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reference for pelagic tectibranchs. Thus the more recent classification adopted
by Thiele (193I) and by Hoffmann (1939), reverting to a single order Pteropoda
as a major division of the Opisthobranchiata, must be regarded as an alto-
gether retrograde step. The Thecosomata and Gymnosomata are unlike in
almost all features with the single exception of their habit of swimming. They
are almost certainly separately derived from bottom-dwelling groups of tecti-
branchs. The Thecosomata are entirely ciliary feeding; the Gymnosomata are
active carnivores, very often feeding on small thecasomes, and in the majority
of their characters they are very much more specialized. It is hoped in
a forthcoming paper to give a better account of the anatomy and reproductive
history of the British gymnosome Cliane limacina.

Our knowledge of small thecosomatous pteropods is rather better than for
the Gymnosomata. Here we have the advantage of an animal with a hard shell,
or a pseudoconcha, which suffers much less damage in collecting and survives
longer in.the laboratory. Of this group we now have an adequate knowledge
of the feeding mechanism, digestive system, sexual succession and reproduc-
tive organs; and in oceanographic literature Limacina is well known for its
ecological importance as a grazer on phytoplankton. All our evidence confirms
Pelseneer's derivation of these animals from bullomorph tectibranchs; an
instructive parallel is provided by Acera which has developed an ability to
swim by the enlargement of its parapodial lobes, though this animal has
probably little to do with the actual phylogeny of the pteropods. Limacina,
which is still shelled, spirally coiled and operculate, is in all ways an excellent
form for an understanding of the transition to pelagic pteropoda.

Pteropods have been previously looked at as living animals chiefly by
Yonge (1926). He did not, however, examine Limacina, and in this generalized
form there are now several differences to report from the Cavoliniidae and
Cymbuliidae. Paradoxically, so small a creature as Limacina is much easier
to examine intact and living than the larger pteropods; its mode of feeding and
the action of the gut are readily observed through the transparent shell, and it
remains happily alive in sea water in the laboratory for many days.

It is admitted by all that the three families of Thecosomata, the Limacini-
dae, Cavoliniidae and Cymbuliidae, stand in that order of specialization; and
within the Cymbuliidae it is probable that Gleba, as suggested by Yonge, is
the most advanced genus. In food-collecting the greatest point of difference is
the absence in the Cavoliniidae and Cymbuliidae, as reported on by Yonge, of
any trace of pallial food-collecting with the passage forward of a mucous string.
In Cavolinia and Creseis the whole of the food-collecting is done by the
'Wimperfeld' of the wings and by the side lobes and median lobe of the foot.
In Cymbulia the ciliary action of the' Wimperfeld' is lost, and the emphasis
is on feeding by the foot. Food particles travel to the mouth along two
obliquely transverse grooves, bounded in front by the two lateral lobes, fonning
raised margins, and behind by the unpaired median lobe. The mouth is



310 J. E. MORTON

depressed into a funnel into which these ciliary currents lead downwards. The
ciliary tracts on the wings are much reduced and there is little if any collection
of food; the flapping of the wing dislodges alighted particles. In Gleba there
is the same situation in essentials, but the parts of the foot are here drawn out
into a long, spatuliform 'proboscis', lying parallel to the surface of the wings,
with the mouth in a central cleft near the tip. Ciliated grooves carrying food
particles proceed along the rounded edges of the' proboscis', the lateral lobes
of the foot forming the upper margin and the highly modified median lobe the
lower.

A glance at Pelseneer's figures for Cavolinia and Cymbulia shows why
pallial food-collecting cannot take place in these forms, at least by a food
string emerging anteriorly to the head in the method used by Limacina.
In these higher pteropods the visceral mass has turned through 1800to bring
the anus to the left side of the mantle cavity of the now bilaterally symmetrical
body. The position of the mantle cavity is now ventral, and its opening
is separated from the mouth by the interposition of the foot and wings. In the
floating and swimming position, especially in Cymbulia, which lies on its
dorsal surface with the ventral mouth and foot uppermost, this change in
orientation of the mantle cavity may be explained by reference to the require-
ments of the animal in flotation.

A food string from the mantle cavity would thus be unable to pass to the
mouth in the same way as in Limacina, and it is difficult to visualize how
Cavolinia or Cymbulia might make use of the mantle in feeding. But the
problem remains of the relatively huge pallial gland developed in cavoliniids
and cymbuliidsjust as in limacinids. In the latter its function is evidently
wholly concerned with feeding, ahd its survival in the higher families is
puzzling to explain in the absence of a mucous feeding role. From the
histology of the pallial gland and from the evidence of simplification of the
pallial complex, this gland is almost certainly not a direct survival of the hypo-
branchial gland of prosobranchs which is a different structure that was lost with
the gill. The function of the hypobranchial gland-detritus removal and
sanitation of the pallial cavity-is scarcely in the least likely to be important
in a pelagic mollusc in clear water. Further, the histology of the pallial gland
is identical in all the Thecosomata, and we are clearly dealing with the same
structure in each of the three families. While the issue of a mucous string from
the pallial cavity in Cavoliniidae is feasible, with a changed course along the
foot, it is not easily possible in Cymbuliidae which have a wide spread of the
wings almost entirely closing off the opening of the pallial cavity. It may yet
be worth further investigation of these pteropods to see if the pallial cavity and
its gland actually play any role in collecting food.

Whatever. the role of the pallial cavity in the Cymbuliidae, the ciliary
collecting fields on the wings are greatly reduced, and in Gleba they appear to
be quite lost. In the Cavoliniidae, where they are probably best developed,
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they are even here of much less importance than the lobes of the foot. In the
Limacinidae they seem to be of minimal importance in feeding; more than
any other family this group retains the use of the widely expanded median lobe
or 'sole' of the foot.

Of other evolutionary trends connected with feeding in Thecosomata, we
may mention the reduction of the buccal mass. The Cavoliniidae have this
structure moderately well developed, with salivary glands, jaws and radula.
The same is true of the less advanced Limacinidae. In Cymbulia, Yonge
states that the buccal mass is 'much less developed than in the two species
already described', and in Gleba there is 'no buccal mass, hence no jaws, radula
or salivary glands'. It is lacking also in Corolla.

The essential structure of the stomach and gizzard is fairly constant in all
these groups. The gizzard was regarded by Yonge as probably another structure
, handed down from carnivorous ancestors and clearly oflittle use to an animal
which feeds by ciliary mechanisms'. In Limacina, however, the gizzard has
only to be seen in action to realize its usefulness, both as a .diatom mill and, by
the action of its muscular wall, as a pumping device, regulating the inflow and
outflow from the digestive diverticulum. The important part played by
muscle, even in a ciliary feeder, is well emphasized in a creature small enough
to view with its working stomach intact, and, as stressed by Yonge (1949) in
connexion with the eulamellibranch Tellinacea, we should not undervalue the
role of muscle in the digestive economy of ciliary feeders. Comparison may
be made with Scaphander which uses its gizzard to crush the shells of small
bivalves, and here differs only in its size and choice of food from Limacina.

The tiny style sac of Limacina, though of much smaller size, corresponds
exactly to that described by Yonge in Creseisand by Howells (1936) in Cym-
bulia, and said by Meisenheimer (19°5) to be retained in all Thecosomata.
Here it can be little more than a vestige, as it is impossible to see of what use
a style could be in its normal role of stirring and moving the stomach con-
tents. Moreover, an amylolytic enzyme has never been demonstrated in
Thecosomata, and from the nature of the food is likely to be little needed. The
survival of the style sac in this group once again impresses us with the great
unity in the pattern of the stomach shown among so many of the mollusca.

SUMMARY

The biology of the thecosomatous pteropod, Limacina retroversa, is discussed
with special reference to the swimming mechanism, mode of food collection
and structure and action of the alimentary canal. The ciliary currents of the
foot and pallial cavity are described in detail, in relation to the collection of
food particles, and it is shown that the pallial cavity, with its mucus-secreting
pallial gland, plays the principal role in gathering food from the surrounding
water. A mucous food string is compacted and carried forward to the mouth.
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The structure of the gizzard and the stomach is described, and the toothed,
muscular gizzard is shown to form a mechanism for crushing diatom frustules.
The vestigial style sac, and the epithelium of the digestive diverticulum are
described and compared with those of other Thecosomata.
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