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OBSERVATIONS ON THE LIFE HISTORY AND
FUNCTIONAL MORPHOLOGY OF CERITHIOPSIS

TUBERCULARIS (MONTAGU) AND
TRIPHORA PERVERSA (L.)

By Vera Fretter
Department of Zoology, Birkbeck College, University of London
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INTRODUCTION

Cerithiopsis tubercularis occurs along the west and south-west coasts of the
British Isles. It may be collected from intertidal coralline pools, especially
those in which ample sponge growth occurs, or from the sheltered sponge-
covered slopes and crevices of rocks, and under boulders, in the lower third of
the intertidal zone. It is also dredged in Plymouth Sound and outside where,
again, it is associated with sponges. Triphora perversa is found in a somewhat
similar habitat; inshore, however, Triphora is confined to rock crevices and
slopes within, or immediately above, the laminarian zone.' In their internal
anatomy these two prosobranchs have many points of resemblance, and they
are placed in consecutive families of the order Mesogastropoda (Thiele, 1929).
Both are of approximately the same size, the pointed tuberculate shell attaining
a height of8 mm. in Triphora, and 7'S mm. in Cerithiopsis, The former, how-
ever, is sinistrally coiled, the latter dextrally: the organs of the mantle cavity
of Triphora and also the nervous system are, in their arrangement, mirror
images of those of the dextrally coiled Cerithiopsis. Their anatomy is little
known: Fischer (1887) gives a drawing of the radula of Triphora, though this
is incomplete, and more recently Risbec (1943) gives a brief description of
some points in the gross anatomy of the proboscis, oesophagus and nervous
system of Triforis (= Triphora) montrouzieri. Pelseneer (1926) describes the
eggs and newly hatched larvae of T. perversa from the coast of Brittany, and
Lebour (1933) describes and figures the external features of these larvae as
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well as those of two species of Cerithiopsis-C. tubercularis and C. barleei. She
is also the first to describe the egg masses of C. barleei(1933) and C. tubercularis
(1936), which are embedded in the tissues of the sponges Piculinaficus and
Hymeniacidon sanguinea resp~ctively.

CERITHIOPSIS TUBERCULARIS (MONTAGU)

Cerithiopsistubercularisrests on the surface of sponges; adhering by means of
the copious supply of mucus from the foot, or buried in their superficial
tissues so that only half the length of the shell, or even less, is visible. The
animalsare reluctant to feed in captivity, and it is probably for this reason that
the feeding mechanism has not been observed, and the correlated structures
described. Specimenscollectedinshore from the south coast of Cornwall show
a preferencefor Hymeniacidonsanguinea,and during the latespringand summer
months, which is the breeding season,a number of mature individuals may be
found on a singlecluster of the sponge; in earlyAugust as many as twenty have
been collected from 12 sq. in. of Hymeniacidon.The molluscs feed on the
tissues of this sponge as wellas laying their eggstherein, and they suck up the
tissues through a comparativelylong proboscis. The feeding mechanism, how-
ever, may be difficult to see. On the few occasionswhen it has been observed
the proboscis has been thrust out of sight through an osculum or into the
irregularities of the broken surface of the sponge.

A number of young, immature specimens, averaging 1'25 mm. long, have
been found on the shells of Chlamysopercularisin dredgings from the Rame-
Eddystone Ground. These were collected in early January, presumably
developed from summer spawn. In the same dredgings mature individuals
5'5 mm.long were obtained, though not on the bivalves, nor would they, like
the youngerones, exploitthese shellsfor their food whengiventhe opportunity.
The young will collect diatoms and detritus from the narrow crevicesof the
shellsby means of the proboscis,and if separated from the bivalvewill quickly
return to it. Although the adult shows a special liking for sponges it will
perhaps take other food, for Lebour (1933) states that 'adults were kept for
a month in plunger jars and lived quite happily without the sponges,probably
feeding on debris or small algae'.

The foot, by which the mollusc keeps a firm hold whilst feeding and when
washed by the waves of the ebbing or flowingtide, is truncated in front and
tapers to a blunt point posteriorly. It is capable of considerable and rapid
distention, and frequently a temporary transverse groove demarcates the
anterior half, which is rectangular in shape and contains the opaque white
tissues of the anterior pedal mucous gland, from the triangular posterior half
with the posterior pedal gland and the operculum. The anterior gland opens
by a transverse slit alongthe anterior margin of the foot and comprisesnot only
mucous glands, but a second type of cell with discrete spherules of a different
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type of protein filling the cytoplasm. The sole of the foot is covered by a ciliated
columnar epithelium with numerous mucous cells and between the ciliated
cells run ducts from sub-epithelial mucous glands. The posterior pedal gland,
as in other prosobranchs of small size (Fretter, 1948), is too big to be accom-
modated wholly in the tissues of the foot and spreads into the haemocoel of
the head where it lies anterior to, and alongside, the nerve ring. Its opening
is near the middle of the sole, just within the posterior half, appearing s~me-
times in the form of a longitudinal slit, sometimes as a deep pit, and from it
a transient, median, longitudinal groove conveys the secretion, augmented
by mucus from the surface of the sole, to the posterior tip of the foot. This
fluid may be used as a viscid climbing rope which allows the animal to lower
itself from its inverted swimming position on the surface film of water in a rock
pool, or it may be used to secure the animal on a wave-swept rock. The opening
of the posterior gland leads dorsally into a ciliated duct which resembles
histologically the surface of the sole, and as the duct passes inwards it bifur-
cates, branching to each side of the head. Each lateral branch receives two
diverticula lined. by tall mucous cells; no sub-epithelial glands occur.

The head bears a pair of long, linear tentacles, beset, especially around the
distal half, with bristle-like motionless cilia, and as.the animal moves along the
tentacles are waved as though sensing the pathway. In the base of each is
embedded an eye, surrounded by connective tissue and separated from the
columnar epithelium by a sparse layer of muscles. No snout is developed, nor
a mentum: from the anterior pedal mucous gland the dorsal surface of the
foot curves upwards and backwards to the head which is concave in the
transverse plane between the eyes, and in the centre Qf the concavity lies a
small inconspicuous opening. This is the opening of the introvert (Fig. lA, 0)
at the base of which the mouth (M) is placed.

The introvert is lined by columnar epithelium, slightly cuticularized and
rich in mucous cells. Immediately beneath the epithelium is an intrinsic
musculature of circular fibres and beneath this lie muscles which form part of
the mechanism for the retraction of the proboscis. The retractors run parallel
to the length of the introvert and buccal cavity from which they arise, and
posteriorly they converge to form a compact, closely knit sheet (Fig. 1 A-C, R),
which lies ventral to the oesophagus, alongside the columellar muscle, and so
passes up the spiral of the shell to be inserted on the columella itself. Other
muscles run from the gut wall directly on to the body wall, passing-through the
nerve ring when the proboscis is retracted. Of these many from the anterior
wall of the introvert to the wall of the head are short (Fig. 1 A, D) and act as
dilators, and of the longer ones three bundles are particularly conspicuous
(PR)-from the head they traverse the whole length of the introvert and buccal
cavity to their insertion on the wall of the anterior oesophagus, and will help
in the extension of the proboscis, though this is chiefly brought about by pres-
sure on the blood in the haemocoel exerted by the musculature of the body wall.
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When the proboscis is fully everted the mouth (M)is carried to its tip and
just within the buccal cavity a paj.rof horn-coloured jaws (J) may be visible
dorsally and the tip of the odontophore (OD)ventrally. The jaws are close
together, one on either side of the mid-dorsal line, and each is composed of
forty or so long spikes packed tightly to form a semicircular pad. Each spike
is secreted by a single epithelial cell and has an irregularly blunted tip. When
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Fig. I. Cerithiopsis tubercularis. A, anterior part of alimentary canal. x 40. B, transverse section
at level indicated. x 240. C, transverse section at level indicated. x 170. AO,anterior limit
of anterior oesophagus; BG,buccal ganglion; cc, ciliated channel; D, dilator muscles; DS,
radular sac; GD, glandular diverticulum of oesophagus; GM, glandular wall of mid-
oesophagus; GMS,second type of gland cell of mid-oesophagus; I, introvert; J, right jaw;
LBG,left buccal ganglion; LL, left longitudinal fold; LS, left salivary gland; LSD, duct of

. left salivary gland; M, position of mouth; 0, opening of introvert; OD, odontophore;
ORS,opening of right salivary duct into buccal cavity; PR, protractor muscles of proboscis;
R, retractor muscles of proboscis; RL, right longitudinal fold; RS, right salivary gland;
RSD,duct of right salivary gland.

the mollusc is feeding, with the proboscis thrust through an osculum to get at
the softer tissues of the sponge, the jaws loosen the tissues which are then
raked up into the buccal cavity by the numerous fine radular teeth. The
long median teeth of the radula (Fig. 2, M)are spoon-shaped with the free edge
produced into a few long spike-like cusps; the teeth lateral to these bear more
numerous and shorter cusps (L). The action of both jaws and radula is lubri-
cated by the copious saliva from the salivary glands (Fig. I A, RS,LS) which
open one behind each jaw (Olis).
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now opens, is stripped off the remainder of the oesophagus from the anterior
end backwards, then the conditions which obtain in Triphora perversa have
been accurately reproduced-the oesophageal tube representing the dorsal
food channel, the median glandular duct the oesophageal gland which has
fused along its length with the proximal end of the salivary duct so that
this opens into its posterior part, the line of fusion being represented by a
longitudinal strip of mucous cells.

This interpretation of the oesophagus of Triphora does not account for the
presence' of a posterior dorsal gland which is constricted from the oesophagus
not far from its junction with the stomach. The gland may represent a novel
structure. That the oesophagus of the gastropod does give rise to such new
parts is evident in the Buccinacea, the only family of the Stenoglossa with
a dorsal caecum on the posterior oesophagus. The gland in Triphora agrees
with this caecum in position, in the deep folding of its walls, and in possessing
a number of goblet cells; but it differs from it in having an epithelium which,
except for mucous cells, is histologically distinct from any other in the oeso-
phagus. Brock (1936) suggests that the caecum in Buccinum undatum is merely
an enlargement of the oesophagus to provide extra accommodation, and food
with digestive enzymes enter it from the oesophagus; in Triphora there is no
evidence that food is taken into the gland.

An open pallial genital duct in both sexes is known to occur in.a number of
families of the mesogastropods (Johansson, 1947) and is associated with the
absence of a penis. It was described in Turritella communis (Fretter, 1946),
a ciliary feeder living in a muddy situation, and was thought to be associated
with the precautions which prevent excessive sediment entering the mantle
cavity. To account for the open duct in such forms as Bittium reticulatum,
Scala communis (= Clathrus clathrus) (Johansson, 1947), Cerithiopsis tubercularis
and Triphora perversa seems perhaps at first sight more difficult; it is undoubtedly
secondary and presumably advantageous.

It is well known that the mantle cavity of gastropods has to subserve a variety
of functions mainly effected by a stream of water through it. , In gastropods
with a helicoid spiral shell the shape of this cavity varies considerably and is
reflected in the form of the shell. This may be a close spiral with a small
apica1.angle (e.g. Cerithiopsis and Triphora) or a rapidly expanding spiral with
a large apical angle (e.g. Lamellaria); in the former case the mantle cavity is
narrow and deep, in the latter broad and comparatively shallow. In the second
group of gastropods the swelling of the pallial oviduct in the female, which
occurs during the breeding season, and the presence of the penis in the male
with its insertion into the pallial oviduct during copulation, would not interfere
with the efficient functioning of the mantle cavity-in fact in viviparous forms
like Littorina saxatilis there is sufficient space for the pallial oviduct to form
a brood pouch accommodating a large number of embryOl). The deep mantle
cavity of Turritella, Bittium, Cerithiopsis, Triphora and Clathrus, which contains

,



584 V, FRETTER

a large gill following the course of the tight spiral of the shell, may have reached
the minimal breadth for maintaining a proper ventilation of the whole cavity,
and should it be still further restricted by the presence of a penis or a swelling
genital duct its breadth might be brought below the limit for efficiency.
Perhaps it is for this reason that the penis is lost and the sperm transferred to
the female by a method involving an open pallial duct; moreover, in these
molluscs the duct is long and thin without sub-epithelial gland cells. To test
this hypothesis the examination of the shells of a series of mesogastropods was
made.

The general appearance of a helicoid spiral shell depends upon'(i) the angle
of the equiangular spiral ()(, and (ii) the angle f3which a tangent to the whorls
makes with the axis of the shell-the half apical angle (Thompson, 1942).

TABLEI

Species with an open pallial
genital duct in both sexes

Turritella communis
Bittium reticulatum
Cerithiopsis tubercularis
Triphora perversa
Clathrus clathrus

No. examined Average value for f3
10 8'5°
5 5'25°
6 3'25°
5 5'5°
8 7'5°

Species with a closed pallial
genital duct in both sexes

Littorina littorea
Littorina .saxatilis
Rissoa parva
Natica poliana

12
12

8
6

40'6°
39'0°
16'0°
47'3°

These two values may change with age. A mean low value for the half apical
angle f3 indicates a tall spire which, with tightly packed whorls, would have
a high value for the spiral angle ()(, as in Tenebra triseriata where the spiral
angle is 89'2° (Moore, 1936); on a flattened shell it would be impossible to
pack the whorls so tightly. A flattened spire has a high value of f3,e,g. Velutina,
Lamellaria and Plano;bis, the extreme case being in the pulmonate with a half
apical angle of 90°; the two members of the Lamellariidae have a lower value of ()(,

for their shells are rapidly expanding spirals. The differencein the magnitude
of the spiral angle of such diverse shells as Turritellaand Natica may only be
2° (Thompson, 1942), and since such a very small change in ()( may be associated
with such disparity in shape it is clear that it is upon the angle f3 that the
difference in their form mainly depends. Consequently, f3is taken as the value
of importance in the present consideration, and has been measured as the angle
between the tangent to the last two whorls of the shell of mature individuals
and the axis of the shell. The last two whorls were selected as they enclose the
mantle cavity (Table I). -

In all the British mesogastropods in which an open genital duct has been
described in both sexes and there is no penis, f3does not on the average exceed
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8'5°, and in these species the mouth of the shell is small, about one-fifth 6fthe
height or less; the ctenidiam is well developed and occupies a large part of the
mantle cavity. In such tightly coiled spirals there will be a greater degree of
shortening of the right side of the body and so less space for the right half of
the pallial complex, which is, in the mesogastropod, the genital duct and
rectum.

In some other mesogastropods the penis is lost and the pallial genital duct is
open at least in one sex. From the description of a female Cerithium telescopium
by Berkeley& Hoffman (1835)one may concludethat the pallialduct is open;
the shell of this species is tightly coiled, with a small value for f3 (n'sO) and
a very restricted opening. The pallial duct is also open in Fagotia esperi (S06s,
1936), in the male of Cerithium vulgatum (Johansson, 1947) and in the female
of Melanopsis dufourei (Sunderbrink, 1929), but in these the body whorl of the
shell is deep, though compressed, and its opening long, suggesting the presence
of a more spacious mantle cavity. It may be that the specialized condition in
these three molluscs is to be related to some unknown factor in their mode of
life rather than to the shape of the shell. An alteration in shell shape may be
recent and the structure of the genital duct not yet changed from the ancestral
condition to conform to the new type of shell.

SUMMARY

Cerithiopsis tubercularis and Triphora perversa feed on siliceous sponges: a long
proboscis is thrust through an osculum of the sponge, or into breaks in the
surface, to reach the softer parts. These are loosened by jaws, entangled in
saliva and swept into the buccal cavity by the radula.

The formation of a long introvert, which must be withdrawn through the
narrow space in the nerve ring and narrow enough to go through an osculum,
has brought about (i) a lengthening of the mid-oesophagus in Cerithiopsis, with
a narrowing of its diameter, and a spreading of the oesophageal glands along
its length, (ii) in Triphora, a reduction of the ventral glandular part of the mid-
oesophagus, its stripping from the food channel and a displacement of the
salivary ducts so that they open into the glandular part of the oesophagus.
In Triphora 'there is a dorsal gland of unknown function on the posterior
oesophagus. .

The stomach in both species is a simple ciliated sac: the oesophagus opens
anteriorly and ventrally, and the intestine originates above this opening; there
are two ducts from the digestive gland.

The pallial region of the male and female genital duct is open; and there is
no penis. It is suggested that the open condition of the duct and the absence of
a penis in the mesogastropods is correlated with a long, narrow mantle cavity .
which contains a relatively large ctenidium.
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