsules, like Bvxc. undatum
with

short stalk, and fastens

a

Zostcra

;

(Fig. -40), Ijut the capsules of N. gracilis are solitary.

In Xatica the eggs are deposited in what looks like
piece of sand-paper, curled in a spiral form (Fig. 41).
is

a,

thick

The sand

agglutinated by copious mncus into a sort of sheet, and the

eggs are
form.

let

into this, sometimes {X. heros) in regular quincunx

lantliina attaches its eggs to the under side of

its

float

The Trochidae deposit their eggs on the mider 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 Galcrus chinensis hatches
(Fig. 42).

—
VARIOUS FORMS OF SPAWN

126

her eggs by keeping them l^etween her foot and the stone she
adheres to.
They are laid in from 6 to 10 capsules, connected
hy a pedicle and arranged like the petals of a rose, with 10 to I '2

Fig.

40.

— Egg-capsnles

reticulata

undalum
antiqua L.

L.

x |

L.

x |

x

A, Nassa
Buccinum
Neptunea

of,

B,

;

C,

;

parous deposit

enough

Fig. 42.

— Spawu

of

a

of

species

Natica (from a speeiiueu
British Museiiui) x h.

in

tlic

J.

Those Littorina which are not ovovivi-

eggs in each capsule.

The eggs

41.

Fig.

are

spawu on

their

sea-weeds,

and

rocks,

enveloped in a glairy mass which

to retain

shape in the water

its

lanihiaa fragilis Lam.
F, foot.

globule of jelly and

FL,

float

;

each egg has

0, ova; Pr, proboscis

;

stones.

just
its

firm

own

Br, luanchiae

;

(Quoy and Gaimard.)

separated from

is

:

is

tlie

others

l)y a

very thin

transparent membrane.^

Chiton nnarginatus,
1

Jeffreys, Brit. Conch,

iii.

]>.

when kept
355.

-

in captivity, has Ijeen noticed"W. Clark, Jfarj. Xat. Hist. xvi. p. 440.
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the posterior part of the girdle, and to poiir out a

to elevate

continuous stream of

flaky white matter
which proved to be of a glutinous nature.

a fleecy cloud,

like
It

then discharged

the rate of one or two every second, for at least fifteen

ova, at

minutes, making

a

total

of

1300

to

1500, each being about

The ova were shot into the glutinous cloud,
YjjQ inch diameter.
serve
which seemed to
as a sort of nidus to entanjjle the ova and
prevent them Ijeing carried away.

The subsequent development
was rapid, and in se^'en days the young Cliiton was hatched,
being then about J^ inch long.
Loven has described the same
species as laying its eggs, loosely united in clusters of seven

upon small

sixteen,

the

stones.

There

is

but the ol)servation illustrates

identification,

methods of oviposition among

Not very much

the varying

allied forms.

known with regard

is

to

probably some mistake about

the ovipositing

to

Cephalojjoda, especially those which inhalit deep water.

of the

Masses

ova

of

arranged

in

very various forms have occa-

met with

sionally been

ing in

the

next

to

mine

to

float-

ocean, but

it

is

impossible to deter-

what

even

species, or

genus, they belong.^

In
ova

Loligo

the

^)M7ic^ato

contained

are

in

small

cylindrical cases measuring 3

4

to

in.

number
each

by

}^

in.,

to

the

250 ova in
Hundreds of these

of about

case.

—

Egg-capsules of A, Seiria elegans
Fig. 43.
Orb., aud B, OdojJus vulcjaris Lam.

cases are attached together like a l)undle of sausages or young-

and the movements of the embryos within can be disSepia officinalis lays large black pear-shaped
capsules, each of which is tied to some place of attachment by a
kind of ril)bon at tlie upper end of the capsule, the whole forming a large group like a bunch of grapes.
Octo^yus mdgaris
carrots,

tinctly

noted.

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
^

E.xaniplcs will be found in Journ. Linn, Soc. Zool.

XX. p. 472

;

Zcit. iciss. Zool. xxiv. p. -119.

xi.

p.

90

;

Ann.

Sc. Xat.
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than a form of protection

for the ova,

and

in no sense

is

The ova

logous to the ordinary molluscan shell.
large granulated mass, attached to a

chap.

homo-

consist of a

many branched stem

they
with the
posterior part of the body of the mother, but sometimes project
externally beyond the coil of the spire.
are contained in the spire

of the

in

shell,

;

contact

Certain species possess the curious property of laying their

eggs on the outside of their
not

own

which

Buccinopsis Dalei

shells.

unfrequently found decorated with

its

own egg

is

capsules.

on oozy ground, finds this
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 Hydrolia
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.
Possibly

this

species,

lives

the only secure place of attachment for

Here again, in

all probability,

the shell

is

the only comparatively

stable object, in the expanse of shifting sands, on

can be

which the eggs

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 fom" to six,
or the same nmnber of very young shells may be seen closely
packed in the cavity, each being in shape exactly like a young-^

Flanorhis.

This constriction of the umbilicus does not occur

the formation of the last two whorls,

mature.

Some

species,

but not

all,

i.e.

till

the animal

is

till

sexually

provide for the safety of their

eggs more completely by forming a very thin shelly plate, which
nearly closes the umbilical region, and breaks
to facilitate the escape of the

Union of Limax.

—With

young

away

or is absorbed

shells.^

regard to the act of union

^

Herdmau,

2

Garrett, Jourii. Ac. Nat. Sc. Phil.

Froc. Liverp. Biol. Soc.

iii.

viii.

p. 30.

(1880).

itself,

PERIODICITY IN BREEDING

V

the method in certain species of

maximus has been observed

Limax

I

29

deserves special notice.

midnight to ascend a wall or
A pair then crawl round and round
some perpendicular surface.
one another emitting a quantity of mucus which at length forms
L.

a patch, 2 to

2^

at

When

inches in diameter.

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

8—15 inches long, and still twistThe external generative organs are then

of the thickened mucus, about

ing round each other.

protruded and copulation takes place, after which the bodies
untwist, separate, and crawl up the cord again to the wall.^

— In

Periodicity in Breeding,
winter months appear to be the
Careful observations

eggs.

marine MoUusca, the
time for the deposition of

the

visual

have been made on

the Mollusca

occurring at Naples,- and the general result seems to be that for

Orders alike the six winter months from November to April,

all

Scarcely any forms

roughly speaking, are the breeding time.

appear to breed habitually in August, September, or October.

On

own

Nudibranchiata come in shore to deposit
January to April.
Furpura lapilliis may be
observed depositing ova all the year round, but is most active
Biiccinuin undatum breeds from October
from January to April.
our

coasts,

their ova from

to

May

;

Littorina all the year round.

The land Mollusca exhibit rather more

periodicity than the
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

marine.

According to Karl Semper, the
region arrive at sexual maturity

cohabit all

the year round.

snails of the

warm Mediterranean

when they

months

are six

old,

i.e.

before they are fully grown.

After a rest of about three months during the heat of summer, a

Helix hortensis and H.

second period of ovipositing occurs.^

nemoralis ascend trees, sometimes to a height of forty

feet,

when

pairing.*

Hybridism

between different species of
is exceedingly rare.
Lecoq once noticed ^ on a wall at
Anduze (Gard) as many as twenty specimens of Pupa cinerea
as the result of union

Mollusca

1

2

*

J.

Bladon, Zoologist, xvi.

Lo Bianco, MT. Zool. Stat. Neap. viii. p. 414.
R. Rimmcr, Land and Fresh- JFater Shells, p.
VOL.

Ill

p.

6272.
^

119.

^

Animal Life, pp.
Joum. de Conch,

126, 135.
ii.

^

p. 245.

DEVELOPMENT OF THE OVUM

130

united with Clausilia
resulted from

No

^;aj9t7/ar2S.

what the

professor calls

cuap.

offspring
'

seem to have

innocent error/ for

this

the wall was carefully 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 nemorcdis, H. asj^ersa and vermiculata, between
Stenogyra dccollata and a Helix (sp. not mentioned), H. variabilis
In the two latter cases
and pisana, H. nemoralis and hortensis.
It has been noticed that these
a hybrid progeny was the result.
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 Z. oMusata. and with Z. littorea, but no definite facts

known

are

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

—

The

occm- in other classes of animals.
a vitellus or yolk, which

fertilised

ovum

consists of

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

is

which ultimately develop.

The germinal

vesicle,

which

is

situated at one side of the vitellus, undergoes unequal segmentation,

the result of which

is

usually the formation of a layer of

small ectoderm cells overlying a few

much
The

contain nearly the whole of the yolk.

larger cells

which

large cells are then

invaginated, or are simply covered by the growth of the ectoderm
cells.

The result in either
where the inner

blastopore,

case is the formation of
cells are

The blastopore gradually narrows

an

area, the

not covered by the ectoderm.

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

The

cavity, the vascular, the excretory

^

^

and reproductive systems.

next, or trocliosphere (trocJiophora) stage, involves the forma-

Jeffreys, Brit. Conch,

Journ. de Conchyl.
iii.

p.

359

;

iii.

p.

107.

Sauvage, Journ. de Conchyl. xxi.

p. 122.

TROCHOSPHERE AND VELIGER STAGES
tion of a circlet of praeoral

cilia,

dividing the

two unequal portions,

eniliryo into

tlie

still
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nearly spherical

smaller of which consists

simply of the prostomium, or part in front of the mouth, the
larger bearing the

mouth and

anus.

So far the series of changes undergone by the embryo are not
peculiar to the Mollusca
we now come to tliose which are
;

definitely characteristic of that group.

The stage next succeed-

ing the development of the trochosphere

is

tion

velum, a process

the

of

especially

the definitive formaof the

characteristic

Gasteropoda and I'elecypoda, but apparently not occurring in the
great majority of land Pulmonata.

The

circlet of cilia

becomes puslied more and more towards

— Veligers of Dentaliuvi entalis

Fig. 44.

L.: A, longitudinal section of a larva 14 hours
X 285 B, larva of 37 hours, x 165
C, longitudinal section of larva of 34
hours, X 165
m, mouth v v, velum. (After Kowalewsky).

old,

;

;

;

;

the anterior portion of the embryo, the
longer, while the portion of the

cilia themselves become
body from which they spring

becomes elevated into a ridge or ring, which, as a rule, develops
on each side a more or less pronounced lolje.
The name velum
is applied to this entire process of ciliated ring and lobes, and
to the area which they enclose.
In this so-called vcliger stage, the velum serves, in the first
place, to cause rotation of the larva within the egg-capsules, and,

after hatcliing, as

an organ of locomotion.

As

a rule, the

velum

disappears entirely in the adult mollusc after the free-swimming
stage

is

over, but

losing its

cilia,

in

the connnon

Limnaea

stagnalis

it

persists,

as the very prominent circum-oral lobes.

Simul-

taneously with the -development of the velum, and in some cases
earlier,

appear the rudiments of the shell-gland and of the

foot.

;

VELIGER STAGE
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the latter being situated on the ventral side, between the nioutli
and anus, the former on the dorsal side, behind the velum, and
Thus the prime
above the surface of the eventual visceral sac.
characteristics of

tlie

—

veliger stage, subsequent to the appearance

Veligm- of PtiteUn vulgata
130 liours old :./', nuliiiieutary
a7(, shell
foot
o}), operculum
(After Patten, highly
V, V, velum.

Fig. 45.
L.,

;

;

—

Fig. 46.
Develoiicd larva of Ciiclas cornea L. :
hr, rudimenlai'v branchiae
hn, byssus ; /,
(After
foot ; m.e, mantle edge ; .s7(, shell.
;

Ziegler, highly luaguilied.)

maguitied.)

itself, are the development of the visceral sa.c and
on the upper, and of the foot on the under side.
According to Lankester the primitive shell-gland does not, as a

of the

velum

shell -gland

— A,

Fig. 47.
veliger
f, foot

of

Advanced

Dreissensia

:

,«/;,
m, mouth
.shell; n r, velum. (After
Korschelt and Heider,
;

;

much

enlarged.)
B,
of a Pteropod
Tiah'mannia) y/?, oper-

A'cligcr
(

:

culum

;

velum.

much

rule,

directly give rise to the

shell

of the adult

sh,

shell

(After
enlarged).

;

v,

Krohn,

mollusc, but

up by a horny substance, and eventually disappears
the permanent shell then forms over the surface of the visceral
becomes

filled

hump from

the original centre of the shell-gland.

:

It is only in

TYPES OF SEXUAL DIFFERENCE
Chiton, and

Li max, that the primitive shell-sac

in

possil>ly

133
is

retained and developed into the final shell-forming area, which
is

much

when

Within

wider, and extends to the edges of the mantle.

the velar area

first

appear

tiie

rudiments of the tentacles and eyes

these become developed the

when captured

Several of these veligers

;

velum atrophies and disappears.
in the open sea have

been mistaken for perfect forms, and have been described as such.

Thus the larva of Dolmm has been described as Macgillivi-ayia,
that of a Purpura as Chelotropis and Siiiusigera, that of
Aporrhais pes pelccani

Chiropteron, that oi 3farscnia conspicua

us,

as Broivnia, Echinospira,

Cephalopoda.
entirely

is

—The

distinct

and

Calcarclla.

endjryonic development of

from

that

of

all

tlie

Cephalopoda

Mollusca.

other

The

segmentation of the vitellus
is partial,

furnished

and the embryo is
with a vitelline

sac,

which

the

majority of cases (Fig.

is

There

48).

swimming
embryo

very large in

no

is

emerges

the

from

the

egg fully developed.
the

free-

but

stage,

—

In
Differences of Sex.
Mollusca there are two

main types
ence

:

(i)

of sexual differ-

sexes separate (dioe-

—

Fig. 48.
Two stages in the development of
Loligo vulgaris Lam. aj, «i, first, and «o, «2,
second pairs of arms
6r, branchiae, seen
througli m, mantle
e, e, eyes
fv,
fi, tins
funnel
v.s, vitelline sac.
(After Kowal:

;

cious type), (ii) sexes united
in the

same individual

(her-

;

;

;

;

ewsky.

Viaphrodite type).

In some cases
a third type occurs.

e.g.

certain I'elecypoda

The animal

is

— what

is

practically

hermaphrodite, but the male

and female elements are not developed simultaneously,
same individual is at one time female, at another male.
1. The sexes are separate in

i.e.

the

All Cephcdopoda.

Gasteropoda Amphineura (except Neomeiiiidae).
Gasteropodct

Prosohrancliiatct (except Vcdvata

species of Marsenia).
tSrnpli

opoda.

I\Iany Pclccypoda.

and some

—
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2.

The

chap.

sexes are united in

Gasteropoda Opisth ohranchiata.
Gasteropoda Pulnfionata.
Certain Pelecypoda}

In the dioecious MoUusca, sexual union is the rule, but is by
e.g. Vermetus, Magilus,
no means universal. In some instances,
the form
Patella, Haliotis, Crepidula, Chiton, the Scaphopoda
and habits of the animal do not admit of it in others (many
When this is the
Trochus) a male copulative organ is wanting.
the majority must
case, the male scatters the spermatozoa freely
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 conveniently 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 Opisthoto the latter {Monobranchiata, including all the Pteropoda
gonopora 2) nearly all the Nudibranchiate Opisthobranchiata, and
In the latter case during union,
all the rest of the Pulmonata.
mutual impregnation takes place, and each of the two individuals
In
concerned has been observed (compare p. 42) to deposit eggs.
;

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

united, each being at once male

neighbours.

The Reproductive System.

a string of

and female

—Broadly

to its

Limnaea thus
two adjacent

speaking, the compli-

cated arrangements which are found in Mollusca resolve themselves
into modifications of three important factors
(a)
^

The gonads

or germ-glands, in

Hermaphroditism seems

SqUibrancliia

;

(h)

genera,

dvu,

two

;

/xovos,

single

which are developed the

whole families, e.g. Anatinidae and the
Pisidium ; (c) single species, e.g. in the
Pecten, Cardium.

to occur in («)

e.g.

generally dioecious genera Ostrea,
"^

:

;

Cyclas,

ydvos,

semen

;

irdpos,

passage.

GENERATIVE ORGANS OF DIOECIOUS MOLLUSCA
ova and the spermatozoa.

These glands are generally known as

the ovary in the female, the sperm-gland or
(&)

The channels which provide

products

;
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testis

in tlie male.

seminal
namely, the oviduct in the female, the vas deferens or
for the passage of the

sperm-duct in the male.
(c)

The external generative organs.
The connuon LUtorina ohtnsata

Dioecious Mollusca.

—

will

serve as a typical instance of a dioecious prosobranchiate, exhibit-

ing the simplest form of organs.

lobe-shaped body,

is

embedded

—

Fig. 49.
Generative and other organs
of LUtorina obhcsata L., female.

Br, brancliia.
Buc, buccal mass.

H, lieart.
Hep, liejiatic duct.
continuation of
oesopliagus
Ki, kidney.
I,

Li, liver.

Fig.

An

oviduct with

—Generative and other organs

.50.

of LUtorina ohtusata L., male.

muscle
of
attachment.
O', female orifice.

A, anus.

M, muscle

Br, brancliia.

Od, oviduct.
Oes, oesophagus.
Ov, ovary.
Ra, radula.
St, stomach.
U, uterus.

I,

meut.
Pe, penis.
Te, testis.

M,

A, anus.

In the female the ovary, a

in the liver.

H, heart.
intestine.

Li, liver.

of attacli-

VD, vas deferens.
(After Soiileyet.)

(After Souleyet.

many

convolutions conveys

tlie

ova into the uterus, an ol)long

chaud)er which consists simply of a dilatation of the oviduct.

The

ova descend into the uterus, which is sometimes furnislied with a
seminal poucli.
In this seminal poucli, or above it, in the oviduct,
the ova come into contact witli the spermatozoa.
of the uterus secretes a gelatinous

medium

The lower part

(or capside, as the case

GENERATIVE ORGANS OF DIOECIOUS MOLLUSCA
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may

be) in

which the

fertilised

chap.

ova become enclosed previous to

In position the oviduct abuts on the kidney, while the
in close proximity to the rectum, and the female external
found close to the anus, within the branchial cavity.

exclusion.

uterus

is

orifice is

The male organs

of Littorina are

lodged, like the ovary, in the liver
oviduct, convoluted,

more simple.

The

the vas deferens

;

is,

testis is

like the

and eventually traverses the right side of the
and terminating in the

neck, emerging near the right tentacle,

penis 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
the oviduct andvas deferens always stand in close relation.
same arrangement occurs in the Scaphopoda and some Pelecypoda.

The penis
(see Fig.

varies greatly in form

and

99) and Buccinidae (Fig. 62)

size.

it is

In the Strombidae

very large and promi-

in
nent
in Littorina it is somewhat spinulose at one side
Paludina a portion of it is lodged in the right tentacle, which
becomes atrophied and much more obtuse than the tentacle on
;

;

the left

side.

— The

Spermatozoa.
ova in MoUusca

and certain

is

shape of the spermatozoa and of the
In Paludina, Ampullaria,

of the usual type.

Murex two

species of

types of spermatozoa occm%

one hair-like, the other worm-like, three times as long as the
The former type alone
former, and not tapering at one end.
It has been
take part in fertilisation, and penetrate the ovum.
suggested

that

these

worm -like spermatozoa

are

a

kind

of

and indicate a possible stage in commencing
And, since the nearest allies of the Prosohermaphroditism.
branchiata (in which these types occur) are hermaphrodite {i.e.
the Opisthobranchiata and Pulmonata), it is not unreasonable to
suppose that the Prosobranchiata should show some tendency

incipient ova,

towards hermaphroditism in their genital glands.^

Cephalopoda.

—The

special characteristic of the reproductive

organs in female Cephalopoda

is

the development of various glands,

connexion with the ovary and
and Sejpiola are furnished with tw^o large
nidamental glands, which open into the mantle cavity independ-

some of considerable
oviduct.

size,

in

Sepia, Loligo,

1

Von

Brunii, Arch. Mikr. Anat. xxiii. p. 413.
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Their purpose

the oviduct.

eiitly of
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is to

which envelops the ova at the moment

I

37

produce a viscid mucus,
of their emission

A

eventually hardens into the egg-capsules.

and

pair of accessory

nidamental glands occur in Sejna, 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

narrow cylindrical

spermato]3hores, or

number of spermatozoa.
When charged, the spermatophores pass into what is known as

packets which

Needham's
These

sac,

contain a very large

where

spermatophores

remain

they

a very

are

until

required
part

characteristic

for

of

use.

the

The male of
Sepia has been noticed to deposit them, during union, upon the
During the emission of the ova
buccal membrane of the female.

reproductive arrangements

in

the

Cephalopoda.

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 Arm.
feature in the sexual

— Perhaps

the

most

remarkable

relations of all the Mollusca is the so-

called hectocotylus of the Cephalopoda.

the male Cephalopoda, one of the

'

In the great majority of
which is modified for

arms,'

the purpose in various ways and to a greater or less extent, becomes 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,

when

part of the arm becomes disengaged
with the female, occurs only in three genera of the
Octopodidae,viz. Argonciuta, Ocythoe {Philonexis), and Tremoctopus.
In all of these, the male is many sizes smaller than the female.
In ArgonautcL the third arm on the left side becomes hectocotylised.
At first it is entirely enveloped in a kind of cyst, in such

and
and

a

its

typical form,

i.e.

left

way

that only a small portion of the tip projects

the cyst parts asunder, and allows the
to its full length,

arms.

At

arm

to

;

subsequently

become expanded

which considerably exceeds that of the other

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 knowji

how

the spermatophores find their

way

THE HECTOCOTYLUS ARM
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into the hectocotylus, or

how

tlie

IN

CEPHALOPODA

liectocotyhis impregnates the

The arm thns

ova of the female.

affected is not always the
In Tremoctopus it is the third of the right side, in the
Dccapoda tlie modification usually affects the fourth of the left.
This singular property of the male Cephalopoda has only
recently been satisfactorily explained.
It is true that Aristotle,
more than twenty-two centuries ago, distinctly stated that certain

same.

—

Fig. T<\
Male of Onjthoc iuherculataRaf. ( = Philonexis catenulatus, Fer. ), Mediterranean,
.

showing three stages, A, B,
and C, iu the deveh)pment of
the hectocotylus arm: h.cy,
hectocotylus still in the cyst
c'y', spoon-shaped cyst at the
end of the arm when freed
th, thread-like organ freed by
Natural
the rupture of c'y'.
From specimens in the
size.
British Museum.
;

;

of the arms were modified

what he

for

sexual

purposes.

Speaking of

the polypus (which appears to represent the Octojins
It differs from the
indgaris of the Mediterranean), he says
calls

'

:

female in having what the fishermen call the white sexual organ
again, Some say that the male has something of a
on its arm
;

'

'

sexual nature {alhoLwhh rt) on one of

its

arms, that on which

kind of muscular
appendage attached to the middle of the arm, and that it is
the

largest

suckers

occur

;

that

this is a

THE HECTOCOTYLUS ARM

V

IN

CEPHALOPODA

entirely introduced within the funnel of

He

uses in sexual union.'

it

The

typical

seems

have

to

notice until early in the present century,
it,

'

the only whitish

^

hectocotylus

and Cuvier described

is

and can
The last of

corrupt,

again remarks,

the arms, which tapers to a fine point and

arm,

is

39

Unfor-

the female.'

tunately the word translated by introduced

only be restored conjecturally.

I

as detected within

parasite, the latter under the

name

entirely

when both
the

escaped

Delle Chiaje
female, as a

of Hectocotylus

octopodis

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 Verany and Filippi confirmed a
Kolliker, in

suggestion of Dujardin,- while H. Mliller, in 1853, completed the
discovery by describing the entire male of Argonauta.

In

all

Ocythoe,

genera of dibranchiate Cephalopoda except Argonauta,

and Tremoctopus, one of the arms

various ways, but never becomes so

detached and

much

is

sexually modified in

prolonged, and

is

never

In Loligo Forhesii Stp. the
with the female.
fourth arm on the left has 23 pairs of regularly developed acetabula, 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.,
hrasiliensis Orb.) only the outer row of suckers becomes modified
into papillae after about the 20th to the 22nd pair.
In Sepioteuthis sepioides 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 arm by a channel of skin,
which probably conveys the spermatophores up to the tip.
1

-

Hist.
'

On

Anim.

left

v.

6 and 12,

pourra constater

lopode dans

Ic

si

but de servir

iv. 1, ed.

Bekker, 1837.

ce ne seraient pas des parties detachees de quelque ccpliah.

le

fecondation,' Hist. Nat. Helminthes, 1845, p. 482.

—
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In Octopus vvlgaris, the species referred to by Aristotle, the
arm is short, tliin in its outer half and pointed at

hectocotylised

the extremity, while
the

At

tlie

arm an appearance

of skin

fold

is

very white, and gives

of being divided 1)y a cleft at the side.

the same time, an nnnsual development of one or two suckers

on the arm

Fig. 52.

It

is

is

not uncommon.^

Octoims lentus Baird, N. Atlantic, showing the peculiar formation of the
heutocotylu.s arm, h.a.
(After Verrill, x ^.)

believed

that

the

in

Cephalopoda.

Tetraljrancliiate

{Nautilus) a union of the four inner ventral arms
functionally to the hectocotylising of the

—

arm

may

correspond

in the Dibranchiates.

—

The repro(«) Monogoywpora.
hermaphrodite Mollusca is far more complicated than in the dioecious, from the union of the male and female
organs in the same individual.
As a type of the Monogonopora,
in wliich a single orifice serves for both male and female organs,
may be taken the connnon garden snail {Helix aspersa), the
accompanying figure of which is ch^awn from two specimens
found in the act of union (Fig. 53).
Beginning from tlie inside and proceeding outwards we have
firstly the hei-mapliroditc gland or ovo-testis (h.G.), a yellowish
white mass of irregular shape, embedded in the liver (l.) and
forming part of its spiral but not reaching quite to the apex.

Hermaphrodite MoUusca.

ductive system in

tlie

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

gated in small bundles.
1

Steenstrup,

threadlike bodies, generally aggre-

From

the hermaphrodite gland the ova

Ann. Mag. Nat. Hid.

(2),

xx. p. 81

f.
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and spermatozoa pass through the upper part of the licrmcqilirodite
duct (h.d.), which is always more or less convoluted.
Below
the convoluted portion, the duct opens into the alhumcn gland
(a.g.), a large linguiforin mass of tissue which becomes dilated
at the time of pairing, and secretes a thick viscid iluid which
probably serves to envelop the ova.
the

male

and

— Genitalia

Fig. 53.-

female

follow

Up
the

to

point both

this

same

course,

but

of Helix aspersa

drawn from two

Miiller,

elements

indivi-

duals iu the act of union, from a
dissection by F. B. Stead.

A. G, albumen gland.
C, caecum,
Cr, crop.

D.S, dart sac.
E, eye (retracted)
Fl, tiagellum.

H.D, liermaplirodite duct.

H.DF,

ditto,

H.DM,

female portion.

male portion.
H.G, licrmapbrodite gland.
ditto,

L, liver.

M.G, M.G, mucous glands.
Ov, oviduct.
P.S, penis sac.
R.M, retractor muscle of
Sp, spermatbeca.
V, vagina.
V.D, vas deferens.

jienis.

on

tlieir exit from the albumen gland they diverge.
The hermaphrodite duct becomes greatly enlarged, and is partially divided
by a kind of septum into a male and female portion.
These run
.

one another, the larger or female portion (ildf.),
through which the ova pass (and which is sometimes termed the

parallel

to

utems) 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.).

FEMALE AND MALE ORGANS OF HELIX
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Following
the vaginct

first

(v.),

the oviduct,

which

is

we

find that it soon

chap.

widens into

furnished with a pair of mucous glands

side.
These are much branched, and rebunches of whitish sea-weed.
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.
Just below the mucous glands the vagina is joined by the

(m.g.),

one on each

semble

dart sac

A

little

(d.s.),

which

is

more

fully described below.

Finally, at

lower end the vagina unites with the penis sac at a point jusb
posterior to the common orifice.
its

Eeturning now to the male organs, we find that the vas
is the continuation of the male portion of the hermaphrodite 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 Jiagellum, in
which the spermatozoa are stored and become massed together
deferens

in the long packet
(p.s.) is

known

as the spermatophore.

The penis

sac

the continuation of the vas deferens beyond the point at

which the flagellum

diverges.

anterior end, uniting with

it

to

It joins the vagina at its extreme
form the common genital aperture,

which cannot be exactly represented in the figure.
The penis
the interior of the penis sac, and is a rather long
muscular tube which is protruded dming union, but at other
itself lies in

times remains retracted within 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 greater

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
simplicity or complication.

—

system in

many

of the true Helicidae is the so-called dart, Liehcs-

telum veneris. It consists of a straight, or cm-ved, sometimes slightly twisted tubular shaft of carbonate of lime, tapering

pfeil, or

'

and enlarging gradually, more often someThe sides of the shaft are sometimes
furnished with two or more blades
these are apparently not for
to a fine point above,

what abruptly,

to the base.'

;

THE DART SAC
cutting purposes,

the

to

four

may

sac,

no great dis-

vagina, at

tance from

simply to brace the stem.
The dart is
which is attached as a sort of pocket

Ixit

contained in a dart

There are

its orifice.

difterent
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forms of

It

sac.

be single or double, and each

of these divisions

may

be bilobed,

each lobe containing one dart at
a

and

about

is

yV

the

aspcrsa

in.

length,

in

in breadth at its base

in.

-^r

Helix

In

time.

dart

;

;

most probable that
employed as an ad-

It appears

the dart

is

—

Darts of British land snails :
B, Helix
A, Hyalinia e.rcavata Bean
hortensis Miill.
C, Helix asjicrsa

Fig. 54.

(see Fig. 54).

junct to the sexual

Besides the

act.

the dart sac anatomically,

we

and become embedded in the
of copulation.

It

may

Mull.

fact

find that

flesh just

(After Aslifonl.)

of

the position of

the darts are extruded

before or

dming

be regarded, then, as an

the act

organ whose

punctures induce excitement preparatory to sexual union.

AVhen once
perhaps not more than

only occurs in well-grown specimens.
form,

it

grows very rapidly,

required for

its entire

The dart

is

it

a

It

begins to

week being

formation.

almost confined to Helicidac, a certain number

known which border on Helix. Hyalinia
and cxeavata are the only British species, not Helices,

of exceptions Ijeing
nitidci,

which are known

to

possess

it.

It

has not been noticed to

occur in the slugs, except in the N. American genus Tchenno2'>horus.

About one-third

of the British Helices are destitute of

H. rufcscens possesses a double bilobed sac, but only
It does not use the
two darts, which lie in the lower lobes.
darts, and could not do so, from the relati"\'e sizes of dart and
sac
it has often been watched when uniting, but the use of the
darts has 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
the dart.^

;

of the darts.
1

C. Ashford, Jo7(ru. of Conch,
-

W.

iii.

p.

239, iv. pp. G9, lOS.

E. Collinge, Zooloyist, 1S90, p. 276.
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Hermaphrodite MoUusca.

—

(&)

Digonoiwra.

cuav.

— As an example

Mollusca with

separate

generative apertm-es for the male and female organs,

we may

of

tlu;

or

J)l(/()ii()2)oiu

take the connnon

lu'iiiiaphrodite

Limnaea

stagnalis (Fig. 55).

It will be seen

from the figure' that the relative positions of the hermaphrodite
gland and duct, and of the albumen gland, are the same as in
Helix.
When the oviduct parts compan}- from the vas deferens,
it becomes furnished with several accessory glands, one of which
(Gi.E.)

probably serves as a reservoir for the ova, and answers
less to a uterus.
The tube leading to the spermatheca

more or

Fig. 55.

—Genitalia

of

Limnaea stagnalis
by F. B. Stead),

L. (from a dissection

X

2.

A.G, alluuiu'n gland.
Ac.G, acce.ssory yland.
F.O, female orifice.
GI.E, glandular enlargement.

H.D, liernianlirodite duct.
H.G, liennaphrodito gland.
Li, liver.

M.O, male

orifice.

P, jienis sac.
Pr, prostate.

B.M,

retractor muscle of jienis.

Sp, si)enuatlieca.
V.D, vas deferens.

The female
no divergent coecum.
Itranchial
cavity.
of
the
opening
near to the external
and there

is short,

lies
^'as

is

which
The penis sac

The male

orifice is

The

is very long, is furnished witli a large prostate

deferens,

gland.

orifice

is

greatly dilated, and there

is

no fiagellmn.

behind the right tentacle, slightly in advance

of the female orifice (ccmipare Fig. 102).

Most
orifices.

of the 0^)istliohrancliiata, but not

Numerous

all,

liave separate sexual

variations from the type; just described will

be found to occur, particularly in the direction of the develop-
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meiit of accessory glands, wliich are sometimes very large, and

whose precise pm-pose has in many cases not been
determined.
Fclecypoda.

— In

the

dioecious

which form the
and closel}of a pair of gonads, which

I'elecypoda,

great majority, the reproductive system
parallel in both sexes.

are

It consists

either ovaries or testes,

satisfactorily

is

and a pair

simple,

of oviducts or sperm-

The gonads

ducts which lead to a genital aperture.

are usually

placed symmetrically at the sides or base of the visceral mass.

The oviduct

is short,

and the genital apertm'e

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 pussv'S through the afferent siphon.
Hermaphrodite Peleeypoda are rare, the sexes being usuall}separate.

The following

P. jacohaeus, F. maximus,

PecUn glaher,
Cardium norvegicum,

are assured instances

Ostrea

edulis,

:

Pisidium jjusillum Cyclas cornea, Pandora rostrata, Asjjcrgillum
dicliotomiuii, 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 Aspergillus 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-

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
})rimitive, such as Nueida, tiolenomya, Area, and Trigonia are all
dioecious.
In Gasteropoda similarly, the least specialised forms
(the Amphineura, with the exception of the Neomeniidae, and
hrancJiiatcc (Cuspidaria,

the Ehipidoglossa) 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.
^

VOL.

Ill

—The

vast majority

Pelscueer, Comptcs Rcndus, ex. p. 1081.

L
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of fresh -water

bivalves

either

pass

the

chap.

stage

larval

entirely

within the mother, and do not quit her except in a perfectly
developed form {Cydas, Pisidium), or assume a mode of development in which free larvae indeed occm% but are specially modified

Cydas and
adaptation to special circumstances {Unio).
Fisidnwi, and no doubt all the kindred genera, preserve their ova
in a sort of brood-pouch within the gills, in which the ova pass
But, even so, the larva
the earlier stages of their development.
for

some traces of its original free-swimming
rudimentary velum, which is quite useless for its
present form of development, has been detected in Cydas.
of these genera retains
habits, for a

The larva of JDreissensia (see Fig. 47, A), so far as is at present
known, stands alone among fresh-water bivalves in being freeswimming, and to this property has been attributed, no doubt
with perfect justice, the fact of the extraordinarily rapid spread
In
of Dreissensia over the continent of Em'ope (chap. xvi.).
expelling the ova, the parent slightly opens the shells and then
quickly closes them; shooting out a small point of white slime,
wdiich

is

in fact a little ball of eggs.

development

The general course

of

precisely parallel to that of marine Pelecypoda,

is

greatly resembling, so far as form

is

concerned, certain stages in

the growth of the larvae of Modiolaria and Carduim, as figured

by Loven.^
In June and July the larvae appear in large numbers on the
surface of the water,
size,

when

in spite of their exceedingly small

they can be captm-ed with a

fine

They pass

hand-net.

about eight days on the surface, feeding apparently on minute
During this time, the principal change they
floating algae.

undergo

is

in the formation of the foot,

a small prominence

which

appears as

first

midway between the mouth and

anus, and

When

the larva

gradually increases in length and flexibility.
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 Cydas.
The early stages of the development
Larvae of Unionidae.
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-

—

sitically

attached to certain species of fresh-water
1

Kon. Vet. Akad. Handl. 1848, pp. 329-435.

fishes.

In

GLOCHIDIUM OF ANODONTA
order to secure this attaclinieiit, the

lar-s'a,
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wliich

is

generally

as Glochidium, develops a long flLinient

which perhaps
renders it aware of the neiglibourhood of a fisli, and also a.
larval shell furnished with strong hooks l)y which it fastens
itself to the body of its unconscious host (Fig. 56).
According
to some interesting observations made l)y Mr. O. H. Latter,'
the ova pass into the external gill of the motlier, in which 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 ])y Ijeing
Iciiowu

'

'

'

o.ad

A

B

—A.

Glocliidium immediately .ifter it is liatclied
ad, adductor muscle; by,
by.ssus cord
sit, shell.
s, sense organs
B. Glochidium after it lias been on tlie
lisli for some weeks
al, alimentary
a.ad, p.ad, anterior and posterior adductors
(Balfour.)
canal ai(.v, auditory vesicle
hr, branchiae ; /, foot
mt, mantle.

Fig. 56.

:

'

'

;

;

:

;

;

;

entangled in the
escaping.

mucus

of

It

is

tlie

gill

;

filaments of the

parent

is

used

up,

it

prevents

parent,

interesting to notice that,

when

becomes, as

it

were,

turn of the children to provide for themselves a secondary
<

)!'

their

the nutritive

the

mode

attachment.

The mother

Anofh)nt(( does not always retain the Glocliidium

Cientle stirring of the
in her neiglibourhood.
water caused them to emit Glochidivni, in large masses, if the
movement was not so violent as to cause alarm. The long slimy

until

fish

are

masses of GlochidiuriL 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 GlocJiidiuvi can swim.
finally quit the nK)ther, they sink to the bottom,

AVhen they

^

P. Z. S. 1S91, p.

r>2

f.

•
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and there remain resting on their dorsal side, with the valves
gaping upwards and the so-called byssus streaming up into
the water above them.

There they remain, until a convenient
comes within reach, and if no host comes within a
certain time, they perish. They are evidently peculiarly sensitive
to the presence of fish, but whether they perceive them by smell
" The tail of a recently killed
or some other sense is unknown.
stickleback thrust into a watch-glass containing Glochidium 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 Glochidium has quitted its
host, and the permanent shell has made its appearance within
the two valves of the Glochidium, 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
'

host

'

'

'

;

—

lines of growth, especially near the

umbones

of the

young

shell.

with wdiich he
experimented had a strong dislike to Glochidium 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 Glochidium to attach
itself, but was more probably due to what the fish considered a
nasty taste or odour in the object of his attentions.
Mr. Latter found that

The following works

all

species

of

fish

will be found useful for further study of

this portion of the subject

:

—

M. Balfour, Comparative Embryology, vol. i. pp. 186-241.
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wiss. Zool. xxxvi. (1881), pp. 125-174.
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:
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VI

RESPIRATION AND CIRCULATION

The
all

principle of respiration

is

The blood

other animals.

THE MANTLE

MoUusea

the same in the
is

as in

purified by being brought, in

successive instalments, into contact with pure air or pure water,

the effect of which

to expel the carbonic acid produced

is

by

animal combustion, and to take up fresh supplies of oxygen.
Whether the medium in which a mollusc lives be water or
the

air,

effect

the

of

respiratory

action

practically

is

the

same.

Broadly speaking, Mollusca whose usual habitat is the water
water, while those whose usual habitat is the laud
But this rule has its exceptions on both sides.
'breathe' air.

'

breathe

'

The great majority

which are not
Limnaea, Physa, Flanorhis),

of the fresh-water Mollusca

provided with an operculum

(e.g.

They make periodic
and take down a bubble of air, retm^ning
On the other hand
again for another when it is exhausted.
many marine Mollusca whicli live between tide-marks (e.g. Patella,
Littorina, Purpura, many species of CerWiium, Planaxis, and
breathe

in spite of living in the water.

air,

visits to the surface,

Nerita) are

left

of the tide, for

out of the water, through the bi-diurnal recess

many

hours together.

Such

species invariably

retain several drops of water in their branchiae, and, aided

the moisture of the
returns to them.

air,

Some

contrive to support
species of Littorina

life
{e.g.

tropical species) live so near high-water

neap-tides

it

by the sea

for several

they cling.

own L. rudis
mark that at

our

and many

exposed to

by

until the water

must ixequently happen that they are untouched
weeks together, while they are frequently
a bm-ning sun, which beats upon the rocks to which
In this case

it

appears that the respiratory organs
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will perform their functions if they can

I

manage

to

retain

5

I

an

extremely small amount of moisture.^
The important part which the respiratory organs play in the
economy of the Mollusca may be jvidged from the fact that the

primary snbdivision of the Cephalopoda into Dibranchiata and
Tetrabranchiata is leased npon the number of branchiae they
Fnrther, the three great divisions of the Gasteropoda
]^osses8.
have been named from the position or character of the breathing
apparatns, viz. Prosobranchiata, Opisthobranchiata and Pulmonata,
while the name Pelecypoda has hardly yet dispossessed Lamellibranchiata, the

(Jills, (&)

a

more familiar name of the bivalves.
be conducted by means of («) Branchiae or

—

may

Eespiration

Lung

or

Lung

cavity, (c) the outer skin.

In the Pelecypoda, Cephalopoda, Scaphopoda, and the great
majority of the Gasteropoda, respiration
also

known

as ctenidia-'

when they

is

by means

of branchiae,

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-

by means

by a true
The land operculates
(Cyclophoridae, Cyclostomatidae, Aciculidae, and Helicinidae) also
tion is conducted

lung,

whence

breathe

air,

the

name

of a lung-cavity, or rarely

Pulmonata.

but are not classified as Pulmonata, since other points

in their organisation

Prosobranchiata.

relate

them more

Both methods

closely to

of respiration

Ampullaria,

which breathes indifferently

siphon which

it

air

the

are

marine

united in

through a

long-

can elevate above the surface of the water, and

water through a branchia (see

Siphonaria (Fig. 57) is
p. 158).
with a lung-cavity as well as a branchia.
Both
these genera may he 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
genus Gadinia, where there is no trace of a branchia, but only a
also furnished

some experiments by Professor Herdman upon Littorina rudis,
can live much better in air than in water, and goes far to support
the view that the species may be undergoing, as we know many species must have undergone (see p. 20), a transition from a marine to a terrestrial life.
It Avas found that
marked specimens upon the rocks did not move their position for thirty-one successive
^

The

result of

tends to show that

it

days (Pioc. Livcrp. Biol. Soc. iv. 1890,
- Diminutive of \-Tet ?, a comb.

p. 50).

)
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lung-cavity, and in

CcrWiidca oMusa, which has a puhuunaiy

Fro. 57.

— A, SipJin/iariu gigas.

Sowlj., P;uiaiiia, the

animal

contracted in spirit
gr,
sijilional groove on right
.side.
B, Gadinia i)er}iriana, Sowh., Cldli, shell
only: gr, mark of siphonal
groove to riglit of head.
:

organisation
process

may

exactly
l)e

Eespiration

analogous

to

that

of

Cycloj)horus^

this

regarded as practically completed.
Ijy

means

of tlie skin, without the
of

any

simplest

which

method

occurs

development

organ,

special

the

in

In certain cases,

e.g.

the

is

breathing

of

Mollusca.
Elysia, Li-

mapontia, and Cenia among the

Nudibranchs, and

the

parasitic

JEntoconcha and Entocolax, none
of which possess breathing organs
of

any

surface

kind,
of the

the

whole

l)ody

t)uter

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 l)y an elaborate
system of veins.
This is the case
with the greater inunber of the
Ae olid Ida e (Fig. 58, compare Fig.
5, C), but it is curious that when
the animal is entirely deprived of
these papillae, respiration appears
Fig. 58.- -Aeolis despecta Johnst., British
coasts
(After Alder and Hancock.

to be carried

on 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
^

Stoliczka, quoted in Journ. de Conch, xviii. p. 452.
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resulting in the exposure of
larger

amount

more

larger length of veins,

ol'

i.r.

Either {a) the skin

itself

may have

de\elo])etl,

took the form of papillae, or else {h) an inward folding, or
as

described

is

below

(p.

walls,

or

'

in-

mantle-

of the

172) may have taken

resulting in the formation of a cavity ]nore

by

a

or less regular intervals, elevations, or folds, wliich gradually

vagination,' of the skin, or such a modification
fold

53

of blood, to the simultaneous operation of iVesh

air or fresh water.

at

ii

I

place,

surrounded

less

within which the breathing organs were

ultimately

S(mietimes a combination of l)oth processes seems to

developed.

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 protection to it.
Respiration l)y means of a

lung-cavity

is

certainly subsequent, in point of time, to respiration

by means of branchiae.
The branchiae seeni

to

have been originally

arranged symmetrically on opposite sides of the

])aired,

bod}'.

It

is

and
not

form of l)ranchia wliich
occurs in Chiion (Fig. 59), or the simple form as in Fi-^x/nrlla
easy to decide whether

the

multiple

(30.
Fissnrella virescen!> Sowb.,
I\inama, sliowing ]io.sitioii of the
lirauchiae Br, liraiicliiae E, E, eyes
F, loot M, mantle T, T, tentacles.

Fir;.

Fig.

,^0.

— Cliifnv squamosns

A, anus

(Fig.

;

Br, braiicliiae

60),

is

;

L.,

Bermuda

M, mouth.

the more primitive.

:

;

Some

;

;

;

authorities hold tliat

the multiple l)ranchia has gradually coalesced into the snnple,

form has grown, l)y serial repetition,
There appears to l)e no trace of any intermediate forms, and, as a matter of i'act, tlie midti])le inanchia is

<»thers

that

the

into the multiple.

simple
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found (Hily in the Ami^hinenra while one or rarely two (never
more) pairs of" liranchiae, occur, with various important modi,

tications, in the vast

Aiivpltineura.
a

— In

majority of the Mollusca.

Chiton

tlie

branchiae are external, forming

long row of short plumes, placed synnnetrically along each side

The numl)er of plumes, at the base of each of whicli
an osphradial patch, varies from about 70 to as few as
A\nien the plumes are few, they are confined to the
G or 7.
pL)steri(jr end, and thus approximate to the form and position of
the la-anchiae in the other Amphineura.
In Chaetoderm<(, the
branchiae consist of two small feather - shaped bodies, placed
synnnetrically on either side of the anus, which opens into a sort
of cloaca within which the l)ranchiae are situated.
In JSfcomenia

of the foot.
lies

the branchiae are

still

further degraded, consisting; of a

single

lT'"{

—

Terminal portions of the Amphineura, illustrating the grailiial degrailation
Fid. 61.
A, Chiton
of the branchiae, and their grouping round the anus in that class.
(Uemtarthrum) setulosus Carp., Torres Str. B, Chiton {Lejjtochiton) benthus Hadd.,
Torres Str.; C, Chaetodi'nnn : D, Xeomenia ; a, anus; ///•, br, branchiae; k, k,
(A and B after Haddon, C and D after Hubrecht.)
kidneys p, pericardium.
;

;

liUMch of tilaiuents lying within the cloaca, while in F'roncomcni((

there

no more than a few irregular folds on the cloaca-wall

is

(Fig. Gl;.

In the Frosohranchiata, symmetrically paired l)ranchiae occui
only in the Fissurellidae, Haliotidae, and I'leurotomariidae, in the
former of which two perfectly equal branchiae are situated on
These three families taken
In all other
families the asynnnetry of the bod}' has prolmbly caused one of
the branchiae, the right (originally left), to become aljorted, and

either side of the l)ack of the neck.

together lV)rm the group

consequently there

is

known

as ZygohrancJiiata}

only one branchia, the

majority of marine Prosobranchiata, which
^

iv-yov,

ha-s^e

left,

in

the

vast

been accordingl}'

a yoke, from the symmetrical position of the branchiae.
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Even in Haliotis the right l)rancliia
grouped us Azygohranchiata.
is rather smaller than the left, while the great size of the attachment muscle causes the whole branchial cavity to become pushed
In those forms wliich in other respects
over towards the left sidt\
most nearly approach the Zjgobranchiata, namely, the Trochidae,
Neritidae, and Turbinidae, the Ijranchia has two rows of filaments,
one on each

long axis,

the

of

sidt'

while

in

all

other

I'roso-

but one row (see Fig. 79, p. IG!)).
In the great majority of marine Prosobranchiata tlu^ l)ranc]iia

1)ranchiata tliere

is

is

chamber or pouch (the respiratory

securely concealed ^\"ithin a

which

cavity),

placed on the left dorsal side of the animal,

is

generally near the back oi the neck.

water
after

For l)reathing purposes,
conveyed into this chamber, and again expelled
has passed over the branchia.
Tn the majority of the
to be

h;is
it

vegetable- feeding molluscs
torina,
is

Lit-

(e.g.

water

TrocJ/ns)

CcritJtiniii,

into the chamljer by a

carried

simple prolongation of one of the
or lappets of

lol)es

makes

the incomini!,l)eing

tlie

separated

valve -like

a

1-}'

depending

fringe

mantle, and

by the same way,
and outgoing currents

exit

its

from

the

lolie.

In the carnivorous molluscs, on
other

hand,

hranchidl

regular

a

which

siphon,

tlie

tul)e,

tlie

more

is

or less closed, has been developed

from a fold of the mantle surface,
for

the

])urpose

sijccial

water

ducting

After perforiniug
the

s])eut

the

to

of

d»»cs

not

Fig.

there,

its ])ur])ose

\v;iter

con-

branchia.

62.

—

TiulJio

(liucl.,

lacri.ssuiiit

sliowiiig liniiichial .siphon

S

;

F, F, F,

OP, operculum
P, penis
Pr, proboscis
T, T, tentacles.
(After Quoy ;ind Gaiinard.)
loot

return

;

;

;

;

through

the

siphon,

ducte(l towiirds
tile

cilia

situated

on

manlier of cases, this
length by

ii

l)ut

is

cou-

the iiuus by vibra-

special

branchiae

the
si])hoii

is

the ]\Iuricidae

in

In

throughout

a

large

its

entire

prolongation of the shell called the ccmal.

Sometimes, as in Buvciuu m and

than a mere notch

themselves,

])rotected

the

'

J'tirpiira, this

mouth

^e.g. J/! h<i nafell inn

,

'

canal

is little

of the shell, but in

more

many

of

fcnn.isphuf, trihaliis) the canal
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chap.

becomes several inches long, and is set with formidable spines
In Bolium and Cassis the canal is veryshort, but the siphon is very long, and is reflected back over the

(see Fig. 164, p. 256).

shell.

The presence
a

fairly

or absence of this siphonal notch or canal forms

accurate indication

of the

or vegetarian

carnivorous

tendencies of most marine Prosobranchiata, which have been, on

and Holostomata. But
and is seriously
weakened by the fact that Natica, which is markedly holostomatous,' is very carnivorous, while Ceritliium, which has a
this basis, subdivided into Slphonostomata
this

classification

is

of no

particular

value,

'

distinct siphonal notch, is of vegetarian tendencies.

In the Zygobranchiata the water, after having aerated the
Ijlood in

the branchiae, usually escapes by a special hole or

lioles

apex {Fissurella) or along the
In Fleurotomaria the slit
whorl {Haliotis).

in the shell, situated either at the
side of

the last

answers a similar purpose, serving as a sluice for the ejection of
the spent water, and thus preventing the inward current from

becoming polluted

Ijefore

it

reaches

the

liranchiae

(see

Fig.

179, p. 266).
In Patella the l^reathing arrangements are very remarkable.
In spite of their apparent external similarity, this genus possesses

no such symmetrically paired plume-shaped branchiae as Fissurella, 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 morphologically related to the paired brancliiae in other MoUusca, but
only

correspond

to

The
them functionally.
shown by Spengel, exist

branchiae, as has been

typical

paired

in Patella in a

most rudimentary form, being reduced to a pair of minute yellow
A
bodies on tlie right and left sides of the back of the neck.'
precisely similar abortion of the true l)ranchiae, and special
development of a new organ to perform their work, is shown
in Phyllidia and Pleurophyllidia (see below under Opistlio'

branchiata).

This circlet of functional

gills in

Patella has there-

an unusual
on the mantle in certain Pelecypoda to supply
the place of the true organs which have fallen into disuse. Accordingly Cuvier's class of CydohrancJiiata, which included Patella
and Chiton, has no value, and has indeed long been discarded.
fore little systematic value, being only developed in

position, like the eyes

,
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Cliiton the gills never extend

111

1)ut

are always

more

or less

completely round the animal,

interrupted at

They are the true gills, the plumes being
same way as the shell plates.

tlie

head and anus.

serially repeated in the

—

Fici. (to.

—Patella

lamellae;

vulgala L., seen from

tlie

r/./,
circlet of gill
f, foot
m.e, edge of the mantle; mu,

ventral side

:

;

the same
*7(, .shell
v, vessel carrying aerated blood
to the heart
v vessel carrying blood from
the heart ; vc, small accessory vessels.

attachment muscle

;

si,

slits in

;

,

;

;
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Fig. 64.
Patella xmlgata L. seen from
the dorsal side after the removal of the
shell and the black pigment covering
the integument ; the anterior portion of
the mantle is cut away or turned back
,

:

a,

anus

;

hr,

br,

remains

of the

true

branchiae (ctenidia)
i, intestine
k, Ic,
kidneys
l-.a}), their apertui-es on each
side of the anus
/, liver; m, m, mantle;
mn, attachment muscles, severed in re;

;

;

;

moval of

shell

;

t,

t,

tentacles.

Tn the land Prosobranchiata (Cyclostomatidae, Cyclophoridae,
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

I'ulmonata, by a lung-cavity.
culates, e.g.

In certain genera of land operPajpina, Cataulus, Pterocydus, a slight fissure or tube

in the last whorl (see Fig. 180,

p. 266) serves to introduce air
which is perhaps otherwise closed to air by the operculum.
In Aulopoma, 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 surface.
On the other hand, Cylindrella and Stenogyra dccollata.

into the shell,
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on

l)eiiig

submitted to the same

part alone was permeable by

test,

showed

tliat

truncated

tlie

air.

Fischer and Bouvier have made some interesting observations
on the breathing of a species of Amjndlaria (insularvm Orl».j.

common with

has, in

Tlie species

but while the right siphon

is

but

all

Amjmllaria, two

sliglitly developed,

si])hons,

the

left

is

very long, almost twice as long as the

The animal, when

Fig. Go).

shell (see

under the water, lengthens

siphon,

its

brings the orifice to the surface, and
alternatelyraising and depressing

its

l<y

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 eiglit

a

method

seconds,

respiration strongly resem-

(.)f

At the same

bling that of the (Jetacea.

time, liranchial respiration takes place.
If

powdered carmine

is

added to water,

the particles are seen to enter tbe l»ranVic.

65.-Ampullaria

insul-

artdii

Orb.

water;

B, Iji-eathing air;

:

A,

^.j^-^|

^^^

.

^^^^

i^uAlOlX

the short rigllt

siplioll.

bivatliiiij,'

.

Si,

l)y

.

and paSS out
Sometimes

lower 4,1
siplion ; T, iiii))er
/,
i
ex-^he animal remains under water ior
tentacles; x'palliul
pansion, performing tlie part hours without rising to the Surface to
of e.xcurrent siplion.
(Alter
inspire air.
In I'alrata (Fig. OG) the
Fisclier auil Bouvier, x J.).
•

•

:

liranchia
tlie

ing position on the

rigiit side is

shell

is

on the

a leaf or fan al)ove

a,

very large, and projects like
left side

1)ranchiata

—A

on the correspond-

;

long filiform appeiulage, wliich

some have regarded as representing the other
02)isthohra)ifhiata.

,-

.

1

Ijranchia.

true In'anchia occurs only in the Tecti-

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

mantle.

UmhreUa, Fig.

5),

sometimes

Ity

a fold of the

In the Pteropoda (which are probably derived from the

all the Thecosomata, with
tlie exception of
have no specialised l)rancliia, but probal)ly respire
tbrougli portions or the whole of the integument.
In the
(rymnosomata an accessory branchia has in many cases Ijeen developed at the posterior end of the body.
Fncvmodennon alone
lias both lateral and posterior l)ranchiae well developed, Clione

Tectibrancliiata),

Cavolinia,

BREATHING ORGANS IN OPISTIIOBRANCIIIATA
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and HaJopsyclie are destitute of either, while the four remainingfamilies have one branchia, sometimes lateral, sometimes posterior.^
Certain of the Nudibranchiata possess
no special breathing organs, and ])]"obably respire through the skin {Elysia,
Limapontia, Cenia, Phyllirrhoe).
The
majorit}', however, have developed see(jndai'y branchiae, in the

nent

lobes

or

form of promi-

leaf-like processes

(the

which are carried upon the back,
without any means of protection. These
cerata are, as a rule, of extreme lieauty
Fig.
66. — Valrata
piscinalis
and variety of form, consisting sometimes
Miill.
hr, branchia
Jl, filament f.I, foot
(Afteiof long whip -like tentaculae, in other
Boutaii.)
cases of arborescent plumes of fern-like
leafage, in others of curious Ijead-like appendages of every imaginuljle shape and colour.
In Doris they lie at the posterior end of the
ccrata),

:

;

loljL'>i.

;

h-

—

67.
Doris (Arrliidons)
tuhercvlula L., Britain
a,
anus
hr,
branchiae, sur-

Fici.

:

;

rounding tlie anus vi, male
organ
rh, rh, rhinoi)liores.
xg.
;

;

body, in a

—

Pleiiroj)hyllidin
Fig. 68.
h'ncata
Otto, Mediterranean
Itr,
a, anus
:

secondary branchiae
s.o,

sexual

;

;

which is generally capable of retraction
In Fhyllidia and Pleuroyhyllidia these secondary
as in Fatella, on the lateral portions of the mantle.

sf)rt

lie,
^

;

orifice.

of rosette,

into a chamber.

branchiae

m, mouth

Pelseiieer,

'

Cliallewjcr' Reports, vol. xxiii. part. l.wi.

—
BREATHING ORGANS IN PULMONATA

l6o

The Scaphopoda

chap.

in all probability possess neither true

nor

secondary branchiae.

Pidmonata.

—When

we

use

the

term

'

hmg,'

it

must be

remembered that

this organ in the Mollusca does not correspond,

morpliologicall}',

with the spongy, ceHular lung of vertebrates

simply performs

it

Mollusca,

is

disposed

are

The

same functions.

the

'

in

lung,'

:

the

a pouch or cavity, lined with blood-vessels which
over

its

vaulted

surface

patterns of

various

in

The pulmonary sac or cavity
name hy which to denote this organ.
network.

is

therefore

a

better

seems prolmble, as has been already shown (pp. 18-22),
Pulmonata are ultimately derived from marine forms
which l)reathed water by means of branchiae.
Thus we find intermediate forms, such as Svphonaria, possessed of both a branchia
It

that

all

and a pulmonary sac, the former being evanescent, while in
Gndin'ui and Aiivpliihohi it has (piite disappeared.
In the vast

Fio. 6P.

Oemvi'ilaciif inaculosns Alliu., S. Ireland

:

P.O, pulnioiiary ovificc.

majority oi Pulmonata no trace of a branchia remains
is

;

its

function

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

Arion and Geomalacus

rhythmically opened and closed.
In
69) this aperture is in the front of the
in Limax (Fig. 71) in the hinder part,
is near the extremity of the tail, under

is

(Fig.

right side of the 'shield,'
in Testacella (Fig. 20)

it

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 H. j^omatia, is held up to the light, the beautiful

the spire of the shell

;

arborescent vessels, with which the upper part of the pulmonary

chamljer

is

aperture as

furnished, can
it

dilates.

clearly seen

Ijc

It

is

by looking through the

only in the Auriculidae that an

actual spongy mass of lung material appears to exist.

motion, a Helix inspires air

Temperature,

at rest.

tions

;

it

too,

much more

seems to

affect

When

frequently than

in

when

the niunber of inspira-

appears doubtful whether, during hibernation, a snail

BREATHING ORGANS IN PULMONATA
breathes at
sustain

life

all.

In any case, the amount of air required to

must be

With regard

i6i

small.

to the respiration of fresh-water

appears to be some difference of opinion.
hand, that the Limnaeidae only respire

air,

Pulmonata there

It is held,

making

on the one

periodic visits

it, and that they perish, if prevented
from doing so, by asphyxiation.
If, we are told,^ as a Limnaea
is floating on the surface of the water in a glass jar, a morsel of
common salt be dropped upon its outstretched foot, it will sink

to the surface to procm-e

Janella hirudo
N. Caledonia
P,
G, generative orifice
pulmonary orifice ; T, T,
(After Fistentacles.

Pig.

70.

Fiscli.,

Fig. 71.

Limax mnximus'L.: PO, pulmonary
orifice.

:

x

§.

;

cher. )

its pulmonfrom the shock, it will anxiously
endeavom' to regain the surface, but will have some difficulty
in doing so, owing to its now much greater specific gravity.
AVhen it succeeds, it creeps almost out of the water, and exposes
If the experiment is
its respiratory orifice freely to the air.
repeated several times on the same individual, it becomes so much
weakened that it has to be taken out of the water to save its

heavily to the liottom, emitting a stream of air from

ary

orifice.

On

recovering

^

VOL.

Ill

Zoolorjist, xii. p.

4248.

M

LIMNAEA

liKKATIIlNG OF DEia'-WATEK
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Moquin-Tiuidoii, on the other hand,

life.

chap.

strongly of opinion

is

^

no absolute necessity for Limnaea to obtain air by
and that, if prevented from emerging, it can
When covered in by a roof of ice,
obtain air from the water.
Limnaea luis not been observinl to suller any inconvenience.
Moquin-Tandon kept L. glahra and FhviwrJiis rotimdatus in good
health under 20 nun. of water for eighteen and nineteen days,
and relates a case in which Physa was kept alive under water
that there

is

rising to the surface,

l\)r

of

Young specimens, both
four days, and Planorhis for twelve.
Limnaea and Planorhis, do not rise to the surface for a supply

of air

;

It

they are hatched with the pulmonary cavity

occasion, of respiration through

of

()]>ini(>n

Some

the skin.

capable, on

authorities are

that certain long and narrow lamellae, situated within

pidiiionary

tlic

full of water.

probable, therefore, that Limnaeidae are

is

employed

are

sac,

for

the purpose

of aqueous

Ancylus, which never makes periodic excursions to

respiration.

the surface, perhaps respires by receiving

into its pulmonary
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 circumstances of their environment.
Doubtless a good deal of
respiration
is
done by the skin
being soft and vascular,

chamber the

;

respires

it

of

the air dissolved in the water.

Limnaea

living at

much

Forel cites cases

shallower depths, which come

to

and then remain below i'or months.
The
oxygen of this supply must soon have become exhausted, and the
animals, discontinuing for a time the use of the pulmonary
chamber, must have respired through the skin.
Shallow-water
Limnaea, according to the same authority, remain beneath the surthe

surface

face

during cold weather

once,

to the surface to take in a

depths

is

always very

when warm weather

;

supply of

cold, there is

there to rise to the surface at

air.

returns they rise

Since the water at great

no need

for the

Limnaea

living

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
*

MoUusqucs dc France,

i.

p. 81.

-

K. Dcnk. Schu:

Ges.

.\.\i.\.

(2)

j).

lOti

C.

VI
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air.
But exactly the same phenomenon
Limnaea from great depths.
Placed

is

shown
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in the case of

an aquarium, they
immediately begin rising to the surface and inspiring air in
in

;

other words, they experience instantaneously a complete trans-

formation of their respiratory system.

In Oncliidium, a land pulmonate 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 lung
being only a cavity of the kidney.
Respiration is, however,
conducted by the skin as well, and by the dorsal papillae.^
Land Mollusca can sustain, for a considerable time, complete
deprivation of atmospheric 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
Immersion for only 24 hours
death ensues in about 36 hours.
is generally followed by recovery.
In the latter case, the cause
of death is not so much deprivation of air as compulsory absorption 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 respiration 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
number, under the same circumstances, which had been prevented
from eating.
It was found 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 dilliculty of experi-

ment, opinions vary as to the absolute temperature of
appears to be established that several snails,

if

snails.

It

placed together in

a tube, raise the temperature one or two degrees C, but as a rule,
^

Bergh, Morph. Jahrb.

x.

p. 172.

-

P. Fischer,

Juurn. dc Conch,

ix. p.

101.

—

;
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the temperature of a solitary Helix differs very slightly from that
Increased activity, whether in respiration
air.

of the surrounding

or feeding,

W. H.

is

found to raise the temperature.

Dall, writing of the branchia in Pehcypoda, remarks

^

that there can be no doubt that its original form was a simple
This, elongated,
pinched-up lamella or fold of the skin or mantle.

Fig.

72.

— Cardium

edule L.: A, anal
B.branchial siphon
foot.
(After
F,
;

Mobius.)

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, which puzzle the student
to describe,

much more

to classify.

In Pelecypoda the branchiae are placed on each side of the
body, between the mantle and the visceral mass.
They lie in a

Fig. 73.

Scrohicidaria piperata Gmel., in its natural position in tlie sand: A, efferent
(After Mobius.)
or anal siphon
B, afferent or branchial siphon.
;

Leading into this
chamber known as the hranchial cavity.
or siphons, one of
two
tubes
cavity, and behind it, are, as a rule,
while
the
other carries it
branchiae,
which conducts water to the
The
lower
is
known as the
them.
away after it has passed over
hrancJiial

or afferent siphon, the upper

as the arial

The action

siphon (see Figs. 72 and 73).
can readily be observed by placing a
1

little

or

efferent

of these siphons

carmine in water,

Bull. Mus. C. Z. Harv. xviii. p. 434.
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near to the siphonal apertures of an Anodonta or

many

Uoiio.

In

Mya, genera which burrow
deeply in sand) both the siphons are exceedingly long, sometimes
considerably longer than the whole shell.
In some cases the two
cases (e.g.

Psammolna,

Tellina,

tubes are free throughout their entire length, in others they be-

come fused together before their entrance within the shell (Fig.
In other genera, which do not burrow (e.g. Ostrea, Pecten,
74).
Area, Mytilus), the siphons are rudimentary or altogether absent
(Fig. 75).

The number and arrangement

FiG. 74.

Solecurtus strigillatus L.,

Naples:
s.ef,

afl'ereiit

s.af,

siphon,

efferent

uniting in
shell.

X

siderably.

SS

two

e.xternally to the

branchiae varies con-

Mytilus edulis L., attached by its byssiis
(By) to a piece of wood F, foot S, aual siphon,
the brancliial siphon being below it and not
closed.
(After Mcibius.)

Fig. 75.

:

;

J.

It

appears

complication of the
different

siphon;
the

of the

gill

proliable

that

the

different

degrees of

indicate degrees of specialisation in the

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 gill may be taken as indicating different degrees of removal from the primitive form of

bivalve.

1

THE GILL

66

The simplest form

1.

IN PELECYPODA

of gill {Nucula, Lcda, Solenomya, etc.)

is

p. 201) of two
filaments, the rows being

that which consists (Fig. 7G, A, compare Pig. 100,

rows of very short, broad, not reflected
placed in such a way that they incline at right angles to one
another from a common longitudinal axis. The filaments are not
connected with one anotlier, nor are the two leaves of each gill
(ProtohraTichiata.)
united at any point.
2. In the Anomiidae, Arcadae, Trigoniidae, and Mytilidae each
gill consists of two plates or rows of much longer filaments, which
consequently occupy a much larger space in the mantle cavity

—

Morphology of the branchiae of Pelecypoda,
A, Protobranchiata ; B, Filibranchiata ; C,
branchiata; e, e, external row of filaments i, i,
i', internal row
ternal row or plate folded back
(From A. Lang.)
s, septum ; v, visceral mass.

Fig. 76.

;

;

(Fig. 76, B).

seen diagranimatically in section

:

EulameUibranchiata ; D, Septiinternal row of filaments ; e', exfolded back ; /, foot ; m, mantle ;

Unable to extend beyond the limits of the mantle,

filaments are reflected or doubled back upon one another, those
of the external plate l)eing reflected towards the outside, those of

the internal plate towards the inside.
separate filament

is

next adjacent, except by surface

filament

situated on small

cilia

Each

not connected with the
projections

on the

and interlocking with
adjacent filament.
The two

sides of the filaments,

the

cilia of tlie

superposed plates or leaves of the

may

the two parts of a filament.
Fj.

;.

77.

— Four

lila-

gill

ments

Mytilus,
of
magnified
cj,
junctions
ciliary
/,
*
filament.
(After Peck.
highly

3.

In

may

or

Ostreidae
place,

(Filibranchiata.)

the Pectinidae, Avictdidae, and
a

;

;

gill

not be united by cords running between

The

development takes
filaments of each gill are
fiurther

same way as in the FiliIranchiata, but the part thus reflected may become completely
reflected in the

THE GILL
united

or

'

concresce

'

IN PELECYPODA

on

with the mantle
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and

the exterior

The leaves of
with the base of the foot on the interior side.
each gill plate, which have thns l^ecome doubled (the gills being
apparently two instead of one on each side), are folded or crumpled,

the

and the filaments are modified at the re-entrant angles of
{PsctidolameUihranchiata.)

fold.

the remaining Pelecypoda, except class 5, in other
words, in the very large majority of families, the filaments are
4.

In

all

either reflected, as in (3), or

simple

;

but the process of conis so far advanced

crescence

that the adjacent filaments are

always intimately connected
with one another in such a
way as to admit the passage
of

tlie

blood

;

and the leaves

of each gill-plate (Fig. 76, C)

are united by cross channels in

—

Transverse section of portion of
78.
an outer gill plate of Anodonta, liiglily
outer
inner lamella ; il'
magnified
il,

Fig.

:

lamella

a

similar

way.

{Eulamelli-

;

ilj,

,

interlamellar junctions
(After Peck.)

;

r,

large vertical vessels.

hraTichinta.)
5. In certain of the Anatinacea alone (Cuspidaria, Lyonsiella,
Poromya, Silcnia) the gills are transformed into a more or less
muscular partition, extending from one adductor muscle to the
other (Fig.76, D), and separating off the pallial chamljer into two
distinct divisions, which communicate by means of narrow slits

in the partition.

(SejJtihranchiata.)

Thus the process of gill development in the Pelccypoda
In
appears to lead up from a simple to a very complex type.
its original

form, at all events in the most primitive form

known

a series of short filaments, quite independent of
then the filaments become
one another, strung in two rows
longer and doul)le back, while at the same time they begin to
to us, the gill

is

;

of adhesion, as yet only superficial, to one another.
In a further stage, the reflected portions become fused to tlu;
adjacent surfaces of the foot and mantle, while the interLimellar

show signs

junctions serve to lock the two gill-plates together

;

finally,

the

mere ciliary junction of adjacent filaments is exchanged for intimate vascular connection, while the gill-plates as a wliole become
closely fused together in a similar manner.

This theory of

origin

is

strengthened

by

closer

oljserva-

I
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phenomena

tion of the

Taking the Septi-

of a single group.

branchiata as an instance,

we

chap.

find that in Lyonsiella the branchiae

way

unite with the mantle in such a

as to

form two large

pallial

chambers, the structure of the branchiae being preserved, and
the

covering

lamellae

their

observed in Poromya.

partition.

A

further

stage

There, a similar partition exists, but

is
it

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
has

three

groups.

development.
all

Cuspidaria represents the last stage in the
In the ventral chamber there appears nothing at

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.^

Relation 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

When

the branchiae are in pairs,

we

another.

find that the auricles of the

heart are also paired, the amicle on the right and left sides being

supplied by the right and

left

branchiae respectively.

This

is

the case with the Dibranchiate Cephalopods (Argonauta, Octopus,
Loligo, etc.), the Zygobranchiate Prosobranchs {Pissurella, Hali-

In the Amphineura {Chiton, etc.) there
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

and
two

Pelecypoda.

otis),

all

are

auricles

corresponding

branchiae are on the same
the auricle

This

is

is

single too,

and one is aborted and functionless,
and on the same side as the branchia.

side,

the case with the Tectibranchiate Opisthobranchs {Philine,
etc.), all

the Pectinibranchiate Prosobranchs (Eachi-

glossa, Taenioglossa,

and Ptenoglossa), and the other Azygobran-

Scaphander,

^

Pelseneer, Comptes Rendus, cvi. p. 1029.
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cliiate rrosol)ra.iichs (Trochidae, Neritidae, etc.).

the right auricle exists, as well as the

Fig.

— Diagram

but

left,

is

between branchiae, heart, and aorta in the
B, Pelecypoda ; C, Dibranchiate Cephalopoda ; D, Tetrabranchiate Cephalopoda E, Prosobrauchiata Zygobranchiata
F, Prosobrauchiata
Azygobranchiata G, Prosobranchiata Monotocardia
H, Opisthobranchiata Tectibranchiata
3a, Cephalic aorta
'3b, Visceral
1, Ventricle
2, Auricle
3, Aorta
aorta ; 3c, Posterior aorta.
(From A. Lang.
79.

Mollusca

:

illustrating the relations

A, In Chiton

;

;

;

;

:

sac,
all

In the last case
simply a closed

;

;

;

;

the coalescing of the two gills on the
the w^ork upon the left auricle.

;

left side

Compare

having thrown

Fig. 79, F, G,

H.

Circulatory System.
All Mollusca, without exception, possess a circulatory system

more or less complexity.
Tlie 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 be no distinct heart.
The heart may consist simply of a single amnele and ventricle, and an aorta opening out of the ventricle.
From the
aorta the blood is conveyed to the various parts of the body by
of

arteries.

Veins convey the

after passing over

which

it

l)lood

back to the breathing organs,

returns by the branchial or pulmonary

vein to the heart, thus completing the circuit.

CIRCULATORY SYSTEM
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position, the heart is situated within the pericardium,

a separate chamber which in the Pelecypoda, Cephalopoda, and
the bilaterally symmetrical Gasteropoda lies on the median line,

while in the asymmetrical Gasteropoda

it is

on one or other of the

The veins connected with
the branchiae, and consequently the auricle into which they open,

sides of the body, usually the right.

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 aiiricles corresponds to the number of branchiae.
Thus there is only one auricle in the great majority of Prosobranchiata (which

and

also in the

are

accordingly classified as Monotocardia),

Opisthobranchiata, while the Pulmonata have a

There
pulmonary chamber.
Amphineura, in a small group of Gasteropoda, hence known as Diotocardia, in all Pelecypoda, and in the
In the Tetrabranchiate Cephalopoda
Dibranchiate Cephalopoda.

single am'icle corresponding to the

two

are

auricles in the

alone there are four auricles corresponding to the four branchiae.

A

single aorta occurs only in the

Tetrabranchiate Cephalopoda.

In

all

Amphineura and

in the

the other groups there are

and posterior ends of the
and Dibranchiate Cephalopoda, while a
single aorta leads out of the posterior end alone, and subsequently
One aorta, the cephalic,
bifurcates, in most of the Gasteropoda.
two

aortae, leading out of the anterior

ventricle in Pelecypoda

supplies the front part of the body, the oesophagus, stomach,

mantle,

etc.

;

the other, the visceral aorta, supplies the posterior

and sexual organs.
The general circulatory system in the Mollusca has not yet
As a general rule, the blood driven
been thoroughly investigated.
part, the liver

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,
In the Dibranchiate
which penetrate the body in every direction.
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
A similar
this again is regarded by others as not established.
^

E.g. Kollmann, Zeit.

toiss.

Zool. xxvi. p. 87.
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difference of opinion occurs with regard to the precise function of

the foot-pore which occurs in
it

serves as a

means

many MoUusca, some

for the introduction of

vascular system, while others regard

it

holding that

water into the blood-

as a form of secretion

gland, the original purpose of which has perhaps become

Blood.

—As

a rule, the blood of the Mollusca

puscles but the liquor sanguinis

—

is colourless,

i.e.

lost.

not the cor-

or slightly tinged

with blue on exposure to the air.
This is due to the presence
of a pigment termed haemocyanin, in which are found traces of
copper and iron, the former predominating.
Haemoglohin, the
colouring matter of the blood in Vertebrates, is, according to Lankester,^ of very restricted occurrence.
It is found
(1) in special
corpuscles in the blood of Solen legumen (and Area Noae); (2) in
the general blood system of Flanorbis ; (3) in the muscles of the
pharynx and jaws of certain Gasteropoda, e.g. Limnaea, Paludina,
Littorina, Chiton, Aplysia.
This distribution of haemoglobin is
explained by Lankester in reference to its chemical activity
whenever increased facilities for oxidisation are required, then it
may be present to do the work. The Mollusca, being as a rule
otiose, do not possess it generally diffused in the blood, as do the
Vertebrata.
The actively burrowing Solen possesses it, and
perhaps its presence in Flanorhis is to be explained from its re-

—

spiring the

of

air

stagnant marshes.

Its

pharyngeal muscles and jaws of other genera

occurrence

may

in

the

be due to the

constant state of activity in which these organs are kept.^

According to Tenison-Woods

and two

^

a species oi Area (trapezia Desh.)

species of Solen, all Australian,

have red blood.

It is

suggested that in these cases the habits of the animal (the Solen

burrowing deeply in sand, the Aoxa in mud) require some highly
oxidising element, surrounded as the creature is by ooze.
In Area
pexata (N. America) the blood is red, the animal being familiarly
known as 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 Patella, Acmaea, Littorina, Trochus, Turlo, giving the parts the
'

appearance of raw meat.
1

Proc. Roy. Soc. 1873, p. 70.

-

Griesbacli {Arch. mikr.

bivalves,

e.g.

Anat. xxxvii.

p.

glycimeris.
3

22) finds haemoglobin

in

several

Poromya granulata, Tellina planata, Area Noae, and Pectunculus

Trans. Boy. Soc. N. S. Wales, xxii.

p.

106.
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The Mantle

On

the dorsal side of the typical niolluscan body, between the
and the shell, lies a duplicature of the integument,

visceral sac

known as the mantle. The depending sides of the
mantle, which are usually somewhat thickened, enclose between
generally

themselves and the body mass a chamber of varying size and
shape, called the mantle cavity, which communicates freely with
the external air or water, and encloses and furnishes a protection
for the

organ or organs of respiration.

surface the mantle

is

On

its

closely applied to the shell

upper or dorsal
throughout its

whole extent, the cells with which it is furnished secreting the
The whole
materials from which the shell is formed (see p. 255).
mantle is capable, to some degree, of secreting shelly matter, but
the most active agent in its production is the mantle edge or
margin.

In the Prosobranchiata the mantle cavity, for reasons which
have already been explained, is found on the left side of the
animal, its front portion being in many cases produced into a
Within the mantle cavity are found, besides the
tubular siphon.
branchia, the anus, the apertures of the kidneys, and the

In the Pulmonata the mantle fold encloses a soThe front edge of the mantle coalesces with
the integument of the neck in such a way as to enclose the
cavity very completely, the only communication with the outer
osphradium.

called lung-cavity.

air

being by means of the contractile breathing or pulmonary
In the Tectibranchiate Opisthoon the right side.

aperture

branchs
not

the

mantle

of sufficient

Nudibranchs,

fold

is

inconsiderable,

extent to cover

which

have

no

and

is

usually

the branchia, while in

true

branchiae,

it

the

disappears

altosrether.

In the Pelecypoda the mantle cavity is equally developed on each
The mantle may thus
enclosing the two sets of branchiae.
be regarded as consisting of two equal portions, which form a sort
The lower or ventral portion of the
of lining to the two valves.
mantle edges may be simple, or provided with ocelli {Pecten, Area),
The two portions
tentacles, cilia {Lima, Lejpton), or doubled folds.
of the mantle touch one another along the whole line of the
edge of the two valves, and, although thus in contact, may remain
completely separate from one another, or else become permanently
side,

FUSION OF MANTLE EDGES IN PELECYPODA
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This fusion of the mantle edges
united at one or more points.
corresponds to important changes in the organisation of the

The anal and branchial siphons are no more
animal as a whole.
than prolongations of the mantle edges on the posterior side into
These siphons exhibit the siphonal form more
a tubular form.
distinctly according as the adjacent portions of the mantle become
'

more

'

definitely fused together.

This progressive fusion of the mantle edges may be taken as
indicating definite stages in the development of the Pelecypoda.

A

perfectly free mantle edge, joined at no point with the edge

adjacent

of the

in Nitcula, Area,

mantle, occurs

Here there

Trigonia (see Fig. 80, A, B).

is

Anomia, and

nothing in the

—Diagram

illustrating the various stages in tlie closing of the mantle in PelecyA, mantle completely open B, rudiments of siphons, mantle still completely
D, mantle closed at two i^oints, with comC, mantle closed at one point
E, development of siphons, ventral closure
plete formation of siphonal apertures
more extended F, mantle closed at three points, with fourth orifice /, foot ; s.a,
s.b, anal and branchial sijihons
1, 2, 3, first, second, and third points of closure of
(After A. Lang.)
mantle.

Fig. 80.

poda
open

:

;

;

;

;

:

;

;

nature of a siphon, either anal or branchial in other words, no
contrivance exists to prevent the spent water which has passed
over the branchiae from becoming mixed with the fresh water
;

which

is

to reach them.

one point only, this

is

When

the mantle edges are fused at

invariably on

the

middle part of

the

which may
the
time the
tube-like
form.
At
same
into
a
prolonged
Ijecome
adjacent underlying portions of the mantle edges draw together,
without actually coalescing, to form an opening for the incurrent
posterior side, thus separating off an anal opening

stream of water, the rudiments of the 'branchial siphon' (Fig. 80,C).
This is the case with most Mytilidae (see Fig. 75) with CarIn the next stage the branchial
dita, Astarte, and Fisidiuvt.

MANTLE REFLECTED OVER THE SHELL
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separated off by the concrescence of the mantle edges

and we have the mantle united in two ^places, thus
forming three openings, the ventral of which is the opening for
This is the case in
the protrusion of the foot (Fig. 80, D).
beneath

it,

Yoldia, Leda, the majority of the Eulamellibranchiata

(e.g.

Lucina,

Cyrena, Donax, Fsaimnohia, Tellina, Venus, Cardium, Mactra), and

In Chama and Tridacna the fused portions
become more extended, and in Pholas, Xylophaga,
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
all

Septibranchiata.

of the mantle

retracted), stands in relation to the byssal apparatus (Fig. 80, F).

byssus protrudes through the
In Solen, Lutraria, Glycimeris,
Cochlodcsma, 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 Lyonsia,

orifice,

in

for instance, a thick

which

is

large

and open.

size.^

Mantle Reflected over the

Shell.

—

It is

sometimes the case

that the mantle edges tend to double back over the external surface of the shell,

When

and

to enclose

it

to a greater or less extent.

an extreme, the edges of the
reflected mantle unite, and the shell becomes completely internal.
We see an incipient stage of this process in Cypraea and Marginella, where the bright polish on the surface of the shell is due
to the protection afforded by the lobes of the mantle.
A conthis process is carried to

siderable portion of the shell of Scutus

is

concealed in a similar

way, while in Cryptochiton, Lamellaria, and Aplysia the shell is
more or less completely enclosed. Among Pulmonata, it is possible
that in forms like Vitrin^, Parmacella, Limax, and Arion, we
have successive stages in a process which starts with a shell completely external, as in Helix, and ends, not merely by enveloping the
shell in the mantle, but
^

by

effecting its disappearance altogether.

Pelseneer, Comptes Bendus, ex. p. 154.

MANTLE REFLECTED OVER THE SHELL
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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 Parmacella, 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

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 represented 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 granides, or else has entirely disspiral,

the rest considerably flattened.

appeared.

Some

indications of a similar series of changes occur in the

The mantle edge

Pelecypoda.

of Lepton is prolonged

area of the valves, terminating in some cases in a

beyond the

number

of

In Galeomma and Scintilla the valves are partially
concealed by the reflected mantle lobes, and in a remarkable form
recently discovered by Dall ^ {Chlamycloconcha) the shell is completely 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 unnecessary.
It is quite possible, on the analogy of the Gasteropoda 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
filaments.

shelL-

The following works

wdll be found useful for further study of

this portion of the subject
F. Bernard,

braucheb

Recherches sur
:

Ann.

les

organes palleaux des Gasteropodes proso-

Sc. Nat. Zool. (7) ix. (1890), pp. 89-404.

^

*

:

Science, iv. p. 50.

P. Fischer, Journ. de Conchyl. (3) xxvii. p. 201.

:

AUTHORITIES

176

Mollusca, Text and Atlas.
G. Cuvier, Le Regne animal (ed. V. Masson)
C. Grobben, Beitrage zur Kenntniss des Banes von Cuspidaria (Neaera)
cLispidata Olivi, nebst Betrachtnngen liber das System der Lamelli;

Arb. Zool. Inst. Wien, x. (1893), pp. 101-146.
Lankester, Encyclopaedia Britannica, 9th ed., vol. xvi. (1883),

brancbiaten
E.

Ray
Art.

'

:

Mollusca.'

A. M^n^gaux, Piechercbes sur

la circulation des

Lamellibranches niarins

Besancon, 1890.
K. Mitsukuri, On the structure and significance of some aberrant forms of
Lamellibranchiate gills
Q. Joiun. Micr. Sc, N.S. xxi. (1881), pp.
:

595-608.
H. L. Osborn, On. the gill in some forms of Prosobranchiate Mollusca
Stud. Biol. Lab. Johns Hopk. Univ. iii. (1884), pp. 37-48.
R. Holman Peck, The structure of the Lamellibranchiate gill Q. Journ.
:

:

Micr. Sc, N.S. xvii. (1877), pp. 43-66.
P. Pelseneer, Contributions a I'etude des lamellibranches

(1891), pp. 147-312.

:

Arch. Biol.

xi.

CHAPTER
ORGANS OF SENSE

:

VII

TOUCH, SIGHT, SMELL, HEARING

THE FOOT

THE NERVOUS SYSTEM.
Organs of Sense

Tactile organs,

Touch.

I.

:

some of the Mollusca, do not

althoiiQ-h occurring; in

appear to attain special or marked development, except in a few

and particularly of the
Nearly all
least two cephalic tentacles,

cases.

The whole

foot, is

very sensitive to the slightest impression.

surface of the skin,

Gasteropoda are furnished with at

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
except in Vertigo
the apex of the tentacles, and in that case
a second pair of shorter tentacles appears beneath the longer

—

—

It

pair.

a

frequently happens that several senses are centred in

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
into

lobes,

of the mantle,

appear

to

be

which

keenly

are

sometimes specialised
to touch in
all

sensitive

Gasteropoda.

In Cypraea (Fig. 81) these lobes, or tentaculae, are a
prominent feature of the animal, and also in certain genera of
In most of the carnivorous land
the Trochidae (Fig. 82).

Pulmonata

—

e.g. Testacella,

Ehytida, Ennea

—

there are developed,

under the lower pair of tentacles, and close to the mouth, large
These are connected with the cerebral
labial palps or feelers.
ganglion by a very large nerve, and may therefore be supposed
In some of the large carnivorous
to be of extreme sensitiveness.
VOL.
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forms {Glandina, Aerope, compare Fig. 21, p. 54) these palpae are of
great size, and curl upwards like an enormous pair of moustaches.

—

9)\.
Cijpraea moneta L., showing tentaculae at
edge of mantle, which partly envelopes the shell
Si, siphon
M, M, mantle F, foot T', tenta(After Quoy and Gaiculae at edge of mantle.
x f.
mard).

Fig.

When

canali-

(After

Quoy

and

Gai-

mard.)

a Glandina seizes its prey, the palpae (see Fig. 83) appear

to enfold
It

Monodonta

fera Lara., New Ireland,
showing
mantle
lobes.

;

;

;

Fia. 82.

it

and draw

it

in towards the mouth.

in the Opisthobranchiata

is

attain their

maximum

that

development.

the

Many

shell-less or possess a small internal shell,

organs

of

touch

of this group

are

and accordingly, in the

absence of this special form of defence, a multiplied sense of

touch

is

probably of great service.

besides

find,

the

ordinary

cephalic

Thus we
tentacles,

crowns of the same above the head
with lobe-like prolongations of the integument, and tentacular
processes in the neighbom^hood of, or surround-

clusters or

of

Fig. 83.
seizin

Glandina
its

i^^g

prey,

with buccal papiilae turned back.

many

Nudiljranchiata,

the branchiae (see Figs. 58 and 84), or even

projecting from the whole upper surface of the
i-

body

(Strebei.)

/-in

(Fig. 5, C).

In the Pelecypoda, the chief organs of touch
are the foot,wdiich

is

always remarkably sensitive, especially towards

on each side of the mouth, and the
In certain cases the mantle border is prolonged into a
series of threads or filaments.
These are particularly noticeable
in Pecten, Le'pton, and Lima (Fig. 85), the mantle lobes of the
common L. hians 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 be shared by the whole
mantle border, although it is not furnished with any special
fringing.
The arms of the Cephalopoda appear to be keenly

its

point, the labial palps

siphons.

—

'

'

—

TASTE IN SNAILS
sensitive to

toucli,

and

this is particularly

front or tentacular pair of arms,

Fig. 84.
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which seem

Idalia Leadiii A. and H., British seas

br,

the case with the
to

be employed in

branchiae.

(After

Alder and Hancock.)

an especial degree
objects.

Taste.

—The

or less extent,

these

exploration and investigation of strange

for

sense of taste
in

a special

all

is

no doubt present,

to a greater

the head-bearing MoUusca.

nerve

or

nerves

has

l)een

In

many

discovered

in

of

the

pharynx, connecting with the cerebral
ganglion this no doubt indicates the
The Molseat of the faculty of taste.
;

lusca vary greatly in their likings for
different

kinds of food.

Some seem

to prefer decaying and highly odorifer-

ous animal matter (Buccimcm, JVassa),
others
to

apparently

fresh

meat

confine

Testacella), others again,
ra,lly

themselves

(Pmyura,

hr

Natica,

although natu-

f

Fig. 8
Lima, squamosa Lam.,
Naples,
showing tentacular

vegetarian, will not refuse llesh

lobes of mantle

{t, t)

;

a,

anus

;

ad.m, adductor muscle hr, br,
on occasion {Limax, Helix').
branchiae
foot
shell.
Mr. \{. A. CJain ^ has made some
interesting experiments on the taste of I>ritish 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
Some
than 197 different kinds of food, cannibalism included.
;

;

'

Juurn. of

Cotu-li.

vi.

\i.

349

11'.

/',

;

sli,

POSITION OF THE EYES

i8o

curious points came out in his

tal)le of results.
Arnalia gagates
appears to be surprisingly omnivorous, for out of 197 kinds of

Avion atcr came next, eating all but 40.
on the other hand, was dainty to a fault, eatingonly seven kinds of food, and actually refusing Swedes, which every
other species took with some avidity.
Certain food was rejected
by all alike, e.g. London Pride, Dog Eose, Beech and Chestnut
leaves. Spruce Fir, Conniion Eush, Liverwort, and Lichens
while
food

it

Limax

ate all but 25

;

arhorio/i,

:

all,

nearly

or

Lettuces,

Leeks,

Few

grasses.

altogether

greedily

ate

all,

Strawberries,

of our

of Potatoes,
JBoleUis

Turnips,

edulis,

and

Swedes,

common

common weeds or hedgerow flowers were
and Limax were decidedly less

Avion

rejected.

in tlieir food than Helix, nearly all of them eatingearth-worms and puff-balls, which no Helix would touch.
Avion
atev and Limax niaximus ate the slime off one another, and
portions of skin.
Cyclostoma elegans and Hyalinia nitida
preferred moist dead leaves to anything else.

particular

/Sup-

II.

—

In the majority of the head-bearing]\IollusL'a the eyes are two in number, antl are placed on, or in
Sometimes they are
the immediate neighbourhood of the head.
position

on

carried

of Eyes.

simple

either

Fig. 86.

or

projecting tentacles
(as

in

;

e,

e,

onnuatophores,' whicli are

Prosobranchiata) or capable of retraction

—A, Livinaea peregra
Miill.

'

eyes

Mtill.
;

t,

t,

;

e,

e,

eyes

tentacles

;

;

t,

p-o,

like the fingers of a glove {Helix, etc.).

i,

tentacles

pulmonary

:

B, Helix nemoralis

orifice.

Sometimes, as in a large

nundjer of the marine Gasteropoda, the eyes are at the outer base
of the ceplialic tentacles, or are
selves,

mounted on the

but never at the tip (compare Fig. 60,

p.

tentacles

153 and

them-

Fig. 98,

ORGANISATION OF THE EYE
p.

199).

i8i

In other cases they are placed somewhat farther

The Puhnonata

the sides of the neck.

Ijack, at

are usually suljdivided into

two great groups, Stylommato'pliora and Basommatoi^liora (Fig.
86), according as the eyes are carried on the tip of the large
tentacles {Helix, and all non-operculate land sliells), or placed at
In land and
the inner side of their l)ase {Lhnnaea, Plujsa, etc.).
fresh-water operculates, the eyes are situated at the outer base of

the tentacles.

In the Helicidae, careful observation will sliow that the eyes
are not placed exactly in the centre of the end of the tentacle,

The eye is
but on its upper side, inclining slightly outwards.
probably pushed on one side, as it were, l)y tlie development of
The sense of smell

the neighl)ouring olfactory bulb.

more important

lieing

far

these animals than the sense of sight, the

to

former sense develops at the expense of the

latter.

— Tlie eye

Organisation of the MoUuscan Eye.-

in Mollusca

exhibits almost ever}' imaginalile form,

from

the

extremely

elaborately complex.
certain l)ivalves, no

simple
It

may

the

to
l)e,

more than

a,

as

i]i

pig-

mented spot on the mantle, or it may
consist, as in some of the Cephalopoda,
of a Cornea, a sclerotic, a choroid, an
acpieous and vitreous
iris, a lens, an
luunour, a retina, and an optic nerve, or
of some of these parts only.
In most land and fresh-water Mollusca the eye

may

speaking,

a

as

''

be regarded, roughly

ball

connected

l)y

an

exceedingly fine thread (the optic nerve)

with a nerve centre (the cerebral gang-

^^^ ^~

—Eye

of Helix pmnatia
within
the
retracted
tentacle ; c. cornea ; c}), epithelial layer; I, lens; op.v,
L.,

In PcducUna this ball is elliptic,
retina. (After
optic nerve
PlanorMs and Neritina it is drawn
Simroth.)
out at the back into a conical or pear
shape.
In Helix (Fig. 87) there is a. structureless meml)rane,
.siuTounding tlie whole eye, a lens, and a retina, the latter
consisting of a nervous layer, a cellular layer, and a layer of

lion).

in

;

rods containing pigment,

tliis

innermost layer (that nearest the

lens) being of the thickness of lialf the

Comparing the eyes of

/•.

whole

retina.

different Gasteropoda together,

we

find

)
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that they represent stages in a general course of development.

Thus
or

in Patella the eye

depression

in

the

is

scarcely

more than an invagination

integument, which

is

lined with

pig-

The next upward stage occurs in
mented and retinal cells.
the depression becomes deeper and hladderTrocJi'US, where
shaped, and is filled with a gelatinous or crystalline mass, l:)ut
still is open at the top, and therefore permits tlie eye to he

Fig. 88.

— Eyes of

Gasteroi:)oda,

showing arrest of development at successive stages

Patella; B, Trochus ; C, Turbo; D, JIurex ; ep, epidermis;
(After Hilger.
nerve
v.h, vitreous liumour.
r, retina
;

Lathed

I,

:

A,

lens; op.n. optic

;

in

water.

Then, as

the

Turho,

in

closed l)y a thin epithelial layer,

which

hladder

finally, as in

Ijecomes

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
a cup-shaped
quite closed

is

depression,

It consists of
of a very simple type.
with a small opening which is not

by the integument.

Tlie

retina

consists of cells

EYE OF CEPHALOPODA
which

and which communicate
with the hranches of the optic nerve, there being no

line the interior of the depression,

directly
iris
it

I8

This type of eye,

lens.

(ir

be observed, corresponds

will

exactly with that which occurs
in l\(feUa.

appears also to

It

correspond

a

t»»

development

of

Diliranchiata

(e.g.

stage

in

the

eyes

in

the

Octopus, Sejna,

Loligu).

Lankester

that

Zolif/o

in

lias

the

shown

eye

^

first

appears as a ridge, enclosing an
oval

By

area

in

the

the

degrees

integument.

walls

and

of

this

eventually

area

close

join,

enclosing the retinal cells

in,

chamber

within the
the lens

is

which
^a- -Three stages in the developluent of the eye oi Loligo ; r, r, ridge,
enclosing p.o.c, primitive optic chamber ; or, orifice between the closing
ridges ; s.o.c, secondary optic chamber

!''«•

It thus appears that

(Fig. 89).

in

in

afterwards developed
^

some cases the development

;

of the eye is arrested at a point

ci,

lens

ci,
;

ciliary

E,

body

retina.

;

rudimentary

/,

(After Lankester.)

which in other cases only forms
a temporary stage towards a higher type of organisation.
The developed eye in the dibranchiate Cephalopods consists
of a transparent cornea, which may or may not be closed over
Fig.
I'

— Eye

90.

in

A, Loligo; B, He-

arc

Limax;

lix or

Kautilus

:

chamber
nea

optic
;

int.

;

ment

;

C,

a.o.c,

anterior

ir,

c,

cor-

integuiris

;

I,

external
portion of lens
ojj.n, optic nerve
o/j.(/,
optic ganglion
p.o.c, postelens

;

I',

;

;

;

rior

ber

oiDtic
;

r,

chamretina.

(After Grenacher.)

the

front, of

the lens.

I^ehind the cornea

(the ;tnterior optic chamber) wliich
1

Quart. Jourii.

Min:

Sc.

is

is

;i

narrow chamber

continued for three parts

X.S. xv.

p. 37.

I
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and into which project the
Throughout
iris.
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 segment by a thin membrane, and is supported by the ciliary
The main
body which forms a continuation of the retina.
portion of the lens lies within the posterior optic chamwhich is found the retina
ber, at the back and sides of
round the whole

circle of the

front portion of the lens

eye,

and the

folds of the

(Grenacher).

There can be no doubt that the Cephalopoda use their eyes to
is nothing to show that any other Mollusca

observe, but there

use their eyes for this pm^pose, 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 which 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,
The next day
upon which it set about devouring its victim.
the Poulpe was seen, after crushing some Tellina, to stretch
himself down close by a Triton nodiferus, and watch it attentively.
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 undoubtedly very short-sighted. Seldom emerging from their retreats
except in twilight and darkness, they are naturally myopic, and

Experiment has
subdued than in a bright light.
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. Gyclostoma elegans and Paludina vivipara are comparatively
long-sighted, perceiving objects at a distance of 20 to 30
centimetres.^
The increased power of vision is due, in these two
see better in a

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 this, and declares that Cyclostoma is
only very sensitive to movements. The present writer has often approached, with
the greatest care, a crawling Cyclostoma, but it always withdrew into its shell or fell
to the ground when approached within about 10 or 12 inches.
1

2

SHORT SIGHT IN SNAILS
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I

Faludina possessing a large and almost spherical
the vitreous

humour

lens, to

85

which

closely adheres, while in Cyclostoma the lens

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 distinThe
guish the form of objects at not more than 1 or 2 mm.
far
more
active
than
that
of
sight.
and
smell
are
senses of touch
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
is

it to

devour

Some

it.

experiments were conducted by the same

interesting

author with the view of ascertaining whether snails avoid or

He placed a number of species in different
wooden boxes, which were divided into a light and a dark com-

court the light.

partment, having previously well soaked the boxes in water to
secure a

move
marked
to

humid atmosphere and surface, and so induce the snails
The result showed that nearly all species have a
predilection one way or the other, but not all in the
about.

same way.
Helix aspersa, Arion empiricorum, six species of
Limax, and three of Planorhis, are lovers of darkness, while
H. nemoralis, Succinea ;putris, and two species of Lim.naea are
lovers of light.
Physa fontinalis stands alone in being quite
indifferent.

M. Willem endeavoured further
the Mollusca possessed

'

to discover

whether any of

dermatoptic perception,' or the faculty of

perceiving variation of light by means of the skin alone.

accordingly repeated the above-mentioned
previously extirpated the

He

experiments, having

eyes in all cases.

The

result

was

In a few instances the experiment was not conclusive, but H. aspersa, A. empiricorum, several species of Limax,
and one Lininaea shunned or sought the light just as they had
done when their eyes were present.
A few marine IMoUusca
{Littorina 'littorea, Trochus cinerarius, T. umbilicatus, Patella
mdgata) were also shown to be exceedingly sensitive to the impact
of a shadow, whether with or without their eyes.
In a large number of marine
Blind and Eyeless Mollusca.
remarkable.

—

1

Arch. Biol.

xii.

1892, p. 57.

BLIND AND EYELESS MOLLUSCA

i86

Mollusca which hal)ituully creep about half buried in wet sand
{Bullia, Sigaretus, Scapliander, Philine), eyes are altogether absent.

In some species of Natica and Sigaretus,
and in Doris, eyes are developed, but are
enclosed in

a thick layer of skin, througli

which they can proljably do

more than

little

faintly appreciate different degrees of light

and darkness.

Chiton has cephalic eyes in

loses them in the adult
The two great Auricula, A. auris
Jtulae and A. auris Midar, which habitualh'
creep about in the liquid mud of mangrove

the eml)ryo,

Ijut

stage.

swamps,
Fig.

91.

tain

— Sigaretus

lae-

Lam., a species
frequenting wet sand,
and destitute of external eyes
F, anterior portion of foot,
(After bouleyet.)
iv>/a<i«s

;

]iave entirely lost

pelagic

Mollusca

....

,

tendency, which

is

their eyes.

seem

,

.,

Cer-

have

to

•

a

^

not easily explained, to

j^gg their eyes or the power of seeincr witli
7mi
^
n
them.
lllUS lantllllUC liaS 110 CyCS at all.
•

pteropoda
as a rule have no eyes, and the
^
.

few

that have (Creseis,

.

Cavolinia) possess

only certain pigmented spots placed near to the nervous centres.

In the Heteropoda, however, and the Cephalopoda,

many

are pelagic, the eyes are unusually large.

Eyes in Deep-sea and Underground Mollusca.

of

which

— 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.

no trace of eyes in two species of Pleurotoina
from 1850 and 1950 fath., none in a Fossarus from 1400 f.,
none in a Puncturclla from 1340 f. A remarkable form of Voluta.
(Guivillca) from 1600 f. 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 Troclius from 450 f.,
565 f., and 1375 f., the eyes were pigmented and well
Pelseneer found

^

developed.

In land Mollusca which live beneath the surface of the ground
or

in absolute darkness,

Thus

the eyes are

generally more or less

which usually burrows deeply in
the soil, but occasionally emerges into the open air, the eyes are
Our little Caecilianella
very small, but distinct and pigmented.
modified.

^

'

in Tcstacella,

Chfllevger' Reports, Zoology, vol. xxvii. part Ixxiv.

p. 3.
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acicula,

which

is

never seen above the surface,

A

destitute of eyes.

I

is

8/

altogether

species of Zospeum, a Helix, and a Bithynella

On the
have suffered a similar loss.
(probably
Utah
cave
in
from
a
dark
other hand, a small Hycdinia
a recent addition to the cave fauna) has the eyes normally
from

darlv caves in Carniola

developed.

—

Eyes of Onchidium. Many species of Onchidium, a naked
land pulmonate which creeps on rocks near high-water mark, are
provided with dorsal eyes of various degrees of organisation, and
The tropical
in numbers varying up to nearly one hundred.
skips along
fiQh.{Pcrio])Mlialmus)\\h.iQ\\
a
prey
of
Onchidium are the
principally
feeds
ventral
fins,
and
large
its
the beach by the aid of
that
the eyes
suggests
Karl
Semper
Onchidium.
on insects and
apprehend
the
enabling
it
to
as
Onchidium
are of service to
itself
defend
by
and
Feriophthalmus,
approaching
the
shadow of
a
expressing
skin
and
the
glands
on
certain
contracting
suddenly
frightens
and
like
shot
air
flies
into
the
which
liquid secretion
for it is no more than
This theory
the Pcriojohthalmus away.
-^

theory

—

— may

may

or

not be true, but

it

is

remarkalile that

Onchidium with dorsal eyes have precisely the same geographical
distribution as Periophthalmiis, and that where no Periojphthcdmus
exists, e.g. on our own S.W. coasts, the Onchidium are entirely
In those species of Onchidium which
destitute of dorsal eyes.
on the tips of the tentacles, as
and afterwards
ascend with the growth of the ommatophores, while in Helix the
ommatophores are formed first, and the eyes developed upon
have no dorsal

in Helix.

eyes, the latter are

The eyes

are developed on the head,

them.-

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 incisus, a number of minute black dots
on the outer sm-face of the shell, which appeared to refract light
as if

composed of glass or

These

crystal.

'

eyes,' in all

the species

of Chiton yet examined, are restricted to the outer sm-face of the
shell, never being on the laminae of insertion
In certain sub-genera of Chiton the eyes are
scattered irregularly over the surface, in others they are arranged

exposed area of the
or on the girdle.

'

Animal

Life, p. 372
^

f.

Ann. Mag, Nat.

-

Bergli,

Morph. Jahrh.

Hist. (5) xiv.

]).

141.

x. p. ll'l.
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symmetrically in rows diverging from the apex of each plate, Itut
in old specimens the eyes towards the apices are generally
Moseley regarded the occurru1;)bed off hy erosion or alirasion.
rence of scattered eyes as indicating an original stage of develop-

ment, when the eyes were at first disposed irregularly all over the
the gathering into regular rows showing a
surface of the shell
;

later stage.

The eyes appear to he invariably more numerous on the
Thus in CnrqiJi.iion aculcatum there are aliout
anterior plate.

—

Dorsal eyes of
Fig. 92.
Chitonidae, showing
the various forms
of arrangement in
the first and fourth
\a\ve.iioi\,\a,Acanthopleura spiniyera,
Sowb., E. Indies, x
2 ; 2,2a,Toniciasuezensis Eeeve, Suez,
X 3 3, 3a, A canthopleura gra n vlata
;

Gmel. W. Indies,
X 2 ; 4, 4a, Toiiicia
Uneolata,
Fremb.,
From
Chili, X 2.
specimens in the
,

Museum of Zoology,
Cambridge.

12,000 in all, of which more than 3000 are on the anterior
In Schizocliiton they are arranged in very symmetrical
plate.
rows, six of which are situated on the anterior, and only
In Tonicia
two, sometimes only one, on the central ]3lates.
depressions
cup-shaped
marmorata the eyes are sunk in little
of the

and

shell,

size,

possibly

to

escape

and about ^^ inch in
known in Ch. spiniger and

in Oh. incisus they are circular,

diameter, this being the largest size
.

As regards shape

abrasion.

;

Gh. aculeatus they are oval, measuring about -^^ X ^-^y inch.
There are no eyes in Chiton proper, nor in MojKdia, 3favf/eria,

EYES IN BIVALVE MOLLUSCA
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None

and Ischnochiton}

Loi'ica,

to possess them.'^

1

89

of our English species appear

—

Some, possibly most, of the
Eyes in Bivalve MoUusca.
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

As

above.

in Chiton too,

and,

disuse,
its

the

'

eyes

which true eyes have

instances in

through
measure

to

lost

as

'

we have here an

if

to

sense, visual organs of a

sequently been developed and are

now

Chiton described

interesting series of

suffered total obliteration,

restore

to

of

the animal in some
low power have sub-

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,
Anomia, Lima, Avicula, Area, and Tellina pigmented cells, with
a highly refractive

cuticle,

portion of the mantle.
'

vision,'

are

scattered

over a

considerable

Experiment has proved the powers of

of sensitiveness to different degrees of light, possessed

i.e.

by these organs.
In Breissena jpolymorpha. Tapes decussatus, and
two species of Venus these cells are concentrated on that particular part of the mantle which is not always covered by the shell,
i.e. the siphon, but
since the siphon can be completely retracted
within the shell, there is no special provision for their protection.

A

further step

siphon

is

shown in the

is

some of the pigment
^

case of 3fi/a are7iaria,

scarcely capable of complete retraction.

where the

Here, while

about over the surface of

cells are scattered

The nature of the grouping of the eyes into rows varies considerably in different
As a rule, the rows radiate from the beak, but occasionally they run par-

species.
allel to

In Tonicia lineolaia Fremb., they are grouped, as

the girdle.

it

were, under

marked longitudinal wavy lines.
Shell-Eyes in other Mollusca. The Rev. J. E. Tenison-Woods {Trans. Linn.
Wales, xxii. p. 106) is of opinion that 'shell-eyes' are by no means conA'.

the shelter of strongly
-

S<jc.

—

*S'.

fined to the Chitonidae, but that, in fact, nuiltiplicity of eyes of this

kind is the
than the exception among the Mollusca. He finds (1) exceedingly minute
and numerous eyes on the outer surface of the shell in both univalves and bivalves
eyes in the shell substance
(2) large and solitary
(3) eyes on the mantle lobes in
both univalves and bivalves ; (4) eyes on the opercida.
» Math. Stat. ZooL Neap. v. p. 447
rule rather

'

'

'

'

;

fl'.
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the siphon, the majority are placed in grooves at the base of the
siphonal tentacles, forming an intensely black band round them.

A

still is shown in Solen vagina, S. ensis, and Mactra
where the cells are situated only in the siphonal
grooves, w^hich are more or less specialised in numbers and com-

higher stage

solidissima,

plexity.

Area Noae, according

to

Patten,

is

very sensitive to any

sudden change in the amount of light falling upon its mantleedge.
A faint shadow cast upon it by the hand is suf&cient to
cause it to close its valves quickly, but always one or two
seconds afterwards, the promptitude in all cases depending upon
Sensitiveness in this direction was
the depth of the shadow.
found to depend greatly upon the vitality of the animals themselves, since it always became less in those specimens which had
been kept for long in confinement.
A shadow was not always

make them

necessary to

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
Sensitiveness to change in intensity of light
cause no alarm.
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
Avicula, which is only
sensitiveness, i.e. higher visual powers.
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

more perfect organisation, instantly
upon the impact of a shadow so faint

the

contracting

much
mantle

as to be invisible to the

experimenter.^

—

The visual power of
Visual Faculties of Solen and Ostrea.
may be exemplified by any one who is walking along
If
almost any of our sandy bays at extreme low-water mark.
the day be warm and sunny, numbers of Solen will be seen
but if you
raising themselves an inch or two out of their holes
wash to catch them you must approach very cautiously, and on
no account allow your shadow to fall upon them, or the}' will
Solen

;

1

W.

Patten, Mitth. Zool. Stat. Neap.

vi.

(1886) pp. 546, 605

f.
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pop down into their burrows in an instant, and it is vain to
How sensitive,' remarks Mr. W.
attempt to dig them out.
Anderson Smith, with reference to oysters,^ the creatures are to
the shadow [of the boat] as it passes overthe light above them
head is instantaneously noted, and, snap! the lijJS are firmly closed.'
In Pecten and Siwndylus the ocelli are
Ocelli of Pecten.
remarkably large and prominent, shining like precious stones, and
are placed along the two edges of the mantle so as to receive the
In Pecten opercularis,
light when the shell gapes (Fig. 93).
jacohaeus, and maximus their number varies from 80 to 120.
In Si^ondylus gaederoipus, a very inequivalve shell, 60 have been
counted on the right or fixed valve, and 90 on the left or upper
'

'

;

—

valve.

nected,

Each ocellus
by means

con-

is

of

its

optic nerve, with the large

circumpalleal nerve, and so

with

the

branchial

glion.

They

possess a cornea,

and

choroidea,

lens,

nerve,

ganoptic

according

and,

Hickson,^ bear

a

to

Fig. 93.
ocelli

consider-

Pecten opercularis L. showing the
on the two edges of the mantle.
,

In spite of

able resemblance to the vertebrate type of eye.

the power of vision in these genera does not appear at

this,

superior

all

to that of other Pelecypoda.

According

to

the

elaborate

investigations

of

eyes

'

in

the

Patten,

Area occur upon the middle or ophthalmic
the mantle-edge, which is thickened at the end to admit

'

fold of

'

'

of their

Along

reception.

ranged a row
of dark brown spots
this is

various

of

sizes,

wliich are larger at

the

and

anterior

posterior ends of the

mantle
Fig.

94.

— Compound

mantle fold

;

eyes

{c.c)

of

omm, ommatidia.

Area harhata

L.

;

m.l,

(After Patten.)

-

and

numerous
the middle.

compound,
^

These brown spots, or
being made up of the

Berulerloch, p. 136.

^

'

eyes
fusion

are
of

many
a

but

edge,

smaller

more

towards

them
number of

Quart. Journ. Micr. Sac. xx.

of

p. 443.
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ommatidia (from 10

to

chap.

80) into one large round eye, which

is

generally elevated above the surface of the surrounding epithelium.

Sometimes these eyes themselves tend

one specimen of Area JVoae,
counted in one mantle border,

There

can be

little

to fuse together.

133 of these
and 102 in the

faceted

In

eyes were

other.

doubt that the development of these

sensitive spots, in bivalve Mollusca, is due to

functional eyes,

or'

special needs.

They appear

to be

entirely absent in fresh-water

bivalves (with the exception of Di^eissensia, which

is

obviously a

marine genus recently become fresh-water), while they are most
abundant in genera living between tide marks (Solen, Mya,
Mactra), and most highly specialised in a genus that is, for a

Now

bivalve, of singularly active habits (Pecten).

genera living

in sand between tide marks, 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
bm-row, are manifestly very much at the mercy of their watchful
enemies the gulls, and anything which would enable them to
apprehend the approach of their enemies would be greatly to
their

Here, perhaps,

advantage.

the

lies

explanation

of

the

greater elaboration of these pigmented spots in littoral genera, as
Fecten, again, a
compared with those inhabiting deeper water.
genus distinguished by great activity, which can fly for considerable 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

—

touch at a distance, as MoquinThe sense of smell
Tandon has called it -is probably the most important sense
which the Mollusca possess, and is unquestionably far more
Any one who has ever
valuable to them than that of sight.

—

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
Accordstinking piece of fish with which the trap was baited.
congregates
in
ing to Mr. J. S. Gibbons/ Bullia rhodostoma
1

Quart. Journ. of Conch,

i.

p.

3G8.

POWER OF SMELL

VII

MOLLUSCA

IN

1

93

hundreds on gigantic medusae which are stranded on the sandy
Dr. J. G. Jeffreys says ^ that
bays near the Cape of Good Hope.
quantities of the common Neptunea antiquct " are procured on the
Cheshire coast by the fishermen placing a dead dog on the sands
The bait is then comat low-water mark during spring tides.
pletely covered with stones,

which are piled up

the next turn of the tide the heap of stones

like a cairn.
is visited,

On

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 JVassa reticulata in

a tank in the sand, at the bottom of which they usually remained

meat of any kind were drawn over the
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 Hassa smellina;
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 Ai'ions
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 Arion, hurrying
straight towards it.
When the Ariun had yet more than a yard
to traverse, M. Parenteau picked up the bean and put it in his
pocket.
The Arion stopped, raised its head, and turned in every
M.
direction, waving its tentacles, but without advancing.
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 Arion,
after a moment's indecision, started off straight for the bean.
Again the position of the precious morsel was changed, and
again the Arion made for it, this time without being further
tantalised.
M. Moquin-Tandon noticed, one rainy day in the
botanical gardens at Toulouse, two Limax maximus appi-oaching
a rotten apple from different directions.
He changed the position
buried.

If a piece of

sand, the JVassa

^

^

Brilish Conchology,

Science Gossip, 1865, p. 259.

VOL.

Ill

i.

p. xxviii.
'

Molhisques de France,

i.

p. 130.
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chap.

of the apple several times, placing it at a sufficient distance, to

be sure they could not see
after raising their heads
direction.

It

but they always hit

it,

it off'

correctly,

and moving their long tentacles in every

then occm-red to him to hold the apple in the

air,

They perceived
some centimetres above the head of the Limax.
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 alliana smelling strongly of garlic,

and Stenogyra decollata of laudanum but this need not be any
argument for the sense of smell in the creatm^es themselves.
Most authoriPosition of Olfactory Organs in Pulmonata.^
;

—

ties are of

opinion that the olfactory organs are situated in the

Moquin-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
Arion, the creatiu'es 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
tentacles.

sensitive ciliated epithelium.

Lacaze-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 mouth,

conspicuous sensitive

removed manifested

cells.

its

A

repulsion to the smell of spirits of tur-

pentine, while another Helix, which
object

to

the

which contains

Helix whose tentacles had been

turpentine

being

was unmutilated, did not
between its tentacles.

held

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 smell
or ospJiradium

is in situation intimately connected with the
breathing organs, lieing generally placed near their base, with the

^

E.g. Sochaczewer, Zcits. uiss. Zool. xxxv. p.

.30.

-

ZooJ. An;:. 1882, p. 472.
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apparently, of testing the quality of the water before

object,

over

passes

the

branchiae.

consists

It

patch

a

of

it

the

of

epithelium, nioditied in a special manner, and connected by

own nerve with

An

ospliradium does not necessarily occur in

instance,

highly

been detected in

has nut

it

its

one of the visceral ganglia.

genera;
It

is

foi-

most

Couidae, and in the carnivorous
In Buccinum undatnm, for instance, it is

in

specialised

all

Fissu.rrlla.

tlie

Gasteropoda generally.

its plumed form, has sometimes
an accessory l)ranchia (Fig. 95).
In Huliofi^
it is paired, one lying in close proximity to each of the
two
Ijranchiae, but in Turho it

very large indeed, and, from

been mistaken

is

single,

the

corresponding to

In

branchia.

single

Chiton there

dium

for

is

an

osplira-

at the base of each

separate gill filament,

mak-

ing a total of twenty or

more

on

position

each

Gydostoma

Its

side.

Physa and

in

in

Ff(

Buccinum undatum

95.

L.

,

dejirived

of

showing the relative position of
branchia (br) and osphradiuiu (o.s)
m, mucous
glands s, .si2ihon.
The portion of the mantle
covering the ospliradium lias been removed.
its

by
and
103

will be seen

reference to Figs.

.

shell,

;

;

104 (p. 205). In the Telecypoda 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
lietween the bases of the t^vo pairs of

gills.

In

tlie

Diltranchiates

on the other hand, a groove aljove the eyes has been regarded as
the seat of tlie organ of smell.
This groove contains sensory -and
ciliated cells, and appears t(j l)e c(jiinected 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 Mollusca have been recorded.

Something of

the sort, however, seems to have lieen present in a case related by

Mr. E.

L. King.-'

found to
at least

A

skull of

;i

fox

bad been

])laced

in a small

order to soak, and after a i'ew days,

ditcli in

l)e

when taken out, was
covered with Pisidhim pusillum to the number of

two hundred, which
'

bail Ijcen

probably attracted from the

Zoolv'jlsl, iv. p. 1-266.
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water

in

decaying

chap.

immediate neighbourhood by the

the

smell

of

the

whether

the

flesh.

lY. Hearing

Experiments

MoUusca

made with a view

are sensitive

clusion that they are

to

to ascertain

noises have usually led to

deaf to very loud sounds.

the con-

This

is

the

an undoubted auditory apparatus has been
In the case of an
discovered in a large number of genera.
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, however, 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

more

curious, because

attention of the mollusc.

As

is nothing more than a small
with a fluid secretion, in which

a rule the organ of hearing

vesicle or sac (the otocyst), filled

are suspended one or usually more calcareous concretions
otoliths.

By means

otoliths

are given a

medium

in

of cilia,

which connect with

peculiar

movement

known

as

sense-cells, these

oscillation in the

or

The number of the
which they are suspended.
there are several
otoliths varies in different genera and species
hundreds in Arion and Limax, about a hundred in Helix
;

jpomatia,

nemoralis,

hispida,

rotundata,

arhustorum,

Succinea

and Zimnaea stagnalis ; about fifty in Flanorhis contortus
The number
and Physa fontinalis, only one in Cyclostoma elegans.
In young specimens of Limn, stagnalis
increases with age.
as few as ten, nine, and seven have been noticed.'-^
The otocysts are always paired, and, in Gasteropoda, are
The acoustic nerve, however,
placed close to the pedal ganglia.
has been shown by Lacaze-Duthiers to connect with the cerebral
The otocysts are never on the surface
ganglia in certain cases.

putris,

2

1 Joimi. Mar. Biol Ass. N.S. i.
Moquin-Tandon, 3IoIl. de France,

p.
i.

217.
p. 133.
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any passage or

of the liody

and are rarely connected with

tube

probable therefore that sound reaches them simply

;

it

is

it

])j

through the medium of the tissues.
In the Pdecyiioda the otocyst is similarly situated near the

Fig. 96.

— Illustrating

the otocyst in A, Anodonta, B, Cyckts

cellular laj'ers snrrouudiiig the

C, an otolith crushed.

pedal ganglion, and

chamber

ci,

;

cilia

;

ot,

otolith; a,

0,

c,

c',

on interior walls of chamber

:

(After Simroth.)
is

proliably

(though this has not yet been
There is only a
cerel)ral.

proved) similarly connected with the

Pelseneer finds ^ in Nuculidae alone a free comAnodonta has
munication between tlie otocyst and the exterior.
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.
single otolith.

extu^pated the otocysts in certain Octopoda, and
some unexpected results. He found that remarkaljle
effects were produced upon the animal's powers of locomotion, so
that it was unal)le 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, besides their auditory functions, 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.
Tlie otocysts may thus regulate locomotion by stimulating muscular acts which tend to keep the body

Delage

oljtained

in the straight line
'

'

during the process of movement.^

- Baudon, Rev. Mag. Zool. 18.52, p. 575.
Anat. iv. (1890) p. 501.
Arch. Zool. Erp. Gen, (2) v. 1887, p. 2 compare also C. H. Hurst, Natural

Zool. Jahrb.

Science,

;

ii.

pp. 350, 421.

—

)

;
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The Foot
of the most characteristic organs of the Mollusca is the
which, under one form or another, occurs throughout the
The foot is a thickening, on the ventral side,
whole phylum.

One

foot,

of a portion of the integument of the animal, modified to serve
different forms of motion.

many

It attains its

maximum

relative area

and the slugs generally,
in nearly all of which there is no portion of the body which is
Here too it presents the form of a
not sul)tended by the foot.
In many
regular disc or ellipse, which is uiore or less produced.
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 ^>v'()2?of?i?«/i and mctain

tlie

Chitonidae,

Nudiljranclis,

s.a-ji

Lam., showing excessive developmeut of tlie propodhim
(^j/-) and metapodium (met) in a mollusc living in sand (the shell, which covers
liver
s.a2), apertiire
only the liver and adjacent parts, has been removed)
/,
f, t, tentacles.
(After Quoy and
of proboscis, here dellected from the median line
Gaimard.

Fig. 97.

St'f/aretics laevir/atus

;

;

;

jwdium

respectively,

while the

intervening central portion

is

termed the mesoiiodium.
The propodium is most strongly developed in genera which
crawl about in wet sand, e.g. Natica, Sigmrtus, Oliva, Harpa,
In such cases
Scaplyinder (Figs. 9 7 and 98, and compare Fig. 91).
it seems to serve as a sort of fender or snow-plough, to push the
sand away on both sides of the path the aninud is traversing.
In some species of Sigarctas the propodium becomes as it were
Ijanked up against the head and proboscis, which are thus
Bidlia
unnaturally elevated, or tend to disappear altogether.
(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 plougliing through

it

PROPODIUM AND MKTAl'ODIUxM
the

lap])ets

little

the

at

end of the

'tail'
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serve

])rol)a1)ly

as

rudders.

In
a

and

JiL'hiiiqiiix

redlj^)cs

the propodiuin

motion

first

it

many

is

it

segment

left

from side

As

in

a swaying motion

it

to side.

the metapodium

the metapodium

the

of

the right and then

first

the foot, which gives

o\'

rule

rest

hy

is

witli the looping gait of certain caterpillars.

Upon
a.

oft"

C'yelostomatidae this groove, instead of heing transverse,

longitudinal, and the animal advances

the

marked

the animal

advances the propodiuni and then pulls the rest

of the foot after
\n

is

When

groove across the ventral surface.

In

foot.

the operculum,

lies
is

not

l^irifinhuH

when

it

occurs.

sharply marked off from the
(Fig.

99)

it

Ijecomes

erected

/'

—

Fig. 9S.
Ollca fcxtilijuc Lam., showing how the front part of tlie foot (/) is developed
into a sort of fender, the pro]iodiuni (pr)
e, e, eyes ; m.cqt, front api^endage of
mantle ; m.ap', hinder api)en(Lage of mantle, folded into the snture wlien thu
animal is at rest s/, siphon t, t. tentacles.
(After Qnoy and Gainiard.)
;

;

:

into a sort of

hump

lum is situated.
The epipodiiiiii
upon

the

Halioti>i

u])per
it

number

is

of

or column,

is a

edge

on the top of which the opercu-

]irominent fold or horder, which occurs
of

the

eonsideral)le

foot

in

hreadtli,

most Diotocardia.
In
and is covered l)y a.

which spring i'rom a moss-like prolongation of
the epipodium are developed the lateral tentaculae oi Monoclonta (Fig. 'S'l, p. 178), and of other subgenera of
of lobes

From

tlie skin.

the Trochidae.^

In the Opistho])ranchiata the lateral edges of the foot (the
frequently produced into liroad folds or winglike extensions, whicli in many cases tend to fold over the shell,

'iJarcqwdia) are

and,

conjunction

in

altogether.
^

By

Compare

witli

the

mantle,

eventually

imbed

the wav}- motion of the parapodia the animal
Pelseneur, BuJl. Sri. Ft: BrJg. (3)

xi.x.

pp. 107,

\9'i.

it

is

)
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enabled to progress through the water.

The paired natatory

loLes of tlie Pteropoda are simply the parapodia of the Tecti-

branchs modified for swimming purposes.
It

is

in the Hetero]3oda, Pteropoda,

and most of all, the Cephalo-

poda, groups which have, for the most part, exchanged a crawling
for a swimming life, that the modifications of the foot are most
considerable.
In Oxygijrvs and Atlanta, for instance, the
propodium and metapodium are sharply distinguished from the
mesopodium, and no doubt have acquired, as a means of propulsion, the power of separate movement, the animal swimming
with these portions of the foot uppermost.
In Cariiiaria and

—

Fig.

99,
Stromhus lentiginosus Lam., showing the
modified form of the foot
eyes nn their
e,
(/)
pedicels
mp, metapodium ;
operculum
op,
p, penis
:

(',

;

;

;

proboscis t, t, tentacles.
(After Quoy and Gaimard.

jrr,

rtcrotrachca the metapodium has

with the long axis of the
its

sucker

represents

Cephalopoda

tlie

l)ody,

only the

;

become continuous
foot with
In the
propodium.

probal^ly

wlule the so-called
original

'

'

arms and funnel represent the modified

foot,

the sides of wliich are prolonged into a numljer of very long
specialised tentaculae.
In the adidt Cephalopod some of the

arms have assumed a position in advance of the mouth, the latter
But in the
being in fact surrounded by a circle of arms.
Casteropoda,
i.e.
Cephalopod embryo the mouth opens as in the
becomes
in advance of the arms, and it is only gradually that it
encircled by them.
Arms and funnel alike are found to be
innerved from the pedal ganglion.^
^

Pelseneer, Arch. Biol.

viii. p.

723.

MODIFICATIONS
The pointed axe-shaped
majority of Pelecypoda,

akin to the flattened

'

is

sole

foot,

THE FOOT

which

20I

characteristic of the

is

douhtless derived from a form
of the

'

something of this disc-shaped
Nuculidae,

OP'

Ijase

the parapodia heing

A

Gasteropoda.

foot

more
with

actually occurs in some of the

furnished

with pleats

wliich

Orders (Fig. 100). The principal
are due to its employment as a

recall similar formations in other

modifications

of

the

foot

hurrowing organ.
In genera which liurrow l)ut slightly it is
small and feebly developed, while in genera which habitually
excavate, it l)ecomes the largest and strongest organ of the l)ody.
At the same time it has a tendency to shift its position from the

—

Yoldia Umatula Say,
Greenland, sliowing the short
plumed branchiae {br, hr), the
gasteropodous foot (/), and
the large labial palps {l.j},
l.p) A, as seen from the ven-

Fig. 100.

(p..

:

tral

margin

:

B, from the left

side,

with the mantle turned

back

;

terior

f)Osition

a.in,

an-

of

adductor muscle

intestine

;

I,

liver

;

;

»»,

i,

in,

mantle.

A

B

ventral to the anterior margin, accompanied

l)y

a corresponding

narrowing of the shell, until it arrives at tlie position seen in
Mollusca of the shape of Mya, Pholas, and Solen.
In sedentary
or attached genera,

e.g.

Pccten, Cliama, Ostrca, the foot tends to

l)ecome aborted.

The

f/Iand,

hi/ssi's

secreting

a byssus of horny tlireads,

many Pelecypoda, and may
common mussel. It occurs in

characteristic of

one in
species

tlie

which do not possess a

pedal gland of

many

l)yssus

.be

is

observed hj any

the larvae of

many

in the adult stage.

The

Prosobranchiates, wliicli secretes a tough and

almost thread-like slime,

is

possibly homologous with the I>yssus

gland of bivalves.

Nervous System

The Mollusca possess a nerv;jus system, which usually consists
number of nerve centres or ganglia, linked togetlier l)y l)ands
(the commissures) and sending out tlu'cad-like nerves whicli
ramifv into the various organs.
The character of tlie nervous
of a
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GASTEROPODA

system varies greatly in different groups, ranging us it does I'rom
a condition of extreme complexity, in which the ganglia are
numerous and the commissures equally so, to that of considerable

which ganglia are almost entirely absent.
The most important ganglia are (1) the cerebral^ which are
always placed above or on either side of the mouth, and from
which proceed the nerves of the eyes and tentacles (2) the pedal,
which in Gasteropoda are situated below 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,^
simplicity, in

;

whose

position

varies considerably,

but

is

always

oesophagus and slightly above the pedal ganglia

;

below

the

these innervate

the mantle, branchiae, heart, and viscera generally.

—

The simplest form of nerve system as thus
Gasteropoda.
understood occurs in the Ampliineura, and more particularly in
the Chitons.

Here we

find four longitudinal nerve-cords, parallel

whole length of the mollusc.
The
two exterior cords probably represent tlie pleural, the two interior
the pedal nervous system.
There being no head or tentacles, but
to one another for nearly the

simply a mouth at the anterior end, the cerebral ganglia do not
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 connnissures 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 Arthropocla.
This quadruple set of nerve-cords is characteristic of all the
Amphineura, b\it the absence of ganglia is most marked in the
Chitons.
In Froneomenia and JSfeomenia there is a distinct
cerebral ganglion, formed by the massing of the two ganglia into
exist,

one, while in

Froneomenia the

lateral cords are joined to

pedal, as well as the pedal to one another,

by connectives.

the

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.
^

-

Also known as lahial and supra-oesophageal ganglia.
Wiven, however {K. Sv. Vet. Ah. Handl. xxiv. 1892, No.

verse connectives in Chaetoderma.

12),

desciibcs trans-
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divisions of (Gasteropoda, namely,

The remaining three great

the Prosobranchiata, Opisthohranchiata, and I'uhnonata, may l»e
regarded as comprising two distinct types of nervons condition,
according as the loop formed by the two visceral nerve cords is
twisted over

In the former

streptoneuroiis,

as

forming a figure of

itself,

and uncrossed.

the

\\\

case,

we

that

latter

or continues straight

8,

get the condition
as

known

cuthynearovs}

Euthyneura include the whole of the Opisthohranchiata
Pulmonata, the S'treptoneura

101.

Fii.;.

coiimiissure

:

;

The
and

the Trosohranchiata.

all

—Xervous

<Ji.aetoderjiw

"

A, Proneomenia ; B, Neomemu ; C,
system of the Ampliineura
D, Chiton; c, cerebral ganglia; /, I, lateral cords; jk; posterior
suljliugual commissure or ring, with ganglia ; r, r, pedal cords.
.«,
:

(After Hulirecht.)

The

form of nervous system in the euthynenrous

siniplest

The cerebral,
become concentrated in a ringlike form, miited Ijy short commissures at the posterior end of
The visceral loop is in some cases long, and the
the pharynx.
(

occurs

i-asteropoda

l)leural,

two

the

in

Opisthohranchiata.

and pedal ganglia tend

or tliree visceral ganglia

to

are then situated at its posterior

rulmonata is of a, similar
shorter, and tending to
The tentacular
towards the central group of ganglia.

The nervous system

extremity.

of the

type, the visceral loop l)cing often

much

draw in
and optic nerves
lion,

are, as usual, derived from the cerel)ral gangwith whicli also the otocysts are probably connected by

rathei-

long nerves.

buccal

mass,

aiul left
''

-

A

pair

of buccal

ganglia

innervate

the

and are united by connnissures with the right
The osphradial nerve springs from one
cereliral ganglia.

<7Tpeirr6s,

twisted

With the

;

eiidiis,

straight.

exception of Adaeon, which

J!r,iJi's\ cxvi. p. 68).

is

streptoneurous (Rouvier,

Comptes
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of the ganglia on the visceral loop, the osphradinni itself
being situated (in Limnaea) immediately ahove the ])nlmoiiary

and

Tliis massing
102).
hj the accompanying
figure of Pliysa (Fig. 103), in wliicli the animal is re])reseiited as
if transparent, so that the ganglia and nerves are seen through
orifice

adjacent

to

of the ganglia is still

tlie

anus (Fig.

Letter illustrated

the tissues.

Of the streptoneurous Gasteropoda,

_

tlie

Fro.

nervous

102.

—

T.

Limnaea

system of

Nervous

.<5ysteni

of

The
L.
oesophagus has been cut and
pulled forwards through the
nerve-collar, so as to expose
stacjnalis

the lower surface of

tlie

buccal

mass (dissected by F. B. Stead).
B.M, buccal mass.
B.G.buccal, C.G.cerebral, Os.G,
Pe.G,

osphradial,
ganglia.

TF.

pedal

Pl.G, pleural ganglia.
Op.N, optic, Os.N, osphradial,
Te.N, tentacular nerve.
Ot, otocyst ; V.L, visceral loop.
R, rectum, dotted in to show
its position relative to the
osphradiuni.
Right side of the head of Lhniiaea

stagiudix.

The

over-

hanging thip of the mantle has
been cut in the middle line,

and
_.Os.C-

the right half twisted
back, so as to expose the pulmonary orifice, etc. The points
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 generative orifice ; J, portion of jaw
M, male generative orifice under
light tentacle Os, os{>hradium

AA

;

;

;

;

P.O, pulmonary

;

orifice.

and Haliotis shows distinct points of similarity to that
Amphineura.
The pedal nerves are united by transverse
of the
their entire length, while a double comthroughout
commissures
ganglia to the mass from which the
cerebral
unites
the
missure
great majority of the Streptoneura
In
tlie
proceed.
nerves
pedal
are more concentrated and the
visceral)
the
the ganglia (except
shorter.
The accompanying
much
consequently
are
commissures
represented
as in that
is
animal
which
the
in
Cyelostoma,
figure of
FissurcIIa

of Fliysa just 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

posterior end.

its

—

In the Scaphopoda the nervous system resemThe cerebral and pleural ganglia lie
Pelecypoda.
the
bles that of
ganglia are placed in the anterior
pedal
the
while
together,
close

Scaphopoda.

part of the

foot,

connected with the

—

103.
Nervous system of Physa
acuta Drap., showing the massing
of the ganglia at the hinder end of
the pliarynx e, e, eyes vi, mouth
m.l, 711.1, mantle lappets o.f, female
generative orifice ; o.m, male genosphradium.
erative orifice
o.f,
(After Lacaze-Duthiers.)

Fig.

:

;

Fig.

;

;

;

104.

cerel.)ral

— Example

ganglia

a

of

l»y

long

streptoiieurous

Gasteropod [Cyclostoma elegans Drap.)
os,
eg, eg, cerebral ganglia ; e, e, eyes
osphradium
at, ot, otocysts ; 2^-(h P-U)
pedal ganglia j)l.g, pl.g, pleural ganglia
sp.g, supraiutestiual ganglion ; sb.g, subintestinal ganglion ; t.n, tentacle nerve ;
(After LacazeT.g, visceral ganglion.
;

;

;

Duthiers.)

commissm-es

;

the visceral loop

is

rather long, and the two vis-

ceral ganglia are adjacent to the anus.

—

The nervous system in the Pelecypoda is the
Pelecypoda.
The
simplest type in which well-marked ganglionic centres occur.
conusually
at
a
symmetrically
placed,
and
are
ganglia are few,
siderable distance apart.

There

are, as a rule,

of ganglia, the cerebral (cerebro-pleural), pedal,

three distinct pairs

and

The
and pleural

visceral.

by
which however, in some cases (Protobranchiata) continue
distinct.^
They lie above or on each side of the mouth, united

cerebral are formed

the fusion of the cerebral

ganglia,

^

This fusion of the cerobral ami pleural ganglia and the consequent union of the

,

NERVOUS SYSTEM
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IN

Another pair of comby a commissure of varying length.
missures unites them with the pedal ganglia, which are placed
at the base of the foot, and are usually ^-ery close together,
sometimes

in

(as

becoming partially

Anodonta)

The

fused.

length of these commissures de-

pends upon the distance between
tlius they arc
mouth and foot
very long in Myii and Modiuhi,
;

and

very

short

in

where the

cases

In

Fecten.

rudimen-

foot is

tary or Ijecomes aborted througli
Ostrea),

disuse

(e.g.

ganglia

may dwindle
The

altogether.

are

on

the

pedal

tlie

or disappear

visceral ganglia

ventral side

the

of

posterior adductor muscle, beneath

the

and

rectum,

innervate

whole of the visceral
of
Fig.

105.

h,

system of Pelecy-

A, Teredo : B, Anodonta
Prcten ; a, a, cerebral ganglia
e, visceral ganglia,
pedal gau:j;lia

poda
C,

— Nervous

cereltro

traverses

-

A

sac.

tlie

pair

commissures

visceral

of

base

the

the

and

osphradia,

l)raiic]iiae,

the

foot,

:

;

(At'ter

Gegenbaur.)

surrounding
tively

it

short

witli

loop

a

compara-

(compare Fig.

106, cv.e), while a long connuissm"e, which runs round the entire edge of tlie mantle, and supplies branching nerves to the mantle border and siphons (Fig100,

r.v.c),

may

also connect the visceral

Cephalopoda.
ganglia attains

— In

its

and

cere1»ral ganglia.

Cephalopoda the concentration of
maximum, and may perhaps be regarded as
the

approaching the point at which a definite brain may
exist.
Another point of distinction is the formation

lie
(_)f

said

to

special

small ganglia upon the nerve cords in different parts of the body.

In the Tetrabranciiiata (jVaufil'Us) the cerebral and pedal ganglia
form a liroad 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.
in

The

A'isceral

loop

is still

present

the form of a separate band, which inner\^ates the branchiae,

cerebro-pedal uiid }ileuro- pedal commissures can be recognised by sections of the mass
(Pelscneor, Comptcs llendus, cxi. p.

'-'45).
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osphradia, and ^iscera generally, forming a special genital ganglion in connection with the reproductive organs.

ganglia of

tlie

l)iljran('luata

are

Tlic

principal

more concentrated, even

still

the visceral loop being possibly nnited with the rest in forming

an iinbroken mass

scarcely

in wliich

any

trace of commissures

—

106.
Nervous system of Cardium edide L.: a.m, iinterior ;idductor juiiscle br,
branchiae; hr.n, brancliial nerve; eg, eg, cerebral ganglia; c.^.t, cerebro-pedal
c.v.c, cerebro-visceral commissure
comiuissure
c.v.c', cerebro-visceral commissure
of mantle I.j), labial ^jalps vi, mouth p.g, pedal ganglion i'-"', posterior adductor
(After Drost, x o.
muscle r.y, visceral ganglion.

Fi(i.

;

;

;

;

;

;

;

;

l)e detected.
Tlie pedal ganglion becomes separated into
two portions, one of which innervates the arms, tlie otlior the

can

funnel.

Two

])eculiar

ganglia

(the stellate

ganglia)

supply a

Handler of brauchim'' nerves to the mantle.
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CHAPTER

VIII

THE DIGESTIVE ORGANS, JAW, AND RADULA

The

digestive tract, or, as

or gut,

is

it is

EXCRETORY ORGANS

:

often termed, the alimentary canal

a very important feature of the MoUusca.

regarded as consisting of the following parts

:

(1) a

It

mouth

may

be

or oral

aperture; (2) a throat or pharynx; (3) an oesophagus, leading into
(-4) a stomach, (5) an intestine and rectum, ending in (6) an
anus.
positions of mouth and anus were presumably
and posterior ends of the animal, as in the
Amphinem-a 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 primitive

at the anterior

the anus becoming, in the great majority of Gasteropoda, twisted
forward, and occupying a position on some point in the right
side in dextral,

The

and in the

left

in sinistral species.

process of digestion, as the food passes from one end of

is performed by the aid of the secretions
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, biliary or hep)atic gland, connecting with the stomach.
With these may be considered the cmal and ink-glands, which, in

the tract to the other,
of various

glands,

certain genera, connect with the terminal portion of the rectum.
1.

The mouth

is

generally, as in the

common

snail

winkle, placed on the lower part of the head, and

may

and

a mere aperture, circular or semicircular, in the head-mass,
is

p.

peri-

be either
or,

as

more usual, may be carried on a blunt snout (compare Fig. 6,
10, and Fig. 68, p. 159), which is capable of varying degrees

of protrusion.
VOL.

Ill

From

the retractile snout

has doubtless been
p

2

THE

10

PROBOSCIS, riiARYNX,

derived the long proboscis which

AND JAWS

chap.

so prominent a feature of
and 99), and in some (e.g.
Mitra, Doliuvi) attains a length exceeding that of the whole
As a rule, MoUusca provided with a proboscis are carnivbody.
orous, while those whose mouth is on the surface of the head
are vegetable feeders, but tliis rule is l)y 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 ibod. In 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 Pharynx, Jaws, and Radula.
Immediately behind the

many

genera (compare Figs.

1,

is

B,

'

'

—

mouth opens into the muscular throat, pharynx, or
buccal mass.
The pharynx of the Glossophora, i.e. of the
Gasterojioda, Scaphopoda, and Cephalopoda, is distinguished from
lips

the

that of

tlie

Pelecypoda,^

l)y

the possession of two very characteristic

organs for the rasping or trituration of food before

oesophagus and stomach.

radula^

(&) the

it

reaches the
jaivs,

and

The jaws

bite

These are («) the jaiv or

odontoioliore, or

lingual rihhon.

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 j'aws and set in parallel rows along
;

a greatly prolonged tongue.^

In nearly all land I'ulmonata the jaw is single, and is placed
behind the upper lip.
If a common Helix aspcrsa be observed
crawling up the inside of a glass

jar, or feeding on some succuand action of the jaw can be readily discerned.
It shows very black when the creature opens its mouth,
and under its operation the edge of a lettuce leaf shows a regular

lent leaf, the position

series of little

^

There

is

curved indentations, in shape not unlike the semino pharynx in the Pelecypoda, the mouth opening directly

practieall}'

into the oesopliagus.

X.

-

lladcrc, to scrape

•*

The meclianisni

p.

485.

;

65ovs, tooth

row

is

(pepnv, to carry.

Riicker has observed {Be7\ Oberhcss.

that the radula in Helix pomatia
first

;

of the radula has been dealt with

uncertain,

is

teetli.

Nat. Ilcilk.

the product of five rows of cells

the second forms the

three to five originate the

by Geddes, Trans.

Gcscll.

membrane

;

Zool. Soc.

xxii.

p.

207)

the use of the

of the radula, while rows
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I

by a schoolboy upon his bread and butter.
107, B) is arched in shape, and is
That of
strengthened by a number of projecting vertical ribs.
Limax (A) is straighter, and is slightly striated, without vertical
ribs.
In Buliinuliis (C) the arch of the jaw is very conspicuous,
and the upper edges are always denticulated in Orthalicus there
circular bites inflicted

The jaw

of Helix

(Fig.

;

a central trangular plate, with a number of overlapping plates
on either side in Succinea (E) there is a large square accessory
is

;

plate above the

jaw proper.

The form

of the

jaw

peculiar not

is

—

107.
Jaws of
various Pulmoiiata
A, Lima.c
Drap.
[gagates
Lancashire, x 15);

Fig.

:

B, Helix [acutisLam., Jamaica, X 15) ; C,
Jjidimidus
(deReeve,
pict us
Venezuela, x "20);
Achatina
D,
(/wZicaFer., Mauritius,
X 7)
E,

sima

;

Succinea (ehgans
Kiss., Aral DisX 30) ; F,
trict,

Limnaea

{stag-

nalis L., Cambridge, X 30).

Thus the jaw of
H. 2)omatia, and
that
of
from
H.
Wiegmann has
that of H. nemo7'alis is distinct from both.
observed^ that in young Arion, 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 the double
In
jaw which is found in most of the non-pulmonate Mollusca.
only to the genus but to the species as well.
as2)ersa is specifically distinct

all

fresh-water rulmonata there are two small

plates besides the

Nearly

all

jaw proper

accessory side

(Fig. 107, F).

the non-carnivorous rrosobranchiata, land, fresh-

water, and marine alike, are provided with two large lateral jaws.
1

Jahrh. Deal. Malak. Gcsell.

iii.

p.

193.
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Many

most elaborate patterns,
In the
file.

of these are sculptured with the

and appear

to be furnished

with

raised teeth, like a

—

Jaws of A, Triton australis Lam.,
Fig. 108.
Deinerara
C, Calliostoma 2}iinctitlatv7)i,
atramentariiis Sowb., Saugliir; all x 15.
;

Sydney
Mart.,

mm
Fio. 109.

—Jaws of A,

CH.

B, Ampv.llaria fasciata Eeeve.
Zealand; D, Cyclo2>hurus

;

New

L^ ^S

Chromodoris gracilis Iher., x 15 B, Scyllaea pelagica L., x 7;
x 10 D, Pleurobranchaea Meckelii Lam., x f.

C, Pleurohranchus plumula Mont.,

;

;

Nudibranchiata the jaws are of great
mentation (Fig. 109).

size

and

beaiity of orna-

THE RADULA
The carnivorous

2

genera, whether marine

Buccinum, Nassa) or land

(e.g.

(e.g.

I

3

Conus, Murex,

Glandina, Strcptao:is,

Testoxella,

Ennea), 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.

Heteropoda, and

in

many

of

Jaws

are also wanting in the

the Nudibranchiata and Tecti-

branchiata.

In the 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 fits under it.
Powerful muscles govern these mandibles,
which must operate with immense effect upon their prey (Fig. 110).

The Radula}

—

-Wlien the food has passed beyond the opera-

work are taken from the
H. M. Gwatkin, who has
always been ready to give me the run of his cabinets, which probably contain the
finest series of radulae in the world.
To his kindness I owe the following descrip" The first step is to obtain the radula. Dissection
tion of the process of mounting
^

The whole

of the radulae

and jaws figured in

original specimens in the collection of the Rev.

this

Prof.

:

is

easy in species of a reasonable

size.

On opening

lay open the floor of the month, the radula itself

tlie
is

head from above, so as to

seen in most of the marine

though in others it is contained in a sort of proboscis and in the Pulmonata
and others the student will find the buccal mass, with commonly a brown mandible
The teeth may be recogat its front end, and the lingual ribbon in its hinder part.
nised by their silvery whiteness, except in a few cases like Patella and Chiton, where
they are of a deep brown colour. When obtained, the radula may be cleaned by
There is no risk of injury if the solution is
boiling in a solution of caustic potash.
species,

;

not too strong.
" Smaller species

may be treated more summarily. The proboscis, the buccal mass,
may be thrown into the potash solution and boiled till

or even the whole animal
scarcely anything

the shell

may

is left

but the cleaned radula.

Pvemains of animals dried inside

be similarly dealt with, after soaking in clean water.

answer for shells down to the

With

a little

Ancylus or Rissoa. The
very smallest (Carychiuin, Tornatcllina, Skenea, etc.) must be crushed on the slide
and boiled on it, after removing as much as possible of the broken shell. The
radula can then be searched for under the microscope, and washed and mounted on
care, this process will

the

size of

slide.

" The student must be warned that though the general process is simple, there
In the Pulmonata, for example, membranes on
are difficulties in particular cases.
both sides of the radula need careful removal. Murex, Purpum, and most of the
Taenioglossa have the side teeth folded down over the central, so that the arrangement
The Cones, again, have no basal
is not well seen till they have been brushed back.
membrane at all, so that if the potash is not used with great care, the single teeth
Perhaps the worst case is where a large animal has
will fall asunder and be lost.
a radula as small as that of a Pisaoa like Turritclla, Harpa, or Struthiolaria, or

—

FUNCTIONS AND POSITION OF RADULA
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it comes within the province of the radiila, the
which perhaps co-operates to a certain extent with

tion of the jaw,
front part of

Fic. 111.
Patella vulgata L., showing 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
gr, longitudinal groove on
:

Fig. 110.

this

— Jaws

o^ Sepia:

witliin the buccal mass,

A, in

liver

the arms having been cut away
B, removed from the mouth and
slightly enlarged.
'

surface

is

;

almost filmy in

its

i,

i,

intestine

;

/,

;

;

;

;

the jaw in performing the Ijiting process.
where the radula

;

imi,
m, m, mantle edge
muscles (cut through) fastening the
visceral mass to the upper sides of
the foot 0!', ovary r, radula; u.f,
\\\)-p&v or dorsal surface of the foot.

siiu,

several of

The fnnction

of the

transparency, like those of Actacon and the

small Scalar in.

"When

once the radula

balsam makes

it

is

laid out, the

too transparent.

Fluids

mounting

may

is

commonly

easy.

Canada

be used, and are almost necessary for

; but the best general medium is glycerine
runs under the cover glass by capillary attraction, and may be boiled

thick radulae like those of large Chitons
jelly.

It

(though only

for a

moment)

finished for several week.s.

to get rid of air bubbles.

It

should then be

left

im-

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
and there is not often any difficulty in remounting. I have no serious complaint of want of permanence against the medium, if I may speak from a pretty
wide experience during the last twenty years."
thick

;

TEETH OF THE RADULA

viii

radula as a whole

is

and

is

passes over

it

same

as

field,

we were

if,

21

to tear or scratch, not

carded small, the

effect

to

bite

;

being very

5

the food

much

the

instead of dragging a harrow over the surface of a

harrow points upwards, and then drag

to turn the

the field over the harrow.

The radula

itself is a

breadth, formed of

band or ribbon of varying length and

chitin, generally almost

transparent, some-

times beautifully coloured, especially at the front end, with red
or yellow.^
of the

It lies

mouth and

enveloped in a kind of membrane, in the floor

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.

upper surface,

i.e.

the surface over which the food passes,

is

The

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
;

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
as to rasp or card the substances

teeth are originally formed.

The length and breadth

of the radula vary greatly in difterent
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 Fatella 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 Aero]je, the Tm'binidae generally,
and Haliotis it is very large.
In Turritdla, Aporrhais, Cylichna,

genera.

^ The substance both of the jaw and I'adula is neither
crystalline nor cellular, but
laminated.
Chitin is the substance Avhich forms the ligament in bivalves, the
'pen' in certain Cephalopoda, and the operculum in many univalves. Xeither
silica nor keratine enter into the composition of the radula.

—
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SIZE OF

Strutkiolaria,

RADULA

PRESENCE OR ABSENCE

and the Cephalopoda

small in proportion to

is

it

the size of the animal.

monata generally

it

is

In the Pulvery broad,

the length not exceeding, as a rule,
thrice the l)readth

in most other

;

groups the breadth

compared

able, as

The radula
of

families

together
glossa.
Fig. 112.
of a

—Example of a

wanting in two

ns
It

the
is

grouped

Gymno-

section

probable

that

in

these cases the radula has aborted
front portion

{Cantharvs ringens
Eeeve, Panama), much worn by use.
r^,\u\^

,i

it

^

j.i

Thus

require trituration.

upon various animals

^

through dlSUSC, the animals liaving taken to a food which doeS not

genera contained in both these families are
sitically

the

Pyramidellidae,

consequently

are

^vhich

is

Prosobranchiata,

and

Eulimidae

inconsider-

is

to the length.

—

known

several

to live para-

Holothurians, Echinoderms,

etc.

In some cases,
the development of a special suctorial proboscis compensates for
In Harpa there is no radula in
the loss of radula (see pp. 70-77).
the adult, though it is present in the young form.
^No explana-

nourishing themselves on the juices of their host.

tion of this fact has yet l)een given.
Coralliophilidae, a family closely akin to

It is also absent in the

FmyMra, but

invariably

and probably nourished by their exudations.
There is no radula in Entoconcha, an obscure form parasitic on
the blood-vessels of t^ynapta, or in Neomenia, a genus of very low
organisation, or in the Tethyidae, or sea-hares, or in one or two

parasitic on corals,

other genera of Nudiljranchiata.

The number

of teeth in the radula varies greatly.

teeth are very large, they are usually few in numljer,

they are very numerous.

"When the

when

In the carnivorous forms, as a

small,

rule, the

teeth are comparatively few and powerful, ^vhile in the phyto-

phagous genera they are many and small.
Large hooked and
sickle -shaped 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.
Genera which are
;

NUMBER AND ARRANGEMENT OF TEETH

VIII

normally vegetarian, but which

Limax and Hyalinia,

exhibit

will,

a

2

1/

upon occasion, eat flesh, e.g.
form of teeth intermediate

between these two extremes (see Fig. 140, A).
In Aeolis coronata
In Chaetoderma there is but one tooth.
there are about 17, in A. papillosa and Elysia viridis about 19,
In
in Glaiicus atlanticus about 21, in Fiona noMHs about 28.
the common whellv (Btcccimim undatum) there are from 220 to
As many as 8343
250, in the common periwinkle about 3500.
have been counted in Limnaea stagncdis, about 15,000 in Helix
o,spersa (that

in

is,

about 400,000 to the square inch), about 30,000
as many as 40,000 in Helix Ghies-

Limax maximus, and

they are very numerous
large species from Mexico
But Umbrella
Nanina, Vitrina, Gadinia, and Actaeon.
stands far and away the first, as far as number of teeth is concerned.
In both U. mediterranea and U. indica they entirely
battle calculation, possibly 750,000 may be somewhere near the
hreghii, a

;

also in

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,
stripe,

same

down

the centre of which runs a narrow

and every band of colour on one

side is repeated in the

The middle tooth of
on the other side.
the rows being counted across the radula, not longithe teeth
is called the central or rachidian tooth

relative position

each row

—
—

tudinally

next adjacent on each side are

;

known

as the laterals, while the

outermost are styled uncini or marginals.

As

a rule, the dis-

and marginals is fairly well indicated, 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
Aeolis, Elysia, and some other Nudibranchiata the radula consists
of a single central row.
Other peculiarities will be described
tinction between the laterals

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

—
2
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VALUE

8

and family, the radula

IN CLASSIFICATION

characteristic.

is

chap.

In closely allied species

the differences exhibited are naturally but slight, but in well-

marked

species

the

differences

are

The
and

considerable.

therefore, serves as a test for the distinction of genera

radula,
species.

For instance, in the four known recent genera of the family
Strombidae, viz. Strombus, JPteroceras, Bostellaria, and Terebellum,
the radula is of the same general type throughout, but with disand the same is true, though
tinct modifications for each genus
hitherto examined in each
the
species
extent,
for
all
a
lesser
to
These facts are true for all known genera, differof the genera.
ences of the radula corresponding to and emphasising those other
The
differences which have caused genera to be constituted.
radula therefore forms a hasis 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
Thus we have
this order, the Prosobranchiata.
;

Monotocardia

Prosobranchiata
Diotocanlia

'(«)

Toxoglossa

(b)

EacJiiglossa

A (c)

Ftenofjlossa

(e)

Gymnoglossa

{'^^
yifj)

Toxoglossa.

(a)

—Only

Taenioglossa

(d)

Rhipidoglossa
Docoglossa

^

three families, Terebridae, Conidae, and

There is no central tooth,
and no laterals, the radula consisting simply of large marginals
In Conus these are of great size, with a blunt
on each side.
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
When extracted,
singly and sometimes doubly barbed (Fig. 116).
Cancellariidae, belong to this section.

A re-

the teeth resemble a small sheaf of arrows (Figs. 1 13, 115).

markable form of radula, belonging to Sjpirotropis (a subgenus of
Drillia, one of the Conidae), enables us to explain the true history

Here there are

of the radula in the Toxoglossa.

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 Toxoo-lossa have lost both their central
^

bare

t6^ov,
;

arrow

piTris,

fan

;

;

pax's, ridge,
5ok6s,

beam.

sharp edge

;

raipia,

ribbon

;

Trrrivbs,

winged

;

yv/j.v6s,

FORMULAE OF TEETH
and

lateral teeth,

or marginals.
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and that those which remain are true uncini

Spirotropis appears to be the solitary sm-vival of

a group retaining the primitive form of radula.

The arrangement
liy

a

of teeth in all these sections

is

expressed

formula applicable to each transverse row of the

The central tooth, if present,
and marginals, according to

is

represented by

1,

series.

laterals

their number, on each side of the

Fig.

114.

— Portion

tropis carinata

Fig. 113.- -Radula of Bela turricula Mont.

Fig. 115.

of radula of Spiro-

Pliil.,

—Eight

Norway.

teetli

x 70.

from the radula
x 60.
Lam.

of Terebra caerulescens

x70.

central figure.

and the

Thus the typical formula

of the Toxoglossa

is

standing for the central tooth which is
middle
absent, and the
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
Often
each side and a rachidian or central tooth, is 1.1.1.1.1.
1.0.0.0.1, the

;

1.0.0.0.1

the formula

is u'iven

thus

:

1.1.1.1.1

-

10

where 30 and 42

42

stand for the average number of roivs of teeth in Conus and
the same is sometimes expressed thus
Spirotroins respectively
;

1.0.0.0.1

X 30:

l.l.l.i.l

x42.
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The Hachiglossa comprise

(h)

i,he

1 2 families Olividae,

Harpi-

dae, Marginellidae, Voliitidae, Mitridae, Fasciolariidae, Turbinel-

Buccinidae,

lidae,

Nassidae,

Colmnbellidae,

Fig. 117.

116.— a

and

—Portion of the radula of Melongena

vespertilio

Fig.

Mm-icidae,

Lam, Ceylou,
,

x 30.

tooth

from the raduha
of Conus iniperialis L., S. Pacific,

X
showing
50,
barb and, poison
Fig. 118.

duct.

—Portion of the radula of Eburna japonica
Sowb., China.

x 30.

Fig. 119.— Portion of the
radula of Murex regius

Lam.

,

Panama.

Coralliophilidae.

x 60.

Certainly

most

and probably

all

of

these

families are or have been carnivorous, the Coralliophilidae being

degraded group which have become parasitic on corals, and
have lost their teeth in consequence.
The characteristics of the
a
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group are the possession of a central tooth with from one cusp
(Boreofusus) to about fourteen (B 1(11161), and a single lateral more
or

generally

all

being

much

the

Thus

largest.

gena

the

cuspidate,

less

outer cusp of

^^>^^^

in Melon-

resjoertilio (Fig.

the central tooth

117)

is

tri-

central cusp

cuspid, the

being the smallest, while
Fig. 120.

the laterals are bicuspid

Bhurna japonica

in

The

x 80.

(Fig.

118) the central tooth
the smallest.

— Portion of the radula of Imhricaria
marmorata Swains,

;

5-cusped, the two outer cusps being

is

teeth,

much

on the whole, are sharp and hooked,

Fig.

121.

—Three

rows

teeth from the
radula of Fasciolaria
of

trapezium Lam.

x

40.

with a broad base and formidaljle cutting edge.
In the Olividae,
Turricula, Buccinopsis, and the Muricidae the laterals are unicuspid
and somewhat degraded (Fig. 119).
In Mitra
and the Fasciolariidae they are very broad and
/

'

/w
-

.1

"^^

finely equally toothed like a

|V\

^

121).

The whole group

is

comb

(Figs. 120,

destitute of marginals.

Several
remarkable
peculiarities
occm\
Ifarpa loses the radula altogether in the adult.
In the young it has lost only the laterals, and
of nothing but the central tooth.
Marginella has no laterals the central tooth
consists

;

Fig.

122.— Six

teeth

small and

comb-shaped, with lilunt cusps.
from the radula of -^
,
^^
n i
Cymbivm diadema 1^^ v oLuta the laterals are generally lost, but
Lam., Torres strait, in
Volutomitrcc and One species of Voluta^
they are retained.
The central tooth usually
has three strong cusps, and is very thick and coloured a deep red
^

is

,,,,,,

V. concinna, according to Scliacko [Condi.

lateral is large, strong, unicuspid

i

JliftJi.

on a broad base.

i.

p.

12G, PI. x.\iv.

f.

5)

;

the

DEGRADED AND ABNORMAL RADULA
or

orange (Fig. 122); in the subgenus Amoria it is unicuspicl,
broadened wings; in

in shape rather like a spear -head with

Volutolyria

it

a

of

is

different

numerous unequal den-

type, with

something like the
Mitra or Fasciolaria.
Mitridae, Cylindromitra

ticulations,

of

laterals

Of

the

Among

has lost the laterals.

Baccinopsis

Buccinidae,
a

curiously degraded

the

possesses

radula, the

central tooth having no cusps, but

being

reduced

plate, while

among

-Examples of degraded forms
A, Cantha',-us pagochcs
Panama (nascent end), x 40
A', same radula, central and front

of radula

:

Reeve,

portion

;

;

B, Columbella varia Sowh.,

Panama X 50

remarkaljle feature

a

is

radulae,

characteristic,

family,

basal

are also

laterals

This degradation from

weakened.
the type

thin

a

to

the

e.g.

and appears

to be

sometimes of a whole

the Columbellidae (Fig.

123, B), Sometimes of a genus,
g^nietimes again
of a single
i
o species.
o
of
SubgCnUS
ThuS in CantllurUS (a
-r,

\

,i

t

i

Buccinuiri) the radula

•

is

+.

,^"

„i

typical in

the great majority of species, but in
C.2)ngodus 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

Panama

side

Fig. 124.

by

is

side

the more singular since

with

C.

C.

iKigodus lives at

ringeus and C. insignis, both of which

—Three rows of the radula of Sistrum spectrum Reeve, Tonga.
The

laterals to the risrht are not

drawn

xSO.

in.

It is probable that the nature of
have perfectly typical radidae.
Thus Sistrum
the phenomenon.
something
do
with
the food has
to
very
aberrant
radula, not of
possess
a
Eeeve
was
found
to
spectrum
laterals.
reed-like
very
long
but
with
common
muricoid
type,
the

This singularity was a standing puzzle to the present writer,
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he was fortunate enough to discover that

S.

spectrtim,

unlike all other species of Sistrum, lives exclusively on a branch-

ing

coral.

The dental formula for the HacJtiglossa is thus 1.1.1, except
in those cases where the laterals are absent, when it is 0.1.0.
(c) The Taenioglossa comprise 46 families in all, of which the
most important are Tritonidae, Cassididae, Cypraeidae, StromMelaniidae,

Turritellidae,

Cerithiidae,

bidae,

Littorinidae,

Itissoidae, Paludinidae, Ampullariidae, (Jyclophoridae, Cyclostonia-

FiG. 125.

— Portion of the

radiila of Cassis sulcosa Born.,

to the right

tidae,

and

ai'e

The radula

JSTaticidae.

Tlie marginals

x 40.

not fully drawn.
is

characterised by a central

tooth of very variable form, the prevailing type being multicuspid, the central cusp the largest, on a rather l)road base
single lateral, whicli

is

often a broad plate,

more

;

a

or less cusped,

and two uncini, rather narrow, with single hooks,

or slightly

—

Four rows of teeth
from the radula nf Vcrmetus
grandis Graj', Audamaus.
x40.

Fig. 126.

The accompanying figures of Cassis, Vermctus, and
Cypraca, and those of Littorina and Cydopliorvs given on pp.

cusped.

20, 21, are good examples of typical taenioglossate radulae.

In Hoiiialogyra
tooth

is

large

represented
al)sent.

and

only

the

radula

is

liy

a tliin

much

degraded, the central

on a Ijroad

triangular

base,

oblong plate, and

the lateral

the

is

uncini are

In some species of Jcffreysia the uncini are said to be
Lamellaria has lost l)oth its

absent, while present in others.

uncini, l)ut the radula of the allied Velutina

peculiar feature in this group
to increase in

number.

A

is

is

quite typical.

A

the tendency of the nuirginals

stage in this direction

is

perhaps seen
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Here the outerand the Cyclostomatidar.
far
the
larger
and broader, and
the two marginals is by

in Ovnla, Pedicularia,

most of

strongly pectinated on

is

its

upper edge

in the Cyclostomatidae

;

127.— Two rows

Fir:.

of

tlie

radula of Cyxiraea tiyris L.

x30.

the

pectinations are rather

superficial

Ovida (where both

in

;

marginals are pectinated) they are decidedly deeper in Pedicularia they are deeper still, and make long slits in the tooth,
;

tending to subdivide

marginals

is

it

aberrant form, possessing simply a

number

;

to*

three (T.

Solarium

is

an

of.

long uncini, which

is

therefore hard to

those of Conus or Pleurotoma, and

classify

to

T. acicida)

but the fact wants confirmation.

triplicata),

recall

In Tumtella the number of

altogether.

said to vary from none (in

the allied Torinia has a radula which appears allied

In Triforis the teeth are identical

Ovula or Pedicularia.

throughout, very small, about 27 in a row, tricuspid on a square
base, cusps short.

The normal formula
Lamellaria, 1.1.1

;

of the

Taenioglossa

is

2.1.1.1.2;

in Triforis, 13.1.13, or thereabouts.
{d) Pteiioglossa.

—

in

This

two
which certainly appear remarkably
consists

section

of

families only,

dissimilar in general habits

and appearance,
lanthinidae and

^

^^^'

"2Z^^^-^^^ -^-^^^--^^

^

...^--^,—

Fig. 128.

k—^.---'^

,<r:_*---::j

—Portion

of the raclnla of

communis Lam.

x

lanthina

"'"^^

^^^

viz.,

probability

their

approximation

only

provisional.

is

Scalaria very small, possesses an indefinite

is

The

which in lanthina
large,
and in
number of long hooked

radula,

40.

the

Scalarii-

very

RADULA OF THE PTENOGLOSSA,
which the outermost are the

of

teeth,

ETC.
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The

largest.

central

tooth, if present (it does not occur in lanthinci), is the smallest

and thus

arrangement in some of tlie
In lantldna the radula is
(p.
formed of two large divisions, with a gap between them down
in the series,

recalls the

carnivorous Pulmonata

232).

the middle.

The formula

is

tooth in Scalaria

is

or

co.l.oo

oo.O.co

according as the central

or is not reckoned to exist.

—

(e) Gymnoglossa.
In the absence of both jaw and radida it is
not easy to classify the two families (Eulimidae and Pyrami-

which are grouped under

dellidae)

them
to

as modified Ptenoglossa

;

this section.

one would think

Fischer regards
it

more natural

approximate them to the Taenioglossa.

Fifi.

129.

— Portion of the radula of Margarita umhilicalis Brod.,

Labrador.

X 75 and 300.

(/) Uliipidoglossa.— This section consists of seventeen families,
the most important being the Helicinidae, Neritidae, Turbinidae,

Trochidae, Haliotidae, Pleurotomariidae, and Fissurellidae.

radula

is

characterised hj

—

The

(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, those at the

extreme edge not being set straight in the row, ])ut curving
away backwards as they become smaller in Solaridla alone,
where there are from five to ten, can they be counted.
The average
(2) The varying nundjer of the laterals.
;

VOL.

Ill

Q

—
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numl^er of these
lateral

in some cases {Livona^
side
some (JVeritojJsis) only three. The
the uncini (which is specially large in the

next to

Neritidae, and

on

live

is

many

there are as

eacli

;

as nine, in

known

then

is

as

regarded by some authorities as the
the

tooth)

the capituliform
first

is

nncinus, by others as

representative of the laterals, the teeth on the inner

sole

Accord-

side of it being reckoned as multiplied central teeth.

ing to this latter view, Livoiia will have as

many

as seventeen

Taking five as the average number of laterals,'
have the following different ways of constituting the
rhipidoglos-sate formula, the first being that to which preference

central teeth.

we
is

'

shall

given, viz.
(1)

the
(2)

:

00.5.1.5.00

(

'

one

i.e.

,

last lateral

central,

CO. 1). 4.1.4. (1.00

),

cc. 1.(4. 1.4). l.co

including

laterals,

regarding the 'last lateral" as

uncinus, but specialising
(3)

five

tooth.

'

,

it

first

by a number.

regarding the

'

last lateral

'

as the only

lateral.

In the Neritidae and the derived fresh-water genera {Neritina,
Navicella) the

first

lateral, as w^ell as the capituliform

Fig. ]30. —Portion of the radiila oi Nerita

highly magnitied

:

c,

c,

albicillu, L.

,

Andaman

the capitnlif'orm tooth.

Is.,

tooth,

is

with ctntral tooth

x 40.

very large, and in shape rather like the blade lione of a shoulder
In
of mutton
the intervening laterals are very small.
;

Neritopsis (a degraded form) the central tooth and
are

entirely wanting.

Proserpina) the
the

capituliform

first

lateral

first

In the neritiform land-shells {Helicina,
lateral is no larger than the others, while

tooth

is

enormous.

Hydrocena

is

a

very

aberrant and apparently degraded form; the laterals between the
first

and the capituliform tooth are all wanting.
In Haliotis,
and Fleurotomnria the five laterals are of fairly equal

Scissurella,
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size

in Fissnrella

;

tooth,

we again meet with

with very small

The

a
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large

capituliforni

laterals.

with the Ehipidomany and
weak.
There are only three families, Acmaeidae, Patellidae,
In some of the Acmaeand Lepetidae.
more than two
idae there are not
teeth in a row, while in no species are
The radula
there more than twelve.
there are as
is, however, very long
many as 180 rows in Patella vidgata.
(g)

Docoglossci are in direct contrast

and strong

glossa in possessing few

teeth, instead of

;

The teeth
very

deep

red

horn

generally
colour,

of

a

rather

cartilage in which they
remarkably thick, and in
species whose teeth are very Fm. loi.— Portion

set

some

thick,

The

opaque.
are

are

is

few a considerable portion of this

car-

of the radula

of Patella cretacea Reeve, seeu
iu half i)rofile.
x 40.

tilage is left quite l)are.

Although the teeth are so few, the arrangement is by no
means simple. The special feature of the group is the multiplication 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 l)e lost, but there are never more than two of eitlier
in Acmaea, and never more than two laterals and three marginals
in Patella.
Thus the formula varies from 0.0.(1 -1- -}- 1).0.0 in

132.— Two rows of
the radula of Pterotrachea mutica Les.,
Naples, X 60.

Fki.

Pectinoclonta,

2.2.(1

dae), to 3.2.(1 -f

in Patella

teeth,

2.0.1.0.2.

+

-f 1). 2. 2

1).2.::5

in

Collisellina (both

in Patindla,

and

3.1.(2

Acmaei-

+ Q + 2).1.3

In the Lepetidae there is an absolutely
which appears to be made up of the coalescence of
ikj laterals, and about two marginals
formula,

proper.

central tooth,
several

+

;
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The

of the

radula,

central tooth

broad base

two

is

tlie

;

marginals

(Pig. 132).

Amphineura.
Chitonidae

large, l)road,

single

lateral

simple,

—

(cO

long,

is

strong, often

falciform;

Polyplacophora.

Ijicuspid

formula,

—The

;

the

2.1.1.1.2

radula

of

the

It resembles tliat of the Docof/lossa

quite mucpie.

is

is quite characteristic, and
any other Prosohranchiate.
The
tricuspid, and denticulated on a

HcUrojiioda

sliows no sign of aiHuity with

being very long, and composed of thick and dark horn-

in

coloured teeth.

rJG, 133.

—A,

raans,

greater,

There

The nund)er

Portion of the radula of t'liUon [Acanthopleura) spiniger Sowb., AndaB, portion of tlic radula of Dentalium entalis L., Clyde, x 50.
;

x 30

amounting almost

ar(^

of teeth, however, is considerably

invarial)ly to seventeen in eacli row.

three rather small central teeth,

being sindlar

;

next comes a

A^'ery

tlie

two outer of these

large lateral (the major lateral),

is fulltnved by two much smaller laterals,
which are scarcely more than accessory plates then a very large
and arched marginal (the major uncinus), at the outer side of
winch are three accessory plates.
Some consider there is only
one central tooth, and count tlie two small teeth on eacli side of

usually tricuspid, which

;

it

as laterals.

Thus the
or (3

+

(^)
lias

a

1)

.

fornmla,

(2

+1+

Aplauyphora.
single

is

1)

— Of

strong

+ 1)
+ 1 + 2)

citlier
.1.

(1

(.'5

-

(2

.

(1

+ 1) .3. (1 + 2)
+ 3).

.

(1

+ 3)

tins rather obscure order, Cliactodcrma

central

tooth,

Keomenia has no

radida.

RADULA OF OPISTIIOBRANCHIATA
and

Proneomenia
teeth,

much

Zejndomenia have about twenty falciform
at one end of the radula tlian the other

larger

formula, 0.1.0.

"

Opisthobranchiata.
is

— The

Not oidy do

of

radula,

exceedingly vaiiahle in shape,

of teeth.
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allied

tlie

Opistholn-anchiata

and number and character
families differ greatly from one
size,

another, but allied genera often possess radulae widely distinct

Thus,

in plan.
tootli,

one

among

large

the i'olycevidae, GoniodorU

and

lateral

Dorldunculus the same,
one each

witli

LiuneUidoris

of

one marginal
live

lias

(form.

no central
1,1.0.1.1);

marginals (form. 5.1.0.1.5);
laterals
and marginals

median,

and Tlirrwera the same as Goniodoris ;
Crimora several each of laterals and marginals.
Even species of
the same genus may differ
thus the formula for Aeoli's papillosa
(1.1.1.1.1); Idalia, Aiicvln,

;

is

0.1.0, l)ut

for yie.

Landshergi 1.1.1

;

for Fhiline aperta 1.0.1,

but for Fhiline 2yncinosa 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
al)sence of a central tooth.

the difference in

tlie

In most of the cases mentioned above,

nundier of laterals and marginals

is

due to

the multiplicaticiu of identical forms, wliile the central tooth,
present, is

often

whose presence or

when

a mere plate or narrow block without cusps,
al)sence

makes

little difference to

the character

of the radula as a whole.

There appear to

Ije

three well-marked types of radida

among

the Opisthobranchiata.
(a)

l{;idu];i

with

a

single^

strong

central

tooth, rows few.
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This form

characteristic of the Aeolididae, Fionidae, Glaucidae,

is

Dotoidae, Herinaeidae, Elysiidae (Fig. 135), and Liinapontiidae.

In

the Aeolididae

it

sometimes accompanied by a single
in Oxynoe, and in Lohigcr ( =

is

The same type occurs

lateral.

Lo;p]iocercus).

Eadula with the first
may take the form of

(h)

This type

marginals,

e.g.

lateral
(

1

)

very strongly

developed.

a single lateral, no central or

Onchidoris, Scajjhander

(Fig.

137, A) Philine

(certain species), Binginda, or (2) first lateral strongly developed,

and repeated in succeeding
Philine (certain species).

135.— Eadula

Fig.

viridis

Mont.

on a smaller scale, e.g.
few marginals are sometimes added,

laterals (2-6)

A

Fig. 136.— Portion of the radula
of Gadinia 2}eruviana Sowb.,

Elysia

of

x 40.

Type

X 250.

Chili.

e.g.

in Polycera, Lamellidoris (where there

tooth, Fig. 137, B), Idcdia,
(c)
(if

and

(c).

a degraded central

Aiicula.

Eadula with an indefinite number of marginals,

present) merging

into

the Nudibranchiata,

laterals

marginals, central tooth present or

absent, inconspicuous, teeth all very small.

among

is

Type

is

This type of radula,

characteristic of certain subgenera

(e.g. Chromodoris, Aphelodoris, Casella, Ccntrodoris), of
Hypobrancliiaca and Pleuro2^hyUidia ; among the Tectibranchiata,
of Actaeon, many of the BuUidae, Axjlustruin, the Aplysiidae,

of Iforis

PUurobranclius, Umbrella and Gadinia (Figs. 136 and 137, C).

The GymnoIn the Pterojioda there are two types of radula.
somata, which are in the main carnivorous, possess a radula wath a
varying number (4-12) of sickle-shaped marginals, central tooth
In the Thecosomata, which feed on a vegetable
more than three teeth, a central and a
never
diet, there are
teeth more or less cusped on a square Ijase.
on
each
side
marginal

present or absent.

;

RADULA OF TULMONATA
Pulmonata.
land JMolhisca,

with

verj'

— The
is
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radula of the Testacellidue, or carnivorous

large,

and

consists of strong sickle-shaped teeth

sharp points, arranged in

central tooth, in such a

rows with

or without

a

way

that the largest teeth are often on
the outside, and the smallest on the inside of the row (as in

Ehytida, Fig. 139).
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 throughout l)eing

fiiirly

uniform.

In Aero2)c they are exceedingly large,

—

Fig. 137.
Portioiusof tlierartula
of Opisthobranchiata, illustrating types {b) and (c)
A,
;

Scaphander

li(/narius L.

;

A',

one of the teeth seen from
the other side, x 40
B,
La^neUidoris hilamellata L.,
Torbay, x 60
C, llydatina
j)hysis L. E. Indies, x 75.
;

;

,

and only eight in a row, the outermost marginal being probably
The
the largest single tooth in the whole of the Mollusca.
simply
a
present,
central tooth is always obscure, being, when
a
few
with
only
genera
weaker form of the weakest lateral in
teeth in a row it is generally absent altogether.
The first family of jaw-bearing snails, the Selenitidae, is
The possession of a jaw relates it to
distinctly intermediate.
;

the main body of Helicidae, but the jaw
teeth

are

still,

Testacellidan.

is

not strong, while the

with the exception of the central, thoroughly

The

central tooth

is

quite rudimentary, but

it is
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something more than a mere weak reproduction of the marginals.
There are no true laterals.
The Limacidae show a further stage

Here the central tooth has a definite shape of
own, tricuspid on a broad base, which is more or less repeated
these, as they approach the marginals,
in the first laterals
in the transition.
its

;

Fig. 1.38.
of the

— Portion
radula of

Glcmdina

tnm-

cafa Giiiel.

x 40.

gradually change in form, until the outer marginals are again

thoroughly Testacellidan.^

This

is

the general form of radula,

varied more or less in different genera, which occurs in Nanina,
Helicarion, LiTnax, Parrnacella, and all the subgenera of Zonites.
It is certain that some,

and probable that

all of

these genera will,

139. —Portion
of the radula of
Jihytida Kra \issii
Pfr., S.
Africa.

Fig.

x25.

on occasion, eat
vegetable.

flesh,

The jaw

is

although their usual food appears to be
more powerful than in the Selenitidae, but

never so large or so strongly ribbed as in Helix proper.

When we
^

In some cases

reach the Helicidae,
(e.g.

we

Hyalinia inornata) the

lacvigatus the first side tooth

is

more of

arrive at a type of radula

laterals are very few, while in Zonites

a marginal than a lateral.

RADULA OF PULMONATA
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—

so characteristic of the
in which the aculeate form of toothAgnatha disappears even in the marginals, and is replaced by
the laterals, which are
teeth with a more or less quadrate base
always present, are intermediate in form between the central and
In size and
the marginals, and insensibly pass into the latter.
number of cusps the first few laterals resemble the central tooth
in the extreme marginals the cusps often become irregular or

—

;

As

evanescent.

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 approximation 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, Arioli?nax, and other
The jaw is almost always strongly transversely ribbed.
genera.
In the Orthalicidae (Fig. 140, C) the teeth of the radulu,,
instead of being in straight rows, slope back at an angle of about
The central and laterals are
45 degrees from the central tooth.
the
on
rather a long stem
an
obtuse
cusp
very similar, with
;

marginals become bicuspid.

In the Bulimulidae, which include

the important

genera

Amphidromus, Fartula, AmiJliibulimus, and all the
groups of South American Bulimulus, the jaw is very characteristic, being thin, arched, and denticulated at the edges, as if
The
formed of numerous narrow folds overlapping one another.

Placostylus,

radula
is

is

like that of the Helicidae, but the inner cusp of the laterals

usually lengthened and incurved.

In Fartula the separation
and marginals is very strongly marked.
The remaining families of Pulmonata must be more briefly

between

laterals

described.

radula

:

In the Cylindrellidae there are three distinct types of
Central tooth a narrow plate, laterals all very

(a)

curiously incurved with a blunt cusp, no marginals (Fig. 140, D);

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 helicidan.
Type (c) is restricted to Central America, types (a) and
(6)

;

(6) are

West

Indian.

Eadula long and narrow teeth of the helicidan
and laterals tricuspid on a quadrate base, marginals
This type includes
very small, cusps irregular and evanescent.

Pupidae

:

type, centrals

;
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Anostoriia, Odontostomus,
ClmiS'ilia,

Bidiminus, Vertigo, Stroj^hia, Holospira,

and Balea,

Stenogyridae, including AcJiatina, Stenogyra, and
o-enera

:

Central tooth small and narrow, laterals

all

suL-

its

much

larg-er,

tricuspid, central cusp long, marginals similar, but smaller.

Achatinellidae

:

Two

types occur

:

{a)

teeth in very oblique

rows, central, laterals, and marginals all of the same type, base

narrow,

head

{Achatinella

Fig. 140.

broad, with

rather
proper,

with

numerous small denticles
and Tornatellina, Fig.

Auriculella

— Portions of the radula of A, Hyalinla nitidula Drap.

,

Yorkshire, with central

and a marginal very highly magnified; B, Helix jwmatia L.,
Kent, showing central tooth, laterals, and one extreme marginal, the two former
also highly magnified
C, Orthalicus undatus Brug., Trinidad, with three laterals
highly magnified D, Cylindrella rosea Pfr., Jamaica, central tooth and laterals,
the same very highly magnified
E, Achatinella vulpina Fer., Oahii, central tooth
(f) and laterals, the same highly magnified.
tootli, first

lateral,

;

;

;

140, E); (^) central tooth small and narrow^ laterals bicuspid,
marginals as in Helix {Amastrcc and Carelia).
Succineidae
Central and laterals helicidan, Iji- or tricuspid on
a quadrate plate, marginals denticulate on a narrow base jaw
with an accessory oblong plate.
:

;

JcMellidae

:

Central tooth very small, laterals and marginals

like Achatinellidae («).

Vagimdidar

:

Central,

laterals,

and

marginals

unicuspid

throughout, on same plan.

Onchidiidac

:

Eows

oblique at the centre, straight near the

RADULA OF PULMONATA
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strong, tricuspid

central

;

and marginals very

laterals

;

235

long, falciform, arched, unicuspid.

Aurictdidae
rather a broad

:

Teeth very small central narrow, tricuspid on
laterals and marginals ol)scurely tricuspid on
;

liase

;

a Imse like Succinea.

Limnaeidac
pieces

;

central

marginals

Jaw composed

:

and

much

of

one upper and two lateral

lateral teeth reseml>ling those of Helicidae

pectinated and serriform (Fig.

141. A).

;

In

^^^^mmwp
— Portions

Fig. 141.^

of the radiila of

A, Limnaea stagnalis L., -with the
central tooth and two first laterals,
and two of the marginals, very
highly

magnified

;

B,

fluviatilis Miill., with

Aticylvs

two of the

marginals very highly magnified
C, Physa fontinalis L. with central tooth and two of the marginals
very highly magnified.
;

,

Aw

\L^^

Ancylvs 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 become somewhat pec-

tinated (Fig. 141, B); another type

Physidae

:

Jaw

simple,

more resembles Limnaea.

but with a fibrous growth

at

its

radula
upper edge, wliich may represent an accessory plate
with very oblique rows, central tooth denticulate, laterals and
;
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marginals serriform, comb-like, with a wing-like appendage at
the superior outer edge (Fig. 141, C).
Chilinidae

angular

base,

:

Central tooth small, cusped on an excavated

marginals five-cusped, with a

projection

tri-

in

as

Phijsa, laterals comb-like, serrations not deep.

Am2Jhibolidae

Central tooth five-cusped on

:

central cusp very large

two

;

laterals only, the

a l)road

first

Imse,

very small,

thorn -like, the second like the central tooth, but three-cusped

;

laterals simple, sabre-shaped.

—

In the single family (JDentcdiidae) the radula is
Scaphopoda.
The central
and
large,
(piite unlike that of any other group.
tooth

is

a simple broad plate

and slightly cusped
quite simple;

;

the single lateral

strong, arched,

is

the marginal a very large quadrangular plate,

fornnda, 1.1.1.1.1 (Fig. 133, B).

Cephalopoda.-

—The

radula of the Cephalopoda presents no

special feature of interest.
it is its

;

Perhaps the most remarkable

fact about

singular uniformity of structure throughout a large

number

always very small, as conqjared with the size of
the animal, most of the work being done by the powerful jaws,
while the digestive powers of the stomach are very considerable.

of genera.

It is

The general type

of structure is a central tooth, a very few
and an occasional marginal or two teeth of very uniform
and shape throughout.
In the Dibranchiata, marginals are

laterals,

size

;

entirely absent, their place being always taken, in the Octopoda,

This plate
by an accessory plate of varying shape and size.
is generally absent in the Decapoda.
The central tooth is, in
in Eledone and
the Octopoda, very strong and characteristic
Octopus it is five-cusped, central ciisp strong; in Argonauta
unicuspid, in Tremoctoims tricuspid.
The laterals are always
;

tliree

in

iiumber, the

in-

nermost lateral having
tendency

t(3

assume

a

the

In
form of the central.
Sepia the two inner laterals
are exact reproductions of
Fig. 142. —Portion of tlic radula of Octopus ietracirHuis D. Ch., Naples, x 20.

the central tooth
done,

Sepia, the third lateral

is

falciform

Sepiola,

and mucli the

In Nautilus, the only living representative

;

in Ele-

Loligo,

and

largest.

of

the Tetra-

branchiata, there are two sickle-shaped marginals on eacli side.

SALIVARV GLANDS
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The two
each of which has a small accessory plate at the base.
laterals and the central tooth are small, very similar to one
another, nnicnspiel on a square

l)ase.

Salivary (/lands are found in most Glossophora.

They occur

in

one or two pairs on each side of the pharynx and oesophagus, the
duet usually leading I'orwards and opening into the anterior part
of the

pharynx

(see Figs.

143,

They

144).

are exceptionally

In certain genera,

large in the carnivorous (Tasteropoda.

e.ff.

Murex, Dulium, Cassis, Flc/urohranclms, the secretions of these
glands are found to contain a considerable proportion (sometimes
This fact was
as much as 4'25 per cent) of free sulphuric acid.

Fig,

— Alimentiiry

canal of Helix aspersa L.
«, anus; b.d,h.(l', riglit and left
i, intestine
buccal mass
c, crop ; h.ff, lierniaplirodite gland
{.0, opening of same from stomach (pyloric orifice); /, I', right and left lobes of
s.d, salivary duct
s.g, salivary
r, rectum
liver
m, mouth ; oc, oesophagus
(After Howes and Marshall, slightly
stomacli
t,
left tentacle.
gland
st,
14.3.

biliary ducts

;

:

b.i/i,

;

;

;

;

;

;

;

;

;

modified.

lirst

noticed

l)y

Troschel, who, while handling a

Dulinm galea

at

Messina, saw the creature spit a jet of saliva upon a marble slab,

A number
which immediately produced a brisk effervescence.
of the genera thus provided Ijore through the shells of other
]\Iollusca and of Echinoderms, to prey upon their soft tissues, and
it is possible that the acid assists in the piercing of tlie shell by
converting tlie hard carbonate of lime into sulphate of lime,
In
wdiich can easily be removed by the action of the radula.^
the majority of the Ceplialopoda there are two pairs of salivary
glands, one lying on each side of the mouth, the other on the
middle of the oesophagus.
That part of the alimentary canal which
o. The Oeso2:)ha(jus.

—

'

Seinon, Biol. Cenlralhl.

ix.

ji.

80.

)
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between the pharynx and the stomach (in Pelecypoda
between the mouth and stomach) is known as the oesophagus.

lies

Its exact

limits are not easy to define, since in

many

cases the

tube widens so gradually, while the nuiscular structure of

changes so slowly that it
ends and stomach begins.

is

difficult

As

to

its

walls

say where oesophagus

a ride, the oesophagus

fairly

is

—

Fig. 1-15.
Gizzard of Scaphander
lignarius L.
A, showing position with regard to oesojjhagus
(oe) and intestine (/), the latter
being full of comminuted fragments of food ^j, left plate jj',
accessory
right
plate
ij.ac,
plate B, the plates as seen from
the frout, with the enveloping
:

;

;

;

;

membranes

removed,
Natural size.

as in A.

lettering

—

Alimentary canal, etc.,
Fig. 144.
of Sepia officinalis L.
a,
anus; h.cl, one of the biliary
ducts ; h.m, buccal mass
c,
coecum ; i, ink-sac ; i.d, duct
of same
l.I, lobes
j, jaws
of the liver
oe, oesophagus ;
r, recp, pancreatic coeca
tum s.g, salivary glands st,
stomach.
From a specimen iu
the British Museum.
:

;

;

;

;

;

;

;

—

Section of the stomach of
Fig. 146.
Alelongena, showing the gastric plates
(r/.p, ii.p,) for the trituration of food
h.d, biliary duct ; fj.g, genital gland

(

;

;

/,

st,

intestine

;

stomach.

/,

liver

;

oe,

oesophagus

;

(After Vanstone.)

simple in structure, and consists of a straight and narrow tube.

In the
into a

'

Pulmonata and Opisthobranchiata it often widens out
which appears to serve the purpose of retaining a

crop,'

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

quantity of masticated food before

THE STOMACH AND
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the action of which digestion appears to begin in some cases
before the food reaches the stomach proper.
4.

The Stomach.

the muscular pouch

—At

the posterior end of the oesophagus

known

as the stomach, in

of the food is principally performed.

lies

which the digestion

This organ

may

be, as

in

Zimax, 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
strengthened

of the stomach itself are usually thickened and
by constrictor muscles.
In some Nudibranchs

on the inside with chitinous
In Cyclostoma, and some Bithynia, Strombus, and Trochus
there is a free chitinous stylet within the stomach.'^
In Melongena (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
A'plysia has several hard plates, set with knobs and spines,
food.^
{Scyllaea, Bornella) they are lined
teeth.

and similar organs occur in the Pteropoda.
able organ for the crushing of food

and particularly by Scaphander

is

But the most formid-

possessed by the Bullidae,

(Fig.

Here there

145).

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

open the ducts which connect with the so-called liver.
of this important organ have not yet been
thoroughly worked out.
The liver is a lobe-shaped gland of a
tract,

The functions

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 appendages 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 tlie same,
;

*

is

Aeconling to

^lo([uiu-T;iiidoii {Mull, dc France,

attached by one end to the wall of the stomach.

i.

p.

\i) this process in

does not possess this stylet Bithynia, which does possess
- .J. TI. Vanstone, Joitrn. Linn. Soc. xxiv.
p. -369.
;

Bithynia

Vivipara, with two jaw pieces,
it,

has no jaw.

'

THE LIVER AND HYALINE STYLET
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which serves

as a reservoir

chap.

At the

for the biliary secretions.

point of connexion between the coecum and stomach

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

In

intestine.

many Nudibranchiata

is

the liver becomes

'

diffused

up into a number of small diverticula or glands conThe so-called cerata
necting with the stomach and intestine.
or dorsal lobes in the Aeolididae are in effect an external liver,
the removal of which to the outside of the body gives the creaor broken

ture additional stomach-room.

The Hyaline

Stylet.

— In

the great majority of bivalves the

coecum of varying
body
known as the hyaline or crystalline stylet. In a well-developed
Mytilus edulis it is over an inch in length, and in 3fya arenaria
The bladder-like skin of the
between two and three inches.

intestine

is

Within

length.

parent.

when

sac,

or

this is usually lodged a long cylindrical

well as its gelatinoid substance, are perfectly trans-

as

stylet,

provided with a blind

In the Unionidae there

is

no blind

present, is in the intestine itself

It

is

sac,

and the

stylet,

said to be present

or absent indifferently in certain species.

The
present

actual function performed

a

matter

of

conjecture.

by the hyaline

stylet

at

is

on

experiments

Haseloff's

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 sm^plus food.

He

found

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
Schulze, on the other
reappeared when they were fed again.
hand, believes that it serves, in combination with mucus secreted
by the stomach, to protect the intestine against laceration by

that under natural conditions

it

;

W. Clark found that
sharp particles introduced with the food.
in Fholas the stylet is connected with a light yellow corneous
plate, and imagined therefore that it acts as a sort of spring to
plate in order to comminute the food, the two together
performing somewhat the function of a gizzard.^

work the

1

Biol.

Centralbl. vii. p. 683

(2) V. 1850, p. 14.

;

SB. Ges. Nat. Fr. 1890,

p.

42

;

Mag. Nat. Hist.

THE INTESTINE
5.

and

6.

Rectum, and Anus.

Tlte Intestine,

the wider anal end of which
ul)ly
is

241

—The

intestine,

called the rectnm, almost invari-

is

makes a bend forward on leaving the stomach.

the case in the Cephalopoda, Scaphopoda,

The

and the great majority of Gasteropoda.
exceptions are

the

bilaterally

Amphineiira, in which the anus

This

u,

/|'c\

symmetrical
is

terminal,

and many Opisthobranchiata, in which it is
sometimes lateral (Fig. 68, p. 159), sometimes
dorsal (Fig. 67).
The intestine is usually
short in carnivorous genera, but long and
more or less convoluted in those which are
phytophagous.
In all cases where a branchial or pulmonary cavity exists, the anus is
situated within it, and thus varies its position according to the position of the breath-

ins organ.

Thus

on the right

side, in Testacella,

in Helix

forward

it is far

Vaginula, and

Onchidium almost terminal, in Patella

a.

at the

back of the neck, slightly to the right side
(Fig. 64, p. 157).

In the rhipidoglossate section of the Diotocardia {Trochus, Haliotis, etc.) the rectum
passes through the ventricle of the heart, a
fact which, taken in conjunction with others,
is

evidence

of

their

relationship

to

the

Pelecypoda.

In nearly

Pelecypoda the intestine is
very long and convoluted, being sometimes
all

doubled forward over the mouth.
its

terminal part

it

Towards

:

traverses the ventricle of

the heart, except in Ostrea, Anomia, Teredo,

The anus is always
and a few more.
posterior end of the animal, adjacent

Fig.
Ink - sac of
147
Sepia, showing its relation to the rectum
a, anus ; d, duct of
sac
i.g, ink - gland ;
z.?', portion of the sac
which serves as a reservoir for the ink
o,
orifice of ink -gland
r,

at the
to

and

;

;

;

rectum

slightly above the adductor muscle.

Anal glands, which open into the rectimi
close to the anus, are present in sc^nie Proso-

double set
of sphincter muscles
controlling upper end

of

;

e.g.

importance, and
VOL.

Ill

(Modified

duct.

from Girod.

In the
Murex, Furpura.
gland
becomes
of considerable
Cephalopoda the anal

l)ranchiata,

sp,

is

generally

known

size

as the ink-sac (Fig.

E

and

147)

THE KIDNEYS
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it

occurs in all

known

living genera, except Nautilus.

The ink-

bag generally divided into two portions, in
one of which the colouring matter is secreted, while the other
sac consists of a large

acts as a reservoir for its storage.

A

long tube connects the

bag with the end 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
two symmetrical glands, placed on the dorsal side of
Each kidney
the body in close connexion with the pericardimn.
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
The blood thus parts with its impurities
containing uric acid.

typically of

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 Amphineura, the Diotocardia (with the exception of the Neritidae), the

Cephalopoda except Nautilus, which has
In other Gasteroand four kidneys.
poda only one kidney survives, corresponding to the left kidney
of Zygobranchiate Gasteropods.
Pelecypoda,

and

all

four branchiae, four amides,

Besides their use as excretory organs the kidneys, in certain
groups of the MoUusca, stand in very close relation to the genital
In some of the Amphineura the generative products,
glands.
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 functions, as a duct for the emission of the generative products, the

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.

left

;

In certain Pelecypoda (e.g. Yolclia, Avicula, Modiola, Pecten,
Spondylus) the genital glands communicate directly, and with a
^

vecppjs,

kidney.

AUTHORITIES

243

similar object, with the renal pouch on the same side of the
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CHAPTEK
THE SHELL,

ITS

FOEM, COMPOSITION

IX

AND GEOWTH

DESIGNATION

OF ITS VAEIOUS PAETS

The popular names of 'shells,' 'shell-fish/ and the like, as
commonly applied to the Mollusca, the intrinsic beauty and
grace of the shells themselves, resulting in the passion for their

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 w^hole, 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
systems 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 that 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 assmned
by genera widely removed from one another in cardinal points of
organisation.
This form of shell occurs in the common limpet
(Patellidae), in Ancylus (Limnaeidae), Hemitoma (Fissurellidae),
Cocculina (close to Trochidae), Urribrella and Siphonaria (Opisthobranchiata), while in many other cases the limpet form is
collection, their durability

—

nearly approached.

Eoughly speaking, about three-quarters of the known Mollusca,
and fossil, possess a univalve, and about one-fifth a bivalve

recent

POSITION OF THE SHELL
In Pholas,

shell.

some

.and in

accessory hinge plate

;
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species of Thracia, there is a small

in the Polyplacophora, or Chitons, the shell

consists of eight plates (see Fig. 2, p. 8), usually overlapping.

A

In many
of these cases the shell has been present in the larva, but is lost
certain proportion of the Molhisca have no shell at

all.

in the adult.

The

shell

may

lie

(1) External, as in the great majority of Ijoth univalves and
bivalves.

(2) Fartly external, iwrthj internal;

;

phillia,
(Figs.

some

;

;

the

of

Naticiclae,

Honudonyx, Hem-

Siijaretus laevigaFig. 149.
tus Lam., showing shell
partially immersed iu the
foot
anterior proF,
longation of the foot.
(After Souleyet.)

FiG. 148.
Aplustnan nplustre
L., Mauritius, showing the
F,
partly internal sliell (S)
foot
LL, cephalic lappets
TT, double set of tentacles.
(After Quoy and Gainiard.
;

e.g.

Scutum,

Accra,

Aplustrum

148 and 149).

(3) Internal
Aplysia, Liniax,

CryptocJiiton, and,

(4) Absent;

Fhiline,

e.g.

;

among

e.ij.

all

Gastropteron,

Hyalimax,

Arion,

FleurohrctncJms,

Parmacella,

Lamellaria,

bivalves, Chlamydoconclia.

Nudihranchiata and AjjlacopJiora, many
e.g. all Onchidiidae, Philomycus,

Cephcdopoda, a few land Mollusca,

and Varjinula.
The Univalve Shell. 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

these parts tended to increase in

size, tlieir

VARIOUS FORMS OF THE SPIRAL
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them gradually

position on the dorsal side of the animal caused
to fall over,

drawing the

shell

forces combined, the increasing size

two
and

The

with them.

tendency to pull the shell over with

its

in the conversion of the conical

into

result of these

of the visceral

the

spiral

shell,

shape

conical

of

to

the

flattened, the

may have been modified into a
Limax), the nucleus representing the
In extreme cases even this plate dwindles

the

simple elliptical plate

apex of the cone.

which

Where

came to envelop tlie whole animal.
hump, instead of increasing in size, became

gradually
visceral

hmnp,

prolmhly resulted

it,

shell

(e.g.

a few calcareous granules, or disappears altogether {Arion,

Vaginula).

Varieties of the Spiral.

—Almost

every conceivable modifi-

—

Examples of shells with A, a flatteneil
FiG. 150.
spire (Polygyratia)
B, a globose spire {Natica)
C, a greatly produced spire (Tcrehra).
;

;

cation of the spiral occm'S, from the type represented by Gcna,
Haliotis, Sigaretus,

and LameUaria, in wldcli the

confined to the

cally

inordinately

large

in

few apical whorls,
proportion,

to

a

with,

spire is practi-

the

multispiral

body -whorl
form like

Tcrehra, witli about twenty whorls, very gradually increasing in
size.

As
the

is more or less ol)liquely coiled round
whorl being partially covered, and therefore
immediate successor, while the size of the

a rule, the spire

axis,

hidden

each

by,

its

and therefore the diameter of the
The effect of
increases somewhat rapidly.

whorls,

as

spire

this

is

a

whole,

to produce

the elevated spire, the shell of six to ten whorls, and the wide
apertm-e, of the normal type of mollusc, the whelk, snail, periwinkle,

etc.

VARIOUS FORMS OF THE SPIRAL
Sometimes, liowever, the
oblique, tends to

l)econie
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the whorls, instead of heing

coil of

horizontal to the axis, and thus

we

have another series of gradations of form, from the excessively
produced spire of Terehra to the flattened disc of Planorhis,

The shell of many
Polygy rati a, Enonvphalus, and Ammonites.
species of Conns practically belongs to the latter type, each whorl
folding so closely over its predecessor that the spiral nature of
the shell
the

is

not perceived until

it is

looked at at right angles to

spire.

In some cases the regularly spiral form
whorls are completely disconnected

151.

Fig.

— Examples

of shells

with
disconnected whorls
A, Ci/athopoma cornu Mf.,

;

Philipiiiiies
Injstrir.

X

;

B,

Cylindrelln,

Wright, Cuba.

4.)

(Both

;

e.y.

Fig.

kept, l)ut

is

the

some Smlaria, Sjnrula

152.

— Example

of a

shell

whose

apical whorls alone are
coiled, and the remainder produced in a regular curve.

{Cydosurus

Marki

Morel.,

Maj'otte.)

among fossil Cephalopoda, Gyroceras, Crioceras, and Ancyloceras ;
and, among recent land MoUusca, Cylindrella hystrix and Cyatliojwma cornu (Fig. 151). Sometimes only the last whorl becomes
disconnected from the others, as in Rhiostoma (see Fig. 180, p.
2G6), Teinostovi((, and in the fossil Ophidioceras and IfacrosccqjJiites.

Sometimes, again, not more than one or two whorls at the apex
and the rest of the shell is simply produced or
coiled in an exceedingly irregular manner, e.g. Cydosurus, Lituites,
In Coecum (Fig.
Oryfioceras, Siliquaria (Fig. 153), Vermetvs.
the
shell becomes
and
lost,
entirely
part
is
spiral
the
170, p. 260)
are spirally coiled,

simply a cylinder.

ill

In a few cases the

last

whorl

is

coiled irregu-

and is brought up to the apex, so that the animal
crawling must carrv tlie shell with the spire downwards., as in

larly backwards,

—

—
FORMS OF THE SPIRAL
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Anostoma (Fig. 154), Opisthostoma (Fig. 208,
and Hy2)selostoma (Fig. 202 A, p. 302).

p.

309), Strojiho-

stonia,

Some genera
hroadly

conical

of the

Capulidae, in wliicli

form or with scarcely any

the shell
spire,

is

of a

an

develop

internal plate or process which serves the ])urpose of keeping the

anr/idna Lam., slinwupper whorls and
irregular extension of the lower.

Fia.

l.'J3.

iiig

Sili'jiiaria

scalariforiu coil of

Fi(!.

l.'J4.

Anostoma (jlohulosum Lam.,

lirazil.

(After P. Fischer.)

animal within the shell, and does the work of a strong attacliment
In Mitrularia this process takes the form of a raised
muscli'..
horseshoe in Crucihulum it is cup-shaped, with the edge free all
round in (lalcrus, Ergaeu, Crepijmtella, and Trochita we get a
;

;

Fia. L'jS.

— Various

forms of the internal plate in Capulidae

:

A, Calyptraea {Mitni-

C,
Lam., E. Indies
B, Orucibuliim scutellatum Gray, Panama
Ergaea plana Ad., and Reeve, Japan D, Galerus chinensis L., Britain E, CrepiN.
Zealand
CrepiG,
patella dUatata Lam., Callao
F, Trochita maculata Quoy,
dula fornicata Lam., N. America.
laria) equestris

;

;

;

;

;

;

which the edge of tiic cup adheres to tlie
In
and tlien gradually flattens into a plate.
Crcpidula proper this plate becomes a regular partition, covering
Hipponyx
a considerate portion of the interior (Fig. 155 CJ).
seri(\s

of changes, in

interior of the

sliell,

secretes a tliin calcareous plate on the ventral surface of the foot,

SINISTRAL SHELLS
which intervenes

like

substance to which

it

an operculum l)etween the animal and
adheres.

Sinistral, or Left-handed Shells.

valve

spiral

are

shells

249

— The

11 le

vast majority of mii-

normally dextral,

wdien held spire

i.e.

uppermost, with the aperture towards the
the aperture

oliserver,

axis of

the spire.

shell to be a spiral
it

is

to the right of the

we imagine such a
staircase, as we ascended
If

we should always have the

spire to our

Sinistral

axis of the

left.

or

'

reversed

'

forms

not

are

altogether

uncommon, and may be grouped

under four

classes

:

(1) Cases in whicli
sinistral

normrdhj

;

is

but

dextral,

normcdly sinistral
shell

the.

genus

is

normcdly

(2) cases in which the r/enus
certetin

(3) cases in
dextral or

;

is

are

S2)eeies

which the

indifferently

Fio. 156.-

sinistrcd

sum

(4) eases in which loth r/enus and species
are normcdly dextraJ, and a sinistral form

is

Fulgur perrer-

L., Florida,

x

h.

ahnormcd

an

monstrosity.

In

all cases

of sinistral monstrosity,

and dextral form are interchangeable

and

all in wliicli

(sections 3

a sinistral

and 4 above),

the position of the apertures of the internal organs appears to be
relatively affected,

i.e.

the body

is

examined, and

may

tlierefore be

assumed

all

sinistral (sections 1

specimens

for the rest.

uniformity, however, does not hold good in

and species normally

the

sinistral, as w^ell as

This has been proved to be the case in

and

all
2).

shell.

liitlierto

Tlie

same

cases for genera

As

a rule, the

tlic gradation of forms in Amiinllaria between a dextral
(A) and an ultra-dextral sjjecies (F).

Fig. 157.- -Tllustration of

anal and genital apertures are, in these instances also, to the

but not always.

left,

Limacina, Meladomus, and Lanistes
the shell is sinistral, but the animal is dextral.
This apparent
anomaly has been most ingeniously explained by Simroth, A'on
In

S-piricdis,

;

2

ULTRA-DEXTRAL AND ULTRA-SINISTRAL SHELLS
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Ihering, and

The

Pelseneer.

shell,

in

all

these

chap.

cases, is

not

Imagine the whorls of a
really
flattened,
as in a Flanorhis, and
being
of
capable
species
dextral
continue the process, still pushing, as it were, the spire downsinistral,

but ultra- dextral.

wards until it occupies the place of the original umbilicus,
becoming turned completely inside out,' and we have the whole
The animal remains
explanation of these puzzling forms.
A convincing proof of
dextral, the shell has become sinistral.
'

the truth of this

known

is

furnished by the operculum.

It is well

that the twist of the operculum varies with that of the

when the shell is dextral, the operculum is sinistral, with
In these ultranucleus near the columella, and vice versd.
dextral shells, however, where it is simply the method of the

shell

;

its

enrolment of the spire that comes in question, and not the
formation of the whorls themselves, the operculum remains
sinistral

on the apparently

The reverse

sinistral shell.

case to this,

when the

shell is dextral

but the

by the two fresh-water genera
Fompholyx (from N. America), and Choanomphalus (L. Baikal).
orifices

A

sinistral,

is

instanced

similar transition in the enrolment of the whorls

confidently

assumed

to

have taken place, and the

may

shells

be
are

styled ultra-sinistral.

Yet another variation remains, in which the embryonic form
but the adult shell dextral, the former remaining
This is the case with
across the nucleus of the spire.
Odostomia, Eulimella, Turlonilla, and Mathilda, all belonging to the
Prosobranchiata, with Actaeon, Tornatina, and Actaeonina among
the Opisthobranchs, and Melampus alone among Pulmonates.
Abnormal growths of the
Monstrosities of the Shell.
shell constantly occm-, 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 Planorbis, when the whorls become unnatm-ally
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
dwarfs and giants, as in our own race, are occaspire reversed
sionally noticed among a crowd of individuals.
is

sinistral,

—

;

:

MONSTROSITIES OF THE SHELL

More

serious forms of monstrosity are those

Mr.

individual cases.

S. P.

Woodward
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which occur

once observed

in

a specimen

^

of an adult Helix aspersa with a second, half-grown individual

as

and partly embedded in the suture of the body
The younger snail had died during its first hibernation,
was shown l)y the epiphragm remaining in the aperture, and

its

neighbour, not being able to get free of the incubus, partially

fixed to its spire,

whorl.

enveloped

it

in the course of its growth.

In the British

two Littorina littorea have become entangled
what similar way (Fig. 160 B), possibly as a result

—

witli

a gi-eatly produced

spire

Museum

someembryonic
a

+B

—

159.
Monstrosities of Littorina
nulis Blat, The Fleet, Weymoiitli.

Xeptunea an-

undatum

of

+

A

Fig. 15S.
Monstrosities of
tiqua L., and Buccinum

in

Fig.

L.

(After Sykes.)

(from

.specimens in the Brit. Mus.)

uncommon

^
in the more
and Clcmsilia (Fig.
160 A).
In tlie Pickering collection was a Helix hortcmsis
whicli had crawled into a nutshell when young, and, growing
too large to escape, had to carry about this decidedly extra shell
to tlie end of its days.
A monstrosity of the cornucopia form,
in which the whorls are uncoiled almost throughout, is of exceed-

Double

fusion.

produced

apertures

land-shells,

are

not

such as Cylindrella

ingly rare occurrence (Fig. 161).

Some decades ago ingenious Frenchmen amused tliemselves
by creating artificial monstrosities.
aspersa was taken from
its shell, by carefully breaking it away, and then introduced into

H

another

shell

of

similar

size

{H

^

Ann. Mag. Nat.

-

See, for instance, Quart. Journ. Conch,

Malak.

nemoralis,

Termiculata,

or

Hist. (2) xvi. p. 298.

Gesell. 1879, p.

98 (Clausilia duUa).

i.

p.

340

{Cijl.

llaccui)

:

Jahrh. Dcut.
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At

2nsana).

the end of several days attachineiit to the cohunella

new

took place, and tlien growth began, the
to the old,

and the

shell becoming soldered
animal Ijeing protected l)j
growth of from one to two

spiral part of the

A

thin calcareous envelope.
whorls took place under these conditions.

a

The individuals so
they bred, and

treated were always sordid and lethargic, Ijut

naturally produced a normal asiicrsa offspring.^

—

Fig. 160.
Monstrosities witli two
apertures
A, Cylindrella agnesiana C. B. Ad., Jamaica
B,

In the British

Fig. 161.

— Cornucopia-

monstrosity
Helix
asjjersa,

.sliaped

:

of

;

Littorina littorea (from specimens
in the British MnseunO.

from
(British

Ilfracombe.

Museum.)

Museum

there is a specimen of one of these artificial unions of a
Helix with the shell of a Limnaca stagnalis.

Composition of the Shell.

—The

shell is

mainly composed

of pure carl)onate of lime, with a very slight proportion of phos-

phate of lime, and an organic base allied to chitin, known as
conchiolin.
The proportion of carbonate of lime is known to
vary from about 99 p.c. in Stromh/is to alsout 89 p.c. in TurritcUa.
Nearly 1 p.c. of phosphate of lime has been obtained from
the shell of Helix ncmoreilis, and nearly 2

from that of Ostrea
memliranous framework 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 been detected, to the extent of •12 p.c. in
Telesco2oium and '48 p.c. in Ncptunea cmtifiua.
A trace of silica
has also occasionally been found.

rirginica.

The conchiolin forms a

p.c.

sort of

;

^

Cailliaud, Journ. dc Conchyl.

vii. p.

231

;

Classie-s, ibid. p. 44.
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the shell exhibits a crystalline formation, the carbonate

of lime

may

calcite

crystals are rhombohedral,

take the form either of calcite or aragonite.

The
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 Bowerbank 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 Monotooptically uniaxal,

—

'

cardia

is

Pulmonata

a

secretion

it

of

the

epithelium,

originates within the skin

but

itself,

that

in

the

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.

He

accordingly divides all shell struc-

ture into cellular and memhranous, according to the characteristics
of the animal basis.

Cellular structiu-e

is

comparatively rare

occurs most notably in Pinna, where the shell

is

vast multitude of tolerably regular hexagonal prisms (Fig.

Membranous

;

it

composed of a

162

B).

structure comprises all forms of shell which do not

present a cellular tissue.

Carpenter held that the membrane

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.
The iridescence of nacreous shells is due to a peculiar
lineation of their surface, which can be readily detected by a
itself

'

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

Carpenter, on the other hand, holds that
^

Arch. Naturgesch.

xlii. p.

it

209.

undulating.

depends upon the
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membranous layer in folds or plaits, which
more or less oljliquely to the general surface, so that their
edges show as lines.
The nacreous type of shell occurs largely
disposition of a single

lie

among

those Mollusca which, from other details in their organisa-

tion, are

known

to

represent very ancient forms

Avicula, Trigonia, Nautihis).

thus in some strata

we

It is also the least

(e.g. Nucula,
permanent, and

find that only casts of the nacreous shells

remain, while those of different constitution are preserved entire.
Porcellanous shells (of which the great majority of Gasteropoda are instances) usually consist of three layers, each of which
is composed of a number of adjacent plates, like cards on edge.

The inclination

of the plates in the different layers varies, but

that of the plates in the inner and outer layer

'

Al-

\S\

is

frequently the

DEPOSITION AND FORMATION OF SHELL

—The

Formation of Shell.-^
agent in the deposition of

mantle margin
It

shell.

is

55

the principul

true that if the shell be

is

fractured at any point, the hole will he repaired, thus showing

that every part of the mantle

new

is

furnished with shell-depositing

and of periostraand no observation seems to have been made with regard to
As a rule the mantle,
the layers of which they are composed.
cells,

hut siich

deposits are devoid of colour

cuni,

except at

its

margin, only serves to thicken the innermost layer

of shell.
It is probable that the carbonate of lime, of which the shell
mainly composed, is separated from the blood by the epithelial
cells of the mantle margin, and takes the crystalline or granular
Tlie three
form as it hardens on exposure after deposition.
layers of a porcellanous shell are deposited successively, and
is

ABC

—

Fig. 163.
Sections of shells.
A, Conus : o, outer layer ft, middle prismatic layer, witli
obliquely intersecting laminae above and below ; c, inner layer.
B, Oliva : a, outer
layer ; b, layer of crossed and curved laminae
prismatic layer, succeeded by
c,
layer of laminae at right angles to one another ; d, inner layer.
C, Ci/praea : a,
outer layer ; b, middle layer ; c, inner layer.
;

;

extreme

the

edge of the mouth,

contain only one
layers appear,

laj'er,

when

and further

still,

three.

colour the surface are situated at

shell

is

forming, will

two
which
the front edge of the mantle

the outermost

;

a little further

The pigment

in,

cells

margin.
Shelly matter

is

deposited,

and probably

the mantle, but also in some genera by the
the case

secreted, not only

foot.

This

is

Cy ml) turn, Olira, Ancillnria, Cassis, Distortio, and
which tlie foot is so large that the shell
be quite immersed in it.-

in

others, in several of

appears to
1

See also

by

certainly

p.

258.

-

J.

E. Gray, rhil. Trans. 1833,

p.

771

f.

—
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The deposition of shell is not continuous. Eest periods occur,
during which the function is dormant these periods are marked
off on the edge of the shell, and are known as lines of grovjth.
in some cases {Murex, Triton, lianella), the rest period is marked
;

which

persists

a varix (see

p. 26-')).

hy a decisive thickening of the
of the shell as

The various
shell,

what

rihs,

nodules,

ornamentation

of

lip,

details of sculpture

the striae,

forms

is called

arc

on the surface

on the exterior surface of the
and other
the product of similar and

imbrications, spines,
all

Fiu.

165.

spina

Neritina
Rt'c:l.

lonf/i-

Mauritius.

(Opei'culuiu removed.)

Vm.

104,

Ulicrex tenvispina L., Ceylou.

X3-

corresponding irregularities in the mantle margin, and have all
Spines, e.g. those
been originally situated at the edge of the lip.

and Fteroceras, are first formed as a hollow thorn, cleft
side, and are afterwards filled in with solid matter
What purpose is served by the
as the mantle edge withdraws.
extreme elaboration of these spiuy processes in some cases, can
of 3furex

dcnvu

its

lower

hardly be considered as

satisftictorily ascertained.

are a form of sculptural development

which

is,

Possibly they

in the main, pro-

CKOWTII
and secures

tective,

predatory

Ol"

'I'll

I-;

SIIKLL
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owners immunity from the

to its

jittacks of

fishes.

Attached genera (e.g. Cliama, Sj)07idylus) when living on
smooth surfaces have a fiat shell, but when affixed to coral and
other uneven surfaces they become very irregular in shape.
The
sculpture of the base on which they ro!st is often r('])ro(hu'(Ml in
these attached shells, not only on the lower, but also on the
upper valve, the growing edge of which rests on the uneven
'

'

'

'

surface of

mangrove

Oysters attached to the branches of the

base.

the;

a central convex rib, modelled on the
shape of the l)ranch, from which the plaits of sculpture radiate,
li'(M[uently display

while specimens fixed to

tlie

Crcpldala, a genus which

is

shells,

otlier

Sometimes

varies in scidpture according

may

tlie I'act

specimen

a

that

smooth trunk

has

\\\\\v

ii(»

such

ril).

in the habit of attaching itself to
to

that of

host.

its

be detected
lived

on a

when young, and on
a smooth one when old, or vice.
versd.
A new genus was actually
Cajmlus
founded by Brown i'or
shell

riV)bed

a,

which had

acijuired

ril)S

througli

A

specimen

adhesion to a Fecten.

of Hinnites giganteus in the Britisli

MuseuuL must at one ])eriod of its
growth have adhered to a surface on
which was a Serpula, the impression
of wliich

the

is

up]M'i-

])lainly

valve of

Growth

of

reproduced on

tiie

the

thing very definite

Fig.

Himiites}
Shell.

— No-

160.

—A

specimen

of

Anomia

ephi^ypiinn L., Weyinoutli,

taken

upon Pecten maximus, the sculpture of which is reproduced on
the upper valve of the Anoviin,
and even on a young Anomia
attached to the larger specimen.

known with

is

reward to the rate of urowth of the shell in marine Mollusca.

Under favourable

conditions, however, certain species are

known

to increase very rapidly, especially if the food supply be aljundant,

and
de

if

la

there

Marseilles for
entirely

spent

Petit
no inconvenient crowding of individuals.
shij) which Siiiled from
the west coast of Africa, after being fitted with an

is

Saussaye mentions- the case of a

new

l)ottom.

homeward voyage.
1

J.

On

arriving at

G8 days in the (Jand)ia

On

Ill

its

destination, the vessel

and took 80 days on

being cleaned innuediately on

E. Gray, Phil. Trans. 1833,

VOL.

IJivei-,

\\

774

f.

-

Journ. de ConchijI.

its

its

return

iv. p.

S

421.
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an Avicula 78 mm. and an Ostrea 95 mm. long
W. Africa) were taken from its
These specimens had therefore attained this growth in at
keel.
most 154 days, for at the period of their first attachment they
to Marseilles,

(both being species peculiar to

known to be exceedingly minute. P. Fischer relates ^ that in
1862 a buoy, newly cleaned and painted, was placed in the basin

are

at Arcachon.

In

less

than a year

after,

it

was found

covered with thousands of very large Mytilus edulis, 100

X 48 mm., the ordinary
about 50 to 60 X 30

Some

size

to

be

mm.

on the adjoining banks being only

mm.

have already been recorded (p. 40) on
In the summer of 1858, which was
very dry, especially in the south of Trance, 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 If. variabilis, H.piisana, and H. aspersa, eating without cessation, as if to make up for lost time, grew more than a centimetre
of shell.
The lip of a young R. arlmstorum 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 l^ounding 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 colour 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
observations

the growth of Helix aspersa.

;

thickening of the
rapid.

ing a fragment of
be detected a

Journ. de ConelnjL

shell, at

delicate

and strewn with
^

Shell growth, in this species,

shell.

If a portion of the

membrane covering

organic

crystals of carbonate of lime.

xii. p. 3.

is

very

pulmonary sac is laid bare, by removthe end of 1^^ or 2 hours there may

^

the

hole,

This thickens

T. vScott, Journ. of Conch., 1887, p. 230.
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up the hole with

fills

solid matter.

For two consecutive luonths an animal, deprived of food, has been
known to reproduce this membrane daily after its removal every
Prof. Schiedt has found that oysters, if deprived of
morning.^
the right A'alve and exposed to the light, not only develop brown
pigment over the whole exposed surface of mantle and branchiae,
but actually succeed in part in reproducing the valve and hinge.^
Deposit of Additionnl Layers of Shell.

— Mollusca

power of thickening the interior of the
successive

may

Cases

This

layers.

the

against

attacks

be

often

done

frequently

is

possess the

the deposit of
self-defence

in

and w^orms.
Spondyhis,. and other

Mollusca, sponges,

Ijoring

of

shell, l)y

noticed of

Ostrea,

sedentary molluscs, which, unable to escape the gradual assaults

them by the deposit of fresh
somewhat similar plan is adopted to provide
against intrusion by way of the aperture.
of their foes, have provided against

A

shelly matter.

Pearls

are,

many

in

the

cases,

of

result

upon the eggs or even the

shell deposition

body of some intrusive parasite (Bistoma,
Filar ia, etc.), and are, in some countries,
artificially produced by the introduction of
fragments of sand, metal,

etc.,

into living

srecimen of
Little ^joss images
and Anodonta.
®
'^^^•Jf^—^
Mull.,
Helix
rosacea
are made in India and China, the nacre
Cape of Good Hope, into
on which is produced hy thrusting them
t^/jr\:l^^.

Uiiio

Aty

come introduced.

inside living Unionidae.

specimen

British

7

"4^1
the
m

rosacea,

,

•

;

1

1

grass

01

sort

.^^^j^

1

off

it

(Fig. 167).

Absorption of Internal Portions.
remarkaljle property of absorbing,
internal

of the whorls

portions

The

columellar axis.
the process

is

its

entire

— Certain genera

when they become

have the
adult, the

and the greater part

effect of this

is

to

make the

length

of the

shell,

when

complete, no longer a spiral but a more or less

produced cone, and
^

,^^,

British ]\iuseum.

by the formation of a
of shelly tunnel extending throughout

partitioned

The

has
protected
^^^^^.^g ^j^^
gi-ass with a shelly layer.
( From a specimen in the

animal

Museum, into whose shell a piece
somehow became introduced, has
,

p

TT
Behx

ot

(le

I\r.

"

it is

found that in such cases the viscera of

Yillepoix, Comptes Rendvs, cxiii. p. 317.

Proc. Ac. Sat. Sc.

FhiL

1892,

]).

350.

the

lose their

s])ii'('

which the)

in

DECOLLATION

ABSORPTION OF INTERNAL PARTS

2 6o

form, and take the shape of the cavity

,s])iral

Amongst the genera

li(\

chap.

which

in

this singular

process takes place are Nerita} Olivella, and Cyiwaea

amongst marine forms, and nearly the whole of
Conus reduces the inthe Auriculidae ^ (Fig. 168).
ternal subdivisions of the spire to extreme thinIt

ness.

is

noticeable

that these genera are all

of considerable thickness

of

and

shell,

is

it

per-

haps the result of the whole energy of the animal
being directed

to

the

the

that

protection

of

fdi'iiiation

external

its

internal walls of

the spire

become atrophied and eventually disappear.
Decollation.
168.— a

Fig.

I'

ri-

—-In

genera,

certain

when the

becomes achdt, the animal ceases to occupy
the upper wliorls, which accordingly die and drop
off, the. oriHce at the top having meanwhile been
Such shells are termed
closed by a shelly deposit.

Judae shell

cula

Lam.,
the

showing

disapi)ear-

the
of
partitions of the
aiice

which
whorls,
are represented

by dotted

lines.

(After Fischer.)

Tn some

decollated.

(he

rule,

diiun,

c.//.

and

genera decollation

land

Cyl iitd rella (Fig.

in

litoiiina, as well as

1G9),

many

in

is

Emcdo-

species of

the brackish water genera, Truncatclla, Ccntlddea, and Quoi/ia.

ss,
aperture
second septum.
(After de Folin.)
B, Adult form of
x S.
v. ebnrneum Ai\., Panama.

septa

form of Cj/HndreUa nobiliiuthe dotted
Ad., Jamaica
line shows where decollation

lirst

;

takes place.

Stenotjym.

—

Development of Coecum : A,
showing the gradual formation of

Fig. 170.

Pig. 169.— a, Decollated (adult)
form, and B, i)erfect (youny)

{Rumina) decoUata,

a

;

«,

ape.x

se])tuni

common

;

shell

ap,

;

;

s's',

in

the south of

very
1
Mr. B. B. ^Yooaward has recently pointed out (P. Z. S. 1892, !>. 528) a
remarkable method t)!' shell absor[)tiou and growth in J'datca and certain other
Neritidae.
2

The only exception appears
is partial (Crosse and

absorption

to be Fcdipcs, wliile in Cassidula

and Scarabus the

Fischer, Journ. dc Conch, xxx. p. 177

f).

DEVELOPMENT OF FLSSURELLA, CYPRAEA,
Europe, has been

noticed

to

against some hard substance, as

Fig. 171.

hang
if

ETC.

26 I

upper whorls violently

its

to get rid of them.

—Four

dis.appears
fied,

stages in the growth of Fissurella, showing how the spire graduully
and the marginal slit becomes an apical hole, A, B, C, higlily magni-

h, natural

size.

(After Boutan.)

—

Tn the
Special Points in the Growth of Certain Genera.
growth
but
as
first
spiral,
A'oung of Oacciim. the apex is at
proceeds and the long tube begins to form, a septum is produced

Soon afterwards,
which soon drops off.
and
little
farther
down,
a second piece
a second septum forms a
cylindrical
form of the
in
the
normal
drops off, leaving the shell
is
of extreme
of
Fissurella
development
The
adult (Fig. 170).
spiral
shell,
with a slit
it
a
possesses
In an early stage
interest.
on the margin of the outer

at the base of the apex,

lip of tlie last w^liorl.

growth
matter

advances,
is

As

shelly

deposited on hotli

which results in
becoming a IidIc
and the spire a men^ calmary;ins,

the

slit

losity,

ap])ear
i\\)vx

to

at

List

coalesce

in

tliey
tlie

of the adult shell (Fig.

171)^'
tioiis

until

forma- Fig. 172.—Three stages in the growth of Cypraea
Tlie sinoular
o
exanthema L. (From specimens taken at
17-,,.
'

of Magilvs

chilus

have

and Rhizo-

already

Panama.)

l)een

Cyj^raca, in
described (pp. 75, 70).
apex.
conspicuous
spiral shell with a

tlie

young

stage, is a thin

As growth

proceeds, the
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surface of the whorls,

chap.

which are nearly enveloped hy two large

new

of the mantle, becomes overlaid with

loljes

ETC.

layers of slielly

matter, until eventually the spire becomes embedded,

and

ulti-

mately disappears from view (Fig. 172).

when young, has

Patella,

134), but
this

it is

a nautiloid shell (see Fig.

commonest
is

Among

which convert
The young shell of

sliell.

deceptively unlike the adult, and

of the finger-like processes

genus (chap.

p.

of molluscs, of the transition stages

the nautiloid into the familiar conical
Pteroceras

45,

a remarkable fact that we are entirely ignorant, in

which are

entirely devoid

is

characteristic of

so

tlie

xiv.).

the l)ivalve Mollusca, Anomia. in a young stage

not to be distinguished from Ostrea.

on

gradually

deepens

for

l)ec()niing

and,

round

grows

shell

hole

is

Soon a small sinus appears
the ventral margin, which
it,

the

as

forms

a

byssus, eventually

the

um-

fixed beneath the

bones (see Fig. 173).
In Teredo
the two valves of the shell proper,
whicli

very

is

become

small,

lodged in a long calcareous tube
Fig.

173.— Development

plug-hole

ill

^4«y//t/ff.

of the byssus-or

or

(After Morse.)

Cylinder,
,

i

whicli

,i

/

^

is

m

generally
•

open at both ends (see CJiap.

In AsjJergilhivi a somewhat similar cylinder

is

\

xvi.).

developed, but

the valves are soldered to the tube, and form a part of

it,

the

tube itself being furnished, at the anterior end, with a disk, which
perforated with holes like the rose of a watering-pot.
In
ClavajeUa the left valve alone becomes soldered to the tulje,
while the right valve is free within it (see Chap. xvi.).
Fistula na
is

encloses the whole of its shell in a long tapering tulte,

not at any point adherent to the

which

is

shell.

Terms employed to denote various Parts of the Univalve
The apex is the extreme top of the spire, and generally

Shell.

—

embryonic shell, which may often be recognised
by its entire want of sculpture.
When the embryonic shell
happens to be large, the apex is often mannnillated, e.(j. in Fusus,
Neptunea, and some TurMnella ; in the Pyramidellidae it is
consists of the

sinistral.

The suture

is

the line of junction lietween any two successive

PARTS OF THE UNIVALVE SHELL
whorls.

may

It

The

spire

A

150

24 G).

(p.

the whole series of whorls except the last or

is

hod//, '(nhorl.

round the

he deep, unci even channelled, or very shallow,

B

150

as in ¥ig.
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tahorl

The

axis.

a single revolution of the spiral cone

is

may

spire

sithulate (as in Terebra, Fig.

l:)e

150 A),

C), turi'etted (Scalaria), depressed {Polyyyratia, Fig.
apox

varix

.

umbilicus

.

r

posterior canal

present)

(if

^%

v

outer lip

dilumella

mouth

anteriiir canal

Fig. 174.

or aperture

— Illustrating the tecliuical terms applied to the various parts of a
imivalve shell.

150

conical (Trochns'), f/lohose (Ampnllaria, Natica, Fig.

almost

conceivable

all

number of whorls is best
mouth downwards, and reckoning one

The
shell

every suture that

for

between the extreme anterior point of the

occurs

with

B),

between these types.
counted by placing the

gradations

shell

and

the apex.

The mouth

aperture

or

when

Natica, Amiyullaria,

may

its

be

{a)

entire,

as

Helix,

in

peristome or margin
^

interrupted by any notch

not

is

prolonged
at

caned

at

serves

posterior

corresponds,

the

slit

row

of

a

as

caned,

is

in

and

anterior

its

posterior end

its

sometimes

a cannL

into

protection

the

to

in

hole

also

The anterior

the

to

mainly anal

part,

or canal, or (&)

the

siphon,^

and

function,

of Fissurella,

Pleurotoma and Emarginula, and the

in

holes

in

Haliotis.

The

mouth

presents
'
_

every

\-ariety

in Cyclostomet

Conns and

of

and

shape,

the

perfect

175.— Anal

slit

m

Pleim-

toma.

circle

the narrow and prolonged

slit

in

Olivet.

The right margin
^

from

I'rocJiUS, to

fig.

of the moutli (the

left,

in sinistral shells) is

Sfromhi.'i anil Pfcrocarcs (see Fig. 99, p. 200) excejitionally develop a siplional

notcli

which

is

distinct from tho anterior canal.

—
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margin the inner li^),
In young shells the outer lip is
usually thin and unfinished, while in the adult it is generally
thickened into a rib, or furnished with more or less prominent

termed the outer
laljium,

or

or lahrum, the left

lip

columella

teeth, or given

lip}

an inward or outward curve.

In some genera,

especially the Strombidae, the outer lip of the adult develops

which sometimes attain an extraAs growth proceeds, these marginal
teeth and ribs are either dissolved and disappear, or are permanently incorporated, in the shape of varices, with the framework
Some shells, e.g. Natica, Turritella, Aetacon, have
of the shell.

long

finger-like

processes,

ordinary size (Chap. xiv).

a

permanently unfinished outer

The columella
whole

;

thus

it

lip

varies

may

he

in

— Section

of TarhineUa
sliowing the plicae
on the colunieUa and the growth
of successive whoi'ls.

Fig.

176.
Solm-ium persjoectivum
Lam., from the under side.

Fig.

177.

L.,

2)i/ri'm

lip,

shape

straight,

as

even in the adult stage.

with
in

the

Conus,

mouth
or

as

a

excavated,

Frequently it is
in Sigaretus, Struthiolaria, and Bulla.
continued by part of the body whorl, as in Ficula, Dolium, and

as

Fasciolaria.

on the columella, which are often characgenus or even family (e.g. Fasciolariidae, Mitridae,
Turbinellidae) are not merely external, but continue down the

The

folds or plaits

teristic of the

^ The coluinella,
as distinct from the columella Up, is the solid pillar of shell
round which the whorls are coiled (Fig. 177), the lower, or anterior portion of which

alone

is

usually visible.

THE
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SLIT

whole spire (see Fig. 177, which also shows liow successive fresh
growths have thickened the columella).
The whorls may be wound in a spiral, which is either hollow,
compact, as in Olira, Terehra, Cypraca,
This concavity, which
with every possible intermediate grade.
varies in depth aiid wddth, is known as tlie umhilicvs, and shells
are accordingly spoken of as deephj (e.g. most Trochidae and
Naticidae), narrowly (e.g. Lacuna, Littorina), or widely (e.g.
as in Solarmni, or quite

Solarium) unihilicated.

When

the

spiral

(piite

is

flat,

as

in

and some Helix, the umbilicus vanishes entirely.
Shells in which the whorls are so compactly coiled on an
ascending spiral that there is no uml)ilicus, are termed i-iirperrianorhis

for ate.
The

Slit.

—Many

shells are

furnished with a

whorl, which opens, in most cases, on the outer

FiG. 178.

—

slit

lip,

in the last

and

is

some-

Emarginula, C, Macroscliisma, D, C'ra7doj)sis,
E, Functurella, F, Fissurella.

Tlie slit in A, Ilemitoma, B,

In the
times of considerable depth, at others a mere notch.
The function
it is always in front of the apex.

patelliform shells
of

the

slit

appears

to be

mainly anal, the excretory products
by a passage of their own, without

l)eing thus allowed to escape

soiling the clean water taken in Ijy 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 {Puncturclla), or half-way between the spire and the
anterior margin {Rimula), or on the margin and well marked

{Emarginula), or a mere indentation of the margin {Hemitonia).

In Fleurotomaria

it is

exceptionally long, and

is

well

marked

in

Bellerophon, Scliismope, ScissureUa, Murchisonict, and Pleurotoma

(where

by a

it is

series

past them.

sutural).

of holes,

Some

In Haliotis and Polytreviaria it is replaced
which are closed up as the animal grows

of these holes (at least in Hcdiotis) certainly

A
THE
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SLIT

erve the purpose

of"

admitting water to the branchiae, while
In Trochotoma
others are anal.
there are only two holes, united hy
a narrow fissure.

—

The Tuhecl Land OiKrculates,
group of the Cyclophoridae, which is
restricted to Further India and the
great Malay Islands, has developed
a remarkable sutured tube on the
exterior of the last whorl, near
the aperture.
A similar tube, but

more obscure,

exists

in

Alycaeus.

Several stages in the development
D

E

may be noticed, begiiining with the elcvation of part of
^]^g peristome Into a simple irreguof this tube

—

The slit in A, Bellerophon,
Fig. 179.
B, Pieurotomaria, c. Schismope,
D, Polytremaria, E, Haliotis (uot
drawn to scale).

\

-,•,

t

.

,

.

,

.

which is continued,
first into a short, and then into a long tul:)e, which becomes
finally, the tulje becomes free, and the
soldered to the shell
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
lar shelly plate,

;

to the animal, since its internal extremity, in the complete form,

— Development of

Fig. ISO.
Bens.

A, Pterocycvs rxqyestris
the tube in the tul)ed operculates
D,
B, Opisthoporus hirostris Pir. ; C, Sjjiracidum travancoricum Bedd.

Rhiostoma Housei
is

:

;

;

closed,

Plr.

and does not communicate with the

interior

may

of the

be presumed, however, that in origin the tube
whorl.
served as a means of conveying air to the animal when the
The holes in the peristome of Fupina,
operculum was closed.
It

Catauhis, and

Anostoma

(Fig.

154) may be compared.

THE OrERCULUM
The Operculum.

— The operculum
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a cuticular development

is

of a group of cells situated on the dorsal
side of the foot, exactly over the

point of the
It

so

is

filH'es

teriuinal

of the columellar muscle.

situated

that

crawling

in

generally carried free of the

shell,

times at the extreme upper end of the

more usually somewhat nearer
In Ptcrocydas

(Fig. 181).

into the umbilicus

when

it is

is

it

somefoot,

to the shell

pushed

the aiiimal

Ijack

iu

is

motion.

The opercidum
land,

fresh- water,

chiata, absent

is

present in nearly all

and marine Prosohran-

in all Opisthobranchiata in

the adult state, except Actacon, and in
It has

I'Tilmonata, except Aniphihola.

all

been

Fig. 181.

Lam.,
foot

;

— Ehvrna spirata
E.

penis

P,

Indie.s.

OP,
;

F,

oiiereuliim
S,

;

siphon
with eyes

;

T, tentacles,
marine Prosobranat their base.
(After
chiata
many Cancellariidae and Conidae,
Sonleyet.
Olica (though present in Olvvella and
AncUJa), Harpidae, Marginellidae, Voluta proper (though pre-

lost in

following

the

:

sent

in

musica), nearly

V.

lanthinidae

;

all

Mitridae, Cypraeidae, Doliidae,

and, of land genera, in Proserpinidae.

therefore, that

its

presence or absence

is

It is evident,

of limited value

in

In some species of Ampullaria and Katica it
is horny, in others shelly.
Dall fouiul that in a nund^er of
specimens of Vulvtharpa ampullacea, 15 p.c. had opercula, 10
p.c. traces of the operculigenous area, Ijut no operculum, the rest
no trace of either.
Monstrosities of Buccinum undatiivi some-

classification.

times occur, wdiich have two, or in rare cases three opercula.
As a rule, the operculum exactly fits the mouth of the shell.
P)Ut in cases

where the mouth

ConcJwlepas, some Bnllia),

and

it

is

very large

(e.g.

Conns, Stromhns,

only covers a very small portion

Again,
inadequate as a protection (Fig. 62, p. 155).
the shell has assumed a more or less limpet-shaped form,

is (juite

when

and habitually adheres to fiat surfaces without much occasion for
locomotion, the operculum becomes degraded and is pro1)ably on
the way to being lost altogether.
This is the case with Navicelld (a

modified JYerita, see Fig. 13,

p.

17), Concholepas (a modi-

Fnrpnra), Sigaretus (a modified Natica). Probably the nu)re
completely patelliform shells of Crepidnla, Haliotis, Fissitrclla,
fied

THE OPERCULUM
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and Pcdelhi

liave reached the stage at

which the opercuhim

lias

In Navicella, besides l)econiing degraded, the

been lost entirely.
operculum has actually become |)ai'tly internal, and ajijiarcully
serves the purpose of separating the viscera from the upper
part of the foot, something like the shelly plate in Crepuhiht.
This explains why tlie operculum in this genus is polished on
))oth sides.'

Some authors have imagined

that the opercuhuu

is

logous (a) to the second valve in Pelecy})oda, {h) to the
It

dilfcrs,

however, morphologically from

essential ])oint of not being produced l)y

the latter in not lieing produced

l)y

the

former

homohyssus.
in

tiie

the mantle, and from

a special gland.

As regards shape and formation, the operculum has usually
a more or less well-marked nucleus which

may

be central

(e.g.

Livuna), subcentral (Anqmllaria), lateral (^J'Ki'jrura), or terminal

Turbo

Livoiia

Tiu'lio

(Sanuaticus)

Anipnllaria

Xatiea

(Callopoiiia)

Fig. 182.

—Various forms of open-ula

As a rule, l)oth the inner and outer surfaces are fairly
but in Torinia, Cyatho2-)oma, and Ftcrocyclus the outer surface is elevated and conically spiral, in some Turho (e.g. Sarmaticiis) it is covered with raised tubercles reseml)ling coral, while in

(Fijo'ida).
flat,

others

(e.g.

Callopoma)

it

is

scored with a deep trench.

Aalo-

2wma, a land genus peculiar to Ceylon, has a paucispiral operculum with hollow whorls, deceptively like a PlanorUs ; it fits
In Livona and most
over the aperture instead of into it.
In
Trochidae the operculum is cartilaginous and multispiral.
Stromhus 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.
^

.T.

E. Gray, ridl. Trans. 1833, p. 812.
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many

cases

(e.g.

Taludina') there

no true

is

269

syjiral

form, hut

the striae are concentric to a nearly central nucleus, and tlius
give the appearance of a

culum
10).

The evolution

s])iral.

of

tlie

oper-

in Navieella from Ncrita has already l)een illustrated (p.
Neritoiisis has a very remarkahle operculum, the striated

I'yrulu

l'uriJUi;i

LittoriuH

Aulniionni

Conus

Noritopsis

Toriiiia

Stroiiibus

Flu. 183.

appendage of

—Various forms of

wliicli locks l)eliind

the tooth in the

(ipei'cula of

X-

ojjercula.

the columella- of the

sliell,

like

the Neritidae.

Terms employed to denote various parts

of the Bivalve Shell.
apex of the hollow cone, of wliich
each valve may l)e regarded as consisting.
This apex is usually
more or less twisted it is markedly spiral in Isocardia, Diceras,
some Cluuna, and especially Requienia, while in Fectcn, Lepton,

— The

umljo, or hcak, is the

:

and others the spiral is altogether aljsent.
As a rule the
umhones point forward, i.e. towards the anterior end of the
sIk'H.
In Donax, Nucida, and TrUjonia, however, they point
backward.
The umljones are generally more or less approximated, l)ut in Area tliey are widely separated.
An cqailateral shell is one in wliich the uml)ones are more
or less central with regard to its anterior and posterior portion,
while in an inequilateral shell the uml)ones are mucli nearer one
end than the other.
On the other hand, equivalve and inequiTttlve are terms used to express the relation of the two valves
to one another as a whole.

more

Tlius nearly all hivalve shells are

or less inequilateral, l)ut a comparatively small proportion

are inequivalve.

The dorsal margin is adjacent to, the ventral marfjin opposite
The anterior ix\\<\. 'jiostcrior margins are respectively the front and hinder edges of the shell.
The muscles which serve to close the valves leave im^ircssions
t(j,

on

the umhones.

tlie

inner surface of each \;d\e.

are present, are

known

as the

These,

when both muscles

anterior and iiostcrlor adductor

2/0
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imjyressioois.

The impression produced by the muscular edge of

the mantle, which ciu-ves downwards and backwards from the
anterior adductor impression,

is

known

as the imllial line.

In

with only one muscle it is represented by an irregidar row
The pfdlial
of small marks, or disappears altogether {Ostrect).
sinus is produced by the muscles which retract the siphons,
and is most marked in those genera in which the muscles are
powerful and the siphons large (e.g. Tellina, My a). It is entirely
absent in genera possessing no retractile siphons.
shells

Fig. 184

— Left

anterior,

D,

ventral

breadth of

valve of Venus gnidia L.
B, i:)Osterior,
C, dorsal,
margin, AB, length, CD,

:

A,

Fig.

D, ventral margin
breadth of shell.

shell.

a.vi, anterior

;

^).

771.,

\

;

;

;

u,

umbo

;

;

AB,

length,

CD,

;

;

umbo

c,

cardinal teeth a. I, anterior lateral tooth
posterior lateral tooth.

;

a. m, anterior }). in, posterior adductor
n,
muscles ; p, pallial line /, ligament

posterior adductor
pallial sinus;

muscle 2h pallial line p.s,
hi, lunule
I,
ligament

:

—

Eight valve of Lucina tigerina
A, anterior, B, posterior, C, dorsal,

18.5.

L.

rior

;

c,

;

and

cardinal teeth

;

a.

:

I,

p.l,

ante-

jiosterior lateral tooth.

2^.1;

Right and Left Valve.
valves as right and left

—The
is

simplest

way

of distinguishing the

to hold the shell in such a

way that

towards the observer, and the mouth away
from him in this position the valve to the right is called the
If, however,
right valve, and the valve to the left the left vcdve.
the animal is not present, it may be remembered that the ligament is nearly always hehi7id the beaks, and that the beaks, as a
the siphons point
;

rule, point
l)e

forward, thus the right and

named by

ligament

is

median

to

the valves

Ijeaks are not curved, the valves

fact

left

valves can generally

observation of the Ijeaks and ligament.
(e.g.

may

When

Ostrea, Pecten),

the

and the

be recognised by noting the

that the impression of the adductor muscle (in these cases

THE LIGAMENT AND HINGE
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always single) is nearer to the posterior than to the anterior
In a similar way the pallial impression, which only forms
side.
a sinus on the posterior
Dono.x, in

side, furnishes a

guide to the valves of

which the beaks point backward, and of

Tellina, in

wiiich the beaks are frequently central.
(e.g. Chama) it is sometimes the
sometimes the left valve which is undermost, but the
fixed valve, whether right or left, is always deep, and the free
valve fiat.
Ostrca and Aywmia are always fixed by the left

In the fixed inequi valves

right,

valve.

The IvMule is a well-marked area in front of and close to the
umbones, usually more or less heart-shaped, and
limited by a ridge.

Generally

it is

shallow, but

sometimes, as in Dosinia, Opis, and some Cardium,

A

deeply impressed.

corresponding area heliiml

the umbones, enclosing the ligament,
the escutcheon (Fig. 186), but

The ligament is a more or less
which unites the two valves along a
to the

.•!

,

lie

As

umbones.

the ligament
entirely

is

is

elastic band,

line adjacent
^-

a rule, the greater part of

external to the shell, but

•.

called

seldom occurs.

it

TjIt is

1

internal.

1

1

placed,

it

may
n

normally,

—

Fig. 186.
suhrosirata
gg^

Venus
Lam.:

escutcheon

•

ligament
iv,
^''
umbones, but in a few cases, when
u,
/J
-n
7N lunule
the hinge line is very long {Arcn, Fectunculiis),
umbones.
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 fossette
(compare Fig. 187).
The ligament consists of two distinct parts, which iiuiy occur

hehincl the

11-

T-

;

;

1

v.,

external, or ligament proper, and the
Only the external portion can be seen
when the ^'alves 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. 3Iya, Mactra, where the

together or separately,

tlie

internal, or cartilage.

cartilage is lodged witliiii

ilie

hinge, tliey are completely discon-

nected (Fig. 187).
In Fecten the external liuainent
the dorsal margin, while

and situated in a

sliallow

ilie
])it.

is

very thin, and runs alonff

internal ligament

is

large, solid,

In Perna, wliere the hinge

is

THE LIGAMENT AND HINGE
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ligament

toothless, the

which

ridges,

folded into a

is

number

of transverse

into corresponding grooves in the shell.

fit

The ligament proper is inelastic and insoluble in caustic
The cartilage is very elastic, composed of parallel fibres,
slightly iridescent, and solid )le in caustic potash.
The operation of the ligament using the word as including
potash.

the whole ligamental process

—

—

in opposition to that of the

is

When

adductor muscles.

the latter

they compress the

close the valves,

ligament, an action which
ticity

resists

thus

:

its

its elas-

operation

tends in part towards keeping the
valves

and

open.

But when ligament
are

cartilage

veloped, they

Ijoth

work

one another, the ligament,
resistance

to

de-

fully

in opposition io
l)y

its

compression, prevent-

ing any straining of the adductor

muscles
^'''-

"W/f'^

?•'
eduliti

and

l^iT^'"°f
and
B, left valve of Mnlinm "f
King; ca, cardinals l.a, anterior rcaSOU,
;

laterals
/,

l.p,

;

fossette

posterior

;., cartilage

laterals
;

;,

;

liga-

ment.

when the

the

valves are open,

cartilage,
_

®

for

the

same

'

preventing the Ventral marf 4-i ^ „i ^n
^i,„too
the shcll from cloSlUg
of
M"^^
rapidly upon one another when the
4-

i-

valves are Ijeing shut.

—

The Hinge.
The valves of Pdccyi^oda are generally articulated, below the umbones, l)y a liinge, which is furnished, in
the majority of cases, with interlocking teeth, small pits or
depressions

in

each valve corresponding to the teeth in the

The teeth are distinguished as cardinal, or those immediately below the lunbo, and lateral, or those to either side of
the cardinals, the latter being also distinguished as anterior and
other.

postei'ior

umbo
is

no

difficulty

according as they are

In

l)efore

or

behind the

shells wdiich are tolerably equilateral there

in distinguishing between cardinal and

But when they are very

teeth.

may
may

laterals,

(Fig. 184).

inequilateral, the

share in the inequality of growth, and an

lateral

whole hinge

anterior lateral

be thrown backward and simulate a cardinal, or a cardinal
nuiy be thrown backward and simulate a posterior lateral (e.g.
Cardita,
jnished

Unio, Fig.

188).

In

many Cham a

the cardinals are

up into the luubo 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, Ostrea, Pedum, many MytiUis,
have no hinge teeth at all, in others the laterals are wanting

—

Hinges of A, Cardita semiorhiculata Bnig. and B, Unio rectus Lam., showFig. 188.
a.m,
ing how, in inequilateral shells, the lateral teeth tend to shift their position,
anterior adductor, ^j.?;;, posterior adductor muscle; c, c, cardinal teeth; 2'-h
posterior lateral teeth ; I, ligament.
,

In the Arcadae the hinge consists of

{Psammohia, Diplodonta).
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-

—

189.
The hinge in Arcadae:
A, Xucula Loringi Ang. x f

FiG.

B,

Area (jranosa

L.

;

u.a,

Fig.

190.

— A,

Tridacna scapha Lam.

Cardimn enode Sowb., showing the

;

B,

inter-

locking of the ventral margins.

um-

boual area.

tions or ribbings of tlie

surface of the shell, the upper ends of

which impinge upon the dorsal margin and
which

is

quite

recognisable

crenulations, residting
VOL.

Ill

in

when

mark

the shell

interlocking

of the

is

it

thin.

valves,

in a

way

Similar
are

T

not
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the ventral margin in certain genera (Fig. 190).
effect

of these

continued

riblets,

when

fitted

together on the opposing valves, would be to prevent tlie valves
sliding upon one another while closing, or after being closed.

Thus there would be a probability of their surviving, even after
tlie ribbing had disappeared from the surface of the shell, tlie
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

Nuculidae

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
Even in some forms of Arcadae (comp. Fechondistinguished.
culus) 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

Exposed shells
upon one another in exactly the same plane.
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

waters of canals, lakes, and ponds.

them

in the stiller

—

In Anatina each umbo
shell.
and strengthened on the inside by a kind of umbonal
Some forms of Liligna
plate which carries the ligament.
develop a strong internal umbonal rib, which serves as a buttress
Other jirocesses in the bivalve

is

fissured

In Pholas the so-called falciform proattachment for tlie muscles of tlie foot
There is no ligament or hinge-teeth, the place of
and viscera.
the latter being taken by the anterior adductor muscle, which is
attached to the hinge-plate, the latter being reflected back into
to strengthen the shell.

cess serves as a point of

the

shell.

In Septifer the anterior adductor muscle is carried on a
sort of shelf or myopliore, and in Cucullaea the posterior
^

W. H.

Dall,

Amcr. Journ.

Sc. xxxviii. p.

445

f.

MKASURKMKNT
adductor

is

partly

on

raised

ri-:RIOSTRACUM

Till'.

and

similar

a

vcM-y
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Ibniiation.
LciKjili and hrrddlli of l)iva,lve sliells is vai'ioiisly measured.
Most autliorities measure length *n' autero-posteriur diameter/
by a straight line drawn from the extreme anterior to the
extreme posterior margin, and hrcadtli by a, similar line, drawn
'

,

from the uml)oues

a point, not very clearly marked, on the

to

opposite ventral margin (see Figs.

184 and

185).

Others, less

by the
extreme distance of the opposite faces of the closed valves.
As,
a rule, the length exceeds, and often greatly exceeds, the thickness, l)ut in a few cases
e.(j. the Cardissa section of Cardiv/in
reverse these

correctly,

Thickness

terms.

is

mea,sured

—

this is reversed.
Tlic.

pn'LOstracnm.

piM'iod of their

— Nearly

growth,

l)y

all

shells

are

covcux'd, at

some

periosfA'acuni} or surface skin, whicli

ix

serves the purpose of protecting the shell against the (k'structive
effects of

some

the chemical action set up

cases (see p. 258), acts as

of base

upon wliich

shell

tlie

In old shells

pijsited.

it is

l)y

water or

air.

It also, in

kind

a,

is

^\e-

conunonly

worn away, especially at those parts
which are likely to become abraded.
The form and composition of thc^
periostracum varies greatly.
Sometimes (e.g. Oliva) it is a mere transparent film, at others {Zonites)
transparent,

l)ut

corneous

in

is

with

Holenomya,

hairs

fine

it

stout and solid.

in

many

is

it

covered

Helicidae,

and Cantho,rus it
and persistent; in

in Conus, Velutina,

thick,

i^s

,

fibrous,

TfichotrojnS and
p

•

1

.,,

1

furnished

witli

Triton

Stjme
1

long

1

thick ground (Fig. 191).

water shells
from

it is

i.1

bristles

In

it

is

on

a

^^^

m.-

Triton olearium L.,
Mediterranean, an example of
shell with a stout ami hairy
iv
periostracum.
x
.',.

fresli-

usually rather

oidcr to protect the

thick, in

powers of certain kinds of water.
In
some cases {Mya, Anatina) the periostracum is continued over the
siphons, so as to form a protection throughout tlieir whole length.
shell

'

The term

the

erosive

epidermis, as distinct from periostracum,

is

outer layer of the skin of the mantle and body generally.

properly restricted to the

—
EROSION OF THE SHELL
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Urosio7i.

— The

MoUusca

fresh -water

generally,

and marine

mollusca in a few rare cases {Purpura, Littorina^ are subject to
erosion, or decay in the shell substance.
In univalves erosion
usually seta in near the apex (Fig. 192), where the
shell

may

lie

life of the
regarded as weakest, and in bivalves

near the umbones.

It

and rarely occurs in
the periostracuni

is

is

tlie

commonest in old
very young.

present

erosion cannot set in, but

to

protect

when once

shells,

So long as
it

the shell,

has been

removed the shell is lialjle to the chemical changes
set up in its suljstance
Ijy
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., numbers of Mollusca occurred, the shells of
19-'> — e
Ft
ample of an wliicli were Very perfect and free from disease,
*^o^^*^ little Way down stream an alkaline manuwater*^
water
shell
(Mdaniacon- factory drained its refuse into the water.
At and
fusa Doliru,
below
this
point
distance
every
for
some
shell
was
Ceylon).
more or less eroded, most of them 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.

the investigation of this point,
Water from

River Dee, near Chester

may

Shruljsole, in

be tabulated as follows

:

CHAPTER X
GEOGKAPHICAL DISTRIBUTION OF LAND AND FRESH-WATER MOLLUSCA THE PALAEARCTIC, ORIENTAL, AND AUSTRALASIAN
REGIONS

The Mollusca

afford specially valuable evidence

geographical distribution.

This fact

is

on problems of
due to their

largely

extreme susceptibility to any change in the conditions of life.
Genera which are accustomed to live in a certain temperature
and on certain food, cannot sustain life if the temperatm^e falls or
rises beyond certain limits, or if the required food be not forthcoming.
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
is

show great

thus characterised by

Every region
The Mollusca, for instance,

diversity in their fauna.
its

Mollusca.

South Africa characterise those cou.ntries quite
do the kangaroo and the emu, the hartebeest and the
there is nothing like them anywhere else in the world.

of Australia or of
as

much

ostrich

;

as

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 that of the marine
IMollusca.
The sea offers no such serious barriers to the 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 them almost wholly peculiar, while

amongst the sea-shells we should recognise many as occmTing
also on our southern coasts, and few that were different from
tfiose of the Mediterranean.
The marine Mollusca of the Sand-

LOCALISATION OF GENERA AND SPECIES
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enormous intervening distance, are
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.
^Uiadrupeds, birds, fishes, and reptiles are provided with organs of
wich Islands, in

spite of the

.not very different

(

motion which enable them to overpass barriers of various kinds.
plants, although themselves incapable of motion, may be

Even

conveyed in every direction by means of seeds, which are either
But the
wafted by the wind or adhere to the skin of animals.
Mollusca have no such regular means of transport, and are, in a
large

number

character of

The

instances,

of

soil,

localisation,

Sandwich

to

both of genera and

The genus

the world.

limited

districts

of

a

certain

or producing certain kinds of vegetation.
species, occurs all over

which

Acliatinella,

is

peculiar

to the

Islands, is found there in a profusion of species.

It

mountain valleys which radiate from the central
ridge of each island, and each valley is characterised by its own
The great carnivorous Glandina is
peculiar set of species.
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 Africa south
GoMostyla
Tornatellina to the Pacific Islands
of the Sahara
Gylindrella and Bulimulus are peculiar to the
to the Philippines
New World Buliminus, Nanina, Scardbus, and Cassidula to the

lives

in the

;

;

;

;

;

Old.

Extreme cases of this restriction of habitat sometimes occur.
Thus Limnaea involuta is found only in a single small mountain
Clausilia sccdaris along a narrow strip of limetarn in Ireland
stone in Malta Strophia nana is confined to a few square rods
on an island that is itself a mere dot in the Caribbean Sea the
;

;

;

genus Cam/ptonyx occurs only in the neighbourhood of Mt. Girnar,
and Lantzia in moss on the top of a mountain in
in Gujerat
;

Bourbon.

Attempts
resulted

in

to colonise snails in strange localities have usually
failure, especially

when the attempt has involved
The common Cochlicella acuta

serious changes of environment.

of our coasts resists all endeavours to establish

distance from the sea.

it

beyond a certain

Snails brought from the Eiviera and

placed under almost similar conditions of climate on our own
southern coasts have livea for a while, but have very rarely taken

ARTIFICIAL TRANSPORT OF SPECIES
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permanent
of

Mr. H.

root.

W. Kew-^

2/9

has collected a good

these attempts to acclimatise species, the general

which seems

depend almost entirely on a restoration of the

to

old conditions of

At

many

success of

life.

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

Our own common garden

sm-roundings.

snail {Helix aspersa) is

a striking instance of this adaptability to

has been established, by art or by accident, in

new conditions. It
Nova Scotia, Maine,

South Carolina, New Orleans, California, Mexico city, Cuba, Hayti,
Cayenne, Brazil, Valparaiso, Cape Town, the Azores, St. Helena,
Mam-itius, Loyalty Islands, and Australia.
The great Achatina
fulica of East Africa has been established first in Mauritius, and
from thence has been carried to the Seychelles and Calcutta.
Helix lactea, a common Mediterranean species, has been carried
to Teneriffe and Monte Video
Helix similaris, wdiose 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
decollata (Mediterranean basin) to South Carolina
S. Goodallii
(West Indies) to British pineries Helix liortensis to New Jersey.
Seven common English species {Lirtiax gagates, Hjalinia cellaria,
alliaria, Helix aspersa, H. pulchella, Fupa umhilicata) have
become naturalised in St. Helena,^ and as many as nineteen in
;

;

;

;

;

H

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-cases, or to hay and grass used in packing.
Thus they constitute no disturbance to the general rule of the

and genera, and there is little
which the geographical distribution of the
]\Iollusca brings to bear upon the general problems of distribution
will be confused by any intermixture of fauna naturally distinct.
The chief natural
Land Mollusca Barriers to Dispersal.

persistent localisation of species
fear that the evidence

—

:

barriers

to

dispersal

mountain ranges, and
1

The Dispersal of
»

are

extremes

deserts.

Shells, pp. 182-195.

of

temperature,

the

sea,

Rivers, however large, seem of
^

e_ a. Smith, P.Z.S. 1892, p. 259.

C. T. Miissoii, Proc. Linn. Soc. iV. S.

Wales

(2), v. p.

883.
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in checking dispersal.
There is no appreciable
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

little

effect

difference

floating debris of various kinds.
is

obvious,

and

The

barrier offered

by the

at first sight appears insurmountable

;

sea

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
Every thousand feet upward means a fall
barrier than the sea.
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.

combined

effect

of

influences

these

against the dispersal of Mollusca.
fornia are almost entirely peculiar

;

as

a

The

rule,

decisive

Thus the Helices

of Cali-

is,

one or two intruders from

farther east have succeeded in threading their way
through the deep valleys into the Pacific provinces, but not a
single genuine California n 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. Nevill,^ 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 different.
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 witli the absence of water and of
vegetable life, check dispersal as nothing else can.
The distribution of the Mollusca of the Palsearctic Eegion is an excellent
instance of this.
Their southern limit is the great desert which
states

;

;

^

Sclent. llcsuUs Sec.

YarJcancl Exped. " Molluscva, " pp. 1-16.
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with scarcely a break, from the west coast of Africa
The Mediterranean offers no
effectual barrier; shells of southern Europe are found in profusion in Morocco, Tunis, and Egypt, while all through Siberia
to the extreme of Kamschatka the same types, and even the
stretches,

to the extreme east coast of Asia.

same

A

species, of

MoUusca

occur.

detailed examination of the means, other than voluntary,

by which Mollusca are transported from one place to another
Ocean currents,
hardly comes within the scope of this work.
even
beetles and
rivers, floods, cyclonic storms of wind, birds, and
frogs, play a part, more or less considerable, in carrying living
Mollusca or their ova, either separately or in connexion with floating debris 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
The ease with which
more vigorous than in our latitudes.
species are accidentally spread

of

by man increases the probability

such cases occurring without

agency, and numbers

of

the

instances

intervention

may

of

human

be collected of

their

actual occurrence.^

A

which more concerns us here is to remark
on the exceedingly wide distribution of the prevailing forms of
It might have been expected that the
fresh-water Mollusca.
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,
We might
as far as they are concerned, all but insuperable.
remarked,
have
Wallace
and
Darwin
as
therefore,
have expected,
point, however,

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
The genera Limnaea, Flanorhis, Physa, Ancylus,
and Pelecypoda.
Out of about ten genera of
Unio, and Cyclas are world-wide.
1

Mr. H.

W. Kew, The

Dispersal of Shells, has brought together a very large series.

;
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New Zealand, one of the most isolated
known, only one is pecnliar.
In South Africa and the
Antilles no genus is peculiar.
In the latter case, this fact is
remarkable, when we consider that the same sub-region has at
fresh-water Mollusca in

districts

least ten peculiar

genera of operculate land Mollusca alone.

To give a few instances
species

:

of the distribution of particular

—

Limnaea

stagnalis

northern Asia

L.

occurs

Amoorland,

the whole of Europe, and

in

North
North America from the
Atlantic to the Pacific, and from North Canada and British
Columbia as far south as Texas.
The distribution of L. feregra
Miill., L. truncatuhi ]\Iiill., and L. i^cdustris Mtill. is almost
Persia,

and

to

Kashmir

Turkestan, Afghanistan,

Greenland,

;

equally wide.

Planorhis alius occurs in the whole of Europe, and northern

Asia to Amoorland, Kamschatka, 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 Fisidium 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

compelled

therefore

Anything

to

seek

for

further

explanation.

means
which have ol^tained a footing in the
and there is no difficulty in imagining

in the nature of a current furnishes a ready

of transport for Mollusca

upper waters of a

river,

the gradual spread of species, through the agency of floods or
otherwise, over a whole river system,

any point upon

Limnaea has

it.

The

when once

feeble clinging

established at

power of newly-hatched

often been noticed as contributing to the chances

of their range of distribution

becoming extended.

Mollusca, too, or their ova, are

Fresh-water

exceedingly likely, from their

extreme abundance, to be transported by water-birds, 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 place over
practically the whole surface of the globe, we can recognise the

ATTEMPTS AT EXPLANATION
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probability that 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
tlie 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
Even if the surface water of a* lake or river freezes,
any kind.
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 tw^o results will follow.

Not only

of a piece of water not be inclined to vary
wliole surroundings, food,

since their

the same, but,

etc.,

will the inhabitants

much from

the type,

continue very

much

transported by any accident or cataclysm else-

if

where, they will be exceedingly likely to arrive at a place which
closely resembles their former

new

home

in all essentials.

Thus the

formed would be constantly
checked, or rather would very seldom arise.
recognising the importance of changes of
j\Ir. Belt, while
tendency for

types

to

be

level as affecting the distribution of fresh-water species, appears

to regard the operations of such changes

point of view to that described above.

he writes,^

"

from a rather different
" I think it probable,"

that the variation of fresh-water species of animals

and plants has been constantly checked by the want of continuity
In the great oscillation
of lakes and rivers in time and space.
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 retreat impossible, and only families of wide distribution could be
.

.

.

preserved."

The

terrestrial surface of the globe has
^

The Naturalist

been divided, as indi-

in Nicaracjxia^ p. 334

f.

—

—
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eating the facts of geographical distribution, into six regions

the Palaearctic, Oriental, Australasian, Ethiopian, Nearctic, and
Neotropical.

To these

is

arctic, consisting of Chili

the south Atlantic)

sometimes added a seventh, the Neantand Patagonia (and certain islands of

but since the MoUusca 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 indicated by the MoUusca, will probably not correspond to those

which are marked out by other zoological
for instance, does

classes.

Wallace's line,

not exist, as far as the MoUusca are concerned.

These regions mS,y he further subdivided into sub-regions,
thus

:

Sub-regions

Regions

Sub-regions

Septentrional

1

Central African
Uei

I

Mediterranean

Palaearctic

Indo-Malay
Chinese

I

Oriental

Ethiopian

-^

Central Asiatic

(

)

(

f

Nearctic

I

f

Papuan

j

Australasian

Neotropical

Australian

;

-

Polynesian

(

South African
Malagasy
American
Califoriiian

Antillean
Central American
Colombian
Brazilian

Chilian

A.

The Palaearctic Region

The southern boundary

of this region is the northern limit of

the African Sahara, the Mediterranean forming no break whatever

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
the African extent of the

region

is

sea,

correspondingly narrowed

more than a strip of coast land, scarcely
On the Morocco coast,
Lower Egypt.
Palaearctic land forms penetrate as far south as Cape Nun.^
At its eastern extremity the line becomes less well defined, but
it becomes
widening even

until

1

little

in

Morelet, Journal de Conch. 1875, 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, Arion, Limax, Buliminus,
and Clausilia.
(2) The comparative absence of land operculates (see map,
:

frontispiece).

The uniform character

(3)

It is

of the fresh- water fauna.

in the southern portion of the region that Helix (in the

sub-genera Mac^daria, Iberus, Fomatia, and Xerophilct) and Buliminus {Zehrina, Chondrula, Una) attain their maximum.
In
the

Fruticicola

north,

mountainous

is

the

characteristic

group

;

in

the

Campylaea, with
The Arionidae have their headquarters in the
Clausilia.
damp and warm regions of western Europe, but are rare in the
south.
They only approach the Mediterranean coast in Algeria,
districts

of

the

south

-

east,

Gibraltar, and in the region between the base of the
Pyrenees and the Maritime Alps, and are very poor in species

near

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

A few species of Melanopsis with Neritina,
Spain and Austria, Galicia, and southern
Eussia, while a Melania or two (absent from Spain) penetrate the
south-eastern parts of Europe as far as Germany. Cyrena begins
to replace Cyclas in southern Eussia and the Caucasus.

the extreme south.
occur

in

The

southern

Palaearctic region falls into three sub-regions

(1) The Northern or Septentrional Sub-region,
1

PoUoiiera, Boll. Mus. Zool. Torino,

v.

1890, No. 87.

:

i.e.

the dis-
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north of the line formed by the Pyrenees/ Alps, Carpathians,

northward of the Aralo-Caspian district,
mountain range of Asia until it reaches
Japan, perhaps somewhere in the neighbourhood of

and which, passing

to the

follows the great central

the Sea of

Vladivostok.
(2) The Mediterranean Sub-region, i.e. the countries bordering on the Mediterranean, the Black and Caspian Seas, with the

Atlantic Islands.

The Central Asiatic Sub-region,

(3)
stan,

Thibet,

and

probably

the

Turkestan, Afghani-

i.e.

districts

of

Mongolia

and

Manchuria.^
(1)
writers

The Septentrional Sub-region has been divided by some
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

we proceed

below, rather the gradual disappearance, as

eastward,

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.
of

On

the whole, the Septentrional Sub-region

except those which inhabit fresh water.

is

poor in species

This fact

is probably
due to the extreme vicissitudes of temperature wliich prevail, and
it is interestino- to notice that the number of land Mollusca
appears to touch its lowest point in districts where the annual
range of temperatm-e 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 Mediterranean Sub-region must of necessity be very roughly drawn, and
stragglers from the south will be found to make their way northward, and vice versd, under favouring circumstances of temperaJordan has noticed ^ that species
ture and geological formation.
^

South and south -western France, however, belong

to the

Mediterranean Sub-

region.

is

^ The coast-line of north-east China, including Corea and Japan to north Niphon,
much more definitely tropical than the adjacent inland districts. The coast-line,

therefore,

must be placed in the Oriental Region, while the inland

to the Palaearctic Region.
=5

Biol. Ccntralbl.

ii.

p. 208.

districts

belong
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which in southern countries are not confined to any particular
of soil are in more northern latitudes found only on
limestone, which absorbs more heat than other formations.
Conversely, 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 harpa Say, a completely boreal shell, which is at home in
Canada, Sweden, Lapland, and the Amoor district, is found on
([uality

the Eiffel Alp, at a height of

6000

Vertigo arctica Wall.,

feet.^

a species abundant in Lapland, North Siberia, Iceland, and Greenland, occurs

on the high Alps of the Tyrol.

Circumsolar- Species.

—A

certain

number

of species are

common

and Nearctic regions,
and are, in fact, circumpolar.
The number of these species, however, is so small, not exceeding about 40 species ( = 16 genera),
that it seems hardly worth while creating a special subregion 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
to the extreme north both of the Palaearctic

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

:

2
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e.g. Helix pomatia, H. ohvoluta, H. revelata, II.
Bidiminus montanus, are restricted to the
pisana,
H.
cariusiana,
counties
Geomalacus maculosus is conor
western
southern
more

Several species,

;

fined to a district in south-western Ireland.

The Pleistocene beds
species

now

of East

Angiia contain a number of

extinct in these islands, whose occurrence appears to

warmer climate than the

indicate a

present.

Such are Helix
Unio

ruder ata, H. friUicum, H. incarnata, Clausilia pumila,
littoralis, Hydrobia marginata, and Corhicula jiuminalis.

—

From Norway 121 species in all
Scandinavian Peninsula.
and 148 from Sweden.
The milder climate of

are recorded,

Norway

many

allows

species to reach a considerably higher lati-

tude than in Sweden, thus in Sweden Limax maximus only
Similarly Arion hortensis
reaches 62°, but in Norway 66° 50^
and Balea perversa only reach 63° and 61° respectively in
Sweden, but in Norway are found as far north as 69° and 67°
Clausilia

50'.

is

represented by 9 species in southern

Norway;

There are
found north of the Arctic circle.
one
Helix
dwindles
to 14,
Hyalinia,
but
and
11
Vertigo,
Pupa,
9
4
operculates
circle.
No
land
Arctic
north
of
the
which
occur
of
9
of these

is

Cydostoma elegans, however, occm's in Jutland and
practically form a part of this district.
which
Zealand,

are found

;

—Eleven

These are
species, all Scandinavian, occur.
hortensis
Miill., the
and
(arhustorum
L.
Helix
2
1,
latter being found only on the warmer southern coast), Liimiaea
1, Planorhis 1, Pisidium 4.
Iceland.

Arion

2, Limax

France.

—The

northern, central, and eastern districts belong-

to this sub-region, while the southern

entirely

new element

occurs and

belong to the Mediterranean.
L.,

H incarncda

strigella

Drap.,

Miill.,

H

many

northern forms disappear,

Thus, for instance, Helix pomatia

H. fruticum

rufeseens

and western, in which an

Miill.,

H. cantiana Mont.,

Penn., H. pleheia Drap., are

H

not

No detailed enumeration of species
found in southern France.
at present possible, the efforts of a large nmnber of the leading
French authorities being directed to indiscriminate species-making

is

Perto the careful comparison of allied forms.
haps the principal difference between tlie Mollusca of northern
France and those of our own islands is the occiu-rence of two
In the more elevated districts of eastern
species of Pomatias.
France (the Vosges, Jura, western Alps), a certain number of

rather than

FRANCE AND GERMANY
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species occur whicli are confined

Among

Europe.

central
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the high grounds of south

these are Helix

holoserica

Stud.,

H.

personata Lam., H. hidejis Chem., H. depilata Drap., H. cobresiana
Alt., If.

alpina Faure.

The Pleistocene 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 much more
The Eocene fossils from the Paris beds show most relimited.
markable relationships to genera now existing in the West Indies
Others again indicate affinities with India.
and central America.
Thus we find Ceres, Megalomastoma, and Tiulora by the side of
Leiitopoma, Faunus and Pcdudomus.

—

Tlie Mollusca of the plains of northern Germany
Germany.
and not striking, and exhibit little difference from those
In the mountainous districts of the south
of our own islands.

are few

and south-east, a number of new
forms occur, amongst which are ?>
species of Dojudebardict, a remarkable

form, with

carnivorous

appearance of a Vitrina
.,.

siha,

-r,

many

the general
;
1

Piqoa, several

24 of ClanBukminvs,
7->

7

•

•

3 of the Cavipylaea group of Helix,
T,

.,

r.

1

-r^

:

of

.•

T

—

Fig. 193.
A, Daudehardia brevipes
^er.
sh, shell
p.o, pulmonary
(After Pfeiffer.) B, shell
">-'fice.
;

L>. ?•?</'« Pfr.,

S.

Germauy.

stragglers irom the italo-Dalmatian

Our familiar Helix asjjersa is
from Germany.
There are only 4 land operPomatias 2, Acicula 1, Cyclostoma 1, all of which occur
culates
exclusively in the south.
Bithynella and Vitrella, two minute
forms of fresh-water operculates akin to Hydrohia, occur throughand

fauna,

of Zonites proper.

1

entirely absent

out the district.

Northern Russia and Siberia.
eastern

Germany

to the

Amoor

—

This vast tract extends from

district.

It

is

exceedingly poor

by the gradual disappearance, as we proceed eastward, of Em-opean species.
There
in Mollusca,

are

a few

European

and

south

l;)y

chiefly characterised

characteristic

forms,

introduced in
aftinities.

is

Siberian

Mollusca,

and in the extreme

east

closely

a

allied

new element

to
is

the appearance of types which indicate Chinese

The whole district may be regarded as bounded to the
drawn from Lemberg to Moscow, and thence to

a line

Perm passing south of the Ural mountains, it includes the
whole basins of the rivers Obi, Yenesei, and Lena, coinciding with
VOL. Ill
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.
Jff.

Helix arhustorum

L., If.

nemoralis

Miill.,

U. lapicida

L.,

aculeata Miill., and Hyalinia nitidula Drap., do not appear to

occur east of the Baltic Arion fuscus Miill., Helix strigella Drap.,
Bidiminus ohscurus Miill, Glausilia Imninata Mont., G. hidentala
Bttg., C. plicatula Drap., Viviparus fasciatns Miill., and NerUina
;

do not pass the Urals.
In the Obi district (West Siberia) a further batch of European
Among these are Helix hispida
species find their easterly limit.

fluviatilis L.,

L., Vivipara vivipara L., Pisidium amniA few distinctly Siberian
tumidus Eetz.
species now appear, e.g. Ancylus sihiricus Gerst., Valvata sihirica
Midd., and Vitrina rugtdosa Koch.
The following are among the European species which reach
Hycdinia nitida Miill., Succinea oUonga Drap.,
eastern Siberia
Planorhis vortex L., spirorhis L., marginatus Drap., rotundatus
'PoiT.,fontanus JAght., Valvata piscincdis Miill., Bithynia ventriHere first occur such
cosa Leach, and Anodonta variabilis Drap.
characteristic species as Fhysa sihirica West., P. aenigma West.,

L.,

Bithj/nia tentaculata

cum

Miill.,

and

ITnio

:

Helix pauper

Grid.,

H. Stuxlergi West.,

H

Nordenskioldi West.,

Planorhis horealis Lov., Valvata aliena West., Cyclas 7iitida Cless.,
In the Amoor district a decided
and C. levinodis West.

Chinese element makes

its

appearance in a few hardy forms

hilineatus
e.g. Philomycus
and a few each of the Fruticicola (Chinese) and Acusta
Out of 53 species, however, enumerated from
groups of Helix.
this district, as many as 33, belonging to 18 genera, occur also

which

have

northward,

penetrated

Bens.,

in Great Britain.

Lake Baikal.
characteristics

continued

—-The

MoUusca

of their

existence

Several entirely

of

Lake Baikal exhibit

distinct

own, which seem to indicate the long-

of

peculiar

the

lake

genera

in

occur,

present

condition.

which are

specialised

its

e.g. Baikalia, Liohaikalia, Gerstfeldtia, Dyhowand Maaekia ; Benedictia alone extends to the basin of the
Ghoanomphalus, another peculiar and ultra-dextral (p.
Amoor.

forms of Hydrohia,
skia,

250) genus belonging to the Limnaeidae, appears
West American Garinifex.

the

to be related to
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(2) The Mediterranean Sub-region is divided into four
provinces: (a) Tlie AleditiTiaiican jjicniiice proper; (h) the

Pontic

the Caucasian

(r)

;

;

The ATrditerranean

(a)

and

(<l)

the Atlantidean province.

provirice jarojjer

best considered

is

by further sulxUviding it, with Fischer and others, into separate
districts, eacli of which has certain peculiar characteristics.
(i) The His^Hino-Algei'ian district includes tlie greater part
of the Iberian ])eninsula, the Balearic Islands, and northern
AiViea from Morocco to Tunis.
The extreme western parts of
these districts, including West Morocco, Portugal, Asturias, and
south-west
caused

l)y

France,

under

influence

tlie

of the moist

the Atlantic, show some peculiar features

view of some, are

suflicient

climate
the

wliieli, in

to justify their separation IVoiu

the

Hispano-Algerian })(H'tion. Among these is a marked
development of the slugs, Testacella, Arion, and Gcomalacus, the
rest of the

which occurs even in soutli-western Ireland.
The principal features are the development of the
Macularia, Iberus, and Gonostoma groups of Helix, and the occurlatter of

Spain.

—

FiG.

194.— A, Parma-

cella

I

'ale n c iensii

W. and
(After

B.
x §.
Moquiii-

Tandon.)

A', .shell

nf the .samu,

iiiilu-

ral size.

rence of the remarkalilc slug FaT)nacrUa,\\']ik-]\

is

Afghanistan.

There are

many

found in

other parts of the sub-region, and extends eastward as

i'ai-

as

Clausilia has luil few species, mostly in the noitli.

species of land o[)erculates, one of wliich is
genus (Tudura) 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

referred

fom-

to

a

Neritina.

The States of Northern Africa have a thoroughly Aleditcrranean
fauna, whose facies on the whole shows rather moi-e atlinity to
S]iaiii

bt'loug

than
to

to

Sieil}'.

The Helices

of

Monjcco and Algeria
^lany

the same groups as those of southern S])ain.

are of a dead white coloui', the l)etter to
effect of the

sun.

Frr n ssacia

is

resist

th(!

scoreliing

altundant, Gcomahicus and

]*t(i'-

—
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macella are represented by a single species each, and there

is one
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
The Mollusca of
least to the meridian of Oran and Cartagena,
Oran and Cartagena are, according to him, much more closely
related than those of Oran and Tangier, or those of Cartagena

Clausilia.

Cartagena some species, which are characfrom Syria westward, disappear, are absent from the rest of Spain and from Morocco,
These
but reappear on the south-western coasts of France.

and Gibraltar, but

at

of the Mediterranean coasts

teristic

species

may

wliich,

when

pushed along that arm of the sea

possibly Ivdva

the Straits of Gibraltar were closed as far as the

Oran and Cartagena, united in comparatively
Bay of Biscay with the Gulf of Lions.

latitude of

times the

The following
spread

prol)ably

recent

genera, which do not occur in Spain, have

northern Africa

into

as

far

as

Algeria, via

and Tunis, namely, Glandina (1 sp.), Daudebardia (1
Tunis shows strong traces of Sicilian
sp.), Fomatias (2 sp.).
influence, and Kobelt found a colony of snails, of Sicilian ahiniSicily

ties, as far

west as Tetuan.

The Sahara.

—The

Algerian Sahara contains, in

many

places,

fauna which appears to show that the

a sub-fossil Molluscan

times, undergone a gradual desiccamainly fresh-water, including Melania,
Melanupsis, and Corhicida, with here and there valves of Cardium
edide, and indicate, on the whole, an affinity with recent Egyptian,
rather than North African species.
has, in quite recent

district

The

tion.

species

are

It is probable that a vast series

of ^tangs, or brackish-water lakes,
<iuce stretched

A
Fig.

195.

^

— Characteristic

shells

of

S.

Yv^o^: K,Heiix{Maadaria),ddensis
Fer.

;

B,

Leucochroa

^^''''^^"

contains

many

along this region,

ami were ultimately connected
with the sea somewhere between
Tunis and Egypt.

candidissima

^-.n

T7r„„_„^

ThQ
Southern France.— TKr.
France
of
portion
southern
(-y

,-,

(n)

bordering on the Mediterranean
which do not occur in

species, especially of Helix,

the centre and north.
1

Amongst

these are

Jahrl. Dcutsch. Malak. GescU.

viii. p.

278.

ITALY AND SICILY
Helix

Leucocliroa candidissinia Drap.
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ciliata

Ven.

Hyalinia olivetorum Gmel.

„

explanata Miill.

Zonites algirus L.

,,

apicina Lam.

Helix rangiaua Desli.

„

cespituni Drap.

,,

serpentina Fer.

,,

Terverii Mich.

,,

niciensis Fer.

,,

py rami data Drap.

„

trochoides Poir.

Ferussacia folliculus Gron.

.,

splendida Drap.
vermiculata Mlill.
melanostoma Drap.

.,

aperta Burn.

Pupa

.,

,,

Jlumina decollata L.
niegacheilos C. and J.

Several species of fresh-water Hydrohia {Bitliynella) occur.

The

on

district,

cliaracteristics

whole,

the

unites

certain

from northern Italy

derived

with those of eastern Spain.
(iii) The
Halo - Balm at inn district includes Italy and tlie neighbouring islands
Sardinia,

((yorsica,

Sicily,

Malta), and

the

regions at the head and north-eastern shores
of the Adriatic (Carinthia, Carniola, Croatia,

and Dalmatia), the line which separates these
latter districts from the fauna of southern
Austria, Bosnia, and Servia being very difli-

]?jq_

i^Q.—iieUxiPomaL.

cqierta

tia)

s.

France, showing epiphragni.

cult to define.
Italy,

with the neighbouring islands, has a rich molluscan

In the sub-Alpine districts of northern Italy the promi-

fauna.

nent Helix- groups

which

are

and Anchistoma,
which here
Large Hyalinia are abund-

Cam])ylaea, Pomatia,

in the south are generally replaced l)y Ihrrus,

attains its

ant in

tlie

maximum
north,

Fig. 197.

development.

and Fomatias and Clausilia are frequent

Fic.

Helix {Cam/>,

Apennines.

which are

peculiar.

Camjjylaea

is

{Therus)

striyaia Miill., Florence.

Stud., Piednioiit.

along the

19S.— I/e!ix

all

Sicily

Helices

has about
of the

reduced to two species.

250

species,

li;df

Iherus type abound,

Many

of

Ijut

peculiar forms of

Clatisilia occur, especially a latticed type of great beauty.

Feriis-

DALMATIA, EGYPT, AND SYRIA
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and Pupa are well represented, and there are one each of
Glandina and Daudehardia.
Dalmatia and the adjacent districts are chiefly remarkable
for the rich development of Clausilia, which here attains its
The Camjyylaca section of
maximum (nearly 100 species).
l:)y its handsomest forms,
represented
Helix is
are
studded wdth short
many of which
is
the
headquarters of
Here too
hairs.
which
stretches
westward
Zonites proper,
eastward
to Asia
as far as Provence, and
of
the
single
European
and also
Minor
Glandina, which has a similar eastward
sacia

;

1QQ

A

rv

and

Beu.,

B

Clausilia
Zieg., Dal-

Sicily;

macarana
matia

;

B', ciausiiiuiu

°^ ^^""•''

and a

spreads w^estward through

Ijut

I'ange,

•;

crassicosta

Sicily

to

Algeria,

not

Italy

occurring

in

The land operculates are
represented by Pomatias, and among

gQ^^her^ France.

J-

_

chiefly

the

operculates are a Melania
having probably spread from the

fresh-water

Litlioglyplius, the

latter

basin of the Danube.
(iv)

The Eijypto-Syrian

district

extends along

the

south-

North Syria,
Lower Egypt alone
and eastward to the Euphrates valley.
belongs to this portion, the fauna of Upper Egypt being of an
entirely tropical character, and belonging to the Ethiopian
eastern shores of the Mediterranean from Tripoli to

Eegion.

—

Lower Egypt.
The Mollusca of Lower Egypt stand in the
unique position of belonging, half to the Palaearctic, and half to
the Ethiopian Eegion.
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

{Amp)idlaria,

Zanistes,

Melania,

Cyrena, Iridina, Spatha, Mviela).

The

Cleopatra,
Helices,

Corhicula,

which are not

numerous, are rather a mixture of circum-Mediterranean species
H. dcscrtorum, howthan of a specially distinctive character.
There
ever, belonging to the group Eremophila, is characteristic.
is

a single Parmacella, but the physical features of the country

are unfavourable to the occmTence of such genera as Clausilia,
Pv'pa, Hyalinia,

Syria.

—The

and the land

operculates.

Mollusca, especially in the more mountainous

THE PONTIC PROVINCE
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regions of the north, are

much more

ClausUia

of Egypt.

those

is

varied and numerous than

again fairly plentiful, and

are represented

forms

the sections Levantina, Fomatia,

of

Nammidina.

curious

with

types

Leucochroa

has

constricted

a

the

by some striking

Helic'idae

and
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several

aperture,

and the Agnatha are represented by Lihania,
A ;[romia peculiar form of Daudehardia.
nent feature

is

the occurrence of a

number

white Buliminus of the Fetraev.s
Land operculates appear
section (Fig. 200).
to be absent, but Mdanopsis and Neritina ^'^f^^t) ''S;:;;;
OH v., Bi^yroTit
B,
The Dead Sea contains no
are abundant.
of large

;

Mollusca,

but

Lake

Til)erias

has

a

rich

fauna, including the al)ove-mentioned genera,

,.,,;^,)

septemdeniatus

Rotli., Faiestine.

with a Corhicula and several Unio.
Ujrper Ifesojwtnm ia appears to possess a mixture of Syrian
Lower Mesopoand Caucasian forms, including a Farmacella.
tamia has an exceedingly poor land fauna, but is comparatively
rich in fresh-water species, the growing eastern character of
which is shown by the occurrence of several Corhicula and
Fsevdodon, and of a Neritma of a distinctly Indian type.
(ft)
The Fo)itic 2)rovince extends from Western Austria to
the Sea of Azof, and ijicludes Austria, Hungary, Eoumania, the
Balkan peninsula (so far as it does not form part of the Mediterranean sub-region), the islands of the Greek Archipelago, southern
It thus practically
Russia and the Crimea, and Asia Minor.
corresponds to the whole iDanul)e basin, together with the lands
l)ordering on the Black Sea, except at the extreme east, which

belongs to the Caucasian

f'.u1)-region.

Fischer separates off Greece,

Asia Minor (except the northern coast-line), and the intervening
islands, with Crete and Cyprus, as constituting a portion (Hell;id(

I-

Anatolic) of the Mediterranean sub-region proper.

districts,

however, appear

to

possess

scarcely

sufficient

These
indi-

viduality to warrant their separate consideration.

A

])rominent characteristic of the Pontic

great aluuidance of ClausUia
east

and Buliminvs.

Mollusca

is

the

In the islands

and west of Greece ClausUia forms a large proportion of the
island, however small, possessing its own peculiar

fauna, each
ibi-ms.

Tlio

Helices belong principally to the grou])S Camiyylaea
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(which is very abundant in Austro-Hnngary), Pomatia (Greece
Macularia is comparatively
and Asia Minor), and Anchistoma.
scarce, but is represented in Greece by one very large form
{Codringtonii Gray).

Zonites proper has

its

metropolis in this

and the Danube basin contains one or two species of
Buliminiis is abundant throughout
Melania and Lithoglyphus.
the sub-region, in the sub-genera Zebrina, Naipaeus, Mastus, and

sub-region,

Chondrula.

Several striking forms of Zebrina {Ena) are peculiar

to the Crimea.

—

The limits of this province
(c) The Caucasian Province.
It appears, however,
can hardly be exactly defined at present.
to include the whole line of the Caucasus range, Armenia, and
North Persia.
The land MoUusca

are

abundant and interesting.

Among

the carnivorous genera are four species of Daudehardia, a Glandina,

and three peculiar forms of naked slug, Pseudomilax, TrigonoThere is a single Parmacella, the
chlamys, and Selcnochlamys.
same species as the Mesopotamian, and a good many forms of
Vitrina and Hyalinia are well represented, and the preLimax.
dominant groups of Helix are Eulota, Cartusiana, Xerophila, and
Clausilia and Pupa
Fruticocampylaea, the last being peculiar.
are rich in species, together with Bidiminus of the Chondrula
tjrpe.
One Clausilia of the Phaedusa section, together with a
Macrochlamys (Transcaspian only), a Corbicula, and a Cyclohis,
show marked traces of Asiatic affinity. There is one species each
of Acicula and Gyclostoma, and one of Pomatias.
The Caspian Sea, like Lakes Baikal and Tanganyika, is distinguished by the possession of several remarkable and peculiar
The sea itself, the waters of which are brackish, is 80
genera.
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
Marine deposits containing fauna now characteristic of
water.
the Caspian, have been 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
The Kazan
present basin of the Volga to at least 54° N.
depression of the Volga (55° N.) also contains characteristic
According to Brusina," the Caspian fauna,
Caspian fossils.^
^

Netchayeft',

'

Fauna der

Kazan

Soc. Nat. xvii. fasc. 5.

Conge7-ie7i-Schichtcn, 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 Hydrolia, have been described from the Caspian,

namely, Micromelania
(3),

(6),

Caspia

Nematurella

(7), Clessinia (3),

(1), Planorhis (1), Zagrahica (1), Hydrohia (2),
The bivalves are mostly modified forms of Cardium

Litlwglyphus

Neritina

(2).

(Didacna, Adacna, Monodacna), which also occur in estuaries

A

form of Cardimn edule
same species are
found in a semi-fossil condition in the dry or half dry lake-beds,
which are so abundant throughout the Aral district.
(d) The Atlantidcan ])rovince consists of the four groups of
islands, the Madeiran group, the Canaries, the Azores, and the
Cape Verdes.
The Madeiran grou'p contains between 140 and 150 species
of Mollusca which may lie regarded as indigenous, the great
majority of which are peculiar.
Only
1 1 species are common to Madeira and
to the Azores, and about the same
number, in spite of their much greater
proximity, to Madeira and the Canaries.
Xo less than 74 species, or almost
exactly one-half, belong to Helix, and
along the north of the Black Sea.
itself occurs,

and numberless

9 to Patida.

A

varieties

considerable

of the

number

of the Helices are not only specifically

generically

liut
1

•

1

Ijearing

close

the

peculiar,
1

1

i.-

•

relationship

J.

to

genera
J.1

those

occurring in the Mediterranean region.

As a

rule they are small in size, but

c

201.— Characteristic

land
Mollusca from the Madeira
group: A, Helix [Irus] Jaciniosa Lowe, Madeira B, Helix
{Hystricclla) turricnlfi Lowe,
Porto Sauto C, Helix{Iberus)
Wollastoni Lowe, Porto Santo
D, Helix (Coronaria) deljplunuloides Lowe, Madeira.

Fig.

;

;

often of singular beauty of ornamentation.

Various forms of

ceedingly abundant (28
Ferussacia (12

sp.).

Fwpa
sp.),

are ex-

as is also

Tliere are also

3

Clausilia (which genus

occurs on this group alone), and 3 Vitrina (a genus which occurs

The land operculates are represented solely
all tire groups).
hj 4 Ci^aspedopoma, 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
on

THE ATLANTIC ISLANDS
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Helix

(tlie

sub-genera being very
group), and

much

PaUda.
Parmacella (which occurs in this group
Macleiran

of

considerable

1 1

A

size.

described from Teneriffe

to

the

There

chap.

same as
is

1

m

species

the
of

and 6 of Vitrina,
remarkable slug {Plectroflwrus) was
alone),

by Ferussac many years

never been rediscovered, and

is

ago, but it has
probably mythical, or wrongly

Buliminus {Napaeus) has as many as 28 species, all
but one being peculiar, and Ferussacia 7.
Cyclostoma has two

assigned.

indigenous species, which, with one Hydrocena and one Craspedopoma, make up the operculate land fauna.
The Azores are comparatively poor in Mollusca, having only
52 species, nearly two-thirds of which are peculiar. Helix has
15 species, Fatula 4, and Fupa 8.
Ferussacia, so abundant in
Madeira and the Canaries, is entirely absent, its place beingtaken 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

Craspcdopoma and Hydrocena.
A singular slug {Flutonia), 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 Fisidium and Fhysa) have recently Ijeen 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, Buliminus 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 molluscan fauna
of these island groups gives to any theory of an Atlantis, any
theory which regards the islands as the remains of a western
continent now sunk beneath the ocean.
Had Atlantis ever
existed, we should have expected to find a considerable proportion
of the Mollusca common to all the groups, and perhaps to Europe
as well, and there would apparently be no reason why a genus
which occurred in one group should not occur in all. As a fact,
we find the 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 islands
'

'
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and have been colonised from the western
i.e. from the direction of the prevail-

are purely oceanic,

coasts of the Mediterranean,

ing currents and winds.
(3) Central- Asiatic Sub-region.

—The

countries included in

this vast sub- region are Turkestan, Songaria, Afghanistan, including

Kashmir

the Pamirs, Western Thibet, and probably Mongolia.

belongs to the Indian
imperfectly

known

;

At present the whole

fauna..

indeed,

it is

district is very

only at a few points that any-

thing like a thorough investigation of the fauna has been made.
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
This is especially the case with regard
the Oriental system.
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 occm'S, but is not sufficient to disturl) the general
European facies of the whole.
It is possible that eventually
the whole district may be regarded as a sub-region combining
It is therefore

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 occiu'rence of a

number

of Buliminus of the JVapaeus group, a few Farmacella
(Afghanistan being the limit of the genus eastward), Clausilia,

Pupa, Limax, and Helix,

witli

several stray species of Macro-

chlamys.

B.

The Oriental or Palaeotropical Region

This region includes
of the

all

Asia to the south of the boundary

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 including Celebes with the Xulla Is., and the string of islands south
of the Banda Sea up to the Ke Is.
The Moluccas, in their two
groups, are intermediate between the Oriental and Australasian
regions.

—
THE ORIENTAL REGION
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In this vast extent of land two distinct centres of influence
Each is of marked
the Indian and the Chinese.
individuality, but they differ in this essential point, that while

are prominent

—

the Chinese element

is

decidedly restricted in area, being, in

China

fact,

and the adjacent islands,
the Indian element, on the other hand, extends far beyond continental Asia, and embraces all the Malay islands to their
farthest eastward extent, until it becomes overpowered by the
Upper Burmah, with Siam, forms
Papuan and Australian fauna.
a sort of meeting-point of the two elements, which here intermingle in such a way that no very definite line of demarcation
can be drawn between them.
Thus we have

more

or less confined to

itself

f

(l))

Indian Province.
Siamese Province.

)

,,

(«)
1.

,^

Inao- Malay
''

c I r,
hLLO-ueqion
"^

^,,

Ti

-r

7

,

]

i

Oriental Region

x

(c)

-^

i
Malay
Province.

\(d) Philippine Province.
.

r<

7

((o-)
)7\

•

Chinese bub-Eenton

-

y[b)

Chinese Province.
t
-r>
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 off-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

in China there are at least
amount, most of them abundant in species.
The Indo-Malay sub-region, on the other hand, is the metropolis
In
of the Naninidae, which abound both in genera and species.
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 (Opisthoporus,
Pterocyclus, etc.).
In China the group is only represented by
stragglers of Indian derivation, while the land operculate fauna,

represented in point of numbers
three

times

this

;

INDIA
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Another chargroup of the Indo-Malay region is AmpMdromus, with
its gaudily painted and often sinistral shell
the genus is entirely
absent fi'oni China proper and Japan, where its place is taken
by various small forms of the Bulimimis group.
Fresh-water
Mollusca, especially the bivalves and operculates, are far more
abundant in the Chinese sub-region than in the Indo-Malay.
(a) The Indian Province
(1) The Indo-Malay Sub-region.
proper includes the peninsula of Hindostan, together with Assam
and Upper and Lower Burmah.
To the east and extreme northeast, 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 demarcation follows the mountain ranges which separate Burmese from
Chinese 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 subregion 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
as a whole, is distinctly iuferior to the Indian.
acteristic

;

—

;

the west.

The Mollusca

of India proper include a very large

interesting and remarkable genera.

India

is

number

of

the metropolis of

the great family of the Naninidae, or snails with a caudal mucuspore,

which are here represented by no

over

200

species.

less

than 14 genera and

The genera Macrochlainys,

Sitcda, Kcdiella,

Ariophanta, Girasia, Austenia, and Durgella are at their maximum. Helix is scarcely represented, containing only about 30
inconspicuous species (leaving Ceylon out of account). Bulimimis
is

abundant, especially in

the

represented by Glessula, which

is

The Stenogyridae are

north.

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

;

INDIA

!02

Boysia, with

its

twisted upturned mouth, while Lithotis

is

a

which group also probably
belongs Cainjitonyx, a limpet-like form with a very small spire,
peculiar to the Kattiawar peninsula.
Camptoceras, an extrapeculiar form allied to Succinea, to

ordinarily elongated sinistral shell, with a loosely coiled spire,
peculiar to the

Among
only

N.W.

the fresh-water pulmonates

known

is

Provinces.

elsewhere from the Fiji

is

Is.

an Ampullarina, a genus
and E. Australia. Crem-

nocoTich'us is a form of Littorina, peculiar to the W. Ghats,
which has habituated itself to a terrestrial life on moist rocks
many miles from the sea. The fresh-water operculates include
the peculiar forms Mainwaringia, from the mouth of the Ganges
(intermediate between Mclania and Pahidomus), Stomatodon,

— Characteristic

Fig. 202.
lusca
Blaiif.

C,

Indian MolHypselostoma tubiferum
B, Camptoceras terebra Bens.

;

203.
Perroteti
gliiri

Gamptonyx Theohaldi Bens.

A',

The

Larina, Fossaruhis, Tricida. and others.

numerous nor remarkable

;

Velorita, a

—

Fig.

A,

:

Strejitaxis
Pfr.,

Nil-

Hills: A, adult;

young form.

liivalves are neither

genus of the Cyrenidae,

is

peculiar.

The land operculate fauna
About 25 genera, and

varied.

we

find

the metropolis of

of India

is

singidarly rich and

190 species,
Cyclophorus among the
at least

occur.

Here

larger forms,

and of Diplomnnatina and Alycaeiis among the smaller.

A

proportion of the operculate genera are quite peculiar to

large

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 Ennea
occur, while Streptaxis is practically confined to the extreme
south and nortl:-east.

X
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separating that island from India, Bvirinah, and
Siam, forms a most interesting problem in the history of dis-

decisively

tribution.

Eurystoma, with a single species

(-£'.

vittata Mlill.),

is also peculiar.

As

when Helix gains ascendancy, the Naninidae

usual

Durgella, Austenia, and

MacTochlamys, Sitala,
diminished numbers.

form

directly

Girasia

Kaliella,

related

are
etc.,

absent

present

are

retrogress,

while

altogether,
in

greatly

The sub -genus Beddomea is peculiar, a
to Amphidromus (Siam and Malacca).

The fresh-water operculate Philojwtamis

peculiar, but

is

Fig.

20i.— Helix

for

one

{Aca-

ims) Waltoni Reeve,
Ceylon, showing embryonic shell (emb);

species found in

Sumatra

;

while Tanalia

quite peculiar.

is

But

the forms which, next to the Helices, most emphasise the separaThere
tion of the Cingalese district are the land operculates.

which do not
Two {Aulopoma and Cataulus)

are eleven genera or subgenera of land operculates

occur in the rest of India proper.
are quite

peculiar,

while the

Burmah, Siam, and the Malay

other

nine

are

represented

islands, but not in India.

in

On

the other hand, I)iplommati7ia and Alycaeus, so profusely abunAmong
dant in India, have not yet been discovered in Ceylon.
the slugs, Tennentia

is

a peculiar genus, whose nearest relation

occurs in the Seychelles.

Genera and Subgenera occurring in
hut not in K.
Streptaxis

tJie

Cingcdese District,

and Centred India

UPPER BURMAH AND PEGU

X

and Aracan, while

a

essentially

part of the Indian province,

contains several Siamese genera which
proper,

well

as

Amongst

not found in India

at

present

peculiar.

the former category are, of Helicidae, a single repre-

sentative each of the genera
Aef/ista

are.

which are

several

as
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(Chinese).

increased numbers

(10

of Clausilia

Camaena (Siamese and Chinese) and

Influence of the same kind

is

sp.)

seen in the

and Plectotropis
and Amjphidromus (5 sp.),

of Plcctopylts (14 sp.)

(5 sp.),

and of the large tubed operculates (11 sp. in all).
Sesara and Sophina among the Naninidae are strange
to

Hyalimax

India, while

is

common

Anclamans, Nicobars, and Mascarene

only to the
Is.

Ilj/j^sclo-

a most remarkable genus of

stoma (Fig. 202, A)
the Pupidae, reminding one of Anostoma of the
It is peculiar to the peninsula, but
N'ew World.
is

for

Among

one species in the Philippines.

Pupinidae,

we

Hyhocystis

(Pig. 205), a very

have the peculiar

the

Eaphaulus and

remarkable form, of

which another species occurs at Perak. Tvfo Helicinct ^m. 2Q5.—Hyho<^ystis gravida
mark the most westward extension of the genus
•

1

1

T

1

1

j:-

Bens.

TT

Young

In the extreme north 01 Upper
on the mainland.
and adult.
Burmah, Indian and Chinese forms intermingle.
The Burmese district, together with the Indian and Siamese
provinces, is pre-eminently the home of a group of Mollusca,
originally of marine origin, which have permanently habituated

They belongthemselves to a brackish or fresh-water existence.
Besides
Cremnoconto widely different families, and even Orders.
chus mentioned above,
a Solen living in

we

fresh

have,

water

among the
in

the

l)ivalves,

Ganges,

Novaculina,

Irawadi,

and

Tenasserim estuaries Scaphida, an Area, one species of which
occurs in the Ganges hundreds of miles above the tideway (see
Pig. 9, p. 14); and Martesia, a Pholas from the Irawadi Delta.
;

Clea (which also occurs in Java and Sumatra)
estuarine Cominella; a Tectiira has earned the

is

probably an

name fiuminalis

from its exclusive residence in the Irawadi R; Iravadia is
probably a Bissoina of similar haliits, occurring from Ceylon
round to Hong-Kong JBrotia is a Cerithium from an affluent of
the Eiver Salwin, and Canidia is a liassa, occurring in the
Nowhere else in
embouchures of rivers from India to Borneo.
collectionnot
exhausted
by this list
the world is there such a
;

—

VOL.

Ill
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THE ANDAAIANS AND NICOBARS

3o6

—

marine forms caught in process of habituation to a freshwater or even a land existence.
The Andaman and Nicohar Islands possess no peculiar features
They are closely related to the adjacent
land MoUusca.
their
in
AmjihidroiJius (2 sp.) occurs in the
Burmah.
Lower
of
coasts
Andamans alone, and Clavsilia (2 sp.) in the Nicohars alone,
A remarkable Helix
while Hyalimax occurs in both groups.
of

(codonodcs For.) from the Nicoljars appears to find
relations in the isolated group from

its

nearest

Busuanga and Miudoro

Land operculates are aljundant,
315).
outnumbering the pulmonates (28 to

(p.

in the Nicobars actually

Helicina and Om-

22).

phalotrojns, genera characteristic of small islands, are found on

both groups.
The Siamese Province includes the area occupied l)y the
(/))
districts known as Siam, Laos, Cambodia, Cochin China, Annam,
Along the whole of its northern frontier, the
and Tonquin.
zoological is no more than a political boundary, while on the
east the mountain ranges which part Siam from Pegu and
not of sufficient height to offer any effective
The province is accordingly qualified to
barrier to distribution.
and Chinese elements.
Indian
a considerable extent by

Tenasserim

are

but for three Ennea, the sole representative of
the carnivorous genera, and attains its maximum in the Old
Partly owing to Chinese infiuence, the Helicidae, with
World.
Streptaxis

11

is,

genera and

46

species,

begin to regain their position as

Of the
compared with the JSTaninidae (12 genera, 54 species).
and,
first
time,
for
the
now
Helicidae, Acusta and Hadra appear
marked
a
form
CUmsilia,
with Plectotrojns, Stegodera, and
Chinese element.

with 33

Amjjhidromus,
most char-

species, is the

acteristic land pulmonate.

Several

genera, whose nucleus of distribution lies

among

the islands farther

east, appear to have penetrated as
Such are Chlofar as these coasts.
among
Ohhina
ritis, Camaena, and
and,
Trochomorpha,
the Helicidae,
Fig. 206.

developed.

Cycloplwrus siamensis
Sowb., Siam.

In

all,

of the operculates, Helicina.

Land

operculates are very richly

there are 17 genera and

104

species

known.
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The tubed operculates attain their maximum, and Cyclophorus
Fresh -water bivalves
even more abundant than in India.
JDipsas and Fseudodon are common to China, and Unio
abound.
and Anodonta are profusely represented. A curious resemblance
to S. America appears in this group, a single Mycetopus occurring,
is

the only species not Brazilian, while Arconaia appears very closely
to

approach the Hyria of the same

of the

Hydrobia type {Pachydrolia,

locality.

Several genera

Jullienia, Chlorostracia) are

peculiar.

Land and
Streptaxis

.

Fresli-water Mollusca of the Siamese Province
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This want of individuality in the land Mollusca.of the Malay

by a consideration of the sea depths
which separate them from the Asiatic mainland.
The accompanying 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
islands is accounted for

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, comThis follows from the general uniformity of
paratively recent.
their land Mollusca, both as regards one another and as regards
the mainland.

Nor do the

—

smaller

mem-

Lombok,
Sumbawa, Flores, Timor, and Timor Laut
,^how any marked individuality in the
of the island series

liers

Bali,

possession of peculiar genera.

—

Wallace's

line is absolutely non-existent, so far as

the land
Fig. 2()1.--ArioiiiiaMa Rum.
2)hii, V. a. B., Java.

^.^.^j
-^

Mollusca are concerned.

noticeable

break

in

The

distribution

comes with the Aru Is., for while the
Tenimber group (Timor Laut, etc.) are decidedly Malay, and the

Ke

Is.,

in the poverty of our information, uncertain, the Arii

New

Is.

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 somewhat the same shape and general trend as Sumatra, and about
and the remark applies
one-half the size.
Its general relations
appear to be rather more
to the great Sunda Islands as well
with Burmah, Tenasserim, and even the Cingalese district, than
Points of connexion between Ceylon and Sumatra,
with Siam.
and Ceylon and Borneo, have already (p. o04) been brought out.
are as

Papuan

as

—

—

Map
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It seems not impossiljle, from the point of view of the land
Molhisca only, that the Sunda Islands may at one time have
stretched nuich farther into the Bay of Bengal, prolonged, per-

into

haps,

what are now the Andaman and Nicobar groups,

while Ceylon and the western side of the Deccan, united into one

continuous piece of land, and possibly separated from

a wide stretch of

N". India Ijy
extended farther eastw^ard in a long island,

sea,

or series of islands.

Java, from

MoUusca, does not appear to hold the comparamammals and birds seem to
indicate.
Borneo, on the other hand, is more Siamese than Javn
or Sumatra in respect of a group whose metropolis is Siam,
its

tively isolated position wdiich its

namely, the tubed operculates

;

for

wliile that section is repre-

sented by 3 species in Sumatra and only 2
in Java, in Borneo it has as

many

as 19,

BJiiostoma not occurring in the two former
islands at

Alycaeus, Lagochilus, Pupind,

all.

and Cydoi^horus are found throughout, but
Hyhocyslis (Malacca, 1

Borneo

mainland.

is

sp.)

does not quit the

remarkably rich in

land operculates, especially noticeable being
the

occurrence

(Fig.

(11

sp.)

of

Opistliostoriut

208), a most extraordinary form of

land shell (Ceylon, Siam), of Dip)lomniatina

(17

sp.),

and Rapliaidus.
The occurrence
Papuina (Moluccas eastward) is

of a single

very remarkable.

Amphidromus is
great Sunda

of the

maximum

a genus characteristic
Islands, attaining

—

Fig. 208.
A, Opistliostoma
Smith,
Cookei E. A.
Borneo ; B, Opistliostoma grandispinosuiii
G.-A.,

Borneo.

Both

x8.
its

Java (12 sp.).
The Indian Glessula still has
One species
Sumatra, Java, and Borneo.

in

one species each in
of Streptaxis

^

occurs in Malacca, but

Ennea

(3 sp.) reaches as

Borneo and the Philippines.
Parmarion, Helicarion,
Ariophanta, and other groups of the Naninidae are well repre-

far east as

'

Strcidaxis

is

a remarkable instance of a mainland genus.

in the Oriental, Ethiopian,

and Neotropical regions,

it

Although abundant

never seems to occur on any

of the adjacent islands, except in the case of Trinidad (1 sp.), which is practically
mainland.
Omphalotropis, on the other hand, is the exact reverse of Streptaxis
in this respect, occurring all over Polynesia and the Malay Is., as far west as Borneo,
as well as on the Mascarenes, but never, save in a doubtful case from China, on the

mainland of Asia, Australia, or Africa.

O

3

—

:

CELEBES

I

sented.

CHAP.

Hemi'plecta and Xcsta aie abundant and large, while the
Bliysota of Borneo contain some huge 'sinistral forms.
lihodina is a remarkable form
from Malacca, whose exact generic position
is

not yet settled.

on

Clausilia has a few species

the last occurring on
and a single Pcqniina (Moluccas
and X. Guinea) occurs in Borneo.
The Island of Celebes marks the lieginning of a distinct decrease in the IndoMalay element. The Naninidae lose ground,
to
the Helicidae, Macroin proportion
cTtla/inys, for instance, l)eing represented hj
Fig. 209.
Amphidromus
rr
n
by lour.
^'11^7 ^''^^^ species, and Hcmiinccta
perversus L.. Java.
Other characteristic genera of the Indian
all

tlie

islands,

Ternate,

.

-,

region

dwindle,

operculates,

and

and Plcctotropis

such

as

AvvpliidTomus,

Cyclopliorus,

disappear

i

Avhile

Clausilia,

SitaJa,

altogether.

.

this interestin«: result

-i

Comparing

tubed

the

Kaliella,

numljers of JSTaninidae and Helicidae from Sumatra to

we obtain

j

i

Glessula,

the

New

total

Guinea,

;

'

THE MOLUCCAS

CELEBES

X

the

Planispira tend to

1 I

shows decided relationship with the
of three Chloritis and one
approximate S. Celebes rather with the

which Ohha and Ohhina
Philippines, while

3

occur,

occurrence

Moluccas.

The

islands eastioarcl of Java, from Bali to

the Tenimber

Is.,

Timor Laut and

present no trace of individual peculiarities

they simply carry on the Indo-Malay fauna as though along a
Even Timor, surrounded as it is on all sides by

great peninsula.

shows no sign of possessing even one
Amphidroimis, 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
The tubed operculates are altofarther than Flores and Timor.
In Timor Laut we have Moluccan influence
gether w^anting.
appearing in 3 Chloritis, and there is one (supposed) Corasia.
Two Helices of a marked Australian type (Bhagada) occur, one in
The conFlores, the other on Dama I., south-west of Timor.
sea of profound depth,

peculiar genus.

figuration of the sea bottom (see

that the north-west coast

map) would lead us

of Australia once

to believe

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
They fall into two
considerable extent, the features of both.
The northern, or Ternate group, consists of
weU-defined groups.
Gilolo (Halmahera), Batchian, and

south as and including Obi major.

the outlying islands as far

The southern,

or

Amboyna

group consists of Burn, Ceram, Amboyna, and the chain of islands
to the south-east of Ceram, as far as, and including the Ke Is.
The Ternate group shows decidedly closer relations with New
Thus, among the Helices, the
Guinea than the Amboyna group.
markedly Papuan genus Papuina is represented by 7 species in
Again, the
the Ternate group, but by 1 in the Amboyna group.
Cristigihha section of Planispira, which is a Papuan form, has
4 representatives in the northern group, but only 1 in the
Certain points of connexion with Celebes come out in
southern.
thus of
the southern group which are wanting in the northern
;

Chloritis there are

8 species in

Amboyna,

in Ternate, 3 in

Celebes.

In the Moluccas the Helicidae, for the

first

time as we move

THE MOLUCCAS
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eastward from India, gain the ascendancy over the ISTaninidae, the
If we take the groups
numbers being, Helix 55, Nanina 36.

we

separately,

find that in the

Amboyna group

the proportion

is

group it is 33 to 13, an additional proof that the Amboyna group is far less Papuan than the
Ternate.
Of Flanispira, the most characteristic sub-genus of
Helix, there are 12 species in the Ternate group, and 5 in the
Amboyna. The section Fhania, which contains 4 species of the
finest Helices known, is quite peculiar to the Ternate group.
One species of Ohhina, a sub-genus markedly Philippine, occurs in
Several of the Indo-Malay land operculates (e.g.
each group.
Ditropis) reach their limit here, and here too we have the last
Glausilia (strangely absent from the Amboyna group).
Amphidroinus is not reported on sufficient authority to warrant its

22

to 23, while in the Ternate

insertion in the

Land Mollusca
Helicarion

.

list.

of the Moluccas.
1

A

(T

= Ternate, A = Amboyna ^

group)
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element, and a remarkable development of individual characteristics.

The principal indigenous
the genus

feature

the profuse al)undance of

is

a group of large and elegant land

Coe/ilosfi/la,

partly lielicoid, partly bulimoid in shape,

many

wliich are covered with a curious iiydrophanous epidermis.
are in the

enormous

As many

sliells,

of the species

of

They

main of arboreal ha])its, living in the tops of the
which cover the greater part of the islands.

forests

as 1'47 species, belonging to

15 sub-genera, have been

descriljed.

The

distriljutiou

of

2\0. —Coehlostyla

Fig.

the sub-genera

Fig.

(Chrij-

of

islands

the

Coehlostyla

2\l.— Coehlostyla

on the

{Ortho-

stylus) Fortei Reeve, Luzon.

mindorocnsis Brod.,
Mindoro, Philippines.

salis)

different

of

Philippine

group

affords

important

evidence on the geological relation of the islands to one another.

Thus we

and Hypselostyla occurring in the
Luzon, but not in Mindanao or Mindoro
we find Chrysalis peculiar to Mindoro, Frochilns to Mindoro
and the Cuyos, Ptychostyla to Luban, all these being sub-genera
find

central islands

of very

marked

Orthostylv.s

and

S.

;

characteristics.

Six out of the fifteen sub-genera

are entirely absent from Mindanao, altliougli occurring on the

the immediate vicinity.
The little group Tal)lasRomblon-Sibuyan are entirely deficient in certain sub-genera
which occur (jn the islands surroundins; them on all sides.^

islands in

^

A.

11.

Cooko, P. Z.

S.

1892, pp. 447-169.
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Other forms

peculiar

to

Philippines

the

section of

are

ously produced

a curi-

mouth, and

sub-genera

several

^

Diaplwra, a

Ennea with

the

of

Naninidae(F*^?'imco7iws, Vit-

The

rinoidea, Hemitrichia).

great Mhysota here find their

Another

metropolis.

marked
212.— Helix

Fig.

(Obbina) rota Brod.,

group

of

is

known

Ohhina, 19 of the 25

Pliilipjiines.

very

Helix

species being peculiar.

The Helicidae proper
check, as

in

the

of

the Philippines

are

still

held in

Indian region, by the

greater

part

single

and Plectotropis, and the 2
and Satsuma, indicate aftinities with

Naninidae.

The

species each

of Plectopylis

of the

I'rachia

Further important Indian relationships are seen
Cyelo-pliorus, which here attain almost
dimensions; in Kaliella (8 sp.), Sitala (2), Clausilia

Indo-China.

Nanina and

in the great

Indian
(1).

Among

the operculates

we

still

have

Singularly enough, several

Coptochilus.

1

Alycaeus and 1

Indian genera which

occur here are not found in the intervening islands of Borneo,

Sumatra, or Java,

and

Gyatliopoma.

Opistlwporus

,

e.g.

Streptaxis, Hypselo stoma, Ditropis, Acmella,

The

etc., fail

curiously

to reach the

tubed

Malay

operculates,

Philippines proper, although

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
Amongst the
these penetrates as far as Bohol and S. Leyte.
slugs, Mariaella occurs again only in the Seychelles, and Tennentia
occurring in Borneo and N. Celebes

;

only in Ceylon.

Land and
Streptaxis

Ennea

.

Fresh-ioater Mollusca of the Philippines

ISLANDS ADJACENT TO THE PHILIPPINES
Opeas

.

.
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CHINA

3l6

CHAP.

—

The Chinese Huh-rrgion in(2) The Chinese Sub-region.
cludes the whole 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, perhaps as far north as Vladi-

and the outlying islands of Hainan, Formosa, tlie LooIt
Choo and Bonin groups, and Japan to the north of Niphon.
may be divided into two provinces, the Chinese and tlie Japanese.
(rt) The fauna of the Chinese 'ji'^'ovince jyroper bears, in many
respects, strong marks of relationship to that of India and Siani.
Thus Streptaxis, Helicarion, Macrochkunys, Kaliella, Sitala, Ario-

vostok,

phanta, Rhysota, Hemiplecta, Dip)lommatina, Opistlioporus, Pterocyclus, LagocliiJus, and Alycacns all occur, especially in Southern

which the suli-region l)ears special
The sub-genera
and Clciusilia.
of Helix which have their metropolis in China are Satsuma,
Cathaica, Aegista, Acusta, Euhaclra, Flectotropis, and Flectopylis.

The two points

China.

in

of individuality are Helix

marks

Sinistral

several

forms (compare Fig. 213) are rather prevalent.
there
Trichia, Gonostoma, Fruticicola

—

cases— e.g.

In
is

a

reappearance of forms which appear to belong to well-known
Clausilia here attains a kind of second
European sub-genera.
centre

of

distril)ution,

and

is

represented by

which

belong

to

its

finest

several

forms,

peculiar

The carnivorous Molabundant, and are
represented by Rathouisia (a peculiar
genus of naked slug), Ennca, and
sul)-s;enera.

lusca

are

Streptaxis.

Bnliminus
YiG.

2lZ.— Helix

{Ca mama) cica-

tricosa Miill., China.

not

In the western provinces
abundant in several

is

sub-gcnera, one of which appears to
^^^ ^.^^^

European Napaeus.

There is little which is striking in the operculates, which are
most abundant in the south, and appear to be mainly derived
The occurrence of Helicina
from Indian and Siamese sources.
Leptopoma
Omphalotropis
sp.),
(•3
(2), and Realia (2), is
(1),
Heudeia is a very
evidence of some influence from the far East.
remarkable and quite peculiar form of Helicina with internal
perhaps akin to the Central American Ceres.
Fresh - water genera are exceedingly abundant,

plicae,

(a

especially

The occurrence of Mycetopus
and Anoclonta.
There are several
South -American genus) is remarkable.

Melania,

Unio,

CHINA, HAINAN, FORMOSA,

AND COREA
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peculiar forms of fresh-water operculates, whose exact position

hardly yet assured.

Land and
Eatliouisia

.

Fresh-water Mollusca of the Chinese Province

is

—
JAPAN AND

3l8
to

NEW GUINEA

chap.

Chiua, four of the Helices being specifically identical with
is at present too little explored

those of Japan, but the peninsula
for

(&)

Japanese Province.

Mollusca

inhabiting

made

to be

any generalisations

— Kobelt

Japan

nearly allied

species

(these

of

distinguishes four groups of

circumpolar

(a)

occurring in Europe, Siberia, or

as to its fauna in this respect.

IS!".

species,

actually

America, or represented by
do not belong

course

the

to

Japanese province as such) (6) Indo-tropical species (c) species
which are Chinese or akin to Chinese {cl) peculiar species, a
mixture of two forms, southern and northern, the latter being
;

;

;

chiefly Hyalinia, Patula,

and

Japanese

164

The

species, at least

Japanese

Fruticicola.

belong

Helices

Out

of a total of

193

are peculiar.

Euhadra

to

21,

sub

-

genera

Acusta

common
but

23?);

to

the

China
The principal feature of the
Naninidae scarcely occur at all.
which presents some
Clausilia,
of
development
the
is
fauna
(Plectotrojns

8,

extraordinarily fine forms.

with an Indian

species.

One slug {Philomycus) is identical
The operculates, which consist mainly

few species each of Diplommatina, Cyclcipliorus, Pupinella,
Picpina, Helicina, and Georissa, belong almost exclusively to the
The
southern islands Kiu-siu, Sikoku, and southern Niphon.
forms
of
probably
Japonia
are
reckoned
as
usually
three species
of a

LagocMlus.

C.

The Australasian Region

This region includes

all

the islands of the Pacific east of the

—

the Papuan, the
Moluccas, and falls into three sub-regions
Polynesian.
the
and
Australian,
{a) the
1. The Papuan Sub-region may be divided into
the
Guinea,
with
Xew
includes
which
proper,
Province
Papuan
Ireland,
New
New
Admiralty
Is.,
the
Waigiou,
and
Aru Is.
Britain, and the d'Entrecasteaux and Louisiade Groups; (&)
the Queensland Province, or the strip of N.E. Australia from

the
(c)
the Clarence E. (about 29° S. lat.)
NewHebrides,
the
New
includes
which
Province,
Melanesian
The Solomons
Caledonia, with the Loyalty Is. and the Viti Is.
C.

York

to

;

form a transition district between the Papuan and Melanesian
provinces, abounding on the cue hand in characteristic Papuan
Helices, while on the other they form the north-western limit of

NEW GUINEA
Placostylus, the

group especially characteristic of the Melanesian

province.
(a)

319

—The molluscan

The Papuan Province.
is the richest and by

fauna

of

New

most original of all the
Australasian region.
We find ourselves, almost in a moment, in
New Guinea may be
a district full of new and peculiar forms.
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
Here abound species of Papuina and
groups to the north-east.
Insularia (the latter being quite peculiar), among which are
found, if not the largest, certainly the most finished forms of all
Chloritis (13 sp.), Planispira (5), and Cristiexisting Helices.
gibha (9) are common with the Moluccas, while a tropical
Australian element is shown in Pcdinogyra (1) and Hadra (4).
Very remarkable, too, is the occurrence of one species of Obhina
and Rhysota, 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.
Guinea

far the

;

We

naturally find considerable traces of a Polynesian element,

which appears

to be principally characteristic of the eastern part

Most noteworthy in this respect
Parhda (3), Tornatellina (1), Charopa

of the island.

rence of
(3).

As compared with the

the occur-

is

(1), Tlialassia

true Pidmonata, the operculates are

feebly represented,

and the great majority are of a markedly

Polynesian type.

Not a

single Cyclopliorus occurs

Alycaeus, and all the tubed operculates, so

Lagochilus,

;

marked a

feature of

the Indo-Malay fauna, are conspicuous by their absence, and the
prevailing genera are Cyclotus, Helicina, and a
of Pupina.

number

Leptopoma, as in the Philippines,

is

of sections

strongly repre-

Not that an Indo-Malay element is altogether absent.
have Xcsta (5), Hcmiplecta (8), and even Sitala (2), but
the great predominance of Helix seems to have barred the progress, for the greater part, of the Indian Naninidae.
The slugs appear to be represented by a solitary Vagimda.
A single Perrieria is a very marked feature of union with
Queensland, where the only other existing species (P. australis)
sented.

We

still

occurs.

the

The

solitary Rliytida, so far the only representative of

carnivorous

group of

snails,

emphasises

this

union

still

NEW GUINEA AND ARU
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further.

Little

is

known

of the

IS.

fresh-water fauna.

Melania

predominant, but on the whole the relations are
Australian rather than Indo-Malaj.
Amjoullaria is wanting,
while a decisive point of similarity is the occurrence of Isidora

(28

sp.)

is

(3 sp.), a genus entirely strange to the Oriental region, but
markedly characteristic of the Australasian.

Zand and Fresh-water Mollusca
Ehytida

.

Helicarioii

Rhysota
Hemiplecta
Xesta

.

.

.

.

.

of

New Guinea

LOUISIADES AND SOLOMON ISLANDS

Land and Fresh-water

32

1

SOLOMON
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Hebrides,

New

rioeosfi/lvs

(16

should occur in

IS,

AND QUEENSLAND

Caledonia, and the Viti
sp.).

tlie

It

is

Solomon

occurrence of Streptaxis,

if

Is. is

the occurrence of

very remarkable that this genus
Is.

and

ncjt

authentic,

in

is

New

Ireland.

nearest species being from the Philippines.

Land and Fresh-water
Streptaxis

(?)

The

very noteworthy, the

Molliisca of the

Solomon Islands.

QUEENSLAND AND NEW CALEDONIA
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THE

FIJI

IS.

AND SOUTH AND WEST AUSTRALIA

chap.

heavy Placostylus (5 sp.) of the
more elegant Charts (2 sp.) of the
There are 4 Papuina, and Partula is abundant (18 sp.),

their possession of the typical

former, and the lighter and
latter.

but there

is

no evidence at present that the carnivorous genera
and Isidora of New Caledonia occur.

or the Melanopsis

The Fiji Is., by the possession of 14 Placostylus of the Charis
which is entirely absent from the adjacent Tonga group,
There appears to be
form the eastern limit of the province.

section,

only a single Partula, but the Polynesian element, especially as
sp.), Neritina (20 sp.), Helicina (11 sp.),
The Microcystis (9
and Omphalotropis (11 sp.), is very strong.
sp.) and Trochomorpha (14 sp.) are also of a Polynesian type.
(2) The Australian Sub-reg"ionincludesthe whole of Australia
(with the exception of the C^ueensland province) and Tasmania,
The fauna, from
with New Zealand and the off-lying islands.

seen in Navicella (8

the prevalence of desert,
operculates are almost

genous, though several

is

scanty, especially in genera.

entirely wanting.
species

Limax

is

have become naturalised.

bulk of the fresh- water species belong to Isidora, and

Land

not indi-

it is

The
doubt-

whether Physa occurs at all.
Unio has a few species, and
Vivipara, but neither Anodonta nor Ampullaria occur.
There are a few Melania and Neritina.
-The Mollusca are scanty, and
Tropical South Australia.
occur chiefly in the neighbourhood of the rivers, the soil being
Fresh-water
arid, with no shelter either of trees or rocks.
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
The chief characteristics are
with N., S., and E. Australia.
Liparus, a form intermediate between Helix and Bidimus, and,
among the Helices, the group Rhagada. There are no slugs, no
carnivorous snails, and only three land operculates.
ful

also

—

—

Land Mollusca
Lamprocystis

of West Australia.

EAST AUSTRALIA, TASMANIA, AND

X

In
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and Southern Australia (New South Wales,
and South Australia) the tropical element, so abundant

Eastern

Victoria,
in

NEW ZEALAND

Queensland, almost entirely disappears, the last operculate (a

Hclicina) only reaching Port Macquarie, though several species
of Helicarion occur in the extreme south.

dant in

New

South Wales (18

and

Hadra

is still

Australia (10

abun-

but
becomes scarce in Victoria (2 sp.) New South Wales has also
one Panda and two Thersites.
Cystopelta is common with Tasmania, and one of the Janellidae (Aneitea) with Queensland.
sp.)

S.

sp.),

;

The carnivorous
bulimoid

group

snails are represented

perhaps

akin

to

by Ehytida.

Liparus,

is

Caryodes, a

common with

Tasmania only.
Tasmania.
About 80 species of land Mollusca are known,
not more than 10 being common with Australia.
No land
operculates occur
Endodonta and Charopa are rare, and
Hadra has entirely disappeared, but Piq^a and Succinea occur.
Carnivorous genera are represented by EaryiAanta, 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 Hydrohia, one of which {Potamo'pyrgus^ 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, Helieina, 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,

—

;

—

^

and

See especially C. Hedley, Note on the Relation of the Land Mollusca of Tasmania
Zealand, Ann. Mcuj. Xut. Hi-it. (6) xiii. p. -142.

New
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same

indicate the

water Mollusca,

affinity.

liesides

Otoccmcha

is

pecnliar.

The

the Isidora cliaracteristic of the

region, are partly related to

New

fresh-

sub-

Caledonia through the occur-

rence of llelmiopsis, partly to Tasmania through Fotamop^jrgvs,
while the peculiar Latia is possibly akin to Gvndlachia (Tas-

mania).
species in

The land operculates number only
all,

Land and
Scliizoglossa

.

5

genera and 14

excluding a doubtful Dij^lommatina}

Frcsli -water

Mollusca of the JVeozcalanian Province

—
SANDWICH ISLANDS
and obscure.

Helix scarcely occurs,

its
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place being taken

small Zonitidae {Microcystis, Charopa, Trochomorpha,

etc.),

by
and

by groups of so-called Pahila {Endodonta, Pitys, etc.), the exact
which is not yet settled. Libera, remarkable for its

position of

method
Hervey
(40

of ovipositing
Is.

Partido

;

sp.) in

is

the Society

(p. 128), is peculiar to the Society and
almost universal, attaining its maximum
Is.;

TornatcUinct, Pupa, and Vertigo occur

throughout.

The land
Recdia, and

(jperculates consist chiefly of Omplicdotropis,Pnpina,

Helicina.

Dipdoynmatina and Palaina. are abun-

dant on the Pelews, and a Monssonia occurs in the Samoa Is.
Ostodes, a small form of Cyclophorus, is found in some of the
groups.
The fresh -water operculates are Melania,
Neritina (including Clithon, a sub-genus furnished with spines),
there are no Unionidae, while fresh -water
and JSfaviccUa ;

southern

Pulmonata are very scarce.
(h) The land Mollusca of the Haicaiian pirovince are distinguished by the possession of four entirely peculiar genera
Aehatinella, Leptachatinct, Carelia, and Anricidella.
More than
300 of the two former genera have been described, every mountain valley of some of the islands having its own peculiar species.
The destruction of the indigenous herbage by goats is rapidly
Partida, and the small land operextinguishing many forms.
culates,

so

characteristic

of

the other

exception of Helicina, entirely wanting.
of the Mcrope group of Helix

(Solomon

groups,

are,

with

The occurrence

the

of one

remarkable, and
Patula" Microcystis,
Tornxitelliiia, and the other small Polynesian land Pidmonata
The presence of Isidora, absent from the
are well represented.
central Pacific groups, is remarkable, and Erinna is a peculiar
senus belonging to the Linmaeidae.
there

is

a rich development of Succinea.

Is.) is
"

CHAPTER

XI

GEOGRAPHICAL DISTRIBUTION OF LAND MOLLUSCA {continued)
THE ETHIOPIAN, NEARCTIC, AND NEOTROPICAL REGIONS

D.

The Ethiopian

The Ethiopian Region

region includes the whole of Africa south of

tlie

Great Desert, and Southern Arabia, together with the outlying
islands, excepting those of the Atlantidean province (p. 297).

Eegarded as a whole, the Ethiopian
of all the tropical regions.

remarkable.

The

especially in

W.

Pseudachatina).

entire

Africa,

And

is

poorest in land Mollusca

yet its characteristics are very

Achatina group is peculiar, and takes,
some curious forms {Golumna, Per icier is,

Carnivorous Mollusca {Ennea,

highly developed, especially in the south and

known

Giblnis, etc.) are
east,

helicoid form (Aerope) being from Natal.

sion of these types of the Agnatha, Africa

is

the largest

In the posses-

more

closely related

than to the Oriental region.
The true Cyclostoma are entirely peculiar to the region, but are absent from
to the Australasian

West

Africa.

Fresh-water Mollusca are abundant and characteristic, especi-

and near the Great Lakes.
Zanistes, Cleopatra, and
Meladomus, among the operculates, together with Mutela and

ally in

Aetheria (Unionidae),

Galatea and

Fisclieria

(Cyrenidae), are

peculiar.

In

its

region

is

negative, as well as its positive features, the Ethiopian

markedly

isolated.

Helicidae and Naninidae are equally

deficient, the former, indeed, attaining

some numerical predomin-

ance in the extreme south, but the species are nearly
cant

in

size

Helix asserts

and colouring.
itself.

It

is

all insignifi-

only in Madagascar that

Arion, Limax, Hyalinia, Clausilia, and a

:

CENTRAL AFRICAN SUB-REGION
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number

of other genera
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abundant along the Mediterranean, are

Land

either altogetlier absent, or are very scantily represented.

operculates, so characteristic of other tropical countries, are almost

entirely wanting.

are

scarcely

If

forty

we

disregard the Malagasy sub-region, there

land

of

species

operculates

on

the

whole

African continent.

The Ethiopian region may be divided
(1)

the

African;

Central

the

(2)

into three sub-regions

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

throughout.

life

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.

The Senegamhian Province may be regarded as extending
from the mouth of the Senegal Eiver to Cape Palmas.
Only 8
ffenera of land MoUusca are known, includins? 4 Limicolaria and
3 Thafsia, with 1 small Cyclophorus.
Fresh-water genera are
abundant, and include most of the characteristic Ethiopian forms.
(h) The West African Province extends from Cape Palmas to
(a)

the

mouth

of the Congo,

and

is

length of G|-

in.,

the characteristic forms.
Streptaxis,

and

rich in Mollusca.

whose

The great

sometimes attains a
Limicolaria, Perideris, and Pseudachatina arei

Acliatina, largest of land snails,

shell

The Agnatha are represented by Ennea,
RacMs and Pachnodus, subgenera

Strcptostele.

of Buliminus, 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 Arion ; Estria, a slug with an external shell,
akin to Parmaeella ; and Aspidelus, a form intermediate be-

tween

and

Helicarion

akin to Cerithinm,

is

Limax.

Claviger,

a

handsome group

peculiar to the estuaries of

West African

rivers.

About sixteen

species are

known from

but no peculiar genera occur.

the Cavieroons District,

The French Congo

District

lia.s

—
CENTRAL AFRICAN SUB-REGION

Jlj>

not

been

yet

well

Tomostclc,

explored.

genus

a

and Pseudachatinft attains

Streptostele, is peculiar,

Thomas and

St.

Princes.

its

allied

maxiniuni.

in the Gulf of

Is.,

known.
Princes
and
common
2
to
14 peculiar,

Guinea,

well

are

species,

to

22

I.

has

8t.

Thomas

only, one of the latter being the great sinistral

The

Achatina hicarinata Chem.
genus Columna (Fig. 217)
Strcidostele (4 sp.) attains its

Thomas

to St.

Strnogyra

;

Zonites

and

;

remarkable

and

peculiar,

is

maximum.

Peculiar

are Pyrgina, a turreted form of

a

Thyroijhorella,
AtopococJilis,

sinistral

large

a

form of
bulimoid

not yet known.
Homorus, a group of Achatina with an elongated
S})ire, occurring also in the Angola District and
No fresh-water
on the east coast, has 4 species.
species have as yet been discovered in either of

shell, wdiose .true relationships are

Fig. 217.

('ulinnnn

Mull

flammea
Piinces

,

the islands.

I.

The Angola and Benguela District, extendR, probably belongs to the

ing from the Congo to the Cunene
A^^est
it

African Sub-region, but until

is

advisalile

abundant,

but

consider

to

other

the

it

characteristic

{Pseudachatina, Streptostele, Perideris)

No

altogether.
Ovariipo,

district

is

known

better

Achatina

continues

West African

forms

diminish or are absent

Helix and only 1 Cyelophorus occur.

Daniara, and

Great Namaqualand,

lying

Ijetween

seem to form a transition
Helix
between the West and South African faunas.

Cuniene

the

fauna

its

apart.

reappears,

and

while

Orange

rivers,

characteristic

the

West African genera

are

almost entirely wanting.

The East African Province extends from about Delagoa
In general outshores of the Ked Sea.
line the province consists of a flat marshy district, extending
inland for many miles from the sea; this is succeeded by rising
ground, which eventually becomes a high table -land, often
desolate and arid, whose line of slope lies parallel to the trend of
the coast.
The Mollusca are little known, and have only been
{c)

Bay

to the Al)yssinian

studied

in

isolated

districts,

usually

from the

discoveries

of

exploring expeditions.

The Mozambicpue

District,

from Delagoa Bay

to

Cape Delgado,

EASTERN AFRICA

THE GREAT LAKES
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includes no genus which does not occur on the west coast, except
TrocJionanina (4 sp.), Urocyclus, a characterCyclostoma (2 sp.)
istic

African shig (2

Achatina (5

sp.),

sp.),

Rachis (6

Fachnodus (2

sp.),

sp.),

and

are the principal groups.

Fig. 218.

— Urocyclus

Fiscli.,

Comoro

erative

oritice

coviorensis

Is.
;

:

M,

G, Gen-

mucus

0, oiitice leading to
internal sliell
P, pulmonary
(After
orifice
T, tentacles.
Fischer.

gland

;

;

;

I

iJlsfrict, from Cape Delgado to the Somali
Meladovms, a large
has the same general featm-es.
sinistral AmjmUaria, is characteristic, while Cyclostoma (5 sp.)
Hdix is still absent, but the carnivorbecomes more abundant.

The Zanzibar

country,

ous forms {Streptaxis 2

The Somali

sp.,

7 sp.) are rather numerous.

Ennea

District is characterised

by operculate groups of

the Otopoina type {Georgia, Rochehrunia, Revoilia) whose generic
Petraeus, in an Arabian type, supvalue is rather doubtful.

Rachis and PacJinodus.
Limicolaria has 9 species.

Achatina

plants
\)\\t

Pisana
The District

A

is

nearly wanting,

few Helix, said to

l)e

of the

group, occur.

Lakes and the coast region is
explorations, especially those
recent
through
fairly well known
associated

hetiueen the Great

witli

Emin

Pasha.

Streptaxis

(6

sp.)

and Ennea

(24 sp.) are numerous, Helix is wanting, and the Naninidae
are represented by Trochonanina (7 sp.), and other forms at
On the high ground
present grouped under Nanina or Hyalinia.
B'uliminus,

Cerastus,

Achatina and

replace, to some extent, the
Land opermarshy plains.
Cyclostoma 8) are more numerous among

and Hapalus

Limicolaria of the

culates iCyclophoriiS 1,

;

Cleopatra (3 sp.),
fresli-water genera we
with the facies
sinistral
form
a
Leroya,
Mclaclomus (1 sp.), and
{Matela,
bivalves
African
characteristic
The
of a Littorina.

have Lanistes (5

Spiatha, etc.), are few in numljer.

{d) Province of the

Great Lakes.

sp.),

—The
—Lakes

Mollusca of the four

Albert Nyanza
(Oukerewe,
Nyanza
3700 ft.),
(Luta Nzige, 2720 ft.),
known,
well
are
ft.)—
Tanganyika
(2800
Nyassa (1520 ft.), and

great lakes

of Eastern

Central Africa

Victoria

and

su]i])ly

an interesting problem in distribution.

Those of the

;
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2

three

first

tropical

mentioned lakes differ in no way from the rest of
but the Mollusca of Tanganyika include, in

Africa,

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

has led to the

belief,

is

unusual in fresh- water genera, and
authorities, that they are the

among some

marine species, and that Tanganyika reprean 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.
Nor, 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 Hydrdhia occur.
Of the genera concerned, Paramclania and Nassopsis are
forms of Melaniidae; Tiphohia (Fig. 219), which is allied to
Paludomus, is a compact shell with angulated spinose whorls
Lacunopsis, Ponsonbya, Limnotrochus, and Tanganyicia are probably forms of Litlioglyphus, some, as their names denote, being
of decidedly marine facies
Syrnolopsis and Turlonilla (?) look
like Pyramidellidae, Korea and Beymondia like Rissoina ; Bourguignatia 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 Province includes Abyssinia, with S.
Arabia, the African shores of the Gulf of Aden, and Socotra.
The province contains a singular mixture of types. The higli
ground of Abyssinia stands like a lofty European island in the
midst of a tropical plain, with Palaearctic genera flourishing lilce
hardy northern plants on a mountain in low latitudes.
Helix,
Vitrina, and Pupa abound, with a few Clausilia and even a
Limax.
On the lower levels occur Limicolaria (3 sp.), Suhulina
(7 sp.), Hclicarion, and Homorus, but land operculat3S are entirely
wanting.
Characteristic of the province as a whole are various
forms of Buliminus, which in Socotra are represented by two
peculiar sub-genera, Achatinelloidcs and Passamaiella.
In S.
direct descendants of

sents

;

—
SOUTHERN ARABIA

SOUTH AFRICA

AraT)ia the mixture of types produces curious results
Cl(insili((,

all

the

is

Indian.

and Vitrina being

Ethiopian, while the

operculates

Indian

:

tlie

Helix,

and

Palaearctic, the Limicolaria

TrorJiomorplia

single

indeed, conies out

influence,

unmistakably

—

Mollusca cliaracFig. 220.
teristicofL. Tanganyika: A,
nassa

Na.sso/)sis

219.— Tiphubia

Fig.

L.

Ilorci E. A. Smitli,

Tanganyika.

B,

Sjickia zonata

C,

Si/rnolopsis

Woodw.
Woodw.

lacustris

;

;

E.

A. Smith.

•

throughout the province.
Thus in Socotra there are two Cyrlotopsis, in Abyssinia two Africario7i (closely related to the Indian
GiTasia), two Microcystyis, and a Glessida, and in the Scioa district there is a Sitfda.
The fresh-water Mollusca of Socotra are
Indian forms.
(2)

The South African Sub-region.
of the Mollusca of S. Africa

teristic

—The

principal charac-

is

the occurrence of numerous small species
Helicidae,

of

belonging

PcUa,

groups

Scidptaria,

all

of

the

to

Dorcasia,

aiul

which are practically

Carnivorous

peculiar.

chiefly

Fhasis,

prominent,

Ennca

maximum.

lihyfida

genera

here
(to

are

also

attaining

which

its

several

belong)

species still regarded as Fella

is

common

only to the

tralasia,

and forms, with Isidora among

S. racific

and Aus-

the fresh -water pulmonates, a remarkable
liid<
(jf

(if

all

connexion.
helicoid

Aeropc,

carnivorous

the

largest

genera,

and

Chlamydepliorus, a carnivorous slug with

an internal
is

still

sliell,

are peculiar.

Fk;. 221.

Lam.

,

AcJmtma
S. Africa,

x

zebra
^.

Achatina

abundant, but Liviicolaria

is

wanting.

Lichdtacca,

a

—
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;

.

—

ST.

HELENA

form with a continuous peristome, perhaps akin to Bulimus
and Goeliaxis, a genus perhaps akin to
the Papuan and Queensland Perrieria, are all peculiar.
The
land operculates, which are not numerous, are of the East

Apera, a form of slug

;

African type.

Land Mollusca
Chlamj-depliorus

Ennea
Aerope
Rhytida

1

31
5

.

.

Vitrina
Nauiiia

Helix (inc. sed.) 4
Eachis
1

7

6

Conuhis
Patula

.

of the S. African Sub-region.

Pachnodns
Buliminus

2
2

.

Pupa

44

Pella

Trochozoiiites

Phasis

Achatiiia

Li max

Sculptaria

Livinhacea

.

Dorcasia

.

.

.

Vertigo

.

4

20

Helicaiion
Trochonaiiina
.

3
(?)

2

.

18
.

1

Stenogyra

.

4

Goeliaxis

Succinea
Vaginula
Cyclophorus
Cyclostoina
Cyclotus (S)
Blanfordia
.

.

Apera

—

The MoUuscan fauna of St. Helena is perhaps
Helena.
puzzling,
as regards its geographical affinities, of any in
most
the
world.
consists
of 29 peculiar species of land Mollusca
It
the
species
being
unknown), 19 of which are recently
(fresh -water
partly
owing
to
the
destruction of the forest, but are
extinct,
considerable
abundance
in a state of good preservation.^
found in
genera
are
The
St.

Hyalinia
Patula

1

4 (3 extinct)
Endodonta 10 (7 extinct)
.

Buliraulus

7 (5 extinct)

Pupa

Pachyotus
Tomigerus

1 (extinct)

Succinea

(?) 1

.

2 (extinct)

3

(extinct)

The 5 genera which concentrate our attention are Patula,
Endodonta, Pachyotus (Fig. 222), Tomigerus, and Pidimulus, all
of which appear utterly strange to an oceanic island in the middle
Patula and Endodonta are essentially Polyof the S. Atlantic.
nesian forms, occurring abundantly on all the island groups in
Pachyotus, Tomigerus (assuming its correct
the Central Pacific.
identification), and Bulimulus are all S. American forms, the two
former being especially characteristic of Brazil.
How this mixture 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
^

from

Nine species have been introduced
tlie Western Isles.

:

6 from Europe, 2 from the

West

Indies, 1

MADAGASCAR
time

much more widely
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Endodonta (an

distributed.

essentially

insular form, like Om^yJudotropis) actually occurs on Fernando

Noronha, off the Brazil coast, and we shall see how an Indian
and even a Polynesian element is present off the eastern coasts
of Africa.

Ascension

I.

— One

indigenous species, a so-called Limax,

is all

that has ever been discoNcivd.

The Malagasy Sub-region

(3)

includes Madagascar with

its

attendant satellites Bourbon, Mauritius, and Eodriguez, and the
Seychelles and Comoro groups.
No land Mollusca are 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 niunber of true Helicidae of great size and beauty,

and the prominence of the genus Cydostoma.
(a) The 3£adagascan Province.
The land Mollusca of Madagascar, although as yet imperfectly known, possess a striking

—

individuality.

Two

of the chief characteristics of the Ethiopian

region are the paucity of

fauna

Madagascar

ilis

land operculate and of

its

Helix

by the rich development of both these groups. For size, colouring, and beauty of
shape, the Helicidae of the two subgenera Ampelita and Helicophanta rival, if they do not surpass, any in the w^orld.
The^•
are quite peculiar to this sub-region, not a trace of them occurring on the Mascarenes, Seychelles, or even on the Comoros.
Helicophanta is distinguished by the enormous size of its embryonic 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 Bidimini {Pachnodus and Rachis) are represented by tw^o species, but Achatina, so abundant on the main;

land, is

scarce.

and Clavator, are
specifically

is

especially distinguished

Two

otlier

identical

with

groups of Ptdiminus, Leucotaenia

The presence of a

peculiar.

a

common

single Kaliella,

Indian

form,

is

verv

remarkable.

Cydostoma proper, of which Madagascar
is

richly developed (54

size

sp.).

Many

the metropolis,

is

of the species are of great

and of striking beauty of ornamentation.
Unlike its Heligenus is not restricted to Madagascar several species

cidae, this

;

—
MADAGASCAR
occur on

mainland, 6 on the Comoros, one on the Seychelles,
The sub-genera Acroptychia and Hainesia

tlie

and 16 in

Mauritiiis.

are peculiar.

The fresh-water MoUusca

Fig. 222.

vulpina

of

Pachyotus auris
St.Heleua

Madau;ascar

contain

further

Fig. 223. --Helix {RelicojjJimita)

Souverbiana Fiscli., Madashowing embryonic

Desli.,

gascar,

(sub-fossil).

X

shell,

|.

Thus we find two species of
traces of Indian relationship.
Paludomus, a genus whose metropolis is Ceylon, India, and
Further India, and which is barely represented on the Seychelles
Melanatria, which is pecidiar to
and in the Somali district.
Madagascar, has its nearest affinities in the Cingalese and East
Several of the Melania and the two Bithynia
Indian faunas.
are of a type entirely wanting in Africa,
but common in the Indo-Malay sub-

Not a

region.
acteristic

single one of the char-

African

fresh -water

bivalves

{Mutcla, Siiatha, Aetheria, Galatea, etc.)

has been

found

in

Madagascar.

On

the other hand, certain African GasterFiG.22i.—Cyclosiomaccmpcmn- opoda,
latum

Pfr.,

Madagascar.

such

as

CJeojmtra and

Isidora,

couimon witli the
land Mollusca, that an ultimate land connexion with Africa must
have taken place, but at an immeasurably remote period.
occur, indicating,

ill

MADAGASCAR
Land and

THE MASCARENES

Fresh-ioater Mollusca of Madagascar.
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27

sp.

Mauritius, 8

ill

Seychelles

is

it

replaced

in Bourbon, 4

in

Eodriguez

by Edentidina and

in

;

the

The

Streptostde.

principal link with Madagascar

is

found in a -part of the operculate
Cyclostoma

land fauna.

(with

Oto2)ovut)

living forms,

in

is

present

several

fine

and the number

of

suli-fossil species is a clear indi-

cation that this group was, not

long ago, niucli more abundant,

A

— Characteristic

Mauritian
A, Gibbus palanga Fer.;
B, Gibbus lyoneA', young of same
tianusv&w.

Fig.

225.

land shells

lor of the 16 Cyclostoma known
from Mauritius 10 are sub-fossil.
The opercidates form a decided

:

;

feature of the land fauna
in Mauritius there are

32

;

thus

species,

more than 28 per cent ot the whole.
Indian and Australasian affinities are unmistakal)ly present.
Thus Omphalotrojns, a genus characteristic of small islands, is
profusely represented, but it does not occur in Madagascar or
Two Hclicina (Mauritius and Seychelles) and a single
Africa.
or

Leptopoma (possibly a Leptopomoides) are also of eastern relationCyclotopsis, Cyathopoma, and Geostilhia are markedly
ship.
Microcystis, Patida, and Tornatellina are PolyIndian genera.
Hycdimax and this is a very striking fact- occurs
nesian.
nowhere else but in the Andamans and Nicobars, and on the
The nearest relation to the Seychelles Mariaella
Aracan coast.

—

—

Not a single repreappears to be the Cingalese Tennentia.
sentative of these eleven genera has been found even in Madagascar.

The

fresh

-

water

Mollusca

(omitting

the

Neritidae)

are

Bourbon 5, Eodriguez 4, Seychelles 6, with
The one Planorhis and the Vivipiara,
only 15 species in all.
the Paludornus and two of the Melania are of Indian types. The
Lantzia (peculiar to Bourbon) is probably allied to the Indian
Owing to the paucity of permanent streams, no
Camptonyx.
Mauritius 9

species,

fresh-water bivalves occur.

Among

Septaria, a genus which, though
entirely strange to Africa,

and

is

the Neritidae

is

a single

occurring in Madagascar,

is

abundant in the Oriental and

Australasian regions.
It

would seem probable that when the

closer connexion whicli
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one time undoubtedly existed between India and Eastern

at

Africa began to be less continuous/ the Mascarene group was

what ultimately became Madagascar, while the
and perhaps the Comoros, still continued united to it.
The Comoros, which lack the great Helices, separated off from
]\Iadagascar first, while the Seychelles continued in more or less
severed from

first

Seychelles,

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.

The Nearctic Region

E.

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

remarkable poverty of
world of equal extent
occur

its
is

land Mollusca.

No

district

is

so poor in genera, while those

are generally of small

size,

which

with scarcely anything

markable either in colouring or form.

the

in the

The elongated land

re-

shells

{Clausilia, Bvliminus), so characteristic of Europe, are entirely

wanting, but a few Bulimulus, of Neotropical origin, penetrate
Texas, and from the same sources come a few species of Glandina

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
(as far north as S. Carolina), Holospira (Texas),

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.
;

—

The carnivorous genera
by the few Glandina mentioned above,
and by the indigenous genus Selenites, a form mid -way between
Testacella and Limax, whose metropolis is on the Pacific slope,
(1) The N.
are represented

^

It is

American Sub-region.
solely

by no means

and Madagascar,

iniiilied

that unbroken land communication between India

across the Indian Ocean, ever existed.

A

series of great islands,

whose remains are attested by the Chagos and other banks, would be quite sufficient
to account for the results, as we find them.
See especially Medlicott and Blanford,
Geology of Iiidia, vol.

i.

\^.

Ixviii.
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but which spreads eastward
Limacidae,

Limax

is

common

into

the

to both

Among

Antilles.

the

sub-regions, l^ut Teheniio-

to the genus Pallifera), a
sp., o of which belong
genus found also in China and Siam, and Vitrinozonites do not
Hyalinia (Zonites) is fairly abundant,
occur in the Californian.

2)horus (4

especially
to

this

the groups 3Iesomphix and Gastrodonta (peculiar

in

and Hyalinia
The Helicidae belong

sub-region),

presented.

Patula

proper.

principally

to

is

well re-

groups

the

Mesodon, Stenotrema, Triodopsis, Folygyra, and Strohila, only 6
Land
of which, out of a total of 84, reach the Pacific slope.
operculates are conspicuous for their

almost complete

absence

Map, frontispiece).
The poverty of the land fauna is atoned for by the extraordinary abundance and variety of the fresh-water genera.
A
family of operculates, the Pleuroceridae, with 10 genera and
(see

Fig.

ABC

about 450 species,

is

is

— Characteristic

sodon] palliata Say,
Ohio.
B, Helix [Poly<jyra)

cereolus

Miihlf.,

Texas.
C, Patula alternata Say, Tennessee.

quite peculiar, a few stragglers only reach-

ing Central America and the Antilles.
distribution

22G.

North American Mollu.sca.
A, Helix [Me-

The nucleus

the Upper Tennessee Elver with

its

of their

branches, and

They appear to dislike the neighbourhood of
fomul numerously within 100 miles
never
and
are
the sea,
in rapid water, and differ from the
stones
They
adhere
to
of it.
Melaniidae of the Old World and of S. America in the absence
They do not
of a fringe to the mantle and in being oviparous.
north
of U.S.
or
Eiver,
Lawrence
occur north of the St.

the Coosa Eiver.

territory in
all

the

the west, or in

known

species

New

England.

Three-quarters of

inhabit the rough square formed by the

Tennessee Eiver, the Mississippi, the Chattahoochee Eiver, and
The Mississippi is a formidable barrier to
the Gulf of Mexico.
their extension, and a whole section {Tryixmostoma, with the

and Lithasia) does not
The Viviparidae are also very largely
developed, the genera Melantho, Lioplax, and Tulotoma being
peculiar.
The I'ulmouata are also abundant, while the richness
four genera

lo,

Pleurocera, Angitrenia,

occur west of that river.

;
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of the Unioiiidae
states^

that in

may
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Wetherby

be gathered from the fact that

1874 no

less

than 832 species in

I

all

had been

described.

The

entire

Mississippi

Imsin

assemblage of Unionidae, and

a

is

inhabited

considerable

by a common

number

of

the

whole of this area, Texas, and
Some species have spread out of this area
parts of E. Mexico.
into Michigan, Canada, tlie Eed Eiver, and Hudson's Bay district,
and even into streams in New York which drain into the
Atlantic.
An entirely different set of forms occupy the great
species are distributed over the

majority of the rivers falling into the Atlantic, the Appalachian
Mountains acting as an effective barrier l)etween the two groups
of species, which appear to mingle below the southern end of the
In many cases Unionidae seem to have no difficulty in
range.
migrating from river to river, if the distance is not extreme

they probably are carried across overflowed districts in time of
flood.2

(2)

The Californian Sub-region
The

the rest of N. America.
of the

is

markedly distinct from
sombre Helices

characteristic

Eastern States are almost entirely

wanting, and are replaced hj Arionta (20
sp.), a larger and more varied group, which

may have some

to

affinity

Chinese forms.

SeleGhjptostoma (1 sp.) is also peculiar.
nites here has its metropolis, and Pristiloma

remarkalde group of small Hyalinia
forms of the Eastern
Several remarkable
States are wanting.
a

is

(Zonitrs), but the larger

and quite peculiar forms

slug

of

p^^^

occur,

90- _7/p//,.
nnia)

namely, Arioli'max (whose nearest relation is
Avion), Propliysaon, Hempliillia, and Binneya.

fiddis

n^iGray,

regon.

There are no

land operculates.

Not more than 15

20 species of the Pleuroceridae (sect.
Eocky Mountains, and only a single
Unio, 5 Anodonta, and 1 Maryaritana, which is connnon to
New England. Pompliolyx is a very remarkable ultra-dextral
form of Limnaea, apparently akin to the Choanojnphalxs of
to

Goniohasis) occur west of the

^

Journ. Cine. Soc. Nat. Hist.

iii.

p.

317.

The number

of very considerable reduction, say by one-lialf at least.
-

Simpson, Amer. Nat. xxvii. 1893,

p.

354.

is

doubtless susceptible
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Bithynia, absent from the Eastern States,

Baikal.

sented by two species.

The general

the Californian fauna having migrated from an Old
after

the upheaval of the Sierras

other hand,

is

influence at

all.

purely indigenous,

Land Mollusca
Glandina

.

Selenites

Li max

.

Vitrina
Vitrinozouites

Mesompliix
Hyalinia
Conulus
Gastrodonta
.

4

;

is

repre-

indications are in favour of

World

source

the American fauna, on the

with no recent Old World

of the Nearctic Region

—

'
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Isomeria, Solaroiisis) occur, which disappear altogether towards

the south.

Carnivorous land Mollusca

are, so far as

Central America

is

concerned, more highly developed than in any other c[uarter of
the world, particularly in the genera Glandina and Streptostyla.

These genera also penetrate the northern portions of the conGlandina reaching as far as Ecuador, and Streptostyla as
The Greater Antilles have also characteristic forms
far as Peru.
Stre{ptao:is
is
tolerahly abundant all over
of these genera.
tropical South America, and is the one pulmonate genus which
shows any affinity with the African fauna.
VaginvJa occurs throughThe slugs are exceedingly scarce.
out, and is the only genus in any sense characteristic.
CI a us il la, in the sub-genus Nenia, occurs along the Andean
chain from the extreme north (but
tinent,

not in Central America) as far south
It has

as Bolivia.

made

way

its

in all prol:)al3ility

into

S.

America in

exceedingly remote ages from

its

No

quarters in Eastern Asia.

^"

head-

*

species

survives in N. America, and a single

found in Porto Eico.

strao-o-ler
is
'^^

/"

7-

The
1

77

.^o
FrG.z28.
^^

genera Macroceramus, CyiindreUa, and
Strophia,

are

.

,

sh,

Shell

also separate); i^.c,

West

characteristic

..

r,.

HomalonyximguisY&w,

Demerara.

(siiowu

imlmonary

Indian forms, which are only slightly

Homalonyx, a curious form akin

represented on the mainland.

to Succinea, is peculiar to the region.

Land operculates

attain a

most extraordinary development in

the Greater Antilles, and constitute, in some cases, nearly onehalf of the

whole ]\Iolluscan fauna.

Several groups

of

the

Cyclostomatidae find their headquarters here, and some spread

On the mainland this prominence does not continue.
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

no

farther.

AVest

Chili and Argentina, becomino; scarce even in Brazil.

Among
and widely
America,

is

the fresh-water operculates, Amjndlaria
distributed.

Vivipara,

entirely absent.

pulmonate, akin

t(j

Limnaca,

so

is

abundant,

characteristic

of

N.

Chilina, a remarkable fresh-water
is

peculiar to

Cliili,

Patagonia, and

—

•

'
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Southern Brazil, but

not found in the tropical portion of the

Of the fresh-water Pelecypoda Mycetopus, Hyria,

continent.
Castalia,

is

chap.

Leila,

and Millleria 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 containing an Antillean element, belong to the mainland of S. America,
from which they are only separated by very shallow water.

The sub-region appears
{a)

Cuba, the

to fall into four provinces

Bahamas, and

8.

Florida

;

(Ij)

:

Jamaica

;

(c)

San Domingo (Haiti), Porto Eico, and the Virgin Is., witli the
Anguilla and St. Bartholomew group
{d) 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
The relative numbers are as follow

of the slobe.

:

—

Map

C .beh^rrn page^ H'H

and 3}

Map

to illustrate the

GEOGRAPHICAL DISTRIBUTION
of the

Land

WEST
Thf.

Mollusca of the

INDIES.

red Huw, mnx-ks the 100 fathom. Vaie
English Miles
50

100

150

200

250

W
MN AD A
E

i&

cv.

Xor>djorv SutJ^JbrtVs Oeoq^ Ssiah^.

Map C

.

lirMrfn,

pape^

>'iH

and 3fj.

Loi.aon MacraiUan&c-

JjQndjon,- StoTkfcfrSJs Otogi^ ^stcJ>*'.

ANTILLEAN SUB-REGION

XI

345

The next special feature of the sub-region is a remarkable
In this respect
development of peculiar sub-genera of Helix.
the Antilles present a striking contrast to both Central and S.
America, where the prime feature of the land Pulmonata is the
profusion of Bulimus and Bulimulus, and Helix is relatively
obscured.
No 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 individual islands.

Here, too,

the metropolis of Cylindrella (of which there are

is

Cuba

alone), a genus which just reaches S. America,
and has a few species along the eastern sea-board of the Gulf of
Macroceramus and Strophia are quite peculiar the
Mexico.
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 Fupa in shape, which also attains its maximum in Cuba, is entirely wanting in Jamaica, and has its last

130

species in

;

;

representative in

S.

Croix.

One

si)e('ies

irregularly

occurs

at

Curasao.

The carnivorous group

of land

several peculiar forms of Glandina,
in

MoUusca are represented by
which attain their maximum

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-

more or less intimate, between the W. Indies and the
The genera are all of small size. The characteristic
N. American Hyalinia are represented in Cuba, San Domingo,
and Porto Eico among the Helicidae, Polygyra reaches Cuba, but
no farther, and Strohila Jamaica. The fresh-water Pulmonata are
of a N. American type, as far as the Greater Antilles are concerned, 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 (ITnio 3 sp.) at one end, and
nexion,

mainland.

;

Trinidad (which

A

is S.

small amount

American) at the other.
of S. American influence

is

perceptible

throughout the Antilles, chiefly in the occurrence of a few species
of Bulimuhis and Slmpulopsis.
The S. American clement may
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CHAP.

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
;

(3) by a similar approximation of the
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

perhaps the remains
peninsula

;

of

eastern coasts are sufficient evidence of the previous existence of

a land connexion more or less intimate (see map).

Cuba is by far the richest of fhe Antilles in land Mollusca,
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 3 8 fresh- water, the land operculates alone amounting to 25 2.
(a)

but

it

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

Cuba and Haiti (1 sp.) among the
them
closely with the mainland of
and
associating
Antilles,
These two
is abundant.
Streptostyla
America,
where
Central
sub-region.
throughout
the
the
Agnatha
alone
represent
genera
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 Coryda, 6 and

genus being peculiar to

Thelidomus has 15 species (Jamaica
has 3, the only other being from
Eico
Polydontes
3, Porto
3)
has
12
(Jamaica 1, Bahamas 6); CystiPorto Rico; Hemitrochus
7 respectively are Cuban.
;

copsis 9 (Jamaica 6)

The

;

Eurycampta 4 (Bahamas

Cylindrellidae find their

1).

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

Of the former, Cuba is the
metropolis of Ctenopoma and Chondropoma, the former of which
Cuban species, as compared with 1 from San
includes 3
Domingo and 2 from Jamaica. Megalomastoma (Cyclophoridae)
Blaesospira,
is also Haitian and Porto Eican, but not Jamaican.
The Helicinidae conXenopoma, and Dip)lopoma are peculiar.
Cyclostomatidae and Helicinidae.

CUBA

JAMAICA

347

mainly of Hdicina proper (58 sp.), which here attains hy
development in point of size and heauty, and of
EutrochatcUd (21 sp.), which is peculiar to the three great islands
(Jamaica 6 sp., San Domingo 6 sp.)
The Bahamas, 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 are separated
by a narrow channel of very deep water.
They are certainly
sist

far its finest

not rich in the characteristic groups of the Greater Antilles.
The principal forms of Helix are Flagioptycha (0 sp.), common

with San Domingo, and Hemitrochus (6

sp.),

common with

Fig.

229.

Cuban

Cuba.

—

Characteristic
Helices. A, Poly-

dontes imperator Montf.
B,
Caracolus rostrata
Pfr.

C, Polymita

vms-

carv.m Lea.

StrojjJrm

is

exceedingly abundant, but Cylindrella, Macroceramus,

and Giandina have but few species.
There are a few species of
Ctenopoma, Ghondropoma, 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 Hemitrochus,
Gylindrella, Macroceramus, Strophia, Ctcnoiooma,

and Chondropoma,

belongs to this province.
(h)

Jamaica.

numbers and

land Mollusca of Jamaica are, in point of

There are
56 genera and more than 440 species, the
being nearly all peculiar.
The principal features are the

in all as
latter

—The

variety, quite unequalled in the world.

many

as

,:
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The Glan-

Glandinae, the Helicidae, and the land operculates.

dinae belong principally to the sub-genera Varicella, Melia, and
Volutaxis, Streptostyla being absent, although occurring in Cuba

There are 10 genera of Helix, of which

and San Domingo.
Pleurodonta

is

quite peculiar, while Sagda (13 sp.)

only with S.W. San

is

Domingo (2 sp.), and Leptoloma (8
The single Strohila seems to be a

common
sp.)

only

straggler
with Cuba (1 sp.)
Macroceramus has only 2 species as
from a N. American source.
against 34 in Cuba, and of Cylindrella, in which Cuba (130 sp.)
The genus Leia, however (14
is so rich, only 36 species occur."
sp.), is all but peculiar, occurring elsewhere only in the neighbouring angle of San Domingo, which is so closely allied with Jamaica.

The complete absence

of Strophia is remarkable.

Fro. 230.

—

Characteristic Jamaican and Haitian Mollusca
A, Sagda epistylium. Aliill.

Jamaica
salleoMum
;

B,
Pfr.,

Chondropoma
San Domingo

;

C, Eutrochatella TaMkerrillei
Gray, Jamaica ; D, Ci/li)i(IreUa agnesiana C. B. Ad.,
Jamaica.

The land
Ijeing

operculates form the bulk of the land fauna, there

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-

but peculiar to the island, one species having
Domingo,
and one in Porto Eico. Geomelania
l^een found in San
inland
forms akin to Truncatella, are quite
and Chitty a, two singular
of 14 species, as against
maximum
peculiar.
Alcadia reaches its
in Culia, and Lueidella
species
species
4
in San Dondngo and 9
if
Stoastoma be omitted,
is common to San Domingo only
but,
by so many or by
Helicinidae
represented
the
generally are not
species,
as against
striking
forms
which
has
90
so
as in Cuba,
Jamaica 44, and San Domingo 35.

stoma, which

is all

;

SAN DOMINGO
San Domingo, although not

(c)
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characterised by the extra-

many

ordinary richness of Cuba and Jamaica, possesses

specially

remarkable forms of land MoUusca, to which a thorough exploration, 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

Domingo would not

that the fauna of San

This

is

exhibit equal signs of

but would appear to be influenced by them severally.

isolation,

exactly

what

occurs,

and San Domingo

is

consequently,

although very rich in peculiar species, not equally so in peculiar

The south-west

genera.

district

shows distinct relations with

Jamaica, the Jamaican genera Leia, Stoastoma, Zucidella, and the

Thaumasia

section

of

Cylinclrella

here

occurring

The

only.

north and north-west districts are related to Cuba, while the
central

district,

country which
acteristic

The
land

consisting
traverses

of

the

the long

Haitian forms.

The group

Eiirycratera,

of the finest existing land snails, is
Cepolis.

maximum.
section

San Domingo
which contains some
quite peculiar, while Par-

HelicidsB are the most noteworthy of the

Mollusca.

thena,

band of mountainous
the more char-

island, contains

is

Plagioptycha,

The

and Caracolus here reach

Cylindrellidae

Land

peculiar.

are

very

their

abundant, but

no

operculates do not bear quite the same

proportion to the Pulmonata as in Cuba and Jamaica, but they
are well represented (100 to 152); Bolleia

is

the only peculiar

genus.

The

San Domingo

relations of

to

the neighbouring islands

are considerably obscured by the fact that they are well known,

while San

may

Domingo

is

comparatively

little

explored.

To

this

perhaps be due the curious fact that there are actually more

common to Cuba and Porto Eico (26) than to Porto Rico
and San Domingo.
Cuba shares with San Domingo its smallsized Caracolus and also Liguus, but the great Eurycratera, Parthena, and Plagio]jtycha are wholly wanting in Cuba.
The land
species

operculates are partly related to Cuba, partly to Jamaica, thus

Choanopoma, Ctenopoma,
represented on

Cistula, Tudora,

and many

others, are

these islands, while the Jamaican Stoastoma

San Domingo and Porto Eico, but not on Cuba, and
common to San Domingo and Jamaica alone. An
link between Jamaica and San Domingo is the occurrence

occurs on

Lucidella
especial

all

is

roK'i'o Ricf)
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llic
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i^iNcii

;is

of
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t^l

roph
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(p.
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I
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;iii(l
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liiiliaii

>>'nii-

(l'(irtlivii(()
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UMic laud
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Sni.

.
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Maavrerd

A,

:

West
J/i'lLi;

<(>ii/it/u/,a

Fi't.

,

I'orlo Uii'i)
B, JIcUx {TlieItdumas) lima Kcr. \^i('(|iic
;

,

;

C, J/c/ix (Denlellariii) mix
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Table

show

oiK'rculalcs (sec

llic

lu^a(l(iuarlcrs

dcxclopiiieiit.

strikiiii;'

iieartist

0((colis,

ol'

which

is

0([iial sii^iis ol' reiiio\al

A/cf/dloiiidsliniuf, lio\vc\'er,

apitearancc

'The

I'oniis.

relalious are

)

in

the

of

iiorl-heiii

allied Lu rcllclUi

a

single

Andes,

is

I'l-oiii

Cldi/silio,

wry

(Ecuador only),

is

the.

has somc!
whose,

remarkable.
peculiar.
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fossil

Caracolus which are

now

living in Porto Eico, together with

one Plagioptycha and one Thelidomus

(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

:

CENTRAL AMERICA
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extending from the political boundary of Mexico in the north
It thus impinges on
to the isthmus of Panama in the south.

—

the N. American, West Indian, and S.
three important districts
American and it appears, as we should perhaps expect, that the
two latter of these regions have consideraljly more influence
Of the N. American Helicidae,
upon its fauna than the former.
Folygyra is abundant in Mexico only, and two species of Strohila
;

Guatemala, while the Californian Arionta occurs in
S. American Helicidae, in the sub-genera Solaropsis

reach N.

Mexico.

Not
and Lahyrinthus, occur no farther north than Costa Rica.
a single representative of any of the characteristic West Indian
Bidimulus and Otostomus, which form so large
Helicidae occurs.
a proportion of the Mollusca of Venezuela, Colombia, Ecuador, and
Peru, together with Orthcilicus, are abundant all over the region.
Again, Cylindrella, Macroceramus, and some of the characteristic
Antillean operculates, are represented, their occurrence being in

most cases limited to the eastern coast-line and eastern slope of
the central range.
Besides these external elements, the region

Central America

genera.

rich in indigenous

is

remarkable

is

an immense number of large carnishells.
There
are 49 species of Glandina, the bulk of
which occur in eastern and southern
Mexico 3 6 of Streptostyla (S.E. Mexico
for

vorous Mollusca possessing

;

and Guatemala, only 1 species reaching
Venezuela and another Peru) 5 of Salasiella, 2 of Petenia, and 1 of Strehelict ; the
;

last three
axis,

fairly

genera being peculiar.

common

in

S.

Strept-

America, does

occur.
Velifera and Cryptostracon,
two remarkable slug-like forms, each with

not

a single species, are peculiar to Costa Eica.
Among the especial peculiarities of the

fig.

232.

— Examples

cliaracten.stic

to the
giant forms belonging
region
are the ^
»
° "
Cylindrellidae, which are known as Holo-

Mollusca

trum

:

A,

turris

of

Mexican
CoelorcnPfr.

;

b,

Si>xj,tostijia
Ddattrei
Eucalodium, and Coelocentrum (Fig.
They are almost entirely peculiar
232).
to Mexico, only 7 out of a total of 33 reaching south of that

spira,

district,

VOL.

and only

Ill

1

not occurring in

it

at

all.

2

A
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The land

Tomocydus and Amjjhiand Schasicheila, a form of Helicina, occurs
Geres (see Fig. 18, C, p. 21) and
the Bahamas.

operciilates are but scanty.

cyclotus are peculiar,

elsewhere only in

two remarkable forms of non-operculate Helicinidae
Pachychilus,
(compare the Chinese Hcudeia), are c[uite peculiar.
Proserpinella,

one of the characteristic fresh-water genera, belongs to the 8.
American (Melaniidae) type, not to the N. American (Pleuroceridae).

Among

the fresh-water Pulmonata, the Aplecta are

In the accompanyremarkable for their great size and beauty.
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 soutli
of that point.

Land Mollusca

of Central

America

COLOMBIA AND VENEZUELA
been usual to separate

off

355

the two latter countries as forming a dis-

tinct "I'eruvian" sub-region; but there

as will

is,

Ije

seen, aljsolutely

no line to be drawn between the Mollusca of Peru and those of
Ecuador nor would one, on geographical considerations, expect
;

to

l)e al)le

to

draw such a

A

line.

better

method

of sul)division,

whole eastern ])ortion 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 jn-esent but fragmentary.
We know, however,
so far as the species of the

that

all

ahjug the line of the Andes certain species, more partioccupy tlieir own i;ones of elevation, some

cularl}' of Bidiiaulvs,

ascending as high as 10,000

feet

above the

and never occur-

sea,

ring on the plains.

In the northern portions of this sul)-region, ("entral American

and West Indian inftuence

is felt

to a certain extent.

Thus there

233.—a, Orthalkv.s
Dchunjhiae
Keeve,
Ecuador B, Jiulimvs
eijrcijius
( Pachyot us)

Fig.

;

Jay, Brazil.

are eight Glandina and one
togetlu'r witli one or
serpiiia,

two

and Cyli ml reiki

,

Sfrc2)tosfijl((

speci(>s of

and Colombia
Ghondropoma, rro-

in \'enezuela
Cistala,

while a single Strophia (decidedly a
In Demerara and Cayenne there

.straggler) occurs at Cura^vao.

are three or four species of DciitrUnrui.

(llandiua dimiiushes to three

s])ecies,

lu Ecuador, however,

and

altogether, althougli one Htirptustyla occur.s.

in

Peru disappears

Similarly the

West

Indian operculates are reduced to one C'/iundroj'uma (Ecuador),

and disappear entirely

in Peru.

;

,

ECUADOR, PERU, AND BOLIVIA
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are most abundant in the north and west, and

The Helicidae

are represented by several very striking sulj-genera, some of which

remarkably toothed apertures, and perhaps betray an
Of these,
ancestry common to some of the West Indian genera.
Lahyrintlivs has 12 species in Venezuela and Colombia, 5 in
Ecuador, and 3 in Peru and Bolivia Isomeria 1 2 in Venezuela
in Ecuador, and 2 in Peru and Bolivia
and Colombia, 2
SolarojJsis is represented in these countries by G, 3, and 7 species,

possess

;

and Systrophia by
Clcvusilia

—

4, 5,

and 8

in the group

species respectively.

Nenia

—

appears in some numbers

along the Andes chain, the only other representative in the New
World being the solitary species occurring at Porto Eico. There

have been described, from A^enezuela and Colombia 10 species,
from Ecuador 5, and from Peru and Bolivia 12.
Another marked feature of the region is the occurrence of the
Orthalicidae, in the two genera Orthalicus and PorphyrolaiJlic.
The latter of these magnificent forms is peculiar, while the
Ecuador,
former reaches Mexico, the West Indies, and Brazil.

which

contains

23

species,

seems

the

metropolis

of

the

group.

Buliinus and Bulimulvs, the former genus being peculiar to
S.

America and the adjacent

represented,

the

former in

Borus, Bryftiis, and
their

maximum

islands, are largely

the

Orphnas.

in Peru, with

three

groups

These

attain

25

species,

but

Venezuela and Colombia have as many as 17Bulimubis has lieen subdivided into a number
of groups, e.g. Brymacus, Mesembriims, Thaumastus, Mormus, Scutalus, with many others,
the exact scientific limits of which are not

li,f^^^

—

It must suffice here to
Peru seems to be the head-quarters
of the group with about 190 species (which
probably may well be reduced), Ecuador having
about 70, and Venezuela and Colombia between

easily

discernible.

state that

80 and 90.

— Rhodea

234.
gyjantea

Fig.

New

Moiiss.

Grenada.

Two

very remarkalile forms belonging to the

Pupidae, Anostoma (Fig. 154, p. 248) and Tomigerus, occur in Venezuela, the metropolis. Bhodea,

another very peculiar shell (Fig. 234), whose exact family position

THE GALAPAGOS

XI

is

New

uncertain, is peculiar to

are few in number, and in

BRAZIL
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The land operculates
They

Grenada.

Bolivia almost disappear.

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 AVest
Bourcieria is a form of
Indian sources, and a few Gydophorus.
Amjoullaria, with Ceratodes, a
Helicina peculiar to Ecuador.
planorbiform

peculiar

sub

-

and

genus,

Hemisinus,

form

the

bulk of the fresh-water operculates.

The Galapagos.
peculiar, are

—

Thirty-four species of

known from

land Mollusca,

all

these islands; 25 of these are forms

There are no Helicidae, one each of Hyalinia,
The Bulurmlus are
mostly of the group Nesiotis, and in their brown colour bear
some outward resemblance to the dark Achatinella of the Sandwich Is., living as they do mostly under scoriae on the ground,
In type, however, tl:ey appear to be derived
and not on trees.
from Chili and Peru, rather than from the parts of S. America
Another section {Pleuropyrgus 2 sp.)
immediately contiguous.
closely resembles a marine Chemnitzia.
The islands are all
volcanic, and are probably not the result of subsidence
thus the
of Bulimulus.

Leptinaria, and Helicina, and two Pupa.

;

more

existing species are not to be regarded as the relics of a

widespread fauna, but as a new set of inhabitants.

—

The Brazilian Sub-region. This immense district is very
known, except in the south, and it is consequently impossible to give any satisfactory account of its Mollusca.
It is
(4)

little

that

possible

eventually

it

will

be

found

tliat

provinces which correspond more or less to (a) the
(&)

it

falls

Amazon

into

basin

;

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 insufiicient 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),
sp.), Solaropsis (5 sp.), and Systrophia are

while Lahyrinthus (2

'
Comiiarevon Martens, Malak. Bldtt. 1868,
Malak. Gcsell. 1891, p. 93.

p.

169

;

von Ihering, Nachr. Dcutsch.

ARGENTINA

^58

— CHILI

coinnion with the Colombian sub-region, and Oxycliona (4

with

sp.)

Bulimvs has

Central American.

tlie

06 species, the sub-genera Pachyotus
(Fig. 233) and StropJiochilus being peculiar.
Bidimulus, thoiigh not so abundant as in Peru
and Ecuador, has about 60 species, of which
A^f^r^'cw/^ (Fig. 235) is the most remarkable
in all

Fig

235

— Bulimidiis
naricuia

{Xarioiiii)

Wagu.,

Brazil.

Anostoma
lates are

group. Mcf/aspira
t

sp.)

(3

scarce,

<

Orthalicus has

peculiar.

is
i

-i

/-n

/a

•

\

i

only 4 species, while lomigerus (4 sp.) and
Land opercuare common with Venezuela.

and appear

include only Ncocyclotvs, Cyclo-

to

and Helicimi.
In Argentina, which may probaljly rauk as a separate progreatly decrease,
vince, the tropical forms
Strejitaxis being reduced to 2 species, and
Buluiiii>< and Bidimulus together to 40, while
Ortludictis, the great Helices, and the land

2)hortcs,

operculates

disappear

Odonto-

altogether.

genus of the Pupidae, is
aljundant in the northern part of the province.
Two or three species of Clidina occur.
stcniitis

(5)

(Fig. 2.")G), a

The Chilian Sub-region.^

part of Chili, from

its

— The

greater

arid and rainless climate,is

Fig.

unfavourable to the existence of land Mollusca.
Bidi}nus(Boriis)Hti\l has 3 or

4

elinus

iMiitagru-

Moric,
x

Brazil.

species, and i>w//-

mnlus {Plcctodylus 11, Scutcdus

— Odcmto-

236.

stomus

S.

i.

abundant,
There are no car-

9, Peroiiaeiis 7) is fairly

but the profusion of the tropics

is

wanting.

nivorous genera, and only two land operculates.

A

remarkal)le

form of Helix {Macrocyclis, Fig. 237) is quite peculiar, l)ut the
majority of the species belong to two rather oljscure groups,
Chilina, a singularly solid form of
Steimnwda and Amjdiidoxa.
LimiKtea (of which 8
Chili), is peculiar

two islands of

sp.,

with a sul)-genus PsrudocJi di no occnr in
From the
and I'atagonia.
,

to Chili, 8. Brazil,

Jna?!.

Fernandez and Mandftiera, are known several

Helix, of Chilian affinity, several curious Suceinect, a Humalonyx,

Leptinaria, and JVothus, and three species of TonuUellina, with

the almost universal Limeix gagates.

The question of the existence at some remote period of a
Xeantarctic continent, which formed a communication between
the three great southern peninsulas of the world, is one on

—
QUESTION OF A NEANTARCTIC CONTINENT
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Yon Ihering holds that
which the Mollusca may offer evidence.
an essential difference can be observed between certain of the
Unionidae wliich iidiabit S. America, Africa, and Australia with
New Zealand, and those which inhabit Europe, Asia, and N.
America,

l)ut

the

point can hardly be

regarded as definitely

Something perhaps may be made of the
It seems difficult to
distribution of Bidimus and Bulimuhis.
explain the occurrence of sul)-fossil Bvlimus on St. Helena except
on some such lines as have Ijeen recently adduced to account for
tlie presence of struthious birds in the Mascarenes, and possildy
the form Livinhacea may be a trace of the same element in S.
Again, the Tjipanis of S. and AV. Australia, with the
Africa.
Caryodes of Tasmania, and the Leucotaenia and Clavator of
Madagascar (which all may be related to Bulimus), together with
the Placostylvfi of New Caledonia and the adjacent islands,

established at present.

Fig. 237.

Macrocydis

laxata Fur., Chili.

reaching even to

New

Zealand, and perhaps even the

more akin

Amj^Mdromvs

may

be thought
some remote degree, traces of a connnon ancestry.
The land operculates give no help, and, of the carnivorous
genera, Rhytida is a marked link lietween Africa and Australia,
while ^treptaxis is equally so between S. America and Africa.
As regards fresh-water Gasteropoda, Ampidlaria is common to S.
America and Africa, while Isidora is common to Africa, Australia,
and New Zealand, but is altogether absent from S. America.
Gnndlacliia occurs in Florida, Trinidad, and Tasmania, l)ut has
It must be concluded, therefore,
not been detected in ^Vfrica.
that the present state of the evidence which the ]\follusca can
of Malaysia (which are

to Bulitnulus),

to exhibit, in

afford,

while exhibiting certain curious points of relationship l)cis insufficient to warrant

tween the three regions in question,
any decided conclusion.

CHAPTER

XII

DEEP-SEA MOLLUSCA AND
THEIR CHARACTERISTICS

DISTKIBUTION OF MARINE MOLLUSCA

Marine Mollusca may be

divided roughly into Pelagic and nonTo the former division belong all Pteropoda and
Heteropoda, and a large number of Cephalopoda, together with
Pelagic genera.

a very few specialised forms of Gasteropoda {lanthina, Litiopa,
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

Fhyllirrhoe,

seas,

though

regions

some

exceedingly abundant in the Arctic
Limacina have been noticed as far rioi'th

are

Clione and

;

72V

as

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 interbetween creatures which live on or
near the bottom and the surface fauna.
Pelagic forms sink, to
avoid disturbances of various kinds, to depths not much exceeding 150 to 200 fathoms, except in closed seas like the Gulf of
California and the Mediterranean, where the bathymetrical range

mediate belt of animal

appears to be

Non

-

much

Pelagic

life

greater.-

Mollusca

from one point of view, con-

are,

veniently classified according to the different zones of depth at
^

The

distribution of

Svensk. Ak. Handl. XII.

some Pteropoda
iv. 2,

luis been worked out by I\Iunth(>, Bih.
by Pelseneer " Challenger" Hep., Zool., xxiii., anil by

Boas, Spolia Atlantica.
^

Bull. Mus. C. Z. Harv. xiv.

p.

202

;

xxiii. p.

34

f.

1

PHENOMENA OF DISTRIBUTION

XII

which they
of

coralline,

Thus we

occur.

the

(a)

(b)

littoral,

and

36

are enabled to distinguish Mollusca

the

laminarian,

(d) the ahyssal zones.

It

(c)

the

nullipore

must be borne

or

in mind,

and that
imply the area
between tide-marks, and the abyssal zone a depth of 500
fathoms and upwards, the limits lietween the laminarian and the
coralline, and between the coralline and abyssal zones can only

liowever, that these zones cannot be exactly defined,

while the littoral zone

may

be understood

to

be fixed approximately.

The
'

difficulty of assigning special

zones of depth

'

is

genera or species to special

increased by two important facts in

phenomena of distribution. In the first
species which occur in shallow water

place, it is

in

the

found that

northern seas often

This inextend to very deep water in much lower latitudes.
teresting fact, which shows the importance of temperature in
determining distribution, was first established by the dredgings

and Porcupine off the western coasts of Europe.
In the second place, a certain number of species seem equally at

of the Lightning

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 mesoclesma living on the beach

Lima
da Cunha)
(Tonga and Port Jackson) and
at 1075 fath. (Bermuda); Scalaria acus from 49 to 1254 fath.
(N. Atlantic) and S. hellenica from 40 to 1260 fath. (Canaries).
The Lightning and Porcupine found, or record as found,^ Anomia
cphippium at
to 1450 fath., Pecten groenlandicus at 5 to 1785
fath., Xw/ia sahauriculata at 10 to 1785 ioXh., Modlolnria discors
(New Zealand) and
multicostata in

'

at

1000

shallow water

fath. (Tristan

;

'

;

to 1750 fath.,
to 1785 fath., Crenella decussata at
Dacrydium vitreum at 30 to 2750 fath.. Area glacialis at 25
to 1620 fath., Astarte compressa at 3 to 2000 fath., and ScroPuncturella noachina
hicularia longicaUus at 20 to 2435 fath.
has been found at 20 to 1095 fath., Natica groenlandica at 2 to
12d0 fath., Ivissoa' tenuisctdjjta at 25 to 1095 fath. In many
of these cases we are assured that no appreciable difference can

at

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 papcM's in P. Z. S.

1878-8.').
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number

of genera as

position.

a

Littorina, Nassa,

Solen
rella,

;

'

shallow-water

and

'

'

deep-water

respec-

'

number occupy an intermediate
Among shallow-water genera may be named Patella,

while

tively,

chap.

while

still

larger

Purpura, Stromhus, Haliotis,

among deep-water genera

Seguenzia,

3fytilus,

Cardium,

are Pleurotoma, Scissu-

Dentalium, Cadulus, 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 G-reenland 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 (American),
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
Alhatross (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

that the marine fauna of very deep water

is

much

been to show
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,
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.
with

The Ghcdlenger dredged Silenia

A

Sarsii

in

1950

fath.,

1100

break in this uniformity may be found underneath the course of a great
tlie Gulf Stream, which rains upon the bottom a large amount
of food.
A. Agassiz {Bull. Mus. C. Z. Harv. xxi. p. 185 f.) explains in this way the
richness of the fauna of the Gulf of Mexico as compared with that of the west coast
^

oceanic current like

of tropical America.

WIDE DISTRIBUTION OF DEEP WATER FORMS
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miles south-west of Australia, and also in

Eio de

of the

la

2650

mouth
1125 fath.

fath. off the

Semele jj'^^'rfundorum in

Plata;
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2900 fath. mid iST. Pacific; Verti155 fath. near Cape York, and in 350
Area ])teroessa in 2050 fath. mid IST.
fath. off Pernambuco
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.
A
north-east of New Zealand, and in 345 fath. off Inoshima.
surprising range was occasionally found even in shallow-water
thus Fetricola lapieida was discovered by the same
species
expedition in the West Indies and N. Australia, Cardita eahjculata off Teneriffe and in Bass Strait, Area imhrieata off Cape
York and in the West Indies, Modiolaria euneata at Port Jackson and Cape of Good Hope, Lima sqiiamosa at Teneriffe and the

near the Canaries, and in
cordia dcshayesiana in
;

;

Philippines.

In these latter cases

not improbable that the
from which it has not yet

it is

species lives in deep water as well,

been dredged.

from these considerations that any attempt to
marine MoUusca under Eegions and Provinces can only
The most
apply to Mollusca which occur at moderate depths.
important factor in the environment, as determining distribution,
is the temperature of the water, which is probably to be regarded
for
as affecting not so much the adult Mollusca as their ova
the adult might possibly support life under conditions in which
It appears that a sudden change of temthe ova would perish.
perature is the most effective barrier to distribution,^ and may
It

follows

classify

;

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.
^

Oil tlie western coasts of

Europe

aiicl

America, where the change in surface

very gradual, Fur-pura lapillus (the west American species are
at best only derivatives) is able to creep as far south as lat. 32' (Mogador) in the
former case, and lat. 24° (Margarita Bay) in the latter, the mean annual temperature of the surface -water being 66' off Mogador, with an extreme range of only 8',

temperature

'

is

'

and that of Mai-garita Bay 73^, with an extreme range of only 5°. On the eastern
coasts, where the Pacific and Atlantic gulf-streams cause a sudden change of teml)erature, the Purpura is barred back at points many degrees farther north, viz. at
and at lat. 42°
lat. 41° (Hakodadi), surface temperature r)2°, extreme range 25°
;

(Newhaven), surface temperature

52°,

extreme range

30°.

—
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It has l)een usual to classify marine Mollusca from moderate
depths under the following regions and sub-regions
:

Regions.

Sub-regions.
'1.

A. Atlantic and
Circumpolar

B. Indo-Pacific

Sub-regions.

Arctic.

Australian

C.

fl.

Australian.

2.

Boreal.

3.

Celtic.

4.

Lusitanian.

2.

Californian.

5.

West African.

3.

Pananiic.

6.

South African.

4.

Peruvian.

5.

Magellanic.
Argentinian.

(I.

American

D.

Jl. Indo-Pacific.
y2. Japanese.

A.

\2. Neozealanian.
Aleutian.

<

6.
7.

Caribbean.

8.

Transatlantic.

The Atlantic Region

includes the whole of the eastern shores of the Atlantic, from

Good Hope, together with the
which may be regarded as roughly bounded
by the Aleutian Islands and the coasts of Newfoundland.
(1) The Arctic Sub-region includes the circmnpolar seas, and
is bounded in the N. Pacific by a line drawn between Cape
Avinoff in Alaska, and Cape Lopatka in Kamschatka, so as to exthe extreme north to the Cape of

circumpolar

seas,

On

clude the Aleutian Islands.

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
the whole sub-region) are

species of

which are common to

Volutomitra, Btcccinum, Buccinopsis,

N&ptunea, Trophon, Beta, Admete, Velutina, Trichotropis, Lacuna,
Margarita, Fhiline, Pecten, Leda, Yoldia, Astarte, and Mi/a. The
shells are generally unicoloured,

sombre

and of a dead white or rather

tint.

(2) The Boreal Suh-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

Lawrence to Cape Cod

(lat.

province does not extend

42°).

nearly so

St.

Thus the Boreal American
far

south

as

the Boreal

BOREAL AND CELTIC SUB-REGIONS
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Eiu-opean, the reason being that on the

American
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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 tlie European side the warmer conditions produced by
tlie 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 continental 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,
Gibhula, Natica, Patella,

Tectura, Chiton, Doris, Aeolis, Tellina,

Thracia.
(3)

The

Celtic

Sub-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 forms.
The following are among the
common Boreal species which attain their southward range on
our coasts
Tectura testudinalis Mtill. (to Dublin Bay and
Scarborough), Trichotropis horealis Brod. (to the Dogger Bank),
Margarita helicina Fabr. (to Yorkshire and Dublin Bay), M.
groenla.ndica Chem. (western Scotland), Natica montacuti Forb.
(to Cornwall), Trophon truncatus Str. (to Tenby), Chiton marriioreus Fabr. (to Dublin Bay and Scarborough).
Buccinum
undatum and Littorina littorea become very scarce on om^ extreme
south-western coasts. Among Lusitanian species which reach our
coasts are Gibhula 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

oiu-

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, Fossarus,
Triton, Vermetus, Bingicula,

Chama) which now occur no

farther

LUSITANIAN SUB-REGION
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than the southern coasts of the Channel, the west of

iiorfh

France, and the Mediterranean.

The

Baltic, a sea specially liable to violent

changes of tem-

perature, with 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 8 1 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 numl^er of these belong to tropical
find

their northern limit,

Siliquaria,

Chama,

e.g.

genera which here

Fasciolaria, Cancellaria, Sigaretus,

Sponclylus.

Here

too

occur

Carlnarici,

Lohiger, Oxynoe, Pedicidaria, Cypraea, Marginella, Mitra, Dolium,
Cassis,

many

Cassidaria, Pisania, EiLthria,
others.

A

Verinetus,

Argonauta, and

few Celtic and even Boreal species, which occur

on the western coasts of Morocco, do not enter the Mediterranean.
Among these are Purpura lajnllus, Helcion pellucidum, and
Tellina halthica.
Halia, a rare West African genus akin to
Pleurotoma, is found in Cadiz Bay, and the West African CymHum 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 Cardium.
(5) The West African Sub-region extends from Cape Juby to
a point probably not very far south of lat. 30° S., the cold current which sweeps up from the Pole probably limiting the south-

ward extension of tropical species on this side of Africa, while
the warm Mozamluque current on the eastern side permits the

WEST AND SOUTH AFRICAN SUB-REGIONS
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spread of

Owing

many
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Indo-Pacific species almost as far south as the Cape.

extreme unhealthiness, and the absence of harbours,
the sub-region is very little known.
to its

The principal genera

Cymhium,

are

I'leurotoma, Marginella,

Terebra, Mitra, Agaronia, Murex, Cancellaria, Purpura, Pscudoliva,

Natica, Tellina, Lucina, Tugonia, ScMzodesma, and Area.

Studer has enumerated as

many

55 species common to West
The north and south

as

Africa and the opposite American shores.

equatorial currents, which circulate in this part of the Atlantic,

probably transport the larvae from one coast to the other.
inira coroiiata

Lam., a characteristic

West African

Pur-

species,

is

represented by a well-marked variety in Demerara.

The Mollusca

of

Helena

St.

known

(178

species)

most

resemble those of the AVest Indies, 50 per cent being common,
while 30 per cent are
Island only

Ascension

common
33

From

Mediterranean.

the

to

species are

known, which

in

their

general relations resemble those of St. Helena.^
(6) The Sotith African Sub-region extends along the coast
from about lat. 30° on the west, to about East London on the
Mr. G. B. Sowerby enumerates 740 species from South
east.
Africa,' but includes in this list Natal species, which more properly
'

belong to
peculiar,

the

Indo-Pacific

while 67

familiar on our

own

also

in

Of these 740, 323 are
European seas, some being-

It is

remarkable to find in a sub-

fauna.

occur

shores.

region separated from ourselves by the wdiole width of the tropics,

such well-known forms as Mangilia costata Don., M. sept angular is
Cylichna cylindracea Penn., Pholas dactylus L., Solen
marginatus Pult., Cultcllus 2^Mucidus Penn., Ceratisolen legumcn
L., Lutraria ohlonga Chem., Tellina fabula Gniel., T. tenuis Da C,
Modiolaria discors L., and many others.

Mont.,

The leading genera

are Puthria,

Triton,

Cominella, Pallia,

Nassa, Cypraeovida, Oxystele, Pissurella, Fissurellidaea,

Patella,

and Chiton.
The Mollusca of Kerguelen Island and the IMarion 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 remarkal)le forms

E. A. Siuitli, P. Z. S. 1890, pp. 247, 317.

;

INDO-PACIFIC REGION
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discovered off Kerguelen are Neohuccinuvi and a sub-genus
^S';^?^

of

uthiolaria {Perissodonta).

The Indo-Pacific Region

B.

includes the whole of the coast-line of the Indian and western

from about East London in South Africa to the
(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 Eiver in the west, and to
Pacific oceans,

north of Niphon

It is especially
Sandy Cape and Lord Howe's Island in the east.
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-Pacific Sub-region proper (which includes the
whole of this region except that part defined below as the
The
Japanese Sub-region) is by far the richest in the world.
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
Some prominent genera are very rich in
species at about 1000.

Garrett enumerates from Polynesia 8 1 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
167 species of Mitra (besides 29 recorded by others),
only 13
Of 50 existing
Viti Is. 120, Sandwich Is. 36, Marquesas 7.
species of Stromhus, 39 occur in this region, and 10 out of 11
species.

;

Elur7ia.

The following important genera

are

quite peculiar

to

the

forms of Purpuridae, e.g. Rapana,
Magilus, Bapa, Mclapium, and Bicinula ; Tudicla, several forms
of Strombidae, e.g. Bostellaria, Terehellum, Pteroceras, and Bimella ;
region:

Nautilus,

several

Clthara, Melo, Neritopsis, Stomatia, Malleus,

Vulsella, Cucullaea,

Tridacna, Hippopus, LiUtina, Ghmcomya, Anatina, Aspergillum,

and many

The

others.

number

of

species

common

to

the

Eed Sea and

exceedingly small, some authorities even denyThe present
ing the existence of a single common species.

Mediterranean

is

JAPANESE SUB-REGION
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an examination of the shells dredged by Mac17 species as common, and Mr. E. A.
Smith has confirmed this view with regard to 8 of the species in
The MoUusca occurring in Post-pliocene beds at Suez
question.^
show that Mediterranean species lived there in comparatively

author, from

Andrew

at Suez, regarded

recent creological times.

The opening of the Suez Canal appears to have already
induced several species to start on their travels from the Mediterranean to the Eed Sea and vice versd.
Two Ked Sea species
{Mactra olorina

Phil., Ifytilus variabilis Kr.)

had

1882

in

estab-

lished themselves at Port Said, while two Mediterranean species

(Fholas 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

The warm Kuro Siwo

extent.

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 clatliratus, Puncturella noachina, Mya arenaria,
Modiola modiolus, Lasaea rubra, and Nueula tenuis.
Among the characteristic genera are Fusus, Siphonalia, Columbarium, Hemif'usus, Bapana, Chlorostoma, Pleurotomaria, Haliotis,
and Cyclina.
C.

includes

32°

The Australian Region

the Australian

S.) to

Sandy Cape

coast-line

(lat.

25°

S.),

from

about

Tasmania,

the adjacent islands (except Lord Howe's

Swan

New

R.^ (lat.

Zealand, and

I.).

(1) Tlie Australian Sub-region proper (wliich consists of the
1

A. H. Cooke, Ann. Mag. Nat. Hist. (5)

P. Z. S. 1891, p. 391
^

C. Keller,

xviii.

(1886) p. 380

f

;

E. A. Smitli,

f.

Neuc Denksch. Schw.

Gesell. xxviii. 1883, pt. 3.

According to Tate {Trans. Roy. Soc. S. Austr. 1887-88, p. 70), 'Australian'
species predominate at Freemantlc (32°), but Tenison-Woods (/. Roy. Soc. N. S. Wales,
xxii. p. 106) holds that the tropical fauna extends as far south as Cape Leeuwin (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. Cypraea annulus) Tasmania.
^
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whole of the region excepting New Zealand and the adjacent
islands) is determined by the influence 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 ciu-rent, and flows off to New Zealand,
the western shores of which island are consequently mucli warmer
On the western coast of Australia the
than the eastern.
Antarctic Drift has less force, and tropical genera accordingly
range some 7 degrees farther south on the western than on the
eastern coasts.

The
species

characteristic genera are Valuta (of

on

occur

Australian

coasts

Strutliiolaria, Risella, Fhasianella, a

the

to

Trochidae,

e.g.

Liotia,

-^

),

which half the known
Cominella,

number

Siph onalia,

of genera belonging

Euchelus,

Clanculus,

Thalotia,

Menchus, Trochocochlca, Zizyphinus, JBankivia; Trigonia, Myodora,
Myocliama, Solenomya, Ep)hippodonta, Anapa, Mylitta, Mcsodesma,

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 Neozealanian Stih-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
F. 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.

no

less

The

than

its

New

Zealand therefore

is,

in its marine,

land Mollusca, greatly isolated.

characteristic

genera are Anthora, Cryptoconchus, and

Vanganella, which appear to be quite peculiar, Troplion, Cominella,

Euthria, most of the Trochidae also characteristic of
Haliotis, Patella;

S.

Australia,

Taria, Mesodesma, Mylitta, Zenatia, Standella,

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

(3) xix. p. 263.

Valuta

is

given by

Ci'osse,

Journ.

cle

Conchyl.

ALEUTIAN, CALIFORNIAN, PANAMIC SUB-REGIONS

XII

of

Cape Cod on the eastern

coast, the portions
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I

north of these

points belonging to the Arctic Sub-region.
(1) The Aleutian Suh-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
(lat. 60° N.) to St. Jean de Fuca Straits.

Cape Avinoff

A

certain

common with

number

of

species,

probably of arctic origin, are

British and also with East

former being the more numerous.

Lacuna divaricata

Fabr.,

American

shores, the

Species as familiar to us as

Trichotropis

horealis

Brod.,

Pholns

M. arenaria L., Mytilus edulis L.,
and Modiolaria nigra Gray, occur.
The more characteristic
genera are Clirysodomus, VolutharjJa, Buccinum, Tectura, Scurria,
Chiton, Cryptochiton {Cr. Stelleri Midd. is by far the largest
known of the Chitonidae, 6 inches long), Tellina, and Pectcn.
(2) The Californian Suh-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
crisjJata

L.,

Jiya truncata

L.,

provinces.

The

characteristic genera are

Zizyphinus,

—

Chlorostoma, Tectura,

in the north, Argohuccinum,

Scurria, Chiton {Katharina,

Mopalia, Tonicia), Cryptochiton, Placunanomia, and Mytilimeria

;

in the centre. Purpura, Monoceros, Amphissa, Norrisia, Platyodon,

Tapes, and Macoina ; and, towards the south, OlivcUa, Chorus,
Macron, Pseudoliva, Trivia, and Hcdiotis.
(3) The Panamic Suh-region extends from the head of the
Gulf of California to Payta in Peru (lat. 5° S.).
It is exceedingly 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 Sandwicli
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

;

2,^2
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pairs of species, which, while specifically distant, are evidently

Amongst these are, on the
Gypraea cervinetta, Cassis abhreviata, Natica Chemnitzii, and Stromhus gracilior, corresponding to Purpura deltoidea, Cypraea exanthema, Cassis inflata,
Natica maroccana, and Stromhus pugilis, on the Caribbean.
It is
reasonable to conclude that these " analogous species " are
related

closely

Panamic

side.

one another.

to

Purpura

speciosa,

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 closino; of the isthmus, become modified,
some species considerably more than others.

Among

the characteristic genera (compare

p.

Conns,

3) are

Pleurotoma, Terebra, Murex, Purpura, Oliva, Northia, Cantharus,
Columbella,

Anachis,

Cypraea,

Crepidula, Crucihulum,

Stromhus,

Vitrinella

;

Cerithium,

Tellina,

Semele,

Coecum,

Tellidora

and Area.
(4) The Peruvian Suh-region extends from Payta in Peru
about the latitude of Conception

in

S.

Chili

(37°

S.),

to

being

checked from further extension southward by the cold Humboldt
whose force is distinctly felt as far north as Callao.
This

current,

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,

common

and eastern
themselves 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
scarcely a single species being
coasts of S. America.

The

to the western

characteristics of the coast-lines

land.

The

characteristic genera are Cancellaria, Columbella, 3Ionoeeros,

Concholepas, Trochita, Fissurella, Chiton; Ceronia, Malletia, and

Cumingia.

Some

of

the Californian genera, absent or poorly

represented in the Panamic Sub-region, reappear in Chili,

e.g.

Scurria, Tectitra, and Chlorostoma.

The Magellanic Suh-region includes the coast -line and
islands (with the Falklands) from Conception in
S. Chili to about Port Melo in Eastern Patagonia (lat. 45° S.).
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. magellanica, the largest known).
(5)

adjacent

I;
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Monoceros, Photinula, Patella, Chiton

;

^^J

Modiolarca, MaMetia, and

Several genera, characteristic of the Boreal and Arctic

Mulinia.

sub-regions, recur,

Cyamium, and

Trophon, Admete, Margarita, Functurella,

e.g.

Astarte.

(6) The Argentinian ^ Suh-region extends from about Cape
Melo in Patagonia to the neighbourhood of S. Caterina I. in
The sub-region stands in the same
South Brazil (lat. 28° S.).
relation to the Magellanic, on the east coast, as the Peruvian sub-

region on the west, but, owing to the influence of

warm

the

Brazil current, which overpowers the colder water of the Falkland

branch of the Cape Horn current,

it

reaches a point

much

farther

south.

The Mollusca
appear to be

are not well

Oliva,

known.

Olivancillaria,

The prevailing genera

Valuta, Bullia, Crepidula

Ferifloma, 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

The influence
Gulf of Mexico and the whole of the West Indies.
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
of the

coast.

The sub-region is very rich in species, especially on the coral
of the Bahamas and N. Cuba, but the exceedingly small
tide-fall makes shore collecting somewhat difficult beyond a certain
point.
The leading genera are Murex, Fwyura, Melongena,
reefs

Latirus,

Marginella,

Nerita, Scalaria

;

Strombus,

Triton,

Cerithium,

Tellina, Strigilla, Lucina,

and Venus.

Littorina,

Fleuro-

tomaria, a genus long regarded as extinct, has been dredged alive
off

Tobago.

As compared with the tropical famia of the Old World, that
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).

of the

(8) The Transatlantic Sub-region extends from Florida to Cape
In the north the limits of the sub-region are
(see p. 364).

Cod

distinctly marked, in the south Caribbean species
^

Usually

known

as

'

intermingle.

Patagouian,' but since the Magellanic Sub-region includes

a considerable part of Patagonia, and since the greater part of sub-region (6)
of Patagonia, it has been thought advisable to change the name.

lies

out
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Gould and Binney,in their Invertebrata of Massac!m setts, enumerate
275 species (Cephalopoda, 6 Gasteropoda, 159 Scaphopoda, 2
Pelecypoda, 108), of which 59 (Gasteropoda, 37; Pelecypoda,
;

;

;

22) are British.

Among
Fidgur,

the characteristic genera are

Ptychatr actus,

Crepidula

Nassa,

Urosalpinx, Eujyleura,
;

Solenomya, Mactra,

Our common Littorina
have been introduced into Nova Scotian
and

Cypricia, Baeta, Astarte,

Yolclia.

appears to
waters in about 1857, no previous trace of it occurring either in
Since then it has spread rapidly into
literature or shell-heaps.
littorea

the Gulf of St. Lawrence, and also as far south as Newhaven, and
said to be driving out the indigenous L. palliata from New

is

The debt has been repaid by the introduction
American clam ( Venus mercenaria L.),
which, according to the Manchester City News 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.
Large shells appear
Characteristics of Abyssal MoUusca.
to be rare in the great ocean depths, and are usually very fragile
The
even moderately -sized specimens are far from common.
only group in which species occm^ 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
England

shores.^

into British waters of the

—

;

This view is
than their brethren on the shores.
favoured by the looseness of their tissues, which seem ill adapted
The tenacious character of tlie
for prompt and vigorous action.
energetic

mud
The

on the ocean
shell itself is

floor

must make rapid motion very

difficult.

usually fragile and delicate, the upper layers

of arragonite being thin as

which makes the nacreous

many

compared with shallow-water
layer,

when

species,

present, appear unusually

is characterised by a
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.

conspicuous

;

in

cases the surface

peculiar iridescence or sheen.

form of necklaces
With regard to
which sometimes coalesce into bands.
sculpture, stout knobs and powerfully buttressed varices, such as
If the colour is in pattern, it is usually in the

of spots,

'

Ame7\ Nat.

xx. p. 931.
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occur in the tropical 3Iurex and Purpura, are not found in deep-

But the ornamentation

sea species.

the sculpture rich and varied.

is

frequently elaborate, and

There

is

an

towards strings of bead-like knobs, revolving
transverse waves, the sculpture being in
cliaracter

which tends

to strengthen the

especial tendency

and delicate

striae,

many

cases

of

a

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

some of our common fresh-water
According to Dr. Dall, the cause of this phenomenon
The fresh-water Mollusca secrete a
the same in both cases.

of a strong green periostracum, to
species.
is

strong periostracum, in order to protect the shell against the
corrosive influence of the carbonic acid gas with
is

surcharged.

The

which the water

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

where
struggle
existence
unknown.
The
for
vegetation is probably
must be much less keen than in the thickly populated shallows,
The absence of rapid
where vicissitudes of every kind occm".
mechanical effects
water
must
obliterate
many
of
those
motion of
upon
the animals
modifying
influences
which tend to produce
cause variacircumstances
tending
to
absence
affected.
of
In the
species
their
surroundings,
monotony
of
unbroken
tion, in the
uniformity
over
an
marked
think,
preserve
a
one
would
must,
range.
wide
area
of
exceedingly

plant

life

are almost entirely wanting in the great depths,

Vegetable food being wanting, those genera w^hich in shalflesh, are compelled to become carnivor-

lower waters never taste
ous.

Characteristic of the great depths are very remarkable forms

of Trochidae, in whose stomachs have been found the remains
According to Dr. Dall, the
of Corallines and Foraminifera.
results of this diet

show themselves

in the greatly increased space

occupied by the intestine, in the diminution, as regards

size,

of

the masticatory organs, the teeth and jaws, and also in the prolongation of the anal end of the intestine into a free tube, wliich
carries

away the excreta
1

W. H.

in such a

way

that they do not foul the

Dall, Proc. Biol. Soc. Wasliington, 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 comparatively large quantity must be swallowed to keep the vital

amount evacuated must be proThe 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 whatGenera which are normally
ever happens to fall into them.
The Pleurotomidae,
carnivorous would appear to do the same.

energies active, and therefore the
portionately larger also.

'

for

instance, are a family

water.

'

markedly characteristic of very deep

Eepresentatives of the genus which occur in shallower

water are known to secure their prey while in the living state.
But, according to Dr. Dall, a singularly small proportion of deepsea

MoUusca, as compared with those from the littoral region,
signs of having been drilled or attacked by other Mollusca.

show

This could hardly be the case

if

the Pleurotomidae retained their

predatory habits, since they are more numerous in the great
It has
depths than any six other families taken together.
large
proportion
of
that
a
deep186)
(p.

already been mentioned

sea Mollusca are perfectly blind.

Amongst other remarkable forms from the

great depths

be mentioned Fleurotomaria, with its singular anal

slit (Fig.

may
269,

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,

p.

especially the sub-genus Cadulus, find a congenial

slimy ocean mud.

One

of the greatest

moUuscan

home

in the

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 quicker 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 Challenger
in comparatively shallow water (105-150 fath.) off Kerguelen
Island.
Among the Trochidae are the fine new genera Basilissa,
Bembix, and Gaza.
The exploring voyages of the American surveying steamer Blake, in the Gulf of Mexico and the Caribbean
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Sea, have given us the remarkable new forms Benthohia (possibly
akin to Admete), Mcsorhytis (a sub-genus of Fasciolaria hitherto
only known from the Cretaceous of North America), and BenthoOocorys), a genus akin to Cassis.
dolium (possibly

=

In his report on the Pelecypoda obtained by the Challenger,
Mr. E. A. Smith remarks that as a rule " very deep-water
species certainly have a tendency to be without
benthal
colour and of thin structure, facts no doubt resulting from the
'

'

absence of light, the difficulty of secreting lime, the scarcity of
At the
food, and other unfavourable conditions of existence."

same time, he notices that most of the

when

genera which, even

species obtained belong to

occurring in shallow water, are thin and

Lima, Cryptodon, Ahra, Vcrticordia, etc.
Deep-water species of such genera as have a decided periostracum
{Malletia, Limopsis, Lcda, Nucula, Area) retain it with little if
The deep-water Pelecypoda of the Atlantic
any modification.
The
and Pacific Oceans present no special features of interest.
species are few in number, and the genera are not remarkable

colourless, e.g. Neaera,

either for novelty or peculiarity of form.

is

The greatest depth at wnich Pelecypoda have been obtained
2900 fath. mid North Pacific (Callocardia pacifica Sm., Alra

profmidorum Sm.)

;

the greatest depth at which Gasteropoda have

been obtained is 2650 fath. South Atlantic {Stylifer hrychius
The deepest Challenger NudiWats.), both by the Challenger.
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 MoUusca in habits and in many points of organisation.
In
their power of rapid movement and their means of progression,
their extreme ferocity

many

cases, of a

the general

shell,

symmetry

and carnivorous habits, their
and in its constitution when

loss,

in so

present, in

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 northeastern

coasts

of America.

From

these

it

appears that the

tentacular arms of some species of Architeuthis measure as
as

32, 33, 35, and 42

feet

in length, while the

total

much

length,

50 feet. Even off the
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
including the body, sometimes exceeds
Irish coast a specimen

shoals of fish on our own coasts.
Off Lybster (Caithness) Loligo
and OmmastrejJhes devour the herring, large numbers of which are
cut up and bitten on the back of the neck by these creatures.
On the American coasts the mackerel fisheries are sometimes
entirely spoiled by the immense schools of squid which infest the
^

Trans. Connect. Acad. v. p. 177

;

Zoologist, 1875, p. 4502.

)
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Bay

of

St.

When

Lawrence.^

excited

(Jephalopoda leap high out of the
that

when about 300

sea.

,

379
the pvu^suit of fish

in

Dr.

W. H. Eush ^

miles off the coast of Brazil, a

relates

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 reach it.
The common OcUqjus vulgaris Lam., of our own and the south
European coasts, inhabits some rocky hole, the approaches to
which, like the den of a fabled giant, are strewn with the bones
Homer himself knew how hard it is to drag the
of his victims.
polypus out of his hole, and how the stones cling fast to his

Fig. 1^9,.— Octopus
vulgaris Lain.

Naples
rest

tion

;

;

:

A,

At

B, in mo/, funnel,

the arrow sli owing the direction of the propelling current
of water. (After
Merculiano.

The colour-changes, which flit across the skin of the
some extent, expressive of the different emotions
They are also undoubtedly protective, enalding it
of the animal.
suckers.

Octopus, appear, to

Mr. J. Hornell ^
has noticed an OctojJus, 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 have also been seen to change colour, as if
involuntarily, according to the material on which they crawl.

to assimilate itself in colour to its environment.

1
-

Xautilus,

Puy. Scotch Fish.

vi. 1892, p. 82.

iii.

1885, App. F,
^

]i.

67.

Journ. Mar.

Zin,l.

i.

pp.

3, 9.
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The nerve-centres which control the chromatophores
causing them to expand or contract, are found

cells,

or

pigment

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 Dibranchiata
Cephalopoda with two symmetrical branchiae, funnel commouth surrounded by 8 or 10 arms furnished
with suckers or hooks, ink-sac and fins usually present, eyes with
pletely tubular,

a lens

shell internal or absent.

;

The Dibranchiata

are not

known from

Palaeozoic strata, and

appear {Bclemnites, Belemnoteuthis) in the Trias.
Whether
they are to be regarded as derived from some form of Tetra-

first

branchiata,

fiom some

e.g.

Orthoceras, or as possessing

common

an independent origin

stock, cannot at present be decided.

They

development at the present time.
The
earliest representatives of the Order (the Pkragmopliora) possessed
a shell chambered like that of the Tetrabranchiata.
These
highest

their

attain

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
(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 (h) a trunk or visceral
sac, enclosed in a muscular mantle and containing the respiratory, generative, and digestive organs.
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 molluscan foot (p. 200), and are either eight or ten in
number.
In the former case (Octopoda) the arms, which are
consisting of two parts

—

;

'

termed

'

sessile,'

'

are

all

of

similar

formation,

in

the

(Decapoda), besides the eight sessile arms there are two
longer

'

tentacular

'

latter

much

arms, which widen at their tips into 'clubs'

covered with suckers.

Eemarks have already been made on the generative organs
(p. 136 f.), the branchiae fp. 170), the nervous

of Cephalopoda

'

CEPHALOPODA
system

(p.

206), the eye

ink-sac

(p.

241).

are

One

of the

the

acetahula,

arms are

— DIBRANCIIIATA

182), the radula

(p.

(p.

381
23 6), and the

most characteristic featiires of the DiViranehiata
or suckers, with which the

They

furnislied.

are usually disposed

arms in rows (of whicli there are
four in most Scjna, two in Octojras, and one in
Eledone), and become more numerous and smalleiat the tip of the arm. They are massed together
in large numbers of unequal size on the clubs
In most
in the Decapoda, particulaily in Loligo.
Octopoda their base is ilusli with the surface of
the arm, but in Decapoda the ace tabula are pedIn Octopoda
unculate, or raised on short stalks.
on the

sessile

'

again, the acetabula are fleshy throughout, Init
in

Decapoda they are strengthened by a

the

corneous rim with a smooth or denticulate edge
{Ominastrephes,

Many

Arcliiteuthis).

the

of

on the tentacvdar and sometimes on
the sessile arms of the Onychoteuthidae enclose
a powerful hook, which is retractile like the

acetabula

claws of a

—

'Club'
fxg. 239.
of Lolijo vulsliowgaris L.
ing the crowded
,

pedunculate aceX I.
tabula.

cat.

In mechanical structure the acetabula consist
of a disc with a slightly swollen margin, from whicli a series of

muscular folds converge towards the centre of the
disc, where a round aperture leads to a gradually
Within this cavity is a sort t)f
widening cavity.
button, the cdrwiicle, which can be elevated or
depressed like the piston of a syringe
tlie

—

One
240.
FiG.
of the suckers
ot Architenthis
ing the denticuiate

margin

and

corneous
ring; p, peduncle,

A

sucker

is

is

thus

;

when

withdrawn and

a vacuum created (Owen).

In
,^

^ygjj

many Octopoda

the greater part 01 the arms \U%rriioteuili%s,
j^Yg^^y^i^)'^

.^t

others occiuTS Only at the base.
.

motion,

l>y

Tlie

*'

use of thc Umbrella

In

by
up
some

the arms are connected
u\^q umhreUct), wliicli sometimes extends

IS

perhaps to

.

,

assist in loco-

alternate contraction and expansion..

cartilaginous skeleton

Decapoda.

applied the piston

is

well developed, especially in the

Se-pia a cephalic cartilage

forms a complete ring

round the oesophagus, the eyes being situated in

latei-al jjrolonga-

—
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In front of the cephalic cartilage occurs a

tions of the same.

which supports the base of the anterior
The Decapoda have also a nuchal cartilage, connectino-

piece like an inverted T,

arms.

'

'

the liead with the anterior dorsal portion of the mantle, while
cartilaginous knobs on the ventral mantle button into correspond-

ing sockets on the funnel.

Sub-order

I.

—

Octopoda.

—Body round

or bag-like, generally

^N

\

""'^*«„„.

/^

Fig. 241.

Cirrhoteuthis

magna Hoyle,

web have been removed

:

/, funuel

;

S. Atlantic.

Ji, Ji, lius

vi,

;

Two

of the left arms and their
(After Hoyle, x yV.)

mouth.

without fins, arms eight, suckers iieshy, usually
paired, no nidamental glands, sliell absent.

—
—
—Body

sessile,

oviducts

Fam. 1. Cirrliotcvthiclac.
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. A7n2)hitretidae.

;

;

gelatinous, mantle fused with

—

)
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line, forming two openings into the
uml)rella
arms with one row of suckers
South Pacific
extending more than two-thirds up the arms.

the funnel in the median
branchial

cavity

;

;

—

(Fig. 242).

The two pocket-like openings into

among

the branchial cavity are unique

Cephalopoda (Hoyle).
Female
Fam. 3. Argonautidae.
furnished with a symmetrical, unilocular shell, spiral in one plane, secreted

—

by thin terminal expansions (the vcla^
of the two dorsal arms, no attachsuckers in two rows,
ment muscle
male very small, without
pedunculate
All warm
veligerous arms or shell.
;

—

;

seas (Fig. 243).

The

Pliocene-

.

shell consists of three

—

Amphitretus pelaHoyle, oflF Kerniadec
eyes
Is.: e,
/, fuuuel
p,
(After
right mantle - i^ocket.
Hoyle.)

layers, Fig.

242.

fjicus

the two external being prismatic, the

middle

fibrous.

secretion

Its

;

;

by the

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 Argonauta, which once raged
with so

much

fierceness, is

now matter

of ancient history.

Fig.

It

243.
Argonauta argo
the position assumed

L.,

by a

specimen

kept

in

captivity, the arrow show-

ing the direction of movement /, funnel m, mouth,
with jaws projecting sh,
shell, with arms as seen
:

;

;

through

arm

it

;

icu,

clasping shell.
Lacaze-Duthiers.

webbed
(After

--Sli^fflljjjl^

sh

seems scarcely credible that between

two of the leading

zoologists

fifty

and sixty years ago,
Gray and M. de

of the day, Mr.

;
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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

Blainville

inhabitant, a supposed nucleo-branchiate (Heteropod) mollusc akin

—

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
to Carinaria.

—

who made

Jeannette Power,

number

a continuous study of a

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.^
Mantle supported by two ridges
Fam. 4. Philonexidae.
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 Ocythoe, arms of unequal size, no intervening membrane, third arm on the right hectocotylised (see Fig, 51 p. 138),
two aquiferous pores at the base of the siphon male very small
TremoctojpiLS, two aquiferous pores between the eyes, two on the
specimens

of

;

;

—

^

'

;

'

;

—

:

;

ventral side of the head.

Fam.

5.

Hectocotylised
eye.

—N.

;

—

Mantle edge united to the head by
arms extensively webbed, acetabula sessile.

Alloposidae.

three commissures

arm developed

Atlantic.

in a cavity in front of the right

—

Fam. 6. Octopodidae.
Head very large, arms elongated,
more or less webbed, acetabula usually in two rows, sessile
mantle supported by fleshy bands, no cephalic aquiferous pores.
In Octojjus proper the web is usually confined to the lower
part of the arms
Fischer separates off as Fterocto;pus a form in
which it reaches almost to their extremity.
The third right
similar,

;

;

arm

(Fig. 52, 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
1

Eep. Brit. Assoc. 1844, Transactions

p.

74

;

F. Z. S. 1839, p. 35.

'

DECAPODA
very long.
different

The

5

arms varies in
imbedded in the

relative length of the pairs of

Two

species.

dorsal mantle, are said

cartilaginons

by Owen

stylets,

to represent the shell.

Other genera Finnoctopus, body fnrnished with broad lateral
wings which meet at the posterior end Cistopits, a large web
prolonged along the sides of
the arms, fitted with oval
aquiferous pouches, with pores
at their base, between each
M'edone (Fig.
pair of arms
;

;

;

244), one row of acetabula
Tritcweopus, Lipetdla.

Sub-order

— Body

II.

—

Becapoda.

mouth

oblong,

;

sur-

rounded by four pairs of sessile
and one pair of tentacular arms,
the latter terminated by a
club
acetabula pedunculate
and furnished with a corneous
margin mantle margin locked
'

'

;

Fig. 244
Eledonc Aldronauli Delle Cliiaje,
x h.
Naples, from ventral side,

;

by a cartilaginous apparatus head and
body furnished with aquiferous pores
fins

to the base of the funnel

anterior

part

present

mandibles corneous

;

of

glands in the female

;

;

;

;

oviduct single, large nidamental

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,
In
while in Loligo they are simply folded over one another.
Chirntcuthis the arms are six times as long as the body, and the
clubs have foiu' rows of denticulate suckers.
The anterior ventral ^ portion of the mantle is furnished with
a singular contrivance for locking it to the funnel, and so rendering 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
It is convenient,

^

and

but not

nioriiliologically correct, to

apply the terms

'

ventral

'dor.sal' in this sense.

VOL.
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on the funnel, or vice

This

versd.

'

ehiborate in the pelagic genera, and least so in the
forms.

littoral

A

similar,

but

is most
more sluggish

resisting apparatus

not

so

'

complex, arrangement

occurs also in the Octopoda.
Tlie different forms of the shell appear to

have in Spinda
but of
considerably diminished size, which has ceased to
contain 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-sac, by the walls of which are
secreted additional laminae of calcareous shell suljstance.
These laminae invest the original

247) a chambered

(Fig.

indicate successive

We

stages in a regular course of development.

['ij^l

shell of the Tetrabranchiate type,

which gradually (Spirulirostra, Belosepiu)
form and becomes straight, eventu-

sliell,

loses the spiral

ally

disappearing,

alone remain

while the calcareous laminae

(Sepia).

Tliese

in

their turn

dis-

pen upon which
they were deposited {Loligo), which itself also,
with the shell-sac, finally disappears, surviving

appear, leaving only the plate or

'

'

only in the early stages of Octopus (Lankester).

The Decapoda are

divided, according

to

the

character of the shell, into Fliragiiiopliora, Sepiop/tora,

A.
'

and Chondrophora}
Phragmopiioka.
Arms

—

Jiooks or acetabula

;

furnished

with

shell consisting of a pilirag-

245.
Club
of Oiiijchotoi'

Fi(5.

tiiocone or chambered sac enclosed
show- n\^Q
pierced
a
conotheca),
septa
by
/'
r
i
j
ing the hooks ^
this sp.,

and

clusters of

lixiug cuslnons
.11111

acetal)ula

in a thin wall

siphuncle near
i.

the Ventral margin (in Spinda alone this cham1,^^.^^:^

^^^ ^^^^^^

^|^g

j^^j^

^^

^j^^

gj^g^x

r^^^^

''
_

apex of the cone lies towards the posterior end of
the body, and is usually enveloped in a calcareous
guard or rostrum.
Beyond the anterior end of the rostrum the
conotheca is extended forward dorsally by a pj'^^o-ostracnni or
anterior shell, wliich may be shelly or liorny, and corresponds to
the gladius of the Chondrophora.
The rostrum consists of
calcareous fibres arranged perpendicidarly to the planes of the
laminae of growth, and radiating from an axis, the so-called
Leiow
^

tiieiii.

-

*

(t>payfj.6s,

i)ai'titiou

;

ffrjiriov,

cuttle-bone

;

xo'^'^/JoSj

long cartilage.
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which extends from the extremity of the pliragmoconc
DistribuHon, see

to that of the rostrum.

—

p.

380.

Arms with acetabula, shell a loose
Fam. 1. Spirulidae.
spiral, without
rostrum or pro-ostracum, partially external,
enclosed in two lobes of the mantle (Figs. 247 and 248).
Tlie single species of the single genus (*S'. Peronii Lam. = laevis
Gray) has not yet been thoroughly investigated, although the
shell occurs in thousands on many tropical beaches, and is sometimes drifted on our own shores.
The animal appears to ]ia\e
the power of adhesion to the rocks by means of a terniinal sucker
The protoconch is present,
or pore.
and contains a prosiphou, which does
not connect with tlie sipli uncle.
The
septal necks are continuous, not broken

The siphuncle

as in Nautilus.

the ventral margin
last

the

of the

is

shell,

on
the

whorl of which projects slightly on
dorsal and ventral sides, but is

even there covered by a thin fold of
The retractor muscles of
the mantle.
tlie

funnel and of

puiid iVappid

head find their

th(!

on

the

shell,

the

last

chamber of whicli contains the posterior part of the liver, with whicli the
mendjranous si])lnuicle is connected.
Arms hooked
Fam. 2. Bch'innitidae.
phragas in Onyclioteuthis, fins large

—

;

mocone
lar,

straight, initial

larger

than the

chamber globu-

second,

rostrum

often very long, investing the plirag-

mocone, pro-ostracum
,

,

^

m
•

^

shaped, rounded
served,
to

(

hdv-sac

sword- or

i>

L

front,

])resent.

leaf-

11
seldom pre-

— Lower

Lias

Fig.

2iQ.— Sepia

with
^^^^^

mantle
position

officinalis

cut
of

away

L.,

to

internal

x^- (The ends of the
tentacular arms are cut off.)
«i'eil-

retaceous.

The Lelemnitidac are l)elieved to have been gregarious, and to
Specimens are
have lived in shallow water on a muddy bottom.
sometimes found in which even the ink-sac can be recognised in
The relative ])ropoi'tions of rostrum and phragmocone vary
situ.
greatly in different groups, the rostrum Iteing in some cases
two

feet

long,

in

others only just enclosing

the ]>hi'agmoconc.
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As

a rule

the

rostrum

preserved.

is

the

only portion which has been

—

FAi\r. 3. Belosepiidae.
Phragmocone short, slightly curved,
chambers small, placed at the posterior end of a sepion, rostrum
solid, obtuse.
Eocene (Paris, Bracklesham, etc).
Fam. 4. Belopteridae.
Sepion not known
phragmocone
curved, siphuncle on the ventral margin, rostrum well developed,

—

—

;

—

Principal genus, Spirulirostra.
Miocene of Turin.
These two families, with their small, curved

pointed.

phragmocone and

(in the case of the Belose-

piidae) large sepion, are

intermediate

clearly

Fig.

2i%.—Spirula PerLam. d, ter-

onii

:

sucker

minal
funnel

—

Shell of Spuula Peronii Lam
A, Outside view B,
showing last chamber and i^osition of siphuncle C, in section,
showing the septa and coui'se of siphuncle D, shell broken

Fig. 247.

;

;

;

to

;

f,

s^, s->, proportions of
shell,
the internal
part of which is
(From
dotted in.
;

jecting

show the convexity of the inner

tiou of a septal neck.

side of the septa

;

E, i^or-

Owen and A.
combined.)

Adams

between the Phragmophora and Sepiophora.
Some authorities
place them with the latter group.
Shell internal, consisting usually of («) an
B. Sepiophora.
anterior cancellated portion, (&) 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.
Eyes 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

—

—

;

—
DECAPODA
arm

four rows, fourth left

base (Fig. 240).

The sepion
of the

—

or

'

cuttle-bone

posterior ventral end

runs the whole length and width
very thick in front, while the

'

is

it

concave and terminated

is

mucro, which

rostrum or

the

spine,

the male hectocotylised near the

in

World-wide.

In Sepia

body.

389

])y

a prominent

points downwards.

The

surrounded by a thin
chitinous margin, which forms a
Other genera are
lateral expansion.

whole shell

tSepiella,

^/m

is

Hemisepius, and Trachyteu-

(fossil only).

C.

Chondrophora.

—

'''-^\l^^ :-V'%0y
^\\(i\l{gladius

\

(a)^ Myopsidae : ^ cornea
" -^
\
species mostly sub-littoral.

entire, ^

Fam.

Sepiolidae.—Yins large,

1.

'-

dorso-lateral
tile;

two

;

'

tentacular arms retrac-

first

dorsal

male hectocotylised

£m

—

,'

.

Hectocotylised
Fig. 249.
of Se2n.a officinalis L.,

.

'

-"^j'^^l^Cp
^
...
...
„

""

or p)en) long, chitinous.

arms in

the

'*^

''°"^f
sessile

^° °"^

°''

,,

arm (/;.«),
shown in

^^'^
""I'^'''^''^

arms
mouth
in,
%>,
pocket into which the tentacular
••^•>" i«

;

;

retracted.

gladius narrow, half as long as the body.

;

AVorld-wide.

Frincipal genera Scpiola, dorsal mantle connected with the
head by a broad cervical band, ventral mantle with the funnel l)y
Rossia, dorsal mantle supported
a ridge fitting into a groove
by a ridge, arms witli never more than four rows of acetabula
Inioteuthis, Stoloteuthis, Nectoteuthis, and Fromachotcuthis.
Fins not as long as the body, mantle
Fam. 2. Sepiadariidae.
united to the head on the dorsal side, fourth left arm in the
male hectocotylised no gladius.
Principal genera, Sepiadarium,
:

;

;

—

Sepioloidea.

—

;

Chiefly Pacific Ocean.

—

Fam. 3. Idiosepiidae.
Fins very small, terminal
fourth
arms in the male hectocotylised, bare of suckers.
The only genus, Idioscpion, with a single species (/. 2^ygmacmn Stp.) is from the Indian ocean, and is the smallest
known Cephalopod, measuring only about 15 mm. in length.
Fam. 4. Loliginidac
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.
LoUcjo proper has a pointed body with triangular posterior
fins united behind; sessile arms with two rows of acetabula,
;

pair of

—

'

txviiji,

close the eyes

;

cSi/i?,

sight

;

(.'ontrasted witli Oigo2)sidac (otyw, open).

—

)
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tentacular arms with four
tip

fourtli left

;

arm

hectoeotylised at the

Other genera are Loliguncida,
Bphmnosrpia, Belotcuthis, Leptotcv-

funnel attaclied to the head.

;

Sepioteutliis,

and

this,

shape of

and

L(i/iolus.

rjtyllofrtiihis
tlie

Oir/oj^sidae

(Ji)

Fa:m.

5.

genera,

fossil

ai'c

f^iily*

the

differing in

giadius.
:

cornea more or

Oiiviiiastre.p>Mdac.

—

less ojicn

;

sjjeeies jjehif/ic.

15ody cylindrical,

fins

generally

terminal, united together, regularly rhomhoidal, sessile arms with

varying number of rows of acetahula, mantle connexions
rate

;

ehilio-

giadius horny, narrow" lanceolate, witli a liollow cone at

the posterior end.

—World-wide.

Ommasf replies proper has

a natatory wel) on the sessile arms;

the wrist of each club has a series of acetabula with correspond-

In IViysanotenfJiis (often made

ing cushions on the other wrist.

a separate family) the sessile arms have two rows of cirrhi, with
lateral expansions

Fk;.

2.50.

of the skin

;

fins

In

as long as the body.

Airhiteuthis princeps, Verr., E. America:/, Riglit fin /«, funnel /ic,
and acetabula on the tentacular arms {t, t). (After Verrill. x J^.
;

;

fixing cushion.s

ArcliiteutJiis,

to

which belong the

largest

Cephalopoda known,

the fins together are shaped like a broad arrow-head
of sessile

arms strongly denticulate

;

;

acetabula

tentacular arms very long,

and fixing cushions throughand a group of the same at the base of
tlie dull.
The acetaliula and cushions correspond on the opposing tentacles, and enaljle them to pull together.
Other genera
are Dosidicus, Todcirodes, Illex, Bathy ten this and Meistigoteuthis.
Fam. 6. Onyelioteuthidae.
Body cylindrical, fins terminal or
lateral, mantle-locking apparatus elaborate, tentacular arms very
long, sessile or tentacular arms furnished with retractile hooks,
witli ecpiidistant pairs of acetabula

out

tlieir

entire length,

—

giadius lanceolate, with a terminal cone.
Tlie prehensile apparatus of

of i)ower

and singularity

in

—-World-wide.

Cephalopoda reaches its maximum
In Onyehia, Onycho-

this family.

;

DECAPODA
and

tcidhis,

in
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arms have

AncistroteutJiis, the sessile

and Ahralia they have hooks

Gonatus

as

acetalnila only,
well,

while

in

Verania, Ancistrochin's and Unoj^loteutJiis, tlie sessile arms have
hooks only.
The numher of rows of hooks or acetabula varies

with tlie different genera.
¥am. 7. CJiiroteiithidae.

— Head

nearly as large as the body

;

fins terminal, tentacular arms very long,
sessile arms slightly wel)l)ed, acetabula

denticulated

;

mantle-supports consisting

of cartilaginous ridges on

wliich

fit

the mantle,

into corresponding depressions

on the funnel, gladius expanded at each
end.

—

Atlantic Ocean.

The
are

six dorsal

arms

in Histioteuthis

miited by a broad wel), wdiile
the

Histurpsis

way up

web

in

half

only reaches

In Chiroteuthis the
tentacular arms have scattered sessile
suckers throughout their whole length,
and four rows of very long peduncuthe arm.

late suckers
FA]\r.

8.

on the clubs.
CrandiUdae.

body rounded,
nal, eyes

—Head

small,

barrel-shaped, fins

termi-

often very large, sessile

short, tentacular

—World-wide.

arms

arms

long, thread-like.

Cranchia proper has the tentacular
clubs finned, with eight rows of suckers,
body sometimes covered with warty
Zolir/02'sts has a very attenutubercles.
ated body, with fins tenuinally united
,

,

-,1

1

;

1

some species are spotted with colour,
or have rows of tubercles on the ventral
Taonius (Fig. 251)
distinct from Loligopsis.
side.

is

Fig. 251.

— Tannins

hyperboreus

stp., N. Atlantic :.,., eyes

/, /,

doubtfully

fins

;

f,

t,

tentacular

(After Hoyle,

x

\).

Order Tetrabranchiata
Cephalopoda with four branchiae and four kidneys; animal
inhabitino- the

last

cliiiiiilici'

of

;iu

external multiloculai- shell;

—
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consisting

funnel

two

of

TETRABRANCHIATA

separate

lobes

;

tentacles

ninnerons,

no ink-sac.
The shell consists of two layers, the outer being porcellanous,

without suckers or hooks

and the

inner, as

;

well as the walls of the chamlters or septa

The septa vary greatly

nacreous.

they

a^autiloidea

are

regularly

straight, as in Orthoceras, but in the

The edge

exceedingly complex.

with the shell-wall,

which

is

in shape.

curved,

as

the

Nautilus,

or

Animonoidea they are often

of the septum, where

called the suture,

it

unites

and the sutural

not seen until the porcellanous layer

is

In most of
in

is

line,

removed, varies

in shape with the septum.

The septa are traversed by a membranous tube known as the
which in Nautilus is said by Owen to connect ultiThe sejital necks, or short tubular
mately with the pericardium.
siphuncle,

Fig. 252.

Xautilus pomjjiUus L., in section, sli owing the septa (s, s), tlie septal necks
the siphuncle dotted in (si), and the large body chamber {ch).

{s.n, s.n),

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 Animonoidea they are directed
forwards.

When

the sipliuncle

oidea, it is simple, Init

when

is

narrow, as in the

wide, as in

many

Ammon-

of the Nautiloidea,

,

NAUTILOIDEA
its
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walls are often thickened by the deposition of masses of cal-

careous matter, or by rings and radiating lamellae of the same
In position, the siphuncle is sometimes central, somematerial.

times sub-central, sometimes (Ammonoidea)

In some cases

marginal.

its

The

the individual.

by the siphuncle

Some hold

that

them

of

/(

precise object served

present unknown.

at

1

1

n^<;^i^^^^^

fv^M|'\^

^rl

v^3!3ti-,

--^10

^-^-^^^^

by connecting

chaml)ers,

with the soft parts of the animal; ^a. 253 —Ammonites
have regarded

lightening the

{Ca-

doceras) sublcevis Sovih.

.

others

'^^^

^^^^^^^^"^

preserves the vitality of

it

unoccupied

the

is

/y^^^^^^^

position is

believed to change during the growth

it

as

sdiell Ijy tlie

a

means

lor

Kellaway's Rock, showthe marginal position

passage of some

iiv?

gas into the chanil)ers.

chamber in Nautiloidea consists of an obtuse
marked on the outer surface of its posterior wall
by a small scar known as the cicatrix, which may be slit-like,

The

initial

incvirved cone,

round, oval, or cruciform in shape.

It

has been held that the

communicated with the protoconch or larval
In
shell, which probably dr( )pped off as development proceeded.
the Ammonoidea, on the other hand, there is no cicatrix, and the
initial chamber probably represents the protoconch, as seen in the

cicatrix originally

nucleus of

many

Sub-order

Gasteropoda.

1.

simple

aperture

Nautiloidea.

—

contracted

or

Shell straight,

;

siphuncle

internal deposits, position variable

directed backwards

;

;

bent, or

often

coiled,

narrowed by

septal necks short, usually

septa concave towards the aperture

;

initial

chamber conical, with a cicatrix on the posterior wall.
The Nautiloidea, of which Nautilus is the sole living representative, date back 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

and Nautilidae, appears to have become extinct.
The former disappear with the Trias, and after the lapse of the
OrtJioceratidae

whole Secondary

makes

its

era,

(a) Rctrosi2}honata

Ykm.
aperture
'

The

Aturia, a form closely related to Nautilus,

appearance.

1.

:

septal necks directed hacktvards.

Orthoceratidae}

simple,

classification

—

Shell

l;)ody-cliamber
is tliat

straight or
large;

slightly curved,

siphuncle

cylindrical,

of Foord, Catal. Fossil Ccphal. Brit. Mus., 1888.

NAUTILOIDEA
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position variable.

Single genns, Ovthnceras (Fig. 254).

l)rian to Trias.
.FA:\r.

2.

Endoceratidac.

—

—Cam-

Shell straight, siphuncle wide, mar-

necks produced into tubes fitting into one another.

ginal, septal

Endoceras (specimens of which occur six feet
and Piloceras.
Ordovician.
Fajl 3. Actinoceratidae.
Shell straight or slightly curved,

Principal genera

:

long),

—

—

siphuncle

wide,

the

by obstruction-rings.

septa

contracted

genera

Principal

Actinoceras,

:

Huronia, Sactoceras.

Discosorus,

— Ordovician
Fam.

at

to Carboniferous.

Gom^lioeeratidae.

4.

—

Shell globular, straight or considerably

curved,

aperture

nar-

T-shaped, body-chamber

rowed,

large, siphuncle varialjle in posi-

The aperture

is in some
narrow that proljably
the arms could be pro-

tion.

cases

A
254.

so

only

—

A, Section of Orthoctras,
showing the septa (s, 5), and siphuiiulc

truded.

(sijsi); B, portion of the exterior of

n^hoceras (Fig. 255).

Fig.

annidatiim Sowb.
x i.
(Woodwardian Museum, Cambridge.)'
Orthoceras

Principal

,

J'

AM.

sac -like

r

a

5.

genus,

—

Gom-

Silurian.

i

AscOCeratldae.

oi

flask -shaped,

or

n

Shell

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

The young form has

liody chamber.

Orthoceras, attached

to

growth proceeds the former portion
genera

:

Fam.
ends,

—
—

Ascoceras, Glossoceras.
6.

Poterioceratidae.

aperture simple,

between the

septa.

a symmetrical shell like

the sac-like shell above described

;

as

Principal
thrown off.
Ordovician and Silurian.
is

Shell fusiform, contracted at both

siphuncle variable in position, inflated

The form generally resembles Gomphoceras,

except for the simple aperture and fusiform shape.

—

Ordovician

to Carboniferous.

Fam.

7.

Ci/rtoceratidac— Shell

slightly curved,
tion.

body-chamber

Single genus, Cyrtoceras.

Fam.

8.

Lituitidae.

—

conical

or

large, siphuncle

—Cambrian

Shell coiled in a

sub -cylindrical,

variable in posi-

to Carboniferous.
flat,

sometimes loose

NAUTILOIDEA
spiral,

whorl straight, containing-

last

Principal genera

greatly prolonged.

Ordovician and Silurian.

:
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tlie

l)ody-chaniher, often

Lif/aitcs,

Oiihidioceras.

—

—

Fa^l 9. Tri)c](oceratidac.
Shell .helicoid, witli seldom more
than two whorls, dextral or sinistral, last whorl sometimes
Principal genera

partly uncoiled.

Ordovician to Devonian.

Fam. 10. Nautilidae.

—

Trochoceras, Adelphoceras.

:

Shell with few whorls

more

—

less

oi-

overlapping, septa simple, siphuncle central

/""^^^

or sub-central, aperture not contracted.

The

90 in numlier,
and consist of four groups each of 12 or 13
labial tentacles surrounding the mouth, two
groups each of 17 larger (brachial) tentacles
on each side of the head, two thicker tentacles which combine to form the hood,' and
two small tentacles on each side of the eve.
'tentacles' are about

v aI J
'^^

.

'

When

i)airs
many
•'J-

The

different

_

x

is

the most

muHlus, and
being described, when seen

j\

_

^^

^

-yb^ -d

,

V^-/
'-"-^

direction of

of tentacles at constant l)ut

angles from the head

\

*'V^-^^4^^

extended radially from the head, somewhat
the

/

p^c~v-}~~~-|

the animal swims, the tentacles are

like those of a sea-anemone.

/^HIn.

/

^'''-

^"Tf!'"'
^^^',7r'
cerrts
eUipticuniM
Coy,
Silurian

:

B, aperture

striking feature in the living

'^l^af st^^Lon

accounts for

sipiumcie.

its

of

(After

on the surface, as a shell with soniethin<; like
'

it.' ^ The funnel is not a complete tube,
formed Ijy 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 branchial cavity. The head is conical, and the mouth and its appendages
can be retracted into a sort of sheath, over which fits the 'hood.'

a cauliflower sticking out of
l)ut is

Other genera are
Attiria.

—

Fam.

TrocJiolites, Gyroceras, Hercoceras, Discites,

Ordovician to present time.

—

Shell straight, conical, siphuncle
necks long, funnel-shaped, sutures undulating, with a sinus corresponding to the siphuncle.
This family,
11.

Bactritidae.

small, marginal, septal

from the form of

Ammonoidea.
(h)

its sutures,

J^ntH'ipJionata.
'

appears to constitute a passage to the

Single genus, Barfn'trs.-

—

—

Silurian and Devonian.

Septal necks tlirected/ov7/Y«W.s\

Saville Kent, Proc.

Jloij.

Soc. Queensland, vi. p. 229.

a
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The two genera
conical,

always

are Bathmoceras (Ordovician), shell straight,

siphon marginal
and JVothoceras
with simple sutures.
Animonoidea.
Shell multiform, straight,

truncated,

;

(Silurian), shell nautiloid

Sub-order
curved,

2.

flat spiral,

—

or turretted, sutural line

more

or less complex,

siphuncle simple.

Some authorities hold that the members of this great
now totally extinct, belong to the Dil^ranchiata, on

sub-

order,

the

ground that the protoconch resembles that of Sjpirula rather
than that of the Nautiloidea.
Others again regard the Ammonoidea as a third, and distinct Order of Cephalopoda.
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 was midoubtedly external.
The sutural line, which indicates the septa, and is generally
;

number

concealed l)eneath the outer layer of shell, consists of a

which

of lohes or depressions, the concave part of

towards the aperture.
elevations,

sc

s.a

or

s.l'

saddles,

Between these lobes
the convex

part

of

directed

is

corresponding

lie

which

directed

is

SY

s.l

—

256.
Diagram of the sutures of
Ammonites A, an elaborate suture

Fig.

:

{Phylloceras)

B, a simple

suture
ventral, s.l, first lateral, s.l', second
lateral saddles
s.a, s.a, auxiliary
saddles
l.v, ventral, I, first lateral, I', second lateral lobe
I.
a.
La, auxiliary lobes.
The arrow
points towards the aperture.
(From
Woodward.) Compare Fig. 258.

hp$'

(Oeratites)

;

;

s.s,

siplional,

s.^<,

;

;

I.

;

l-rT"

VA

'ITVM^

towards the aperture.

There are

the siplional or ventral, which
dorsal,

and a superior and

auxiliary lolies

may

is

six principal lobes (Fig.

traversed

inferior lateral

succeed these latter.

l)y

256)

the siphuncle, the

on each side

;

The adjacent

smaller
saddles

have received corresponding names.
As a rule the sutural line
is very complex, but in some cases {Goniatites, Lohites) it is

The first saddle of a large number of genera
means of classification, according as it is broad or
Some authorities reverse the terms ventral and dorsal.

simple (Fig. 258, A).
serves as a

narrow.

—
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as applied above.

It

is

probable, however, that the position of

the animal of Avimonitrs in

The siphuncle

is
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its shell

resembled that of Nautilus.

dorsal (internal) in

Clymeniic only, ventral (external) in all

other genera.

The

Ammonoidea

aptyvlmi^ of

is

a

corneous or calcareous A^alve-like body,
generally formed of two synnnetrical
It has been regarded

parts (Fig. !257).

by some as the covering of the nidamental gland, and hence as occm-ring Fig. 257.—Aptychus of Ammonite
Kim(Trigonellites latus).
-.1
,1
p
IT
only
the lemale, by others, with more
x i.
merid'^e Clay, Ely.
probal)ility, as an operculum, covering
or imbedded in a hood formed, as in Nautilus, of modified arms.
Sometimes tlie Aptychus is in a single piece {Ana^ityclnis), sometimes the two pieces are united on the median line {Syiuqitychus).
The Ammonoidea are thus classified l)y Dr. P. Fischer
,

(rt)

m
.

,

Eetrosiplionata

....

Goniatitidae.

[First saddle,

I
I

:

No

wide

Aptyclius or

Anaptychus

(

Arcestidae, Tropitidae,

\^

Ceratitidae, Chjdonitidae.

i

Piyiacoceratidae,

-'

Amal-

I

(h)

Prosiplionata/

corneous,
single

I

y

narrow

Fam.

1.

^

Ammonitidae,

Lytoceratidae.

[

Aptyclius calcareous, valves
double or united
\

I

(«) Retrosiphonata.

theidae,

First saddle,-

Harpoceratidae, Stephanoceratidue.

'(

Goniatitidae.

—

Shell nautiloid,

whorls sometimes disjoined, siphuncle ventral or dorsal, sutures
simple.
Principal genera: Clymenia, Goniatites, (Fig. 258, A).

—Uevonian
{h)

to Carboniferous.

Prusvphonata.

or striated

FA:\r. 2.

Arcestidae.

—

Shell globular, smooth

and rayed, body-chamber very

long, aperture often

with a projecting hood, umbilicus closed by a callosity, lobes
numerous, foliaceous, aptychus present. Principal genera Arcestes,
Lohites.

—

:

Principally Trias.

—

Differs from Arcestidae mainly in the
Fa^i. 3. Tnqntidac.
more highly ornamented surface, which is decorated with ril>s
Principal genus,
which become granular at the periphery.
Tropitcs.
Trias and Lias.
Shell ribbed and tuljerculated, body
Fa:m. 4. Ceratitidae.
Principal
chamber short, lobes denticulated, saddles simple.

—

—

genera: Ceratites (Fig. 258, B), Trachyceras.

—

Principally Trias.

AMMONOIDEA
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Fam.

Clydonitidae.

5.

—

Shell variable in form, body-chamber

short, sutural line undulated, simple.

Principal genera: Chjdonites,

Choristoceras, Hhahdoceras, Cochloceras.

Fam.

Piaacoceratidae.

—

Shell

—

Trias.

usually smooth,
liody-chamber short, sutural line very complex, lobes numerous.
6.

Principal genera

:

Finacoceras, Sageceras.

AmaWieidae.

Fam. 7.
cealing most of the

—

—

AmaWicvs,

Trias, Cretaceous.

Fam.

Amiiwiiitidac.

8.

— Carboniferous to Trias.

Shell broad, keeled, last whorl con-

spire, sutures

genera:

-Principal

discoidal,

with auxiliary
Sehlocnhacta,

—Body-chamber

—

lobes, incised.

Sphenodiscus.

—

long, whorls narrow,

Various forms of Ammonoidea
A, G'oniatites crenistria J. Phil., Carb.
Limestone B, Ceratites nodosiis de Hanii., IMusclielkalk C, Ammonites (Parkinsonia) Parkinsoni Sowh. Inf. Oolite; D, Plrjlloceras hete/vjj/iijllum Sowh., Ujiper

Fig. 258.

:

;

;

,

Lias

;

s,

s,

sutural lines.

uncovered, more or less ribbed,

normal, aptychus single, corneous.
Aegoceras.

Fam.
aperture

—

Principally Lias.

9.

Lytoceratidae,

simple,

PhylloceTas (Fig.

—
—

aperture

sutural

simple,

Principal genera

line

Ammonites,

:

Shell discoidal, body-chamber short,
Principal genera
Lytoceras,
no aptychus.
Trias to Cretaceous.
258, D).
:

—

Shell discoidal, compressed,
Fam. 10. Haiyoceratidae.
margin keeled, surface with straight or arched ribs, aperture
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with lateral projections, suture with accessory lobes, aptychus iu
two pieces.
Har2)oc€ras, Opi)elia, Lissoceras.
Principal genera
—Jurassic to Cretaceous.
Fam. 11. Stcphanoceratidae.
Shell discoidal, lielicoid or
straight, whorls sometimes disunited, surface often with bifur:

—

cating ribs, whicli are tuljercled,

aperture often with lateral projections,

sutural

line

incised,

aptychus in two pieces, sometimes

iniited.

In the discoidal group, Stc'jyhanoceras

is

strongly

ribbed,

tubercled at the point of bifur-

Cusmoceras

cation,

has

long-

lateral projections of the aper-

ture

when young,

Pcrispliinctcs

has a large body chamber and

numerous smooth

ribs.

Other

genera are Acanthoceras, Pdto-

and Hoplites.
loosely
whorled

ceras, Asjndoccras,

Among

the

genera, Scaphitcs (Fig. 260,

B
Fig. 259.

— A, Turrilites catenulatus d'Orb,

Gault

;

B, Macroscaphites Iranil d'Orb,

Upper Neocomiaii.

A)

(From

Zittel.)

has the last whorl produced and bent back again in horse-shoe
form, while the early whorls are concealed; Hamitcs, Hainalina,

and Ptychoccras have a

shell

shaped like

a.

single or douljle hook,

the

sides

may

or

luiited

which

of

may

not be

Crioceras

;

(Fig. 260,

B) in form

of whorls resembles a

Sjnrula, Ancyloceras
a

with
whorls dis-

Scccphites

the

first

united.

Macrosca-

jJtites (Fig.
is

—

2G0.
B,
A, Scapkiles aequalis Sowb., Cret.aceou.s
Vriocerus hifurcatam Qiieust., Cretaceous. (From Zittel.)

FifJ.

cealed.

Baculites

;

Turrilites (Fig. 259,
is

A)

is

259, B)

similar, but

the

lirst

with

whorls

united and not cou-

turretted and sinistral, while

quite straight, with a long body-chamber.

—

CHAPTEE XIV
CLASS GASTEROPODA

AMPIIINEURA AND PROSOBRANCHIATA

Order

I.

Amphineura

Bilaterally symmetrical Mollusca, auus at the terminal end of
the body, dorsal tegument more or less furnished with spicules.
Foot co-extensive
Sub- Order 1. Polyplacophora (Chitons).
with ventral surface of the body, dorsum with eight transverse
plates, articulated (except in Gkitonellus), 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 Cryptochiton.
Although in the main sub-littoral, they

—

.

occur at very great depths

;

the Challenger dredged Leptochiton

Hadd. at 2300 fathoms.
Chiton Polii exceptionally
MacAndrew above sea margin, but
occurs at Malta
teste
l)e7ithus

—

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

attached

in
is

the

rocks.

When

the

stone

to

which

they are

turned over, they crawl slowly to the side which

not exposed, as

if

disliking the light.

An

is

undescribed species,

however, which I took at Panama, crawled quite as fast as an
snail.
Chiton fulvus Wood, apparently is accustomed
MacAndrew took it in abundance
with some rapidity.
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

ordinary
to crawl

from the foreign growths which are so characteristic of many of
When detached a Chiton contracts the muscles of
the species.
the whole body, and rolls up into a ball like a wood-louse.

POLYPLACOPHORA
The Polyijlacophora
usually

articulated

are

characterised,

of eight

shell

401
by their
which is

externally,

or

plates

valves,

surrounded and partly kept in position
These plates overby a muscular girdle.
lap like tiles on a roof in such a way
that the posterior edge of the

ceph-

first,

or anterior valve projects over the

alic,

anterior

which

edge

of

succeeding valve,

the

and so

in its turn overlaps the next,

on throughout.
valved

Seven-

monstrosities

very rarely occur.

A

the valve next an-

terior to

This por-

it.

which

tion,

i\

covered

is

by the girdle or

either
1)y

portion

certain

of each valve

and

colour

in

porous

whitish

is

in

non-

structure,

forms part of an inner
underlies

the

tlie

of

rest

stance

and

the

of

261.— Valves of a Chiton
separated to show the various parts (anterior valve

Fig.

layer which

sub-

uppermost)
lameutuiu

valve,

jugum

called the arti-

is

t,

t,

a,

:

;

j,

pleura

pi,

pi,

;

articu-

a,

beak

b,

;

;

tegmentum.

The ex-

cidamentmn.

ternal portion of the valves, or tegmentiim, is

generally more or less sculptured, and is largely
composed of chitin, impregnated with salts of
lime, thus answering more to a cuticle than
It is very porous,

to a shell proper.

pierced

known

sizes,

Fig.

262.

— Valves

of

C7nYonc//i/s separated

out (anterior valve
uppeniiost): «,«, articuiainentum
t,
t,
x 2.
tegmeutum.
;

as

are

canals

Containing

connected

or ncrvc tissue, the
i

VOL.

Ill

areas

and micropores,
minute
])y

together

what is prol)ably filjrous
mouths of the pores being

i

,

i

,

i

,

1

occupied by seusc organs connected with these
nerves.
,.

^

The
,

mediate valves
triangular

megalopores

which

•

being

a quantity of minute holes of two

Ijy

tegmentum
n

.

is

by two more or

the

of
i-

•

n

1

six

inter-

•

,

generally divided into three
less

prominent

ribs,

which

2 D
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diverge from the neighbourhood of the median heak or umbo.
The space enclosed between these ribs is known as the median

area

or

spaces

jugum,

the

the

lateral

as

The

pleura.

two

other
areas

ribs terminate

or

with

the edge of the tegmentum, and

not

found

mentum.

on the articulaIn certain genera these

areas are

either

are

non-existent,

are not distinctly marked.

or

The

sculpture of tlie lateral areas (which
is,

as a rule,

that

of

generally

the

be

much

stronger than

median
found

area)
to

will

resemble

that of the anterior valve, which

has no proper median area.
In
the posterior valve the median
Fig. 263. -First, fourtli, and eighth
valves of a Chiton, showing Li,
laminae of insertion ; n, n, notches ;
5.^, 5.Z,

suturai laminae,

x

2.

area

is

very small, while the sculp-

ture of the rest of the valve cori

rcsponcls

j.

to

i

that

ol

the

lateral

areas generally (see Fig. 261).

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 sinus.
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 sutural 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 by 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 scales.
The width of the
;

greatly, being

girdle varies

sometimes very narrow, sometimes

entirely covering all the valves {Cryptochiton).

outer edge

is

continuous, but in Schizochiton

over the anus.

it is

As a

rule, its

sharply notched

—
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description has already been given of the dorsal eyes in

187), the nervous system (p. 202), the branchiae (p.
radula
154), the
(p. 228), and the generative system (p. 126).
Chitons
are thus classified by Dr. W. H. Dall
The recent

Chiton

(p.

Section

Chitones

I.

Eegulares.

—

:

Anterior

(end

^^osterlor

valves of similar character.

A. Leptoidca.
unslit
B.

;

—
—

Insertion

plates

Lcptochiton, Hanlcyia,

Is"h7ioidea.

with eaves

Insertion

plates

or,

oljsolete,

sharp,

present,

if

Hemiar thrum,

Micro2)lax.

smooth,

fissured

;

Trachydernion, Callochiton, Tonicella, Schizo-

;

Leptoplax, Chaetojpleura, Sjoongiochiton, Ischnochiton,

])Iax,

Callistochiton.
C.

Lophyroidea.

—

Insertion

plates broad, pectinated, project-

Fig. 264.— Girdles of
various Cliitouidae.
A, Radsia sulcata
Wood, X 2
B,
;

Maugeria

granu-

x 3
Enoplochiloii
niger Barnes, x 3
Acanthochitoyi
D,
fascicular is L., x
4
E, Tonicia faslata

Gmel.,

;

C,

;

J

ing backward
chiton.

Chitoyi,

;

;

tigiata.

Tonicia, Eudoxochiton,

—

Sowb., x

4.

Craspcdo-

SclcroInsertion plates thrown forward
D. Acanthoidea.
chiton, Acanthopleura, Dinoplax, Middendorffia, Nuttallina,
;

Arthur ia, Phacellopleura.
Chitones
Irregulakes.
II.

Section

—

Posterior

valve

ahnormal, or with a sinus behind.
E.
¥.

Schizoidea.—Vo&tevioY valve fissured Lorica, Schizochiton.
Posterior valve unslit, internally ridged,

Flaciphoroidea.

umbo

;

—

nearly

terminal

;

Enoplochiton,

Ornithochiton,

Plaxiphora.
G. Mopaloidea.
slit

—

Posterior valve with posterior sinus and one

on each side

Notoplax.

;

2Iopalia,

Katherina, Acanthochiton,

—

^
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—

With double sutural laminae; Cryi^toconchus,
H. Cryptoidea.
Amicula, Cryptocliiton.

ant—
Fig. 265.

Chit07iellus fasciatus

Chitonelloidea.

I.

—

Quoy

;

valve

Posterior

ant, anterior end.

funnel

shaped

;

laminae

thrown forward CMtonellus, Chone/plao:.
Sub-order II. Aplacophora. Animal vermiform, foot absent,
or a mere groove, cuticle more or less covered
with spicules.
;

—

According to Marion, one of the principal
on the group, the Aplacophora
are perhaps Amphineura whose development
has been arrested at an early stage, their

r

authorities

Fig,

266.
carinata

anus
groove

— Neovienia

worm -like

Tullb.
«,
ventral
:

exterior

_

beint^

gr,

due to adaptation to surm, mouth.
roundings.
They have
hitherto been found chiefly in the N. Atlantic
and Mediterranean, generally at considerable
;

;

and

depths,

polyps in a

often

associated

way which

with

suggests a

commensalism.
Fam. 1. Neomeniidae.

— Foot

a

certain

kind of

narrow

groove, intestinal tube without differentiated
liver,

sexes

kidneys with
united,

Genera; Neomenia
Proneomenia,

common
(Fig.

Ismenia,

exterior

present

ctenidia

2.

orifice,

absent.

Paramenia,
Leindomenia, Don266),

dersia.

Fam

or

Chaetodermatidae.

— Body

Fig. 267. ^Chaetodenna
iiitidulum Lov.
a,
:

anus
x3.

cylindrical,

;

no

m,

mouth.

ventral

groove, liver a single sac, kidneys with separate orifices into the

branchial cloaca, two bipectinate ctenidia.

derma

Single genus, Chaeto-

(Fig. 267).

Order

II.

Prosobranchiata.

Visceral loop twisted into a figure of 8 (streptoneurous), right

DIOTOCARDIA

XIV
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half supra-intestinal, left half infra-intestinal

dium) generally
a

or

branchia (cteni-

;

single, usually in front of the heart

;

head with

animal dioecious, usually marine,
contained within a shell, opercukmi generally

single pair

more

405

of

less

tentacles

;

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
nervous system not concentrated no
(except in Neritidae)
present.

—

;

;

;

proboscis or siphon, penis usually absent.

Docoglossa

(a)

227).

(p.

ventricle not traversed

— Heart

with

by the rectum,

no operculum

shell widely conical, non-spiral,

a

single

;

auricle,

sac not spiral,

visceral

radula very long,

with few hooked teeth in each row.
Left ctenidium alone occurring, free on
Fam. 1. Acmaeidae.
Principal genera Pectinodonta,
a long stalk. Cretaceous
Acmaea
front part of head much produced, radula
(1. 0. 1.)
sub - genera ColUsella and Collisellina, no
( =: Tectura), with
accessory branchial ring, shell closely resembling that of Patella,

—

:

.

;

but generally with a distinct internal border

;

Scurria, accessory

branchial ring on the mantle.

—

No ctenidia or accessory branchiae,
Fam. 2. Lepetidae.
Pliocene
Principal genera
animal generally blind.
Lepeta ; Propilidium, apex with internal septum Lepetella.
Fam. 3. Patellidae.
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.
PatelUnae.
Three lateral teeth on each

—

(i.)

Principal genera

anterior.

chief

sections

Patella

:

interrupted

Nacellinae.

Genera

:

—Two

in

.

two of them

Patella, branchial circlet complete

proper,

Scutellastra,

mexicana Brod., measures 8-14
circlet

Ordovician
side,

in.

long);

TryUidium

front;

;

;

(A.

Helcion, branchial

(Ordovician).

developed laterals on each

Nacella, branchial circlet complete

ATwistromesus

side,

—

(ii.)

one anterior.

Helcioniscus, bran-

chial circlet interrupted in front.

—

Ventricle of the heart traversed
(&) Ehipidoglossa (p. 225).
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

Pelecypoda, particularly in the least specialised

—

;

4o6
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and the kidneys are in many
and more or less symmetrical.
The ventricle is
generally traversed by the rectum, there is a long labial commissure between the cerebral ganglia, special copulative organs
forms.

auricle, the branchiae,

paired,

cases

are usually absent, while the shell

often nacreous, like those

is

of Pelecypoda of a primitive type.

Section
or marginal

I.

Zygobranchiata.

slit

—Two

ctenidia, shell

with apical

or holes, corresponding to an anal tube in the

mantle (p. 265).
Fam. 1. Fissurellidae.

—Two

symmetrical ctenidia and kidneys,
with
a single anterior or apical slit or impression
no operculum.
visceral

mass

conical, shell conical, elevated or depressed,
;

Jurassic

(i.)

.

Mssurellinae. Shell wholly external, apex

removed by perforation, apical

entirely

callus not truncated posteriorly
tral tooth narrow.

(Figs. 171, p.

suridea,
dinae.
as in

Genera

261; 178,

Clypidella.

:

p.

265), FisFissurelli-

(ii.)

Shell partly internal, otherwise
(i.)

more or

central tooth broad, mantle

;

less

reflected over tlie

apical hole very wide.

Genera

surellidaca, Pupillaea, Lucapina,

Macroschisma,

tebennus,
(iii.)

Fig. 268.
Scutus (mstralis Lam
Australia
vi, vi niautie
xii,
:

shell.

X

;

Genera
truncated behind
slit

Fis-

Mega-

Jjucapinella.

Shell

usually

wholly external, apex usually not

re-

movod byperforation,sometinies with

in-

:

ternal septum, anal tube in a narrow

slit

;

Glyphis, externals of Fissurella, but hole-callus

Fwncturella (sub-genera Cranopsis and Fissuri-

just anterior to the apex,a small internal septum; Zeidora,

large internal
slit

Fttuirgimdinae.

shell,
:

%.

or sinus.

-srj:;^«),

cen-

;

Mssurella

septum as in Crrpidula

:

Fmarginula,

shell elevated,

very narrow, on the anterior margin (in subg. Fimula,

it is

between the apex and the margin), radula bilaterally asymmetrical
S'id)einargi7iula, margin indented by a shallow groove; Scutus
Farmophorus) shell oblong, depressed, nicked in front, largely
(
covered by the mantle.
Fam. 2. Hcdiotidae.
Eight ctenidiuni the smaller, epipodial

=

—

line broad, profusely lobed

wliorl very

large,

;

sludl rather ilattened, spire sliort, last

with a row of perforations on the

left

side,

;

;
,

DIOTOCARDIA
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which l)OcomG successively ohliterated through these holes, the
posterior of which is anal, pass tentacular appendages of the
Single genus, Haliotis
mantle no operculum. Cretaceous
;

.

;

principal sub-genera Fadollas, Teinolls.

Fam.
al)0ut 26

Plcurotomariidae.

3.

laterals,

GO

sinus in the last whorl
fasciole

—

Central

uncini.

tooth

narrow,

single,

Shell generally variously

nacreous, opercidate, with a rather broad marginal

trocliiform,

"

70

to

or

"

as this sinus closes

;

Cand)rian

sinus band."

.

up

it

forms an

"

anal

Principal genera

:

Seissurrlla, epipodial line with several long ciliated ap})endages at
each side, shell very small, slit open, sinus band extending nearly
Schismopc, anal slit closed in the adult into an oblong
to apex
;

Murchisonia (Palaeozoic only), shell long, turretted,
Odontomaria
whorls angulate or keeled with a sinus Ijand

perforation;

;

(Palaeozoic
tubular,

only),

curved

shell

Pohjtrc-

;

maria (Carboniferous),
shell turbinate, slit a series

of
l)y

snudl

shell

connected

holes

a passage

;

Troclwtoina
perfora-

trocliiform,

two narrow holes united by a slit
tion consisting of

branchiat;

Pleurotomaria,

almost symmetrical, radula
as

shell

above,

variousl}'

spiral.

In Pleurotomaria we
have the case of a genus
long supposed to be extinct.

More

than

1100

Fig. 269.

20 specimens, belonging

to

and within the last 38 years al;)Out
5 species, have been discovered in a

living state.
4.

F.,

fossil

species have been described,

Fam.

Pleurotomaria adansoniana Cr. ami
X i.
Tobago.

Bcllerophontidae.

—

Shell

nautiloid,

spire

generally

concealed, aperture large, sinus or perforations central (Fig. 179,
p.

266).

Ordovician

—

Trias.

Genera:

Bellerojyhon,

Trema-

tonotus, Cyrtolites.

Section
present.

II.

—Azygobranchiata. — One

ctenidium (the

left)

— RHIPIDOGLOSSA

DIOTOCARDIA-
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Fam.

Cocculinidae.

1.

—A

cteniclium,

cervical

single

chap.

broad, no eyes, shell patelliform, with caducous spire.

Deep

genus, Cocculina.

Fam.

water.

Stomatellidae.

2.

—A

single (left) ctenidium, front third

whorl

shell nacreous, spiral or patelliform, depressed, last

free,

foot

Single

Genera: Stomatella (snhg. Synaptocochlea,
Ni'phonici), shell depressed, spirally ribbed, spire short, operculum
Jurassic-

large.

present

.

Phaneta, fluviatile only, shell trochiform, imperforate,

;

whorl keeled, sinuate in front Stomatia, spire short, surface
Gena, shell haliotis-shaped,
tubercled or keeled, no operculum

last

;

:

surface smooth, aperture very large

apex often lost.
Fam. 3. Cydostrematidac.

spiral

—

:

Broderipia, shell patelliform,
thread-like,

Tentacles ciliated,

snout bilobed, foot truncated in front, angles produced into a
filament,

Principal genera

Fam.

4.

Liotiidae.

eye-peduncle,
trellised,

shell

—

not

umbilicated,

depressed,

shell

.

:

Eocene

nacreous.

Cyclostrema, Tcinostoma, Vitrinella.

Epipodial line with a lobe behind each

solid,

ribbed

longitudinally

trochiform,

or

aperture round, operculum multispiral, hispid, corneous,

with a calcareous

Silurian-

layer.

Principal genera

.

:

Liotia, Craspedostoma (Silurian), Crossostoma (Jurassic).

Fam.
present,

5.

Trochidae.-

epipodial

—Snout

line

short, broad, frontal lobes

furnished with

cirrhi

shell

;

often

nacreous,

variously spiral, operculum corneous, multispiral, nucleus central
(Fig.
(i.)

182,

p.

Trochinae.

lateral teeth

(

-.

Silurian-

268).

—

Frontal lobes present,

= side

centrals) 5 only,

no jaws, peristome incomplete. PrinTrochus (subg. Cardicipal genera
nalia, Tcctus, Infundihulum, Clanculus), Monodonta (subg. Diloina),
Cccntharidus (subg. Bctnhivia, Tha:

Fig.

210.

— Monodonta

Lam New

Ireland.

canalifera
(After Quoy

Gihlndinae.

more than

—

Gaza

Igtia),

/'

andGaimard.)

Frontal

5,

lobes

peristome

and

jaws

incomplete.

hula (subg. Monilia, Aphanotrochus,
Trochiscus,

ostoma,
(iii.)

MicrOC/azu),

(subg.
^

'^

J=

Callogaza, Bemhix, Chlorostoma.

Livona,

Turcica,

Photinula,

Basilissa,

Delp)hinidinae.

—No

present,

laterals

Principal

genera

Enida), Minolia,

Margarita,

Btichelus

(subg.

frontal lobes, jaws present

;

often
:

Gih-

Circulus,

Solariella,

Olivia,

/

(ii.)

Calli-

Perrinia).
shell

solid.

—
DIOTOCARDIA
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surface spirany Urate, scaly, spinose, nmbilicate, peristome con-

Single genus, Dcli:)liimda.

tinuous.

pedunculate,
reflected

over edge of aperture, lateral
Principal genera

callosity.

Camitia, Uvihoiiella

Fam.

,

—Eyes

teeth

6

on each side

Umhonimn, Ethalia, Isanda,

:

Clirysostoma.

Turhinidac-

6.

Umljoniinae.

incomplete, umbilicus generally closed

shell polished, peristome

by a

(iv.)

attached to a frontal appendage, mantle

left tentacle

—Epipodial

line

with slender

cirrhi,

snout

broad, short, eyes pedunculate at outer base of tentacles, a frontal

between tentacles shell turbinate, solid, aperture continuous,
operculum solid, calcareous, usually paucispiral, convex exteriorly
veil

;

268)

(Fig. 182, p.

Silurian

{i.)

.

Phasianellinae.

—

Shell

bulimoid,polished,n(3t nacreous, coloured in patterns, aperture oval.

Single genus, rhasiancUa (Fig. 271).
solid,

(ii.)

Turhininae.

—

nacreous within, aperture circular or long oval.

Shell very

Principal

and below, spines, if present,
becoming more prominent with age, operculum smooth or granulose, nucleus sub-central
subg. Ccdlopoma, Ninella, Marmorostoma,
Sarmaticus, Prisoyastrr ; Astralium, whorls flattened above and
below, spines, if present, becoming less prominent with age,
operculum oblong, often excavated at centre, last whorl large,
genera. Turbo, whorls rounded above

;

nucleus marginal or sulvmarginal
Guildfordia, Bohna,

Cydocantha,

Cookia, Pomaidax, Pacliypoma.

nematinae.

—

(?)

—

(iii.)

Cyclo-

outside, whorls scalariform.

genera

Cyclonema, Horiostoma,

;

Amberleya (Silurian to

thyrinae.

Impcrator,

UvaniUa,

Shell nacreous, umbilicate, oper-

culum conical
Principal

subg. ZitJiopoma,

;

Shell

Lias),

small,

(iv.) LcjJto-

solid,

depressed,

operculum nearly Hat, nucleus sub-central.
Genera Lcptothyra, Collonia (?).
Fam. 7. Neritopsidae.
Tentacles wide
apart, long, eyes on short pedvmcles at the
;

—

outer base; shell solid, neritiform or naticoid,

aperture

semi-lunar

(Fig. 183, p.
spiral,

269)

exterior

face

or

oval

;

operculum

thick, calcareous, non-

smooth, interior face

Fig. 271.
PhasianeUa australis Gmel., Australia.

divided into two unequal parts, with a broad

median appendage.

Principal genera NeriDevonian
Naticoims (Devonian to Miocene).

topsis (one recent species),

.

:

;

AIO
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8.

Macluritidae.

—

RHIPIDOGLOSSA

Shell

discoidal,

chap.

whorls

longi-

few,

tudinally grooved behind, right side convex, deeply unibilicated,

operculum very thick, nucleus excentrical, internal
with two apophyses, one very large. The general appearance
more that of an inequivalve bivalve, such as Eequienia, than of

left side flat

;

face
is

Palaeozoic

a spiral gasteropod.

Fam.

9.

Neritidae.

—Snout

Single genus, Maclurea.

.

short, tentacles long, eyes

pedun-

culate at their outer base, branchia triangular, free at the front

end, epipodiurn without cirrhi, penis near
shell

solid,

imperforate, turbinate

the

almost

to

right tentacle
spire

patellifoiin,

short, internal partitions absorbed (p. 168), columellar region broad,

edge simple or dentate, operculum calcareous, spiral or non-spiral,

with prominent apophyses on the interior

face,

one of which locks

Jurassic
Principal genera
behind the columellar lip.
Nerita (Fig. 13, p. 17); Neritina (chiefly brackish water and
fluviatile), sub - genus Clithon, usually coronated with spines

:

.

Neritoma (Jurassic), Deianira (Cretaceous),
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 Pilrolus
Velates

Septaria

(Tertiary),
(

= Navicella),

;

Jurassic to Cretaceous).

;

—

Branchia replaced by a pulmonary
Fam. 10. Hydroceriidac.
chamber, eyes at the outer base of the tentacles, marginals of
shell small,
the radula very oblique, centrals often wanting
conical, whorls convex, operculum calcareous, witli a prominent
;

Principal genera Hydrocena, Georissa.
Recent.
Fam. 11. IMicinidae.
Branchia replaced by a pulmonary
shell globular, with a short
chamber, heart with one auricle
operculum without apophysis.
spire, internal partitions absorbed
apophysis.

;

—

;

;

Carboniferous
21

;

.

Principal genera

:

Helicina (Fig. 18, B,

p.

subg. Alcadia, Schasicheila, Heudeia, Cah/hium), Eutrochatclla

(subg. Lucidella), Stoastoma, Bourcieria, Dawsonella (Carboniferous).

—

Branchia replaced by a pulmonary
Fam. 12. Proserpinidae.
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
Eocene
Single genus Proserabsorbed, no operculum.
;

.

;

pina, subg. Proseiyinelln, Cyane, Diinorphoptychia (Eocene), and
Ceres (Fig. 18, C, p. 21).
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Sub-order
cteuidium
(except

II.

(the

Monotocardia.
one

Valvata),

in

products, nervous system

penis usually present.

Ptenoglossa.

{a)

—Heart with

monopectinate,

left),

4II
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not

kidney,

one auricle, one

with

the

mantle

receiving

the

genital

fused

somewhat concentrated, proboscis and

— Radula with
—Snout

formula

o.

00.

co,

teeth

similar throughout, outermost largest (p. 224).

Fam.

prominent, blunt, no eyes, shell

lanthinidae.

1.

helicoid, fragile, bluish,

no operculum

;

eggs carried on a raft of

vesicles attached to the foot (Fig.

Pliocene

Genera

.

Fam.

2.

Scalariidae.

42, p. 126).
lanthina, Recluzia.

:

—

Shell

Pelagic only.

long, turriculate, whorls often

partly uncoiled, with longitudinal ribs and prominent lamellae,

aperture circular, operculum spiral, corneovis, animal carnivorous.

Ordovician

moneura

Principal genera

.

TAENIOGLOSSA.

(h)

;

Scalaria, Eglisia, Elas-

(Silurian), Holopella (Silurian to Trias), Aclis.

—Eadula
—
—

with normal formula 2.1.1.1.2,

marginals sometimes multiplied (p. 223).
Foot more or
Section I. Platypoda.

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 trishell globular or auriform, outer lip
cuspid, middle cusp strong
simple, operculum corneous or calcareous, nucleus excentrical.
Principal genera; Natica, with many
Carboniferous
;

.

sub-genera
tiary)

;

;

Ampidlina (Tertiary)

Sigaretus (Fig. 91,

;

Amaura ;

Deshayesia (Ter-

186), shell auriform, last whorl very

p.

operculum much too small for the aperture.
Mantle reflected over more or less
Fam. 2. Lamellariidae.
Prinof the shell, shell delicate, no operculum. Eocene
large,

—

.

cipal genera

auriform

;

:

Lamellaria, shell completely internal, transparent,

some species deposit their eggs on compound Ascidians

Velutina, shell almost entirely external, paucispiral,
74)
with a thick periostracum Marsenina, shell auriform, partly

(p.

;

;

internal

;

Fam.

Onchidiopsis, shell a
3.

Trichotropidae.

membranous

—

plate, internal.

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

:

Trichotropis, Torellia.

;

MONOTOCARDIA
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Fam.

Naricidae.

TAENIOGLOSSA

chap.

—

Tentacles broad in the middle, with
the exterior base, propodium narrow, quadrangular,
a large epipodial veil on each side of the foot
shell naticoid,
4.

sessile eyes at

;

cancellated,

genus

with velvety periostracuni.

JVarica.

;

Fam.

Xenophoridae.

5.

portion the larger
lateral large,

externally.
p.

Fam.

divided by a groove, anterior

roughly triangular, marginals long, falciform
flattened,

Capulidae.

attaching

various

;

shell

fragments

Single genus, Xenophora (Figs.

.

64).
6.

—Foot

Single

.

central tooth heart-shaped, with blunt cusps,

somewhat
Devonian

trochiform,

25, 26,

;

Jurassic

—Ctenidium

deeply and finely pectinate,

visceral sac scarcely spiral, penis long, behind the right tentacle

roughly

with scarcely any spire, interior
septum or internal plate of variable form,
no operculum. Devonian
Principal genera (Fig. 155,
p. 248); Capulus, shell cap-shaped, no internal plate; Platyceras
(Palaeozoic, see p. 76), Diaphorostoina (Palaeozoic), Addisonia
Crucibulum, internal appendage funnel-shaped
Crepidula,
(?)
(including Crepipatella and Ergaea), shell
slipper - shaped, with a
large septum
Calyptraea (including Galerus and TrocJiita), internal lamina semi-spiral.
Fam. 7. Hipponycidae.
Foot aborted,
animal sedentary, adductor-muscle shaped
shell

patelliform,

polished, usually with a

.

;

;

—

like a horse's hoof, fastened
tral side to

272.— Two specimens of ^"^
Crepidula (marked a and the
h)
on an old shell of, .
the
Murex radix Gn-iQ\.

Fig.

phologically to

^

i\\u\

calcareous plate which

aperture like a valve
,

.

on the ven-

the region of attachment, or

i

i

i

;

closes

ventral side of
•

i

i

body surrounded by a mantle with
papillose border, whicli corresponds morthe epipodia, head emerging between the dorsal
,

and ventral mantles. Shell thick, bluntly conical, surface rugose.
Eocene
Genera Hipponyx ; Ifitrularia, 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 (}). 224) shell more or less
depressed, lip simple, umbilicus wide, margins often crenulated,
operculum variable.
The proper position of the family is quite
Genera Solauncertain.
Ordovician
(i.) Solariinae.
.

:

—

;

.

:

—
TAENIOGLOSSA

MONOTOCARDIA
Hum,

corneous,
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angular

highly finished,

depressed,

shell

operculum

;

periphery,

at

tooth

central

and marginals numand narrow; Flatyschismo
Genera
(ii.) Toriniinae.

ahsent, laterals
erous, long,
(Silurian),

:

whorls

Torinia,

operculum

(i'ig.

rounded,

usually

183) conically

ele-

vated, spiral externally, central tooth
present, marginals few, edge

nated

shell

linae,

pecti-

Euomiihaplanorbiform, whorls

Omalaxis.

;

(iii.)

rounded. Genera: Uuom2)hahis, Oj)hi-

ScMzostoma,

leta,

(all Palaeozoic).

Yam.

9.

central tooth

Solarium perspectivum
Lam., Eastern Seas.

Fig. 273.

£cci/liom2)halus

Homi(lofiyridae..

—

Tentacles

absent,

unicuspid on a quadrangular

base,

eyes

sessile,

laterals

and

marginals replaced by an oblong plate shell very small, planorSingle genus
Homalogyra, whose true position
Eecent.
l)iform.
;

:

is

uncertain.

Fam.

Littorinidac.

10.

—

Proboscis

short,

tentacles

broad,

behind the right tentacle
reproduction oviparous or ovoviviparous, radula very long shell
turbinate, solid, columella thickened, lip simple, operculum cornelong, eyes at tlieir outer bases, penis

;

ous,

Jurassic

nucleus excentrical.

Littorina (radula. Fig. 16,

sarina

;

Principal

.

Cremnoconchus

Fossaridae.

spirally ribbed, outer lip

—

Fam. 12. Cydoijlioridac.
tentacles

long,

Bisella, base slightly

;

Miocene

Terrestrial only.

— Ctenidium

replaced by a pulmon-

thread-like (radula, Fig.

Cretaceous

.

shell high, conical, longitudinally striated,

of

lip.

Principal

.

two laminae united together.

(i.)

p.
21);
operculum

17,

shell variously spiral, peristome round, often reflected,
circular.

:

Shell turbinate, solid, small, white,

simple.

genus, Fossanis.

sac,

genera

16), Fos-

(p.

Lacuna, shell thin, grooved behind the columellar

Fam. 11.

ary

20),

Tectarius, shell tubercled or spinose

;

concave

p.

Pomatiasinae,

operculum consisting

Single genus, Pomatias.

(ii.)

Diidoviviatininae, shell more or less pupiform, peristome thick-

Genera

ened or

reflected, often

Nicida,

Palaina, Paxillus, Arinia'),

double.

small, columella often denticulated;

;

shell

Bijylommatina (subg.,
dextral

or

sinistral,

Opistlwstoma (Fig. 208,

p.
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whorl disconnected, often reflected back upon the
Pupininae, shell more or less lustrous, bluntly
conical, lip with a channel above or below.
Genera Pwpina
(subg. Registoma, Callia, Streptaulus, Fupinella, Anauhis), Hylocystis (Fig. 205, p. 305), Cataidus, Coptochilus, Megalomastoma.
(iv.) Cyclophorinae, shell turbinate or depressed, operculum corneGenera Alycaeus, Craspedopoina, Lepto2')oma,
ous or calcareous.
309), last

spire,

(iii.)

:

:

p. 306; including Diadema,
Aulopoma, Ditropis, and others), Aperostoma (including Cyrtotoma
and others), Cyathop)oma, Ptcrocychis (subg., Myxostoma, Spiracidurii, OjnsthojJonis, and Bhiostovia (Fig. 180, p. 266), Cyclotus,
Cydosurus, and Stropliostoma.
Fam. 13. Cydostomatidae.
Ctenidium replaced by a pulmonary sac, tentacles obtuse, foot with a deep longitudinal median
groove central tooth, lateral, and first marginal more or less
bluntly cusped, second marginal large, edge pectinate
shell

Lagochilus, Cyclophorus (Fig. 206,

—

;

;

variously

aperture

spiral,

spire

usually elevated,

not quite circular

;

operculum

generally with an external calcareous and

an internal cartilaginoid lamina, rarely
corneous.

Terrestrial

Genera

.

—

siella),

Otopoma,

Georgia,

Cydostoma cam21 a.
Pfr.,
Madapanulatnm

Cretaceous

only.

Cydostoma

Trojndophora,

Leonid,
Fig.

:

Litlddion,

Chomiopoma

(subg.,

Bochebrunia,
Bevoilia'),

(subg.,

Licina,

Jamaicia, Ctenopoma, Biplopoma,

Adam-

Cyclotopsis,

Cistula (subg., Chondropoma, Tudura), O)nphalotrop)is (subg.,

Realia, CydomorpluC), Hcdnesia, AcroptycMa.

Fam. 14. Acicididae.
sac, tentacles cylindrical,

foot long

— Ctenidium

replaced by a pulmonary

pointed at the end, eyes behind their base,

and narrow; central tooth and

lateral very similar,pinched

in at the sides, external marginal broad, edge finely pectinate

;

operculum corneous.
Terrestrial only.
Tertiary
Genus, Acicida {^=Aeme).
Ctenidium replaced byapidmonary
Fam. 15. Trunccitellidae.
sac, proboscis very long, eyes sessile, behind the base of the
tentacles, shell small, evenly cylindrical, apex truncated in the
Genera Truncatella (subg., Taheida,
adult.
Eocene
Geomelania (subg., Chittya and
Tomichia),
and
Blanfordia,
shell small, acuminate,

with a blunt

—

.

Blandiellci), Cecina

(?).

.

:

spire,

;

.
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Eyes at the external base of the
Fam. 1 6. Eissoidac.
epipodium with filaments, operculigerous lobe with
appendages central tooth pleated at the basal angles, lateral
tentacles,

;

large, bluntly multicuspid,

the edge

mouth

;

marginals long, narrow, denticulate at

shell small, acuminate, often

entire

with a shallow

or

Marine or brackish water.

elaborately sculptured,

canal,

Jurassic

.

operculum

corneous.

Principal genera

:

Bissoa (subg., Folinia, Onoha, Alvania, Cingula, Nodulus, Anabathron, Fenella, Iravadia,

and

others), Sccdiola (shell agglutinating

(lip thickened, operculum with
an apophysis- as in Nerita), Barleeia, Faryphostoma (Eocene).
Eyes at the outer base of the
Fam. 17. Hydrohiidae.
tentacles, penis behind the right tentacle, prominent, operculigerous lobe without filaments radula rissoidan, central tooth
shell more or less acuminate,
often with basal denticulations
Brackish
small, aperture entire, operculum corneous or calcareous.
Principal genera Baicalia, with
or fresh water. Jurassic

fragments of sand,

etc.),

Bissoina

—

;

;

.

:

"

its

various sub-genera

(p.

290); Pomatiopsis, Hydrohia, Bithynclla,

Micropyrgus (Tertiary), Fyrgula, Fmmericia, Bcnedictia, Lithoglyplius, Tanganyicia, Limnotrochus (?), Jullienia, PachydroMa,
Fotamopyrgus, Littorinida, Amnicola, Flurninicola (subg.,

Gillia,

Somatogyrus), Bithynia, Fossarulus (Tertiary), Stenothyra.

—

Ctenidium replaced by a pulmonary
Fam. 18. Assimineidae.
no true tentacles, eye-peduncles long, retractile radula that
of Hydrohia ; shell small, conoidal, operculum corneous, nucleus
Genera Assiminea, Acmella.
sub-lateral.
Eocene
Fam. 19. Skencidae.—-Jxadn\a resembling that of Hydrohia,
shell
very small, depressed, widely umbilicated, operculum
sac,

;

:

.

corneous.

Pleistocene

—

—

Single genus, Skenea.

Mantle with two pointed ciliated
Fam. 20. Jeffrey siidae.
appendages in front, tentacles ciliated, eyes sessile, far behind
marginal teeth sometimes absent
the base of the tentacles
shell small, thin, pellucid, whorls i-ather swollen, operculum with
marginal nucleus, divided by a rib on the inner face.
Recent.
Marine, living on algae.
Genera Jeffreysia, Dardania.
Epipodium with cirrhi on each side,
Fam. 21. Litiopidae.
radula rissoidan
operculigerous lobe with appendages
shell
small, conical, columella truncated, operculum corneous.
Eocene
Genera Litiopa, living on the Sargasso weed, suspended
by a long filament Alaha, Bicda.
;

:

—

;

.

:

;

;

;:
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Eadula essentially rissoidan

Adeorhidae.

shell

;

depressed, circular or

auriform, widely umbilicated, operculum

corneous,

nucleus

paucispiral,

Principal genera

Fam. 23.

:

excentrical.

Pliocene

.

Adeorbis, Stenotis, Megalomphalus.

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 right being

siphonal, foot with an anterior transverse

shallowly pectinate at the ends
less

groove

teeth broad,

;

shell turbinate, whorls

;

more

or

rounded, aperture continuous, operculum corneous, nucleus

sub-lateral,

with a

false sub-central

Animal ovo viviparous.
Vivipara

(

= Faludina),

nucleus on the external

face.

Genera
Cleopatra, Melantho, Tulotoma

Fresh water.
subg.,

Cretaceous

.

Tylopoma (Tertiary), and Lioplax.
Fam. 24. Valvatidae.
Branchia exserted, bipectinate, carried
on the back of the neck, a filiform appendage (Fig. 60, p. 159) on
the right of the 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

—

;

Single genus, Valvata.
Fresh water. Jurassic
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 functioning as a pulmonary sac (Fig. 65, p. 158); radula large,
central tooth multicuspid, base broad, lateral and marginals falcicentral.

—

form, simple or bicuspid

rounded

;

.

shell large, turbinate or flattened, spire

operculum generally corneous, nucleus
Cretasub-lateral, false nucleus as in Vivipara.
Fresh water.
ceous
Single gexiViB Ampullaria (subg., Ceratodes, Facliylahra, Asolene, Lanistes, and Meladomus).
Fam. 26. Cerithiidae.
Branchial siphon present, short, eyes
small, whorls

;

.

—

variable in position

;

central tooth small, evenly cusped, lateral

hollowed at base, multicuspid, marginals narrow

;

shell

long,

many, generally tuberculate, varicose or spiny,
operculum corneous,
aperture sometimes strongly channelled
sub-circular, nucleus nearly central.
Marine or brackish water.
turriculate, whorls

;

Trias

.

Principal genera

sinistral; Fastigiella,

mides

(subg.,

:

Triforis, shell small, generally

Cerithium (Fig. 12,

Tympanotomus,

Pyrazus,

p.

16), Bittiuni, Pota-

Pirenella,

Telescopium,
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(Jurassic),

—

with short
nearly

spire,

shell

;

columella strongly toothed at the base, aperture
Single genus, Modtdvs.

Eecent.

circvilar.

Faim. 28.

and

(Jurassic),

Planaxis (subg., Quoyia and Holcostoma).
Fam. 2 7. Modulidae.
No siphon, radula of Cerithium

Nerincidae.

—

Shell solid, long sub-cylindrical, aper-

ture channelled, columella and interior of whorls with continuous
ridges,

extending up

the

Genera

spire.

:

Nerinea (Trias to

Cretaceous), A])tyxiella (Jurassic).

—

Fam. 29. Melaniidae.
Border of mantle festooned, foot broad,
with an anterior groove, penis present radula closely resembling
that of Cerithium ; shell long, spiral, with a thick periostracum,
operculum
surface with tubercles, ribs, or striae, suture shallow
;

;

Animal

corneous, paucispiral, nucleus excentrical.

Fresh

ovoviviparous.

Principal genera

:

Cretaceous

water.

Mdania (with many

=

.

sections or

HemiPaludomus
(subg., Philopotamis, Tanalia, Stomatodon), Hantkenia (Eocene), Larina (?).
Fam. 30. Pleuroceridae.
Mantle
not
edge
sub-genera), Pachychilus, Claviger

Pirena,

sinvs,

Melanopsis,

(

Vibex),

Tiphohia,

—

no copulatory organ, otherwise like
Melaniidae operculum with nucleus sub-marginal.
Animal oviparous. Fresh water. Cretaceous
Genera: Pleurocera (including lo, Fig. 12, p. 16,
Angitrema, Lithasia, Strejjhohasis), Goniohasis, Ancitfestooned,

;

.

lotus,

Gyrotoma.

yic.

275.— Me<^on-

l^"^^"-

Ceyion.

—

Shell
of
Fam. 31. PseudoTiielaniidae.
resembling
that
Melaniidae, but marine.
Genera
Pseudomelania, Loxonema,
:

Bourguctla, Macrochihis.

Palaeozoic to Tertiary strata.

Fam. 32. Turritellidae.

—Mantle with

right side; radula variable

slowly increasing in
ture small

;

size,

(p.

224);

:

central.

Fam. 33. Coecidae.

—

aper-

J urassic

Turritdla, Mesalia, Protoma, Mathilda

shell small, spiral in the

many,

tranversely ribbed or striated,

operculum corneous, nucleus

Principal genera

a siphonal fold on the

shell long, whorls

.

(?).

Tentacles long, eyes sessile at their base

young form,

:

spire generally lost in the

becoming simply a straight or curved cylinder operculum corneous, multispiral. Eocene
Single genus, Coecum.

adult, the shell

;

.

VOL.

Ill

2 E

;
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produced,

greatly

sac

no copulatory organs

(radula,

Fig.

126, p.
223), shell tubular, irregularly coiled, last
whorls often free, aperture circular; operculum

spiral,

ccjrneous,

circular,

nucleus central.

Carbo-

Vermctus
Siliquaria (Fig. 153, p. 248), a long fissure,
or series of holes, runs along a considerable
part of the shell, operculum with outer face
niferous

Fifi.

276.

— Deveioji-

spiral, elevated.

Coeaim : A,
showing the gradual
nieiit of

;

;

tum

;

first

ss,

sep-

second
(After de
B, adult

s's',

septum.
Foiin.)

:

—

Fam. 35. Stromhidae.
Foot narrow, arched,
nietapodium greatly produced, snout long, eye
peduncles long, thick, eyes elaborate, siphon
sliort, penis prominent, bifurcate; central tooth
p i -p
i
With strong median cusp, marginals
laicilorm,
glender, edge more or less denticulate; shell

formation of septa ;
apex
ap, aper((,
ture

Principal genera

.

•

a

iovm oi
eburnetivi
Ad., Panama, x 10.

^

'.

,.,

.

,

solid, spire conical,

..
\^
^^
outer lip generally dilated

into wings or digitations, channelled before

and behind, a

labial

sinus at the base, distinct from the anterior canal; operculum small
for the aperture, corneous, claw-shaped, edge notched.

Genera:

Strombus

Pteroceras (Fig.
Postellaria

(Fig.

277;

99,

200);

p.

Pereiraea

Lias

.

(Miocene),

digitations of the outer lip very strong),

produced, anterior canal very long), Bimella,

(spire

Pterodonta, Terebellum (base of shell truncate, spire short).

—

Foot flat; lateral
Fam. 36. Chenopodidae {=: A2wrrhaidae).
and marginal teeth not denticulate shell resembling that of
Jurassic
Strombus, outer lip dilated, wing-like, no labial sinus.
Genera Chenojms ( = A^wrrhais), Diastema, Mala^ptera,
Harpagodes, Alaria (last four from Secondary strata).
Eadula allied to that of Strombus,
Fam. 3 7. Struthiolariidae.
;

.

:

—

marginals occasionally multiplied

;

shell

buccinoid, very solid,

outer lip thickened, canal short, operculum claw-shaped, notched,

nucleus terminal.

Tertiary

-.

Single genus, Struthiolaria

marginal teeth multiplied).
Mantle with two large lateral lobes
Fam. 38. Cypraeidae.
central and
reflected and meeting over the shell, siphon small
(subg., Perissodonta,

—

;

lat(u-al

teeth

broad, edges

bluntly tricuspid or

cusped or

multicuspid, laterals

finely pectinate

;

shell

fairly

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, lahiuni inflected; no operculum.

Genera Ovula (including Amphipcras, TransCyphoma, Radius, Simnia), Pedicularia, Cypraea (with
subg., Cypraeovida, Cypraexlia, and Trivia), and Erato.
Fam. 39. Doliidar.
Foot expanded, wider and longer than
the shell, truncated and thickened in front, siphon very long and
narrow central tooth with very strong median and small lateral
Jurassic

.

:

ovula,

—

;

Fig. 277.

and basal

in the growth of Pteroceras rugosum Sowh., E. Indies,
showing the development of the 'fingers.'

-Three stages

and marginals bluntly folciform

cusps, lateral

;

sliell

ventricose, without varices, spire short, outer lip generally simple,

anterior

canal

Genera

Dolium

:

reflected)

;

rather

wide,

no

operculum.

Cretaceous

.

(subg. Malca, outer lip thickened, denticulate,

Firida, mantle with two lateral lobes reflected over

part of the shell, shell fig-shaped (Fig. 278).

Fam. 40. Cassididae.
125,

p.

223);

lip reflected or

oY>erculum

—

Foot broad, siphon long (radula, Fig.

shell ventricose,

with

varices,

spire short, outer

thickened, anterior canal short, recurved narrow

semilunar,

with

ribs

radiating

from

a

marginal

;:
;
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Cretaceous
Genera Cassis (subg. Seinicassis
and Cypraecassis), Morio ( == Cassiclaria), Oviiscia.
Fam. 41, Colurribellinidae
Shell solid, ribbed, usually
cancellated, with an oblique posterior canal, columella callous,
more or less reflected.
Colunibellina, Columlellaria,
Genera
nucleus.

:

.

—
:

Zittelia, Petersia, Alariopsis

—

Secondary strata only.
Foot short, narrow; siphon short, not
(?).

Fam. 42. Tritonidae.
prominent
radula allied to that of Cassididae
shell thick,
varicose
outer lip inflected and thickened, canal long, periostracuni often thick and hairy, operculum
;

;

;

terminal

nucleus

corneous,

sub-marginal.

or

Genera: Triton {Yig. 1^1,
subg., Upidromtis, Flesiotriton, Simp. 275
ptdum, Manularia, Argohuccinum) Perso7ia,
aperture toothed, narrow columella reflected
upon the last whorl Ranella, shell dorsoventrally compressed, generally with two conCretaceous

.

;

;

;

;

tinuous lateral varices, posterior canal present.

The position of the following four
:^-

is doul)tful

Fam.

43.

Oocorythidae.

families

— Siphon

short,

foot broad, eyes absent, radula taenioglossate
Fia.

278— Pirula
X

pines.

Dus-

shell buccinoid or cassidiform,

neous. Spiral.

4.'

Fam.
fusiform,

smooth

;

suture

—

44.

Eecent.

Subulitidae.

base

shallow,

operculum cor-

Single genus, Oocorys.

—

Shell

truncate

or

Ordovician to Trias.

apertm-e channelled or notched.

elongate,

rounded,

Genera

Subulites, Fusispira, Fuchrysallis.

Fam. 45. Seguenziidac.

—Eadula

taenioglossate, shell trochi-

form, aperture channelled, columella twisted, operculum multispiral,

nucleus central.

Pliocene

Fam. 46. Choristidae.
veil, posterior

behinil
shell

;

simple

;

—

.

Single genus, Seguenzia.

Anterior tentacles united by a frontal

eyes absent, foot with tentaculae before and

three central teeth, outer marginal with a basal plate

helicoid,

suture

corneous, paucispiral.

peristome

deep,

Pliocene

—

.

continuous,

operculum

Single genus, Choristcs.

Section II. Heteropoda.
Foot fin-shaped, not flat.
The Heteropoda are free-swimming Mollusca, 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.

Pelseneer considers

them

far

more

widely removed from the Streptoneura than the Pteropoda are

from the Euthyneura. They swim on the surface " upside down,"
with the ventral side uppermost.
The tissues and shell are transparent, permitting observation
In the Pterotracliaeidae the foot takes
of the internal organs.
the form of a fan-shaped disc, usually furnished with a sucker.
The body is compressed at the posterior end, often with a ventral
" fin."
In Atlanta the foot consists of three very distinct parts
a propodium, a mesopodium, on which is a small sucker, and a
metapodiuni, which carries the operculum.
The branchiae are
carried on the visceral sac, and are free in Fterotrachaea, slightly
protected by the shell in Carinaria, and entirely covered in
Atlanta ; absent altogether in Firoloida.
The head carries two tentacles (except in Fterotrachaea^, with
large, highly organised eyes on short lobes at their outer base.

i.e.

:

The alimentary tract consists of a long protrusible 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

aria the visceral sac

is

capuliform

There

shell.

shell

is

no

shell

in

;

in

Carin-

by a very thin

small, conical, protected

Fterotrachaea

or

Firoloida.

The Heteropoda are
side.

In the

dioecious.

flagellum behind the penis, which

is

male

there

a

is

near the middle of the right

Fterotrachaea 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.

Fterotrachaeidac.

—Body

long, with a caudal " fin

branchiae dorsal, free or partly protected by a shell
ing of a muscular disc, with or without a sucker.

;

foot consist-

Fterotrachaea proper has no mantle, shell, or tentacles.

branchiae are disposed round the visceral

sac, at

"
;

The

the upper part

of which is the anus.
In Firoloida the body is abruptly truncated behind, with a long filiform segmented caudal appendage

end fin-sucker present or absent in
Cardiapoda resembles Carinaria, but the
more posterior and is only slightly protected by

visceral sac at the posterior

both male and female.
visceral sac is

:

•

;

GYMNOGLOSSA
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Carinaria (Fig. 279) has a rugose

shell.

translucent skin, visceral sac sub-median, apparently peduncu-

by a capuliform

lated, covered

The

shell.

which

larval shell,

persists in the adult, is helicoid.

Fam.

Atlantidae.

2.

—

Shell

spiral,

operculate,

covering

the

Branchiae in a
dorsal cavity of the mantle

animal.

;

with a small
sucker on the mesopodium.
The shell of Atlrmta is
discoidal and sharply keeled,
while that of Oxygyrus is
nautiloid, with the spire
concealed, no keel, aperture
foot trilobed,

Fig. 279.
a,

— Carinnria mediterranea Lam.,

anus

branchiae /, foot
p, penis ; s, sucker

br,

;

m, month

;

x

tentacles.

i,

;

;

;

Naples:

intestine
shell

sh,

;

dilated.

;

i.

Gymnoglossa.

(c)

I,

—Ea-

dula and jaws absent

;

pro-

The
and unnecessary, the families composing it being, in all probability, Taenioglossa which have lost
their radula in consequence of changed conditions of life (pp.
penis present.

boscis prominent, sexes prol)al)ly separate,
section

probably

is

artificial

79, 225).

—

Proboscis very long, retractile, mantle
Fam. 1. Eulimidae.
forming a siphonal fold shell small, long, subulate, polished
suture shallow, aperture continuous, operculum present or absent.
;

Animal often
ella,

parasitic,

Trias

pro1)OScis.

.

sucking the juices of

Genera

Mucronalia,

Apicalia,

:

its

host by

its

long

J^ulima (subg. Suhularia, Arcu-

and

Stiliferina,

others),

StUifer,

Scalenostoma, Niso, and HojAoipteron.

Fam.

2.

Fyramidellidae.

Eulinddae, a prominent
shell usually small,

embryonic
spiral

;

—

conical

Trias

MurchisonieUa,

Turhonilla

Eachiglossa

(p.

220).

—

Genera
PyramiMumiola), Odostomia,
:

.

Otoijleura, Chrysallida,

Cingulina).
{d)

shallow, apical whorls (the

250), operculum corneous, pauci-

nucleus excentrical.

Eulimella,

or flap under the buccal orifice

suture

;

shell) sinistral (p.

deUa (subg. Syrnola,

Tentacles auriform, proboscis as in

mentum

(subg.

Dunheria

Proboscis long, retractile

;

without uncini, sometimes without laterals
shell generally wholly external.
strongly cusped
distinct, radula

;

and

siphon
;

teeth

;
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behind the right tentacle, radula within
the retractile proboscis, central tooth (Fig. 119, p. 220) with at
tentacles, penis large,

least three strong cusps, laterals plain

and

tuberculate, spiny

mere notch
genera:

a long channel.

to

shell

;

varicose, anterior

solid,

more or

less

canal varying from a

Cretaceous

Principal

.

J/wWcMiae, nucleus of operculum sub-terminal; Tro'phon,

(i)

Murex (with many subdivisions), Ocinehra (including
Vitularia, and Hadriania), Urosalpinx, Eupleura,

Typhis,

Cerasioma,

Fseudomurex.

Purp)urinae, nucleus

(ii)

Rapana (including

of

operculum lateral

Purpura (with subg.

Latiaxis),

Cuiiia, lopas,

and Finaxia), Monoceros (including Chorus), Purpuroidea

Vexilla,

(Secondary

Fam.

strata), Pentadactylus, Sistrum, CoTicholepas.

Corcdliophilidae.

2.

—Animal

resembling Purpura, radula absent

;

living

in

Madrepores,

shell variously shaped, often

deformed or tubular, operculum that of Purpura, if present.
I'rincipal genera
Bhizochilus, Coralliojjhila,
Miocene
Leptoconchus, Magilus (Fig. 29, p. 75), Papa.
.

Fam.
small,

ColumMlidae.—(^d.^\\\a., Fig.

3.

solid,

others).

Single genus,

.

StromMna,

Anachis, Meta,

and

123,

p.

222.)

Shell

aperture narrow, canal short, outer lip

fusiform,

Miocene

thickened.
Nitidclla,

Mitrella,

:

Columbella (subg.,

Atilia, Conidea,

Awphissa,

—

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

with small denticles between the cusps

more or less
operculum corneous,

cinoid, columella

;

strongly bicuspid,

shell rather small, buc-

callous, outer lip thickened, often

often toothed.
Miocene
Nassa (with many sections),
Amyda, Desmoulea, Cyclonassa, Canidia (subg. Clea and Nassodonta), Dorsanum, Bullia ( = Bu^cinanops, Fig. 62, p. 185),

toothed

;

.

Principal

genera

Buccinidae.

—

TruTicaria.

Fam.

5.

of tentacles

;

edges

:

SijDhon rather long, eyes at outer base

central tooth of radula with 5 to 7 cusps, laterals

bicuspid or tricuspid (Fig. 118,

220);

p.

shell

more or

less fusi-

form, thick, covered with a periostracum, canal of varying length,

outer lip simple or thickened
able in position.
i.

Cretaceous

;

operculum corneous, nucleus vari.

Principal genera

:

Group

Chrysodomus (with sections lieptunea, Volutopsis, Pyrolofusus,

=
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Jumala), subg. Sipho

Liomesus
subg.

Sip>1ioncdia

;

= Buccinopsis).

(

RACHIGLOSSA

Group

Group ii.
Buccinum (Fig. 1b, p. 6
Group iv. Cominella, Triton(subg. Kelletia).

iii.

;

Volutharpa, Neohuccinuin).

Pisania, Euthria ; Anura (Miocene),
Genea (Pliocene), Metida, Bngina.
Group v.

idea,

Phos, Hindsia.

Phurna), Macron.

Fam.

Turhinellidae.

6.

radula

of

lateral

tricuspid,

shell

—

median

bicuspid, cusps

220);

p.

Group vi. Pipsaccus (
Group vii. Pseudoliva.
Central

cusp

tooth
strong,

unequal (Fig. 117,

fusiform

or

pear-shaped,

heavy, canal often long, operculum corneous,
claw - shaped, nucleus terminal.
Miocene
l*rincipal genera

.

Tudida

donta,

:

Turhinella, Cyno-

(subg. Streptosiplwn)\ Piropsis

(Cretaceous), Perissolax (Cretaceous), Strcjj2S0.—Turbinena pyr- sidura (Eoceuc, subg.

WMtneya), Mchipium,
Fidgur { = Busycon, Fig. 150, p. 249, including Sycotypus), Melongena (subg. Pugilina, Myrisiica) Piostoma (Eocene), Hemifusus (subg. Meg alatr actus), Ptychatr actus,
FiG.

«m

Lam., Ceylon,

x

g.

;

Meyeria.

Fam.

FasciolarHdae.

7.

cles (radula. Fig.

121,

—Eyes
221);

p.

at the outer base of the tentashell

fusiform, spire long, canal often very

with a fold at
operculum corneous, nucleus

long, columella often

the base

;

Cretaceous

terminal.

genera;

Picsus

Principal

.

(including Sinistralia,

Aptyxis, Troschclia), with subg. Serriftcsiis

(subg.

Clavella

(Cretaceous),

Pasciolaria, Patirus

Thersites),

Polygona,

(subg.

Peucozonia,

Peristernia,

Pagena ; Mazzalina (Eocene), Chascax).
Fam. 8. Mlfridae.
Siphon rather

—

long, with

appendages,

anterior

eyes

on the side of the tentacles, proboscis
long
,.
sometimes
very

shell

radula

;

variable,

,/T-'lost (lig.
1

-I

4-ioi\

fusiform, solid, spire

p.

more

221);

—

Latirus [Leucozonia)
cinqulahis Wood, Panama.

laterals Fig. 281.

i\r\

120,

or less pointed, columella with

several prominent folds, the posterior the largest, aperture rather
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narrow, no operculum.
Cretaceous
Principal genera
Mitra (with many sections), sulig. StrigatcUa,
Mitreola, Mutyca, Dihaijlius ; Plochelaea (Tertiary), Thai a ; Turricula (with several sections), Cylindrofnitra, and Imhricai'm.
Fam. 9. Volutidac. -Foot broad in front,
head laterally dilated into lobes, on which are
placed the sessile eyes siphon prominent, with
appendages at the base (radula. Fig. 122,
.

—

;

221);

p.

shell thick, often

globular or

anteriorly, with

which
not

shining, fusiform,

columella projecting

cylindrical,

several folds, the

anterior of

the largest, aperture notched, canal

is

operculum

produced,

Cretaceous

.

generally

Principal genera

absent.

2S2.—roluia niLam.,
West
Australia.
x *.

Fig.

vosa

Cryj^do-

:

cliorda (Eocene), Zidona, Provocator, Guivilha,

Yet us

(

=

Cymbium), Vohita (with many

sections)

VolutolUhes

;

(chiefly Eocene), Volutolyria, Lyria, Enaeta, Volutomitra.

Fam. 10. Marginellidae.

—Foot

siphon

broad,

pendages, mantle largely reflected over the shell
laterals, central tooth

;

without

ap-

radula without

comb-like, cusps rather blunt

shell oval

;

or conoidal, polished, aperture narrow, outer lip

many folds no operEocene
Principal genera Marginella, with many sections and so-called subgenera Persicida, Pachylathron (?), Cystiscus,
thickened, columella with

culum.

;

.

:

;

Microvoluta.

Fam.

11.

Harpidae.

— Foot

large,

with a

transverse groove, separating off a semi-lunar

propodium
shell

;

;

shell

mantle partly reflected over
ventricose,

polished

;

spire

the

short,

strongly longitudinally ribbed, ribs prolonged
over the suture, columella callous
no operculum.
Eocene
Single genus, Harim
;

.

l^^^.—OUva par.
phyria
Lam.,
Panama.

Fig.

Uy^Wt ^[RaX
',

1'

AM. 12.

Olividae.

—Propodium

somi-lunar,

with a longitudinal groove above, mesopodium
reflected

laterally over the shell
central tooth of radula tricuspid on a very broad base, lateral simple, hooked; shell subcylindrical or fusiform, polished
aperture narrow, operculum
;

;

—
TOXOGLOSSA
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Principal genera

Cretaceous-

present or absent.

and 98,

(Figs. 28.3

and

Agaronia),

Ancilla (subg. Ancillina).
(c)

ToxoCxLOSSA

mal formula

218).

(p.

1"0'1.,

exclusively marine.
1.

Oliva

Terchridar..

;

Olivella,

—Eadula with
large

teeth

with a large poison gland

Fam.

:

p. 200), Olivancillaria (in-

TAntricula

cluding

CHAI'. XIV

;

nor-

oesophagus

animal carnivorous,

—Eyes

at

the

end of

the tentacles, shell sul)ulate,

many

whorled,

operculum

terminal

with

Eocene

nucleus.

Single

.

genus, Terehra, with several
sections.

—

Eyes
Fam. 2. Conidac.
on outer side of tentacles,
siphon prominent; shell coni-

—

TerehrasubFig. 284.
ulata L., Ceylon.

cal or fusiform, aperture nar-

row.

Principal

genera

:

Cretaceous

Conns,

shell

.

solid,

spire

short, aperture narrow, straight, internal par-

partly

titions

absorbed

;

Co7iorhis,

GenofAa

(with several sections, chiefly Tertiary), Pus-

Pleurotuma
Lam.,
E.

Indies.

Columharium, Clavatida, Surcula, Fleu-

ionella,

rotoma

Fig. 285.
tigrina

S2nrotro2ns), Bela,
Borsonia (Eocene), Drillia (sub:
Mangilia (including Daphnella, Clathurella, and others), Halia.
Fam. 3. Ganccllariidae.
Proboscis short, usually no radula, sliell
Cretaceous
no operculum.
oval, columella strongly plicate
;

—

;

Single genus, Cancellaria (subg. Merica, Trigonostoma, Admete).

.

CHAPTER XV
CLASS GASTERoroDA {continued)

opisthobranchiata and

:

PULMONATA
Order

III.

Opisthobranchiata.

Visceral loop not twisted (except in Actaeon) in a figure of 8
(Euthyneurous 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.

The character

—

Carboniferous to present time.

of their nervous system decisively removes the

Opisthobranchiata from the Prosobranchiata, and approximates
to the Pulmonata.
Actaeon, however, wdiich is strepto-

them

neurous, as well as possessing an opcrculate shell with prominent
spire,

forms an interesting link with the Prosobranchiata.

the opposite extreme to Actaeon stand

At

forms like Sijyhonaria

and Gadinia, which are probably close links with the Pulmonata
The generative system of the whole group, which is,
(p. 19).
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
(possibly to aid in

upon

the

partially,

shell,

are

of the foot into lateral epipodia or parapodia

swimming), and the

according

among

Opisthobranchiata.

the
If

the

as

they

most

instructive

epipodia

of the epipodia

effect

involve

are

it

completely or

features

of

the

developed

on

the

;
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and do not become reflected, they
may, as in most Pteropoda Thecosomata, not directly affect the
But when, as in the Tectibranchiata, the epipodia are
shell.
medio-lateral, and tend to envelope the shell, their effect may be
traced by a series of forms varying in proportion to the amount
The two principal lines
of shell-surface covered by the epipodia.
along which modification takes place are the gradual reduction
of the spiral nature of the shell, and the gradual lessening of
its solidity.
Both these changes are the direct result of the
anterior portion of the body,

\-^P

286.— Illustrating

the transition
of Tectihranchiata from the pointed spiral
to the almost flattened plate: A,

Fig.

of

form

Adaeon ;

the

in

"&,

shell

Ajjlustrum

; C,

Fig. 287.— Illustrating the gradual covering
of the shell in the Tectibranchiata by the
epipodia and mantle
A, Ilaminea ; B,

Cyli-

Ati/s ; E, PhiUne ; T,
Dolahella ; G, A ply si a ; H, Pleu(Not drawn to scale.)
robranchus.

chna; D,

afforded

protection

additional

:

Aplustrum

Scaphander;

C,

Philine ;
epipodia; sA,

c.d,

E,

to

the

cephalic

shell.

visceral

D, Aplysia
disc; ejo, ep,

;

(Not drawn to

mass

by

scale.)

the

reflected epipodia, which renders the existence of a shell less
precisely similar line of change is seen
and less necessary.

A

in the Pulmonata, culminating in forms like Ario7i (p. 174).
The habits of life of the Opisthobranchiata are very varied.

Some, especially the heavier types, burrow in sand, and are then
usually furnished with a broad cephalic disc, as a digging
apparatus some (certain Bulla) flit about in shallow pools on
mud flats; others (Phi/Uirrhoe and the Pteropoda) swim freely
others (most Nudibranchiata) crawl slug-like on
in the open sea
sea-weeds or corallines, and in colour singularly harmonise with
;

;

—
OPISTHOBRANCHIATA
their

environment

71

(p.

:
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others again (SipJwnaria, Gadinia),
between tide marks.
As a rule, they
water, but Emlletonia has been found in
f.)

;

stick limpet-like to rocks

occur only in clean salt

the Victoria Docks at Eotherhithe, as well as in parts of the

where the water has only 7 parts of salt in 1000, while
Limapontia occurs in nearly fresh water at Bornholm and
Baltic,

Gothland.

Their food varies greatly.

but

many

As a

rule,

of carnivorous habit

they are frugivorous,

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
cases

elcgans eats its

way

occur.

into the test of Ascidians,

and completely

buries itself in the body of its prey.^

The Opisthobranchiata may be

classified as follows

:

{Bulloidea
1.

Tectibranchiata

Aflysioidea
Pleurobranchoidea
Siphonarioidea

Opisthobrancliiata

<'

2.

Ascoglossa

3.

Nudibranchiata

4.

Pteropoda

f Cladohepatdca
\Holo}u'patica
f Thecosomata

.

yGymnosomata

—

Eight ctenidium usually
Sub-order I. Tectibranchiata.
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
present,

—

sessile.

—

Shell spiral, solid, entirely covering
Fam. 1. Actaeonidae.
spire generally prominent, operculum corneous,
animal
visceral loop streptoneurous, no epipodia, radula multiseriate,
teeth numerous, very small.
Carboniferous
Genera
Actaeon (Fig. 286 A.) Voharia (Tertiary), Fortisia (Eocene) Actae-

the

;

.

:

;

1 J. Power, Ann. Mag. N. H.
Exp. Gin. (3) i. 1893, p. 105.

(2) xx. p.

334

;

P.Z.S. 1836

p.

113

;

Arch. Zool.

;:
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onina (Carboniferous), Cylinclrites (Secondary
(Cretaceous).

Fam.

animal

Shell

spiral,

spire concealed,

;

appendages

tentaculiform

large

—

Tornatinidae.

2.

covering the

=

behind,

nearly

all

—

Actaeondla

cylindrical,

cephalic

Utriculus), Volvula.
Tornatina (
Shell more or
Fam. 3. Sc(vphandridae.
all or

strata),

no

disc

radula.

entirely

with two
Genera

less external,

covering

the animal, spire concealed, cephalic disc simple
developed, radula with

or notched behind, epipodia well

first

very large, stomach sometimes with powerful gizzard.

lateral

Genera: Scapliander (Fig. 287 B) Sabatia (Vliocene), SmaragdiAtys (Fig. 286 D), Cylichna (Fig. 286 C), Amphisphyra.
Shell external or partly internal, spire
Fam. 4. Bullidae.
quite or nearly hidden, cephalic disc broad, without appendages,
Genera Bulla
epipodia often large radulausually multiseriate.
(subg. Haminea), Accra, mantle with long filiform appendage,
Cylindrohulla, Volvatella.
epipodia touching over the shell
Fam. 5. Aplustridae. -Shell partly internal, overlaid by the
posterior part of the cephalic disc, spire not prominent, epipodia
;

nella,

—

:

;

;

—

Single genus, Aplustrum (Fig.

reflected, tentacles auriform.

B

;

subg. Sydatina).

286

—

Shell small, solid, covering all the
Fam. 6. Ringiculidae.
animal spire somewhat prominent, aperture narrow, plicated
peristome thick, sometimes channelled, cephalic disc with a kind
Genera Ringicula ; Avellana (Cretaceous).
of posterior siphon.
Shell completely internal, nautiloid,
Fam. 7. Gastr^opteridac.
small epipodia very large, rounded, united behind cephalic disc
;

—

:

;

;

Single genus, Gastropteron.

simple.

Fam.

8.

Philinidac.

—

Shell completely internal, thin, slightly

stomach
Genera: Philinc (Fig. 287 E),
Colpodaspis, Coloboccphalus, Chclinodura, Phancrophthalmus, Crypt-

spiral

;

epipodia thick, cephalic disc large, thick, simple

;

usually with powerful gizzard.

ophthalmus.

Fam.

—

Doridiidae.
Shell completely internal, a mere
9.
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
pellicle

—

pairs of tentacles, epipodia large,

more

or less reflected.

1
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—

Fam. Aplysiidae.
Characters those of the section.
Genera
Aplasia (Fig. 287 D), shell arched, flattened, animal large (the
"sea hare"); Dolabella, shell sub-triangular (Fig. 286 F)
Dolahrifer, shell sub-quadrangular, not spiral
Notarchus, shell micro:

;

;

Phyllaplysia, body very depressed, oval, no shell.
Section III. Pleurobeanchoidea.
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
scopic, spiral

;

—

;

;

absent.

Fam.
with

1.

Fleurohranchidae.

radula

spicules,

(Fig.

286 H),

Faim.

(?)

Shell internal or absent,

— Branchial

posterior right notaeum, no shell.

Fam.

3.

Genera

:

notaeum

Fleurohranchus

Rcdiotinella, Pleurolranchaea, (?) Neda.

Runcinidae.

2.

—

multiseriate.

lamellae

few,

under

the

Single genus, Runcina.

Urifibrellidae.—'^h&\\ external, depressed patelliform,

all the animal
foot very thick, ctenidium large,
head depressed, small radula multiseriate, teeth innumerable,
Genera: Umbrella (Fig. 5a, p. 10), Tylodina.
very small.
Section IV. Siphonarioidea.
Shell patelliform, branchia
replaced wholly or in part by a pulmonary sac, pulmonary

not covering

;

;

—

orifice

closed

by a small

small.

lobe,

radula

multiseriate, teeth

—

very

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.

branchiata.

Sub-order

II.

Ascoglossa.-^

—

19) to be modified OpisthoBranchia, mantle

cavity,

and

shell generally wanting, liver ramified,

rami enclosed in external
papillae (cerata) or beneath the dorsal surface, kidney not compact, 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 (acr/co?).

According to Bergh, the Ascoglossa form a link between the
especially the Aplysiidae and Bullidae
and the

Tectibranchiata,
1

—

—

In deference to Bergh 's high authority, the position of a sub-order is here
It may be doubted whether that position will stand the

given to the Ascoglossa.

test of further investigation,

to the ClMdohcpatic

and whetlier the families concerned

Nudibranchs.

will not be

added

NUDIBRANCHIATA
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the Pleurobranchidae form a

Claclohepatic Nudibranchs, while

similar link between the Holohepatic Nudibranchs

somewhat

the other Tectibranchiata.

Fam.

Oxynoeidae}

1.

—

-

Animal

auriform,

tentacles

long,

and

epipodia large, simple, or wing-like, a ctenidivim and branchial

chamber on right
slightly

spiral,

Genera

the body.

:

covering

Oxynoe

cus), Lohiger.

Fam.

2.

Hermaeidae.

cerata

pressed,

small, thin,

side, shell

not

(

much

— Body

in

several

branchiae, no shell.

Genera

of

= Lopliocerde-

no
Hermaea,

rows,
:

Phyllohranchiis, Stiliger, Alderia.
288.

—

— Radiila

of one of
(Elysia viridis

Fam. 3. Elysiidae.
Body depressed,
head rather elevated, tentacles amiform,
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.
Genera Elysia,
Fig.

Ascoglossa

Mont.

X

40).

:

Thridachia, Placolranclms.

—

Fam. 4. Limapontiidae.
Body slug-like, liver scarcely ramino branchiae, shell, or appendages.
Genera Lima'poiitia,

fied,

:

Actaeonia, Cenia.

—

Shell absent in the adult,
Sub-order III. Nudibranchiata.
no ctenidium proper, or osphradimn, cerata dorsal or dorso-lateral,
nervous system concentrated, kidney not compact, ramified, penis
retractile, jaws and radula usually present.
Section I. Cladohepatica.
Cerata usually latero- dorsal,
elongated, or arborescent, buccal mass strong, jaws present, liver
generally ramified, rami generally entering the cerata.
Fam. 1. Aeolidiidae.
Body slug-like, head with tentacles and
rhinophores, dorsal area with rows of cerata, which usually contain sting - cells, radula variable.
Genera
Aeolis, Cratena,

—

—

:

Tergipcs,

Corypliella,

Favorinus,

Glaucus, Janus, Hero, with

many

—

Facelina,

Flabellina,

Fiona,

sub-genera.

Body slug-like, large, cerata very
head large, cowl-shaped, no tentacles, rhinophores much foliated, no radula.
The
Genera Tethys, Melihe.
cerata of Tctliys, which are capable of independent movement
Fam.
no

2.

large,

Tethymelihidae.

sting-cells,

:

^

This family has also

Aplysioidea.

been

classified

witli

the

BuUoidea

and

with the

NUDIBRANCHIATA
when
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severed, have been described as parasitic worms.

feeds on molluscs

TetJiys

and Crustacea.

—

Fam. 3. 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.

—

5.
Dendronotidae.
Body slug - like, somewhat comtwo rows of arborescent cerata, no tentacles, frontal
margin with arborescent papillae, rhinophores arborescent, radula
multiseriate.
Genera Campaspe, Dendronottis.
Fam. 6. Bornellidae.
Two rows of dorsal papillae, with
branchiform appendages at the base, rhinophores foliate, radula

Fam.

pressed,

:

—

Single genus, Bornella.

multiseriate.

—

Body oblong, compressed, two large
with branchial appendages on the inner side, no
tentacles, rhinophores large, radula multiseriate.
Single genus,
Fam.

7.

Scyllaeidae.

foliated cerata

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. 1 0. Pleuroleuridae.
Animal resembling Pleurophyllidia,
Single genus, Pleuroleura.
but without the branchial lamellae.
Fa.M. 11. Tritoniidae.
Body long, two rows of unequal
arborescent cerata, rhinophores witli ramose appendages, liver not
Genera Tritonia, Marionia.
prolonged into the cerata.
Section 2. Holohepatica.
Cerata medio -dorsal, retractile
or not, usually paucifoliate, liver never ramified, usually no

—

jaws.

Fam.
circle of

1.

Dorididae.

—Branchia

:

consisting of a circle or semi-

pinnate leaves united at the base, svunounding the anus,

almost always retractile into a cavity, rhinophores
suctorial
VOL.

Ill

proboscis,

radula

multiseriate.

Genera

:

foliate,

no

Bathydoris,
2 F

=
NUDIBRANCHIATA
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Archidoris

Hexahranchus,

289),

(Fig.

Dimihila,

Discodoris,

Cadlina,

Centrodoris, Platydoris,

modims,

Miamira,

with

genera.

Fam.

Doo'iojysidac.

2.

iiiaiiy

—

Cliro.sub-

Branchia and

rliinophores as in Dorididae, oral aper-

pore-shaped,

ture

Fam.

Phyllidiidae.

?).

no radula.

suctorial,

Single genus, Doriopsis.

— Body

oval,

depressed, leathery, a ring of branchial

by the head
under the pallial

lamellae, only interrupted

and genital
«dge,

^

^^

FiG. 289.— Z)om (^'-c/'w^oris)
a,
tubercuiata L., Britain
brauchiae suranus
br,

no

Bcrgh

unites

^^

o

;

pore -shaped,

Genera:

radula.

Frijcria.

:

aperture

oral

torial,

papilla,

this

suc-

PhylUdia,

and the
-n

^

rounding the auus m, male preceding laniily lu the group Forostoorgan
/A, rA, rhiuophores.
:,,^^^f^^^
which, with Fam. 1, form the
;

;

group Dorididae cryi^tohranchiatae.

Fam.

Polyccridae.

4.

surrounding

usually

—Body

slug-like, branchiae not retractile,

rhinophores

anus,

the

foliate,

tentacles

Genera

simple, radula variable, central tooth generally wanting.

Notodoris,

Triopella,

Aegircs,

Trio^Ki,

Issa,

Triopha,

:

Crimora,

Thecacera, Polycerclla, Palio, Polycera, OJiola, Trevelyana,

Nem-

hrotha, Uuplocamus, Plocamopherus, Kalinga.

Fam.

Goniodoridae.

5.

—Body

usually disposed

foliate,

foliate, retractile

or

radula variable.

Genera

in

oval, depressed, branchia multi-

shape of a horse-shoe, rhinophores

mouth with

not,
:

a large suctorial proboscis,

Akiodoris, Doridunculus, Acanthodoris,

Adalaria, Lamellidoris, Calycidoris, Goiiiodoris, Idalia, Ancula,

Drcpania.

— Body

otherwise Doris-like, but with
mantle edge, jaws present, no
under
the
two posterior branchiae
laterals.
Single genus, Coramhe (
five
central tooth, about
Hypohranchiaea).
Bergh unites this and the two preceding
families in the group Dorididae phatierohranchiatae.
The Pteropoda are pelagic
Sub-order IV. Pteropoda.

Fam.

6.

Coramhidac-

—

animals in which the lateral portions of the foot are modified
into

fins,

which are innervated by the pedal ganglia.

systematic position has undergone recent revision.
the custom to regard

them

as

It

Their

has been

an Order of equivalent value to the

;;

PTEROPODA
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5

other four, while some have held tliem to be a subdivision of

Modern

Cephalopoda.

chief

authorities,

among whom

is

Pel-

seneer, regard tlie Pteropoda not as a primitive, but as a derived

and recent group.

They

are " Gasteropoda in

which the adaptahas so modified their external characters as
to give them an apparent symmetry."

tion to pelagic

The

life

point which relates the Pteropoda to the
the asymmetry of the visceral organs, intestine,

principal

Gasteropoda

is

heart, kidney, and genital gland, which results from their
development on one side only of the body.
Their hermaphroditism and the structure of their nervous system relate them to
the Euthyneura rather than to the Streptoneura.
Eesemblances

and generation approximate them

in the organs of circulation

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 have been considered of distinct origin,
the Thecosomata being derived from the Bulloidea, the Gymnosomata 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

"

symmetry disappears on a closer investigation of the internal
They are hermaphrodite the genital gland has a single
efferent duct (except in some Cavolinia), 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 Opisthothis

organs.

;

branchiata and of the

"

digonoporous

"

IHilmonata.

—

Thecosomata.- Shell or cartilaginoid test always
present, fins united by an intermediate lobe, ctenidia as a rule
absent, replaced by secondary l:)ranchiae, 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 Algrae
Section

1.

;

^ It appears more convenient
with the two sections separately.

to treat the

whole group together, rather than deal

;

THECOSOMATA
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they have no proboscis, and the intestine
it.

About 42

known, belonging

species are

—

Fam. 1. Limacinidae.
dorsal, anus on right side
see

shell

;

249),
umbilicated

p.

deeply

what answers

furnishes

food

aperture

large,

for

(Z.

helicina

elongated,

to

to 8 genera.

spiral, sinistral

Genera

many

fins

very large, branchial chamber

^Fins

operculate.

The

is flexured.

are always closely connected with the head, or

Liviacina,

:

(ultra-dextral,
shell

swarms in Arctic

Cetacea)

spire

Peraclis,

;

produced anteriorly,

helicoid,

seas

and

turreted,

no umbilicus

operculum sinistral, in spite of the shell being ultra-dextral.
Fins large, branchial chamber ventral.
Fam. 2. Cavoliniidae.

—

—

Illustrations of Pteropocla Thecosomata
Fig. 290.
A, Limacina australis Eyd.; B,
Cleodora cuspidata Bosc. (shell only)
C, Cuvierina columnella Piang ; D, Crescis
virgida Rang E, Clio balantium Rang ; /, /, fins ; I, liver ; o, ovary ; sh, sliell.
(After Souleyet.)
:

;

;

shell a

non-spiral cone, angular or round, very thin, emljryonic

portion distinct, or formed of two separate plates.

In Cavolinia

two

plates, the

(

= Hyalaea,

Fig. 5, B, p. 10) the shell consists of

ventral being convex, with one to three sharp

spines at the posterior end, the dorsal flatter, without spines.

The apertm-e

is

broad, contracted

dorso-ventrally.

Two

pointed prolongations of the mantle project from the lateral
of the shell,

and probably serve

to balance the

long
slits

bulky body when

Cleodora has only
swimming.
Fins trilobed at the margin.
rudimentary lateral pi-olongations, fins bilobed, shell triangular,
angles greatly produced, aperture very wide, dorsal side keeled.

In Cuvierina the shell is straight, sub-cylindrical, with a median
expanding towards the apex, which is truncated
in the adult. The principal sub-genera of Clio are Creseis, which
has an elongated sub-cylindrical shell, sometimes slightly curved.

partition, slightly

GYMNOSOMATA

PTEROPODA

XV

smooth or grooved

;

and

Clio proper, in

angular, with a dorsal rib, apex

Fam.

3.

Ci/mhuliidae.

shell is long,

shell) rounded,

—

other Thecosomata)

the shell of

which the

= embryonic

and Hyalocylix also belong to this group.
Test (which is not homologous with

Styliola

constricted.

(
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slipper -shaped, cartilaginoid,

simply a thickening of the mantle embryo with a calcareous,
Genera Cymliulia, Cymhuliopsis, Gleba.
spiral, operculate shell.
Three other families, Hyalithidae, Pterothecidae, and Conu;

:

lariidae,

from Palaeozoic

mata.

All are

strata, are generally

fossil only,

really Molluscan.

and

is

it

added to the Thecoso-

doubtful whether they are

Pelseneer holds that no true

Pteropoda

fossil

occur until the lower Tertiaries.

— Mantle and

Gymnosomata.
by a
well developed, with two pairs
Section

2.

shell absent in

the

no branchial chamber, head
of tentacles, eyes on the posterior
buccal cavity procerebral ganglia above the oesophagus
pair
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,
adult, fins not connected

lobe,

;

;

anus on the right

side.

The Gymnosomata

are carnivorous, feeding on Tliecosomata
and other pelagic animals, being provided for this purpose with
The
a formidable buccal armature of hook-sacs and suckers.
intestine, as usual in carnivorous groups, passes straight from the
stomach to the anus the fins are not attached to the head, but
The larva has a straight shell,
to the anterior part of the body.
About 21 species are known,
which disappears in the adult.
;

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 DexiohrancJiaea, no posterior gill, hook-sacs short
Spongiobranchaea,
Pneumoderma, gill tetraradiate, hook-sacs
posterior gill circular
;

:

;

;

long.

Fam.

2.

Clionopsidae.

—Body

barrel-shaped, proboscis

three

times the length of the body, no buccal appendages, hook-sacs
short,

no lateral

mented.

Fam.

gill,

posterior gill tetraradiate, skin

not pig-

Cliono'psis is the single genus.
3.

JVotohranchaeidae.

—Body

ovate, buccal

appendages

conical,

no

lateral gill, posterior gill

Notohranchaea

skin pigmented.

Fam.
short,

GYMNOSOMATA

PTEROPODA
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4.

is

with three radiating

crests,

the single genus.

Clionidae.—-'BoAj long, angulated behind, proboscis

mouth with two

no jaw, no

or three pairs of appendages,

gills.

Clione limacina is so abundant in Arctic seas as at times to

Each of the cephalic appendages

colour the surface for miles.

has about 60,000 minute pedicellated suckers.
291.

Fig.

— a,

An-

terior portion of

Pneumoderma ;
B, Clione limaPhipps
cina

;

Halopsyche
Gaudicha u di

C,

Soul.
h.s,

sacs

/, f, fins

;

hook

h.s,
;

lobe of

l.f,

the foot
suckers
;

s,

;

s,

pos-

o,

genital

terior

orifice

;

-

t,

t,

;

tentacles.

(After

Souleyet.)

Fam.
no

gill

5.

Hcdo2osyc]iiclae.

or proboscis,

fins

—Body

ovate, thick,

rounded liehind,

long, narrow, broadened at the ends,

epidermis sub-cartilaginoid.

Halopsyche

(

= Euryhia^

head completely into a

sort

has

the power of withdrawing

its

which is closed by an
There are two long non-retractile

of pocket,

anterior fold of the mantle.

buccal appendages.

Order IV. Pulmonata
Gasteropoda with two pairs of tentacles, visceral loop euthybreathing
air by a pallial cavity formed by the union of the front edge of
the mantle with the cervical region, sexes united, shell present
neurous, ganglia concentrated round the oesophagus

or absent, no

operculum

Sub-order

I.

of the tentacles,
orifices separate,

external.
^

^

;

(except in Ami^liiholct).

—

Eyes generally at the base
which are not retractile, male and female genital
radula (p. 235) multiseriate, shell always present,

Basommatophora.

Fresh water or quasi-marine.

An operculum

is

said to exist in the

young forms

of

Auricula and ParmaccUa.

PULMONATA

BASOMMATOPHORA
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—

Breathing organ a pulmonary sac or
Fam. 1. Auriculidae.
shell spiral, conoidal, internal partitions usually
lung
absorbed, aperture more or less
true

;

Jurassic

strong!}^ toothed.

Genera

Scarabus, Alexia,

.

Carychium,

Auricuhi,

:

Tralia,

Pleco-

trema, Cassidida, Melam2nis, Leuconia, Fedii^es (Fig. 292).

—
Genera
Cam^tonyx. — Eecent
—A
Fam.

Fam.

Shell auri-

Otinidae.

2.

form, spire very short.

:

only.

Otina,

3.

AmpJiiholidae.

pulmonary sac on right
neck,

side of

pedunculate,

almost

eyes

shell turbinate, rudely sculptured,

operculate.

—

Amphilola

—

Examples of the Auriculidae:
A, Auricula Judae Lam., Borueo B,
Scarabus Lessoni Blainv., E. Indies
C, Cassidula mustelina Desh., N.
Zealand
Melampus castaneus
D,
Miihlf., S. Pacific
E, Pedijjes quad-

Fig. 292.

;

Genus,

Eecent.

293)

(Fig.

subg.

;

;

;

Ampullarina.
Fam. 4. Limnaeidac.

monary

(i.)

;

Pul-

ridens Pfr., Jamaica.

by an external lobe

sac protected

Jurassic

—

;

shell variable, fragile.

Ancylinae, shell more or less limpet-shaped.

Genera: Aiwylus, Gundlachia, Latia. (ii.) Limnaeinae, shell spiral.
Genera: Limnaea, Ampliipeplea, Erinna, Lantzia, Pompholyx, Choanomphalus (with Garinifex). (iii.) Flanorhinae, shell sinistral, spire

Genera

flattened or elevated.

Fam.

5.

Physidac.

:

—Mantle

Phmorhis, Isidora

more

shell (radula, Fig. 141, C, p.
tral, lustrous.

Jurassic

A2)hcta.

Fam.
sac

Chilinidac

6.

large,

rather solid

tentacles
;

(

= Bidimis).

or less reflected over the

235);

— Lobe

broad

;

shell sinis-

Genera: PJiysa,

.

of

pulmonary

shell

ventricose,

columella plicate.

Miocene

2m-Amphiboia Single genus, Chilina.
o
o
avellana Cuern.
Sub- order II. Stylommatophora.

.

Fig.

— Two

pairs of retractile tentacles (except in Jaiiella), eyes at the tip of

the upper pair, male and female orifices united (except in Vaginu-

and Onchidiidae), no distinct osphradium.
Animal carnivorous, slug -like or
Fam. 1. Tcstacellidae.
spirally coiled, no jaw (whence the name Agnatha, often given
lidae

to

this

—

group),

rachda

witli

usually few,

large,

sickle-shaped

STYLOMMATOPHORA
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teeth

(p.

Cretaceous

232), shell variable, rarely absent, usually external.
Chlamydcphorus (shell a
Principal genera
:

.

simple

internal),

plate,

(slug- like,

Testacella

minal),

Strebelia,

Glandina,

ter-

Streptostyla,

Petenia,

Salasiella,

Pseudosubulina,

AjJera,

shell

Stre^jtostele,

Tomostele, Streptaxis (Fig. 203),
Gibljus,

Ennea, Daudebardia (Fig.

Schizoglossa,
Guesteria,
193),
Aerope,
Paryphanta, Rhytida

„

.
„„,
^
,^,-L. T
^
,
A, Ennea {Gibhulma) palanga
Fer
A', young of same
B, Gibbus
honetianus Fall.

Fig. 294.

—

;

;

Diplomphalus, Elaea and
^
^
Phenca.)
(subg.

-^

-^

—

^AU. 2. Sehnitidae.
Shell
jaw present, radula Testacellidan,
central tooth present.
Tertiary
Genera
Selenitcs,
Plutonia, Trigonoclilamys, Pseudomilax (?), Brdhouisia (?).
Fam. 3. Limacidae.
Shell present or absent, internal or
external, spiral or not, tail often with a mucus pore, jaw (Fig.
107, A, p. 211) with projecting rostrum on cutting edge, radula
wi^h central tooth tricuspid, laterals bi- or uni-cuspid, marginals
internal, external, or absent

;

:

.

—

Eocene-

aculeate.
ella

Genera: Otoconcha, Urocyclus, 3Iaria-

-.

(subg. Tennentict), Parmario7i, Helicarion,

delus, Ustria,

Nanina

antia,

Cystopdta, Aspi-

Vitrinopsis (subg. Vitrinoidea, Parmelld),
(

= Arioi^hanta,

including

Paehystyla,

DamayPhysota,

Hcmiplecta, Trochonanina, Euplecta, Orpiella, Xcsta, Macrochlamys,

Parma-

Microcystis, Sitcda, Kcdiella, Durgella, Austcnia, Girasia,
cochlea, Africarion, Sesara, Macroceras,

Parmacella,

Limax

(subg.

and

others), Vitriniconus,

Amalia, and many

sections),

Vitrina,

(subg. Vitrinozonites, Velifera), Zonites (subg. Steiiopus, Moreletia,

Mesomphix,

Hyalinia,

Gastrodonta,

Thyroplhorella).

Fam.

4.

Philomycidae.

—

(

Fam.
ternal

;

5.

Single genus, Philomycus

with subg. Pcdlifcra.

Helicidae.

—

Shell present or absent, internal or ex-

jaw of various types, radula with central tooth

equal in size to the
nals smaller, cusped.

(no

Poecilozonites,

Shell absent, jaw limacidan, radula

helicidan, shield covering all the body.

= Tehcnnopliorus),

Pristilo7na,

shell),

Arion

first

tricuspid,

laterals, laterals bi- or tri-cuspid,

Eocene

(shell absent or

.

margi-

Principal genera: Oopelta

formed of calcareous granules),

;

PULMONATA
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Ariolimax, Geomcdacus, Anadenus (subg. Proiiliy8aon),Hemfliill%a;
Cryptostracon, Binneya, Helix (see below), Cochlostyla, Buli7nus,
(subg. Bonis, Orjjhnus, Dryptus, Strophochilus, Fachyotus,

and pos-

sibly Caryodes, Lcucotacnia, Liparus, Livinhacea, Paclinodus, Rachis,
Atojoocochlis, Cerastus, Clavaior belong here, or

Berendtia, Bhodea.

Pilsbry proposes

^

with Bidiminus),
group Helix as follows

to

A. Eggs or young very large at birth
(1) Macroon, incl. Acavus, Fyrochilus

:

:

(

= Fhania),

Stylodonta,

Helicophanta.
B.

Eggs

or

young smaller

—

or

minute at birth
with

:

Female genital system
(2) Belogona.
mucus gland. Helix [restricted] (with

dart

sac

and

sections Arionta, Campiylaea, Chilotrema,

Fomatia, Mactdaria, Tachea, Iherus, Leptaxis, Eidota, FrvMcicola, Xcrophila
Borcasia, Acusta,

Flectotrojns,

Euhadra ;

Cathaica, Satsuma,

Gonostoma,

Leucochroa,

Aegista,
Lysinoe),

Allognatlms,

Hemitrochus (with

Cocldostyla, Folymita,

sections Flagioptycha, Dicdcuca, Coryda,
Jeanerettia),

Acanthinula,

Glyptostovia,

Vallonia.

— Female

system
without accessories, male with flagellum
and appendix on penis no epiphallus.
Sagda, CysHcopsis.
(3)

Tclcophalla.

;

—

Fig.

liStj.

— Example

of

the

Macmu/i

group of Helix.
Stmve^-biana
IlcUcophanta
showMadagascar,
Fisch.,
shell
embryonic
ing large

Female system
(4) Epiphallophora.
without accessories, male with epiphallus
on penis no appendix. Caracal us (with
sections Lucerna, Dentellaria, Isomeria, Lahyrinthus, Bnrycratera,
Farthena, Folydontcs, Thelidomus, Cepolis), Camaena (incl. Fhoe;

nicohiiis),

Ohha, Ckloritis

Cristigihha).

(5) Haplogona.

into one piece.

—

(incl.

Hadra\ Fapuina, Flanispira

(subg.

All accessory organs absent, jaw soldered

Folygyra

(incl.

Baedalochila, Triodopsis, Mesodon,

Sienotrema), Bndodonta (incl. Libera, Charopa, Gerontia, Therasia,

and

others), Fatida,

Trochommpha, Anoglypta.

—

All accessory organs absent, jaw com(6) Folyplacognatha.
posed of 16-24 separate plates.
Ftmctum, Laoma.
1

rroc. Ac. Phlhtd. 1S92, p. 390.

—
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—

;

.

;

STYLOMMATOPHORA

Genera of doubtful position

:

Strohilops, Avvpclita, Pcdinocjyra,

Folygyratia, Macrocyclis, Solaropsis.
Fainl G.

Orthalicidae.

Single

l)ulinioid.

—

genus,

baphe, Corona.

r AM.

Bulimulidae.

7.

Drymaeus,

stomus,

—

Genera

usually external.

Eadula,

233.

p.

Orthalicus

:

Radula,

p.

Shell external, large,

Liyuus, Forphyro-

subg.

;

233

;

jaw,

p.

211;

shell

Bulimidus (inch Plecochilus, Gonio-

Liostracus,

Otostomus,

Navicula,

Scutalus,

Feronaeus, Uurytus, Uudioptus, Flectostylus, Mesem-

Tkaumastus,

hrinus, Iformus, etc.

;

stylus (inch Charis),

Amphidromus, Fartula, Calycia

(animal

Feltella

(?),

limaciform,

Ncsiotis), Flaco-

internal),

shell

Fcllicula, Amp)h%bid'imus (inch Simpidopjsis).

Fam.

many

Cylindrellidcte.

8.

—

Radnla,

p.

233

detached, apex often truncated (Fig. 169,
FiG. 296.

Odon-

;

shell

whorled, long turriculate, last whorl often

—

p.

260).

Genera Cylindrella (with seciostomus pantagruelinus tions Callonia, Thaumasia), Leia, Macroceramus,
Moric,

S.

x

Brazil,

Eocene

:

Fincria.

i.

Fam.

Fupidac,.

9.

—

Eadula,

233;

p.

shell

more

external, spire usually long, aperture often narrowed,

or

Carl^oniferous
with internal lamellae.
Genera: Anostoma (Fig. 154, p. 24iQ), Hypselostoma (Fig. 202, A,
Anastomopsis (Cretaceous), Lychmts (Cretaceous), Boysia,
p. 302)
Odontostomus (incl. Tomigerus), Buliminus (inch
Fetraeus, Napaeus, Zebrina, Mastus, Cliondrula,
Ena, and perhaps Rachis, Pa.cli,nodns, Hapcdus,,

less toothed, often

.

;

and

others),

Fupa

Megaspira,
(incl.

StrojJhia,

TorqvAlla,

(incl.

Sphyradmiii, Leucochila,

Fupilla,

Zospeum, Vertigo,

etc.),

Holospira,

Bucalodium

Coelocentrum), Coeliaxis, Ferrieria, Balea

Rillya

Clausilia

(Eocene),

genera) Bhodina

(?).

Fam. 10. Stenogyridae.
shell long,

spiral,

(with

—

shining,

many

Eadula,

more

p.

sub-

234;

or less trans-

Jk/JlausiUa
Fig. 297.
crassicosta
Ben.,
Sicily
silia

lucid,

Eocene

apex
.

blunt,

sometimes

decollated.

Genera: Stenogy 7'a (snhg. Bumina,

Zieg.,
B',

;

B,

Clau-

tnacarana
Dalmatia

clausilium

of

same.

Oheliscus, Opeas, Melaniella, Spiraxis, Leptinaria,

Ghssida), Ferussacia (subg. CioncUa, Azeca),
CaeciliancUa (subg. GeostilMa), Achatina (shell large, ventricose.

JVothus, Suhulina,

—
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Perideris,

Limicolaria, Columna, Pscudachatina, Homorus, probably belongs
to a distinct family.

—

Fam. 11. Achat incUidac.
moid,

indifferently

dextral

Eadula,

or

234;

p.

sinistral.

shell small, buli-

Genera

:

Achatinella

(subg. Auriculella, Amastra, Carclia), Tornatellina.

—

Fam. 12. Succincidac.
Eadula, p. 234; lower pair of tenwanting or small shell internal or external, thin, spiral
or not, last whorl large.
Eocene—
Genera Succinea, Homalonyx, Hyalimax,
tacles

;

.

:

(?) Litliotis, (?) Catinella.

—

Fam. 13. Jandlidae.
Eadula, p. 234
animal slug-like, no lower tentacles, shell
an internal plate.
KSingle genvis, Janella

= AthoracojjJiorus),

;

with sul)g. Aneitea.
Fam. 14. Vagimdidae.
Eadula, p.
234; animal slug-like, covered with a

(

—

coriaceous mantle, lower

tentacles

bifid,

male
behind the lower right tentacle, female
on inferior median part of right side,
genital

orifices

widely

separated,

anus and pulmonary orifice nearly terminal;
Fig. 298.

shell
(

=

Single

absent.

Vcroniccllci).

genus,

—

Vayinida

Lam.,

Achatina zebra
x^.

S. Africa.

Fa^l 15. OncJiidiidac.
Body oval, mantle thick, often warty,
sometimes set with "eyes" (p. 187), two tentacles, genital orifices
widely separate, anus and pulmonary orifice as in Vaginula ; no
shell.
Genera
Pcronia, Onchidium, OncJiidiella.
The family
appears to be an instance of Pulmonata reverting to marine
:

habits of

life.

;

CHAPTER XVI
CLASSES SCAPHOPODA AND PELECYPODA

CLASS SCAPHOPODA

Head

rudimentary, mantle edges veutrally concrescent, forming

opening before and behind, and
with
covered
a shell of the same shape sexes
a

tulje

;

separate.

The Scaphopoda form a small but very
whose organisation is decidedly
of a low type.
The body is usually slightly

distinct class,

curved,

tlie

concave side being the dorsal

muscles near the posterior end attach the
l)ody to the shell.

The

foot,

which can be

protruded from the anterior or wider aperture, is

rather long, pointed, and has some-

times two lateral

lobes {Dentalitivi), some-

times a terminal retractile disc (^Sij)honodcntalnctn),

sometimes a retractile disc with a
{PnhcUum).
The cephalic

central tentacle

region, as in Pelecypoda, is covered

by the

The mouth is situated on a kind of
projection of the pharynx
the buccal mass,

mantle.
Fig.

299.

— Anatomy

JJenfalmm :

a,

;

of
anterior

aperture of mantle

containing the radula

(p.

236),

is

at

the

/,

base of the foot, and the intestine branches

genital gland
ff,
liver.
kidney
I,
Lacaze - Du(After

forward from the front part of the stomach.

foot

;

;

k,

;

;

The

liver (Fig.

of a

number

299)

is

paired,

and consists

thiers.)

of symmetrical^ radiating coeca.

There are no eyes, but on each side of the mouth are small
bunches of exsertile filaments {cajptacidct), which appear to act as
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There

is

no special

respir-

ing apparatus, heart or arterial system, breathing being conducted
The nervous system has already
by the walls of the mantle.

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 the right kidney.

The

veliger has already been figured

The
(p. 131, Fig. 44).
formed of two calcareous laminae, which subsequently unite to form the tube.

embryonic shell

With

is

regard to their general relationships, the Scaphopoda

resemble the Gasteropoda in their univalve
possession of a radula

velum in the

;

while the pointed

shell,
foot,

and in the

the non-lobed

symmetry
and the absence of any definite head,
are points which approximate them to the

veliger, the generative system, the bilateral

of the organs generally,
eyes,

or tentacles,

Pelecypoda.

The Scaphopoda are known from Devonian strata to the
They are found at a depth of a few fathoms to
very deep water.
The only three genera are Dentalium, Siphonodentaliuin (subg. Cadulus), and Pulsellum, which difler in the
present time.

structure of the foot, as described above.

CLASS PELECYPODA
Cephalic region rudimentary, mantle consisting of two symmetrical 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 nomenclatm-e 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. Mya (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 al)Out
equal in size.
But in a form like Modiola, where the growth of
tlie

shell

muscle

is

irregular in relation to the hinge-line, the anterior

hrought nearer and nearer to the umbones, where its
power to do work, and therefore its size, becomes less and less.
is

But the work

done remains the same, and the posterior
all
hence it moves farther and farther
away from the hinge-line, and at the same time gains in size.
In shells like Ostrea, Pecten, and Vulsella, the anterior muscle,
having drawn into line with the hinge and the posterior muscle,
muscle

lias to

to be

do

it

nearly

;

l)ecomes atrophied, wdiile the posterior muscle, having dou1)le

work

to do, has doubled its size.^

The development

of the foot, again, largely depends

Fig. 300. ^Illustrating changes in the position
ing to the shape of the shell: A, Mya

dotted Hue shows

tlie

hinge-line,

and

size of

upon habits

the adductor muscles accord-

Modiola; C, Vuhella.
the lower connects the two muscles.
;

B,

The upper

burrowing forms, while in sessile
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 sindlar result
follows.
Forms which burrow deeply often " gape " widely, sometimes at one end only, sometimes at both. Venus, Donax, Tcllina,
Mactra, wliich 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 the place where it is habitually protruded.
Burrowing
species always remain in communication with the surfixce by means
of their siphons, the constant extension of which tends to keep
the valves apart at the end opposite to the foot.
Burrowing
of

life.

It is well developed

in

genera {Ostrea, Chama, Spondylas)

;

•

Compare Jackson, Amer. Nat. xxv.

p. 11

f.

PELECYPODA

XVI

PROTOBRANCHIATA

447

tend to burrow in such a way as to descend most
and not be impeded by their own shells in other words,
they act as a wedge, and descend with their narrowest part foremost.
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
species, again,

easily,

;

axis exactly at right angles to the surface, its siphons protruding

from, and keeping open, the uppermost or posterior margin of the

and the

shell,

producing the same effect upon the lower
The deeper the burrower, the more elongated
shell become, imtil, through forms like Fholas and
foot

or anterior margin.

does

the

we

arrive at Solen, the most highly specialised burrower
which the breadth of the shell is equal throughout,
and no obstructive curve exists to impede its rapid ascent or

Saxicava,
of

all,

in

descent.

The Pelecypoda have been

classified

completeness or sinuation of the pallial

in various

ways

;

by the

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 themselves, as

line,

suggesting successive stages of development

Order

I.

(p.

166 f ).

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.
Faji.

1.

Nuculidae.-

— Labial palps very

rows of branchial
mantle edges open,

large,

filaments at right angles to one another,

siphons contracted, foot disc-shaped, elongated

;

shell equivalve,

oval, or produced, interior generally nacreous,

saw-like teeth.

Silurian

dorsal to the rectum)

;

.

hinge with numerous
Principal genera Nucula (heart
:

Palaeoncilo (Devonian),

(?)

Yoldia, Mallctia; Tyndaria

Actinodonta (Silurian),

Fam.

2.

Sarepta, Leda,

(Upper Tertiary), Zyroc^fsma
Bahinka (Silurian).

Solenomyidae.

—

Labial

palps

united,

(Silurian),

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

with two very long tentacles, foot proboscidiform, with a
round denticulate disc at the end shell equivalve, resembling a
no hinge-teeth, ligaSolen, with a strong corneous periostracum
orifice

;

;

ment

Single genus, Solenomya.

internal.

Order

Kows
flected,

II.

(?)

Cretaceous

.

Filibranchiata

of branchial filaments parallel, pointing ventrally, re-

and provided with interfilamentary

ciliated junctions, foot

usually with a w^ell-developed byssogenous apparatus.

Sub-order

Anomiacea.

I.

—-Heart dorsal to the rectum, a single

aorta, foot small, anterior adductor very small

no hinge-teeth, fixed by a
valve (Fig. 173,

p.

opsis (Oolite).
II.

shell ostreiform,

262).

Fam. Anomiidae. Jurassic
nomia ; Carolia (Eocene), Placuna
Sub-order

;

byssus traversing the right

calcified

Arcacea.

Genera: Anomia, Placuna-

.

;

Hy^otrema

—Mantle

(Jurassic), Placwn-

edge open, both adductors

well developed, heart with two aortae, branchiae
interlamellar junctions, no siphons
tures distinct.

renal

;

free,

without

and generative aper-

—

Fam. 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 lamelliform
Principal

Ordovician

teeth.

genera

.

Area (inch Barhatia,

:

Scaph%da, and Gucullaeci), heart dorsal to

rectum

;

Pectuncidus,

Glomus^

Lvmo])sis

Trinacria and Nucidina (Tertiary).

Fam.

Trigoniidae.

2.

hatchet - shaped,

mantle

byssus,

with
edge

—Foot

ventral

with

large,

disc

ocelli

;

;

no
shell

sub-trigonal, hinge-teeth few, strong; in-

^
Fig.

o^i
301.

nata
'

—

, terior
m
Tngonia
joecti-

Lam.,

Sydney,

violet
:

-

nacreous.

Trigonia

;

Devonian
and Schiz.

Mi/ojjhoria

odus (Trias), Cyrtonotus (Devonian).

'

Sub-order

Genera

III.

Mytilacea.

—Mantle

edges fused at one point,

anal orifice distinct, anterior terminal adductor small, one aorta.

—
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branchiae with interfoliaiy junctions, genital glands penetrating
the side of the mantle and opening by the side of the kidneys.
Ya^i.

Mytilidae.

—Byssus

equivalve, oval, broad

well developed, shell more or less

Devonian

hinge-teeth evanescent.

;

.

Principal genera: MytilusJ Myalina, Septifer, Modiola, Lithodomus,

Myrina, Idas, Modiolaria, Modiolarca.

Crenella, Dacrydliun,

Order

III.

Pseudolamellibranchiata

Mantle edges entirely open,

foot

developed,

little

adductor usually aborted, branchial filaments

reflected,

anterior

with inter-

lamellar junctions, which are sometimes vascular
genital glands
opening into the kidneys or close to the apertures of the kidneys.
Foot long, tongue-shaped, byssogenous
Fam. 1. Avicididac.
apparatus well developed, branchiae concrescent with the mantle,
;

—

adductor muscle sub-central, at times a small anterior adductor,
siphons absent shell usually
;

inequivalve,

margin

dorsal

very

long,

winged, lateral teeth

much

often

straight,

prolonged

r~r
~'"''^^

structure of shell

;

cellular, inside prismatic, out-

Palaeozoic

nacreous.

side

Principal o-enera
^ Tir
Meleaincluding
:

.

.

Avicula,

Avicula heteroptera Liim., Australia,
showing the inequivalve shell and byssal

^^^* ^^2.

1

gjuus

(j.s).

grina, Malleus; Vid sella (no

Ferna, including Crenahda, Inoceramus
Aucella and Monotis
number of fossettes)

wings or hinge-teeth)
(ligaments

in

a

;

;

(Palaeozoic and Secondary)
zoic)

;

;

Pinna ; Avic^dojnnna

Pam.

2.

Prasinidae.

—

Pterinaea and Amhonychia (Palaeo(Carboniferous).

Shell very small,

umbones

curved, anterior side depressed, hinge-teeth replaced
projections

of

the

lunule

fitting

into

anterior, in-

by dentiform

corresponding

grooves.

Single genus, Prasina.

Eecent.

Fam.

3.

Ostreidae.

—Heart

generally ventral to the rectum,

branchiae concrescent with the mantle, no byssus

;

shell

ine(pti-

by the left valve, form irregular. JurassicOstrca ; Hcllgmus (Oolite), Naiadina (Cretaceous), Pern-

valve, fixed

Genera

:

.

ostrea (Jurassic).
FA:\r. 4.

VOL.

Ill

Pectinidac.

— Byssus

usually absent, mantle edge open,
2 G
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duplicated, folded back, with pallial ocelli

branchiae not con-

;

with

crescent

the

mantle

" ears " at

with unequal

shell

;

the mnl )0,

hinfje- teeth lamelliform, often ob-

Silurian

scure.

genera

:

Principal

.

Pedum, Chlamys, Hinnites,

Heinifecten, A^yiussium, Pecten; Ari-

culopeden (Palaeozoic), Creni;pecten.
Mantle edge
Fam. 5. Limidae.

—

in

as

tentaculate

Pecten,

303.— Pecten 2jaUium

byssus or

Carboniferovis

free.

a

numerous

Jurassic-

pallial

ocelli

•.

Genera

:

p.

.

179).

Foot with
Fam. 6. S})ondylidae.
no
appendage,
peduncular
shell fixed by right valve,
;

very spinose, two cardinal teeth

surface often

85,

—

East

Indies.

byssus,

(Fig.

Liinea.
L.,

by a

eared,

Genera: Livia
Fig.

shell

;

fixed

sub-equivalve,

Plicatula, SjJondylus

;

in

each

Tcrquemia

valve.
(Lias).

—

Sjpondylus
304.
Fig.
Sowb.,
petroselinum
Mauritius on a coral.
;

—

FA:sr. 7. Dimyidae.
Shell ostreiform,
without symmetrical teeth, two muscular

genus,

Dimya

(Tertiary).

fixed,

hinge with or

impressions.

Single

—
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Order IV. Eulamellibranchiata
Mantle edges united at one or more points, branchiae with
interfilamentary

glands not

junctions

opening

wliich

the

into

muscles.

are always

vascular,

usually

kidneys,

two

genital

adductor

—

Mantle edges more or less open,
Sub-order I. Submytilacea.
anal oritice distinct, usually no siplions, pallial line usually simple,
cardinal and lateral teeth well marked.

—

Fam. 1. Cktrditidae.
Foot with a byssus or groove, branchiae
unequal shell equivalve, solid, radiately grooved, one or
two oblique cardinal teeth, one or two laterals.
Silurian
large,

;

.

Principal genera

Milneria

Fam.

Venericardia, CardAta, Carditella,

:

Pleurophorus (Palaeozoic), Anodontopsis (Silurian).

;

Astartidae.

2.

—A

short anal siphon, labial palps large
ligament external, hinge with two or

triangular, thick,

shell

Cardito'psis,

three cardinals in each valve, laterals obscure.

genera

Principal

:

Astarte

Pachytyjous

;

?

Devonian—

.

(Jurassic), Plesiastarte

(Eocene), Parastarte, Woodia, Ojjis (Secondary strata), Prosocoelv.s

(Devonian).

Fam.

Crassatellidae.

3.

—Mantle

with anal

sette, hinge

with two cardinals,

laterals produced.

or open
an internal fos-

orifice

shell equivalve, thick, subtriangular, ligament in

:

Cretaceous

.

Principal genus, Crassatella.

Fam.

Cardiniidae.

4.

—

Shell

ligament external, cardinal teeth

Devonian

Cyprinidae.

5.

papillose, foot thick

thick,

;

umbones often

variable,

Principal genera

Oolite.

oval or

triangular,

small, laterals fairly strong.
:

Cardinia, Anthracosia,

A nirplophora.

CavTjonicoIa,

Fam.

equivalve,

ligament

—Anal

and branchial

orifices

complete,

shell variable, equivalve,
spiral,

hinge teeth very

external.

Jurassic

.

Principal genera: Cyprina; Pygocardia (Crag),
Veniella (Cretaceous), Venilicardia (Secondary strata), Anisocardia (Jm-assic), Isocardia,
Lihitina, Cored liojihaya ; Basterotia (Eocene),

The

families

Pachydomidae (Palaeozoic) and

—

Megfdodontidae (Palaeozoic
Secondary) are
probably related to the Cyprinidae.

Fam.

G.

Aetheriidae.

— Anal

orifice

Fig. 305.

Isocardia vulgaris Reeve, China.

complete, foot absent,

la])ial

-;
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palps

large

shell

;

Unionidae.

7.

embryo

stage

(p.

free or fixed, no hinge teeth.
Genera Aetheria, Millleria, Bartlettia.
Foot large and thick, no byssus, anal
:

—

siphon short, branchial
absent,

chap.

irregular,

Fluviatile, recent only.

Fam.

SUBMYTILACEA

orifice

complete or not, siphon present or

of certain groups passing through a glochidium

146); shell equivalve, sometimes very thick, nacreous

within, hinge variable.

Fluviatile.

Jurassic

Principal

.

Unio (subg. Arconaia), Monocondylaea, Pseudodon, Anodonta, Solenaia, Mycetopus, Ifutela, Spatha, Syria, Castalia, Leila.
Fam. 8. Dreissensiidae.
Both siphons prominent, foot tongueshell mytiliform, with small internal septum.
shaped, byssiferous
Genera Dreissensia ; Dreissensiomya (Tertiary).
The common

genera

:

—

;

:

Dreissensia polymojyha 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. Modiolojosidae.
Shell mytiliform, ligament exterior,

—

hinge teeth small, rather numerous.
genera

:

Palaeozoic

.

Principal

Modiolopsis, Cyrtodonta, Mytilops, Plychodesma.

Fam. 10. Lucinidae.

—Anal

orifice

sometimes with a siphon,

branchial orifice complete or not, sometimes a single branchia

;

very long, vermiform, no byssus, anterior adductor long

foot

with two cardinals and
sometimes toothless, ligament more or

shell rounded, equivalve, blanched, hinge

two

laterals in each valve,

Silurian

less internal.

Principal genera

.

Lucina, Cordis,

:

Axinus, Piplodonta, Ilontacuta.

—

Anal orifice complete, foot vermiform,
Fam. 11. Ungulinidae.
shell equivalve, subcircular, hinge
no byssus, two branchiae
teeth variable, no laterals, adductor impressions long, continuing
;

the pallial

Fam.

Tertiary

line.

12.

Unicardiidae.

Single genus, Ungulina.

.

—

Shell

equivalve,

cardinal shelf large, a single cardinal in
external.

Scaldia,

Carboniferous

Pseudedm ondia.

Fam. 13. Kellyellidae.
branchial orifice

;

—
—Anal

Cretaceous.

;

or

oval,

Genera

:

Unicardium,

siphon prolonged, no marked

shell very small, oval or round, anterior lateral

very strong, under the cardinal.
ella

round

each valve, ligament

Eocene

.

Genera

:

Kelly

Allopagus and Lutetia (Tertiary), Turtonia.

Fam.

14.

Erycinidae.

—Mantle

edges with three apertures.

;

,

TELLINACEA

EULAMELLIIM'IANCHIATA

branchial orifice on the buccal margin, foot
a byssns, animal usually viviparous.

long-,

453

broadened, with

Tertiary

Genera

.

:

Erycina, Kellia, Pytliina, Lasaea,Lepton.

Fam. 15. Galeommidae.

—Mantle

edges more or less reflected

over the shell, apertures and foot as in Erycinidae

hinge

equilateral,

with

few

teeth

none.

or

shell

thin,

Tertiary

.

;

Genera
Galeomma, Scintilla, SporteUa, Chlamydoconcha, Hindsiella, Ephippodonta (Fig. 32, p. 81).
Fam. 1 6. Cyrenidae.
Siphons short, foot large, no byssus
:

—

shell equivalve, subtriangular,

three

or

cardinals,

laterals

with periostracum, hinge with two
present
animal hermaphrodite,
;

Fresh or brackish water.

viviparous.

Jurassic

Cyrena, Corhicula (subg. Batissa, Vclorita),

Genera

.

Sp)haerin,rii

(

=

:

Cyehis),

Pisidiitm, Galatea, Fischeria.

The

families

Cyrenellidae

genus

(single

Cyrenella)

and

Baufiiidae (single genus Bangia) are probably to be placed here.

Sub-order

II.

Tellinacea.

— Siphons

Fam. 1. Tellinidae.
with byssogenous

—

foot

and
two adductor muscles.

long, separate, foot

labial palps very large, pallial sinus deep,

External branchial fold directed dorsally,
but no byssus, branchiae small shell

slit,

;

compressed, equivalve, ligament external, at least two cardinals
in each valve, laterals variable.
Cretaceous
Principal
.

genera

Tdl'ina (with

:

Fam.

many

Scrobictdariidae.

2.

sections), Gastrana.

—Animal

as in Tcllina

;

shell orbicu-

late or long oval, equivalve,

hinge
^

ment

weak,

teeth

Tertiary
cipal
laria,

liga-

in an internal cavity.

Prin-

.

genera

:

Scrohieu-

Syndosmya, Tlieora

Cuminfjia, Semde.

Fa jr.
External

3.

Donacidae.

branchial

directed ventrally

;

—

fold

Fig.

S06.—Teni7ia rasfeUi'm Hani., East Indies.

shell

equivalve, subtriangular, solid, smooth, two or three cardinals in

each valve, laterals variable, ligament external.

Jurassic

.

Genera Donax, Iphigenia, Isodonta.
Shell donaciform, ligament external,
Fam. 4. Tancrediidae.
cardinals usually two in each valve, posterior laterals strong.
Trias
Genera Tancredia (Secondary strata), Hemidonax.
;

—

.

:

—

;

Fam. 5. Cardiliidae.

—

Shell heart-shaped, hinge as in Mactridae,

posterior adductor resting on a

Tertiary

Cardilia.

Fam.
three

VENERACEA
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6.

.

Mesodesmatidae.

myophore

—Mantle

byssiferous or not

orifices, foot

edges largely united, with
shell regular or irregular,

;

cardinal and strong lateral teeth.

usually one

Genera Mesodesma, Urvilia.
External
Fam. 7. Mdctridae.
:

—

fused,

Tertiary

foot

A'en-

equivalve,

shell

;

.

directed

fold

Ijranchial

tongue - shaped
triangular-oval, hinge with ligament in an
siphons

trally,

Single genus

or shelf;

internal

fossette,

another portion external, a bifurcated cardinal tooth in the left
A^alve, fitting into a branching tooth in the right valve, laterals
Genera
Mactra, HarvcUa, Eaeta,
Jurassic
present.
:

.

Eastonia, Hetcrocardia, Vangandla.

Sub-order
compressed,

Veneracea.

III.

generally

siphons

adductor muscles.

—^Branchiae

slightly folded, foot
variable,

line

short, pallial

two

—

Siphons free or partly united, foot
Fam. 1. Veneridae.
seldom byssiferous shell solid, equi^ilve, hinge usually with three
;

cardinal

teeth,

Jurassic

Principal genera:

Cytherea, Circe
tiary), Meroc,

variable.

laterals

.

Grateloujoia (Ter-

;

Dosinia

(

= Artemis),

Cyirriiacria, Cyclina, Venus,
entia, ZucinojJsis

Clem-

Thetis (Creta-

;

ceous), Ta2?es, Venerupis.

Fam.
Fig. 307.

dione'Li\,m.,'Ptxw.
Ci/thei-ca
^

gaping

slightly

l:)ehind,

marked.

pallial sinus well

two or three
Eecent

jSfaranio.

Fa^nl
shell

3.

Glaucomyidae.

produced,

pallial

sinus

thin,

well

— Siphons

hinge with

marked.

Tanysi])lioii).

2.

—-Animal

Petricolidae.-

c

rocks

;

no
Genera
:

long,

united,

^

shell

cardinals,
.

oval,

laterals,

Petricola,

foot

small

no laterals,
Genus, Glaucomya (inch

three

Eecent.

in

i

i.perforating

cardinals,

—

Branchiae much folded back,
Sub-order IV. Cardiacea.
mantle edges with three apertures, foot cylindroidal, more or less
produced, siphons present or absent, one or two adductor muscles,
pallial line varial)le.

Fam.

1.

Cardiidae.

— Siphons

rather

long,

foot

long,

no

;
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or less racliately ribbed, hinge with

one or two cardinals in each valve, laterals variable, ligament ex-

two adductors. Brackish water or marine. Devonian
Genera
Byssocardium and Lithocardium (Tertiary), Conocardmm (Palaeozoic), Cardium (with
many sections, including Hemicarternal,

-.

:

diuiii),

Limnocardium

(subg. Didacna,

Monodacna, Adacna).
Fam. 2. Lunulicardiidac.
very

equivalve,

—

inequilateral

Shell

subtri-

angular, anterior margin short or trun-

with a deep lunule. Single genus,
Lunulicardium (Palaeozoic).
Fam. 3. Tridacnidae.
Mantle oricated,

—

fices

widely separated, foot short, bysFig.

no anterior

siferous,

adductor

;

shell

308.

— Cardium

dium) cardissa

(Hemicar-

East ludies.

L.,

equivalve, large, thick, usually gaping

and one or two posterior laterals in
Genera Tridacna,
each valve, no pallial sinus.
Miocene—
Tridoxna
is immense.
Hippopus. The muscular power of the great
hand
or foot
man's
Once caught between their gaping valves, a
in front, one cardinal tooth

can scarcely be withdrawn.

Museum weigh
FA:\r.

short,

4.

respectively

Chamidae.

no byssus,

—

Two

Ijoth

valves of 2\ gigns in the British

154 and 156

— Mantle

:

.

orifices

lbs.

widely separated, foot

adductors present, ovary invading the

mantle lobes

;

shell fixed, irregu-

larly inequivalve, uml:)ones spiral,

ligament external, cardinal teeth
often a mere ridge, anterior lateralstrong, nearly

central,

Jurassic

sinus.

.

no pallial
Genera
:

Chama; Diceras (Jurassic), attached
by one umbo, umbones very prominent, teeth strong

A

-

—

B

(Jurassic),

Hcterodiccras

;

Rcquienia (Cretaceous),

A, Requienia ammonea Goldf.,
Neocomian, x ^
iiipimrites h'ft valve widely Spiral, attached
B,
i
coniu-vaccimim Goldf., Cretaceous,
i
,
„,
,11
small,
valve
^O' tlie umbo, right
«, right valve; /.point of fixxi.

Fig. 309.

;

i

ture.

culum,

(From

Zittel.)

teeth

Secondary

obsolete

strata).

,

i

•,

fitting

Toucasia,

•

,

on the other as an oper-

Apricardia,

3Iatheronia

(all

.
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The four succeeding

— MYACEA

chap.

work

families require special study in a

on Palaeontology.
Fam. 5. Monopleuridae.

—

Shell very inequivalve,

valve

left

operculiform, right conical or spiral, fixed at the apex, ligament

prolonged

in

external

Monopleura, Valletia.

Fam.

6.

Caprinidae.

—-Shell

—

Cretaceous

grooves.

Genera

:

very inequivalve, thick, free or

which is spiral or conical, left valve
spiral or not, often perforated by radial canals from the umbo to
Neocomian and Cretaceous
Principal
the free margin.
fixed

by apex

of right valve,

.

genera

Plagiojptychus,

:

Caiprina,

Ichthyosarcolites,

Folyconites.

Fam.

7.

Hippuritidae

= Biidistae).

(

externally as in Caprinidae,

ment

umbo

—

Caprotina,

Shell very inequivalve,

central in left valve, no liga-

proper, left valve with strong hinge teeth

and grooves, two

adductor impressions on prominent myophores, shell structure
Cretaceous
two valves differing.
mppurites (Fig. 309, B).
Shell inversely
Fam. 8. Badiolitidae.

of the

—

cylindrical,

general

aspect

of Hippurites,

only.

Single

genus,

conical, biconical,

umbo

of left

or

valve

central or lateral, right valve with a thick outer layer, often
foliaceous,

only.

umbonal cavity partitioned

Genera

off

by laminae.

Cretaceous

Badiolites, 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.

not byssiferous

;

shell

— Siphons

long, not united, foot large,

equi valve, long, oval, slightly gaping at

the ends, ligament external, prominent, two cardinal teeth in

each valve, no

Genera

:

laterals,

Fsammohia,

a

deep

pallial

sinus.

Jurassic

.

Solenotellina, Sanguinolaria, Asaphis, Elizia,

Queristedtia (Jurassic).

Fam.

2.

Myidae.

—Pedal

orifice small,

siphons long, united in

gaping at one or both ends, periostracum more or less extensive, ligament internal, resting on
a prominent shelf;
hinge teeth variable.
Cretaceous^
Genera
Mya, Tugonia, Sphenia, Corhida, Lutraria (for which
great part

;

shell inequivalve,

•.

:

some propose a separate family).
Fam. 3. Solenidae.
Foot long, powerful, more or less cylindrical, no byssus, siphons usually short, united or not, branchiae

latter

—

;;
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narrow shell equivalve, long and narrow, gaping at both ends,
with periostracmn, umbones flattened, ligament external, hinge
teeth variable.
Devonian
Genera Solecm'tus, Pharella,
;

?

C id tell us,

Pharus,

Orthonota

Fam.

(?),

4.

:

.

Siliqua,

Palaeosolen

Ensis, Solen,

(?).

Glycimeridae.

—

Pedal

orifice

very narrow, siphons long, united in great

with periostracmn

part,

often

covered

shell

more

or less equivalve, gaping at

both ends, hinge toothless or with two
weak cardinals, ligament external animal
;

or

free

Cretaceous-

perforating.

.

Genera Glycimeris, Saxicava, Cyrtodaria.
Fam. 5. Gastrochaenidae.
Foot small,
cylindrical, no byssus, branchiae narrow,
:

siphons

—

long

;

perforating

shell

or

cemented to a shelly tube, gaping widely
on the anterior and ventral sides, no
hinge teeth, a deep pallial sinus.
Cretaceous-

General

.

Gastrochaena,

:

Fistulana (tube with a median diaphragm,
perforated by the siphons).

Sub-order VI. Pholadacea,

— Mantle

edges largely closed, siphons long, united,
foot

short,

ment

truncated,

absent,

two

disc-shaped,

adductor

liga-

muscles

animal perforating.
Fam. 1. Pholadidae.
Organs contained
within
ctenidia
the
valves,
prolonged into the branchial siphon,

—

shell more or less gaping, thin, dorsal
margin in part reflected over the umbones, one or more dorsal accessory pieces,
no hinge teeth, an interior apophysis
^
P
proceeding from the umbonal cavity.
^

.

,

bio.— Teredo navaiis L.-.
V, valves of shell ; T, tube
SS, siphons.
P, pallets
(After Mobius.)

fig.

;

Genera: Phol((s, Tidona,
Pholadidea (posterior extremity of the valves prolonged by a
corneous appendage, a passage to the long tube of Teredo),

Jurassic-

.

Jouannetia, Al/lojjhaga, Martesia

Fam.

2.

Teredinidac

;

Teredina (Eocene).

— Auimnl

vermiform, ctenidia mainly

-
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within the branchial siphon, siphons veiy long, with two cal(" pallets ") near the anterior end, shell very
small, continued into a long calcareous tube, valves deeply notched,

careous appendages
internal

apophysis

as

Pholadidae.

in

genus. Teredo (Fig. 310).

Sub-order VII. Anatinacea.

—

Lias

Single

.

External branchial fold directed

and

dorsally, not reflected, sexes united, ovaries

with sepa-

testes

rate orifices, mantle edges largely united, byssus usually absent,

two adductor muscles,

pallial liue variable, shell usually nacreous

within.

Fam.

1,

Fandoridae.

tongue-shaped

shell

;

—Siphons
or

free

largely

short,

fixed,

united,

foot

inequivalve, semilunar, or

subtriangular, ligament often with calcareous ossicle, pallial line

complete

with

or

Cretaceous

slight

dora, Myodora, Afyochama.

Fam.

Chaviostreidae.

2.

sinus.

Genera

.

Fan-

:

—

Shell

fixed, Chama-\\\\.Q, thick,

umbones

with

ossicle.

ligament

spiral,

Single genus, Chamostrea.
Fa:\i.

Siphons

Verticordiidae.

3.

prolonged

not

;

—

shell

heart-shaped, umbones prominent,
spiral,

Zll.—Myochama

Fig.

Ad.,

attached

to

Stutchhuryi A.

pallial

ligament with an

undatina

Circe

Genera

.

Lam., Moretou Bay.

Fam.

4.

Lyonsiidae.

— Foot

:

ossicle.

Miocene

Complete.

line

Verticordia,

Mytilimeria, Lyonsiella.
short, Ijyssiferous, siphons

short,

separate, shell inequivalve, hinge teeth usually absent, ligament

and

ossicle

in an internal o-roove.

Lyonsia.

Fam.

5.

Ceromyidae.

—

Eocene

.

Single genus,

Shell inequivalve, large, heart or wedge-

shaped, hinge toothless, ligament internal in one valve, external
in the other.

Fam.

6.

Secondary strata
Arcomyidae.

granulated, hinge

—

Shell

toothless,

.

Genera

equivalve,

cardinal edge

Secondary and Tertiary strata
Goniomya, Pleuroviya, Maclunnya.
Fam. 7. Anatinidae.
A fourth (? byssal)

external.

—

long, separate or fused

;

shell thin,

:

Ccromya, Gresslya.

thin,

surface

finely

dentiform, ligament
.

Genera Arcomya,
:

pallial orifice, siphons

sometimes inequivalve, exterior
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often granulose, ligament often with ossicle, hinge toothless or

with lamellae.

Jurassic

(Secondary), Ferijjloma,

Asthenothaerus.

Fam.

—

Grammysiidae.

8.

external, cardinal

Palaeozoic

Genera

.

Cochlodesma,

margin

Shell

equivalve,

Praecardiidae

Alicia,

ligament

oval,

many

Principal genus, Grammysia, with

.

9.

Plectomya

Tyleria,

straight, toothless, pallial line complete.

genera of toothless hinge, but whose exact

Fam.

Anatina,

:

Thracia,

—

other

affinities are uncertain.

Shell thin, equivalve or not, radiately

margins dentated, subumbonal area as in Area, hinge
toothless.
Palaeozoic
Principal genus, Praecardium.
Fam. 10. Pholadomyidae- A fourth pallial orifice, siphons
ribbed,

.

—

very long, united, foot small
ribs,

ligament

Jurassic

Fam.

shell tliin, equivalve, w^ith radiating

external, hinge

toothless, pallial

line

sinuate.

Single genus, Pholadomya.

-.

Clavagellidae.

11.

;

— Foot

rudimentary,

united, contained in a long calcareous tube

;

shell

siphons

long,

small, one or

both valves soldered in the tube, tube with a centrally fissured
the anterior end, more or less frilled at the posterior

disc at

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.

Poromyidae.

1.

lamellae between the

—Branchial

septum

with

groups

of

and
narrow, siphons short, papillose, separated, animal hermaphrodite
shell small, slightly inequivalve, rounded or oblong, nacreous
within.
Eocene
Genera Poromya, Silenia.
Siphons long, united in part, foot short,
Fam. 2. Cuspidariidae.
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.
orifices,

labial palps large, foot long

;

.

:

—

;

Jurassic

.

Single genus, Cuspidaria, with

many

sections.
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Introduction

The group Brachiopoda owes

immense
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,
its

chief interest to the

variety and great antiquity of its fossil forms.

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 Bibliography of Brachiopoda, prepared by the same author and his
friend

W.

tains

over

-H.

Dalton.-

This

160 quarto

monument

pages,

of patient research con-

each with the

titles

eighteen to twenty separate papers dealing with

published between the years

Probably the
literature

is

to

first

of

from

Brachiopods,

1606 and 1885.

reference

to

Brachiopods in zoological

be found in a work entitled Aqtiatilnim

ei

Animalium, published in the year 1606 by
Prince Fabio Colonna at Eome.
This work contains the first
Tcrrestriuiii alic[Uot

description of a Brachiopod under the

In a second edition, which
^

"A

London,
-

Monograph of the
vols. i.-v. 1851-84.

Ibid. vol. vi. 1886.

is

name

of Concha diphya.

not so rare in our libraries as the

British Fossil Biachiopoda," Palaeontographical Society,
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chap.

first, the author mentions three more species of Bracliiopods.
Towards the end of the same century, Martin Lister of Oxford,
in his Historia sive Synopsis methodica CoTichyliorurn, 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 (Lamellibranchiata).

The first satisfactory figure and description of a Terebratula
were published in the year 1766, in Pallas' Miscellanea Zoologica,
still under the name Anomia.
In 1781 0. F. Mliller figured a
Crania under the name Patella anoinala, the generic name being
subsequently altered by Cuvier into Orhicula.
Bruguiere 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 M6moire sur VAnatomie

gave the

The same

first

cle

la Lingule,

1797,

account of the internal anatomy of a Brachiopod.

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.

Dumeril in 1807 proposed the somewhat unfortunate name
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
of

;

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

Lingula and of a Discina, called by him Orhicida. He
midway between the Pelecypoda and tiie
Ascidians.
The structure of Lingula was further investigated
by Carl Vogt, who in 1851 also supported the view that the
Brachiopoda were related to the Mollusca.
But already in 1847
and 1848 Steenstrup had thrown doubts upon this relationship,
and had maintained that the Order was more closelv related
species of

regarded the group as

THE SHELL
to certain

found

members

its ablest

of the Chaetopoda, a view

to

which afterwards

supporter in the American naturalist Morse.

D'Orbigny seems
attention
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to have been the
resemblances allecfed

the

first

to

observer
exist

who drew

between

the

Brachiopoda and the Polyzoa, and Hancock, in his masterly
works On the Anatomy of the Fresh-ivater Bryozoa {Polyzoct) and
in his Organisation of the Brachiopoda, dwelt on these resemblances, 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.
predecessors and added

the group.

He was

the

lateral hearts of Cuvier,

He corrected numerous errors of his
many new facts to our knowledge of
first

and

to describe the true nature of the

to describe the true heart, afterwards

by Hancock.
was made in 1860 and 1861 by the discovery
and description of the larvae of Brachiopoda, by F. Mliller 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 knowledge of the group many 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
viev/s as to the latter point may be best discussed after some
account of the anatomy of the various genera has been given.
so carefully figured

A further

step

—

The
The body

—

Shell

of a Brachiopod is enclosed within a bivalve shell,

but the two halves are not, as they are in the Pelecypoda,
^

" ContributioDS to the

-

" Untersuchungen

Anatomy

iiber

poda Testicardinia, " Jenaische

VOL.

Ill

of the Brachiopoda," Proc. Roy. Soe.,vo\.

den aiiatomischen

u. histologischen

vii.

Bau der Brachio-

Zeitschrift, vol. xvi., 1883.
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one on each side of the body, but occupy a different position
A¥hat this position
with regard to the main axes of tlie body.
has formed the subject of a good deal of discussion.

For our
two valves by
The
the most commonly accepted terms of dorsal and ventral.
former is, as a rule, the smaller of the two, and usually lies
Ad(jpting the orientaon the lower surface of the animal in life.
tion indicated above, the stalk by means of which the Brachiopoda are attached to the rocks and stones, etc., upon which
they live, becomes posterior, and the broader edge of the two
sliells, which are capable of being opened to some extent, is
is,

purpose, however,

it

will suffice to distinguish the

anterior.

end of the shell usually narrows, and the
may be produced
into a sort of beak or funnel, through the aperture (jf which the

The

posterior

ventral valve projects behind the dorsal, and

—

Fig. 312.^ -Four specimens of
Tercbratulina caput serpentis,
attached to a waterlogged piece of wood, from
the Clyde area.

This aperture

stalk protrudes.
shell, or
is

the latter

may

only be

may

he completed by the ventral

notclietl, in whicli

case the hole

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
strengthened by a deposit

is

chitinous

l)ut

slightly

There
no hinge and no internal supports for the arms.
The alimentary canal terminates in an anus.
of calcareous salts.

is

The Testicar dines, whose
spicules.
The valves

II.

shells are

are

composed of calcareous

hinged together, and there

an internal skeleton su|)porting the arms.
no anus.
The outside of the shell of recent Brachiopods is often smooth,
but many are ridged.
In a recent species, lUtynchonella Dodcris

usually

There

leini
^

is

from Japan, Davidson

"On

^

has described a number of spines

a living Spinosc PJiynclioncUa from Japan,"

scr. vol. xvii.

18S6.

Ann. Mag. Nat.

Hist., 5th
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arranged in concentric circles on the ril)bed
spiiwsa from
coloured,

They

shell.

are not

the spines irregularly scattered on the shell of

so long- as

tlie

Some

Jurassic forniations.
instance, the various

as, for

on the coralline rock in

lili.

shells are brightly

species of Cistella

which

Mediterranean these exhibit
i)a.nds or rays of alternate orange and briglit pink.
On the
other hand, the shells of Terelwatula mlrea are t)f a slightly translucent white, and of the utmost delicacy.
They are very Lirge,
so that tlie cavity within tlie valves is of much greater size than
the body of the animal, but in otlier genera the S(^ft 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 Urachiopods to l)e
live

tlie

;

and to be somewhat massive.
by a pedicle or

of a dull yellowish colour,
species are attached

to some rock or stone at the
bottom of the sea, but in some, as in
Crania, the ventral valve becomes

^--ss^^^^^^

stalk

adherent

closely

to

its

support,

so

much

so that it is dihicult, or impos-

sible,

to

leaving

remove the animal without
the

ventral

Crania,

like

Lin.ijnla.,

Ecardines,

valve

lives

in

one

sand

behind.

^

3 2 1.

;-

•

483), and does not use its long
pedicle to adhere to any fixed ol)ject.^

p.

The

£

^

^'-

-^

the

of

(Fig.

Most

^i«- '^^^.-Three specimens of Cmanomala on a stone aredf^ed

ma
in

The topmost

Loch Fyne.

•^i"^"'"'^" ^' ''^"^

outline of the shell varies extremely.

It

'"^

may

i^™^^"-

be almost

round or prolonged along either axis; the edges of the valves
may be sniocjth or fluted in correspondence with the ridges and
grooves of

tlie

outside of the shell.

(3n tlie inner surface of the shell of the Testicardinate Brachio-

at the hinder end of tlie ventral valve, are two lateral
which fit into corresponding s(jckets in the dorsal valve.
These form a hinge, which in many cases is so arranged as to

poda.,

teeth,

permit the shell to be opciRMl to only a very limited extent.
There are also certain ])latc-l!k(! ])rocesses whicli ]irojcct into the

lumen of the shell, and hcl]) to sup])ort various portions of
body and in TrrcJimt ula WahlJiriinia, etc., these Ibrm a
till',
,

;

complicated band-like

looj),

advancing age, and serves

t(j

whicli

increases in complexity with

suppoi't 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).
surface of the shell also bears the

numerous muscles which govern

marks

its

The inner

of the insertion of the

movements.

Microscopic examination of thin sections of the shell shows
that it consists of small prisms or spicules of calcareous sub-

roughly speaking, at right angles to
These spicules are held together by
an organic matrix, in which, however, no cellular elements can
In sections made through a decalcified shell the
be detected.
position of the spicules which have been dissolved by the acid is
indicated by spaces, and the matrix remains as a network of fibrils,
stance,

whose long axis

lies,

the surface of the shell.

which end on the outside in a thin cuticular layer of organic
In Lingula and JDiscina the organic matter takes a
matter.
much larger share in the formation of the shell, which in these
genera consists of a number of alternating layers of horny and
The former is described by Gratiolet as
calcareous matter.
fibrillated,

the

consists of a

fibrils

number

being obliquely placed, whilst the latter
of small prisms set at right angles to the

surface of the shell.

In many genera, as in Terehratula, 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
They conof the mantle or body wall which secretes the shell.
tain extensions of the layer of epithelial cells which lines and
The canals come to the surface and at
secretes the shell.
They are closed by
their outer end are often slightly swollen.
the cuticular layer which
externally.

They

mentioned above as covering the

is

shell

are not found in the loops or other internal

In Crania the canals depart to some
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 meshwork near the surface of the shell. These fine branches con-

processes of the

shell.

extent from the usual type

tain protoplasmic fibrils,
cells

which

By
of

lie in

;

which have their origin in the

epithelial

the tubules.

carefully counting the

young and old specimens

number of tubules in a given area
of Waldheimia cranium, van Bem-
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luelen

^

was able

to
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show that the spaces between the tubules

did not increase with age.

He

therefore reasoned that the shells

by intussusception, and that their
must be entirely due to additions made round

of Brachiopoda do not increase

increase in size
their free edge.

The function of the tubules has been a matter of some disThey have been regarded as respiratory organs, but it
would seem more reasonable to suppose that they serve as organs

cussion.

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
It seems
are secreted from little pits in the edge of the mantle.
probable that they serve to some extent as organs of defence,
especially in the larva, where they make their appearance at an
possibly they also serve as a filter, and prevent the
early stage
Their presence has
entrance of foreign bodies into the shell.
been taken to indicate a certain degree of affinity between Brachiopods and Chaetopods, since setae are very characteristic of the
;

;

last-named group.

The Body
Brachiopod is secreted partly by the general
body which is situated at the hinder end of the
shell, and partly by the two leaf-like extensions of the body,
These are, in
which are termed the dorsal and ventral mantles.
fact, folds of the body wall, and into them the body cavity and
certain of its contents, such as the liver and generative glands,
The space between the two folds of the mantle,
etc., extend.
which is limited behind by the anterior wall of the body, is

The

shell of a

surface of the

mantle cavity.
On each side of the middle
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
termed the

pallial or

line the anterior wall of the

'

Loc.

-

Shipley,

Stat,

cit.

p. 465.

"On

zu Neap. Bd.

the Structure and Development of Argiope," Mitt, aus
iv.

1883.

d. Zool.
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mantle of the dorsal valve, as in Cistella and Argiopc ; ^ or they
may he outgrowths of the hody wall in the form of long processes,
which are coiled and twisted in a very characteristic manner in
In any case the cross section of the arm
the various genera.

shows a groove, one side of which forms a continuous lip, and
the other takes the form of a single row of tentacles, whicli are

Fig.

314.

—View

of the

half of Cistella

left

(Arffiope) ncapolUana, which has been cut
in two by a median loBgitiuliual incision, to

show the disposition of the organs. Partlj'
diagrammatic.
The inorganic part of the
shell only is shown.
The tubular extensions of the mantle and the organic outer
layer are not indicated, and hence the pores
ajipear open.
1.

Tlie ventral valve.

2.

The

3.

Tlie stalk.

4.

The mouth.

5.

runs
6.
7.
8.

dorsal valve.

Lip whicli overhangs the moiith and
round the tentacular arms.

all

Tentacles.
Ovary in dorsal valve.
Liver diverticula.

its double origin is
9. Occlusor muscle
shown.
10. Internal opening of left nephridium.
11. External opening of left nephridium.
The line from 10
12. Ventral adjustor.
;

crosses the dorsal adjustor.
13.

Divaricator muscle.

richly ciliated and capable of consideralile movement.

arm

in Bliynchoiiella can

protruded from the

l)e

The whole
was

shell, as

noted years ago by 0. F. MllUer, and although his statement to
this effect has often been doulited, its

Professor Morse,living
^

who

RhynchoneUa

writes

:

"

in the St.

truth was confirmed hj

In the year 1872, while studying
Lawrence, I observed a specimen

Schnlgin, " Argiope Kowalevskii," Zdt. f. vnss. Zool. Bd. 41, LS85.
- American Jour,
of Sci. and Arts, 3rd series, vol. xvii. 1879.

1
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protrude

its

arms

to a distance

47

4 cm. beyond the anterior

of

borders of the shell, a distance nearly equalling twice the length
of the shell."

The same observer

also

has the power of partially protruding

its

mentions that Lingv.la
In most genera

arms.

the cirrhi or tentacles can alone be protruded.

The

cilia

which clothe the tentacles keep up a constant How

of water into the mantle cavity.
to

This stream not only serves

aerate the blood of the animals

—

a process which probably

takes place through the thin inner lining of the mantle
also

brings with

it

a

number

organisms which serve as food.

—but

it

and other minute
These particles become entangled
of diatoms

and are ultimately lodged in the groove at their
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.
in the tentacles,

base,

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
The alimentary canal is supported
portion of the mantle cavity.
by a median dorsal and ventral mesentery, and by two pairs of
lateral

mesenteries which pass to the body wall.

mesenteries are not always quite distinct.
anterior pair are

known

The
they

lateral
are,

the

and the
are two
there
Rhynchonella
In

as the gastro-parietal bands,

posterior as the ileo-parietal.
pairs of renal organs,

When

and each

of these mesenteries bears the

In all other Brachiopods there is
supported
by the ileo-parietal bands.
only one pair, and they are
and some interthroughout,
The alimentary canal is ciliated
^ on the shorteuSchulgin
have
been
made
by
esting observations
internal openings of one pair.

^

Loc.

cit.

p. 470.
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cilia in Argiopc (Cistella) when the animal is well
and their elongation when the animal is hungry.
Amongst
the ciliated cells certain glandular cells have been described. The
so-called liver consists of two more or less branching aiands,
which open by wide apertures, one on each side of the stomach.
It seems probable that a good deal of digestion is carried on in
these glands, since the diatoms and other minute organisms
upon which the Brachiopoda live are usually found in the
branches of these glands, and the glandular cells lining the

ing of these
fed,

tubules vary

much

in appearance according to the animal's state

of nutrition.

The Body Cavity
The alimentary canal and

occupy a considerable portion

liver

body cavity or general space of
the l)ody
this space is to some extent
cut up by the various mesenteries
of the

;

above mentioned.

the

also lodges

It

reproductive organs and the excretory
ducts.

walls are ciliated, and the

Its

action of the

keeps

cilia

in

motion

the corpusculated fluid that bathes the
various organs in the Ijody cavity.

Tlie

mantles, which are

flat-

nothing but

tened leaf-like extensions of the body
wall

the

lining

contain

also

shell,

diverticula of the l)ody cavity, wdiich

may

he simple flattened spaces or

may

be broken up into definite channels, as
in Lingtda (Fig. 315).
improl)able
is

It seems

not

the body cavity fluid

aerated through the thin inner layer

of the mantle.

—

Fiu. 315.
View of the iniier side
of a valve of Lingida anati

fera (after Francois), to show are
the definite arrangement of
the channels in the mantle «, of
r.

:

position of mouth;
tiou of anus.

tliat

b,

posi-

Itunning along the base of each arm
two canals, a Small one at the base
,

,

i

•

i

the tentaclss, which

the
one,

tentacular

the

canal

canal,

of

former sends a prolongation into each tentacle.

we may term
and

the

a

larger
^

lip.

The

The

latter

is,

according to Blochmann, a closed canal in Crania, Lincjula, Rliyn-
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chonella,

and others

;
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but according to Joubin/

it

in Crania at one point with the tentacular-canal.

communicates
It is

probably

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 Lingida the small canal opens into that space.
originally a part of the

The Circulatory System
The

details of the discovery of the central circulatory

organ

and instructive chapter in the
history of modern morphological inquiry.
Hancock, in his
monograph on the group, described and figured on the
of Brachiopods form a curious

dorsal surface of the alimentary 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 JValdheimia venosa, and recently Blochmann has published a
detailed account of his work on this subject.
Both these authors
describe the heart as

a vesicle with

dorsal to the alimentary canal.

mann, a

vessel

—

as a triangular

From

muscular walls, situated
this,

according to Bloch-

the branchio-visceral of Hancock
split

alimentary canal.

in

—

runs forward

the dorsal mesentery supporting

the

This vessel divides into two at the oeso-

phagus, and passing through some lacunae in the walls of this
^

"Recherches sur I'Anat.

Tome
-

^

iv.,

ties

Brachiopodes Inarticiiles," Arch. Zool. Exp.

1886.

Unterstichuncjen liber den Bau der Brachiopoden, Jena, 1892.
" Vorlaufige Mittheilungen liber Bracliiopoden," Xool. Anz. Bd.

viii.

1885.

(2),

—
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and consequently supplies
These two canals, which diverge
with blood.
from the median artery, are connected ventrally by a vessel which
rims below the oesophagus the latter is therefore surrounded
by a vascular ring. Blochmann also describes two pairs of
A pair of
vessels that were seen and figured by Hancock.
these pass over the gastro - parietal mesenteries and into the

tube, opens into the tentacular canal,

the

tentacles

;

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

except

that

The blood

is

the former

unarmed Gephyrea,

group has specialised genital

vessels.

colourless.

Joubin's description of the vascular system of W. venosa differs
He regards the heart
some respects from that of Blochmann.
as collecting the lymph which it receives from numerous lacunar
spaces in the walls of the alimentary canal, and distributing it
through various vessels, wdiich in the main correspond with those of
Blochmann, and which run both to the " arms " and to the generaThe latter vessels, however, open freely into the
tive glands.
body cavity, and the fluid which is forced out from their openings
Whichever
freely bathes the organs found in the body cavity.
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
in

walls.

The Excretory Organs
The excretory organs (kidneys) which were at one time
regarded by Cuvier and Owen as hearts, are typical nephridia
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
In Bhynchonella, where
pore to the exterior (Fig. 314).
that

is

to say, they are

tubes

there are two pairs of these tubes,

—

the only evidence that the

group presents of any metameric repetition of parts,

—

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

In

mesenteries.

all

other Brachiopods the posterior pair

The external opening

exists.

base of the anus

;

in CistcUa

of these

it is

at the

nephridia

is

alone

near

the

bottom of a brood-pouch

formed by the tucking in of the body wall in this neighbourhood, and in this brood-pouch the eggs develop until the larval
stage

reached.

is

The walls of these nephridia are lined by ciliated cells,
amongst which are some excretory cells, in which numerous
lirown 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

and through them the ova and spermatozoa, which break
from the genital glands and fall into the body cavity, find

ducts,
off

their

way

to the outer world.

The Stalk and Muscles
The body cavity of a Brachiopod
which are very constant

of muscles,

is

traversed by several pairs

in position,

traction serves to open and close the shell, to

and whose con-

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
of

is

not a fixed form, but lives half-buried in the sand

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
ventral
stalks,

also

is

valve

;

fixed

to

its

supports by the surface of

the other genera, however, are provided

its

with

which, being the means of the fixation of the animals,
the same time the fixed points upon which their

Itecome at

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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probably belongs to the ventral side of the body.

It is in CisteUa,

and doubtless in other genera, in

close organic

connexion with both valves, and it seems to consist of an unusually large development of the supporting tissue which occurs
so frequently in the

peduncle

is

body of Brachiopods.

The

surface of the

produced into several irregularities and projections

which fit into any depressions of the rock upon which the
animal is fixed.
In CisteUa there are four pairs of muscles, two connected
with opening and closing the shell, and two with the movement
The most considerable
of the body upon the stalk (Fig. 314).
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
In the
insertion by means of a tendon into the ventral valve.
species in question each of these muscles arises by a double
head, the two muscles thus formed probably representing the

The contraction
shell, which

anterior and posterior occlusors of other forms.

muscles undoubtedly serves to close the

of these
is

opened by a small

pair

of divaricators

from the

arising

ventral valve, and inserted into a portion of the dorsal shell

which
these

posterior

is

to the axis of the hinge.

Contraction of

muscles would thus serve to approximate the posterior

edges of the valves and divaricate the anterior edges and thus to

open the

shell.

running
from the ventral valve to be inserted into the stalk, and a correThe simultaneous
sponding dorsal pair from the dorsal valve.
contraction of either pair would tend to raise the valve, whilst
the alternate contraction of the muscles of each side would tend
The muscles of Waldto rotate the shell upon the peduncle.
heimia fiavcscens are shown in Fig. 329, and described briefly

The

on

p.

adjusters are four in number, a ventral pair

502.

The muscles
cardines

of the Ecardines differ

inasmuch

as

they

do

not

from those of the Testi-

terminate

in

a

tendon,

They
run straight from shell to shell.
In Crania there is an anterior and
are also more numerous.
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
In this genus there are also a pair of proslightly rotate it.
but the muscle

fibres

THE MUSCULAR SYSTEM
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and a pair of retractors, and two levators of the arms, whose
function is to draw forward or retract the arms, and an unpaired
In addition to these bundles of
median or levator ani muscle.
muscles
in the body wall, and it seems
certain
there
are
muscles
tractors

that

proljable

liy

their

contraction,

when the adductors

are

relaxed, the body may become somewhat thicker and the valves

of the shells will slightly open.

In Lingida (Fig. 322) the muscular system

is

more com-

—A

semi - diagrammatic
muscular system of
Crania (after Bloclimami) a,

FiG. 316.

figure of the

:

anterior occlusor ; b, jDosterior
superior oblique ;
occlusor
c,
;

inferior oblique
e, retractor
of the arms ; /, elevator of the
arms ; g, protractor of the arms ;
The
/(, unpaired median muscle.
dorsal valve is uppermost.
(/,

plicated

in addition to the anterior

;

posterior

cator

(

=

(

= centrals)

(

;

= anterior

laterals)

and

pairs of occlusors, there is a single divari-

umbonal), whose contractions in conjunction with those
body wall press forward the fluid in the

of certain muscles in the

body

cavity,

there
called

are

and thus

three

force

pairs

respectively

the

;

and

These latter

are

the valves of the shell apart

of adjustor

muscles.

= middle laterals), external
posterior ( = transmedians) adjustors,

central

(

( = external laterals), and
whose action adjusts the shells when

all

contract together, and

about a certain sliding movement of the shells on one
another when they act independently of each other.^
l)rings

^ Hancock's nomenclature is here used.
The corresponding names used by King
and Brooks are placed in brackets. Their nomenclature is used by many palaeontologists, and is adopted in Fig. 322.

;
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The Nervous System
The nervous system of Brachiopocls is not very clearly
and there are considerable discrepancies in the
accounts of the various investigators, even when they are
So much, however, seems certain,
dealing with the same species.
understood,

a nervous ring surrounding the oesophagus, that

that there

is

this ring

enlarged dorsally,

is

or, in

other words, near the base

and inconspicuous dorsal ganglion, and
again ventrally or just behind the base of the tentacles into a
The latter is, contrary to
ventral or sub-oesophageal ganglion.
what is usual in Invertebrates, of much larger size than the
supra-oesophageal ganglion, but like the last named, it has retained
of the

its

lip,

into a small

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
rities

of Brachiopods are bisexual,

and many autho-

regard the separation of sex as characteristic of the group

on the other hand, Lingula pyramidata is stated to be hermaphrodite, and it is not impossible that other species are in the
same condition.

The generative organs are

of the typical sort, that is, they
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 usually lie partly in the general body
cavity and partly in the dorsal and ventral mantle folds, two on
Along the axis of the heaped-up cells
each side of the body.

are
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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 Huid.

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 Argio2Je, Cistella, and Thecidiurii, develop in broodpouches 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
In other species the ova are thrown out
flows into the shell.
into the open sea, and their chances of meeting with a spermatozoon 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
chiefly

owe what
to

little

we know

Kowalevsky,^

of the

embryology of the group
and Morse.^ The

Lacaze-Duthiers,^

Russian naturalist worked on Cistella {Argiope) neajjolitana, the
French on Thecidium, and the American chiefly on Terebratulina.
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 cm-rents set up

by the

cilia

clothing

the tentacles.

In Thecidiuiii,

Cistella,

and Argiope the

first

stages of develop-

ment, up to the completion of the larva, take place in brood-pouches;
in Terebratulina the eggs pass out of the shell of the mother and

hang

in spermaceti-white clusters from her setae and on surrounding objects.
In the course of a few hours they become
ciliated and swim about freely.
The brood-pouch in Thecidiiim
^

^

Development of the Brachiopoda, 1873 (Russian).
"Histoire de la Thecidie," Ann. d. Set. Nat., Ser. 4, vol. xv. 1861.
"On the Early Stages of Terebratulina septentrionalis," Mem. Boston Soc. Nat.

Hist. vol.

ii.

1869.

"On

the Development of Terebratulina," Ibid. vol.

iii.

1873.
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median, in the convex lower shell, in CisteUa it is paired, and
arises by the pushing in of the lateral walls of the body in the
the
reo-ion ^ust behind the horse-shoe-shaped tentacular arms

is

;

renal ducts,

which

also serve as oviducts,

open into these lateral

recesses.

In the female Thecidiurn (Fig. 317) the two median tentacles
which lie just behind the mouth are enlarged and their ends
they are bent l)ack into the brood-pouch,
somewhat swollen
;

and

to

them the numerous larvae are attached

Ijy

a

short

fila-

ment inserted into the second of the four segments into which
In Cistella a similar filament attaches the
the larva is divided.
larvae to the walls of the brood sac

;

thus tliey are secured from

—

Brood-poucli of Thecidiurn
medlterraneum.
(After
LacazeDuthiers.)
Part of the wall of the
l">ouch has been removed to show
the clusters of larvae.
1. Mouth, overhung by lijj.

Fig. 317.

2.

tacles

One

of the two median tenwhich are enlarged and modi-

fied to

bear the larvae.

Wall of brood - pouch into
which the median tentacles are
3.

folded.
4. Larva attaclied to the swollen
end of the tentacles.

being washed away by the currents constantly flowing through
the mantle cavity of the mother.
In Cistella the larva consists at first of two segments, but
the anterior one divides into two, so that in the free swimming
larva we find three segments, the hindermost somewhat longer

and narrower than the others and destined to form the stalk.
About the time of the appearance of the second segment four
red eye-spots arise in the anterior segment, which tends to l)ecome constricted off from the others, and may now be termed the
head.
It gradually becomes somewhat umbrella-shaped, develops
cilia all over its surface and a special ring of large cilia round
its edge.

In the meantime the second or mantle segment has grown
the stalk, and four bundles of setae have

down and enveloped

)

;

,
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In this stage the larva leaves

its

mother's

and swims out into the world of water to look for a suitable place on which to settle down.
This is the only stage in the
life history of a Brachiopod when the animal is locomotor, and can
serve to spread- its species.
The extreme minuteness of the larva
and the short time it spends in this motile condition probably
shell

accounts for the fact that Brachiopods are extremely localised.
occur they are found in great nund)ers, rocks

Where they do

being often almost covered with them, but they are not li nuid over
When viewed under a microscope the lar^'ae seem

large areas.

Fig. 318. —Young larva of
Cistdla iieupolitana
sliowiug
three
segments, two eye spots,

and two bundles
setne.

(After

of

Kowa-

levsky.

—

Fig. .319.
Full- -rown larva of Cistdla neapoiUuna, witli unilirella-

shaped bead,
Kowalevskv.

ciliated.

(After

)

to be moving with surprising rapidity, but judging from
the
analogy of other forms, it seems doubtful if they swim a yard in
an lioni'.

l-'requeutly the larva stands on its head for some time, as if
investigating the nature of the rocks on which it may settle
it
:

extremely contractile, turning its head from time to time,
anil seldom retaining the same outline for any length of
time the
is

;

setae are protruded,

and

at times stick out in every direction

they are possibly defensive in function.
When fully stretched
is about
nnn. long, but it frequently shortens its

out the larva
VOL.

Ill

-^

2

I
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The larvae are of a pinkish
body to two-thirds of this length.
coloiu', with eye-spots of ruby red.
Their colour renders

red

them

when they are swinnning over the red
upon which they frequently settle.
After swim-

diflicult to discern

coralline rocks

ming

about

for

a

few

hours

the

larva

fixes

itself

finally,

apparently adhering by some secretion produced by the stalk

The folds of the second or body segment then turn
segment.
forward over the head, and now form the ventral and dorsal
mantle folds these at once begin to secrete the shell on their
;

—

Stages in the development of the larva of Terehratulina septentrionalis. (After
Morse.) The youngest larva has two segments, a third then appears, the larva
then fixes itself, and the second segment folds over the first and develops bristles

Fig. 320.

round

its

edge.

outer surfaces.

The head with

its

eye-spots

must

l)e

to

some

extent absorbed, but what goes on within the mantle is not
The setae drop oif and the tentacular arms
accurately known.

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 Ijy Morse for Terehratulina, 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

of the Brachiopoda.

be said about the habits and natural history
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
As so frequently is the case with sessile
time it opens its shell.
;

annuals, the sense organs are reduced to a

the larva

minimum, the

eyes of

disappear, and the only communication which

the

)
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animal has with the world around

hy means

it
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is

up by the

of the currents set

on the tentacles.

cilia,

In spite of the absence of any definite

Thecidmm, according

eyes,

Duthiers,

is

to Lacaze-

sensitive to light

for instance that,

when

his

he noticed

;

shadow

fell

was
watching in a vessel, their shells, which
had been previously gaping, shut up at
across a numljer of these animals he

once.

In CistcUa the tentacles can be protriuled

from the open

and in Bliyn-

shell,

chonella the spirally-coiled arms can

l:)e

unrolled and extruded from the shell, but
this does not

seem

to

have

genera, with

in other

of

consists

of animal

observed

The f(jod of these
minute fragments

ception of Li /)[/(( la.

animals

Ijeen

the possible ex-

and vegetable matter, a very
it being diatoms and

large proportion of

other small algae.

Lingula

differs

other

members

as

is

it

markedly from the
inasmuch

of the group,

not firmly fixed to a rock or

some such body by a
its

valves,

sand.

Init

Some

liAes

recent

stalk or

in a

by one

tulje

in

observations

of

the
of

Mons. P. Francois ^ on living specimens
of LinguUt anatifera which he found
living in great numbers on the sea-

Fig. .321.— Figures illustrating
the tubes in which Livgula
anatifera lives.
The ujiper
shore at
Caledonia
in
figure is a view of the trilobed opening of the tube.
Ite
mentioned.
]»resence of
The lower figure shows the
tube in the sand laid open
the animal is
a
of
and the animal exposed.
elongated trilobed orifices which lead
The dotted line indicates
the position of the body
into the tube in wliicli the JAiKjala liA'cs.

Xoumea

may

New

The
shown by

The animals,

number

most other l>rachiopods, live well in ca]itivity, and he was
able to watch tlieir liabits in the a(piaria
^

like

" Glioses de Noumea," Arch.

d. Zool. ex}^. et gen.

when

The darker
the tube of f>aud
.agglutinated by the secretion of the stalk,
(After
Francois.
retracted.

portion

2nd

is

ser. vol. ix.

1891.
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The Lingtda

chap.

place themselves A^ertically

;

the

anterior end of the body just reaches the level of the sand

;

the

of his laboratory.

three lobes into which the orifice of the tul^e

is

divided corre-

sponding with the three brushes of setae which project from the
These setae are described by Morse
anterior rim of the mantles.
as projecting in the

form of three funnels

;

currents of water are

seen continually passing in at the side orifices and out through

The tube consists of two portions an upper part,
which is flattened to correspond with the flat shape of the body,
The upper part
and a lower part, in which the stalk lies.
sand is not glued
is lined with a layer of mucus, but the
The lower part of the
together to form a definite tube.
stalk, or the whole when the animal is contracted, is lodged
in a definite tube composed of grains of sand agglutinated by
At the
mucus, probably secreted from the walls of the stalk.
least sign of danger the stalk is contracted violently, and tlie
body is withdrawn to the bottom of the upper portion of the
The rapid retreat of the animal is followed by the
tube.
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 very young transparent
in the Testicardines by the hinge.
specimens Francois was able to observe the movements of the
these
fluid in the system of tubules which penetrate the mantle
tubules are figured by him, and Fig. 315 is taken from his
the central.

:

;

illustration.

Davidson, in his Monograph on the British Fossil Brachithe largest " recent Brachiopod which has

opoda, states that

come under

my

notice

is

a

specimen

Waldheimia venosa
by 2 inches in
It was found in the

of

Solander, measuring 3 inches 2 lines in length,

breadth, and

1

inch 11 lines in depth."

A

outer harbour of Fort William, Falkland Islands, in 1843.
specimen of Terehratida grandis from the Tertiary deposits, howthis

in

inches, its breadth

3

ever, exceeds

all

dimensions.

its

inches

2

lines,

and

length was 4-|
depth 2 inches 2

Its
its

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

38 or 39 of these were Brachiopoda brought
Mr. Cuming, qvioted by Davidson, records that after a great
storm in the year 1836, he collected as many as 20 bushels of
Lingula anatifera on the sea-shore at Manilla, where, he relates,
It has been suggested above
they are used as an article of food.
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
When once
current it could not travel far from its parent.
settled down it has little to fear from the attacks of other
animals.
The size of its shell relative to its body would

361

stations; at only

up.

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)
Their slight value as an article of diet
neajwlitana in Naples.
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, Lingula
and Glottidia,Qxe usually found between tide-marks or in shallow
Discina is also found about
water not exceeding 17 fathoms.
the low-tide level, but one species at any rate, Discinisca atlantica,
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.

moderate depths down to 808
of coral, stones, and shells.

Of the
It

is

usually dredged from

Testicardines, Terehratida Wyvillei has probably been

found at the greatest depth,
Pacific.

Crania

fathoms, adhering to rocks, lumps

is

i.e.

2900 fathoms,

interesting to note that its shell

in the
is

North

glassy and

The Brachiopoda are, however, as a rule,
extremely thin.
found in shallower water; they abound up to a depth of 500 or
600 fathoms, after which they rapidly diminish with increasing
depth.
less

About

one-lialf the

than 100 fathoms.

named

species occur at a depth

of
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vertical range of depth of certain species

hratala vitrea

is

recorded from 5 to

great

is

1456 fathoms,

T.

;

Tere-

Wyvillei

This is to some extent explicfrom 1035 to 2900 fathoms.
able since, after a certain depth has been reached, many of
the external conditions, such as absence of temperatm^e and
light, must remain constant even to the greatest depths of the
ocean.

The area

by dredging forms such an

of the ocean explored

infinitesimal fraction of the whole, that

it

seems superfluous to
A few facts

consider the horizontal distribution of Brachiopods.

may, however,
vitrea,

T.

]3e

ccqnd

mentioned.

se7ye7itis,

Certain species, as

Terebratula

Walclheimia cranium, Megerlia

trv.n-

and Discinisca atlantica have a very wide if not cosmopolitan distribution.
The second of the above named extends as
far north as Spitzbergen, and as far south as Kerguelen Island.
Many species are, on the other hand, very localised, and have
cata,

hitherto only been found

number

in

this region

may

A

one place.

of these have l^een dredged off

very considerable

Japan and Korea, and

be to some extent regarded as the headquarters

of the group.

The following

have been obtained within the limits
by Canon Norman, who has been
good enough to revise the list, which is founded on that drawn
Their range of bathyup by Davidson in his Challenger Eeport.
metric distrilnition is given in the column on the left.
species

of the British Area, as defined

Deptli in

Fathoms.
to 1180.

Tcrchratiilina caput serpentis Lin.

.

Oban, and

off

Cumbrae

Islands,

Loch Torridon, Scotland,

off

Belfast
8 to

25.

Terebratula {Givynla) ca2)sula

Jefi'.

.

Belfast Ba}', E.

and

S. coast of

Ireland, Plymouth, Weymouth,

5 to

690.

Waldheimia cranium

Miiller

.

.

.

and Guernsey
North British seas.

Off Shet-

land
75 to

725.

Waldheimia

septigera

Loven

.

.

.

North British

seas.

Off Shet-

land
20 to

600.

18 to

364.

20 to

Terebratella spitzbergenensis DsiV.

Argiope decollata Chemnitz
45. Cistella cistellula S. "Wood

.

.

.

.

.

....

N.N. W.

Two

of Unst, Shetland

miles east of Guernse}'

Shetland,

near

Weymouth,

650 to 1750. Atrctia gnomon

Jeff.

S.

England
W. of Donegal Bay in 1443
faths.
Between Ireland and
coast of

Eochall, in 1350 faths.
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Depth in
Fathoms.

GmeMu

10 to

690.

Ehi/ncJioncUa 2>sittacea

3 to

808.

Crania anomala MiiUer

.

Shetland and near Dogger Bank.
This -species is possibly fossil
as well as recent.

....

690 to 2425. Discinisca atlantica King

Loch Fyne, North of Scotland
W.of Donegal Bay in 1366 faths.,

W.
off

of Ireland in 1240 faths.,

Dingwall Bay

Classification.

The table of classification here appended is that suggested by
Mr. Davidson in his Monograph on the liecent Brachiopoda.
I.

TESTICARDINES

Family.

A. Terebratulidaic.

This includes the majority of genera and of species, the
latter, without counting uncertain sjDecies, amounting to sixty-eight.
Examples Terebratula, Tere:

Terebratulina,

hratella,

]Valdheimia,

Megerlia,

Anjiope, Cistella.
B.

Thecidiidae.

This family contains one genus, Thecidium, with two

C.

Rhynchonellidae.

This family

species.

l)elong

is

to

made up
the

of eight species, six of

which

genus Rliynclwnella, and two to

Atrdia.

II.

D. Craxiidae.
E. Discixidae.

ECARDINES

comprises the four species of Crania.
This family contains one species of Discina and

Tliis family

six

of Discinisca.
¥.

LiXGULiDAE.

This family consists of eight species of Limjida and
three of Glottidia.

It

is

impossible to come to any satisfactory conclusion as to

the position of the group Brachiopoda with relation to the rest

They have,

of the animal kingdom.

in accordance with the views

of vari(jus investigators, been placed in close connexion with
of the large groups into
]\Iollusca,

the Tunicata,

which the Invertebrates are
tlie

split up.

many
The

Polyzoa, the Chaetopoda, the Gephyrea,

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 witli the Gephyrea and
with Phoronis than

witli

iiiiv

of the other claimants

:

but I thiidc
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even these are too remote to justify any system of classification
Inwhich would bring them together under a common name.
vestigation into the details of the embryology of the group,
especially into that of the Ecardines,

more
might throw some light

on this subject, and it is much to be desired that this should be
That the group is a most ancient
undertaken without delay.
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,

but we are in almost total ignorance of the origin or
we can hardly hope for any light on
the subject except through embryological research.

we

believe

;

affinities of

the group, and
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Introduction

The wide

distriljuti(jii and vast abundance of the Brachiopoda
throughout the whole series of geological formations make this
group of especial importance to the student of the past history

and the zoologist must always regard the fossil
forms with peculiar interest, because they not only largely outof the earth

;

number the

living representatives, but comprise

genera, and

even families, exhibiting types

characters entirely absent in

numerous extinct
structure and
the modern members of the group.
of

most fortunate circumstance that the excellent state of
we frequently find them, and the innnense

It is a

preservation in which

amount

of material at our disposal, enable us to determine with
accuracy and certainty the internal characters of the sliells 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

must be

fossil extinct

types the interpre-

some extent doubtful. Barrande, Clarke, Davidson, Hall, King, Oehlert, Waagen, de Verneuil, and a host of other
workers have contriljuted to the information which we now possess
and their works must be consulted for details of the sul)ject.^
tation

to

;

^

J. liarrando, SijsL Silur.

Boltimc, vol. v. 1379.

Hall and Clarke, In/rod. Palaeo-
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Brachiopods are inhabitants of the

sea,

the geologist

any bed which contains
Under favourable conditions they swarmed in the
their remains.
Beds of limestone are freseas of Palaeozoic and Mesozoic times.
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
The Ungulite Sandstone
all the other organisms of the period.
(Cambrian) of Eussia and the Productus Limestone of the Salt
Kange in India of Carboniferous and Permian age are well-known

at once recognises as a marine deposit

examples.

Many

species

seem to have been gregarious in habit

may

Productus giganteiis of the Carboniferous Limestone

;

thus

generally

be found in crowded masses, as in some localities in Yorkshire.

The fact that certain species of Brachiopods characterise
definite stratigraphical horizons or " zones " gives them occasionally
an importance equal

to

that of Graptolites

;

for

instance, the

Ecardinate species Treviatis corona marks a set of beds in the
Ordovician, and the isolated Stonngocephahis Burtini

is

restricted

Middle Devonian, giving to the limeIt is noteworthy also
stone on that horizon its distinctive name.
how certain species affect a sandy and others a calcareous seabottom, 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
to the upper part of the

of the extinct species measiu"e several inches in breadth, but the

great Productus giganteus attained the width of even a foot.

The bright

colours of the shells of the

not generally preserved amongst the
rocks

;

detect

yet in

a Carboniferous

living animals are

fossil species

Terelratula

from the older

we can even now

the purple bands in some specimens, and a Cretaceous

PJiynchonella similarly exhibits its original colour.

The Brachiopoda
geological record

known
is

fossiliferous

alone represented.

series the

zoic.

are evidently a grovip in its decline, as the

shows

;

but they date back from the earliest

rocks,

in

which the Ecardinate division

As we ascend through the

number and variety

of genera

and

stratigraphical

species belonging to

Brack. {Palaeont. of New York, 1892-1894). Davidson, Monogr. Brit. Foss. Brach.
Waageii, Salt Mange Fossils {Mem. Geol. Surv. India,

(Palaeonf. Soc. 1851-1884).

1879-1885).
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both divisions rapidly increase until in the united Ordovician and
Silurian there are nearly 2000 species and about 70 genera.
From this point of maximum development down to the present
day there is a gradual decrease in numbers.

According to Davidson, at least 1 7 Upper Tertiary species are
living on our sea-bottoms
and many recent Mediterranean
forms occm- 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 Brachiopoda is given below.
Those genera which have the greatest
zoological or geological importance can alone be noticed owinostill

;

to the exigencies of space.

I.

ECAEDINES

External Characters

A

considerable diversity of external form

is met with even in
from the limpet-like Discyina to the flattened tongueThe valves have most commonly a smooth
shaped Lingula.
external surface with delicate growth - lines
but sometimes
pittings (Trematis) or radiating ribs (Crania) are present, and in
a few forms the shell is furnished with spines {Si'phonotrcta),
which perhaps served to anchor it in the soft mud of the seabottom.
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 {Lingida), or (2) lay

this division,

;

slit in the ventral valve {Lingulella), or (3) pierced the substance of the latter valve by a definite foramen {Discina).
The

in a

first-mentioned condition of the pedicle seems the most primitive,
llarely the pedicle

was absent, and the

shell

the whole surface of the ventral valve (Crafiia,

The two valves

was attached by
p.

467).

in the fossil Ecardines were held together by

muscular action, though in some families {Trimerellidae) we see
The " hinge line," or line along
traces of articulating processes.

which the valves worked as on a hinge,
less curved.

ally

A

"

hinge area

" {i.e.

is

in most forms

more

or

that portion of the shell genei-

smoother than other parts of the valves, more or

less

tii-

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

the rarity of well-preserved

to

interiors

of valves

knowledge of their internal characters is still
The arrangement of the muscular impresfar from satisfactory.
sions varies greatly amongst extinct genera, but we are often able
to interpret them with a considerable amount of certainty by a
study of the scars and the muscles of the well-known recent
Lingula (Fig. 322). The extreme specialisation of the muscles in
many of the earliest genera (e.g. Lingula) is remarkable, and points
to a long but so far undiscovered ancestry in pre-Cambrian times.^
In fossil species of Crania and Lingula the muscle-scars correspond
closely with those in the livin this division, our

ing representatives of these

In the most highly

genera.

specialised family of the Ecar-

dines

—-the

we meet

Trimerellidae

with

features

in

family

this

of

The muscle-

peculiar interest.scars

—

(Fig.

323, A, B) are most remarkal)le for the development (jf
the so-called " crescent," (r/.r.5.)
wliich

—

Muscle-scars of Lingula anatina.
Inner surface of A, Pedicle-valve or ventral
valve.
B, Brachial or dorsal valve ^>.6',
t, transparietal scar
(^ umboual muscle

Fig. 322.

sub -cardinal impression.
is

;

position

centrals

c,

;

;

vi,

middles

that

to

muscle -scars in
the
^

"

terminal

The

"

results of

vol. xii. 1873)

posterior

believed

to

a

valves, as

be

the

It

trace

;

;

mediaiis
auterions

the

skirts

margin of both

and

;

;

of

a.m.e, laterals
e,

of

(«,

externals).

and

strong

post

-

parietal

muscular wall, analogous in

Lingida.

The three

the latter genus
(s)

a

" lateral "

pairs

seem

to

(?)

scars

be

of

" lateral

represented

on

the

by

crescent

the investigations of King {Ann. May. Nat. Hist.

4th

ser.

of Brooks {Clicsapcakc Zool. Laboratory, Scientific Results, p. 35,

and the simple nomenclature of these authors are here followed in preference
owing to the difference of opinion amongst anatomists of the
functions and liomologies of the muscles.
The lateral muscles enable the valves to
move backwards and forwards on each other the centrals close the shell the umbonals open it
and the transmedians allow a sliding sideways movement of one
1879),

to those of others,

;

;

valve across the other (see also
-

p. 477).

Davidson and King, Quart. Jour.

Gcol. Sue. xxx. (1874), p. 124.

;

—

;
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"
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"

the

terminals

"

platform

umbo-lateral

"

{j).

and

"

Cardinal

"

occurs

(t)

the

antero-

(r),

" suIj-

The
median impression wliich covers the "platform" {j) consists of a
central, lateral, and usually an anterior pair of scars
and the
{w),

"

"

scars

{x)

also

occur.

;

impressions of the genital organs, according to Davidson and
King, lie medianly posterior to the " platform."
The " platform "

Fig. 323.

Trimerella.
(After Davidson and King). A, Inner surface of pedicle-valve or
ventral valve
a, psendo-deltidium
b, deltidial slope
c, deltidial ridges ; d, areal
borders ; e, cardinal callosities ; /, cardinal facet ; ;/, lozenge ; i, nmbonal chambers
:

;

;

separated by cardinal buttress j, platform 1-, platform vaults /, median plate m,
median scars n, anterior scars o, lateral scars p, post-median scars q, crown
crescent r, side or lateral crescent s, end or terminal crescent f, transverse scars
u, archlet (vascular sinuses); w, sub-cardinal scars
x, umbo-lateral scars. B, Brachial
or dorsal valve
e, cardinal sockets
k, jJlatform vaults
I,
median
j, platform
]5late
m, median scars
r, side or lateral
«, anterior scars
q, crov^^n crescent
crescent
s,
end or terminal crescent
transverse scars ; u, archlet (vascular
t,
sinuses); v, cardinal scars
iv, sub-cardinal scars.
;

;

;

;

;

;

;

;

;

;

;

;

;

:

;

;

;

;

;

;

;

;

;

;

itself

is

a more or less conspicuous central

calcareous elevated

area occurring in each valve, Init most developed in the dorsal

some cases it is double -chambered with tul)ular cavities
("platform vaults," Fig. 323, A, B, k), in others it is more or less
solid.
It appears to have originated through a posterior shifting
in

might be inserted behind
same time a deposition (if slielly material, to
Ibrm fulcra to work the heavy valves, took place at these points.
The tunnelling -out of the platform was probably due to the

of the central muscidar l»ands, that they
tlic

liver;

at the
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continual pressure of the lobes of the liver.

umbonal cavity into

The

division of the

chambers in Monomerella, and to a

extent in other members of this family, appears, according

less

to

definite

chap.

Davidson and King, to have been caused by pressure of the

ovarian lobes.

In connexion with the foregoing remarks on the development
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
of the " platform," it

deposits

;

and when the members of a muscle-pair come into

juxtaposition these shelly deposits (which act as fulcra for the

muscles) combine, and by the growth of the shell form a septum,

median septum of Lingidepis.
The Obolidae show some important features in the internal

as in the case of the

may be taken as a wellIn this species a pair of small
scars, one on each side of the pedicle-groove, lies close under the
There is also a well-marked scar
hinge line in the ventral valve.
for the insertion of the pedicle-muscle at the end of the pediclegroove.
A pair 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
impressions.

known type

(Hall)

Oholella crassa

of the

family.

them may be compared with the "
are in a somewhat similar position.
crassa a pair of " cardinals "

which

In the dorsal valve of 0.
found, and on each side of a low

is

median rounded ridge are two small
" lateral " scars arise close to

centrals " of Lingula

"

central " scars.

Indistinct

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 Sijdionotreta.
As regards the minute structure and composition of the shell
in the Ecardines, we find that the Lingtdidae and Discinidae
have their shell composed of alternating layers of phosphate of
lime and a corneous substance the former layers are pierced hj
;

microscopic canals.
versed by tubules,

The Craniidae have calcareous shells trawhich divide into many fine branches near

the external surface

The

;

a thin periostracum covers

the exterior.

Trimerellidae 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.— TESTICAKDINES
External Characters
It is to this division that the great majority of the Brachio-

poda belong

and the diversity of form, of ornamentation, and
is correspondingly greater than in the

;

of internal characters

Ecardines.

A

transversely or longitudinally oval shape of shell

commonest

but sometimes

;

it

is

is

the

triangular, as in Rhynclionella

Pygope ( = Terelratula dijjhya).
The
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 Froductidae are usually furnished with tubular spines, which are sometimes 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
(Fig. 327), or bilobed, as in

ventral valve

is

usually

;

Some genera have the teeth very rudimentary,
them altogether. The teeth are frequently supdental plates," and the sockets by " socket plates "

opposite valve.
or have lost

ported by

"

Conchidium, Figs. 324, 325).
A few genera with a long
hinge line have the whole of it denticulated (Stropheodonta). In
the dorsal valve medianly close under the hinge line is a shelly
(e.g.

protuberance-

muscles are

— the

" cardinal

process "

—

to

which the diductor

sometimes of great length and
forked {Stringocephcdus, Fig. 326), or tripartite, or even quadripartite
but in Rhynclionella and some other genera it is rudimentary.
attached.

It

is

;

VOL.
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A " hinge
valves,

area " (Fig. 334,

c.a) is

and may be of great

Productus

it is

wholly absent.

triangular fissure

—

the

size,

often present on one or both
as

Clitamhunites, but in

in

In those genera that possess

" deltidial fissure "

—

it

a

frequently traverses

Conch idium gcdeatum.
(I, Doi'Transverse section.
d.s, dorsal septum
sal valve
v, ventrnl
socket plate
s,
ns, ventral sejJtuni
valve

Fig. -325.

;

;

;

Fk;. 021.

('iiiir/dditnn

Wfuloflc

gcdeatum.

;

d.2J, lieutal

Liiiitbtoiie.

;

plate.

l)oth valves
in the doi'sal valve the fissure is merely the
between
the
dental
sockets, and may be occvipied by the
space
the
cardinal process (Fig. 334, C) or covered by a shelly plate
it

on

;

—

" chilidiuiu."

In the ventral valve

it

gives passage to the pedicle,

Stringocephcdus Burtini. (Modified from Woodward.) Devonian. A, Interior
Fig. 326.
«, adductor ( = occlusor) scars ;
of dorsal valve.
B, Side view of interior of shell
c, crura; c.p, cardinal process; d.s, dorsal septum; h.p, hinge plate; I, brachial
t.s, dental sockets ; v.s, ventral septum.
loop ; s/J, shelly processes
;

;

and may

l)e

partly or entirely closed by a similar plate (Fig.

334, d) known as the " pseudo-deltidium," especially large in
This pseudo-deltidium
Clitamhonites, or remain open {OrtJiis).
is

a primitive character, and

arises

in an early

stage of the
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development as a shell-growth on the dorsal side of the animal,
Iteeoming attached to the ventral valve subsequently.
in

many

by

a pair of small

The

pedicle

genera passes out through a special foramen in the beak
of the ventral valve and its proximal portion is often embraced
;

— which
lobe,

These plates

according to Beecher.

."5

deltidial

plates or

"deltidium"

are formed on lateral extensions of the ventral mantle

pedicle, or

Fig.

plates— the

grow round and unite

lie

on each side of the

in front of

it

{Illtynchunella,

27), or constitute merely its anterior border (^Terebratxda,

In some
The dorsal valve

Fig. 328).

cases this

Fig. •i-27.—PJiijnchnyieUa Boueti.
(Coriibrash.)
Ueltiiliuin
</,

;

/

foramen becomes closed in old

in a few cases has its beak perforated

foramen.

Fig. 328.

— Terehratula

age.

by a

sella.

(Lower Greeusand.)
Deltidium /, fonuuen.

d,

;

—

foramenthe " visceral foramen.''
This foramen is in no way
connected with the pedicle foramen, but points perhaps to the
the early Testicardinate genera of an anal aperIn Athyris conccntrica (Devonian) this foramen is connected
internally with a cyliiuh-ical tube, which extends longitudinally
to about one-third the lengtli of the valve.
In Ceiiironella the
existence in
ture.

aperture in the cardinal plate

Stroj^homena and
processes.

its allies tlic

;

If this feature is correctly interpreted, it suggests a

retrogression of the

numbers,

is rounded and complete
and in
opening lies between the cardinal

l)ut

in

group since I'alaeozoic times not only in
and other evidence points the same

structure

;

wav.

Internal Characters

The

is sometimes more or less dividctl up
median septum occui's in one; or both valves of
many genera as a low ridge or strongly deveIo]ied partition ( Wall-

by

interior of the shell

septa.

A

)
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Conss ; and Stringocephalus, Fig. 326, B, us).
325) has its dental plates of great size, and uniting to form a Y-shaped chamber or " spondylium," supported by a
median douljle septum and by means of these with a pair of septa
and the large socket-plates in the dorsal valve the interior of
the slicll of tliis genus is divided up into several chambers.
Tlie interiors of several other genera are somewhat similarh'

heimia, Eig. 329,
cliiditim (Fig.

;

divided up.

In the Carboniferous genus Syringothyris two special plates,
situated between the dental plates, are rolled into an incomplete

anal extremity of the

tube, so as to enclose proljaldy the

mentary canal

Fig. 329.

;

and in several genera a

— Waldheimia {MageUania)Jlavescens.

scars

;

v.a, ventral adjustors

;

sub-uiuli(iii;d

A, Interior of ventral valve

d, divaricators

;

"

:

ali-

cardiu:d

a,

adductor

a.d, accessory divaricators ; jJ, pedunB, interior of dorsal valve :
t, teeth.

cular muscle ; dm, deltidiuin ; /, foramen
a.p, posterior adductor (occlusor) scars
a.a, anterior adductor (occlusor) scars
Lracliial
I,
hp, liinge-plato
cr, crura ; d.s, dental sockets
c.^j), cai'dinal process
(After Davidson.
looii
ss, septum.
;

;

;

;

;

;

;

plate "

is

present, whicli

is

perforated (AtJtyris) or

slit in

some

cases for the passage of the anal tube.

For the support of the flesliy " spiral aruis " the calcareous
structures fornung the " l)rachial apparatus " are of two main

—

In the
types
(1) the loop type; (2) the spiral-cone type.
Strophomenidae no special calcareous support seems to liaA'e been
usually present (Fig. 334), though in some species of Leptaena
in the
spirally-grooved elevated areas supported the fleshy arms
:

Productidae

it is

probable that the ridges enclosing the

form impressions"

(Fig.

333,

i)

The Terehratididae show the "loop type"
ratus.

" reni-

served for a similar purpose.

In Waldlieimia (Fig. 329), which

of bracliial appM-

may

be taken as 'an

—

—
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crura

(rr),

"

IVom which arise the two "descending l)ranclies" which rnn
forwards and then are bent hack to fonn tlic "ascending
In some
branches" which are united by the " transverse band."
genera the "ascending branches" maybe reduced to mere points,
and the "transverse band" become a median vertical phite the
" ci'ui'a," too, may be fused so as to form a "crural band"; and
the "descending branches" may be connected by a cross band
;

In String ocephahis (Fig. 326, /, s.p) the loop
inner edge with radiating processes; and
in Argioj^e the loop is simple, not reflected, and fused with
marginal septa while in the Thecidiidae it is more or less fused
the "jugal band."
is

furnished

on

its

;

itself, and with the mass of calcareous spicules
by the mantle.
The "spiral-cone type" of Ijrachial apparatus is found in the
Spiriferidac, Atryindac, and Konincldnidae and consists of two
spirally-enrolled calcified lamellae, forming two cones with their

with the shell
secreted

,

apices directed laterally {Spirifera, Fig. 330), or
interior

of

the

valve

dorsal

each other (Glassia)

;

much

in

two
" jugal band

or forming

A

plane {Koninckinidae).
varies

{Atryp)a,

3

Fig.
flat

" is

.'5

2),

towards the
or

towards

spirals in the

same

generally present, but

position,

and in some genera

,^d^^^^^^

lias

complicated posterior processes.

The

lUiyiirli oncllidae

no loop or spiral
cones, but merely a pair
liave

of short

The

"

crura."

])rinci])al

nioiliti-

cations in the attacliments
of

the

muscles

in

Fig. 330.

Spirifera drudn. (Carboniferous LimeShowing brachial spires.
)

stone.

the

Ti'stlvdrdinrs are illustrated

Lcptaena rhonihoidalis (Fig.

l»y

Productus gigfi?iiriis (Fig. 333),
Waldhcimiir Jlavescens

334), and

(Fig. 329).

In

I'rddi'ctiis (Fig.

333) we

see in the ventral valve a

jiaii-

of

dendritic occlusor, often called adductor, impressions and a pair

In the dorsal valve the
large " cardinal process " served for the attachment of the divariof large fiabellate divaricator impressions.

cator,

and a low me(Han

s('i)tum se])arated tlie

deiKh'itic

occlusoi-

—

—
)
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xars,

which are rarely

anterior

into

ilivisihle

and

posterior

pairs.

In Lei^taena (Fig. 334) the occhisor scars {a) in the ventral

Fio. 331.
laris.

ALrypa reticn(Wenlock Lime-

Fin. 332.

— Interior of the same,

seen
the dorsal side, showing
brachial spires.
(After Hall.)

from

stone.

valve are narrow and median, and are enclosed
ilaljelliforni divaricator

impressions

pairs of occlusor scars («.«,

j;.rt)

{(l.v)

;

l;)y

a pair

in the dorsal valve

of

two

are well marked, and accessory

posterior occlusor scars are traceal)le in some specimens.

The

Fig. 333.
Productus giganteus.
A,
(After Woodward.)
Carboniferous Limestone.
Interior of dorsal valve. B, Interior of ventral valve. C, Transverse section of valves.
;',
D, Hinge line of A: a, occlusor scars
"reniform impresd, divaricator scars
sions " ; ca, cardinal process ; h, hinge line
s, cavity
jh brachial prominence
for spiral arms ; du, dorsal valve
re, ventral valve.
:

;

;

;

;

(r..s) and genital areas are conspicuous in many
and other genera.
"
In Waldlicimia (Fig. 329) a sul)-uml)onal " peduncular muscle

vascular sinuses
species of this

;

TESTICARDINES
scar

(jj) ill

:

INTERNAL CHARACTERS
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the ventral valve has before it a pair of " accessory
"
flanked hj a pair of " ventral adjuster

clivaricator " scars {a.d)

and a pair of " divaricator " impressions (r/), between which
In the dorsal valve anterior and
the two occlusor scars (a).

(r.«)
lie

posterior pairs of occlusor scars (a.a, a.p) are visiljle.
The minute structure of the calcareous shell of the Testi-

cardines

is

inclined at a very acute

of flattened fibrous prisms

334.

Fig.

A,

— Leptaenn

(Silurian.)
rhomboidaUs.
view of ventral valve.
B, In-

I'].\ternal

terior of ventral

valve

:

a,

occlu.sor

scars

;

pseudo-deltidium
d.v, divaricator scars
c.a, hiuge area
t,
teeth.
C, Interior of

d,

;

;

;

dorsal

valve
'^'^

s

:

y&

,_

anterior occlusor scars ;
iJosterior
oc2). a,
clusor scars;
c.a,
Cci

a.a,

c.}), carhinge area
dinal
process
d,
cliilidium
s, dental
sockets
v.s, vascu;

;

;

;

lar sinuses.

In many forms minute tubes more or
arranged pierce through the fibrous shell-substance
but in some genera (Froductus) they do not reach the outer
surface (see p. 468).
Allied genera, however, differ much in the
angle to the surfaces.
less closely

punctate or impunctate character of the

shell.

Synopsis of Families
I.

ECARDINES

Family

:

Lingulidae

Shell elongated, composed of alternating chitinous and calcareous layers,
the latter of which are perforated.

Attached by a pedicle passing between

apices of valves.

Arms have no

calcified .-^npport.s.

(For muscles see Fig. 322.)

—

Range. Lower Cambrian to Recent.
Principal Genera.
LiiKjula, Lhujnldla,

—

Lin(jule])is.
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Family

Oholidae

:

Ventral valve provided with jjedicular groove
No brachial supports. Shell
border thickened.

Shell varies in shape.
or

Cardinal

foramen.

composed of alternating chitinous and calcareous
(For muscles see

—

p.

layers.

496.)

Eange. Lower Cambrian to Devonian.
Prixcipal Genera.
Obolus, Obolella, Kutorgina, Linnarssonia,

—

treta, Acrotreta,

Family
Shell rounded,

through

slit

Si2')hono-

Neoholus.

Discinidae

:

valves more or less

conical,

fixed

or tubular foramen in ventral valve.

by pedicle passing

No

calcified

brachial

Shell structure chitino-calcareous.

supports.

—

Range. Ordovician
Principal Genera.

to Recent.

—

Discina, Orhiculoidea, Trematis.

Family
Shell calcareous, subcircular
valve the

lai'ger,

Craniidae

:

fixed

;

by surface of ventral valve

;

dorsal

Shell structure punctate.

depressed-conical.

Four principal muscular scars in each valve, with central triangular protuberance in ventral valve (see p. 476).
Range. Ordovician to Recent.

—

Principal Genus.

—

Crania.

Family

Trimerellidae

:

beak of ventral valve usually
Shell thick, calcareous, inequivalve
prominent rudimentary teeth may be present hinge area well developed,
In interior of valves muscular jjlatform, " crescent,"
with pseudo-deltidium.
and sometimes sub-umbonal chambers (see p. 494, Fig. 323).
Range. Ordovician and Silurian ; maximum in Wenlock.
Trimerella, Monomerella, Dinoholus, lihinobolus.
Principal Genera.
;

;

;

—

—

II.

Testicardines

Family

:

Produdidae

Shell entirely free, or fixed by ventral valve or spines.

more or

less

covered with tubular spines.

Hinge

Concavo-convex,
Hinge-teeth

line straight.

absent or rudimentary.
Cardinal process prominent.
Reniform impressions in dorsal valve.
(For muscular impressions see p. 501, Fig. 333.)
Range. -Silurian to Permian. Genus Produdus very characteristic of

—

the Carboniferovis.

Principal
Aidosteges.

Genera.

— Produdus,

Chonetes,

Strophalosia,

Proboscidella,
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Strophomenidae

:

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 near always punctate. Ventral
valve usually furnislied with hinge-teeth
and dorsal valve with cardinal
;

;

;

;

;

process.

Brachial supports completely absent or very rudimentary.
(For muscular impressions see p. 502, Fig. 334.)

—

Range. Wholly Palaeozoic.
Principal Genera.
Orthis with

—

many

sub - genera,

Clitambonites,

SJcenidium, Strophomena, Orthotlietes, Lcptaena, Stropheodonta, Pledambonites.

Family

Konincldnidae

:

Shell plano-convex or concavo-convex.

two lamellae

Brachial apparatus composed of
same plane, or in the form of depressed

spirally enrolled in the

cones, with the apices directed into the ventral valve.

—

Range. Silurian to Lias.
Principal Genera. KonincJdna, Koninckclla,

—

Family

Coelospira, Davidsonia.

Spiriferidae

:

Shell biconvex.
Brachial apparatus consisting essentially of two descending calcareous lamellae which by spiral enrolment form a pair of laterallydirected cones (Fig. 330).

Range.

—

Chiefly Palaeozoic, but a few forms pass

Principal Genera.

—

Family
Bi'achial apparatus consists of

bend outwards

up

into the Lias.

Spirifera, Gyrtia, Uncites, Athyris, Merista.

:

Atrypidae

two descending calcareous lamellae which
and are coiled into two spiral

at the extremity of the crura

which either converge towards each other (Glassia) or
towards the dorsal valve (Atrypa, Fig. 332), or diverge towards the dorsal
valve (Dayia)
shell structure impunctate.
Range. Ordovician to Trias.
Principal Genera.
Atrypa, Dayia, Glassia.
cones, the apices of

—

;

—

Family

Ehynchonellidae

:

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 highh' developed and divide
up the cavity of the shell into chambers {Stenochisma, Conchidium).
Shell

structure

fibrous,

rarely

punctate

;

muscular impressions as in

Terebratulidae.

—

Range. Ordovician to Recent majority of the genera are Palaeozoic.
Principal Genera.
Rhynchonella (Fig. 327) Stenochisma, StricJclandia,
Conchidium.

—

:
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Family

chap.

Tercbratididae

:

Shell structure punctate.

Arms

supported by a calcareous loop, usually bent back on itself.
(For muscular impressions see p. 502, Figs. 328, 329.)
Beak of ventral valve perforated by foramen, furnished with deltidium.

—

Range. Devonian to Recent ; maximum development in Mesozoic times.
Terebrahda, Terebrahdina, TValdheiviia, Terebratella,
Principal Genera.

—

Kingena, Macjas, Centronella.
Famil}'

Large foramen
valves.

for passage

:

ArgiojAdae.

of pedicle.

Marginal septa present in both

Calcareous brachial loop follows margin of

fused with the septa.

—

.shell

and

is

more or

less

Shell structure punctate.

Range. Jurassic to Recent.
Principal Genera.- Argiope,

—

Family

Cistella.

Stringocepludidae

:

Cardinal process highly developed, bifid.
Brachial apparatus composed of two calcareous free lamellae, prolonged 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.
Shell subcircular, punctate.

—

Sole Genus.

—

Stringocephalv.'.

Family
Shell usually fixed

by beak

:

Thecidiid'ie

of ventral valve, plano-convex.

Sub-cardinal
apophysis in ventral valve for attachment of occlusors.
Marginal sejita 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.
Thecidium, Uldliamina.
:

—

—

Stratigeaphical Distpjbution of Brachiopoda
It is

remarkable that some of the earliest types of Brachiopoda

unchanged at the present day. Such are Lingula,
Disci7ia, and Crania, ranging from
Ordovician
and
amongst
the
hinged forms Terehratula from
the
the Devonian, and Rliynchonella from the Ordovician.
In the lowest Cambrian (Olenellus beds) the most important
genera are Linnarssonia and Kutorgina.
The hinged forms
appear in the Cambrian, being represented by Orthis ; but the

exist generically

ranging from the Cambrian

;

;

majority in this formation belong to the Ecardines.
Lingulella,

and

Lingula,

Oholella are characteristic.

In the Ordovician many new genera of the Testicardines

—

;;
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their appearance, such as Stroiihomena, Lei[)taena, Atryim,

abundance

llhyiwlionella, CI ifamhofiites, etc., hut the extraordinary

and variety of Orthis is most remarkable.
reinforced by such forms as Trematis and

The Ecardines are
Slplionotreta.

It

is,

however, in the Silurian that the Testicardinate Brachiopoda
attain their maximum, for in addition to a great development of
species
first

amongst the older forms, a host of new genera

time occur here

Chonctes,

Cyrtia,

for

the

(Sjjirifera, Atliyris, Concliidium, Stricklandia,

etc.)

;

and

the

Trimerellidae

are

especially

characteristic of the Wenlock.

With

the

commencement

of

Devonian times many

new forms come

genera l»ecome extinct, but

in

species

and

{Terchratula,

and some genera are wholly confined
The Carboniferous is
(
marked by the maximum development of Froductus and Spirifcra;
Ortliothetes, Ste^iochisma, and Athyris are also abundant, but there
is a consideral:)le extinction of the older genera and species, and a
great diminution in the number of individuals and species of
Orthothetes, Productus, etc.),

to this formation

Uncites, Stringoccplialus).

those that persist.

A

further reduction occurs in the Permian, where the most

important genera are Productus, Strophalosio.., and Stenocliisma
In the
but Aulosteges is a new form peculiar to this period.
the principal families and genera
Trias a new era commences
;

of the older rocks disappear entirely
persist

(Spiriferina,

Athyris), and

a few spire-bearing genera

;

the

genus

Koninckina

is

restricted to this formation.

The enormous development of species of the Terebratididae
and RhynehoneUidae is the most noticeable feature in Jurassic
times
and a few ancient types linger on into the Lias (^Sjnri;

ferina, Suessia, a sub-genus of Spirifera)

;

Koninchella here occurs.

The Cretaceous Brachiopoda are closely allied to the Jurassic
Magas and Lyra are peculiar to the period, and the Terebratulidae
and PhynchoneUidac are very abundant, together with the
Ecardinate genus Crania.

With
have

the

commencement

lost their

of Tertiary times the Brachiopoda

geological importance,

and have dwindled down

into an insignificant proportion of the whole Invertebrate fauna.

in

The distribution of the Brachiopoda
the folio win 2; table
:

in past

time

is

shown

.

..

,

ECARDIXES
Lingulidae

Lingula
Lingulella

Obolidae

Obolus

.

Obolella

.

.

.

Kutorgina

.

Liniiarssonia
Treiimtis
Si}>honotreta

Discinidae
Craiiiidac

Trimerellidae

Acrotreta
Discina
Crania
Trimerella

.

.

.

.

.

Dinobolus

.

Testicar DINES
Productidae

Productns

.

Clioiietes

Strophomenidae

Strophalosia
Orthis
.

.

Skenidium

.

Clitambonites

Strophomena
Stropheodonta
Leptaena
Orthothetes
Davidsonia
Koninckina
.

Koninckinidae
Spiriferidae

Koniiickella
Spirifera
Spiriferina
Cyrtia

.

Syringothyris
Uncites
Athyris
Meiista
Ketzia
.

.

.

.

Atrypidae

Atrypa
Dayia

.

Coelospira

Rhynchoiiellidao

.

Rhynchonella
Stenochisma
Stricklandia

Conchidium
Terebratulidae

Terebratula
Terebratulina

Waldheimia
Terebratella

Kingena

.

.

Magas
Argiopidae

Centronella
Argiope
.

Cistella

Stringoceplialidae

Thecidiidae

.

Stringocephalns
Tliecidium
Oldliamina
.

.
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PHYLOGENY AND ONTOGENY
Wherever

successive stages in the life history of an individual

resemble in important anatomical features the adult individuals
of other species occurring

in

successive

members

of a

strati-

development of the individual may be
regarded as an epitome of the development of the species it
also generally throws light on the origin and relationships of
graphical

the

series,

;

allied genera

and

families.

In the case of the fossil Brachiopoda comparatively little
work has yet been done in tracing their ontogeny or phylogeny,
though the abundance, variety, and excellent state of preservation of the extinct species offer a promising field for investigation.

It

is

to

Dr. C. E. Beecher and other recent American

palaeontologists that

we owe our advance

in this branch of the

subject.

In the
all

first

place, in

about forty genera, representing nearly

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
Its minute size and delicate texture cause its
area " (Beecher).^
preservation 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 Oholus (Kutorgiroa) lahradorictis
the sub-equal semielliptical valves have lines of growth
(Billings)
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
;

;

and we may therefore regard
most primitive form known.
Many genera pass through this so-called " Paterina " stage
either in the case of both their valves, or more generally in the
but modifications in the form of
case of the dorsal valve only
the protegulum arise, which are due to the influence of accelerated
of a host of widely separated genera,

it

as the

;

^

Amcr. Jour.

Science, 1890-1893.
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growth, by which features belonging to later stages become
The most variable and
impressed on the early embryonic shell.
specialised valve

hibits

the

extent.

—

the ventral or pedicle valve

of this

effect

influence

The Palaeozoic adult forms

and

first

of

many

—

to

naturally ex-

the greatest

species represent

various pre-adult stages of the Mesozoic, Tertiary, and Eecent
species, as is especially well

shown

in the genera Orhiculoidea

and

DiscinisecL.

In the Strophomenoid shells the protegulum in the dorsal
is usually normal, but in the ventral valve abbreviation
of the hinge and curvature of the hinge line are produced by
acceleration of the " Discinoid stage " in which a pedicle notch
valve

is

present.

No marked

variation has yet been noticed in the spire-bearing,

or Terebratuloid, or Ehynchonelloid genera.

The form
and

size of

of the shell

and the amount of difference in shape

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
dissimilarity of the

A series showing progressive
two valves arising from these causes can be

of Terebratulina.

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-

with long hinge line results when the plane of
the valves is vertical or ascending, but when the latter is horizontal a Discinoid form is found.
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.

expanded

shell

The character

of the pedicle-opening is of great significance

from an evolutional and classificatory point of view, for the successive stages through which it passes in embryonic growth are
chronologically parallelled by different 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 opeinng 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 ventral valve. Paterina ( = Obolus lahradoricus) and Lingula furnish

;
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In the second type the pedicle opening is reand the direction of the pedicle makes

stricted to the ventral valve,

a right angle with the plane of the valves

the pedicle

in a

;

in the lower forms

by further
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-deltidium 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 {Ortliidae).
In the fourth type the incipient
lies

slit

or sinus {Trematidae), but

specialisation it

;

marks a return to the simple conditions of the first type
but idtimately a pair of deltidial plates develop, and may completely limit the pedicle opening below.
Examples of this type are
stage

;

By means

Spirifera and Rhynchonella.

of these fom- types the

Brachiopods have been divided into four Orders the Atremata
(type i.)
the JVeotreinata (type ii.)
the Frotremata (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 Patcrina 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 Frotremata ; the most primitive Neotremata seem to be the Trematidae, while the connecting
link between the Frotremata and Atremata is furnished by the
Kutorginidae.
From the genus Conchidium and its allies we

may

see how the Rhynchonellidae ushered in the Telotremata as
an offshoot from the Frotremata.
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 LingvJella and Lingidepis, while in Lingula itself we

find the point of divergence for the ancestors of Trimerella,
for a line of variation c\\\\mi\ixt\i\gixi.Dignomia.

zoic Ehynchonelloids

same stock as

branched

Orthis,

and
The Palaeo-

off at an early period from the
and are connecting links between this

5

I
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genus and Mesozoic Ehynchonellae

chap, xviii

and a whole series of genera
between the Ehynchonelloid and Pentameroid groups.
The Terebratuloids can be
traced back to the primitive type Benssoellaria ; and amongst
spire-bearing forms, the protean genus Spirifera can be split up
into groups of species which diverge along lines tending to forms
no longer congeneric.
When we come to deal with specific
exhibit intermediate

differences

we

of

;

structm-e

find frequently such a host of intermediate varieties

that the separation of
Terebratulae,

stages

is

many

species, as

in the case of Mesozoic

to a large extent arbitrary

and

artificial.

INDEX
References to figures are printed in thick type (248, 197)

;

to systematic position,

in italics {391, 430)

A BR ALIA,

391

229

259
Abyssal Mollusca, 374
Acanthinxda, 441

by

;

443

;

:

Aglossa, 7

;

Agnatha, habits, 51

radula,

Actinoceras, 394
Actinodoitta, 44^

Acusta, 306, 316, 318, 44I
Adacna, 12, 297, 4-^5
Adalaria, 4-^4
Adamsiella, 4^4
Addisonin, 412
Adelphoceras, 395
Adeorhis, 41(i

A eg ires,

4^4

Aegista, 305, 316, 44I
Aegoceras, 39S

VOL.
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;

;

variation,

92

Akiodoris, 434
Alaha, 415
Alaria, 4I8

Albino varieties, 87
Alcadia, 348-351, 4IO
Alderia, 432
Alexia, 439

414

430

215

radula,

Alariopsis, 420
Albersia, 320

Acmella, 314, 415

;

;

Agaronia, 420
Age of snails, 39

Acme, 414

Actaeonia, 432
Actaeonina, 250, 4^^

44O

333,

Aestivation, 25
Aetheria, 328-336, 452
Africarion, 333, 440

;

Acrotrdn, 504, 508
Actaeun, 250, 427, 428, 429
230 streptoneurous, 203

328,

habits, 54

A.fitUm, 279
AchcitincUa, 278, 326, 327,
234 ninsical sounds, 51
ArJuitindhndcs, 332
Acicula, 287, 296, 4I4
Acmaea, 405; radula, 227

Admcic, 426

;

72

;

Actaconella,

10,

;

Aeroije,

Acanthoceras, 399
Acanthochiton, 403, 403
Acanthodoris, 434
Acant/wpleura, 403 eyes, 188
Acavus, 303, 304, 335, 441
Acera, 245, 430
Achatina, 278, 328-337, 333, 442, 443
jaw, 211 ; food, 33
size of egtc, 124

Acrojjtychia, 336,

radula,
432
152,
217,
stinging
cells,
65 ; mimicked
Sagartia, 68 ; warning coloration,

Aeolis,

Absorjition of internal portions of shell,

459

Aliri'i,
;

n.

radula, 217,

Allognathus, 441
Allopagus, 452
Alloposidae, 384
Alvania, 415
Alycaeus, 266, 302

f.,

309, 319,

414

Amalia, 440
Amalthea, 78
Amaltheus, 39S
Amastra, 443
Amaura, 4II
Amherleya, 409
Ambonychia, 449
Amit'uhi, 404
247, 393, 398, 398; sutures,
aptychus, 397

Aiiimiinites,

396

;

Ammonoidea, 396 f.
Amnicola, 325, 415
Amoria, radula, 222

2 L
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An lira,

Ampditn, 335, 442
Amphihola, 10, 18, 439
radula, 236

breathing, 151

;

;

Amphibidimus, 352, 44^ radula, 233
Amphidoxa, 358
Amphidromus, 301, 305, 317, 310, 359,
442 radula, 233
breathing organs,
Amphineura, 8, 400
nervous system, 203 geni154, 168
;

;

;

;

talia,

;

145

424

Anus, 209, 241
Apera, 334, 44O
Aperostoma, 344, 414
Aphanotrochus, 4OS
Aphelodoris, radula, 230
Apicaiia,

422

Aplacophora,

4O4

9,

radula, 228

>

Aplecfa, 354, 439
Apludruiri, 245, 428,

430

radula, 230

;

A iiqj/iipeplea, 439

Ap)lys!ii,

Amphiperas, 4^9
A mphisphyra, 4^0

purple fluid, 65
Aplysioidea, 430
Aporrhais, 413 radula, 215
Apricardia 455

A mph issa, 4^3

Aptychus, 397
Aptyxidld, 417

42
151

158 jaws, 212 shell, 249, 263 oper
distribution, 294, 320
culum, 268
322, 343, 359
Ampullarina, 302, 439
AmpnlUna, 4^i

Aptyxls, 424
Aral Sea, Livmaea from near, 84
diwn from, 91
Area, 14, 171, 273, 44S ; eyes, 191
Arcacea, 443
Arcachon, oyster-parks at, 105

;

;

;

;

450

Amyr/a, 4^3
Anahn/hruH, 4^5

Arcestes,

453

Arctic shells, colour

of,

86

Argiope, 470, 472, 479, 437

485
508

distribution,

;

486

;

;

383, 333; egg-laying, 127;
hectocotylised arm, 137
radula, 236

Ari)n,uruta,

;

Ariiiia,
;

warning

413
441, 341

Ariolimax,
xlrion,

440

;

radula, 233

246

shell, 175, 245,

;

399
breathing, 162

Aneitoi, 325, 44-3
Angitrcitia, 340, ^i7
Anisocardia, 451
Anodonta, 259, 341, 452

hiber-

;

Arioata, 341, 353, 441
Ariophanta, 301, 308, 309, 316, 44O protective coloration, 70
Aristotle, on modified arm of polyjius, 138
;

;

;

;

;

;

:

;

Anojuiacea, 443

Aiic/itif:,

454

Artkurui,403
Asaphis, 456
Ascoceras, 394
Ascoglossa, 11 n., 431
Ashford, ('., on pulsations

356, 358, 442

;

aper-

of heart

on homing of Hdix, 35
dart-sac, 143

Hdix, 26

;

Asolene, 4I6

451

Anthracosia, 451

;

285

;

ture, 63

;

;

;

Anostn,,,'!, 248, 266,

;

.

shower of, 47
gill,
Glochidium, 147
variation, 92
nervous system,
otocyst, 197
167
206 hinge, 274 A. anatina, 24 distribution, 282
A nodontop)sis, 451
Anogh/jJta, 325, 441
Aaomia, 257, 448, 464 intestine, 241
byssus hole, 262 ; hearing, 196
;

hardier

;

radula, 235

;

;

than Hdix, 24
voracity, 30 f.
egglaying, 42 f.
protective coloration, 70 ;
food,
pulmonary orifice, 160
179:
smell, 193 f
radula, 233 distribution,
;

;

of,

501, 506,

420

Ar<ji)h)icriinim,

417
439

parasite

fossil,

Argiopidae, 506, 508

Ancistroteuthis, 391
Ancula, 434 ; radula, 229, 230
coloration, 72
Anci/lvccras, 247,

sucker, 381

;

Arcudla, 422

A iiciiitnu/usKt!, 405

Anopliijihiird,

390

Arconaia, 307, 452

AnciUa, 267, 4'26
AncilUnu, 426
Anrislmrlnnis, 391

;

protective colora-

Arcomya, 458

167

gills,

;

',

Architeuthis, 378, 390,

Anaulits, 4^4
Anchistoma, 293, 296

Anc!/lus, 19,
nating, 27

434, 434

73

tion,

44^
Anal glands, 241
Anal siphon, 164, 173
Anastomopsis, 44'^
An a tin a, 274, 275, 459

Car-

;

397

Archidur/s,

Anacliis, 4'^3
Aiiadciius, 24,

AnculiitK.%

;

,

;

Anatiiiacea,

stomach, 239

;

;

Amphitrctus, 383
AinpuUaria, 17, 416; self-burial,
breathing organs,
spawn, 125

Ainutisium,

245, 428, 431

Asperglllum, 262, 459

Aspiddus, 329, 440
Aspidoceras, 399

;

in

on

—
INDEX
Assimiiica, ^15
Astark', 451
Asthenothaerx's,

Batissa

4S9

Astralium, 409
Athoracophorus, 44^

—

see Janella

500, 505
distribution, 507, 508

Athyris,

499,

;

Atretia, distribution, 486,
Atnjpa, 501, 502, 505 ;
distribution, 507, 508

Bdlraqjlunt, 266,
Beloptera, 380
Belopteridae, 3S8

4S7

Benthodolium, 377
of

life,

38

44^
Aulopoma, 157, 304, 4-?4
operculum,
269
stratigraphical distribuAulosteges, 504
;

'>

507

Aitricnla, 439, 4^9
Auriculella 327, 44^
Auriculidae, 17, 18, 260, 439, 439
,

186

;

genital

orifice,

;

lung,

radula, 235

Austenia, 301, 304, 44O
Arellana, 430
Avicula, 254, 258, 449, 449

242

;

^1.

Berendtia, 44^

Beudant, experiments on Mollusca, 12
Bideford Bridge and mussels, 117
Binney, Dr., on epiphragm, 28
Binneya, 341, 441
BiradAoUtc;, 456
Birds, devour Mollusca, 56 f.
Bithynella, 289, 293, 415
Bithynia, 336, 342, 415; stomach, 239;
habitat, 25
Bittiiim,

4I6

Bl'fesns/.ira, 346,

351

Bbnulu-U,i, 16,
;

eyes,

190

;

inargaritifera,

100
Aviculopecten,

Bdoteuthis, 390

Jkmhlx, 376, 40s
Benedictia, 290, 415
Benthohia, 377

Aucella,

eyes,

407

3SS

Belosepia, 386,

stratigraphical

Atrypidae, 501, 505, 508
Aturia, 393, 395
Atys, 428, 430
Aucapitaine, H., on tenacity

;

453

Bclcm nosipia, 390
;

160

320,

Belemnitidae, 3S7

Atlanta, 421, 423
foot, 200
Atopocochlis, 330, 44I
Atreniata, 511

tion,

,

Beddomea, 304
Beecher on phylogeny, 509
Beetles, prey on Mollusca, 58
Beta, 426
radula, 219
BelemnUes, 380
;

stratigraphical

423

Atilia,

515

450

Uliiiifordia,

414
414

Blind Mollusca, 185
Blood, 171
Bodo, land Mollusca, 24

Boeuf and French
Bnlma, 409

Aviculopinna, 440
Axiuus, 452
Azeca, 44^
Azygobrauchiata, 155, 407

Biiltenui,

oysters,

107

346

Barcofusus, radula, 221
Born'eUa, 433
stomach, 239
Bursonia, 426
Bonis, 356-358, 441
Bourcieria, 357, 4IO
Bourguetia, 417
Bourguignatia, 332
Bouvier see Fischer
Boijsia, 302, 442
Brachial apparatus, types of, 500
Brachiopoda, fossil, limestone formed of,
492 shell, 493, 497 muscle scars on,
synopsis of
platform, 495
494, 501
;

BABiyKA, 447
395
BaculUes, 399

Bactrites,

Baikalin, 290, 415
Baird, Mr., on the British

Museum

snail,

37
B. perversa, 24, 41
fauna of the, 12, 83, 366
Bunkivia, 4O8
Barhatia, 448

B<(/ca, 44''

>

Baltic,

Barh'ciu,

Barth'ttia,

,

452

451
Bateson, W., on variation in Cardium, 91
on hearing in Anomia, 196
Batlimoceras, 395
Bath ydor is, 433
Buthyteuthis, 390

stratigraphical distribu503
phylogeny and ontogeny,
506
509 Orders, 511
Brachiopoda,
recent
historical
463
account of, 464
body,
shell,
465
469
body
digestive
system, 471
cavity,
e.vcretory
472
heart, 473
organs, 474
muscles, 475
nervous
system, 478
reproductive system, 478
distriembryology, 479
habits, 482
bution. 484
attiniclassitication. 487
ties, 487
families,

tion,

;

;

;

;

liasilissa, 376, 4O8
Basonimatojihora, 11, 19, 181, 43S

;

;

;

Basteriitia,

'

;

;

I'ev. H. G.
on musical sounds
produced by Mollusca, 51
Barometers, snails as, 50

Barnacle,

;

;

415

;

;

;

;

;

;

;

;

;

;

;

;

MOLLUSCA

5i6

— BRACIIIOPODA

Briichytrema, 417

Campaape, 433

Brackish-water species, 14
Branchiae, 151, 153, 164
Branchial sijAon, 155, 164, 173
Braun, on self-impregnation, 44
Eespiration,
sec
Breathing
organs

CamjJtoceras, 302

Camptonyx, 278, 302, 439
Campyluea, 285, 289 f., 293, 441
Canal, 155
Cancel/aria, 4^6

—

Brancliiae
Brechites, 459
Breeding, periodicity

in,

Canidia, 16, 305, 423
Cannibalism in snails and
33
Cantharidus, 4OS
Cantlmrus, 275
radula, 222
Caprina, 456

129

Broderipia, 40S
Brntia. 305
Brownia, 133
Buccinanops, 4^3

Buccinopsis, 4^4

j

radula, 221, 222

>

egg-

;

;

;

;

;

;

;

;

;

;

—

;

'>

money made from, 97

egg-capsules, 125
Butterell,

— see Fulgur

;

,

Caniiapodu, 421
CurdUia, 454
Cardinal plate, 500
Cardinal process, 497. 501
Cardinalia, 4O8
Gardinia, 451
Cardita, 273, 451

451
451
Cardium, 6, 273, 455, 455 C. edule, 12,
modifications,
12 variation, 84,
164
91 nervous system, 207 distribution,
292, 297

Carditella,

fJardito2)sis,

;

;

52
Byssocardium 455
Byssus gland, 201
,

Cadlina, 434
Cadoceras, 393
Cadidus, 376, 44-5

442

;

;

;

Carelia, 327,

443

Cariwrria, 9, 422, 422
Carinifex, 439

;

foot,

200

448

Cartusiana, 296

Garychium, 18, 439

Mr., on habits of Testacella,

Caecilianella,

Caprotina, 4-56
Ccqndus, 41^
Oaracolus, 347-351, 441
Carbonicola 451
Cardiacea, 454

Carolia,

41
Busycon, 4^4

32,

;

laying, 128
Buccinum, 6, 4'24
radula, 217
monsbreeding, 129
osphratrosity, 251
dium, 195 spawn, 126
Buliminus, 24, 278, 285, 295 f., 316, 331,
protective habits, 70
B.
339, 442
pallidior, 38
Bulimidiis,
339-359, 443;
278, 334,
radula, 233
variation,
jaw, 211, 233
87
Bulimus, 278, 342-359, 355, 441 radula,
233 egg, 124
Bulinus see Isidora
Bulla, 428, 430
Bullia, 155,423; habits, 192; foot, 198
radula, 221
Bulloidea, 439
Burrowing Mollusca, 446
Burying propensities of Mollusca, 27,
;

slugs,

Garyodes, 325, 359, 44I
Casella, radula, 230
Gaspia, 12, 297
Caspian Sea, fauna, 12, 297
Gassidaria, 420
Gassidula, 18, 278, 439, 439
radula, 223
Gassis, 255, 4^0
Gastalia, 344, 452
Gataulus, 266, 304, 157, 414
Caterpillars mimicking Gkmsilia, 68
Gatlutka, 316, 441
;

;

habitat,

48

186
Cakarella, 133
California, land Mollusca, 280
CaUiostoma, 4OS jaws, 212
;

403
Callochiton, 403
Callogaza, 4O8
Callonia, 442
Callopoma, 409

Callistochiton,

Calma, j^rotective coloration, 74
Calybium, 4IO
Calycia, 320, 442
Calycidoris, 434

Calyptraea, 248, 41^
Canmena, 305, 306, 315, 316, 441
Cambrian, Mollusca of the, 2
Camitia, 409

;

eyes,

Gatinella,

443

Gavolima, 158, 436

;

eyes,

186

Gecina, 414
breathing, 152
Genia, 432
radula, 230
Gentrodoris, 434
;

',

GentroueUa, 499, 506, 508
defined, 5
ink,
Cephalopoda, 378 f.
65; egg -laying, 127; embrj-o, 133;
foot,
branchiae, 168 osphradinm, 195
200 nervous system, 206 ; jaws, 213 ;
;

;

;

radula. 236
Gepolis, 349-351,

44I

Gerastovia, 4'23

Gerastus, 331, 441
Cerata of Nudibranchs, 71, 159

;

;

INDEX
Ceratites,

3U~ 398
,

;

suture,

396

Circulatory system, 169
Circulus, 40s

Cerotoi/cs, 357, 4JtJ

4IO

Ceres, 21, 354,
Ceritella, JflU

Cerithidea,
ing,

517

Circumpolar species, 287
Cirrhoteuthis, 381, 382

260, ^i7

;

C.

ohtusa, breath-

152

480,

417
Cerithlum, 16, 4IG
Cerifi/ti/ti, 45s
Cerithiopsis,

Chididth'rviu, 404,

467,

Cistella,

of,

487

485

;

470,

404

Chaetopleura, 403
Chuma, 257, 272, 446,
(Jhamostrea, 4-5S

\

breathing organs,
;

radula, 217,

;

Cistopus, 3S5
Cistidu, 349, 351, 355,

Cladohepatica,

414

432

40s

Claiiculus,

5, 8 ; of Gasteropoda, 8,
11
Clathurdla, 426
ClausiUa, 442, 442 mimicked by caterpillars, 68 ; monstrosity, 251
distribution, 285 f., 294, 305-318, 332, 339-356;

455
83

effect of,

f.

;

Chauk-shell, fishery of, 100
Charis, 324, 44:2
Cfharopu, 319, 323-327, 441
Ohascax, 4^4
Chelinudura, 430

;

24

C. rtigosa,

scalaris,

;

278

Clavagella, 262, 459
Clavator, 335, 359, 44I
Clavatida, 426

Chehtrojiix, 133
Vheno2ni.% 4IS

ClaveUa, 424

Chilidium, 498
Chilina, 19, 343, 358

Claviger, 329,
Clea, 16, 305,

439 radula, 236
Chilotrema, 441
China, use of shells in, 101
Chiropteron, 133

Clessin,

417
423
dementia, 454
Cleodora, 436, 436

;

Chiroteuthis, 385,
Chiton, 8, 153,

391
403;

Cleopatra, 294, 328, 331, 336,
on duration of life, 39

126;
188

;

;

;

;

;

;

403
Chittmellus, 404, 4O4 ; valves,
Chittya, 16, 348, 351, 4I4

436, 436
Cliona, enemy of oysters, 112
Clione, 158, 43s
Clio,

437

ClioHopsis,

Clitambonites, 498, 505 ; stratigraphical
distribution, 507, 508, 511
Clithon, 327, 410
Clydonites, 398

401

Chlamydephorus, 333, 44O
Chlamydoconcha, 175, 245, 453

Clymenia, 397

450

Clypidella,

Ghloritis, 306, 311, 319-324,

44I

Cocculina,

4O6
4OS

Chlorostoma, 4OS

Cochlicella acuta,

307
Chntmnnqihalus, 250, 290, 439
Chondrophora, 3S9
Chondropoma, 346-355, 348, 4^4
Chondrida, 285, 295, 296, 442
Choneplax, 4O4

(Jochliolepas,

77

Cochloceras,

398

ChIo,vstrac!<(,

stratigrapliical
504
508
Choristes, 420
Choristoceras, 398
Chorus, 423
Ch romodoris, 434
jaws, 212
230
ChrysalUda, 422
Chrysodomus, 423
Chrysostoma, 409
Cingida, 415
Cinguli7ia, 422
Cionella, 44^
Circe, 454, 468

Cochlostyla, 124, 278, 313, 315,

Cockles, use

of,

44I

101, 118

Caecum, 247, 260, 417, 418
distribu-

',

278

Covhlodesma, 459

tion, 507,

',

4I6

297

Clessinia, 12,

egg- laying,

breathing organs, 153 f.
eyes,
osphradium, 195
radula, 228
nervous
system, 203
valves, 401, 402
girdle,

Ghonetes,

479,

476,

Classification,

Changes in environment,

Clilamys,

475,

508

154; nervous system, 203
228

Chilinidae,

472,

larvae, 481, 483
parasite
distribution, 486 ; fossil, 5UG,
;

Coeliaxis, 334, 442
habitat, 49
Coelocentrum, 353, 442
;

Coelospira, 505,

508

Cold winter, effect on oysters, 112
on
mussels, 116
Collinge, W. E., on growth and burial of
shells, 41
;

;

radula,

405
405 radula, 227
Collonia, 409
Colobncephalus, 430
Collisella,

Collisellina,

Colour of arctic

;

shells,

430
Columbarium, 4^6

Colpodaspi'is,

86

—
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Cohtmhella, Jf23 ; radula, 222
Columhellaria, J^20
Columbellina, 1^20
Columns, 328, 330, JfliS
Cominella, 16, 4-^4Composition of shell, 252
Concha, 463
ConchkUum, 497, 498, 500, 505; stratigrapliioal distrilmtion, 507, 508, 511

Crticihuhim, 248, 41-^
Cnjptochiton, 245, 371, 402,

Conchole2Jas, 267, 4'^3

Cultellus,

Conidea, j23

Cunw,, 423

Conocardium, 455

Camingia, 453

Conorhis,

poisonous hite, 65
tooth, 66 shell, 69, 255, 260; mimicked
by Strambus, 69 prices given for rare,
spawn, 125 ; radula, 218, 220
121
operculum, 269

Conus, 247, 275, 4~'5

;

;

;

;

;

;

f.,

4IO

Ci/ane,

Gijalhopoma, IVl, 268, 314, 338, 414

453

Cijchxs,

otocyst,

veliger,

;

197

;

132

ova,

;

146

;

C. cornea, thread-spinning,

Gyclonemn, 409
Cyclophoridae, origin, 21
Cijclophorus, 302, 306-319, 329-334, 344,
jaws, 212
radula,
352-358, 414

Corasia, 311, 319-321

Corbkula, 15, 288, 292

branchiae, 168

;

Guvienna, 436, 436

;

Co ram be, 434

4o3

452

Corbula, 456
Corilla,

457

distribution, 282
29
Cyclina, 454
Cyclobranchiata, 156
Cyclocantha, A09
CyclDiniapha, 414
Cyclonassa, 423

Cookia, 40U
Coptochilus, 314, 4^4
Coralliophaga, 451
Coralliophila, 75, 4^-^
Coralliophilidae, radula, 216

Corbis,

GvcvMaea, Ti\, 44S

Cuspidaria, 459

4^6

404

Cryptochorda, 425
Cryptoconchus, 4O4
Cryptnphthalmus, 430
Cryptostraeon, 353, 441
Cteiiidia, 151
see Branchiae
Ctenopoma, 346-351, 414

;

;

21

303

Corona, 27, 442
Coronaria, 297
Coryda, 346-351, 441

Cyclostoma, 328, 331 - 338,
414, 414
osphradium,
vision, 184
stomach, 239
C. elegans,
195 nervous system, 205

Coryphdla, 43-^

287, 288
Cyclostomatidae, origin, 21

;

as

468, 469, 471, 472,
distribu477, 4S7
stratifossil, 493, 494, 504
distribution, 506, 507, 508,

Crania, 464, 467,
473, 475, 476,

485

;

graphical

;

;

510
Craniidae, 4S7, 496, 504, ^OS
Cranopsis, 265, 406
Crasjpedochiton, 403
Craspedopoma, 298, 414

430

radula, 222
Cymbium, 255, 367, 425 radula, 221
Gymbulia, 437
Cymbuliopsis, 437
Cynodonta, 424
Gyphoma, 419
prices given for rare,
Cypraea, 178, 419
;

;

Cremnoconchus, 16, 302, 413
Crenatula, 75, 44^

;

Crenella, 449
Crenipecten, 4^0

Crepidula, 248, 257, 412, 412
78
Crepipatella, 248, 41^
eyes, 186
Creseis, 436, 436
radula, 229
Crimora, 434
;

J

4OS

;

;

Cylindrobulla, 430
Gylindromitra, 425

Crassatdla, 451
Cratena, 432
Crawling of Helix, 45

Crossostoma,

radula, 224

Cyclostrenw, 4OS
Cyclosurus, 247, 337, 414
Gyclotopsis, 338, 414
Gyelotus, 296, 319, 320, 414
railula, 215
Gylichna, 428, 430
Gylindrella, 247, 260, 278, 343-355, 348,
monstrosity,
251, 252
442;
Cylindrellidae, radula, 233, 234
Cylindrites,

Craspedostoma, 4OS

Crioceras, 247, 399, 399
GristigMa, 311, 319, 320,

;

199

gait,

money, 96
Coyote trapped by Haliotis, 57
Cranchia, 391

tion,

;

;

Cosmoceras, 399

Cowry used

;

;

44I

;

parasitic,

122

;

224

;

radula,
mantle-lobes, 177, 178
C. moneta,
shell, 255, 260, 261
;

;

96
Cypraecassis,

420

Cypraedia, 419
Gypraeovula, 419
Gyprimeria, 454
Gyprina, 451
Cyrena, 15, 453 distribution, 285, 294
;

Cyrenella,

453

INDEX
Cyrtia,

505

stratigrapliical

;

distribution,

507, 508
Cyrtoceras, 394
Cyrtodaria, 4^7
Cyrtodonta, Jf52

Dinobolus, 504, 508
Dinopjlax, 403
Diotocardia, 9, 170,

Cyrtomitus,
Cyrtotoma,

Cysticopsis, 346-351,

Cystiscus,

Diloma, 4O8
Dimorphoptychia, 4IO

Dimya, 450

407
44^
4^4

Cyrtolites,

519

44I

425

CystopeUa, 325, 326, 44O
Cytherea, 454, 454

405

f.

Diplodonta, 452
Diplommatina, 302-327, 413
Diplomphalus, 322, 323, 44O
Liplrqxnna, 346, 351, 414
Dipsaccus, 424
Dipsas, 307
distriDiscina, 464, 468, 471, 475, 4S7
stratibution, 485 ; fossil, 493, 504
graphical distribution, 506, 508
Discinidae, 487, 496, 504, 508, 511
distribution, 485,
Discinisca, 437, 510
;

Dacrydium, 449

;

Daedalochiln, 44^
Dall, W. H., quoted, 35

;

on branchiae,

164

;

486

Damayantia, 440
DcqihneUa, 4^6
R.

Darbisliire,

on tenacity of

D.,

39
Dardanin, ^7.5
Dart-sac, 142
Daudebardia, 289, 292
Davidsonia, 505, 508

life,

Distortio,

;

409

Deltidium, 499
Deudronotus, 433 ; protective coloration,
72 habits, 51
Dentalium, 6, 444, 44-5 used as money,
radula, 228
veliger, 131
97
;

;

;

;

350-355,

aperture,

441;

Doridium, 430
Doridtmculus, 434
Doriopsis, 434

radula, 229

organs,

Dorsanum, 4~3
Dosidicus, 390
Dosinia, 454
protective
Doto, 433
;

Dreissensia,

123,

14,

;

eyes,

159

radula,

;

coloration, 71

452

siiigular habitat,

48

hibernation,

;

;

veliger, 132,

192

D re issens io m ya

Dcfihayesia,

',

breathing

Doris,
230-

;

Desert species, 25, 85

,

452

Drepania, 434
fertilised

ovum, 130

f.

Dexiobranchaea, 437

Diademn, 414
Diala, 415
Dialeuca, 441
Diaphora, 314

Drillia, 42G
Drymaeus, 356, 44^
Driy2)tus, 356, 441

Durgella, 301, 304, 44O

Dwarf

varieties,

88

Dybowskia, 290

41^
Eastonia, 454
radula, 220
Kbiirna, 267, 4~4
muscles, 476
Ecardines, 466

Diastema, 41S
Dmstonm, 417
D ''Aihda, 434
Dtb(i])hvs,

Dondersia, 404
Dorcasia, 333, 441

26
146

63

J)wph<yrostoma,

414

Dolium, 419 acid secretion, 237
Donax, 269, 446, 4-53

Deep-sea MoUusca, 374
De Folin, experiment on Cyclostnvia, 157
Dcianira, 4IO
Delage, experiments on otocysts, 197

4II
Be.wioidea, 423
Development of

— see Persona

Docoglossa, 227, 405
Dolabella, 428, 431
Dolabrifer, 431

440

f.,

Decollation, 260

Dentellaria,

255

Ditropis, 312, 314,

DmiismieUa, 4IO
Lkiyia, 505, 508
Decapoda, 3S5 f.

Delphinv.la,

Disci tes, 395
Discodoris, 434
Discosorus, 394

',

;

4~o

Dibranchiata, 3S0
system, 207
Dirrras, 269, 455

;

;

eye,

Didorna, 12, 297, 455
Differences of sex, 133
Diifnvmiii, 511
Digonopora, 134, 144

183

;

nervous

;

fossil,

493 families, 487, 503, 508
Eccyliomphalus, 413
Erhinospira, 133
EdentuUna, 338
Egg-laying of Arion, 42 f.
of Mollusca
generallv, 123
Eijlisiu, 411
Eider-duck, shells used by, 102
;

;
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UO

Elaea, 322,

Elasmoneura,

Eledone, 385, 385
Elizia, 4-56
Elysia, Ji32

Exploring expeditions, 362
in Mollusca, 181 f.

Eye

J^ll

radula, 236

;

protective coloration,
breathing, 152 ; radula, 217, 230,
Enmrg inula, 265, 400
Emhletoiiia, 429
;

73

;

432

Enaeta, 4^5
Endoceras, 394
Endodonta, 325, 334, 441
Engina, 4^4
Enida, 408

radula, 221

Firoloida, 421
Fischer and Bouvier,

Ennca,

298, 302, 306, 309, 314, 316,
328-337, 440, 440 habits, 54 E. bicolor,
;

;

279
Enoplochiton, 403, 403
Enoploteuthis, 391
Ensis, 457
Entocolax, 77, 79, 152
Entoconch<(, 77, 79, 152, 216
Entuvalvu, 77, 82
;

j

Fenella, 4I0
Fertilised ovum, development, 130
Ferussacia, 291, 293, 297 f., 442
Fiji islanders, use of shells, 98
Filibranchiata, 443 ; gill, 166
Fiona, 432 ; radula, 217

Emniericia, 415
Ena, 296, 442

Ephippodonta, 453
Epidromus, 4^0
Epiphragm, 26 27
Epipodia, 427

Facelina, 432
4^4
Fasticjiella, 4I6
Favoriiius, 432
Fasciolaria,

on

breathing

of

Ampulkma, 158
Fischer ia, 15, 328, 453
Fish devour Mollusca, 59
FissureUa, 265, 4O6
breathing organs,
153 ; apical hole, 156 nervous system,
204 radula, 227 growth, 261
;

;

;

;

Fissure// idaea, 4O6
Fissuridea, 4O6
Fissurisepta, 4O6

Fistu/ana, 262, 457

commensal, 81

Flahellina, 432
Fluviinicola, 415
Fo/inia, 415

f.

Food of Mollusca,

30 f.
Mollusca as
102 f.
Foot, 198
in classification, 5
Forel, on deep-water Limnaeet, 162
Formation of shell, 255Fortisia, 439

Erato, 419

EremuphUa, 294
Err/am, 248, 412

;

food,

;

Eriiuia, 327, 4'^9
Erosion, 276
Ervilia, 4^4

Erycina, 453
Escargotieres, 119
Estrki, 329, 44J)

Estuariue species, 14
Ethalia, 409
Eucalodmm, 260, 353, 442
Euchelus, 4O8

420

Eiichrysallis,

f.

Eudiopitus, 44'^

Eudoxochiton, 403

Euhadra, 316, 318, 44I
Eulamellibranchiata,
gill,
4^1
167
Eulima, 4^^ parasitic, 77, 79
Eulimdla, 250, 422
Eulota, 296, 44I
Euomphalus, 247, 413
Euplecta, 440
Eupleura, 4^3
Euplocamus, 434
Eurybia, 438
Eurycampta, 346-351
Eurycratera, 349, 351, 441
Eurystoma, 304
Eurytus, 44^
Euihria, 4^4
Euthyneura, 203
Eutrochatella, 347-351, 348, 4IO
',

166,

Fossarina, 413
Fossaru/us, 302, 415
Fossarus, 413
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, 44I
Ffuticocampylaea, 296
Fryeria, 434
Fu/gur, 249, 424
Fusispira, 420
Fusus, 262, 424

;

',

Gadixia, 152, 431

breathing, 18, 151
;
radula, 217, 230
19
on taste
Gain, W. A., quoted, 32, 33, 39
of Mollusca, 179
classification,

;

;

Galatea, 15, 328, 336, 453
Galeomma, 175, 4-53
egg-capsules, 125
Galerus, 248, 412
Garstang, W., on protective and warning
;

coloration, 73

Gaskoin, on tenacity of

life,

38

on egg-

;

laying, 42

130
400 f.

Gassies, on hybrid union in snails,

Gasteropoda, classification,
Gastrana, 453

8, 11,

—

;

INDEX
Gnsfi-nrhiicna, Ifol

habits, 64

;

Gyroceras, 247, 395

Gyrotoma, 417

440

G,isl,;„h,i,t,i,

(jiastropt.nui, 245,

430

Gam,

Hadra,

376, 4O8
Gena, 246, 4OS
Gcnea, 424
GrDnfla, 42G
Ucdiimlacus,

160,

288,

44I

291,

;

pro-

see

Haliotis, 266,

;

Ha mites,

44O

292
232

f.,
;

339-

habits,

140

134,

nidamental,

;

136

399
Haimdina, 399
Hanleyia, 403
Hapalus, 331, 443
Harpa, radula, 425, 216, 221

Harpoceras, 399

;

Gleba, 437
Glcssida, 301, 309, 310, 333,

443

;

Glochidium, 147
Glomus, 448

394

Helcion, 405
protective coloration, 69
Helcioniscus, 405
Hele, F. M., on Hyalinia, 33 ; on Stenogyra, 34
Helicarion, 309, 316, 325, 332, 440
radula, 232
habits, 45, 67
Helicidae, radula, 232, 234
Helicina, 305, 306, 316-327, 338-358,
;

Glossophora, 7
Glottidia, distribution, 485,

4S7

Glycimeris, 457
Glyphis, 40i>
Glyptostoma, 341, 441
Gomjjhoceras, 394, 395
Gonatus, 391

;

;

Goniatites, 397, 398
Goniohasis, 341, 41'^

Goniodoris, 4^4
73 radula, 229
\

;

;

cold,

protective

coloration,

45s

;

Gniinsfnma. 291, 316, 441

442
Grummysia, 459
Grateloupia, 454
Great Eastern and mussels, 116
Greenhouses, slugs

in,

;

;

;

;

;

35

;

;

108

;

;

458
Growth of shell, 40, 257
Guesteria, 440
Guildfordia, 409
Guivi/ka, 186, 376, 425
Gulls and Mollusca, 56
325,

;

;

Gyiiinoglossa, 216, 225,

;

;

;

;

;

;

;

;

345,

4-39

Gymnosomata, 4^7

;

;

Gresslya,

19,

;

;

Gimiii^tiHiiii!^,

Gundlachia,

origin,
exterminated by
21
24
Hdicoplmnta, 335, 336, 441, 441
Hdigmxcs, 449
Helix, 441 toothed aperture, 63
protective coloration, 70
variation, 87
carbonic acid, 163
ej'e, 181, 183
food,
179
smell, 194
jaw, 211
distribution, 285
tenacity of life, 37
breeding, 129
Helix aUernata, 340
angidata, 350
apertn, 38, 39, 51, 293
arbustorum,
bathing, 23
caperata, variation, 89
cereolus, 340
cicairicosa, 316
crenilabris, 45
deljMnuloides, 297
desertoriim, 37, 38, 70, 294 ; Jiddis, 341
Imemastoma, habits, 70
luirpa, 287
hortensis,
pulsations,
26
279
10,
epiphragm, 28
rook-borins, 49
dart,
i/iipi'r((t(ii;
143
habits,
45
347
Im-iniosa, 297
lartca, 25, 38, 42, 279
lima, 350
musearum, 347: nemoralis,

410

;

oj-sters,

454

Hatching of eggs, 43
Hazay, on duration of life, 39 on variation in Limnaea, 93
Hearing powers of Mollusca, 196
Heart, in classification, 9
action during
hibernation, 26; and branchiae, 169
Heotocotylus arm, 137 f.

Glaucus, 429, 432

Goninmifii,

self-muti-

;

lation, 45
Harpagodes, 418

Harvella,

505

Glaucomya, 320, 4^4

Green

;

73

tion,

53

Glossoceras,

;

;

;

Glassia, 501,

;

of,

Branchiae

germ,

431
407

and coyote, 57 holes
156; osphradium, 195; epipodium,
199 nervous system, 204 radula, 215,
226
Halopsyche, 159, 438, 438
Haminea, 428, 430
protective colora-

414

Girasia, 301, 304, 44O
Glandina, 54, 178, 278,
radula, 231,
355, 440

Glands,

Hainesia, 336, 414
Halia, 366, 426
Ilaliotinella,

16, 348, 351,

Georgia, 331, 414
Georissa, 318, 4IO
Geostilbia, 338, 443
Gcrontia, 441
Gcrstfddtia, 290
Gibhula, 40s
Gihbus, 328-338, 440,
GiUia, 415
Grills

306, 315, 319-325, 322, 441

Hadriania, 4'23
Haemoglobin, 171

tective coloration, 70

Geomdania,

521

352,

359,

;

;

422

;

;

;

;

;

;

,

MOLLUSCA

522

BRACHIOPODA

180 niciensis, 292
nux deniicu350 palliata, 340 pisana, 25
eye,
33 pomatia, 25, 34, 40
pomum, 322 i:>ulchdla, 279
181
richmondiaiui, 322
rosacea, 259
rostrata, 347
rota, 314
rvfescens, pulsations, 26
srmikms, 279 souverhiana,
strigata, 293
tristis, habits,
336, 441
turricula,
Veatchii,
49
38
297
Tr«;^o;((', 304; Wollastoni, 291
zonula,
293
Helix asi)ersa, homing, 35
smell, 36
duration of life, 39 ; growth, 40
strength, 45
boring rock, 50
variation,
eaten,
hybrid
89
119
87,
union, 130
generative organs, 140 f.
141 dart-sac, 143 pulmonary chamrarlula,
ber,
160
alimentary
217
canal, 237
monstrosities, 251, 252
growth, 258
distribution, 279, 289
Hemiarthrum, JfiS
Hemicurdium, 4S5
38,

;

;

lata,

;

;

habits,

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Htymidiinnx,

453

Holohepatica, 433
Holopella, 41I

Holospira, 339, 353, 442

Holostomata, 156
Homalogyra, 413

radula, 223

;

Hovialonyx, 245, 343-358, 443
Homing powers of Mollusca, 34
Homorus, 330-337, 443
HopUtes, 399
Hopikpteron, 422
Horca, 332
Horiostoma, 409
Hot springs, Mollusca living in, 25
Huronia, 394
Hycdaea, 10, 436
liyalimax, 245, 305, 306, 338, 443
Hyaline stylet, 240
Hyalinia, 440 ; pulsations, 26 ; food, 33
smell, 194
dart, 143
radula, 232,
234 distribution, 287 f., 318, 340-357
//. alUaria, 279
smell, 194
celluria,
279 Braparnaldi, 33

;

;

;

;

;

;

;

;

Hyalocylix, 437

Hcmifnsus, 424

Hyalosagda 352

Hemipecten, 450
HemiplecUi, 310, 316, 319, 321, 440

Hybocystis, 305, 309,

,

Hemisepms, 3S9

;

Hemisinvs, 357, 41''
Hemlfniiiii, 265
Han It, „•], i, I, 314
Hcmitrodius, 346-351, 441
HemphilUa, 245, 341, 44I
Hercoceras,

Herdman,

;

;

Hypi,lmiiii-liaea,

395

W.

A., on cerata of Nudiexperiments on taste of
Nudibranchs, 72 ; on Littorina rudis,
151 n.
Prof.

branchs, 71

f.

;

Hermaea, 4^2
protective
coloration,
73
Hermaphrodite Mollusca, 134, 140, 145
Hermit-crabs, shells used by, 102
Hero, 432
Heterocardia, 454
Heterodiceras, 455
Heteropoda, 9, 420 f.
radula,
228
foot, 200
Heudeia, 316, 4IO
He:Mhranchus, 4^4
Hibernation, 25, 163
High altitudes, Mollusca living at, 24
;

;

Himella, 15
Hindsia, 424
Hindsiella,

Hinge

lANTHiNA, 360, 126, 411
125

;

eyes,

lapetella,

186

;

;

.^56?

egg-capsules,

radula, 224

3S5

Iberus, 285-293, 297,

Ichthyosar oolites, 450
Idalia, 179, 429, 434
Idas, 449
Idiosepion,

441
;

radula, 229, 230

389

lUex, 390
Imhricaria, 425
radula, 221
Imperator, 409
Indians of America, use of shells, 100
;

Infundihulum, 4O8

389

Insects eaten by Mollusca, 32
Insidaria, 319," 320
Intestine, 241
lo, 16,
Io2)as,

391
391
Holcostomcc, 417
Hi.-'finj.sis,

Hystricella, 297

Inoreramus, 449

498

Hippopus, 455

Histiotcutliis,

radula, 230

;

Ink-sac, 241

Hinge, in bivalves, 272
Hinnites, 257, 450
Hipponyx, 248, 41^
Hippuritcs, 455,

;

434

Hypotrcina, 44S
Hypselostoma, 248, 302, 305, 314, 442
Hyria, 344, 452

Inioteuthis,

453

area, 493,

414

Hybridism, 129
Hydatina, 430 radula, 231
Hydrohia, 325, 332, 415 H. u/rae, egglaying, 128
Hydroccna, 298, 4IO radula, 226
Hymenoptera build in dead shells, 102

340,

417

423

Iphigenia, 15, 453
Iravadia, 305, 415
Iridina, 294
Irus, 297

;

INDEX
Isanda, 409
Ischnochiton, 4OS
Isufora, 298, 320-327,

333,

336,

359,

Land Mollusca, origin, 11 f.
Lanistes, 249, 294, 328, 331, 4I6
Lankester, Prof. E. Ray, on shell-gland,
132 on haemoglobin, 171
Lantzia, 278, 338, 4.39

4S9

;

Ismenia, 404
Isocardia, 269, 451, 451

Laoma, 441
Larina, 302, 417
Larvae of Pelecypoda, 7
bling Mollusca, 67 f.
Lasaea, 453

Isodonta, 4-53
Isomeria, 343, 356, 441
Issa,

523

434

Jamaicia, 414
Junellu,

161,

44'^

pulmonary

>

orifice,

234

;

distributiou, 321-

326
Janus, 432
Juponia, 318
Jaws, 210

424

on Glochidium, 147
Layard, E. L., on self-burying Mollusca,
on
sudden
41
appearance of Stenorji/ra,
on B/ii/tida and
on Coeliaxis, 49
47
Aerope, 54
Leda, 447
Leia, 348-351, 442
Latter, 0. H.,

;

;

Jeanerettia, 346-351,
Dr.,
Jeffreys,
on

441
Limnaea,

34

on

;

Neptunea, 193
Jcffrajsiu,

415

;

SU, 452

Leila,

223

radula,

;

Leonia, 414

405
405

Jurunna, protective coloration, 73

Lepieta,

Jouaanettia, 457
Jullienia, 307, 4^^

Lepetella,

Jumala, 424

Kashmir, land MoUusca, 280
Katherina, 403
Kdhtla, 424

453

KelhjeUa, 452
Kidneys, 242
King, R. L., on smell in bivalves, 195
Kinyena, 506, 508
Kitchen-middens, 104
Koninckella, 505; stratigraphical distribution, 507, 508
Koninckina, 505 stratigraphical distribu;

tion, 507,

508

Kouinckinidae, 501, 505, 508
stratigraphical
Kutorgina, 504

distri-

\

bution,

506,

508

embryonic

;

shell,

509

Labial

palps,

Labyrinthus,

210

353-357, 441
63
Lacaze - Duthiers on TestuccUu, 52
342,

aper-

;

ture,

f.

;

on

smell in Helix, 194

;

coloration,

radula,

74

;

parasitic,

78

223

LamelUdoris, 434

Lampania, 417

Leptaxis, 441
Lridinaria, 357, 358,
Leptochiton, 403

;

;

commensal,

;

403

Lepttoplax,

Leptopmna, 316, 319, 338, 414

390
409

Lepjtuteuthis,

Lepitothyra,

Leroya, 331
Leucochila, 442
Leucochloridium, 61
Leucochroa, 292, 295, 441
Leuconia, 439
Leucotaenia, 335, 359, 441
Leucozonia, 64, 424, 424
Levantina, 295
Lihania, 295

LUimt, 327, 441
Ldlit ilia, 451
I^icina,

egg-laying, 128

;

414

duration of, in
Ligament, 271

snails,

39

Liguiis, 349, 351, 442
Linm, 178, 179, 4-50 ; habits, 63

232
Limacina, 59, 249, 436, 436
Limapontia, 429, 432; breathing, 152
variaLi mux, 245, 440 food, 31, 179
pulmonary orifice, 160 shell,
tion, 86
175 jaw, 211 radula, 217 distribuLiraacidae, radula,

;

;

;

radula, 229, 230, 231

strati-

;

442

Leptoconchns, 75, 423
Leptoloma, 348, 351
parasitic, 77
Lepton, 453
80 mantle-edge, 175, 178

Life,

Lacuna, 413
Lacunojisis, 332
Lagena, 424
Lntjochdm, 309, 316-319, 414
habits and protecLdiiifllKfui, 245, 411
tive

Lepetidae, radula, 227
Lepidomenia, 404 radula, 229
Leptachatina, 327
Leptaena, 500, 501, 502, 503, 505
graphical distribution, 507, 508
',

Kaliella, 301, 304, 310, 314-317, 335,
440
K(dinija, 434

Kellia,

of insects resem-

Laiia, 19, 326, 439
Latiaxis, 423
Lat.inis,

161
Jaiiellidae, radula,

;

;

;

;

;

;
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L. agrestis, eats May
285, 324
arborum, slime, 30
food,
31

tion,

;

tiies,

;

;

habits, 35,
Jlavus, food, 33, 36
36
gagates, 279, 358
maxivms, 32,
161
eats raw beef, 32
cannibalism,
32 sexual union, 128 smell, 193 f.
Limea, 4^0
Limicolaria, 329-332, 4If3
Limnaea, 439
sell-impregnation,
44
development and variation, 84, 92, 93
size affected by volume of water, 94
eggs, 124
sexual union, 134
jaw,
radula, 217, 235
211
L. auricularia,
24 glutinosa, sudden appearance, 46
Hookeri, 25
bivoluta, 82, 278, 287 ;
peregra, 10, 180
burial, 27
food, 34,
variation, 85
distribution, 282
37
palustris, distribution, 282
stagnalis,
variation, 85, 95
food, 34, 37
cirgenerative organs,
ciim-oral lobes, 131
nervous system,
414 breathing, 161
distribution,
282
truncatula,
204
parasite, 61
distribution, 282
Limnocardiuin, 455
Limnotrochus, 332, 415

31

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

;

Limopsis, 44S

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,
habits, 483, 484 ;
475, 477, 478, 487
fossil, 493, 494, .5U3
distribution, 485
;

;

;

;

;

stratigraphical

;

distribution,

506,

508,

510, 511
stratigraphical disLingulella, 493, 503
tribution, 506, 508, 511
Linqulcpis, 503, 511
Lingulidae, 485, 487, 496, 503, 508
Liniiarssonia, 504
stratigraphical distribution, 506, 508
Lintricula, 426
Liobaikalia, 290
;

Lituites, 247,

Liver,

239

Liviiihacea

liver-fluke, 61
333, 359, 441

;

,

Livona, 4OS radula, 226
operculum, 268
Lloyd, W. A., on ]^assa, 193
;

;

432
397
Loligo, S78-3S9; glands, 136; modified
arm, 139 eye, 183 radula, 236 club,
381
L. punctata, egg-laying, 127
vidgaris, larva, 133
Loligopsis, 391
Loliguncula, 390
Loliolus, 390
Lomanotus, 433
Lophocercus, 432
Lorica, 403
Lowe, E. J., on gi-o\vth of shell, 40
Loxonetini, 417
Lucapina, 406
Lucapindla, 4O6
Lucermi, 441
Lucidella, 348-351, 4IO
Lucina, 270, 452
Lucinopsis, 454
Lung, 151, 160
Liuiulicardium, 455
Lutetia, 452
Lutraria, 446, 456
Lychnus, 44^
Lyonsia, 458
Lyonsiella, 458
branchiae, 168
Lyra, stratigraphical distribution, 507
Lobiger,
Lobites,

;

;

;

4'-^5

398

MacgUlivraym, 133
Machomya, 458
Maclurea, 4IO
Macroceramus, 343-353, 44^
Macroceras, 440
Macrochihis, 417

399
417

Macrochlamys, 296, 299, 301

414

Lifhocardlum, 455

322, 440
Macrocyclis, 358, 359,

Lithodoiims, 449
Lithoghiplms, 294, 296, 297,

Macron, 424
Macroon, 441

415

Lithopoma, 409
Lithotis, 302,

443

Litiopa, 30, 361, 415
Littorina, 413
living out of water, 20
radula, 20, 215
habits, 50
jirotective
;

;

coloration, 69

egg-laying, 126 ; hybiid
;
monstrosity, 251, 252 ;

;

union,

130

;

;

;

Maackia, 290

Liparus, 324, 359, 441

Lithiclion,

415
395

Littorinida,

Lytoceras,

44^

Lithasia, 340,

;

Lyrodesma, 44^
Lysince, 441

4O8

Lissoceras,

;

Lyria,

Liomesus, 4^4
Lioplax, 340, 4I6
Liostoma, 4^4
Liostracus,

;

;

;

i

Liotia,

operculum, 269 ; erosion, 276
L. Uttorea, in America, 374
obtusata, generative organs, 135
rudis, 150
Prof.
Herdman's experiments on, 151 n.

;

f.,

310, 316-

442

Macroscaphites, 247, 399, 399
Macroschisma, 265, 406
Mactra, 271, 446, 454
Macularia, 285, 291, 292 f., 441

Maqas, 506

;

stratigraphical distribution,

507, 508

Magellunia, 500

INDEX
Magilus, 75, 423
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40s

Mirri»/fiz",

Muinmiringiu, 302

Mlrrn,nd,nn,i, 12, 297

Malaptera, ^IS

Mirr<iplii/sii, protective habits,

Malm, 419

Mantle, 172 f., 173
lobes of, 177
Manjarita, 4OS ; radula, 225
Alarijindla, 425
radula, 221
Mariaella, 314, 338, 44U
Marionia, 433

Microplax, 403
Micropyrgus, 415
Microrolutn, 425
Middendorffia, 403
Milneria, 451
Mimicry, 66
Minolia, 40S
Mitra, 425 radula, 221
Mitrdla, 423

Marmorostoma, 4OO

Mitreohi,

Marrat, F. P., views on variation, 82
Marsciiia, 133
Mtirsotina, 4II

Mitrularia, 248, 412
Modiola, 446, 44^
habits, 64

Mallefia,

447
MoUcHs, 440
Momjllid, 42G
;

;

MartcsM, 305, 457
Mastigoteuthis, 390
Mastus, 296, 442
Matheronia, 455
Mathilda, 250, 417
Maugrria, 403

;

425
',

242
Modiolarca, 44^
Moitiolaria, 449

;

genital

oritice,

Modidlcpsis,

;

habits, 78

452

Modulus, 417
Monilia, 4OS

Monkey devouring oysters, 59
Monoceros, 423

Mn-allaa, 424
Megalutmdus, 424
Megalodontidae, 451
Megalomastoma, 344, 414

Monocondylaea, 452
Monodacna, 12, 297, 455
Monodonta, 4O8, 408 tentaculae, 178
Monogonopora, 134, 140
Monomerdla, 496, 504
Monopleura, 456
Monotis, 449
Monotocardia, 9, 170, 4ii
Monstrosities, 250
Montaciita, 452 M.ferruginosa, commen;

Megclomphalus, 41*^
Mcgospira, 358, 442
Megatebennus, 4O6
Megerlia, distribution, 486, 487
MeJadnmus, 249, 328, 331, 4I6
Mdinnpus, 18, 199, 250, 439, 430
Melaniitria, 336
Melania, 276, 417, 417 distribution, 285,
292 f., 316 f., 324, 336
Melanidla, 442
;

Melauiidae, origin, 17
Melanism in Mollusca, 85

;

80 suhstriata, parasitic, 77
Mo2xdia, 403
Moquin-Tandon, on breathing of
naeidae, 162
on smell, 193 f.
Mordetia, 440
Mario, 420
sal,

;

Lim-

;

Mdanopsis, 417 distribution, 285, 291,
292 f., 323, 326
Melantho, 340, 4I6
Melapmm, 424
MdcKi/n'na, 449
Mditi, 348
Mdihe, 43*
Mdongeua, 424 radula, 220 stomach,
238
Merica, 4^6
Merista, 505, 508
;

',

70

;

Meroe, 454
Merope, 327
Mesalia, 417
Mesemhrinus, 356, 442

Moseley, H. N. on eyes of Chiton, 187
Moussoniu, 327
Mouth, 209
Mucronalia, 422
Mucus, use of, 63
Midi, id, 272
,

f.

I

Midkriii, 344,

452

Mumiola, 422
Mu7-chisonia, 265, 407
Mxirchisonidla, 422
Murex, 4^3; attacks Area, 60; use of
spines, 64
egg-capsules, 124 eye, 182
;

;

radula, 220

Mesodesma, 454
Me^odon, 340, 44^

;

shell,

;

256

Musical sounds, 50
Mussels, cultivation

Memmj^hi.i; 340, 44O

jtoisonous,

117

;

of, 115
as bait, 116
on Great Eastern, 116
;

;

Mutda, 294, 328, 331, 336, 4^2
Mutyca, 425
Mya, 271, 275, 446, 456; stylet, 240;

M,-sodnilis, 377
Mffii, 4 .'3

Met Ida, 424

M.

Meyeria, 424

Miamira, 434
Microcystis, 323, 324, 327, 338,

Mormus, 356, 442

44O

arenaria, variation, 84

Myacea, 456
Myalina, 449

;
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Mycetoijus, 307, 316, 344, 45-2

egg-laying, 128

Myochavia, 458

285, 291 f., 324, 327
habitat, 12, 25

My odora,

458
Myophoria, 44^
Myopsidae, 389
Myrina, 44^
Myristica, 4^4
Mytilacea, 448
Mytilimeria, 458
Mytilops, 452

;

Nesiotis, 357,

Niso, 422
Nitiddla, 423

filaments,

gill

;

edulis, 14,

;

;

;

;

;

405

N'otopkix,

Nanina, 278, 300 f., 335, 440 radiila,
217, 232
Napaeus, 296-299, 316, 442
Naranio, 454
Narica, 41^
sense of
Nassa, 4^3 egg-capsules, 126
;

;

;

193
Nassodonta, 4'23
Nassop)sis, 332
smell,

spawn,
Natica, 246, 263, 411
operculum, 268
Naticopsis, 409
Native oysters, 106
Xausitora, 15
Nautiloidea, 393
Nautdus, 254, 392, 395 modified
nervous system,
140 eye, 183
radula, 236
kidneys, 242
Navicella,
324, 327,
267, 268,

126

;

;

Nudibranchiata, 432

Obellscus,

arms,

206

;

17

pro-

;

71

f.

;

504

stratigrajihical distri-

',

509

423

Octopodidae, hectocotylised arm, 137, 139,

140

108

Nectoteuthis,

Octojms,
vision,

Ocythoe,

389

379
184

384

504

Neobuccinum, 4^4
Neocydotus, 357, 358

Nmmenia,

8, 133, 216, 228, 404, 404;
breathing organs, 154
nei-vous system,

egg

;

-

capsules,

127

;

radula, 236
crop, 238
hectocotylus, 138
;

;

Ohola, 434
Oigopsidae, 390
Oldhamina, 506, 508
Oleacina, habits, 55
Olira, 199, 255, 275, 425,

203
Neothauma, 332

Olirella,

Neotremata, 511
Neptunea, 252, 262,

money, 97
Olivia, 4O8

426

OUvunriUaria, 426

capture, 193

433
;

egg-capsules,
monstrosity, 251
;

Nerinea, 417

260,

267,

426

;

0.

bip>ncata as

Omalaxis, 413

Omalonyx, habitat, 23
',

N.

pjolita

used as money,

97
Neritidae, 260,
Neritina, 256,

;

3S6

>

Nembrotim, 434

410

-

;

Odontomaria, 407
Odonfosfmnvs, 358, 442
Odostomia, 250, 4~3 parasitic, 78
Oesophagus, 237

Nematurella, 12, 297

Nerita, 17,

10

colours,

bution, 506, 508
Obolidae, 496, 504, 508
Obolns, 504, 508 ; embryonic shell,

Ocinebra,

410

Neda, 431

;

defined,

44^

Obolella, 496,

Navicula, 358, 4-^
Navicula (Diatom), cause of greening in

126

;

warning
breathing organs, 159
Xummulina, 295
XuttaUina, 403

and

tective

Obbina, 306, 311, 312, 314, 319

;

Neobolus,

;

Nuculina, 448

Obba, 311, 315, 441

;

oysters,

434
403

Novacidina, 305
Nucula, 254, 269, 273, 447
Nuculidae, otocyst, 197 foot, 201

;

'

origin,

Nodulus, 415
Notarchus, 431
Nothus, 358, 442
Notobranchaea, 438
Notodoris,

Naiadina, 449

;

operculum,

;

442

Niphonia, 408

'

Jluviatilis,

Zealanders, use of shells, 99
Nicida, 413
Ninella, 409

166,

NACELLA,

distribution,

New

449

258,

M.

;

;

N.

409 radula, 226
269
Nervous system, 201 f.
Neritopsis,

attached to
165
crabs, 48, 78
pierced by Purpura, 60
rate of
Bideford Bridge and, 117
growth, 258
stylet, 240
Myxostoma, 414

285

;

Xeritoma, 410

Mytilopsis, 14

Mytilus,

eye, 181

;

410 radula, 226
410; origin, 16,
;

17.

21;

Ommastrephes, 6, 378, 390
Ommatophores, 180, 187
Omphalotrojns, 306, 309, 316, 324, 327,
338, 414

INDEX
443

Onchidiella,

245

Onchidiidae,

234

radula,

;

anus,

;

241

527

Oyster-catchers, shells used by, 102
Oyster, cultivation, 104-109
living out
of water, 110
enemies, 110 f
reproduction, 112 f.
growth, 114 cookery,
;

;

Onchidiopsis, 4II

Onchidium,
187

breathing,

443;

163; eyes,

114
190

;

;

.

;

;

poisonous oysters,

114

;

vision,

Ondiidoris, radula, 230
Oiii.sria,

Pacha^odus, 329-335, 441, 442

420

Onnho, 415
Onychia, 390
Onychoteuthis, 390
Oocorys, 4^0
Oopelfa, 329,
Opcas, 442

Pachyhathron, 4'25
Pachychilus, 354
clul>,

;

Pachydesmch crussatelloides, money made
from, 97
Pachydomidae, 451
Pachydrooia, 307, 415

386

44O

Operculum, 267

f.

395

Ophidioceras, 247,
Ophileta, 413

Op is, 451
Oiiisthobranehiata,
defined,
9 ;
4~7 ;
warning, etc., colours, 71 f. ; generative
organs, 144 ; breathing organs, 158 ;
organs of touch, 178 ; parapodia, 199 ;

nervous system, 203
radula, 229
Opisthcpoms, 266, 300, 314-316, 414
;

Palio,

Orpiella,

27

;

342-358,
87

;

355,
jaw,

442
211

;

508
Orygoceras, 247
Osphradium, 194
Ostodes, 327
Ostracotheres, 62

;

habits,

;

radula,

stratigraphical distribu-

f.

449

;

intestine,

241

f.

Mollusca, 74

;

338, 414
OtoHtumus, 353, 442

Ovary, 135
Ovoviviparous genera, 123
Ovula, 419
protective coloration, 70, 75
radula, SO, 224
used as money, 97
;

;

Ovum, development

232

;

shell,

f.,

438

n.,

f.

44O

;

175

Pcmnacochlea, 322, 326, 44O
Parinarion, 309, 440
Parmdla, 326, 44O
Pa7'mophorns, 4O6
Parthena, 349-352, 350, 441
Parts of univalve shell, 262
bivalve, 269
Partida, 319-327, 326, 442 radula, 233
Paryphanta, 321, 325, 44O
;

OUpuma, 331,

of fertilised, 130

200
Oxynoe, 432; radula, 230
;

Paramenia, 404
Parasitic worms, 60
Parastarte, 451
Parkinsonia, 398

;

Otocysts, 196 f., 197
Ot I pic lira, 422

O.vychona, 358
Oxyijyrus, 422

Papuans, use of shells, 99
Papuina, 309, 319-324, 44I
Paramelania, 332

radula,

440

OtiK'oncIia, 326,

Paludomus, 332, 336, 338, 417
Panama, Mollusca of, 3
Panda, 322, 325, 335
Pandora, 458

Parmacella, 245, 291, 294

tion, 507,

Ostrea, 252, 258, 446,
Otina, IS, 439

;

—

Viviparct

;

505

270

;

505 stratigraphical distribution,
506, 507, 511
Orthocems, 394, 394
Orthonota, 457
Orthothetes,

sinus,

Paludina, 4IO
penis, 136 ; eye, 181
vision, 184 ; P. vivipara, 24
see also
f.

233, 234
Qrtliis,

and

Pcdlifera, 340, 44O
Palliobranchiata, 464

440

variation,

f.

434

Pallial line

Orphnus, 356, 44 JOrthalicus,

Palaearctic region, 284
Palaeoneilo, 44"^
Palaeosolen, 457

Palaina, 327, 413

Opisthostoma, 248, 309, 413
Oppelia, 399
Orhicida, 464
Orbiculoidea, 504, 510
Orders of Mollusca, 5-7
Organs of sense, 177
Origin of land Mollusca, 11
Ornithochiton, 403

Pachylahra, 4I6
Pachyotus, 334, 336, 355, 358, 44I
Pachyjjoma, 409
Pachystyla, 337, 440
Pachytyp)us, 451
Padollus, 407

foot,

Paryphostoma, 415
PassamaicUa, 332
Patella, 405, 464
as food, 56 f.
eye,
182 radula, 214, 215, 227 crop, 238;
anus, 241
kidneys, 242 shell, 262 P.
ruhjata, veliser, 132 breathing organs,
etc., 156, 157
;

;

;

;

;

;

;

;

Patelliform shell in various genera, 19
Paterina, 509, 510, 511
Patinella, radula, 227

;

;

;
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Pahda, 297, 298, 318-338, 340,
Paxillus, 413
Pearl oysters, 100
Peclen, 446, 450, 4^0 ; organs of touch,

Pholadidea, 457
Pholadomya, 459

178 ocelli, 191 flight, 192 nervous
system, 206 ; genital oritice, 242 ligament, 271
Pectinodunta, 405 ; radula, 227
Pectunculus, 44^
radula, 224
Pedicularia, 75, 41^
Pedinogyra, 319, 322, 44^2
Pedipes, 18, 199, 439, 439
;

;

;

;

\

Pedum, 430
;

;

;

;

333

Pellicula, 352, 442
Peltoceras, 399

;

PhtjUohranchus, 432
Phyllocems, 398, 398
Phylloteuthis,

suture, 396

;

;

;

;

Pinna, 449

Perideris, 328-330, 443
Periodicity in breeding, 129
Periojihthalmus, 187
Periostracuni, 275

Periploma, 459

399
4IS
Perisnolax, 4^4
Peristernia, 4^4
Perna, 449 ligament, 271
Pernostrea, 449
;

Peronaeus, 358, 44'^
Peronia, 443

;

254

shell,

Pirmoctopus, 385
Pinnotheres, 62
Pinoceras, 398
Pirena, 417

4I6
4^4
Pirula
see Pyrula
Pisania, 4^4
Pisidium, 453; smell, 195;
Pireneila,

4~5
4^0

Petenia, 353, 440

420

442

454

403

ova,

146;

P. ptisillum, distribution, 282
Pitys, 327
Placobranclins, 432
Placostylus, 322,
323-325,
radula, 233
;

= Distortio),

Petraeus, 295, 331,

—

P.
Placuna, 448
windows, 101
PlacunanOmia, 448

Perrieria, 319, 44"
Perrinia, 4OS

Phacellopleura,

;

Pirot>sis,

Perisphinctes,
Perissodonta,

Petricola,

;

390

aestivating out of water, 27
;
spinning threads, 29 ; sudden appearosphradiuni, 195
nervous
ance, 46
radula, 235
system, 205
P. hypnorum, 23, 27
Pdeolus, 410
Pileopsis, 76
Pdoceras, 394

Pineria, 44^

Petersia^

433

Phi/lUrrhoe, 360, 428,

436
Pereiraea, 418

(

fresh

Pinaxia, 423

Peraclis,

Persona

in

;

Phragmophora, 386
PhylUdiii, 434
breathing organs, 159

Pentadactylus, 4^3

Persicula,

457

447,

Physa, 439

Pelagic Mollusca, 360
development, 145
Pelecypotla, 7, 44^
generative organs, 145
branchiae, 166organs
of
touch,
178 ; eyes, 189 f.
169
foot. 201 ; nervous system, 205
Pella,

Pholas, 245, 274,
water, 15
Phos, 424
Photinula, 4O8

Placunopisis,

359,

442;

used

placenta,

for

448

Plagioptycha, 347-351, 441
Plagioptychus, 456
Planaxis, 417
Planisjjira, 311, 312, 319, 441
monstrosity, 93
Planorbis, 27, 247, 439
P. albus, distribution, 282
eye, 181
;

Phanerophthalmus, 430
Phaneta, 4O8
Phcmia, 312, 44I

;

Platyceras, 76,

41^

PIatyden- is, 434
Platypoda, 4II
Platyschisma, 413

Pharella, 457

Pharus, 457
Pharynx, 210

Plaxiphiyr'a,

Plecochihis,

Phasianella, 409
Phasis, 333

Phenomena

of distribution, 362
Philine, 245, 428, 430
protective coloration, 73
radula, 229, 230
;

;

PMlomycus, 245, 318, 44O

403
44^

Plecotrema, 439
Plectambonites, 505
Plectomya, 459
Plectopylis, 303, 305, 314, 316

;

aperture,

63

Philonexis, 138

Plectostylus, 358,

442

Pfuhpotamis, 304, 417
Phoenicobius, 315, 441

Plectotropis, 305,

306, 310, 311, 314-318,

Pholadacea, 457

Plectrcphorus, 298

441

^

INDEX
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389

Plenifi.'ifirrfr, 4.JI

Promachotcuthi.i,

Plesinlritnii,

Proneomen i(( 404

/,.'/)

431 jaw.s, 212
Plenrobranchoidea, 431
warning
Pleurobranchus, 245, 428, 4^1
radula, 230
coloration, 73
jaws, 212
Plenrocera, 340, ^27
Pleuruhrancliiicii,

;

;

;

;

Pleuroceridae, origin, 17
Pleumdontd 348 aperture, 63
Pleu/vlcura, 4^3
,

breathing organs,

;

Pkurotoma, 426,

slit, 263, 265
4:26
Pleurotomuria, 266, 373, 376,407,407;
slit, 156
prices given for recent, 122
;

;

;

Plkatula, 450
Pliny tlie elder, on use of

snails, 118,

120

;

poisonous

mussels, 117
radula, 230

434
434
Polyconites, 456
;

Polycerella,

Pulydontes, 346-351, 347, 441

Polygona, 42
Polygyru, 340, 345-353, 44I aperture, 63
PoiygynUia, 246, 263, 357, 442
Polymita, 346-351, 347, 44I
\

radula, 228
9, 40I f.
Polytmnaria, 266, 407
Pomafia, 285, 293, 295, 44I
Pomatias, 288, 289, 292 f., 302, 413
PomaUopsis, 415
Povuiulax, 409

Polyplacopliora,

;

Pomi)holyx, 250, 341, 439

Ponsonhya, 332

459 liranchiae, 168
Porphyrohophr, 27, 356, 44.2
Position of Mollusca in Animal Kingdom, 4
Potamides, 16, 4IG
Potamomya, 15
;

Pofaviopyrgiis, 325, 326,
Poterioceratidae, 394
Praecardiuni, 4^9

415

Prasina, 449
;

tvpes

of, 7

409

Prisiilomo, 341, 44O
Prohoscidella, 497, 504
Productidae, 497, 500, 504, 508
Prodiictns, 492, 501, 502, 504
graphical distribution, 508

VOL.

Ill

breathing

;

;

;

4^5

Pseudachatiua, 328-330, 443

452

350

Pseudo-deltidium, 498, 511
Pseudodon, 295, 307, 452
Pseudolamellibranchiata, 167, 449
Pseudoliva, 4^4
Pseudomelania, 417
PseudomUax, 296, 44O

Pseudomurex, 423
Psaxbdopartvlu, 323
Pse udosub ulina, 440
Pteuoglossa, 224, 4II
Pterinaea, 449
Pteroceras, 256, 262,
Pteroctopus, 384

Pterocydus,

4IS
300,

267,

266,

4I4

316,

:

tube, 157

Pferodonta, 4I8
Pteropoda, 7, 4'^4

breathing organs, 158
radula, 230
Pterotraclmea, 421; foot, 200; radula, 227
Ptychatractus, 4^4
Ptychoceras, 399
Ptyc/iixfrsma, 452

200

foot,

;

;

;

Piigiliiiii, 4 24
Puimonata, 10, 22, 151, 185, 4JS origin,
nervous
breathing organs, 160
17, 19
system, 203
;

;

;

Pulsellum, 444

Prices given for rare shells, 121
Primitive mollusc, form of, 245
Prisof/aster,

;

;

PseiitlohaJen,

Poisonous bite of Conus, 65
;

f-

in snails, 70
f.
in other MolNudibranchs, 71 f.
lusca, 74
Protegulum, 509
Protobrauchiata, 44'
branchiae, 166
Protoma, 417
Protreinata, 511

in

Psendcdniuiidla,

434

Pneumoderma, 158, 437, 438
PoecUozonites, 352, 440
114

404

9,

Psammobia, 456

Plochclaea, 425
Plutonia, 298, 440

PiYroniya,

J'roscrpiuellu, 354, 4IO
Proserpinidae, rehitionships, 21

Provocator, 376,

radula, 226

Polyccra,

;

,

Protective coloration, 69
;

;

;

organs, 154
Prosocoelus, 451

Pleuropyrgus, 357

Plocamo2)he)-us,

;

Pi-osobranchiata,

;

Pleuromya, 458
Pleurophorus, 451
PleurophyUidia, 433
159 radula, 230

oj'sters,

breathing organs, 154
nervous system, 203 radula, 229
Prophysaon, 341, 441 liabits, 44
Propilidium 405
Proserpina, 21, 355, 4IO
,

Punctum, 441
PunctureUa, 265, 4O6
Pupa, 289, 296, 325-357, 442
hybrid union, 129
Pupidae, radula, 233

;

PtqjUla, 44^
Pupillaea, 4O6
Ptipina, 157, 266, 309, 318-327, 414
PupineUa, 318, 414
erosion,
Ptirpvra, 4^3
oj)erculum, 269
276 P. coroniita, 367 lapillus, feeding
proon Mytiluf!, 60
on oysters. 111
;

;

strati-

P. cinerea,

;

:

;

;

;

2

M

'

BRACHIOPODA

MOLLUSCA

;;o

variation, 90
69
time of breeding,
129 ; distribution, 363 n.
Purpuroidea, 4^3
tective

coloration,

124

egg-capsules,

;

;

;

483, 4S7 ; distribution, 487 fossil, 492,
497, 499, 505 ; stratigraphical distribution, 506, 507, 508, 511
stratiRhynclionellidae, 4S7, 501, 505
graphical distribution, 507, 508, 511
;

;

Pusionella, 436

Pygocardia, 451

PJn/sotf, 67, 310, 314, 316, 319,

I'Uaope, 497

Rhytida, 319-326, 333, 359, 440
radula, 232
54

PyramkleUa, 432
Pyramidellidae, 262
Pyrazus, 50, 4^6
Pyrgina, 330
Pyrgida, 4^5
Pyrochilus, 44^
Pyrolofusiis, 423
Pijnda = Pirula), 419, 420
operculum, 269
Pythina, 453
(

RUlya, 442
Rimella, 4IS

Rimula, 265, 4O6
Ringicula, 430

;

spawn, 125

;

RohUhrrdia, 77

Rock-boriug
349

snails,

Rossia, 3S9
Rostellaria,
;

eggs,

49

4IS

Rudistae, 45f)

124

Rumina, 260, 442

442

Runcinu, 431

of Littorina,
20 ; of
Vycloj}horus, 21 ; of jDarasitic Mollusca,
;

;

398
44O

Salivary glands, 237
Sandford, on strength of Helix, 45
Sandwich islanders, use of shells, 99
Saiiguinnlaria, 456

f.

Sarepita, 44"^

Sannatirns, 409

Satsumn, 314, 316, 441
Saxicuva, 447, 457
Saxidonnis arata, money made from, 97

Rats devouring Mollusca, 57

414

Reduzia, 4II
Rectum, 241
Registoma, 414
Relationship of Mollusca to other groups, 5
RenssocUaria, 512
Reproductive activity of oyster, 112
system in Mollusca, 123, 134 f.

;

Requienia, 269, 455, 4.55
Respiration, 150 f.

Sccdaria, 247, 263, 4II
Scaldia, 452

;

radula, 224

Smlenostomo 422
,

Smliola, 415
Sccqjhauder, 428, 429, 430
gizzard,

;

radula,

231

;

238

Sea ph iff a, 399, 399
breatliing
Scaphopoda, 444 defined, 6
organs,
160 ; nervous system, 205
radula, 236
',

;

;

Saiphida, 14, 305, 448
Scarohus, 18, 278, 439, 439
Scharft", R., on food of slugs, 31
tective coloration in slugs, 70
SchasicheMa, 347, 351, 354, 4IO
Schismojje, 266, 407
ScMzochiton, 187, 402, 403
Schizodus, 44s
Schizoglossa, 325, 440

Retzia, 508
Revoilia, 331,

4^4
Rcymondia, 332
Rhfdidoccms, 398
Rhugada, 311, 324
Rhenea, 325, 44O
Rhinoholus, 504
Rhiostoma, 247, 266, 309, 414
Rhipidoglossa, 225, 405
R/iizochdus, 75, 423
Rhodea, 356, 441
Rhodina, 307, 310, 442
Rhynchonella, 466, 470, 471,

73

Sagda, 348-351, 44I
Salasiella, 353,

Range of distriljution, 362
Rangia, 15, 453
Ranularia, 420
Rapa, 423
Rapidia, 423
Raplunilus, 305, 309
Rathouisia, 316, 440

i)rotective coloration,

Sabatia, 430
Sactdceras, 394
.Sageceras,

79
Rueta, 434
Rnnella, 256, 420

Realia, 316, 327,

414

RocJu'bninia, 331.

RadioUtes, 4^6

f.

radula, 230

;

413
Rissoa, 415
Rissoina, 415
Pdsella,

Rolleia,

Rachiglossa, 220, 422

Radius, 419
Radsia, 403
Radula, 213

habits,

;

QUEXSTEDTIA, 4o6
Quoyia, 260, ^17

Bac/iis, 329-335, 441,

44O
;

Schizoplax, 403
Schizostoma, 413
Schloenhacia, 398

472, 474,

Scintilla, 175,

453

;

on pro-

INDEX
407

Scissiirella, 265,

radula, 226

;

531

424

Siiii.-itiv.lia,

Scrobimdaria, 15, 164, .^JJ
Sculptaria, 333
Scurria, 405
Scutalus, 356, 44'3
Scutellastra, 4O0
Scutus, 245, 406, 4OG
jaws, 212
Sci/llaca, 433

siphons,

;

249

Sinistral shells,

SclerochitoH, ^(A?

164

Siausigera, 133
Sipho, 424

Selenitidae, radula, 231

Siphoned ia, 424
Siphonaria, 18, 431
classification, 19
breathing organs, 151, 152
Siphonarioidea, 431
Siphonodentalium, 444
Siphonostoniata, 156
Siphonotreta, 493, 496, 504
stratigiaphical distribution, 507, 508

Selenachlamys, 296

SiiDhons,

;

;

stoniacli,

;

239

Scymentina, 320
Selenites, 339, 341,

Self-fertilisation,
Seinele,

44O

;

42-44

420

of
Semper, K., ou habits of Limncea, 34
on niiiuicry, 67
Helicarion, 45, 67
on parasitic Eulima, 79 on developon sexual
ment of Limnnea, 84, 94
maturity in snails, 129 ; ou Uachidium,
187
egg capsules,
S€])k(, 381, 385-387, 5.9,9
glands, 136; jaws, 214; radula,
127
ink-sac,
alimentary canal, 238
236
241 hectocotyius, 389
Sepiadarium, 389
;

;

;

-

;

;

;

;

;

;

;

389
389 glands, 136 radula, 236
Sepioloidea, 389
Sepiophora, 388
Sepioteuthis, 390
hectocotyius, 139
Septaria, 337, 338, 4IO
Septihrauchiata, 145, 167,459; branchiae,
Sejnella,

Sepiola,

;

;

;

166
Septifer, 274,

440

244

bivalve,

f.

;

;

Sistrum, 75, 423; radula of S. spectrum,
79 222
Sitaia, 301, 304, 310, 314-319, 333, 44O
Skargard, MoUusca of the, 13

4I0
Skenidium, 505, 508
Skeneei,

Gasteropoda, 265, 406
habits and food of, 30 f. ; bite
hand of captor, 33 in bee-hives, 36
in greenhouses, 36
protective coloration, 70 ; eaten in England, 120
Smeiragdia, 21
Smeiragdinella, 430
Smell, sense of, 192
Smith, W. Anderson, quoted, 98, 111,
Slit, in

Slugs,

;

;

;

114, 191
Snails as barometers, 50
plants fertilised
by, 102 ; cultivation for food, 118 C.
;

;

used for cream, 119 as medicine, 120
banned by the Church, 121
Solariellei, 4O8 ; radula, 225
radula, 224
Solarium, 264, 412, 413
;

;

442

Sok'eurtu.s, 165, 4-57

Solen, 171, 446, 4.57
Solenuia, 452

;

vision,

190 habits, 45
;

448
450

Solenomyei, 275,

174

internal,

;

shape of

Solenotellina.,

Solomon

Shell-gland, primitive, 132
as ornament, etc.,
Shells as money, 96 f.
98 f. ; various uses of, 98 f. prices given
;

;

sinistral, 249
121
Shores of N. Asia, no littoral fauna, 2
Showers of shells, 47
foot, 198
Si(iaretus, 186, 245, 267, 4II
Sight, 180
Silenia, 459 ; branchiae, 168
;

islanders, use of shells, 98

Somatogyrus, 415
Sophina, 305
Spallanzani, experiments ou
Spat, fall of, 113
Speitlm, 294, 331, 336,
Spekiet,

llelix,

163

452

333

Sperniatophore, in Cephalojjoda, 137
Helix, 142
Spermatozoa, forms of, 136

;

Silia,

burrowing genera, 165

;

445

for rare,

in

;

Solanp.sis, 343, 353-357,

Sequenzia, 4~0
Sergius Grata, 104
Serrifusus, 4~4
Sesa'ra, 305, 440
Sex, differences of, 133
Shell,

173

branchial, 155

4oS

Semicassis,

;

;

in

Sphaerium, 453

425

Siliqim, 274, 40^
Siliquaria, 248, 413

Sphenia, 456
Sphenodiscus, 398

Simnia, 419

Sphyradium, 442

Simpulopsis, 345, 350, 442

Spines, use
Spiraculuin

Simpuhim, 420
on recent forms of Helix, 22
on crawling of
on food of slugs, 31
llelix, 45
Singular habitat, 48
Simrotli,

;

;

of,
,

64

266,

Spiraxis,

442

Spirialis,

249

414

stratigrajihical
Spirifera, 468, 501, 505
distribution, 507, 508, 511, 512
;

BRACHIOPODA

MOLLUSCA

532

Spiriferidae, 501, 505, 508
stratigrajihical

Spirt feri)ia,

from, 101
distribution,

stomach,

;

:

Spiroirojns, 42G
radula, 218, 219
Spirula, 247, 386, 387, 388
Spirulirostra, 380, 386, 3S8
;

Spondyliiim, 500
Spondylus, 257, 446, 450,
g-eiiital orifice, 242
191

450;

ocelli,

437

Spiniiiixhniiii-haea,

403

Spiiiiijiiicli itiiii
,

453

Stropheodoniu, 497, 505, 508
Strophia, 343-355, 442
S. nana, 278
StrophochUus, 358, 441
StrojjhomeiKi, 499,
505; stratigrapliical
distribution, 507, 508
Strophomenidae, 500, 505, 508
Stro2)hostoma, 248, 414
Structure of shell, 252
radula, 216
Struthiolaria, 99, 4IS
;

Starfish eat oysters,

110

C, ou

Stearns, R. E.
Stegodera, 306

Styliola,

tenacity of

life,

;

;

;

34 smell, 194 Goodallii, 279
octona, sudden appearance, 47
;

;

437

Stylodonta, 339, 44I

38

Stenochisma, 505
stratigrapliical distribution, 507, 508
Stenogijm, 324, 443
S. decollata, 279

;

Steuogyridae, radula, 234

440 habits, 45
Stenothyra, 415
Stenotis, 4I6
Steiwinis,

;

Stenotrema, 340, 44-1
Stephanoceras, 399
Stepsdnoda, 358
Stilifer, 76, 77, 79, 4^^^

Stiliferina, 76, 4'22

Stylommatophora, 11, 181,45''
Snbcmarg inula, 4O6
Submytilacea, 451

Subulites,

19

420
;

;

;

Sulphuric acid, 237
Surcula, 426
Sycotypus, 424
Synaptocochlea, 4O8

453

432

Syndiisimia,

76

Syrln'jui'lnirls,

389

origin,

Succinea, 325, 327, 358, 443 jaw, 211
.S. putris, parasite of, 61
Succineidae, 443
radula, 234
Sudden appearance of Mollusca, 46
Snessia, stratigraphical distribution, 507

Stilina,

Stonstmna, 348-851, 4IO

;

Subularia, 422
Subulina, 332, 352, 443

Stiliger,

Stoloieuthis,

distri-

;

;

food,

metapodium, 199

Strophnlosia, 504
stratigrajihical
bution, 507, 508

507, 508
Spirobrancliiata, 464

Sportella,

;

239

500, 508

Syr aula, 433

333
357

Syrnolo2)sis, 332,

Stomach, 239

Systropihia, 356,

4O8
Stoma tia, 4O8

TAC HEA,

Stomntixhm, 302, 417

Taenioglossa, 223, 4II

Stomatella,

Slrebelia, 353,

44O

Taheltia,

Strength of Helix, 45
Strephohasis,

417

Strepsidura, 4^4
Streptaulus, 414
Streptaxis, 302, 306, 309, 314-331, 343,
357-359, 440 variation, 87
Streptoneura, 203, 404
Slreptosiphon, 4^4
Streptostelc, 329, 338, 44O
Streptostyla, 343-355, 353, 44O
Stricklandia, 505
stratigraphical distribution, 507, 508
StrigateUa, 425
Stringocephalidae, 506, 508
String ocepludm, 492, 497, 498, 500, 501,
506 stratigraphical distribution, 507,
;

;

;

508
Strobilojjs,

415

Tanga7iyicia, 332,

Tanganyika, L., fauna
Tanysiphon, 454
Taonius, 391, 391

of,

Tapes, 454
Taste, 179
Tebennopihorus, 143, 340,
Tectarius, 413
Tectibranchiata, 10, 439
Tectura, 305,
Tectits,

12

440

405

4O8

Teeth in aperture of the
Teinostovut, 247,

shell,

63

408

407

Tdescopium, 252, 4I6

345-353

44^

penis, 136
Strombidae, habits, 64
Strombina, 423
Strombus, 69 200, 252, 4I8; mimicking
Conus, 69
oiaerculum, 78, 269 ; pearls
;

;

414

Talon a, 457
Tanalia, 304, 417
Tancredia, 453

Teinotis,

Strnhila, 340,

441

Tellina, 446, 453,
tion, 84

Tellinacea,

453

453

Telotremata, 511
Tenacity of life, 37

;

T. balthica, varia-

INDEX
Woods, ou red blood, 171
on
189
Tenneut, Sir J. E., on musical sounds
produced by Mollusca, 50
Tennentia, 304, 314, 338,440
Terehclhim, /flS jumping powers, 64
Tm-hnt, 246, 263,426, JfiG radula, 219
Terdnuitdla, 4C8, 487
distribution, 486
fossil,
stratigraphical distribu500
tion, 508
Terchratida, 467, 468, 487
size, 484
distribution, 485, 486
fossil, 492, 499,
506 stratigraphical distribution, 506,
507, 508
Terebratulidae, 487 fossil, 500, 505, 506
stratigraphical distribution, 507, 508
Teiiison-

;

shell-eyes,

;

\

;

;

;

;

;

;

;

;

;

TerebruluUna,

466,
479,
487 ;
distribution, 486 ; fossil,
stratigraphical distribution, 508

482

larva,
506'

:

;

;

form

of shell, 510
Teredina, 4o7
26'2,

Teredo,

206

;

Teryipes,^

Testacella,

51

f.

186

;

nervous system,

;

241

432
4-->0
;

;

anus, 241
muscles, 476
4S7
fossil, 497, 504
external characters,
497
internal characters, 499
attachment of muscles, 501
sti-atigraphical

radula, 231
Testicardines, 466,

;

;

;

;

;

;

;

508

distribution,

135

Tori Ilia,

4II
413; radula,

224; operculum,

269
Tornatellina, 278, 319, 323-327, 338, 358,

443
Tornatina, 250, 430
Torquilla, 442
Toucasia, 455
Touch, sense of, 177

Toxoglossa, 218, 426
Trachia, 314
Trachyceras, 397

389

Trachyteuikis,
Tralia, 439

Transorula, 419
Trematis, 492, 493, 504
stratigraphical
distribution, 507, 508
Trematonotus, 407
Tremoctopus, 384
radula, 236
hectoj

;

cotylus, 137

Trevelyana, 434
Trichia, 316
Trichotrojns, 275, 4II
Tricula, 302

4I6

;

radula, 224

397

15, 254, 269, 448; jumping
powers, 65 ; distribution, 370
Trigonochlamys, 296, 440

Trigonia,

f.

Thdassia, 319

40s

Thapsia, 329

Thaumasia, 349, 443
Thaumastus, 356, 44^
Thecacern, 434
radula, 229
Thecidiidae, ^57
fossil, 501, 506, 508
TheeuUinn, 475, 479, 480, 483, 487; fossil,
;

;

5116, 508
Thecosomata, 435
Thelidonms, 346-351, 350, 441

Theora, 453
Therasia, 4^1

Trigo7iostoma, 426
Trimerella, 495, .504, 508, 511
Trimerellidae, 493, 494, 496, 504
graphical distribution, 507, 508
Trinaeria, 448
Triodojjsis, 340,

;

strati-

44I

Triopa,

434
Triopella, 434
I'riopha, 434
Tritaxeopus, 385
Triton, 256, 275, 420 ; jaws, 212
Triton ia, 433
protective coloration, 71
Tritonidea, 424
;

Thersites (Helicidae), 322, 325
Thersites (Fasciolariidae), 424

454

Trivia,

419

Trochidae, egg-capsules, 125

Thracia, 245, 459
Thread-spinning, 29
Thridachia, 432
Thyca, 76, 79
Thyrophorella, 330, 44O
Thysanoteuthis, 390

Tiedemannia,

;

Torellla,

Trigonellites,

Tetrabranchiata, 391
Thfda, 425

Thetis,

Tonkella, 403
Tonieia, 403
eyes, 188

Triforis,

432

Thidiiiiii,

Tomocycliis, 354
Tomostele, 330, 440

Tridacna, 273, 455

Tethyidae, 216
Tethijs,

Todarodes, 300
Tomichia, 414
Tomigerus, 334, 356, 358, 442

;

440 habits, etc., 49,
pulmonary orifice, 160
eyes,
22, 52,

;

Testis,

Titicaca, L., Mollusca of, 25

Trachydermon, 403

4^8

457,

intestine,

Teiriuem ia,

533

veliger.

Tiplwbia, 332, 333,

132

417

Trochiscus,

4O8

Trochita, 248, 412
Trochoceras, 395
Trocholites,

395

Trocfwmoipha, 306, 321, 324, 327, 333,

Ul
Trochonanina, 331, 440
Trochosphere, 5, 130

MOLLUSCA

534
Troclioiomi 266, 407
Trochus, 263, 40 S ; eye,

BRACHIOPODA

,

182; stomach,

239
Trophon, 423
Tropical beach, Mollusca of
Troj) idoph ora, 4^4

a,

Varicella, 346, 348
Velalea, 260, 4IO
Vellfcra, 353, 44O
Veliger stage, 131
form, 133

3

397
4"4
Truncaria, 433
Tropites,

Velum, 131

Troschelia,

Velutina, 275, 4II
Veneracea, 454

Truncatella, 260,

414

mistaken for perfect

;

453

Velorita, 302,

Venericardia, 451

Tryblidium, 405

Venerupiis,

Trypanostoma, 340

Veniella,

Tryi^ho of Lanijisacus, prayer against snails,

Venilicardia, 451
Venus, 270, 271, 446,
97, 374

121

Tubed

operculates,

157,

266,

300,

307,

454

451

4^4

Tudora, 291, 349, 351, 414
Tugonia, 4^6
Tidotoma, 340, 4IG

Veronicella,

Turhinella, 100, 262, 264, 424, 4:24

Vex ilia, 423

Turbo, 409
eye, 182 ; osphradium, 195
operculum, 268
Turhonilla, 250, 332, 4"2

Vibex,

',

U. vierccnaria,

4O8
TiiiTicula, 425

Vertigo, 327, 44'^

;

Turrilites, 399,
Turritella, 252,

175

399
417; radula, 215, 224

arctica,

22,

;

24

296 f., 332, 440
jumping jjowers, 65

440

ViviiMra, 324, 343, 4I6
of water, effect

Volume

in

producing

variation, 94

Typhis, 4~23

Voluta, 267, 425, 4^5 spawn, 125
distriljution,
217, 221
370
given for rare, 122
Volutaxis, 348
;

Ultra-dextral
Umhonella, 409
Umbonium, 409

shells,

;

250

;

radula, 217, 230
stratigraphical distribution,

Umbrella, 10, 431

;

507, 508

Underground snails, 48
Ungidina, 452
Unicardium, 452
Unio, 452
shell, 254, 259, 273, 341
;

variation,

shell,

4O8

Vitrinozonites, 340,
Vitularia, 4^3

Tylopoma, 4I6
Tympanotonus, 4IG
Tyndaria, 447

Union

;

radula, 217

Vitrinella,

459

505

hardy

;

;

Vitriniconus, 314, 440
Vitrinoidea, 314, 440

Tylodina, 431

Uncites,

287

289

habits,

radula, 221

T'.

;

4i7

Vitrella,

Vitrina,

Turcica,

;

443
458

Verticordia,

;

Tyleria,

454

Vcrania, 391
Vermetus, 2i7, 4IS; radula, 223

309
Tudicla,

radula, 223

;

425
4^5 radula, 222
4^5 ; radula, 221
Vnhifnjms, 423
Vnlrnri<i,, 429
VolvuteUa, 430

Volntolithes,

;

Vnlruht, 4311

92

of Liinax, 128

Unionidae, origin of, 15
57 larvae, 146
Urocyclus, 331, 440
Urosalpinx, 423

Vidsella, 75, 446,

eaten

;

by

449

rats,

Waldheimia,

;

487

;

size,

464, 467, 468, 473,

484

;

distribution,

Wampum,

Vagixula, 245, 319, 343, 352, 44S
Vaginulidae, radula, 234
anus, 241
;

456
Vallonia, 441
Valletia,

;

branchia, 159

Valves of Cliitonidae, 401
Vanganella, 454
Variation, 82 f.

486

;

474,
fossil,

500, 501, 502, 506, 508

Walton and mussel

430
Uvanilla, 409
Utricidus,

Valvata, 133, 4I6

prices

Volutharpa, 267, 424
Volutolyria,
Volutomitra,

;

radula,

;

;

f.

cultivation,

115

97
Warner, K., quoted, 37
W^arning coloration, 71 f.
West Coast, South America, melanism of
shells occurring on, 85
Whelks, use of, 118
Whitncya, 424
Whitstable, oyster-parks at, 106, 112
Willem, v., on vision of Mollusca, 185
Wollaston, T. V., quoted, 32

INDEX
Wood, Rev.
oj'sters,

Woodia,

J.

G.,

on

starfisli

eating

111

535

Yetus, 4^5
Y(jldia,

447

1

genital orifice,

242

4'51

Woodward,

S. P.,

on tenacity of

life,

38

Dr., on the same, 38
Wotton, F. W., on egg-laying of Arion,

Wright, Bryce, on tenacity of

life,

;

42

38

Zagrabica, 297
Zchrinn, 285, 296,
Zeidora, 4O6
Zidoiia,

Zittdia,

442

435
420

Xexophora, 413 habits, 64
Xenopoma, 346, 351
Xerophila, 285, 296, 441
Xesta, 310, 319, 321, 44O
mimicry by,

Zones of depth, 361

66 f.
Xylophaga, 4-57

Zygobranchiata, 154, 4OG

;

;

END OF
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Zonites, 275, 44O ; food, 33 ; radula,
distribution, 294, 296, 340

Zospcum, 187, 44^
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Although
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avoid copying figures which

published, a special feature of the
illustrations
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possible,

have previously been

work will be
drawn from

Chapters on geographical distribution
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illustrated

by maps.

will in

that the
nature.

many

cases

—
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be arranged approximately

contributions will

according to the following plan
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(Professor
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Geology,
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in the
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F.R.S.,
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Vol. IX.
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