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ABSTRACT

The original description of monoplacophoran anat-
omy, which was based on two somewhat defective
specimens of Neopilina galatheae, has been amend-
ed and checked on the basis of two immature Vema
ewingi and one immature Neopilina galatheae.
Some mistakes have been corrected: The evidence
for a coiled larval shell has been found to be unreli-
able; the “dorsal coelomic sacs” are shown to be en-
larged pharyngeal diverticula; it has not been poss-
ible to verify the presence of coelomostomes from
the kidneys, except perhaps in the heart region. The
repetition of pedal retractors, lateropedal connec-
tives, nephridia, and other organs has been con-

firmed and compared in the two species. Verna has a
more complete set of metameric organs, including
six pairs of gills, seven pairs of nephridia, and three
pairs of gonoducts (although one is vestigial), but it
still has eight pairs of retractors.

The liver is connected with the stomach by a sin-
gle, transverse, slitlike opening. The salivary glands
of Vema are paired like those of chitons. Other
points of the original description have been con-
firmed, supplied with new illustrations or notes on
variation.

A comparison with other molluscs has been made,
and the discussion in the literature inspired by the
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descriptions of Neopilinag in 1957 and 1959 has been
reviewed, with emhasis on the phylogenetical
problems. The Monoplacophora are good Con-
chifera, and the Conchifera are accepted as a sister
group of the Polyplacophora, within the Testaria. It
is concluded that the eight-metameric retractor sys-
tem of the Monoplacophora is homologous with the
retractor groups of the Polyplacophora; the latter
overlap the valve limits. This eight-metamerism is
probably a ground-plan feature of ancestral Testa-
ria, but has clearly been reduced in most descendent

lines. It is maintained that similar eight-metamerism
can have been present in other organ systems of the
testarian ancestor and has been reduced in most lines
in the same way as has clearly been the case with the
muscle metamerism.

The origin of molluscs has been reconsidered.
Their derivation from advanced oligomeric Spiralia
(“prot-annelids” or “proto-articulates’’) with dorsal
heart, oligomeric coelom, nephridia, gonads and
gonoducts is still a possibility, although conclusions
in the strict sense cannot be made at present.
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1. INTRODUCTION

After the anatomical description of Neopilina
galatheae Lemche, 1957, had been completed (Lem-
che & Wingstrand 1959a, 1959b, 1960), Dr. Lemche
and I received some additional material of mono-
placophorans for further study. The technical work
with this material, including also some reconstruc-
tions and drawings, was done in the early 1960’s, but
the publication of the results was unfortunately
postponed several times. Not even a preliminary
manuscript had been written when Dr.Lemche died
in 1977. The material, including section series and
reconstructions, is still in my laboratory, but most
correspondance related to the material has unfor-
tunately been lost.

Judging from numerous publications and letters
the hitherto unpublished material is still of consider-
able interest, and I have therefore felt it as my duty to
publish what I can get out of it.

I have chosen to concentrate on points where the
original description was insufficient or directly
wrong. I have also paid particular attention to the
species Vema ewingi (Clarke & Menzies, 1959) which
differs from Neopilina galatheae in the metameric
repetition of organs.

Up to now very little original information has
been added to the early anatomical accounts of the
Monoplacophora which were published between
1957 and 1960. However, the theoretical discussion
based on this same material has flourished and
resulted in a large and in part confusing literature.
Some themes of this discussion are summarized and
commented below. Particular emphasis is given to
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comparisons between the Monoplacophora and
Polyplacophora, because I feel that this important
point has been somewhat neglected in the literature.
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2. THE SPECIES OF RECENT
MONOPLACOPHORA AND THEIR DISTRIBUTION

In the 27 years which have passed since Lemche’s
original description of Neopilina galatheae ap-
peared in 1957, ten new recent species have been as-
signed to the class Monoplacophora (Wenz in
Knight 1952) and have been included in the family
Neopilinidae Knight & Yochelson, 1958. The num-
ber of recent species of Monoplacophora is thus
brought up to eleven:

Neopilina galatheae Lemche, 1957

N. veleronis Menzies & Layton, 1962

N. adenensis Tebble, 1967

N. bruuni Menzies, 1968

N. oligotropha Rokop, 1972

N. zografi (Deutzenberg & Fischer, 1896)

N. (Lemchephyala) rebainsi Moskalev et al., 1983
Vema ewingi {Clarke & Menzies, 1959)

V. bacescui Menzies, 1968

V. (Laevipilina) hyalina MclLean, 1979
Monoplacophorus zenkevitchi Moskalev et al., 1983

The species zografi was originally described as an ar-
chacogastropod, Acmaea zografi Deutzenberg &
Fischer, 1896, but a recent revision of the type
material in the Monaco collections revealed that it

was a neopilinid monoplacophoran (Bouchet,

McLean & Warén, 1983). Bouchet et al. therefore’
transferred the species to the genus Neopilina. The
type material of Acmaea euglypta Deutzenberg &
Fischer, 1897, also present in the Monaco collec-

tions, was found to be conspecific with that of A.

zografi, and the name euglypta is regarded a junior
synonym, zografi being preserved by the rules of pri-
ority. This old material of monoplacophorans had
been collected in the Azores area of the North Atlan-

tic in 1888-1896 (see Fig. 1).

The distribution of the Monoplacophora appears
to be worldwide (Fig. 1) although the records are still
far apart. Only one species, V. (Laevipilina) hyalina,
has been found in moderate depths (174-229 m). All
other species are from greater depths, between 1800
and 6400 m.

All the finds and descriptions af recent
Monoplacophora up to 1979 are carefully registered
by Cesari & Guidastri (1976, 1979) to whom I refer
the reader for details (in Italian, for an English text
see McLean 1979). Moskalev et al. (1983) summarize
all records up to 1983, including recent Russian con-
tributions.
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3. MATERIAL AND METHODS

Neopilina galatheae Lemche, 1957

New Material

Specimen 1. Label: VSS — 16.-22. Mar. 59. Off Cape San Lucas
Canyon. Depth 1530-1535 fms. (2780-2810 m). Lat. 22° 32.5’N,,
Long. 109°40.8W. R.H. Parker.

The specimen was immature, shell measuring 1211 mm.
Original fixation: 80% alcohol, 40% formalin and 100% acetic
acid in the proportions 90:5:5. Stored in 90% alcohol. Decalci-
fied in 90% alcohol with 2% hydrochloric acid for 2 days.
Embedded in celloidin. 50 um transverse sections stained in
Friedldnder-Ehrlich’s hematoxylin.

The specimen was intact and fixation better than in other
specimens seen up to now. However, hard matter in the intestine
caused compression and scratching of several sections and
made reconstruction of parts of the dorsal pharyngeal sacs
(*dorsal coelom”) somewhat difficult.

Older material

Specimens ITI and I'V, The section series of an adult Q (specimen
1I1) and one adult o (specimen IV} used for the original
description (Lemche & Wingstrand 1959a)’ are still available
for comparison. They are referred to as specimens [Iland I'V as
in the publication from 1959.

Specimen XIV. Remnants of a crushed and flattened specimen,
recently found in the Galathea collections from 1952, are
labelled Neopilina galatheae X1V. The intact radula ribbon of
this specimen was used for scanning electron microscopy.

Vema ewingi (Clarke & Menzies, 1959).

New material

Specimen 2. Label: 7°30’S. Lat., 81°25’W. Long. 3195-3201 fms
(corrected) (5911-5922 m). R/V Vema 15. Trawl 66, 6.-7. Dec.
1958.

The specimen was immature and was identical with the para-
type drawn in fig. 1: A in Clarke & Menzies (1959). Size of shell
9.2x 7.6 mm. Original fixation formalin. The specimen was
refixed for some days in 80% alcohol, 40% formalin and 100%
acetic acid (proportions 90:5:5), decalcified, sectioned (30pm)
and stained as specimen 1. It was intact but for minor damage
to the shell margin (Pl. 1). Histological preservation as in the
original specimens of N. galatheae from 1952.

Specimen 3. One minute specimen. Label: Vema 17.X11.1958.
South of Milne Edwards Trench. 2972-2976 fms (uncorr.)
(5498-5505 m).

The minute specimen was about 1.8 x1.3 mm. Original fixa-
tion was formalin. Refixed and decalcified in Bouin’s solution,
embedded in paraffin and sectioned transversely. The 8 um sec-
tions were stained in Friedldnder-Ehrlich’s haematoxylin and
eosin. The shell and dorsal parts had been crushed during cap-
ture, but the ventral parts with mouth, foot, radula apparatus,
and 6 pairs of gills were almost intact.

1. Lemche & Wingstrand 1959a/1959b/1960 is in the following
abbreviated L. & W. 1959a/1959b/1960.
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Other moluscs
The collection of section series of the Institute of Comparative
Anatomy, containing material of all major groups, was availa-
ble. Dissection material of various molluscs was kindly sup-
plied by the Zoological Museum, Copenhagen. The following
species were used extensively:

Polyplacophora
Acanthopleura spiniger Sowerby. Alcohol material for dissec-
tion. Collected in the Red Sea by Th. Mortensen in 1937.

Cryptoplax sp. Alcohol material from Port Jackson, coilected by
Th. Mortensen in 1914.

Tonicella marmoreq (Fabricius). Alcohol material from Uperna-
vik, Greenland, collected by Ryder in 1887. For radula prepa-
rations.

Lepidopleurus asellus Spengler. Bouin’s material from the Ore-
sund, Denmark. Several section series in paraffin and celloidin.
Material for dissection.

Lepidochiton cinereus (L.). Bouin’s material from the Oresund.
Some for dissection, some for section series in celloidin and
paraffin, not all including entire animal.

Schizoplax sp. Two specimens alcohol, without locality data,
both cut in continuous series in celloidin.

Gastropoda
Patella vulgata L. Formalin and alcohol-fixed material for dissec-
tion of radula apparatus and sections of the radula skeleton.

Reconstructions

All reconstructions were made on the basis of transverse con-
tinous sections. In most cases the structures and organs were
projected vertically on to a horizontal plane in which each section
was represented by a transverse line. The nerve cords, the rectum,
parts of the pallial margin and foot margin served as reference
lines from which measurements were taken. The general course of
these reference lines was checked by comparing the reconstruction
with photographs taken of the entire specimens, enlarged to the
magnification of the reconstructions.

Reconstructions in which the animal is seen from the side and
the structures are projected on to a sagittal plane are probably less
precise, for the reference lines, mainly the ventral body surface,
are not as easy to check critically. Some distortion of the recon-
struction is therefore difficult to avoid.

The graphic reconstructions were used directly for illustrations
in the present paper after some jagged lines had been smoothed
and some shading had been added to facilitate understanding.
Thus, if nothing else is said in the legends, the relative positions,
shape and dimensions of the organs are as in the raw recon-
structions.

Diagrams, ie., simplified figures intending to illustrate
structural principles and patterns at the cost of exactness in
dimensions and form, involve a certain amount of interpretation.
I have kept the number of such diagrams to a minimum in the
present account in order to avoid discussions of the kind caused
by the diagrams of the previous report (see p. 51). The legends of
each figure in the present account indicate whether the figureis a
direct graphic reconstruction or if simplifications or other didac-
tic changes have been introduced, and if parts have been moved in
order to visualize other organs or structures.



4. DESCRIPTIONS

4.1. The shell

The structure of the adult shell of Neopilina
galatheae was described in detail by Lemche (1957)
and L. & W. (1959a, 1960). Subsequent reports of
this and other species of recent Monoplacophora
have revealed some variation of the shell with regard
to size, shape and surface sculpture, but in all cases
the basic structure of the shell was found to be as in
Neopilina galatheae. The most significant variation
found seems to be the total absence or surface sculp-
ture in the minute species Vema (Laevipilina)
hyalina.

Information on shell structure can be found in the
following publications:

Lemche (1957), L. & W. (1959a, 1959b, 1960) — On
Neopilina galatheae.

Clarke & Menzies (1959) — On Vema ewingi.

Menzies & Robinson (1961) — On Neopilina sp.

Menzies & Layton (1962) — On Neopilina veleronis.

Menzies (1963) — On Neopilina sp.

Tebble (1967) — On Neopilina adenensis.

Menzies (1968) — On Neopilina bruuni, Vema
bacescui, and Vema ewingi.

Filatova & al. (1968, 1969a, 1969b) — Species un-
determined, see Moskalev et al., 1983.

Rosewater (1970) — On Neopilina veleronis?

Rokop (1972) — On Neopilina oligotropha.

Filatova & al. (1974, 1975) — On Neopilina, see
Moskalev et al. 1983.

Lowenstam (1977, 1978), McLean (1976, 1979) — On
Vema (Laevipilina) hyalina.

Bouchet et al. (1983) — On Neopilina zografi.

Moskalev et al. (1983) — On several species, includ-
ing Monoplacophorus zenkevitchi, Vema ewingi
and Neopilina rebainski.

The finer structure and histochemistry of the shell of
recent Monoplacophora is now well known thanks
to work of Schmidt (1959), Watabe et al. (1966), Er-
ben et al. (1968), Meenakshi et al. (1970), and Pouli-
cek & Jeuniaux (1981).

I have nothing to add to these descriptions of
adult monoplacophoran shells but feel it is my duty
to make some comments on the much-discussed lar-
val shell or protoconch.

The larval shell

According to the original descriptions of Neopilina
galatheae, the dextrally coiled larval shell lies flat on
the apex with the aperture backwards (Lemche 1957,
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L. & W. 1959a, 1960). The figures indicate a diameter
of about 0.1 mm. The coiling and the widely diver-
gent axes of the larval shell and the adult shell forced
us to assume that the larval shell had been tipped at
metamorphosis as in some gastropods, and that the
larva — if there is one — is asymmetrical. All this fits
very poorly with the pronounced bilateral symmetry
of the adult, in which the coiling of the intestine is
the only distinct asymmetry.

A coiled larval shell was only reported from one
specimen of N. galatheae and was supposed to have
been lost in the other specimens. These had instead
a somewhat convex apical shield with an oval to cir-
cular outline covering the apex (L. & W. 1959a, fig.
35). Such a smooth apical shield without coiling was
present in all subsequently examined specimens of
this and other species. It was particularly intriguing
that small species such as Neopilina veleronis, N.
oligotropha, and Vema (Laevipilina) hyalina, show
no trace of a coiled protoconch, and that small
juvenile animals like the minute specimen 3 of the
present report (1.8 1.3 mm) only had a simple con-
vex apical shield. It is therefore understandable that
doubts have arisen about the existence of such a
coiled larval shell, and I must admit that I soon
shared these doubts.

The matter seemed to be decided when Menzies
(1963, 1968) reported on a minute specimen of Ne-
opilina sp. with a bulbous, uncoiled protoconch at-
tached to the apex (Menzies 1968, fig. 2A). Menzies
assumed that the apical shield of larger specimens is
the protoconch scar which has healed up in some
way when the protoconch is lost in early postlarval
stages.

Already before learning of Menzies’ discovery 1
critically examined the evidence for the presence of a
coiled larval shell. According to Lemche (1972),
Professor Gunnar Thorson was the one who origi-
nally discovered the coiled protoconch in a specimen
of Neopilina galatheae in 1956, but when asked in
the late 1960’s Dr. Thorson had forgotten all about

In 1956 Lemche made a drawing of the presumed
larval shell which he believed to be coiled, and this
drawing was used for fig. 34 in L. & W. (1959a). 1
never saw this original specimen. It could not be re-
found later and we therefore believed that the pro-
toconch had been destroyed together with specimen
I1, which fared badly in an attempt at decalcifi-
cation.























































































































































































































































