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INTRODUCTION

A living representative of the molluscan order Tryb-
lidiacea, captured by the Galathea Expedition, has
been described by LEMCHE (1957a) under the name
of Neopilina galatheae. An account of its anatomy
was presented to the XVth International Congress
of Zoology in London (LEMCHE and WINGSTRAND
1959), and the phylogenetical implications were
discussed by LEMCHE (1959a, 1959b). Several other
comments have been published but do not record
new facts about the original material (BEKLEMISHEV
1958, Grass 1957, KNiGHT and YOCHELSON 1958,
1959, LemcHE 1957b,c, 19584a,b, YONGE 1957a,b,
1958). A chapter summarizing the more important
features has been prepared for the “Trait¢ de
Zoologie™.*

The preliminary note on the find aroused so
considerable interest among zoologists, and the
animal proved to be of such importance for the
interpretation of fossil forms, that it was decided to
lay special stress on a detailed description. As, how-
ever, the uniqueness of the find made it most impor-
tant to distinguish very clearly between the facts
observed and their theoretical implications, whether
systematical or phylogenetical, it was decided to
publish the mere facts about the structure of Neo-
pilina in the Galathea Reports at the very first date
possible, whereas the discussion of its consequences
in phylogeny and systematics should be reserved for
papers to follow elsewhere.

In order to present a prompt and extensive report
on the anatomy of Neopilina the present authors
joined in its preparation. But, as we found ourselves
entangled in comparisons and phylogenetical spec-
ulations as soon as we left the level of pure descrip-
tion, we soon decided to exclude from our paper
almost every reference to the literature.

The authors are highly indebted to the Carlsberg
Foundation for granting support towards the in-
vestigations. The presentation of this paper has
been greatly facilitated through the enthusiastic
cooperation of the staff of the Institute for Com-
parative Anatomy and Zoological Technique. The
painstaking work of preparing the illustrations for
printing is due to Miss J. TEsCH and Mr. A. OYE.
Some drawings have been made by Mr. P. WINTHER,
whereas most of the originals have been produced
by the authors themselves. Comparison with the
fossil material was made possible through the
courtesy of Prof. E. STEns1® of the Museum of
Natural History, Stockholm, and Mr. E. YOCHEL-
soN of the National Museum in Washington, both
of whom have sent us rubber squeezes of fossil
Tryblidians. Prof. STexsid has also placed the
beautiful photograph of Pilina unguis (Fig. 134) at
our disposal. The English text has been revised by
Mr. N. HaisLunD. To all those who have helped us
in these various ways, we wish to extend our most
cordial thanks.

MATERIAL AND METHODS

The material was obtained from station 716, 9° 23’
N., 89°32" W.2, 3,570 m depth (corrected), “dark,
muddy clay, herring otter trawl”, on May 6th, 1952.
The sample contained 10 specimens with the soft
parts preserved but more or less damaged, and
three empty shells. The specimens were washed out
of the muddy content of the trawl by means of
surface water at a temperature of 28°C., which must
have killed the animals immediately, if they did not
die already during the transport to the deck of the
ship from the abysses with its temperature of only

2°C. After lying some time on the deck and in the
1. After our manuscript was sent to the printer, a new species
of Neopilina was described (CLARKE and MENzies 1959).
In the Proceedings of the Zoological Congress (LEMCHE &
WINGSTRAND 1959) a misprint occurred in the longitude
record.

2.

sieves, the animals were preserved in 70 7 ethyl
alcohol (8 specimens) or 2%, formaldehyde (2 spec-
imens). Later, all of them were transferred to one
jar with 709 ethyl alcohol. Originally, the empty
shells were kept in the same jar with alcohol as
the other specimens, but unfortunately an attempt
was made afterwards to dry the shells, with the
result that all of them broke to pieces.

When in the autumn of 1956 the specimens came
to be investigated and their importance was realized,
it was decided very soon to give them individual
Roman numbers for easier registration, and to
keep them apart from each other: Since then, the
specimens have been treated as shown in Table 1.

The main part of the investigation has been
carried out on the two sectioned specimens (I and
IV). These were refixed for three days in 80 %,



Table 1. The state of preservation and the use of the specimens of Neopilina galatheae.

Spec. [ Length x breadth

i

i ‘ State of preservation Use
No. X height, mm. ! :
1 33x30x10 Intact shell and intact soft parts. Holotype, untreated.
I 35x33x12 Well preserved. Formalin fixation? Paraffin embedding attempted. Animal did not
stand treatment with acids. Practically lost.
111 29 x25X9 Mature . Apex preserved in spite of rupture in Cut into transverse sections. See text! Larval
the apical region. Larval shell present. Probably shell preserved in a block of celloidin in alcohol.
formalin fixation.
v 29 x27x9 Mature &. Apex preserved, but slightly damaged. Cut into horizontal sections. See text!
A 36x34x12  Apical region destroyed, liver collapsed, radula Kept untreated. Used for exhibitions.
emerging from the hole. Ventral side relatively
well preserved.
VI ab.25x22x9 Shell broken lengthwise, the right side of the Studies on gill position.
animal slightly damaged along the margin.
ViI 37x35x13 A large hole in the apical region. Anterior end
much damaged.
VIII 37x ?x12 Apical region present, but the whole right side Additional studies on the radula.

of the animal and shell crushed.

IX ab.29x25x8
valve.

Broken lengthwise and folded almost like a bi-

Shell removed from the left side for studying
muscle insertions. Pieces of right side mantle
used for detailed studies.

Preliminary studies of the intestinal content
and of the radula. Studies of muscles.

X ? Mature ¢. Loosened from the shell which was
kept among the dried ones and afterwards broke
to pieces. Animal much damaged in front.

XI-X1H ? Empty shells, afterwards broken to pieces.

Crystallographical studies. Trace elements, etc.

alcohol : 40 % formalin : glacial acetic acid (90 : 5 :
5 per volume). They were washed in 90 7; alcohol
and decalcified in 90 9 alcohol with 2 % (per vol-
ume) of concentrated hydrochloric acid. Continu-
ous 50 p. celloidin sections were prepared from both
specimens. Spec. III was cut transversally, Spec. IV
horizontally. The slides were stained in Mallory’s
phosphortungstic acid hematoxylin without dis-
solving the celloidin (WINGSTRAND 1951, p. 15).
The examination of the slides was supplemented
by direct observations on the other specimens. Gra-
phic as well as wax-plate reconstructions have been
made whenever suitable, using lines of reference
derived from photographs of the whole animals
taken before sectioning. Careful search has been
carried out throughout both series for detecting all
possible structures present. The drawings as here
given are of three kinds: graphic reconstructions

as mentioned above, semi-diagrammatical ones to
illustrate our ideas of the structures as based on the
sum total of all our observations and, finally, de-
scriptive ones made as naturalistic as possible to
show just how much (and not more) it has been
possible for us to observe on the material present.
Hence, whereas the two first types of illustrations
have been made as clear as possible, the last type is
meant to be no clearer than the material allows,
interpretation being kept down to a minimum.
Finally, unretouched photographs have been used
to provide documentation in a number of cases.

Although a considerable amount of facts could be
derived from the available material, the following
report will emphasize the need of getting living and
well-fixed material, if possible even of larval stages,
for the solution of many structural and functional
problems.




GENERAL DESCRIPTION

The animals are bilaterally symmetrical. Small
asymmetries are visible in some of the shells (Fig.
7), whereas those seen in the position of the anal
opening, of the foot, and of the mouth in the
preserved specimens are not constant in degree and
perhaps may depend upon muscle contractions at
the moment of fixation.

The whole dorsum is covered by a single, almost
circular, cap-shaped shell, hiding the soft parts when
the animal is viewed from all sides except the ven-
tral one (Figs. 1-7).

The ventral side of the animal is soft, the epithe-
lial surface almost everywhere being naked and
often ciliated. There is a continuous pallial fold of
almost uniform size and structure all round the
animal (Figs. 1, 7). In the preserved specimens this
fold is detached from the shell margin, whereas in
the living animal it certainly underlies the peripheral
part of the shell out to the very edge. This fold
covers a likewise continuous pallial groove, sur-
rounding the mouth region and the centrally placed,
almost circular foot, the radius of which is about
half that of the shell. The ventral surface of the foot
is flat. Its muscular marginal parts are somewhat
thickened, protruding, and irregularly folded (Figs.
9, 12). In the membranous central parts of the foot,
the viscera are shining faintly through.

The mouth is situated approximately half-way
between the anterior margins of the foot and of the
shell. It is surrounded by an anterior lip and a
small posterior one (Figs. 66, 67, 74). The anterior
lip is closely associated with a preoral transverse
fold dilating into broad ciliated flaps on each side,
the “velum” of the present paper. The posterior lip
is fused to a pair of ridges protruding from the
ventral body wall, each carrying a fan-like tuft of
tentacular appendages. The ventral body wall be-
tween the foot, the tentacle ridges, and the mouth
forms a smooth, triangular propodial area. A small,
thumb-like preoral tentacle is situated on each side
of the mouth in the furrow between the velum and
the anterior pallial fold.
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Laterally to the foot, five pairs of gills are placed
at regular intervals in the pallial groove, their origi-
nal shape having been much disturbed during cap-
ture and preservation (Figs. 7, 12). The first pair of
gills is situated at a slightly greater distance from
the tentacle tufts than from the second pair of
gills. A nephridial pore is present postero-medially
to each gill base, visible only in microscopical sec-
tions. Still another pair of nephridial openings is
found more anteriorly in the pallial groove without
any traces of gills in the corresponding positions.

Posteriorly the anus is placed on a distinct papilla
almost in the median line, half-way between the
hind border of the foot and that of the mantle
(Fig. 7).

The main arrangement of the interior organs is
as follows. The anterior body region is occupied by
a large blood space surrounding the pharynx, the
radular apparatus, the subradular organ, the salivary
gland, and the oesophagus, all of which organs
are more or less median, and by a large number of
muscles. Just under the shell in this region, ramifi-
cations from the dorsal coelomic cavities extend
forwards associated with the paired pharyngeal
diverticula (Fig. 11).

Further back, in the large peri-intestinal blood
sinus, the stomach is found, surrounded by the
paired liver (Figs. 8, 9, 167). Laterally, the large
dorsoventral muscles pass down to the foot margin,
and still more laterally the pallial folds contain the
kidneys. More caudally the coils of the voluminous
intestine occupy most of the space in the peri-
intestinal blood sinus together with the ventral
gonads (visible through the central parts of the
foot). The paired dorsal coelomic cavities extend
under the whole dorsal body wall. The last, medially
placed part of the intestine is accompanied on each
side by a pericardial cavity containing the paired
heart (Fig. 10). Almost all parts of the nervous
system are situated in or in close contact with the
ventral body wall.



THE OUTER

For the sake of completeness a description of the
appearance of the outer epithelia is here given, in
spite of their admittedly poor state of preservation.
It may be mentioned already here that no single
subepithelial gland cell has been discovered in the
whole body in spite of intense search, and that no
true invaginated glands occur in the body wall.
Furthermore, most of the glandular areas show
little specialization of the slender, ciliated interstitial
cells between the secretory ones. In other molluscs,
these ciliated cells usually appear only as minute
triangular bodies facing the surface with their
ciliated side and thinning out proximally between
the secretory cells, so that their basal attachment is
extremely difficult to recognize. In Neopilina, how-
ever, they are nearly always rather easy to trace
down to the basement membrane.

SLIGHTLY SPECIALIZED
EPITHELIA

Under this heading we describe those epithelia in
which no particular specialization has been dis-
covered.

(@) The predominant pallial-groove epithelium
(Fig. 20) consists of cells 20-30 v high and about Sy
broad, with nuclei measuring 6 X 4 u. The latter
are scattered somewhat irregularly although mainly
placed in the basal half of the cells. Most of the
cells contain a granulated cytoplasm with its
greatest staining property in the region distal to the
nuclei. In the area around the foot base the epithe-
lium differs slightly in being a little lower and less
intensely stained. A peculiar feature in the latter
area is the presence of indistinct large globules (or
rolls) attached to the basement membrane. (Fig. 14).
Cilia have been observed on the surface of some of
the cells.

(b) The epithelium on the sides of the foot is about
40 . high. It differs from the one just described in
containing numerous granules of a yellowish-
brownish substance (at least after staining), which
might be either a pigment or a secretory substance
(Fig. 15). Lighter cells or interspaces are seen be-
tween the normal cells. There is a cover of mod-
erately long cilia which may arise only from the
normal epithelial cells and not from the lighter
parts.

(c) The epithelium on the sides of the branchial
lamellae would appear to be the lowest unprotected

13

EPITHELIA

one in Neopilina, being only 15-20 u high. The cells
carry cilia, but the destruction in these areas is such
that it is very difficult to state their presence (Fig. 61).

(d) The epithelium of the tentacle tufts is rather
typical, 15-35 w high, and its cells contain some
finely granular substance. Some cells carry long
cilia. (Fig. 22).

(€) The epithelium of the velar base is very similar
to that of the tentacle tufts, 30-40 p. high, although
the granular matter seems to be somewhat coarser
and more abundant. The surface is covered by
cilia of moderate length (Fig. 17).

SPECIALIZED CILIATED EPITHELIA .

(f) The epithelium of the ventral foot surface is a
monolayer of 50 y. high and very narrow cells (Figs.
16, 26). The nuclei are situated at different levels.
Close to the basement membrane a somewhat irregu-
lar layer of rounded nuclei of 3 w. size is found. The
cells to which belong these nuclei soon reach their
full width of 6-8 u and keep this size almost to the
distal end with some tendency to attenuate a little
(Fig. 16). These cells appear to be glandular since
they are filled up sometimes with indistinct yellow
granules. Between the glandular cells other and
still more slender ones are inserted with a darker
cytoplasm and more elongate nuclei placed about
half-way up the cells. Many of the supposed secre-
tory cells appear to bulge out a little at the surface,
whereas the interstitial cells are covered by 6-8 u
long cilia. ,

(&) The epithelium of the tips of the gill lamellae.
The very tip of each gill lamella (with the possible
exception of the longest ones) is covered by a short
streak of strongly staining cells, 35 . high and 3-10
broad (Fig. 18). No secretory cells are found be-
tween them, in contrast to the other areas of the
gills. The nuclei are oblong and placed in the basal
half of the cells. On the outer surface a dense cover
of long cilia (up to 20 y) is present, gradually
decreasing in size to both sides of the tip.

(h) A dense, ciliated columnar epithelium is found
on the more distal parts of the velum, on the swollen
medial ends of the stems of the tentacle tufts, and
also in a narrow zone on the middle marginal fold
of the pallium (Figs. 19, 24, 32, 75). The thickness
of this epithelium amounts to 90 . The cells are
extremely narrow, their cytoplasm stains densely so
that the whole epithelium looks rather dark. Most




of the long and slender nuclei are situated in the
basal half of the cells, although none of them reach
down to the basement membrane. The surface carries
a dense cover of about 10-15 y long cilia. A certain
number of glandular cells are present. They contain
in their outer part an oblong secretory mass of the
same appearance as in the pedal gland cells. The
structure of the basal parts could not be made out.

GLANDULAR EPITHELIA

(1) Epithelia with scattered mucous cells. On the
ventral pallial surface, in the region just above the
gills, the usual columnar epithelium contains many
scattered goblet cells, which appear as light, empty
spheres (Fig. 29). All nuclei are placed in the basal
half of the cells, but it has not been possible to
distinguish those belonging to the goblet cells. The
interstitial cells seem to be covered by cilia. Quite
a similar type of epithelium is present along both
edges of the gill lamellae (Figs. 61, 64).

(k) The marginal mucous gland is a narrow zone
along the inner side of the innermost marginal fold
all round the body. In fact, it could be regarded as
merely an extreme development of an epithelium
like that just described, but the preponderance of
the mucous cells justifies its being regarded as a
distinct gland. The ciliated interstitial cells are
elongate, but are distinct all the way to the basement
membrane. The epithelium is almost 100 p high
(Figs. 31, 47).

(1) The hypobranchial gland epithelium forms one
of the most highly developed secretory tissues in
the outer epithelia, placed at the bases of the gills
in the vicinity of the renal pores. It is formed by
enormously swollen mucous cells with very few
ciliated interstitial ones between them (Fig. 30).
The height of the epithelium is 100-110 w. The
nuclei of the interstitial cells are often placed rather
near the surface or at least half-way up the epithe-
lium. The peripheral parts of these cells form more
or less triangular patches of unchanged cytoplasm,
whereas their lower parts are more or less difficult
to trace down to the basement membrane. This tis-
sue, therefore, constitutes almost an exact parallel to
what is the usual type of secretory epithelia in
molluscs.

(m) The dark-staining, granulate gland cells. On
the anterior side of the preoral tentacle, a small
group of very peculiar glandular cells is found (Fig.
28). The secretion stains strongly and is concen-
trated into large. sausage-shaped or pear-shaped
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drops, each filling the interior of one of the secre-
tory cells. Each large drop consists of numerous
small globular droplets lying densely together. Such
droplets are also found distally to several of the
gland cells in such a way that they may perhaps
indicate the secretion to be given off continuously.
The nuclei are difficult to observe, but seem to be
rounded and of double the size of the usual epi-
thelial ones. They appear to be placed near the
lower end of the larger drops. In all, hardly more
than 25 such secretory drops are found in each
preoral tentacle. Scattered cells of the same type
are present in the glandular zone along the anterior
margin of the gill stems.

(n) The pedal gland epithelium covers the ventral
side of the anterior foot margin. The thickness of
this epithelium exceeds that found anywhere else on
the outer surface, being up to 120 u (Fig. 23). Two
distinctly different types of cells occur in that region,
viz. (1) normal slender ciliated interstitial cells with
their very elongate nuclei placed at the usual dis-
tance from the surface (at the same level as in the
neighbouring epithelium), but with very narrow
basal ends, and (2) secretory cells having basally
placed, rounded nuclei with a diameter from 3 to Su.
Single nuclei of large size (up to 8 w) are found at
different levels. Most of the cytoplasm of the glandu-
lar cells is placed below the level of the nuclei of
the interstitial ones, so that the lower third of the
epithelium almost looks as if consisting solely of
secretory cells lying close together. The cytoplasm
in the most basal 10 p around the nuclei stains
distinctly darker. Farther up in the epithelium the
secretory cells are much narrowed in order to pass
between the broader parts of the interstitial cells,
but especially in the uppermost, rather unstained
layer the secretory cells are sometimes seen to
broaden once more, containing an oblong drop of
some homogeneous secretory matter which stains
rather slightly with a dull brown in the sections.

In many places at least the cilia are well developed
on the interstitial cells, being both abundant and
long, and the secretion is often found to form irre-
gular globules or masses between the bases of these
cilia.

CUTICLE-CARRYING EPITHELIA

(0) The epithelium of the lips. The upper lip is
strongly folded in the preserved specimens. Both
lips are covered by an epithelium (Fig. 27) looking
much like the other high and dense ones (cf. Fig.

















































































































































































