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ABSTRACT

The order Neogastropoda probably evolved from the Archacogastropoda or from a
very primitive mesogastropod type, and not from the higher mesogastropods as is
generally believed. It is suggested that the unique features of the neogastropod alimen-
tary canal eould be derived from existing structures in the archacogastropods. The
Neogastropoda appear to have evolved into 3 groups, which are regarded here as super-
families, the Muricacea, Conacea and Cancellariacea.

The evolution of the various organ systems within the Neogastropoda is outlined and
the tendency to modify structures in a parallel fashion is noted. The relationships of each
family in the Muricacea is discussed. With 2 exceptions, it appears that within this group,
there are no natural higher groupings, probably because all of the families evolved from
a common ancestral form more or less simultaneously. Thus various structures are dis-
tributed in an almost random fashion throughout the superfamily according to the way in
which each family has evolved. The Marginellidae and Volutomitridae may have arisen
independently, whereas the Buecinidae, Melongenidae, Nassariidac and Fasciolariidae

are so closely related that they could possibly be regarded as subfamilies.

INTRODUCTION

The order Neogastropoda or Steno-
glossa is generally regarded as containing
the most highly advanced prosobranch
gastropods. They are characterized by the
clongate siphonal canal of the shell and
rachiglossate or toxoglossate radula. The
order is a large one, having at least 1119
Recent and fossil genera and subgenera
(Tavlor & Sohl, 1962). This number is
similar to that of the Archaeogastropoda,
but is exceeded by the Mesogastropoda (as
defined by Thiele, 1929 and Wenz, 1938-
1943).

The large number of species and genera
speaks for the success of the
Neogastropoda.  Although they are not
known to have invaded the land, and few
have penetrated into freshwater, they have
adapted to almost every marine environ-
ment, commencing with an explosive
radiation during the Cretaceous Period.

The order Neogastropoda is usually
divided into 2 suborders, the Toxoglossa
and the Rachiglossa. Thiele (1929) and
Wenz (1938) divided the Rachiglossa into

3 superfamilies (Stirps), the Muricacea,
Buccinacea and Volutacea. These
divisions have been accepted by the ma-
jority of later authors. The use of these
groupings is here considered open to ques-
tion and they have been abandoned for the
purpose of the following discussions.
Instead the name Rachiglossa will be used
to cover all 3 of them.

The object of this paper is to attempt to:
(1) clarify the origin of the Neogastropoda
and therefore its relationship to the
Mesogastropoda, (2) briefly examine the
varions organ systems within the group,
and the evolution of the group and (3) re-
view the distinetive features of the families
of the rachiglossate neogastropods and to

arrange  them in meaningful higher
categories.
Recommendation 29A of the Inter-

national Commission on Zoological
Nomenclature (1CZN) in 1961 recom-
mends the superfamily ending—oidea, but
this is not used in this paper because the
ending—aceca has been used consistently
by most molluscan workers and this en-
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ding is used in the Treatise on Incerte-
brate Paleontology. a work which will be a
major reference source for students of the
Mollusea for a long time.

Some of the facts presented here are
based on the writer's unpublished observa-
tions. They are noted by the inclusion of
the writer's initials in parenthesis
following such information.

The following account is divided into 3
parts; a discussion of the origins of the
neogastropods. the evolution of the main
organ svstems and the higher clas-
sitication of the order.

PART 1.
THE ORIGIN OF
THE NEOGASTROPODA

Most authors have indicated that the
ncogastropods  evolved  from
proboscidiferous mesogastropods, such as
the Tonnacca. This belief has been
expressed by workers who have looked at
several different organ systems, including
Amaudrut (159S), Bouvier (1887),
Troschel (1865-1875). Perrier (1889),
Graham (1941), and Wilsmann (1942).
Morton (1963) expressed the belief that
there is little  difference  between  the
higher  Mesogastropoda  and  the Neo-
gastropoda and this view was also held by
Risbee (1935). Cox (1960) combined the
Mesogastropoda and the Neogastropoda,
calling them the Caenogastropoda. e
suggested that the Caenogastropoda were
polyphyletic, being derived from various
archacogastropod taxa, which may have
even been distinet suborders, and  that
they have no more in common than that
they have advanced to a certain stage
along more-or-less parallel lines of gas-
tropod evolution. One group, the Hetero-
gastropoda, was later separated from the
Mesogastropoda (Kosuge, 1966).

Knight, et al. (1954) have given the
most detailed scheme to be advanced re-
cently on the evolution of the Gastropoda.
They indicated that the Neogastropoda
were probably derived from the extinet
Subulitacea in the Mesozoic, that this
superfamily divided into the Muricacea,
Buccinacea and the extinet Nerineacea,

and that the latter gave rise to the
Volutacea and Conacea

The 4 Recent superfamilies existed in
the carly Cretaccous, all arising more-or-
less simultancously, and all were clearly
recognizable and surprisingly modern in
appearance by the middle  Cretaceous
(Sohl, 196:1).

Patterson (1969) has shown that the
chromosome numbers of the
Mesogastropoda and  Neogastropoda  are
very different. The haploid number varies
from 28-36 in the Neogastropoda, 7-20 in
the Mesogastropoda and 9-21 in the
Archacogastropoda. There is therefore lit-
tle relationship in the chromosome num-
bers of the neogastropods to those of the
other 2 orders, atthough the
Neogastropoda could have arisen by
polyploidy from either.

The evidence given below suggests that
the Neogastropada are a group derived in-
dependently from an archacogastropod or
a very primitive mesogastropod ancestral
form. They have followed certain general
gastropod evolutionary trends which have
resulted in their superficial similarity to
other groups, such as the carnivorous
mesogastropod  superfamily Tonnacea.
These lines of evolution include the forma-
tion of a proboscis, the reduction of the
ctenidia to a single, monopectinate gill,
and the enlargement of the left os-
phradiuim and marked increase in its sen-
sory surface by the formation of lateral
leaflets. The enlargement of the os-
phradium was probably coupled with the
formation of an anterior siphon. A siphon
was probably present in the Subulitacea as
members of this group had a well-
developed anterior notch in the aperture.
The osphradium functions as an efficient
chemoreceptive organ in the
neogastropodls (Kohn, 1961b), the anterior
siphon giving it directional significance.

Fig. I indicates how the foregut of the
Neogastropoda may have evolved. The
salivary glands (sg) in the carly
archacogastropods (Fig. 1, A) are simple
glandular sacs attached to the buccal cavi-
ty. They lie just behind the nerve ring (nr)
in many archacogastropods, and probably
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the salivary ducts of the ancestral
neogastropod were pulled, by the elonga-
tion of the snout, through the nerve ring at
this primitive stage of development (Fig.
1, B-D) as Graham (1941) suggested.

Two pairs of histologically different
salivary glands are found in the Acmaeidae
(Thiem, 1917) and also in some Neritidae.
In the latter family, in Theodoxus
(Whitaker, 1951) and Septaria (Bourne,
1908), the 2nd pair of salivary glands are
blind. glandular tubules which open into a
short, ventral extension of the buecal cavi-
ty below the odontophore. In structure
and position these glands resemble the
accessory salivary glands (asg) in the
Neogastropoda. The 2nd pair of salivary
glands found in some Archaeogastropoda
were probably present in the group that
give rise to the Neogastropoda, although it
is highly unlikely that the Neritacea or the
Patellacea were this group.

The structure of the mid-oesophagus is
of particular interest in the neogastropods
because it is this part of the alimentary
canal, together with the radula, which
provides the most distinctive and reliable
means of separating the group from the
remainder of the Prosobranchia.

Amaudrut’s (1898) and Graham’s (1941)
hypothesis for the derivation of the gland
of Leiblein (or “unpaired foregut gland™)
from an oesophageal gland is in keeping
with the hypothesis advaneed here for an
archacogastropod origin for the
Neogastropoda, although these authors
believed the group to have originated from
the highly evolved mesogastropod group,
the Tonnacea.

The valve (or pharynx) of Leiblein (vl)
(=csophageal bulb of Hyman, 1967) is
always composed of a glandular pad lying
around a ciliated cone or fold (v) which
acts as an oesophageal valve (Graham,
1941). Apparently the only function of the
glandular pad is to bind together food par-
ticles. There is not eomplete agreement
over the derivation of the valve of
Leiblein. Graham (1941) suggested that it
represents an enlargement of the
oesophageal dorsal folds. Amaudrut (1898)
supposed that this structure, together with

the glandular mid-oesophageal folds, is
homologous with the oesophageal pouches
of the mesogastropods. Graham (1941)
rejected the idea because the oesophageal
pouches in mesogastropods, unlike the
dorsal folds, are ventral structures.

It does, however, seem possible that the
valve of Leiblein is homologous with the
buccal (or oesophageal) pouches (bp) of
primitive archacogastropods (Fig. 1, A)
such as Haliotis and other Zeugobranchia,
the Trochidae, and the Patellacea. These
pouches, at least in IHaliotis, are lined with
tall, glandular cells which stain with acid
dyes (Crofts, 1929). Just behind the buecal
pouches in IHaliotis are dorsal and ventral
ciliated valves and immediately behind
lics the glandular mid-oesophagus. The
oesophageal gland is confluent with the
mid-oesophagus over all of its length and
gradually revolves from a ventral to a dor-
sal position (Fig. 1, A; og). The homology
of the oesophageal pouches and the
stenoglossan valve of Leiblein is implied
by Hyman (1967) who refers to this struc-
ture in the oesophagus of all prosobranchs
as the “esophageal bulb.”

The anterior oesophagus of the
rachiglossan  neogastropods  probably
represents an elongation, coupled with a
ventral closure, of the roof of the buccal
cavity in front of the buccal pouches. This
idea is supported by the presence of dorsal
folds and the absence of ventral folds in
the rachiglossan anterior oesophagus. In
addition, the dorsal folds generally lie
laterally or ventro-laterally. In the more
advanced archaeogastropods and in the
mesogastropods, the anterior oesophagus
appears to have been derived by elonga-
tion behind the buccal pouches and valve
(Fig. 1, H, 1) and, consequently,
sometimes has a pair of ventral folds. Thus
the anterior oesophagus in the Rachiglossa
and Mesogastropoda have different
origins. The buccal pouches and valves in
the Rachiglossa would thus be separated
from the buccal mass (Fig. 1, D) and, after
being pulled through the nerve ring by the
general elongation of the anterior gut,
would lie in the correct morphological
position for the valve of Leiblein (Fig. 1,
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B

FIG. 1. Hypothetical evolution of the anterior and mid-gut of the ancestral types of the main groups of the
Neogastropoda The oesophageal gland and salivary glands are stippled and the nerve ring is shown in solid
black. The dotted line in B, F, and G indicate the scar left by the removal of the oesophageal gland; in E it
represents the dorsal food channel. The double-headed arrows indicate the area of elongation of the oesophagus.
A, Hypothetical archacogastropod forerunner; B, conacean; C, cancellariacean; and D, muricacean ancestral
types. 1, Hypothetical fore-runner of marginellid-volutomitrid group. F, Families showing torsion within or
behind nerve ring: G. Families showing torsion within valve of Leiblein. H, 1, Mesogastropoda.

asg, accessory salivary glands; be, buccal cavity; bp, buccal pouch: df, dorsal folds; nr, nerve ring: og,
ocsophageal gland; pr, proboscis, sg, salivary glaud; v, oesophageal valve; vf, ventral folds; v1, valve of Leiblein.
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E, F, G). The glandular parts of the buccal
pouches must have spread around the
oesophageal wall and thus form the glan-
dular part of the valve of Leiblein. The
oesophageal valves would be homologous
with the ciliated cone overlying this pad.

The salivary ducts, which in other
prosobranchs enter the buccal wall, are
often embedded in the anterior
oesophageal wall (usually lving beneath
the dorsal folds) in rachiglossans, this
providing further evidence of the buccal
derivation of the anterior oesophagus in
the Rachiglossa.

The buccal pouches are variable in posi-
tion in the archaecogastropods, lying along-
side the buccal cavity in Haliotis, but be-
hind (as in Fig. 1, A) in Nacella (Haller,
1894) and in some lower mesogastropods
(Fig. 1, 1) such as Littorina (Fretter &
Graham, 1962). The ancestral
neogastropod possibly had the glandular
buccal pouches lying on either side of the
anterior end of the mid-oesophageal gland
because the valve of Leiblein sometimes
lies at the site of torsion.

The buccal ganglia lie beneath the valve
of Leiblein, perhaps indicating the valve's
buccal origin. In the Cancellariidae
(Graham, 1966) and in proboscidiferous
mesogastropods, the buccal ganglia are
situated just behind the buccal mass and
have very long connectives, which pass
through the proboscis. Graham (1966)
showed that the mid-oesophagus lies in
front of the nerve ring in Cancellaria (Fig.
1, C) and that the valve of Leiblein is just
behind the buccal cavity. The mid-
oesophageal gland is probably represented
by a zone of glandular tissue lying below
the dorsal folds of the oesophagus. Thus,
in Cancellaria, the mid-oesophagus has
been pulled through the nerve ring and
the ventral valve of Leiblein (buccal
pouches) has not departed from its
primitive position.

In the toxoglossans the valve of Leiblein
has been lost (Smith, 1967) and may never
have evolved past the oesophageal pouch
stage. The mid-ocsophagus presumably
commences immediately behind the buc-

cal cavity. This is suggested by the salivary
ducts entering the buccal cavity without
being attached to the oesophageal walls
and by the relative position of the nerve
ring. The development of a poison gland
by the stripping off of the glandular, mid-
oesophageal dorsal folds (Ponder, 1970a),
probably took place before the separation
of the Terebridae and Conidae from the
Turridae.

Graham (1941) stated that Nucella and
Buccinum must have evolved from
different groups because they exhibit dif-
ferent positions of torsion in the mid-
oesophagus. If this were the case then the
Vexillidae (Ponder, 1972b), Marginellidae
(Ponder, 1970a) and the Olividae (W.F.P.)
must have evolved from a 3rd group,
because in all of these families torsion oc-
curs just behind the nerve ring (Fig. 1, F).
In the Muricidac, Turbinellidae (Ponder,
1973b), Volutidae (Ponder, 1970b) and
possibly the Mitridae (Ponder, 1972b) tor-
sion of the gut occurs within the valve of
Leiblein (Fig. 1, G), but in Buccinum
there is a gradual rotation throughout the
mid-ocsophagus. There is a similar vari-
ability in the position of torsion in the
Archacogastropoda  (Fretter & Graham,
1962). The variations in the neogastropods
might have resulted from similar varia-
tions in the archaeogastropod ancestor that
were in evidence before the valve of
Leiblein was pulled through the nerve
ring. In the Volutomitridae (Fig. 1, E) the
oesophageal gland appears to have
retreated from the anterior part of the
mid-oesophagus and has become stripped
off from behind forwards (Ponder, 1972b).

Thus it would appear that the
divergence of the various rachiglossan
families commenced before  the main
clongation of the proboscis and the
associated changes in the foregut and,
therefore, before the site of torsion of the
gut in cach group becanie a stabilized
feature. If these suppositions are correet,
similarity in the position of torsion in 2 or
more groups would not necessarily in-
dicate a close relationship, as it would
probably have been evolved independent-
ly.
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There are thus 3 basic patterns of
organization of the foregut in the
Neogastropoda. It is maintained here that
cach has evolved quite separately and that
all were probably derived from an early
neogastropod forerunner before the
clongation of the snout to form a
proboscis. These groupings are: (1) The
rachiglossan group in which the dorsal
wall of the buccal cavity provided clonga-
tion of the oesophagus during the forma-
tion of the proboscis: (2) The cancellariids
in which the mid-oesophagus is the site of
clongation after being pulled through the
nerve ring: and (3) The  toxoglossan
families in which the buccal mass has
remained in its primitive position im-
mediately in front of the nerve ring, the
formation of a proboscis being brought
about by the elongation of a tube connec-
ting the buceal cavity with the mouth (Fig.
I, B

The 3 types ol organization referred to
above form 3 natural groups within the
living Neogastropoda and will be referred
to in the following discussion in parts 1
and 2 as the Conacea, Cancellariacea and
Rachiglossa respectively. In part 3 it is sug-
gested that the nane Muricacea be used
for the whole of the Rachiglossa hut this
usage is avoided at this stage because of
the confusion that is likely to arise be-
tween the restricted and extended inter-
pretations of the Muricacea.

The origin of the rachiglossan and toxo-
glossan radulae has generally been
regarded as a natural progression from the
tacnioglossan type.  However, both the
tacnioglossan and the stenoglossan radula
conld have been produced from a reduced
rhipidoglossan type. A convenient
ancestral stenoglossan radula would have a
multicnspid central tooth, a pair of large
lateral teeth and a pair or more of marginal
teeth in each row (Iig. 2, No. 8). Such a
radula conld have given rise to the steno-
glossan and tacnioglossan types. A similar
radula with only one pair of marginal teeth
is seen in some members of the Clavinae
(Turridac). From this type of radula, the
rachiglossan and toxoglossan types may
have been derived. With the loss of the

W. F. PONDER

lateral teeth and the central tooth the nor-
mal toxoglossan radula wonld result. Maes
(1971) believes that many turrid radulac
have 4 marginal teeth in cach transverse
row. If this is the case the primitive toxo-
elossan radula would have had 2 marginal
teeth and imay have closely resembled the
tacnioglossan type. The cancellariid type
consists ol a single row of peculiar,
clongated teeth (see Olsson, 1970), which
are probably homologous with the central
teeth of the remainder of the
Neogastropoda.

Graham  (1941) advanced the hypo-
thesis that the ocsophageal gland in the
Rachiglossa was stripped from the mid-
oesophagus, during the clongation of the
proboscis, when the valve of Leiblein was
dragged forward through the nerve ring
(Fig. 1, F, G). The removal of this bulky
ocsophageal gland left a scar, whicli shiows
its original line of attachment. The gland
then opens by a narrow duct into the
posterior end of the mid-oesophagus. This
is a much more satisfactory arrangement in
a carnivorous gastropod than the widely
open  connection  seen  in most  meso-
gastropods and archacogastropods. A
narrow dnet to the ocsophageal gland has
evolved independently in the Triphoridae
(Fretter. 1951). Possibly the advantages of

the possession of a narrow duct
precipitated its evolution in the

Rachiglossa. rather than the mechanical
explanation offered by Graham.

The stomach of some neogastropods re-
tains a gastric shield and recognizable style
sac (Smith, 1967a), and thus resembles
those of generalized archacogastropods,
such as Monodonta (Graham, 1949). A
prononnced posterior caecum is found in
many neogastropod species, which inay, in
some  cases, be a sceondary  structure,
although in others it is probably the rem-
nant of a sorting caecum. Graham (1949)
summarized the advances of the
neogastropod stomach as including (1) the
loss of the cacanm and therefore the ab-
breviation of the major typhlosole and in-
testinal groove, (2) the anterior migration
of the opening ol the oesophagus coupled
with its opening into the main gastric cavi-
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tv. (3) the loss of the sorting areas, and the
disappearance of the gastric shield. These
simplifications, Graham concluded, are
due to the carnivorous diet of the
ncogastropods. These features were
observed by Graham (1949) in the
Muricidae, but Nassarius reticulatus (Lin-
nacus) was shown to have a gastric shield,
a long posterior caccum and a remnant of a
posterior sorting area. Morton (1960) and
Brown (1969) recorded a crystalline style
in 2 species of the Nassariidae, and Ponder
(1972b) noted a prominent gastric shield in
the Microvolutidae. Thus some of the
features of the archacogastropod stomach
are present in some groups of
neogastropods, whereas in others it has
become simplified, or, as in Alcithoe
arabica (Gmelin) (Ponder, 1970Db), secon-
darily complex.

An anal (rectal) gland, such as that oc-
curring in many Neogastropoda has not
been definitely  encountered in any
Mesogastropoda (Fretter & Graham, 1962,
p 233). Simple types do occur in the
Archacogastropoda, in some members of
the Trochidae and Scissurellidae (Fretter
& Graham, 1962, p 233), where they are
actually an enlargement of the intestinal
groove or a pouch on the side of the end of
the rectum. They apparently have a
lubricating function, but it is conceivable
that a gland derived in this way could take
over an cxcretory function like that shown
for the neogastropod anal gland (Fretter,
1946).

The possession of a gonopericardial
canal in the male genital system of a few
neogastropods is a very primitive feature
and this is not shared by any
mesogastropod, although some  show
traces of such a duct (Fretter & Graham,
1962). The development of an ingesting
gland from a median sperm pouch must
also have been an ecarly development for at
least 2 of the superfamilies (Muricacea,
Conacea; as here recognized) have this
structure.

Other evolutionary trends in the
neogastropods run largely parallel to those
in the mesogastropods. The coiled shell
causes a loss of the right auricle, right renal

organ and right pallial complex. The right
renal organ remains only as an element in
the organization of the genital ducts,
whereas the pallial glandular parts of the
genital ducts may have been derived from
the right hypobranchial gland. The reduc-
tion and loss of the orguns on the right side
has allowed the expansion of the left
ctenidium, osphradium and hypobranchial
gland, and also the migration of the rec-
tum to the right side of the pallial cavity.
Associated with these changes, the rectum
no longer penetrates the ventricle as it
does in many archacogastropods and both
structures come to lie on opposite sides of
the body. The shell has lost its nacreous
layer and the operculum its spiral form.

Many of the above changes also took
place in the early mesogastropods, so that
it is probable that the 2 orders may have
been derived from the same
archacogastropod group which was begin-
ning to show these tendencies. Separation
must, however, have been at a very early
stage if this were the case.

In summary it is suggested that the
ncogastropods arose  from an archaeo-
gastropod, or very primitive mesogastro-
pod, for the following reasons: 1.
Neogastropods  have some organs not
found in mesogastropods but known in
some archacogastropods. These include 2
types of salivary glands, a rectal pouch
(anal gland of neogastropods) and a gono-
pericardial duct in the male reproductive
system. 2. The anterior alimentary canal in
the mesogastropods  and  neogastropods
differs in the following ways. (a) The
salivary ducts pass through the circum-
ocsophageal nerve ring in mesogastropods
aud do not in the ncogastropods. (b) The
alve of Leiblein seems to be derived from
the oesophageal pouches of an archaco-
gastropod because in mesogastropods
these lie ventrally and the oesophageal
valve is lost. (¢) The site of elongation of
the oesophagus is different in the
mesogastropods and in the 3 groups of
neogastropods.

The Subulitacea have all of the shell
features required in an ancestral
neogastropod. As well as the loss of the
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nacrcous laver and development of an
anterior notch, they have lost the primitive
median sinus and many have a columellar
fold. Knight, et al. (1960) suggested that
this group originated in the
Loxonematacea.

The adoption of a carnivorous mode of
life set the ancestral neogastropods apart
from their microphagous forebears. They
probably commenced feeding on en-
crusting and other colonial animals, a
habit  seen in modern  archaco-
gastropods, and still found in some
neogastropods. The Magilidae, for exam-
ple. may have been at first predatory
grazers on corals and have now become
suctorial. whereas the primitive vexillid
genus, Austromitra, is still found to feed
on ascidians (Ponder, 1972b).

some

The adoption of a carnivorous habit re-
sulted in a complex radiation, in which
nearly every marine environment  was
penetrated. Rapid specialization followed
in feeding habits, habitat preferences and
morphology, so that the various family
groups appear more-or-less simultancously
in the fossil record.

The rapid rise in the importance of the
neogastropods is paralleled by a similar,
but even more diversified, radiation in the
mesogastropods (Sohl, 1964).

PART 2.
EVOLUTIONARY TRENDS IN
THE NEOGASTROPODA

One of the most signiticant factors of
neogastropod evolution is the well-marked
tendeney towards parallel evolution of the
various organ systems.  Each  family,
cquipped as it was with a fundamental
ncogastropod  structure, has shown, de-
spite soime degree of adaptive radiation, an
independent  evolutionary  tendeney
towards a similar modification of the inter-
nal organs. Their internal structure is, on
the whole, rather uniforin, but it is sug-
gested that the head-foot, shell and radula
underwent carly adaptive modifications
which, from the outset, stamped a distine-
tive pattern on cach major group and on
the separate families within them.

The Shell, Head-foot and Pallial Cavity

These 3 parts of the animal will be
treated together, as they deal with the ex-
ternal environment and are often the first
structures to be modified by it. The basic
structure of the pallial cavity and head-
foot is shown in Fig. 5.

The shell in most neogastropods is targe,
usually fusitorm, rather heavy, has a long
or short anterior siphonal canal, and usual-
Iv the animal can withdraw into it com-
pletely.

The great variability in shell form is
found within the Buccinidae and the
families allied to it that are included in
Thicle's Buccinacea (Fasciolariidae, Nas-
sariidae, Galeodidae, Turbinellidae,
Colubrariidae and Pyrenidae). The mem-
bers of these families are capable of
living on hard and soft substrata and their
foot is usually of moderate proportions,
but in those species found on hard sub-
strata the foot is often small (e.g., Buccinu-
lum (Bu - cinidace) and many
“asciolariida ) and they generally have a
short anterion siphon. The Nassariidae live
mainly on soft substrata and have a larger
foot, which reaches a considerable size in
Bullia (1. & A. Adams, 1853; Quoy &
Gaimard, 1833), and a long siphon. The
shell and foot are sometimes well adapted
for burrowing (c.g.. Cyclope: Morton,
1960). Versatility in ecology is the keynote
to the success of these families.

The Turbinellidae and some
Fasciolariidac have developed columellar
plaits as a means of providing additional
surface for the attachment of the colu-
mellar muscle.

The pallial cavity in all of the above
familics opens in front and on the right
side of the animal, but it is not placed as
far back on the right as in some of the
other familics that are modified for
burrowing. An exception is scen in the
Pvrenidac in which the aperture is often
clongate.

Although the hypobranchial gland pro-
duces copious quantities of mucus and
other pale-coloured seeretions, no purple
fluid is produced in any of the famnilies
listed above.
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The foot usually bears an operculum, al-
though this is lost in some Pyrenidae,
possibly because of their elongate con-
stricted apertures. The Nassariidae have 2
short tentacles on the posterior end of the
foot and the operculum is usually small.
The opercular nucleus in all of the above
families is usually terminal in position,

In contrast with the above families, the
Muricidac have solid, strongly or-
namented shetls which often bear varices,
although parallel examples are occasional-
ly encountered in the Buccinidae (e.g.,
Phos, Hindsia). The muricids generally
live on hard surfaces so that the foot is
usually  small.  Concholepas  peruviana
(Lamarck) is limpet-shaped, being the end
product of a trend in the “thaid” group to
enlarge the aperture and foot as an adap-
tation to life on wave-swept shores.

The pallial cavity in the Muricidae is
unspecialized and is probably the closest to
the primitive neogastropod type that exists
in the modern neogastropods. A purple
hypobranchial sccretion is produced by
most muricids and has been shown by
several workers to contain a poisonous
component (reviewed by Halstead, 19653).

The siphon rarely projects much be-
yond the end of the siphonal canal of the
shell, although the canal itself, as in some
species of Murex. is occasionally very long.
The operculum is usually large and has a
terminal, subterminal or lateral nucleus.
On the sole of the foot there is an accessory
boring organ that secretes an acid and pos-
sibly a calcase enzyme which aids in the
boring of shells, a feature for which this
family is well known (Fretter, 1946;
Carriker, 1961, 1967; Smarsh, et al., 1969).

The Columbariidae have a small foot
and a very long anterior canal projects
from the small, round aperture of the shell.
The shell often bears 1 or 2 rows of spines;
the operculum is large and has a terminal
nucleus. Little is known of their habits ex-
cept that they mostly occur in deep water.

One of the most bizarre neogastropod
groups is the Magilidae. This family con-
tains genera whose shells resemble those of
the Muricidae (e.g., Coralliophila,
Tolema), and others in which the shells

have become limpet-shaped (e.g.,
Quoyula) or are embedded in coral and be-
come  vermiform  (e.g., Magilus). The
pallial cavity of the Magilidae is similar to
that of the muricids, but the osphradium is
small (Gohar & Soliman, 1963). The foot
in scdentary forms functions as a sucker,
aiding in boring the holes in which the
animals live (Gohar & Soliman, 1963). In
Tolema, which is presumably a free
moving member of the family, the foot is
similar in size to that of members of the
Muricidac (W.F.P.). An operculum with a
lateral nucleus is present in members of
this family.

Thiele’s Stirps Volutacea contains an
assemblage of unrelated families, most of
which are modified, to some degree, for
burrowing in soft substrata. These families
are the Mitridae, Vexillidae,
Volutomitridae, Harpidae, Volutidae,
Marginellidae and Olividae. The first 4
families are the least moditied, although
their shells have long, often narrow aper-
tures, an adaptation which culminates in
displacing the right angle (exhalant aper-
ture) of the pallial cavity far towards the
posterior end of the shell. This allows the
pallial cavity to function efficiently while
the animal is burrowing. The shells of the
first 3 families are sometimes elaborately
ornamented and are never covered by the
mantle or parts of the foot, and the foot is
of moderate size only. Some of the genera
in the Mitridac and Marginellidae have
become adapted to hard substrata but it
scems likely that they have been derived
from a burrowing ancestral form. In the
other families the shell is sometimes sculp-
tured, but rarely elaborately, and is usually
smooth.

By contrast with the earlier families,
most Marginellidae and a few Volutidae
have the mantle edges overlapping the
shell. In these 2 families the pallial cavity
has swung completely to the right, the
siphon lying immediately above the head
and the exhalant aperture opening on the
posterior edge of the long body whorl. In
most Volutidae the shicld-shaped head is
formed from the fusion of the tentacle
bases, over the rhynchostome. There is
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usually a pair of siphonal lappets, which
aid in blocking off the anterior end of the
pallial opening,

In the Olividae the foot has reached its
greatest development. Lateral and anterior
flaps from the foot are developed which
sometimes enclose the shell completely
e, Ancilla, Amalda). Pallial tentacles
arce sometimes developed, but it appears
that the mantle never covers the shell in
the Olividae. The eves are reduced or ab-
sent in the Olividae and small in most
Volutidae. The foot i the Olividae is
usually divided into an anterior segment
(propodium) and a large posterior portion
(metapodium). Wilson (1969) has shown
how the propodinm is used as a swimming
organ in Ancillista cingulata (Sowerby).
D Orbigny (1541) recorded swimming ac-
tivity effected by movement of the
metapodial flaps in Olica tehuelchana
(" Orbigny), and Olsson (1956) and Mar-
cus & Marcus (1939) reported the same
tvpe of swimming in Olicella species.

The Harpidae have a very large foot
which has a distinct propodinm, as in the
Olividae, but the shell is not covered by
the animal (Quoy & Gaimard, 1833).

The columellae of all of the families in
this burrowing group of familics, except
the Harpidae and Olividae, usually have
strong plicac, whereas the latter 2 have
weak plaits. Usually the foot is large in the
Volutidae, Olividae, Harpidae and
Marginellidae and the operculum  lost,
although this is retained in some Olividae
and a few Volutidae. A purple hypo-
branchial secretion occurs in at least some
mitrids and volutes.

The enlargement of the foot, and par-
ticularly its encroachment on the shell in
the Olividae, has resulted in loss of the ver-
satility: of movement seen in the Buc-
cinidace and its allies.

The Cancellariidae have neither the foot
nor the mantle cavity particularly
modified. They have all lost the oper-
culum and the shell is sculptured, ovate,
and usually has colmmnellar folds. Little is
known about the habits of this family.

The conacean families have only 1 over-
all distinctive feature of the shell, and that
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is the presence of a posterior sinus in the
aperture. The shell of the Turridae is often
spindle-shaped, with a long or short
anterior  canal. The  turrids  appear to
match the Buceeinidae in versatility  of
habitat but. although there are a great
nunmber of species, they are rarely in-
dividually abundant, and in particular are
lacking in the intertidal zone. The
Conidae, on the other hand, are often
abundant as individuals and also live on
botli hard and soft substrata. Their shells
are cone-shaped, usually smooth, and the
spire is usually very short. In the sand
burrowing Terebridae the shell has a long,
slender spire, and it is smooth or weakly
sculptured. The foot in the majority of
conacean species is small, and the head in
the Conidae and Turridae bears prominent
eves, whicli are often situated near the tips
of the tentacles. The eyes and tentacles are
usually reduced or lost in the Terebridae
and at least some species in this family pro-
duce a purple hyvpobranchial seeretion.

The parallel evolution of shell features
has often resulted in a confused taxonomy,
Several families have developed members
that have a superficial resemblanee to
genera in other families. Some examples
arc the overall resemblance of the
Mitridae, Vexillidae and Volutomitridae,
the similarity of some Muricidae (e.g.,
Uttleya) to the Bucecinidae and the
resemblunce of genera such as Phyllo-
coma (Muricidac) and Colubraria
(Colubrariidae) to the Cymatiidae (Ton-
nacea).

The Alimentary Canal

The basic lay-out of the rachiglossan
alimentary canal is shown in Fig. 5. The
feeding habits of the majority of groups
are not discussed here, but a detailed sum-
mary is given by Purchon (1968).

The Proboscis: The proboscis in the
Rachiglossa is always of the pleurembolic
type and this formm is also found in the
Cancellariacea  (Graham, 1966). The
proboscis is usually relatively short and
broad in the small species of every family,
but in the larger species noticeable dif-
ferences oceur. Those families which
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specialize in grasping the prey with the
foot (Olividae, Volutidae) and the
Muricidac (which must use the pedal
accessory boring organ in conjunction with
the buccal mass in order to drill the shell of
their prey) have a short proboscis. The
Buccinidae, Nassariidae, Galeodidae and
Fasciolariidae usually have a long
proboseis and the walls of the proboscis
sac are normally capable of almost
complete introversion. This also applies to
Vasum in the Turbinellidae, but in Tur-
binella the very long, slender proboscis is
coiled in a wide, thin walled sac which is
not capable” of introversion (Ponder,
1973b). A similar sac with an even longer
proboscis is found in Colinnbarivin spp.
and Coluzea spp. in the Columbariidae
(W.F.P.), whereas an intermediate type is
seen in Ratifusus reticulatus (A. Adams)
(=mestayerae lredale), in the
Colubrariidae (Ponder, 1968) and in some
Mitridae (Ponder, 1972h). The species
with a long proboscis can ““feed at a dis-
tance” and are thus capable of preving on
animals that live in crevices, narrow holes
and tunnels. If additional length is
required in a proboscis that is already
packed into the cephalic cavity, the sheath
must become a wide sac to accommodate
the longer. and of necessity, narrower
proboscis.

The 2 specialized types of proboscis in
the Turridae that were described by Smith
(1967) ecan be derived from a more basic
type which also occurs within the family.
In the primitive subfamilies that extend
back into the Paleocene, the Turrinae,
Borsoniinac and the Clavinae, and the
even earlier Turriculinae (Powell, 1966)
(the Conorbtinae has not been examined
by the writer) there is a simple intraem-
bolic proboscis within a wide
rhynchodeum (proboscis sac). The long
tube, characteristic of the Conacea,
traverses the proboscis from the buccal
cavity at its base. In Spleudrillia debilis
Finlay (Clavinac), Comitas onokeana
vivens Dell (Turriculinae) and Epidirona
gabeusis (Hedley) (Turrinae) the proboscis
is of moderate size compared with the
rhynchodeum, but in Borsonia sp. and

Serinium  neozelanicum  (Suter) (Bor-
soniinae) it is more elongate (AW.F.P.).
This type also occurs in the Conidae
(Alpers, 1931; Shaw, 1915) and in Terebra
cancellata (Q. & G.) (Risbec, 1953) and it
presumably gave rise to the advanced type
of intraembolic proboscis (Smith, 1967) by
the invagination of the distal end seen in
Parabathytoma lhihdorffi (Lischke) in the
Borsoniinae (W.F.P.). Nany species of
Mangeliinae have the advanced, intra-
embolic type of proboscis (Robinson, 1960
Smith, 1967: W.F.P.) and some Conidae
have also developed it (Amaudrut, 1898).
It is characterized by a method of
proboscis retraction not found in the other
2 neogastropod superfamilies.

Another development from the primi-
tive toxoglossan proboscis resulted in the
reduction of the proboscis and an in-
creased emphasis on the development of
the mobile lips of the rhynchostome.
Intermediate stages in the development of
the polyembolic (Smith, 1967) tvpe of
proboscis can be seen in some turrids, in
which the relativelv small original
proboscis fills only half of the
rhynchodeum in the contracted state. A
very powerful sphincter surrounds the
long, mnarrow rhynchostomal opening
which is often produced into a snout. This
condition is scen in some advanced
Clavatulinae (Phenatoma rosea (Quoy &
Gaimard) and Maovitomella albula (Hut-
ton) (W.F.P.)) and in Pontiothauma spp.,
in the Daphnellinae (Pace, 1903). The
final stage of this development, in which
the rhynchostome forms a pseudoproboscis
(Rudman, 1969) which can be inverted, is
generally associated with the shortening of
the original proboscis. In some species
however, the 2 structures, both of
modcrate length, coexist (Philbertia pur-
purea (Montagu) (=boothi Wood); Smith,
1967; and Hastula cinerea (Born): Marcus
& Marcus, 1960). Species in which the
original proboscis has become atrophied
inctude Philbertia leufroyi (Michaud)
(Mangeliinae); Cenodagreutes spp.
(Smith, 1967), Daphlnella cancellata (Fut-
ton) (W.F.P.) (Daphnellinae), Terebra
maculata (Linnaeus) and certain other
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species ol the Terebridae (Rudman, 1969).
Terebra maculata has the pseudoproboscis
greatly developed, so that it is folded into
the rhiyncehodeum.

The pscudoproboscis or  polyembolic
proboscis is thus a new structure
developed from the rhynchostome and
is not homologous with the original
neogastropod  proboscis. Whereas the
original proboscis was developed by the
elongation of the archacogastropod snout.
in the Conacea a new clongation of the
“pscudosnout” has resulted in a “pseudo-
proboscis.”

Since the above was written  Miller
(1971) has produced a preliminary report
on his work on the feeding mechanisms of
the Terebridae. 11e shows that there are 3
main types of feeding mechanism in this
family. Tvpe T has a pscudoproboscis,
salivary glands and a short proboscis.
There is no poison gland or radula. Type 2
are typically toxoglossan having a long
proboscis, a poison gland and a radula.
Type 3 has a peculiar accessory feeding
organ consisting of a ““long posterior glan-
dular and muscular stalk, terminating
anteriorly in a series of muscular papillae.”
This ty pe does not have a radula or poison
glands and many have lost the salivary
glands and buccal tube as well.

Rudman (1969) has deseribed a 4th type
in Percicacia tristis (Deshayes) which s
similar to Miller's Ist tvpe but differs in
the possession of a radula with an odon-
tophore.

The loss of salivary glands, poison gland
and radula is sometimes associated with
the development of the polvembolic type
of proboscis or pseudoproboscis ( Terebra
maculata (Rudman, 1969), Cenodagreutes
spp. (Smith, 1967)).

The Buccal Cacity and Salivary Glands:
The buccal cavity, although showing a
general uniformity  throughout the
Neogastropoda,  has been  modified  in
some families. The mouth opens directly
into the buccal cavity in most families, but
is surrounded by a peristomial rim in the
Muricidae (Carriker, 1943) and Mitridace
(Ponder, 1972b). There is a long oral tube
in the Vexillidae (Ponder, 1972b), aud the

Cancellariidae (Graham, 1966). No true
jaws are found in the Neogastropoda, but
members of the Muricidae have a median,
dorsal, jaw-like sclerite (Carriker, 1943;
Wu, 1965).

In the Magilidae the buccal cavity
appears to extend to the base of the
proboscis and the odontophore and radula
have disappeared. In this family the buccal
cavity is used as a pump in feeding on the
coclenterate prey (Ward, 1963). A minute
buccal apparatus is found in some
Colubrariidac (Ponder, 1968), the Har-
pidac (Bergh, 1901), and Vitularia in the
Muricidae (W.I7.P.), and Coluzea in the
Columbariidae (W.F.P.). The conacean
families have a long tube leading from the
buceal cavity which lies at the base of the
proboscis but not at its distal end as in the
Rachiglossa. Tu this group many species
lose  the muscular odontophore and,
although this is retained in several
primitive genera (AW.F.P.), it seems unlike-
Iy that it is ever protruded from the mouth,
as in rachiglossans.

The duct of the unpaired foregut gland
in the Rachiglossa and its toxoglossan
homologue, the poison gland, opens into
the buceal cavity in the Conacea and in
some  Marginellidae  (Graham,  1966;
Ponder, 1970a). A few terebrids (Troschel,
1856-1893; Bouvier, 1887; Risbee, 1953)
and turrids (Smith, 1967), have lost the
radula, salivary glands and poison gland.

Many neogastropods possess 2 types of
salivary gland (see Fig. 1) or buccal glands
(Hyman, 1967).

One type is homologous with the “nor-
mal” salivary glands (sg) of most other
gastropods. These are white, usually
paired, often irregular, bodies composed of
masses of minute tubules made up of
cuboidal seereting cells. Their ducts usual-
ly open laterally into the buccal cavity.
These glands will be referred to in the
following discussion as “salivary glands.”

The 2nd type of salivary gland, often
termed accessory salivary  gland  (asg),
usunally cousists of a pair of elongate
vesicles  containing  the  secretion  pro-
duced by glandular tissue adhering to their
outsides. They open by way of a very
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narrow duct at the anterior end of the buc-
cal cavity.

Nearly all neogastropods have salivary
glands. These glands are usually massive
in the Muricidae and Mitridae, as well as
inn the Buccinidae and its allied families. In
these groups there are usually 2 types of
cells making up the glandular epithelium
(Dakin, 1912 (Buccinum); Fretter &
Graham. 1962 (Nassarius); Ponder, 1972b
(Strigatella); W.F.P. (Taron, Cominella)
and Wu, 1965 (Drupa, Morula)). They are
also large in the Turbinellidae (Ponder,
1973b) but their histology has not been
examined. The salivary glands of the
Volutidae (Ponder, 1970b), the
Marginellidae (Ponder, 1970a), the Micro-
volutidae, the Vexillidae (Ponder, 1972b)
and the Olividae (Marcus & Marcus, 1959)
are composed  of more-or-less  discrete
tubules, in which there is only 1 type of
secretory cell, and the entire gland is often
small.

The salivary glands of the Conacea are
frequently rather small, and sometimes are
reduced to a single gland with only 1 duct
(which may be 2 fused ducts), as in Conus
lividus (Briig.)(Alpers, 1931). There is only
1 type of gland cell present and in Conus it
is tall and vacuolate (Alpers, 1931), but in
the Turridae it is like the normal
ncogastropod salivary cell (W.F.P.).

The cancellariids  have long, narrow
salivary glands that lie within the
proboscis (Bouvier, 1887: Amaudrut, 1898;
Graham, 1966).

The salivary ducts often lie beneath
the dorsal folds in the oesophageal wall,
but are free in some Buccinidae,
Nassariidae, Mitridac and Olividae and in
the Conacea and Cancellariacea. They
usually open into the posterior end of the
buccal cavity above the opening to the
radular sac, but in the Pyrenidae (Marcus
& Marcus, 1962a) and Conacea (Smith,
1967) theyv open into this sac. In the
Pyrenidae the salivary ducts sometimes
form a small vesicle just before they open.
In the Volutomitridac and Vexillidae
(Ponder, 1972b) the ducts migrate ven-
trally to open on the buccal floor and in
the Mitridae (Ponder, 1972h) they are pro-

jected in front of the mouth by an
epiproboscis. In Olicella (Marcus & Mar-
cus, 1959) the salivary ducts open at the
anterior end of the buccal cavity and in
Coralliophila abbreviata (Lamarck) they
unite dorsally before entering the buccal
cavity (Ward, 1965).

The accessory salivary glands consist of
a vesicle lined with columnar epithelium
in the Muricidae (Bouvier, 1888: Fretter &
Graham, 1962; Wu, 1965) and squamous
epithelium in the Olividae (Kiittler, 1913)
and the Volutidae (Ponder, 1970b). This
epithelium is surrounded by a layer of cir-
cular and some longitudinal muscles, and
these are penetrated by the ducts of gland
cells lying outside the muscles. The glan-
dular layer consists of 1 or more layers of
irregular, subepithelial cells and the secre-
tion fills the vesicle of the gland.

Paired accessory salivary glands have
been recorded in the above families and in
the Vexillidae (Risbec, 1928; Ponder,
1972b) and the Cancellariidae (Amaudrut,
1898: Graham, 1966), but are not found in
the Mitridae (Risbec, 1928; Ponder,
1972b), Harpidae (Bergh, 1901),
Terebridae (Risbec, 1953; Marcus & Mar-
cus, 1960) and most Turridae (Smith,
1967, W. F. P.), although the writer has
located them in 2 species of the Bor-
soniinae. None of the families that are
generally regarded as related to the Buc-

1929), including the Pyrenidae (Risbec,

1954; NMarcus & NMarcus, 1962a),
Galeodidae (Pierce, 1950; W.F.P.),

Nassariidae (Bouvier, 1888; Risbec, 1952;
Graham, 1941), Fasciolariidae (Marcus &
Marcus, 1962) and the Colubrariidae
(Ponder, 1968). The Columbariidae
(W.F.P.), Turbinellidae (Moses, 1923;
Ponder, 1973b) and the Magilidae
(Bouvier, 1888; Ward, 1965; W.F.P.) also
lack them, whercas in the Volutomitridae
(Ponder, 1972b) and the Marginellidae
(Ponder, 1970a) a single gland is present,
though it is sometimes absent in the latter
family.

The function of the accessory salivary
glands is still obscure. Bouvier (1888)
found it in all of the Muricidae that he
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examined, it being very minute in Marex
trunculns(Linnaeus), larger but embedded
in the normal salivary glands in Trophon
philippianus Dunker and very large in
Ocenebra erinaceus (Linnaeus) and
Nucella lapillus (Linnaeus). The ability to
bore into shells is best developed in
Nucella and Ocenebra and so. in this fami-
v, its size may be correlated with the
animal’s feeding habits. Wu (1973) has
shown that at least 2 muricids lack these
glands. However none of the other
familics that possess it have so far been
shown to have the ability to bore into
shells, but the structure of the gland is
nearly identical in o all, except for the
difference in the internal epithelium in the
Muricidae mentioned above.

Several workers have tested the secre-
tion of the accessory salivary gland and
have failed to find anything significant.
The salivary glands of some Muricidae
contain proteolytic enzymes  (Mansour-
Bek, 1934) and a toxic sceretion has been
recorded in some  Buccinidae (Welsh,
1956; Iiinge, 1960).

The Radula: There is an overall tenden-
ey toward reduction of the number of
radular teeth and their cusps in most of the
families of the Neogastropoda, as also oc-
curs in the Opisthobranchia. Examples in-
dicating this trend are shown in Fig. 2.
The inner circle shows a hypothetical
ancestral tyvpe of radula. The next zone (A)
includes examples of multicuspate
racdlulac, showing the maximum number of
teeth prescat in each family. The
maximum number found in all the
Rachiglossa is 3 teeth in each row, but
some of the Clavinae (Turridae) in the
Conacca have 5 teeth in cach row (No. 20).
Some families are not represented in this
zone (A), but this does not necessarily in-
dicate that the radular teeth in families
such as the Nuricidae are any more
specialized than those included in the in-
ner zoune. The diagram indicates trends
and is not neeessarily of phylogenetic
significance.

Zone Bincludes those radular teeth that
show some simplification or modification
from a more basic pattern. Some are

assumed to be secondarily  multicuspid
such as Olivella (No. 16), and Vexilla (No.
32). The Olivellinae (Olividae) (No. 16)
and the Nassariidae (Nos. 43, 45) often
develop accessory plates between the cen-
tral and lateral teeth. These are probably
independently evolved, new structures be-
cause they occur in all stages of develop-
ment in both groups.

The variation in radular pattern in the
Buccinidac, and the general similarity in
the teeth of all of the families included in
Thiele's Buccinacea, should be noted.

The radular teeth shown in zone C are
those in which the number of teeth has
become reduced. In the Mitridae,
Volutidae. Marginellidae, Volutomitridae
and Cancellariidae the lateral teeth have
been tost, but in the Buccinidae, Pyrenidae
and the toxoglossan families the central
tooth lias disappeared. The lateral teeth in
some Harpidae (Peile, 1939) and Volutidae
(Pace, 1902) are vestigial, whereas in the
Pyrenidae the large lateral teeth may fune-
tion as tweezers (Narcus & Marcus,
1962a).

The marginal teeth of advanced
toxoglossan genera (Nos. 25-27) are hollow
and capable of being charged with poison.
They are used as harpoons in the capture
of active prey (Kohn, 1939; Pearce, 1966)
which is then swallowed whole. Some
Conacea have more primitive radulae that
probably function in tearing the prey (Nos.
21, 28), while the “prototypic™ type in the
Clavinae (No. 20) is probably capable of
combining a food tearing and a spearing
function. There are undoubtedly other
methods of employing the varied types of
radula (Nos. 22, 23) within the Turridac.
The Caneellariidae have a single row of
clongated, blade-like teeth (Barnard,
1958; Graham, 1966), each an aggregate of
“rectangular tubes which form a canal
system which transverse the whole length
of the radular filaments™ (Olsson, 1970).

Several families have lost the radula
altogether, these being indicated in the
outermost zone (D). Only the Magilidae
have no known members with a radula.
Some  of these “aglossate”™ forms are
probably suctorial feeders (Magilidae,
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Marginellidae), whereas others
(Terebridae, Turridac) probably engulf
their prey whole. 1t is not known how the
Cancellariidae feed, although Olsson
(1970) suggests that they may feed on
micro-organisms, these being transported
down the minute tubes that make up each
tooth.

The Mid-oesophagus and  Gland  of
Leiblein: The evolution of the mid-
oesophagus (mo) in the Rachiglossa
follows 2 main trends, which run parallel
in several families. These are (1) the strip-
ping off of the gland of Leiblein and
oesophageal dorsal folds from the
oesophagus to form a “poison gland”™ and
(2) the loss of the original, glandular
oesophageal dorsal folds. Both of these
trends have ultimately resulted in genera
that have lost all of the glandular struc-
tures associated with the mid-oesophagus.

The oesophageal gland attached by a
narrow duct is usually referred to as the
“gland of Leiblein.” Hyman (1967) uses
the name “unpaired foregut gland.” In
order that the following discussion be
clarified the use of these terms will be
strictly  defined. The unpaired foregut
gland can be used for the unpaired gland
which enters the oesophagus by way of a
narrow duct. This can include the poison
gland of the conaceans, as I have recently
shown (Ponder, 1970a) that it is probably
hiomologous to the unpaired foregut gland
of the rachiglossans. The gland of Leiblein
can be used for that part of the unpaired
foregut gland that was derived from the
oesophageal gland. In some species the
unpaired foregut gland consists solely of
the gland of Leiblein but in others it in-
volves other parts of the ocsophagus, as is
shown below.

Fig. 3 shows the evolution of the
rachiglossan mid-oesophagus. A and B
show a generalized type of mid-
oesophagus (although not necessarily the
most primitive) which is encountered in
several families as the least specialized
type. The unpaired foregut gland consists
only of the small gland of Leiblein (gl).
The mid-oesophagus (mo) is moderately

long (A), or short (B) and has glandular
dorsal folds and a prominent valve of
Leiblein (vl).

The type shown in diagram A occurs in
the Volutidae (Volutocorbis abyssicola
(Adams & Reeve); Woodward, 1900) and
the Vexillidae (Austromitra  rubiginosa
(Hutton); Ponder, 1972b), but in some
Olividac (Oliva sayana Ravenel and
Olivancillaria  (Lintricula) auricularia
(Lamarck); Marcus & Marcus, 1959) the
mid-oesophagus is shorter, as in diagram
B.

The unpaired foregut gland increases in
bulk in the Muricidae (diagram C) but still
usually  only consists of the gland of
Leiblein. The mid-oesophagus is some-
times short but still contains the glan-
dular dorsal folds (Graham, 1941; Wu,
1965). The “Trophoninae,” probably the
most primitive of the muricid groupings,
has the smallest gland of Leiblein. In the
Columbariidae (W.F.P.) and the
Magilidae (Ward, 1965; W.F.P.) the dorsal
folds are not glandular, but the valve of
Leiblein is large (diagram D).

In the families Buccinidae (Dakin, 1912:
Graham, 1941), Nassariidae (Graham,
1941: Risbec, 1952), Fasciolariidae (Mar-
cus & Marcus, 1962), Pvrenidae (Risbec,
1954: Marcus & Marcus, 1962a) and Tur-
binellidae (Ponder, 1973b), the dorsal
folds are lost or have become in-
conspicuous, the valve of Leiblein is
sometimes reduced in size, and the un-
paired foregut gland (entirely gland of
Leiblein) remains small and sometimes
becomes very thin walled and saccular
(diagram E). Busycon canaliculatum (Lin-
naeus) (Pierce, 1950) and B. contrarium
Conrad (W.F.P.) in the Galeodidae are
organized like the Buccinidae, but some
members of the Galeodidae (Melongena
melongena (Linnacus) Vanstone, 1894; M.
corona (Gmelin; W.F.P.) have lost the
gland of Leiblein (diagram F). In
Melongena the valve of Leiblein is much
reduced and a caccum-like expansion lies
just behind the nerve ring which may be
homologous with a similar, short caecum
found in the anterior part of the posterior
oesophagus in Buccinum undatum and
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FIG 2 The evolutionary trends in the neogastropod radula. Levels A to D are explained in the text.

Mitridae (1) Cancille - Domiporta’ sp. (Cooke, 1920); (2) Scabricola desetangsii (Kiener) (=varicgatn Reeve)
Cooke, 1920). (3) Pterygia crenulata (Gmelin) (Thiele, 1929).

Volutidae 4 Volutocorbis abyssicola (Ad. & Rve.) (Thiele, 1929); (3) Volute musica Linnaeus; (6) Scaphella
junonia Shaw (Clench & Turner, 19643 (7) Alcithoe arabica (Gmelin) (original).

S Hypothetical ancestral radula.

Marginellidae (9) Diluculum inopinatum Barnard (Barnard, 1962); (10) Persicula persicula (Linnaeus) (Thiele,
1929 (11) Volvarina = Haloginella) philippinarum (Redfield) (Troschel, 1868).

\ olutomitridae (12) Paradmete typica Strebel (Thiele, 1929); (13) Microvoluta australis Angas (Peile, 1922).

Olividae (14 Pscudoliva crassa (Gmelin) (Thiele, 1929): (15) Oliva sayana Ravenel; (16) Olivella verreauxii

Duclos) (Marcus & Marcus, 1959).

Harpidae (17) Harpa amourette (Roding) (Peile, 1939).

Veaillidae (150 Vexillum sp.; (19) Pusia sp. (original).

Tueridae (200 Drillia winbilicata (Grav) (Thiele, 1929); (21) Hormospira muculosa (Sowerby) (Powell, 1942); (22)
Moria goodei persimilis (Dall); (23) Polystira picta (Reeve); (24) Inquisitor ¢f crennularis (Lamarck)
(Powell, 1966): (23) Phenatoma rosea (Quoy & Gaimard) (Thicle, 1929).

Conidae (26) Conus (Asprella) mucronatus Reeve (Thiele, 1929 (after Bergh)).

Terebridae (270 Hastula  Impages) coeruleseens (Lamarck) (Troschel, 1866); (28) Diplomeriza duplicata (Lin-
naeus) (Troschel, 1566).

Cancellariidae (29) Cancellaria sp. (original).

Columbariidae (30) Columbarium pagodum (Lesson) (Habe, 1943).

Murieidae (31) Bedeva hanleyi (Angas); (32) Vexilla taeniata (Powis) (Thiele, 1929).

Turbinellidae (33) Turbinella ovoideus (Kiener); (34) Vasum ceramicum (Linnaeus) (Thiele, 1929).

Columbellidae (33) Psendanachis duclosiana (Sowerby) (Thiele, 1929); (36) Pyrene (Strombina) gibberula
Sowerhy) (Troschel, 1569, after Moerch); (37) Paxula paxillus (Murdoch) (original).

Buccinidac 138) Proneptunca duplicarinata Powell (Powell, 1951); (39) Liomesus delei (Sowerby) (Thicle, 1929);
10) Mohnie mohni Friele (Thiele, 1929 after Kobelt); (41) Buccinun undatunt Linnaeus (Troschel, 1868);
(42) Meteuthria martensi (Strebel) (Thiele, 1929).

Nassariidae (431 Cyclope neritea (Linnacus) (Troschel, 1868); (44) Ilyanassa obsoleta (Stimpson) (Troschel,
1569); (43) Cyllene lyrate (Lamarck) (Thiele, 1929).

Fasciolariidae (46) Peristernia australiensis (Reeve) (Thiele, 1929); (47) Granulifusus niponicus (Smith) (Habe,

1945).

Mclongenidae (4S) Semifusus ( Pugilina) morio (Linnaeus) (Thiele, 1929).
Colubrariidae 119) fredalula striate (11utton) (Ponder, 1968).

Neptunea antiqua (Linnacus) (Fretter &
Graham, 1962).

The Mitridae (Risbee, 1928; Ponder,
1972b) have no unpaired foregat gland
and the valve of Leiblein and dorsal folds
are inconspicuous.

In Harpa (Bergh, 1901; W.F.P.) the
mid-oesophagus has lost all trace of the
valve and unpaired foregut gland and of
the dorsal folds (diagram P). The mid-
oesophagus of the Colubrariidae (Ponder,
1965) has become secondarily elongate
and glandular after the loss of the un-
paired foregut gland (diagram G).

The mid-oesophagus is very long in
the muricid Poirieria zelandica (Quoy &
Gaimard) (W.F.P.) and the glandular dor-
sal folds are conspicnous (diagram H). In
Murex tenuispina Lamarck (=M. pecten
Lightfoot) (Haller, 1888) and in Vexillum
spp. (Ponder, 1972b) the dorsal folds have

been  partially stripped  from  the mid-
ocsophagus (diagram 1) by the fusion of
their apices. This process has proceeded
still further (diagram J) in Xymene am-
biguus (Philippi), Paratrophon quoyi
quoyi  (Gray) (Muricidae), Amalda
(Baryspira) austrelis (Sowerby) (Olividae)
(W1, P.) and in most Volutidae (Clench &
Turner, 1964; Ponder, 1970b). In these
species the dorsal folds have been stripped
from the mid-ocsophagus up to the edge of
the nerve ring. The resultant glandular
tube lies, as @ more-or-less convolute mass,
anterior to the gland of Leiblein (sensu
stricto). The whole strueture (the unpaired
foregut gland) is usnally referred to as the
gland of Leiblein, but in fact, the part
derived from the dorsal folds (the tubular
part) is the main secretory area. The gland
of Leiblein itself (the terminal bulbous
part) is merely a muscular appendage with
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a rather thin epithelium which appears to
have hardly any functional significance.
The Volutomitridae (diagram K) appear
to have derived the gland of Leiblein from
the oesophageal gland in a different
fashion from other Rachiglossa (Ponder,
1972b). It appears to have been stripped
from the oesophagus forwards, rather than
backwards. This family has several
features in common with the
Marginellidae, and if it is possible that
they both had a common origin, the gland
of Leiblein in the Marginellidae may have
arisen in
Volutomitridae. There is, however, no
direct evidence to support this assumption

Mitridae

the same way as in the

311
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(Ponder, 1970a). In the most primitive
marginellid examined (Diluculum sp.), the
small gland of Leiblein has been stripped
from the mid-oesophagus (diagram L), to
which it is attached by only a narrow duct
(Ponder, 1970a). The following stages in
the evolution of the marginellid unpaired
foregut gland have been described in
detail elsewhere (Ponder, 1970a). Briefly it
includes the formation of a pre-torsional
tube that bypasses the valve of Leiblein
(diagram L ) and, following this, the com-
plete stripping off of the dorsal folds along
the remainder of the mid (diagrams M, N)
and anterior oesophagus (diagrain O).
Thus a separate tube is formed which
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opens directly into the buccal cavity
(diagram O).

The formation of a poison gland in the
Conacea probably occurred in a similar
[ashion to that in the marginellids. [n the
Conacea, however, there is ecither a very
<hort anterior oesophagus or this is absent
altogether, so that the process would be
simplified. Evidence in support of the
poison gland having formed in this way is
provided by the lack of any reports of
oesophageal dorsal folds in the Conacea. A

detailed account of the structure of the
poison gland of  Conus mediterraneus
(Briig.) was given by Martoja (1960). The
nature  of the mid-oesophagus in the
cancellariids is described above.

Craham (1941) suggested that because
of the different position of the scar in-
dicating the path of torsion in Buccinum
and Nucella, the Muricacea and  Bue-
cinacca must have had ditferent origins.
The scar in Buceinum shows torsion oc-
curring in that part of the oesophagus

FIG. 3 The evolutionary trends in the mid-oesophagus of the Muricacea. The gland of Leiblein is shown stippl-
ed and the mid-oesophagus and the valve of Leiblein are hatched. The valve of Leiblein and the glandular parts
of the mid-oesophagus are indicated as broader portions of the mid-oesophagus. For explanation, see text.
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which passes through the nerve ring, and
Marcus & Marcus (1962) have shown a
similar type in the Fasciolariidae. Most
Buccinidae, Pyrenidae (Marcus & Marcus,
1962a), Olividae (Marcus & Marcus, 1959)
and Nassariidae (Graham, 1941) do not
show the path of torsion. The same is true
for the Mitridae (Ponder, 1972b), although
there is some indirect evidence that it oc-
curs at the site of the valve of Leiblein, as
it does in the Muricidae (Graham, 1941),
Volutidae (Ponder, 1970b) and Tur-
binellidae (Ponder, 1973h). A 3rd type
which probably represents a modification
of that seen in the Buccinidae, shows tor-
sion occurring just behind the nerve ring.
This is seen in the Marginellidae (Ponder,
1970a), Vexillidae (Ponder, 1972b) and in
the Olividae (Amalda (Baryspira) australis,
W.F.P.). The Volutomitridae have had the
anterior part of the mid-oesophagus pulled
through the nerve ring so that the position
of torsion now lies a little behind the valve
of Leiblein, whereas, originally it probably
lay just behind the nerve ring (Ponder,
1972b).

The secretion of proteases by the un-
paired foregut gland has been investigated
in Murex (Mansour-Bek, 1934; Hirsch,
1915), Buccinum (Brock, 1936) and
Babylonia (Yamaguchi, et al., 1961).
Studies by Kohn, et al. (1960) and Whyte
& Endean (1962) have been made on the
chemical and pharmacological properties
of the venom of Conus and a summary of
this work, together with some new infor-
mation, is provided by Halstead (1965).

The pyriform valve of Leiblein is a
characteristic feature of the Rachiglossa. A
reduction in its size is often associated with
a small unpaired foregut gland (as in Bue-
cinumy) and when this gland is absent the
valve is either very small or completely
missing (Melongena, W.F.P.; Harpa,
Bergh, 1901; Mitridae, Ponder, 1972b).
Alternatively if the oesophagus is by-
passed by the unpaired foregut gland, as in
the Conacea and in some Marginellidae,
the valve of Leiblein is lost (Smith, 1967:;
Graham, 1966; Ponder, 1970a). Thus the
main function of the valve is probably to
retain the enzymatic secretion from the

unpaired foregut gland and from the glan-
dular dorsal folds within the mid and
posterior oesophagus.

The Stomach: Graham (1949) outlined
the features of the neogastropod stomach,
which he based on a study of Nassarius
reticulatus  (Linnaeus), Nucella lapillus
(Linnaeus) and Ocenebra erinacea (Lin-
nacus). Smith (1967a) suggested that 2
evolutionary trends were represented in
the stomachs of the neogastropods that he
investigated. He found that in the buc-
cinids and the turrids the stomach in-
dependently takes on a U-shape. The
neogastropod stomach has, in fact, evolved
in several different ways. The anterior
migration of the oesophagus has occurred
in all groups, resulting in a basically U-
shaped stomach.

Many neogastropod stomachs (see Fig.
5) have primitive features not found in
higher mesogastropods. This is especially
noticeable in the Nassariidae (Graham,
1949; Smith, 1967a) and the Pyrenidae
(Marcus & Marcus, 1962a), both of these
families having species which still retain
the gastric shield, style sac and vestiges of
a sorting area.

The tendency to form a spacious
posterior caecum (c) occurs in several
groups, all of which have a distinct style
sac area (ss) with recognizable typhlosoles.
These include Neptunea antiqua (Smith,
1967a) and Bueccinum undatum (Brock,
1936) in the Buccinidae, and the
Nassariidae (Graham, 1949; Morton, 1960;
Smith, 1967a), it being especially
pronounced in Nassarius (Alectrion)
aoteanus Finlay (\W.F.P.). Morton (1960)
has shown that a crystalline style occurs in
Cyclope neritea (Linnaeus), whereas
Jenner (1956) and Brown (1969) have
reported one in Nassarius (Ilyanassa) ob-
soletus (Say). Oliva sayana Ravenel has a
caecum, but in Olivella verreauxii (Duclos)
this has been transformed into a cuticle
lined gizzard (Marcus & Marcus, 1959). A
gizzard is also found in the Mitridae
(Ponder, 1972h) but in this family it is
formed in the oesophageal region of the
stomach, there being no caecum. The
Vexillidae (Ponder, 1972b) have a broad
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caccum. and so does Peculator hedleyi
(Murdoch) in the Volutomitridae (Ponder,
1972b).

In the above examples having a caccum,
the digestive gland apertures open near
the entrance of the oesophagus. Cominella
spp., Buccinulum spp., Austrofusus glans
(Roding) (W.F.P.), and Penion adustus
(Philippi) (Ponder, 1973a) in the Bue-
cinidae and Microvoluta biconica (Nur-
doch & Suter) in the Volutomitridae
(Ponder, 1972h) do not have a caceum. A
prominent gastrie shield is present in some
Nassariidae, some Pyrenidae, and in the
Volutomitridae, but certain other families
have examples which show remmnants of
this structure.

A general

tendency for the gastric

Nassariidae

Fasciolariidae

Pyrenidae

Columbariidae _—

Muricidace

[mnen (i.e., the stomach cavity excluding
the stvle sac) to elongate is seen in
Cominella (W.F.P.) and Colus gracilis (da
Costa) (Smith, 1967a) in the Buecinidae
and  Taron dubius (W.F.P.)
and Leucozonia nassa (Gmelin) (Marcus &
Marcus, 1962) in the Fasciolariidae. In
these examples the 2 digestive gland aper-
tures have become widely separated and
lic at cach eud ol the gastric lumen. This
tendeney is increased in Penion (Ponder,
1973a) and Buccinulum (Buccinidae)
(W.F.P.) in which the gastric lumen oc-
cupies most of the stomach and is, itself,
U-shaped.

in the Bucecinidae the oesophagus opens
into the stomach behind the intestine, but
in the Colubrariidae (Ponder, 1968) it

Buccinidae

Melongenidae

Colubrariidae

Turbinellidae

Mitridae

Vexillidae

Volutomitridae

Marginellidae

Harpidae

FIG. 4. The evolution of the families of the Muricacea. The inner, solid circle represents the lower Mesozoic,
ancestral neogastropod group. The middle circle indicates the boundary of the Mesozoic and Tertiary Periods.
The relative size of each family at the edge of the outer circle is approximately proportional to the total number
of Recent and fossil genera within each group. No attempt has been made to show the proportions of the genera
throughout the Tertiary Period.
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opens at the anterior end of the very
clongate stomach, which has the intestine
opening posteriorly and the style sac is lost

altogether.

Narrow, superficially  U-shaped
stomachs have been evolved in the
Turridae (Smith, 1967a) and the

Terebridae (Marcus & Mareus, 1960), but
in these families the wide oesophagus oe-
cupies most of the left side of the U,
whereas the right side is derived from the
style sac. In the Turbinellidue (Ponder,
1973b) the style sac area occupies nearly
all of the U.

The muricid stomach has evolved a bag-
like, posterior swelling which is, in reality,
a wide, short caecum (Graham, 1949;
Righi, 1964; Wu, 1965; Smith, 1967a).
The marginellid stomach (Ponder, 1970a)
has incorporated the digestive gland duct
as part of the tundus of the stomach in
some species at least, and, as in Alcithoe
arabica (Gmelin) in the Volutidae (Ponder,
1970b) the style sac, although
recognizable, has lost its tvphlosoles. The
posterior part of the stomach of Alcithoe,
which is homologous with the gastric
lumen in other neogastropods, contains
complexly ciliated, leaf-like structures.

The overall trend in the neogastropod
stomach is toward a large, relatively simple
sac with the walls closely opposed. This
allows the available ciliary currents to act
to the best advantage in moving waste
material, or in keeping food particles in
suspension so that they mix with the en-
zymatic sccretion from the digestive
gland. Achievement of these conditions is
obtained by the elongation of either the
style sac or mixing area, or by the forma-
tion of a caecum.

The formation of a crop in the posterior
ocesophagus of many neogastropods serves
to store food and, in many cases, it is a site
of preliminary digestion. Thus the food
can often be broken down before reaching
the stomach.

The Anal Gland: An anal (or rectal)
gland is found in many neogastropod
families. It is possessed by species in all 3
superfamilies and has a similar structure in
at least 2 of them (its histology has not

been desceribed in the Cancellariidae). 1t
usually consists of 1 or more branching
tubules, that, in the Muricidae (Fretter,
1946), some Magilidae (W.F.P.) and
Volutidae (Ponder, 1970b) form a large
black mass. Fretter (1946) stated that the
gland in Nueella lapillus (Linnaeus) has an
excretory function, but this has not been
demonstrated in any other neogastropod.
Smith (1967a) commented on the structure
of the gland in the Turridae and the
Muricidac.

Other families in which the gland occurs
are the Columbariidae (W.F.P.), Olividae
(Mareus &  Marcus, 19359), Vexillidae,
Mitridae, Volutomitridae (Ponder, 1972b),
Marginellidae  (Ponder, 1970a), Tur-
binellidae (Ponder, 1973b),
Cancellariidae (Graham, 1966), and the
Terebridae (Marcus & Marcus, 1960).

In some families normally possessing the
anal gland, certain genera appear to have
lost it, these including Vaswm in the Tur-
binellidae (Ponder, 1973b) and Diluculum
in the Marginellidae (Ponder, 1970a). In
some species it is very small and possibly of
little functional importance. Ward (1965)
has shown that Coralliophila abbreviata
(Magilidae) does not possess an anal gland.

None of the families in Thiele’s Buc-
cinacea appear to have the gland, nor has
the Colubrariidae.

Smith (1967a) pointed out the similarity
of the granules in the anal gland of some
neogastropods to those in the amoebocytes
surrounding the digestive gland. In some
instances, however, they do not resemble
these latter granules. The refringent
granules encountered in renal tissue and
often seen in the gland of Leiblein are also
similar.

The Male Genital Ducts

In all neogastropods the male genital
duct (see Fig. 5) consists of a coiled, upper
vas deferens modified to form a sperm
storing seminal vesicle (sv) and, in some
species, the walls ingest spermatozoa
(Fretter, 1941; Smith 1967b). The lower or
renal part of the vas deferens is usually
straight and it is connected to the pericar-
dium by a renopericardial duct or a strand
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of tissuce representing it. The
Volutomitridae (Ponder, 1972b). the turrid
Oenopota (= Lora) trecelliena (Turton)
(Smith, 1967b) and possibly the turbinellid
Vasum turbinellum (Linnacus) (Ponder,
1973b) have a gonopericardial dnct. The
remuants of this duet have been recorded
in some Muricidae, Buccinidae (Iretter,
1941). Fasciolariidace (Marcus & Marcus,
1962) and Turridac (Smith, 1967b). Some
others have the renal vas deferens located
so close to the pericardial wall that the
cxistence ol a vestigial duct cannot be es-
tablished. A divertienlum  of the renal
organ approaches the renal vas deferens in
the Marginellidae (Ponder, 1970a) and in
Leucozonia in the FFasciolariidac (Marcus
& Marcus, 1962).

In the most primitive condition, the
renal vas deferens opens into an open
pallial groove lined with prostatie tissue,
such as ocenrs in the Volutomitridae
(Ponder, 1972b). Harpidae (Bergh, 1901),
and in some volutes (Woodward, 1900;
Pace, 1902). In Alcithoe arabica in the
Volutidae, the sides of this groove become
massive, glandular lobes (Ponder, 1970b).
A line of fusion showing where the lobes
were scaled is found in some muricids
(Fretter, 1941) and some turrids (Smith,
1967h), whereas in the Turbinellidae all
gradations hetween open and closed pallial
grooves are found (Abbott, 1959; Ponder,
1973h) and Wu (1973) has noted the
existence of 3 types of prostate gland in the
Muricidae.

It thus appears as though the closed
prostate gland (p) developed independent-
Iy in at least several families. In most
familics in which a closed prostate gland is
found. there is no trace of a line of fusion
but they usually have a narrow, posterior,
pallial conncction, either in the form of a
short, ciliated tube or a slit. Such a situa-
tion is found in all of the remaining
familics except the Fasciolariidae which
(in Leucozoniu at least) has lost the
posterior opening of the prostate (Marcus
& Marcus, 1962).

The penis (pen) is usually of moderately
large size, and the duct mostly scaled and
embedded in the central part of the penis.

There is, however, an open penial groove
in some Turbinellidae (Tudicula; Abbott,
1959), Volutidae (Volutocorbis;
Woodward, 1900) and in the
Volutomitridae (Ponder, 1972b). Several
forms show a line of fusion representing
the edges of an originally open groove
such as Olivancillaria (Olividae) (Marcus
& Marcus, 1959), Alcithoe (Volutidace)
(Ponder, 1970b) and several genera in the
Turbinellidae (Abbott, 1959; Ponder,
1973b).

Prostatic cells oceur in the penial ducts
of Buccinum. Nassarius (Fretter, 1941),
some  Marginellidae (Ponder, 1970a),
Mangelia (Turridac) (Robinson,  1960),
and in the Olividae (Marcus & Marcus,
1959). The Volutomitridae have prostatic
tissue lving within the penis and  dis-
sociated from the penial groove (Ponder,
1972h).

The Pyrenidae have some unusual
modifications in the male genital system
(Marcus & Marcus, 1962a). In some, the
penis lics within a pouch between the
hypobranchial gland and the pallial roof,
and some have a seminal vesicle lying
cither just behind, orin front of, the upper
pallial opening of the pallial sperm duct.
In 1 species the prostate is divided into 2
separate bodies, but it usually forms a con-
volute part of the duct. In other species the
prostate gland is absent, and in some the
penial duct contains prostatic tissue.

Bouvier (188S) and Gohar & Soliman
(1963) have shown that the burrowing
Magilidae have a penis, however it is
sometimes rudimentary. Although copula-
tion cannot take place, spermatozoa are
apparently taken in by the inhalant
current of the female and fertilization is in-
ternal (Gohar & Soliman, 1963).

The Female Genital Ducts

The basic organization of the
neogastropod female genital tract is shown
in Fig. 6. Nucella lapillus and Ocenebra
erinacea (Fretter, 1941) have a typical
structure and have been thoroughly de-
seribed. The duct in these 2 species con-
sists of @ short, upper and renal oviduct
(od) leading from the ovary with a gono-
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FIG. 5. Generalized muricacean neogastropod removed from its shell and viewed dorsally with the pallial cavity
and anterior body cavity opened mid-dorsally and the proboscis extended.

adg, anterior lobe of digestive gland; ag, anal gland; ao, anterior oesophagus; asg, accessory salivary gland,
b, buccal mass; ¢, caecum; cog, circum-oesophageal ganglia; ct, ctenidium; ed, ejaculatory duct; f, foot; hg,
hypobranchial gland; gdf, glandular dorsal folds; g, unpaired foregut gland; m, mouth; mo, mid-oesophagus; o,
operculum; os, osphradium; p, prostate gland; pe, pericardium; pdg, posterior lobe of digestive gland; pen,
petiis; po. posterior ocsophagus; r, rectum; ro, renal organ; sd, salivary duct; sg, salivary gland; ss, style sac; st,
stomach; sv, seminal vesicle; t, cephalic tentacle; tes, testis; v, ventricle; vl, valve of Leiblein.
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pericavdial duct (gpd) at the junction of
the latter duct with the albumen gland.
The albumen gland (ag) is a thickened
part of the oviduct itsell in Nueella, and is
humped. with the veatral surface of both
halves in contact. A much lobulated in-
gesting gland (rs) opens by way of a sperm
storing duet into the arca between the
albumen and capsule ¢glands. The capsule
gland (cg) forms most of the pallial section
of the duct and at its anterior end there is a
thin-walled ventral channel (ve) that is
a short, muscular vagina (vag). A short,
muscular bursa copulatrix (be) opens into
the vestibule, running from which is a
thin-walled ventral channel (vs) that is
overlain by 2 ciliated folds and a heavy,
glandular lobe on the right.

\ gonopericardial duct is present in at
least some  Muricidae. Buccinidae,
Nassariidae (Fretter, 1941), Olividae (Mar-
cus & Marcus, 1959), Pyrenidae (Marcus &
Marcus, 1962a) and  Cancellariidac
(Graham, 1966). The renal oviduct of the
Volutomitridae sometimes has a connec-
tion with the renal organ instead of the
pericardium (Ponder, 1972b), and a bliud,
renal diverticulum lies alongside the renal
oviduct in the Marginellidae (Graham,
1966; Ponder, 1970a).

The albumen gland in most Conacea
and Rachiglossa is similar to that in
Nucella, but has often been separated
from the oviduct completely, so that it
communicates by a separate duct into the
region between the capsule and albumen
gland into which the ingesting gland and
renal oviduct open. This is the case in the
Vexillidae and  Volutomitridae (Ponder,
1972b), Vasum in the Turbinellidae
(Ponder, 1973h) and at least some
Marginellidae (Ponder, 1970a). There is
apparently no albumen gland in Tuwr-
binella (Ponder, 1973h).

The ingesting gland has tall, brown-
coloured cells which ingest spermatozoa
and sometimes yolk (Fretter, 1941;
Ponder, 1972b). Although Fretter record-
ed sperm ingestion in Nassarius reticulatus
(Linnacus), Johansson (1957) did not
observe it in N. pygmaeus (LLamarck) or in
N. incrassatus (Strom.). In at least some

FFasciolariidae  (Leucozonia, Marcus &
Muarcus, 1962; Taron dubius, W.F.P.) the
epithelium of the “ingesting gland™ con-
sists of simple, short, columnar cells that
do not ingest spermatozoa, but instead the
“eland™ acts as a seminal receptacle.

Seminal receptacles have been recorded
in Olicella and Oliva sayana Ravenel
(Marcus & Marcus, 1959) and in both of
these species there is no functional in-
gesting gland, although there is one in
another member of the Olividae, Olivan-
cillaria (Lintricula) auricularia (Marcus &
Marcus, 1959). Narrow accessory ducts to
the ingesting gland in Alcithoe (Volutidae)
(Ponder, 1970b) store sperm and may be
related to the seminal receptacles of the
olivids.

The duct of the ingesting gland usually
acts as a seminal receptacle, storing orien-
tated spermatozoa. In the species in-
vestigated by Fretter (1941) (members of
the Buccinidae, Muricidae and
Nassariidae), and in the Volutidae
(Ponder, 1970b) the ingesting gland duct
opens into the ventral part of the gland
and is not ciliated. In the Mitridae aud
Vexillidae (Ponder, 1972b) it is ciliated and
opens into the dorsal part of the gland
which is, in addition, not as lobed as in the
preceding families. Ciliated ducts that do
not store sperm are found in the
Volutomitridae (Ponder, 1972h) and the
Marginellidac (Ponder, 1970a), and the
gland in these families is lined with large
cuboidal cells that do not ingest sper-
matozoa. The ingesting gland of some
turrids is capable of sperm absorption
(Smith, 1967b), but Martoja-Pierson
(1958) did not tind any evidence for this in
Conus mediterraneus (Briig. ). There is, ap-
parently, no albumen glaud or ingesting
gland in Turbinelle pyrum (Linnaeus)
(Ponder, 1973b).

The capsule gland is usually the largest
gland in the female oviducet, although in
Aleithoe (Ponder, 1970b) it is shorter than
the albumen gland. Typically it has several
zones showing dilferent staining proper-
ties and has a ventral channel. This
chaunel is overhung by ciliated folds,
usually 2 or 3 in most rachiglossans,
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FIG. 6. Gereralized neogastropod oviduct viewed laterally from the right side.
ag, albumen gland: be, bursa copulatrix; cg, capsule gland; o, ovary; od, upper oviduct; rs, seminal receptacle
or ingesting gland; v, vestibule; vag, vagina; ve, ventral channel.

but the smaller species are rather
anomalous, the Pyrenidae having 0 to
2 (Marcus & Marcus, 1962a) and the
Marginellidae being similarly variable
(Ponder. 1970a). Alcithoe arabica
(Volutidae) has I ciliated fold on the right
(Ponder, 1970b) and Strigatella pauper-
cula (Linnaeus) in the Mitridae has only
the left fold present, but Imbricaria con-
ularis (Lamarck) has an additional, small,
right fold (Ponder, 1972h).

A glandular lobe on the left side of the
capsule gland also overlies the ventral
channel in some Muricidae (Fretter, 1941)
and in Alcithoe (Ponder, 1970b). Wu
(1973), however, has shown that there are
at least 4 types of organization in the
Muricidae. One ciliated fold is present on
the right side in Conus mediterraneus
(Martoja-Pierson, 1958) but Haedropleura
septangudaris (Montagu), a member of the
primitive turridt subfamily Clavinae, has a
capsule gland like that of Nucella (Smith,
1967b). Thus, probably, the loss of the
ciliated folds and even of the ventral
channel in some other turrids (Smith,
1967b) is a secondary feature.

The bursa copulatrix is a terminal sac for
sperm reception, but in some species it has
become modified for other purposes. In
the maujority of the Rachiglossa there is lit-

tle variation in the bursa copulatrix,
although it is very large in Vexillum spp.
(Ponder, 1972b) and in Oliva sayana (Mar-
cus & Muarcus, 1959). 1t is often modified
for storing orientated sperm as well as
atering for temporary sperm storage im-
mediately after copulation. A separate bur-
sa copulatrix is missing in some
marginellids (Grabam, 1966), Turbinella
pyrum (Ponder, 1973b) and some turrids
(Smith, 1967b).

Some Turridae (Smith, 1967b) have 2
regions in the anterior part of the oviduect,
1 modified for sperm receiving, therefore
strictly speaking a bursa copulatrix, and
the other for sperm storage. This latter
organ is referred to by Smith as a spern
sac, but is almost certainly homologous
with the separate bursa copulatrix of other
neogastropods and  turrids. The “bursa
copulatrix” in those species with a sperm
sac (and in some without) opens directly
into the capsule gland and is thus
liomologous with the vagina of other
Neogastropoda. There is little advantage
in changing the names of these structures
which have acquired slight alterations (or
presumed alterations) in function.

The vestibule and vagina sometimes
form a long outgrowth from the capsule
gland. In the turrid genus, Mangelia
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{Robinson, 1960; Smith, 1967) there is an
clongated part of the oviducet in front of
the short capsule gland and no bursa
coprlatrin.  1u the terebrid  Hastula a
similar, but open, structure oceurs, as well
as a small bursa copulatrix (Marcus & Nlar-
cus. 1960). A narrow, tubular vagina runs
alongside the massive bursa copulatrix in
Vexillum spp. (Ponder, 1972h).

Olivella (Mareus & Marcus, 1959) has a
bully Iyving between the capsule and
albumen glands and this is connected by a
long, separate duct to the very short
vagina. This bulb is lined with tall
epithelial cells and contains faceal material
with which the egg capsules are covered. 1t
is possible that the loug, ciliated duct of
this bull is the pinched-off ventral
channel of the capsule gland and that the
sperm groove now found in the capsule
gland is a new structure. Alternatively it
may be a bursa copulatrix as Marcus &
Mareus suggest, but there is a small pouch
ucar the genital aperture that could also be
homologous with the bursa copulatrix. In
Olivancillaria « Lintricula) (NMarcus & Mar-
cus, 1959) the gonopore lies near the junc-
tion of the capsule gland and albumen
gland where the bursa copulatrix and in-
gesting gland also open.

The Pyrenidae have several unusual
features in the female reproductive system
(Marcus & Marcus, 1962a). They fall into
2 groups; | having no albumen gland, a
gonopericardial duct which, together with
the pericardium stores sperm, and a pallial
opening trom the pericardium. In 1 species
sperm is ingested in the gounopericardial
duct. The 2nd group has an albumen
gland but no gonopericardial duct and
does have an anteriorly placed, sperm
storage  organ  (bursa copulatrix) the
epithelium of which iugests spermatozoa
in some species. The vestibule is, in addi-
tion, usnally very muscular, with folded
walls, and in I species there are 2 separate
gonopores, 1 to reccive the penis and the
other for the passage of eggs.

Smith (1967h) has showa that Propebela
(=Lora) turricula (Montagu) is an her-
maphrodite.

Many necogastropods have a ventral

pedal gland in the female, which aids in
moulding the egg capsule. This appears to
be absent in at least some members of the
Vexillidae, Volutomitridae (Ponder,
1972b) and the Turridae (Smith, 1967b).

Lgg Capsules

The resistant, chitinous, neogastropod
cgg capsule is a useful taxonomic feature,
particularly at the generic and specitic
level, because the egg capsules  have
become diagnostic in shape, vet extremely
varied in overall pattern. Many
neogastropod egg capsules  have  been
described in the literature, but the majori-
tv remain unknown. Ankel (1929) and
Iretter (1941) have shown how the capsule
is moulded by the ventral pedal gland in
the female.

Within cach major family group there is
an evolutionary trend in the shape of the
egg capsules. This involves a progressive
raising of the primitive, lens-shaped cap-
sule from the substratum and its eventual
attachment by a narrow stalk. In many
ases the examples and references given
below are only a few of those actually
available in the literature.

The most primitive type of capsule is the
lens-shaped form, which is encountered in
the lower mesogastropods  (Littorinacea
and Rissoacea) and in the ar-
chacogastropod Neritacea. This type is
found in most Turridae (Thorson, 1935,
1946; Knudsen, 1950; Lebour, 1934,
1937), some Marginellidae (Knudsen,
1950; Pouder, 1970a) and Olividace (Mar-
cus & Marcus, 1960a), in the
“Trophoninac’ in the Muricidae (Hedley,
1917; Hlabe, 1960; Amio, 1957; Dell, 1964;
Thorson, 1940b, 1946), and Sipho spp. in
the Buccinidae (Thorson, 1935, 1949,
Lebour, 1937). The lens-shaped type pre-
sumably gave rise to the hemispherical
type, there being every gradation between
these 2 forms. Hemispherical
capsules are found in the Volutomitridae
(Ponder, 1972h), in some Marginellidae
(Knudsen, 1950) and Volutidae (Cooke, et
al.,, 1893; Allan, 1934; Cotton, 1937;
Graham, 1941a), in Austromitra in the
Vexillidae (Ponder, 1972b), and in
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Volutopsis norwegicus (Gmelin) in the
Buccinidae (Thorson, 1933). A progressive
clongation of the capsule, with the even-
tual formation of a basal stalk, follows in
several families. These inelude the Bue-
cinidae, Pyrenidae, Nassariidae,
Muricidae, Marginellidac and Turridae.
The latter 2 families and the Pyrenidae
have only a few examples with stalked cap-
sules (Knudsen, 1950:; Risbee, 1929) but
these occur in the majority of the genera
in the other 3 tamilies. Thais (Muricidae)
and allied genera often have parallel-sided
capsules (Lebour, 1945; Iledley, 1906).
Long chains of capsules on a common stalk
occur in the Turbinellidae (Turbinella,
Hornell, 1922). the Galeodidae (Busycon,
Abbott, 1954) and the Buccinidae (Austro-
fusus glans (Roding) (W.F.P.). Ball-like
clusters of capsules are found in some bue-
cinids  (Buccinunt spp. Thorson, 1935;
Neptunea spp. Golikov, 1961; and Penion
adustus (Philippi), Ponder, 1973a).

The Mitridac (Ostergaard, 1950) have
vase-shaped capsules, wherecas the
Conidae (Ostergaard, 1950; Kohn, 1961a)
and the Harpidae (Risbec, 1932) have
flattened pouches. The Magilidae have
thin-walled egg sacs which are retained in-
side the pallial cavity of the female (Gohar
& Soliman, 1963). The capsule of
Cancellaria sp. described by  Knudsen
(1950) is scalpel-shaped and attached by a
long stalk. Some volutid egg capsules have
a ealcareous covering, secreted by the
pedal gland (Graham, 1941a).

The types of larval development in the
ncogastropods are reviewed by Anderson
(1960).! Planktonic development of the
veliger larva is retained in many
Nassariidae, Pyrenidae, Muricidae,
Mitridae, Conidae, some Turridae,
Magilidae and Terebridae. Complete
development within the egg capsule is
found in at least some Buceinidae,
Galeodidae, Fusciolariidae, Turbinellidae,
Marginellidae, Volutomitridae, Olividae,
Volutidae and Vexillidae.

Several families such as the Turridae,
Muricidae and Pyrenidae combine both
types of development and closely allied
genera, or even subgenera, often have
different types of life history. Clearly the
length of larval life has adaptive
significance and the suppression of the
free-swimming stage is probably brought
about initially by environmental pressures.
There is no definite example of the secon-
dary acquisition of a free-swimming larval
stage.

In those families exhibiting direct
development, usunally a large number of
“nurse eggs” do not develop, but provide
nutriment for those that do (Portmann,
1925; Thorson, 1940a, b). Some, in-
cluding the Marginellidae (Ponder, 1970a)
and Vexillidae (Ponder, 1972b), appear to
rely only on yolk contained within the
large egg(s), while others use albumenous
material seereted by the pallial oviduet
(e.g., Alcithoe arabica, Ponder, 1970b).

The Renal Organ

The renal organ (Fig. 5; ro) lies at the
base of the pallial cavity. Perrier (1889)
divided the neogastropods into 2 groups,
the Meéronephridiens and the Pye-
nonéphridiens, on the basis of the strue-
ture of their renal organs. These, he con-
eluded, were 2 natural divisions, the
former group having the primary and
secondary renal lamellae separated and
the latter having them interdigitated. This
classification was not used by later authors
because of the obvious working dis-
advantages and, like many classifications
that rely on the structure of a single organ,
it has little phylogenetic significance. Both
of these types of renal organs occur in the
Turbinellidae (Ponder, 1973b) and the re-
mainder of the families fall into 1 or the
other groups, so far as is kuown. However,
relatively few species have been examined,
and with further work the variation within
ach family group may be found to be
greater than our present knowledge in-

1A detailed summary of patterns of development in neogastropods has recently been given by Radwin, G. E. and
Chamberlin, J. L., 1973 (Patterns of larval development in stenoglossan gastropods. Trans. San Diego Soc. Nat.

Hist., 17(9): 107-117).
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dicates. 1t is by no means certain which
arrangement is the more primitive.

Most  Neéeronéphridiens  have  the
primary and scecondary lamellae (or fila-
ments) interdigitating to a slight extent.
The families with this tvpe of renal organ
are the Conidae (Perrier, 1889), the
Terebridae (Marcus & Marcus, 1960), the
Volutidae (Perrier, 1889; Ponder, 1970b).
the Pyrenidae (only partially separated)
(Marcus & Marcus, 1962a), the Olividae
(NMarcus & Marcus, 1939), the Mitridae
(Ponder, 1972b) and the Marginellidae
(Ponder, 1970a).

The Pyenonéphridien group includes
the Muricidae, Buecinidae (Perrier, 1889),
Vevnillidae, Volutomitridae (Ponder,
1972b). Fasciolariidae (Marcus & Marcus,
1962) and the Harpidae (Perrier, 1889).

The Nervous Systent

The nervous svstem of the
Neogastropoda has received relatively lit-
tle attention. The studies of Haller (1882,
1858), Bouvier (1887) and Marcus & Mar-
cus (1939, 1960, 1962, 1962a) have pro-
vided much of the detailed information
available.

The nervous system of the Rachiglossa
usually shows considerable coneentration
of all of the circum-oesophageal ganglia
and the buccal ganglia are attached by
very short connectives to the cerebral
ganglia. This type of situation is seen in
the Muricidae (Haller, 1882, 1888;
Bouvier, 1557), the Buccinidae (Bouvier,
16S7; Dakin, 1912), the Pvrenidace (Marcus
& Marcus, 1962a), the Fasciolariidae
(Ialler, 1855; Bouvier, 18S7: Marcus &
Marcus, 1962). the Marginellidae
(Bouvier, 1887), the Mlitridae (Bouvier,
1857; Ponder, 1972h), the Vexillidae and
the Volutomitridace (Ponder, 1972b), the
Harpidac (Bouvier, 1887; Bergh, 1901)
and in some Volutidae. A few species in
the last family have the supra-oesophageal
ganglion separated by a long connective
from the right pleural ganglion (details
given by Ponder, 1970b).

The cancellariids (Bouvier, 1887;
Graham, 1966) have concentrated ganglia,
but their buecal ganglia lie just behind the

buccal mass at the distal end of the
proboscis, thus having very long connec-
tives. i the Conacea the ganglia are, in all
3 families, much more separated than they
arc in any rachiglossans, with the excep-
tion of the cerebral and pleural ganglia
(Bouvier, 1887; Shaw, 1913; Marcus &
Marcus, 1960).

There are 2 or 3 visceral ganglia near the
base of the pallial cavity, these being well
separated from  the circum-oesophageal
ganglia to which they are connected by the
visceral loop.

PART 3
THE CLASSIFICATION OF
THE NEOGASTROPODA

The classification of the neogastropods
has attracted the attention of many
authors, not only because of the many con-
spicuous  groups it contains, but also
becanse the order contains some of the
more economically and biologically impor-
tant gastropods.

It is not intended to give a detailed ac-
count of the history of the classification of
this order, but a brief examination of some
of the more important contributions is
necessary  in order to understand  the
derivation of the modern classification.

Contributions to the classification of this
group can be divided into 2 groups. Firstly
there are those that are reviews of the
whole of the gastropods. In these accounts
the classification is mainly concerned, out
of necessity, with the shell. The other
group includes studies on various organ
systenis, the results of which have been
used to modify existing classification.

The work of Adams & Adams (1853) is
the carliest comprehensive account of the
Mollusca that we need to consider. Their
treatment of the families now included in
the Neogastropoda differed in a number of
cases from the modern interpretation, but
nevertheless, the majority of the family
groups were much as we know them at
present. The names Stenoglossa, Toxo-
glossa and Rachiglossa were used in
Troschel's (1856-1893) classification, bas-
ed on the radula, which is essentially like
that in use today. The classifications of
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Perrier (1889) based on the renal organ
and Bouvier (1887) on the nervous system
mostly supported the familiar classification
based on dentition.

Certainly any classification based on a
single structure must have its short-
comings, but the radula has the advan-
tages of being readily accessible, as well as
casily interpreted and preserved. The
radula has indecd proved to be a fairly
reliable indicator of the familial position of
species in the Neogastropoda, but parallel
development of similar types has occurred
in distinct families as shown above.

Tryon (1880-1884) and Fischer (1887)
produced comprehensive reviews of the
familics of ncogastropods, but their classi-
fication differs little from that of Troschel.
Thiele (1929) and Wenz (1938-1943) have
both provided similar, detailed accounts of
gustropod classification and it is these
which are generally in use today. The only
modern attempts at a critical assessment of
gastropod classification are those of Risbec
(1955) and Fretter & Graham (1962).

The curious classification of Iredale &
McMichael (1962) of the Rachiglossa calls

for comment. They use, apparently for the

L [ first time in several cases, a number of

i

“family” names and include some hetero--
gastropods, in this group. Their new

amilies are, without exception, erected
without indication or any explanations,
and in some cases represent the up-
grading of alrcady existing subfamilies.
Since Troschel's (1856-1893) momen-
tous work on the gastropod radula, the
Neogastropoda (Stenoglossa) have usually
been divided into the Rachiglossa and the
Toxoglossa. Apart from the inclusion of the
Mitridac (e.g.. Risbec, 1953) and the
Cancellariidae (c.g., Troschel, 1856-1893;
Keen, 1958), the Toxoglossa is equivalent
to the Conacea discussed above. The main
distinguishing characters of the 3 super-
families given briefly earlier in this paper
arc outlined in Table 1. The
Neogastropoda, can be defined as follows:

Order Neogastropoda

Shell without inner nacreous layer, and
with anterior siphonal canal. Operculum,

323

if present, chitinous, with terminal or
lateral nucleus. Ruadula, if present, with
each row consisting of combinations of a
central tooth, and a pair of lateral and
marginal tecth.  Animal with mono-
pectinate  ctenidium,  bipectinate os-
phradium and anterior siphon. Proboscis
usually pleurembolic, but may be intra-
embolic or polvembolic. Mid-oesophagus
usually with oesophageal gland connected
by a narrow duct (unpaired foregut gland).
Buccal pouches, if present, forming a pad
of glandular tissue at anterior end of the
mid-oesophagus and surrounding the
oesophageal valve to form the valve of
Leiblein. Salivary glands with ducts not
passing through nerve ring, and accessory
salivary glands often present, their ducts
opening at the anterior edge of the buccal
cavity. Anal gland often present; intestine
short and relatively straight. Usually car-
nivorous. Circum-oesophageal ganglia at
least moderately concentrated but visceral
connectives rather long. Sexes usually
separate, female typically with an in-
gesting gland (sometimes a seminal recep-
tacle) lying between a pallial albumen and
capsule gland, and with a ventral pedal
gland which aids in forming the usually
horny egg capsules. Male duct with an
open or closed pallial portion, and with a
penis. Only left auricle and renal organ
present, the latter containing 2 types of
lamellae and a nephridial gland.

Superfamily Cancellariacea
(Synonym Nematoglossa Olsson, 1970)

There are 2 families assigned to this
superfamily, the Cancellariidae and
Paladmetidac. The latter family is an
extinct group lacking columellar folds, and
is discussed in some detail by Sohl (1964).

Olsson (1970) has provided the order
Nematoglossa for the cancellariids, stating
that the radula ““is unique and differs so
fundamentally from those of other named
taxa that a new term based upon radular
structure is necessary.” In most other
respects the Cancellariidae falls within the
neogastropod group and it is unnecessary,
in my opinion, to separate this family at
the level of order or suborder.
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Toble 1. Comparison of the main features of the neogostropod superfomilies
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Superfamily Conacea
(Svnonym Toxoglossa Troschel, 1848)

The families of the Conacea (Conidae,
Turridae, Terebridae and Speightiidae)
will not be discussed in detail. Powell’s
(1942) placing of the extinet Speightiidae
in the Conacea is based on the presence of
a posterior sinus in the aperture, but other-
wise the shells look like fasciolariids.
Powell (1966) has reviewed the genera and
subfamilies of the Turridae and McLean
(1971) has proposed 3 additional sub-
families in a review of the higher clas-
sification of the Turridae. Rudman (1969)
has created a new family, Pervicaciidae,
but his basis for its separation from the
Terebridae is very slight, partieularly in
view of Miller's (1971) findings on the
variation in the morphology of the
terebrids, and its recognition does not
appear to be necessary.

Superfamily Muricacea

(Synonym Rachiglossa Troschel, 1848,
and a combination of Thiele’s (1929)
Muricacea, Buecinaeea and  Volutacea,
together with Risbec’s (1935) Mitracea and
Olsson’s (1956) Olivacea.)

Every attempt on the part of the writer
to determine detailed patterns of relation-
ship in the families of the Muricacea has
met with little success. 1t appears, from the
morphological and palaeontologieal
evidence, that most of the muricacean
families arose independently in the
Mesozoic (Fig. 4) and are all more-or-less
equally distinet, with the exeeption of the
Buecinidae, Galeodidae, Faseciolariidae
and Nassariidae. The muricacean families
are discussed below in an attempt to
clarify their relationships to one another.
Table 2 summarizes some of the more im-
portant features of each family.

The family group names Muricacea,
Buccinacea and Volutacea all date from
Rafinesque, 1815 and were erected in the
above order, and Thiele (1929) and Wenz
(1938) both use the superfamily names in
the same order. For this reason the name

Muricacea has been chosen. The name
Rachiglossa does not suit the require-
ments for formal use as a superfamily
name, as it is not based on a contained
genus name (Artiele 11(e), 1CZN, 1961).

Buccinidae, Nassariidae, Fasciolariidae,
and Galeodidae

Differentiation between these groups is
usually possible on shell features and/or
radular features. The magnitude of the
differences, however, is not great and
there are practically no anatomieal
features which ean be used consistently to
separate them. The writer has followed the
generally accepted practiee of retaining
these groups as families but, in fact, they
show levels of differentiation from one
another that could be treated as sub-
familial.

The Buccinidae is an extremely large
and varied family (as listed by Wenz,
1938) and about 20 family and subfamily
names have been based on the genera econ-
tained within it. Tryon (1881) included 6
subfamilies, and Fischer (1887) and Coss-
mann (1901) used 7 within the 1 family.?

Powell (1929) recognized 3 family
groups, the Buccinidae, Cominellidae and
Neptuniidae, but in 1951 he made the
cominellids a subfamily of the Bue-
einulidae. These groups are based on
radular and opercular charaeters that seem
very minor when the total variation within
the group is considered, and should not be
recognized even as subfamilies. The
majority of the other groups erected have
been based solely on shell features and,
even on this basis, they are hardly
separable.

Many Buccinidae pass through their lar-
val stages within the egg capsules, this
resulting in a paucispiral protoeoneh, but
the nassariids often have a free swimming
larval stage. This difference may, in part,
be due to the Bueeinidae mainly being in
temperate latitudes whereas the majority
of nassariids are tropical or subtropieal in
distribution. This view is reinforced by

Z‘Ilab(", T. and Sato, J., 1972, (A classification of the family Buccinidae from the north Pacific, Proc. Jap. Soc.
Syst. Zool., 8: 1-8) have recognised 6 subfamilies among the larger buccinids of the north Pacific.
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Phos and some other tropical/subtropical
buccinid genera having multispiral proto-
conchs. The group including Phos and its
allies are sometimes separated as a family,
Photidae. Risbee (1952) and Bouvier
(1888) both show that the Nassariidae and
Buccinidae lack any distinctive morpho-
logical features that could separate them
into 2 groups. The presence of 2 posterior
tentacles on the foot does, however, give
the wnassariids a certain distinctiveness.
The radula of the Nassariidae is very
similar to that of many Buccinidae,
although it often bears an accessory plate,
a structure not known in the Buccinidae.
The group is a very homogeneous one,
although Cossmann (1901) recognizes 3
subfamilies within it. Some Nassariidae
have become, secondarily, deposit feeders
and have a crystalline style in the stomach
(Morton, 1960; Brown, 1969).

The Fasciolariidae differs from the
above families and from the Galeodidae in
usually having a red-pigmented head-foot.
The radula, too, is distinctive, with mul-
ticuspid lateral teeth and small central
tecth. In the 2 species investigated, the
structure in the female pallial genital tract
that functions as an ingesting gland in the
above 2 families acts as a seminal recep-
tacle only. Typical members of the
Fusinus group appear to differ from the
remainder of the family only in having a
long siphonal canal, although they are
sometimes separated as a family, the
Fusinidae. However, there are many
genera difficult to place in 1 group or the
other so that the recognition of this group
is not recommended.

No members of the Galeodidae
(=Mclongenidae, Volemidae) have been
described in detail, but their anatomy
appears to be like that of the Buccinidae
(Vanstone, 1894; Kesteven, 1904; Pierce,
1950; W.F.P.) except that species in the
genus Melongena have lost the unpaired

foregut gland.

The morphological similarity of these 3
families, together with the allied families
Pyrenidae and Colubrariidae, might sug-
gest that Thiele’s Buccinacea should be
used to cover this homogenecous group. If

this were done then the difficulty of
placing families such as the Turbinellidae
and Mitridae, which also show many “buc-
cinacean’’ features, would show that the
distinctiveness of such a group was, in
fact, well below the normal level that one
would expect in a superfamily. 1f one were
to retain a division Buccinacea, then most
of the other neogastropod families would
require different superfamilies.

The similarity of the Pyrenidae to the
Buccinidae may be due to paraltlel evolu-
tion, although there are no records of
species assigned to this family before the
Paleocene, whereas the galeodids, buc-
cinids, and fasciolariids were all present in
the Upper Cretaccous (Wenz, 1938; Sohl,
1964).

Colubiariidae (= Fusidae)

The features of this family, based on
Ratifusus reticulatus (A. Adams) (=
mestayerae (Iredale)) and Iredalula striata
(Hutton), are outlined by Ponder (1968).
This group was probably derived from an
early buccinid stock. The protoconch is
small and multispiral, so that it is probable
that they have a pelagic larval life. The
stomach and mid-oesophagus are different
from those encouuntered in the Buccinidae.
The shell of Colubraria is superficially like
that of some members of the Cymatiidae
(Tonnacea, Mesogastropoda), but some
other genera in the family have a
resemblance to certain buccinids.

Cernohorsky (1971) indicated that the
anatomical information presented by
Ponder (1968) for Ratifusus and Iredalula
suggested their placement in the Buc-
cinidae, and not that the Colubrariidae is
“buccinacean’. This view he attempted to
substantiate by showing that the type
species of Colubraria, C. maculosa
(Gmelin, 1791) (= muricata Lightfoot,
1786) does not have a radula whereas
Ratifusus and Iredalula do have a minute
radula, which is, however, virtually
vestigial. A study of the anatomy of
Colubraria of. sowerbyi (Reeve) (W.F.P.)
has shown that it possesses the same
peculiar glandular mid-oesophagus that
differentiates Ratifusus and Iredalula from
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the Buccinidae and the other features of
the anterior alimentary canal are also
similar except that there is no odontophore
or radula. It thus appears that some
Colubrariidac have lost the radula and that
it is relatively small or vestigial in the
remainder. It is possible that the whole
Metula-Ratifusus series discussed by Cer-
nolorsky (1971) belong in the
Colubrariidac as they all have similar shell
features.

The Upper Cretaccous genus Fulgerca
Stephenson is possibly a colubrariid,
although Sohl (1964) includes it doubt-
fully in the Buccinidae. Another possible
Upper Cretaccous colubrariid s
Plesiotriton cretaceus Sohl (Dr. A. G. Beu,
pers. comm.). Colubraria extends back to
the Palecocene (Wenz, 1938).

Turbinellidae (=Vasidae, =Xancidae)

The features of this family will be dis-
cussed elsewhere (Ponder, 1973b). It
shows similarity, on the one hand, with the
Buccinidae and its allied families, in not
having accessory salivary glands and in the
possession  of a thick, heavy, spindle-
shaped shell, large operculum and long
proboscis.  Discordant features are the
radula and anal gland of Turbinella, the
open or partially fused pallial  sperm
grooves and the columellar folds. Vasum
has a radula like that of Melongena, and it
apparently does not possess an anal gland.
The first appearance of this family, like
many of the Muricacea, is during the
Cretaceous (Fig. 1) and it seems likely that
most of its features were derived quite in-
dependently from, but in a parallel fashion
to, the buccinid-nassariid-galeodid-
fasciolariid complex. The Pyrenidae, too,
probably acquired the “buccinacean”
features of the alimentary canal in-
dependently.

The subfamilies Turbinellinae and
Vasinace appear to be quite distinet
anatomically (Ponder, 1973b).

Pyrenidae (=Columbellidae)
The pyrenids exhibit both specialized

and primitive features. Risbee (1954) and
Marcus & Marcus (1962a) have provided

most of the available information on the
anatomy of the family. The alimentary
canal is rather uniform and is similar to
that of the Buccinidae. The radula shows a
tendeney towards suppression of the cen-
tral teeth and the lateral teeth are usually
attached by narrow bases. The reproduc-
tive system shows considerable diversity
and Marcus & Marcus (1962a) suggest that
the family could eventually be divided
into 2 groups on the basis of the structure
of the genital organs. Some pyrenids have
become herbivorous (Marcus & Marcus,
1962a). Many species have lost the oper-
culum and their shells usually have long,
narrow apertures.

Muricidae (=Thaididae, etc.)

Distinctive morphological features of
the Muricidae (in the broad sense) include
accessory salivary glands, a purple hypo-
branchial secrction, a massive gland of
[.ciblein, a broad caccum in the stomach,
an anal gland and a large, closed, prostate
gland. The path of torsion is indicated in
the conspicuous valve of Leiblein by a
narrow groove, and the primary and secon-
dary lamellac of the renal organ are not
separated. The small foot has an accessory
boring organ on its anterior, ventral sur-
face and the radula has 3 teeth in each
transverse row, the central tooth usually
having 3 primary cusps. The muricids
form a rather homogencous group in
which Cossmann (1903) recognized 5 sub-
families (Ocenebrinae, Muricinae,
Trophoninae, Typhinae, and Rapaninac),
with the Purpuridae (=Thaididac) as a
separate family. The differentiation be-
tween the subfamilies is small, although
they do appear to form fairly natural
groups. The Thaididae is no more distinet
than any of the subfamilies contained
within the Muricidac and could be
regarded as one also. Morphological
differentiation between the “subfamilies”
is slight, but, judging from the few species
that have been examined, the accessory
salivary glands show a progressive en-
largement and separation from the normal
salivary glands through the Muricinae and
Trophoninac to the Thaidinae,
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Ocenebrinac and Rapaninae. The small
radular and shell differences that have
been cited between the various groups
(e.g., Vokes, 1964) do not appear to be
consistent (Ponder, 1972a), although the
case for use of several subfamilies has
been put strongly by Radwin & D’Attilio
(1971) and Vokes (1971). The operculum
has often been cited as evidence for the
separation of Thaidinae and Ocenebrinae
from the remainder of the family because
in these groups it has a lateral nucleus.
However opercula with both terminal and
lateral nuclei occur within the genus
Murex and other exceptions are known.
There appears to be little advantage in
retaining these subfamilial groupings until
stronger evidence for their distinctiveness
is forthcoming.

Wu (1973) has outlined some of the
variation of anatomical structures in the
Muricidae.

Radwin & D Attilio (1971 ) recognize the
Rapanidae, Thaididae, and the Muricidae
as separate families on the basis of shell,
radular and opercular details.

Magilidae (=Coralliophilidae, Rapidae)

The shells of some members of the fami-
Iy closely resemble those of some
Muricidae, but the 2 groups can be
separated on the absence of a radula in the
Magilidae. The unpaired foregut gland is
massive and its interior is divided trans-
versely by conspicuous partitions (Bouvier,
1888; Ward, 1965). This structure was mis-
identified as the stomach by Gohar &
Soliman (1963). The sedentary species that
live in burrows within coral appear to
possess an anal gland (W.F.P.) whereas the
actively mobile Coralliophila abbreviata
(Lamarck) (Ward, 1965) does not. It is pos-
sible that some magilids may be found to
possess a vestigial radula and it might be
found that, in such species, the Magilidae
and Muricidae closely approach one
another. The few species of the Magilidae
investigated however, have only 1 pair of
salivary glands, the ducts of which join to
form a eommon dorsal duect in
Coralliophila abbreviata (Ward, 1965).

In the sedentary and freely moving

species so far examined the female stores
the egg capsules inside the mantle cavity,
a habit not seen in any other
neogastropod.

These gastropods  feed suctorially on
coelenterates (Robertson, 1970), although
it is not certain how species such as
Magilus (which are permanently em-
bedded in their coral host with only a tiny
external aperture through which the
proboscis can emerge) feed.

Columbariidae

The possession of a very long proboscis
makes this group distinet from the
Muricidae. The radula, too, is rather
different from the normal muricid type.
The family resembles the Muricidae in
having a large unpaired foregut gland and
an anal gland, but is similar to the Buc-
cinidae in the lack of any glandular dorsal
folds in the mid-oesophagus and in the
absence of accessory salivary glands.

Thiele (1929) included Columbarium in
the Muricidae but Tomlin (1928)
separated it, as a family, on shell and oper-
cular features. It was reduced to a sub-
family of the Murieidae by Wenz (1938),
but Iredale (1936) gave it full family
status, which is followed here, based on
the anatomy of Coluzea spiralis (A.
Adams) and C. mariae (Powell) (W.F.P.).
Iredale placed the family near the
“Fusinidae (Fasciolariidae). This family
has recently been reviewed by Darragh

(1969).

Volutidae

Distinctive features of the majority of
the Volutidae include the broad hood over
the rhynchostome, formed by the tentacle
bases, the large foot, and the siphonal
appendages. Both types of salivary gland
are present and there is sometimes a pur-
ple hypobranchial secretion. The dorsal
folds of the mid-oesophagus are usually in-
corporated as a duct-like structure in the
unpaired foregut gland and the path of
torsion is indicated in the valve of
Leiblein. The primary and secondary renal
lamellac are separated and the pallial,
male, genital tract is often an open groove
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or prostate gland. Typically the shell has
columellar plaits, and there is usually no
operculum. The radula nearly always con-
sists of only the central teeth. Develop-
ment is nearly always complete in the cap-
sule, although some species have small
multispiral protoconchs suggesting pelagic
larval development.

Cossmann (1899) nused 6 subfamilies in
the Volutidae, but Wenz (1938) used only
4 (excluding the Volutomitrinae). Pilsbry
& Olsson (1954) introduced 8 new sub-
familics and a number of tribes. Altogether
they divided the family into 12 sub-
families and S tribes. While this is alimost
certainly  excessive considering the
evidence available, there should be no
doubt as to the pure composition of each of
their groups. 1t is probable that an assess-
ment of the characters of the male genital
system, together with the radula and shell,
would derive a more conservative clas-
sification that would, at the same time, be
natural. Clench & Turner (1964) divided
the subfamilies on the basis of the
appearance of the salivary glands, the un-
paired foregut gland and the shape of the
radula. Weaver & duPont (1970), in their
monograph of the family, recognize 9 sub-
families among the Recent species.

Olividae

Olsson (1956) created a superfamily for
the Olividae in which Marcus & Marcus
(1959) included the Harpidae. The
morphology of the Olividae has so much in
common with that of the rest of the
Muricacea that, in the writer’s opinion, a
separate superfamily is unwarranted.

Olsson (1956) inclnded 4 subfamilies
and, doubtfully, a 5th, the Pseudolivinae,
which he suggested possibly  does not
belong in the family in which it is placed
by Thiele (1929) and Wenz (1938). Coss-
mann (1599) included the Pseudolivinae in
the Buccinidac.

Marcus & Marcns (1939, 1968) gave a
detailed account of the morphology of 5
species of Olividae. Olivella stands out
sharply in its morphological differentia-
tion.

Marcus & Marcus (1939) suggest that

the Olividae has some features in common
with Thicle’s Buccinacea and Volutacea
and may have been derived from a com-
mon ancestor. Perhaps this is so, but the
common features they mention such as the
large foot and concentrated nervous
system were probably derived by parallel
evolution, and do not indicate a direct
relationship.

The olivids superficially resemble the
harpids and volutids, but differ from them
in having the sides of the foot extending
over the shell. The harpids have no
accessory salivary glands, but these are
found in most olivids and the region of tor-
sion in the gut of the olives is different
from that in the volutes. The radula of
Harpa is more like that of the Volutidae
than the type that is found in most olivids.
Both Harpa and the olivids have a distinct
propodium, a feature not found in any
other neogastropods, but this by itself does
not necessarily indicate their close rela-
tionship. The Olividac and the Harpidae
may have both independently developed
the muscular propodium of the foot, which
is such a useful digging tool. There are
several other differences between the 2
tamilies, for example the harpids have a
pallial sperm groove (Bergh, 1901), but
this is a closed duct in the olivids.

Harpidae

An account of the morphology of this
family is given by Bergh (1901) and Quoy
& Gaimard (1833). These authors describe
how the posterior end of the foot can be
automatized. The valve and gland of
Leiblein have been lost and there is ap-
parently no anal gland or purple
hypobranchial sccretion. There is no oper-
culnm.

The lack of an anal gland and accessory
salivary glands, together with the pyc-
nonéphridien condition of the renal organ,
suggest affinity with the Buccinidae. This,
however, is rather unlikely considering the
other morphological features.

Volutomitridae and Marginellidae

A list of morphological features of these
2 families is given by Ponder (1970a,
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1972b). They have several unusual
features in common and thus they may
have arisen from a common stem. These
characters include a single accessory
salivary gland; the seminal receptacle
lined with large, cuboidal cells; the
absence of an ingesting gland; and a
narrow diverticulum of the renal organ
which approaches or enters the renal
genital duct. From the situation in the
Volutomitridae, it would appear also that
the unpaired foregut gland may have been
stripped off the mid-oesophagus forwards
instead of backwards.

Both families consist of species with

small shells which have columellar plaits.’
All marginellids and many microvolutids

have lost the operculum but some micro-
volutids have retained it or have it as a
rudiment. The lateral radular teeth are ab-
sent in the Marginellidae and weak or ab-
sent in the Microvolutidae. Differences be-
tween the 2 families include the structure
of the mid-oesophagus, the male repro-
ductive system, the stomach and the renal
organ. Cernohorsky (1970) has reviewed
the Volutomitridae.

Wenz (1938) gives an Eocene origin for
the Marginellidae, but the Upper
Cretaccous genus Myobarbum Sohl is
possibly an early marginellid.

Mitridae and Vexillidae

The structural differences between
these 2 families have been outlined by
Ponder (1972b). The 2 groups appear to
have evolved quite independently, but
show a remarkable parallelism in their
shell morphology. Differences 1n the ali-
mentary canal, including the radula, and
in the renal organ, set the 2 families apart.
There is a similarity in the reproductive
organs, but this is probably part of the
general uniformity in these organs
throughout the Neogastropoda. Cer-
nohorsky (1970) has reviewed these 2
families (as the Mitridae) in some detail.

ACKNOWLEDGEMENTS

1 would like to thank Dr. M. Winter-
bourne, Dr. D. Hoese, Dr. V. Fretter, Prof.

3Now the National Museum.

331

A. Graham and Dr. R. D. Turner for their
comments on the manuscript and my wife
for help in checking the manuscript. Mr.
E. K. Yoo prepared Fig. 1. This work was
largely completed while 1 was employed at
the Dominion Museums3, Wellington, and
forms part of a Ph.D. thesis completed un-
der the supervision of Prof. J. E. Morton,
Auckland University.

LITERATURE CITED

ABBOTT, R. T., 1954, American Seashells. D.
van Nostrand, New York. 541 p.

ABBOTT, R. T., 1959, The family Vasidae in
the Indo-Pacific. Indo-Pac. Moll., 1(1): 15-
32.

ADAMS, H. & ADAMS, A., 1853 (1853-1858),
The genera of Recent Mollusca; arranged ac-
cording to their organisation. London (John
van Voorst). 1:1-XI + 1 - 484; 3: pls. 1-138.

ALLAN. ] K., 1934, Egg cases of sea-snails and
sea-slugs. Viet. Natur., 50(10): 229-235.

ALPERS, F., 1931, Zur Kenntnis der Anatomie
von Conus lividus Brug., besonders des
Darmkanals. (Fauna et Anatomia Ceylanica).
Jena. Z. Naturwiss., 65(2): 587-658.

AMAUDRUT, A., 1898, La partie antérieure
du tube digestif et la torsion chez les
mollusques gastéropodes. Ann. Sci. natur.
(Zool.), 7, 8: 1-291.

AMIO, M., 1957, Studies on the eggs and lar-
vae of marine gastropods. 1. J. Shimonoseki
Coll. Fish., 7: 107-116.

ANDERSON, D. T., 1960, The life histories of
marine prosobranch gastropods. J. malacol.
Soc. Austr., 4: 16-29.

ANKEL, W. E., 1929, Uber die Bildung der
Eikapsel bei Nassa—Arten. Verl. dt. zool.
Ges., Zool. Ans., Suppl.. 4: 219-230.

BARNARD., K. H., 19538, The radula of
Cancellaria. J. Conchol., 24(7): 243-244.

BARNARD, K. H., 1962, A new genus of the
family Marginellidae. Proc. malacol. Soc.
Lond., 35(1): 14-15.

BERGH, R., 1901, Beitrag zur Kenntniss der
Gattung Harpa. Zool. Jahrb., 40: 609-629.
BOURNE, G. C.. 1908, Contribution to the
morphology of the group Neritacea of
aspidobranch gastropods. Pt. 1. The
Neritidae. Proc. zool. Soc. Lond., 810-887.

BOUVIER, E. L., 1857, Systéme nerveux,
morphologie géuérale et classification des
gastéropodes prosobranches. Ann. Sei. natur.
(Zool.), 7, 3: 1-310.



332 W. F. PONDER

BOUVIER, E. L., 158S, Observations
anatomiques et systématiques sur quelques
famitles de mollusques prosobranches
stenoglosses. Bull. Soc. malacol. Fr., 5: 251-
256.

BROCK, F.. 1936, Suche, Aufnahme und en-
zymatische Spaltung der Nahrung durch die
Wellhornschnecke  Buccimum  undation L.
Zoologica, Stuttg., 34(92): 1-136.

BROMWN, S. C.. 1969, The structure and func-
tion of the digestive system of the mud snail
Nassarius obsoletus (Say). Malacologia, 9(2):
447-500.

CARRIKER, M. R., 1943, On the structure and
function of the proboscis in the common
oyster drill Urosalpinx cinerea Say. J.
Morphol., 73: 441-506.

CARRIKER, M. R., 1961, Compartive func-
tional morphology of boring mechanisms in
gastropods. Amer. Zool., 1(2): 263-266.

CARRIKER, M. R., 1967, Gastropod
Urosalpiny: pH of accessory boring organ
while boring. Science, 1538(3803): 920-922.

CERNOHORSKY, W. O., 1970, Systematics of
the families Mitridae and Volutomitridae.
Bull. Auck. Inst. Mus.. S: 1-190.

CERNOHORSKY, \W. O., 1971, Indo-Pacific
Pisaniinae (Mollusca: Gastropoda) and
related buccinid genera. Ree. Auck. Inst.
Mus., 6: 137-167.

CLENCH, W. J. & TURNER, R. D., 1964,
The subfamilies Volutinae, Zidoninae, Odon-
tocymbiolinae and  Calliotectinae in  the
Woestern Atlantic. Johusonia, 4(43): 129-180.

COOKE, A. H., 1920, The radulac of the
Mitridae. Proc. zool. Soc. Lond., 29: 405-
422,

COOKE, A. H., SHIPLEY, A. E. & REED, M.
A., 1895, Molluscs and Brachiopods. London
(Nacmillan & Co.). 535 p.

COSSMANN, A. E. ML, 1899-1903, Essais de
paléoconchologie comparée, Vols. 3-5 Paris
(private).

COTTON, B. C., 1937, Eggs and cgg cases of
some southern Australian Mollusca, Ree. S.
Austr. Mus., 6(1): 101-103.

COX, L. R., 1960, Thoughts on the classifica-
tion of the Gastropoda. Proc. malac. Soc.
Loud., 33: 239-261.

CROFTS, D. R., 1929, Haliotis. L.M.B.C.,
Mem. 29, Liverpool, University Press. 174 p.

DAKIN. W. J.. 1912, Buccinum (the whelk).
L.M.B.C., Mem. 20, London, Williams &
Norgate. 115 p.

DARRAGIH, T. A., 1969, A revision of the fami-
Iy Columbariidac  (Mollusca: Gastropoda).
Proc. Roy. Soc. Viet., 83(1): 63-119.

DELL, R K., 1964, Marine Mollusca from
Macquarie and Heard Islands. Rec. Domi-
nion Mus., 4(20): 267-301.

FANGE, R.. 1960, The salivary gland of Nep-
tunea antiqua. Aun. N.Y. Acad. Sci., 90(3):
639-694.

FISCHER, P., 1887 (1850-1887), Manuel de
conchyliologic et de  paleontologie  con-
chyliologique ouw histoire naturelle des
mollusques vivants et fossils. Paris (F. Savy).
p i-xxiv + 1-1369.

FRETTER. V., 1941, The genital ducts of some
British stenoglossan prosobranchs. J. mar.
biol. Ass. UK., 25: 173-211.

FRETTER, V.. 1946, The pedal sucker and
anal gland of some British stenoglossa. Proc.
malacol. Soc. Lond., 27: 126-130.

FRETTER, V., 1951, Observations on the life
history and functional morphology of
Cerithiopsis  tubercularis  (Montagu) and
Triphora perversa (L.). J. mar. biol. Ass.
U.K., 29: 567-386.

FRETTER. V. & GRAHAM, A., 1962, British
prosobranch molluses. Ray Soc., London. 735
p.

GOHAR, H. A F. & SOLIMAN, G. N., 1963,
On the biology of three coralliophilids boring
in living corals. Publs. mar. biol. Stn. Ghar-
daqua. 12: 99-126.

GOLIKOV, A. N., 1961, Ecology of reproduc-
tion and the nature of the egg capsules in
some gastropod molluses of the genus Nep-
funeca (Bolten). Zool. Zh., 40: 997-1008 [in
Russian|.

GRAHANL, A, 1941, The oesophagus of the
stenoglossan prosobranchs. Proc. Roy Soc.
Edinb. B, 61: 1-23.

GRAHANL, AL, 1949, The molluscan stomach.
Trans. Roy. Soc. Edinb., 61: 737-778.

GRAHAM, A., 1966, The fore-gut of some
marginellid and cancellariid prosobranchs.
Stud. trop. Oceanogr. Miami, 4(1): 134-151.

GRALIAM, D. H., 194la, Breeding habits of
twenty-two  species  of marine  Mollusca.
Trans. Roy. Soc. N.Z., T1(2): 152-159.

HABE, T., 1943, On the radulae of Japanese
marine gastropods (1). Venus, 13(1-4): 68-76.

HABE, T., 1945, On the radulae of Japanese
muarine gastropods (3). Venus, 14: 190-199.

HABE, T., 1960, Egg masses and egg capsules
of some Japanese marine prosobranchiate
gastropods. Bull. mar. hiol. Stn. Asamushi,
10: 121-126.

HALLER, B., 1882, Zur Kenntniss der
Muriciden  eine  vergleichend-anatomische
studie. 1. Anatomic des Nervensystemes.
Denkschrift. math. nat. Cl., 45: 87-106.



EVOLUTION OF NEOGASTROPODA 333

HALLER, B., 1888, Die Morphologie der
Prosobranchier, gesammelt auf einer Er-
dumsegelung durch die Konig italienische
Korvette ‘Vettor Pisani’. 1. Morph. Jahrb.,
14: 54-169.

HALLER, B., 1894, Studien tiber docoglosse
und rhipidoglosse Prosobranchier. Leipzig,
Engelmann.

HALSTEAD, B. W., 1965, Poisonous and
venomous marine animals of the world. 1,
Invertebrates. Washington, D.C. (U.S. Govt.
Printing Off.) 994 p.

HEDLEY, C., 1906, Studies on Australian
Mollusca. Pt. 9. Proc. Linn. Soc. N.S.W., 30:
520-546.

HEDLEY, C., 1917, Studies on Australian
Mollusca. Pt. 13. Proc. Linn. Soc. N.S.W.,
41: 680-719.

HIRSCH, G. C., 1915, Die Erndhrungsbiologie
fleischfressender Gastropoden (Murex,
Natica, Pterotrachea, Pleurobranchaea,
Tritoniun). 1. Teil. Makroskopischer Bau,
Nahrungsaufnahme, Verdauung, Sekretion.
Zool. Jahrb. (Zool. Physiol.), 35: 357-504.

HORNELL, J., 1922, The common molluscs of
South India. Madras Fish. Bull., 14: 97-215.

HYMAN, L. H., 1967, The Invertebrates:
Volume 6. Mollusca 1. McGraw Hill, New
York. 792 p.

IREDALE, T., 1936, Australian molluscan
notes. No. 2. Rec. Austr. Mus.,19(5): 267-340.

IREDALE, T. & MCMICHAEL, D. F., 1962,
A reference list of the marine Mollusca of
New South Wales. Austr. Mus. Menioir, 11,
109 p.

JENNER, C. E., 1956, The occurrence of a
crystalline style in the mud snail Nassarius
obsoletus. Biol. Bull. Woods Hole, 111: 304.

JOHANSSON, ]., 1957, Notes on the littorina-
cean and stenoglossan genital organs, with a
comparison with the Rissoacea. Zool. Bidr.
Uppsala, 32: 81-91.

KEEN, A. M., 1938, Sea shells of tropical West
America. Stanford (Stanford Univ. Press).
624 p.

KESTEVEN, H. L., 1904, The anatomy of
Megalatractus. Austr. Mus. Memoir, 4(8):
419-449.

KNIGHT, J. B., BATTEN, R. L. &
YOCHELSON, E. L., 1954, Status of
Invertebrate Paleontology, 1953. V.
Mollusca: Gastropoda. Bull. Mus. comp.
Zool. Harv., 112(3): 173-179.

KNIGHT, J. B., BATTEN, R. L.,
YOCHELSON, E. L. & COX, L. R., 1960,
Treatise on Invertebrate Paleontology. 1,
Moll. 1, suppl. Paleozoic and some Mesozoic

Caenogastropoda and Opisthobranchia: 310-
324. Univ. Kansas Press.

KNUDSEN, J., 1950, Egg capsules and
development of some marine prosobranchs
from tropical West Africa. Atlantide Rept., 1:
§5-130.

KOHN, A. |., 1959, The ecology of Conus in
Hawaii. Ecol. Monogr., 29: 47-90.

KOHN, A. J., 1961a, Venomous marine snails
of the genus Conus. In: Venomous and
poisonous animals and noxious plants of the
Pacific area: 83-96. Pergamon Press.

KOHN, A. J., 1961b, Chemoreception in gas-
tropod molluscs. Amer. Zool., 1: 291-308.

KOHN, A. J., SAUNDERS, P. R. & WIENER,
S., 1960, Preliminary studies on the venom of
the marine snail Conus. Ann. N.Y. Acad.
Sci., 90: T06-725.

KOSUGE, S., 1966, The family Triphoridae
and its systematic position. Malacologia,
4(2): 297-324.

KUTTLER, A., 1913, Die Anatomie von Oliva
peruviana Lamarck. Zool. Jahrb., Suppl. 13
(Fauna Chilensis, 4): 477-544.

LEBOUR, M. V., 1934, The eggs and larvae of
some British Turridae. J. mar. biol. Ass.
UK., 19: 541-554.

LEBOUR, M. V., 1937, The eggs and larvae of
the British prosobranchs with special
reference to those living in the plankton. J.
mar. biol. Ass. U.K., 22: 105-166.

LEBOUR, M. V., 1945, The eggs and larvae of
some prosobranchs from Bermuda. Proc.
z00l. Soc. Lond.. 114: 462-489.

MAES, V. O., 1971, Evolution of the
toxoglossate radula and methods of
envenomation. Amer. malacol. Union, ann.
Reps. 1970: 69-T1. .

MANSOUR-BEK, . ]., 1934, Uber die
proteolytischen Enzyme von Murex
anguliferus Lamk. Z. vergl. Physiol., 20: 343-
369.

MARCUS, E. & MARCUS, E., 1959, Studies
on "Olividae,” Bolm. Fac. Filos. Cien. Univ.
S. Paulo, 232, Zool.. 22: 99-188.

MARCUS, E. & MARCUS, E., 1960, On
Hastula cinera. Bolin. Fae. Filos. Cieén. Univ.
S. Paulo, 260, Zool., 23: 25-66.

MARCUS, E. & MARCUS, E., 1960a, On the
reproduction of Olivella. Bolni. Fac. Filos.
Cien. Univ. S. Paulo, 232, Zool., 22: 189-199.

MARCUS, E. & MARCUS, E., 1962, On
Leucozonia nassa. Bolm. Fac. Filos. Cién.
Letr. Univ. S. Paulo, 261, Zool., 24: 11-30.

MARCUS, E. & MARCUS, E., 1962a, Studies
on Columbellidae. Bolm. Fac. Filos. Cién.
Letr. Univ. S. Paulo, 261, Zool., 24: 335-402.



334 W. F. PONDER

MARCUS. E. & MARCUS, E., 1968, On the
prosobranehs Ancilla dimidiata and
Marginella fraterculus. Proc. malacol. Soc.
Lond.. 38: 55-69.

MARTOJA., M., 1960, Données histologiques
sur appareil venimeux de Conus
mediterrancus Brug. Ann. Sci. natur.
Zool.), 12: 513-523.

MARTOJA-PIERSON, M., 1938, Anatomie et
histologic de FPappareil génital de Conus
mediterrancus Brug. Bull. Biol., 2: 183-204.

MCLEAN, J. H., 1971, A revised classification
of the family Turridae, with the proposal of
new subfamilies, genera, and subgenera from
the eastern Paeific. Veliger, 14(1): 114-130.

MILLER, B. A, 1971, Feeding mechanisms in
the family Terebridae. Amer. malacol.
Union. ann. Rep., 1970: 72-74.

MORTON. J. E., 1960, The habits of Cyclope
neritea, a style bearing stenoglossan gas-
tropod. Proc. malac. Soc. Lond., 34(2): 96-
105.

MORTON, J. k., 1963, The molluscan pattern:
evolutionary trends in a modern classifica-
tion. Proc. Linn. Soc. Lond., 174: 53-72.

MOSES, S. T., 1923, The anatomy of the chank
(Turbinella pyrumn). Madras Fish. Bull., 17:
105-127.

OLSSON. A. A, 1956, Studies on the genus
Olivella. Proc. Acad. natur. Sci. Philad., 108:
155-225.

OLSSON. A A, 1970, The cancellariid radula
and its interpretation. Palacontogr. Amer.,
T43): 19-27.

D'ORBIGNY. A. D., 1834-1847, Voyage dans
[ Amérique Meridionale. Mollusques. Paris,
3(3); xlili + 738 p.

OSTERGAARD, J. N, 1950, Spawning and
development of some Hawaiian marine gas-
tropods. Pacific Sci., 4: 75-115.

PACE, S., 1902, On the anatomy and
relationships of Voluta musica Linn., with
notes on certain other supposed members of
the Volutidae. Proc. malacol. Soc. Lond., 5:
21-3].

PACE, S., 1903, On the anatomy of the
prosobranch  genus  Pontiothauma  E. A,
Smith. J. Linn. Soc. Loud., Zool., 23: 455-
162,

PATTERSON, C. M., 1969, Chromosomes of
molluses. Proc. Symp. Moll., mar. biol. Ass.
India. pt. 2: 635-686.

PEARCE, J. B., 1966, On Lora trevelliana (Tur-
ton) (Gastropoda: Turridae). Ophelia, 3: 81-
91.

PEILE, A. J., 1922, Some notes on radulae.

Proc. malacol. Soc. Lond., 15(1): 13-18.

PEILE, A. J., 1939, Radula notes. 8, Proc.
malacol. Soc. Lond., 23: 348-355.

PERRIER, R.. 1889, Recherches sur Fanatomie
et Thistologie du rein des gastéropodes
Prosobranches. Ann. Sci. natur. (Zool.), 7, 8:
61-315.

PIERCE, M. E., 1950, Busycon canaliculatum.
In: Selected invertebrate types: 336-344.
Ed., F. A. Brown.

PILSBRY, H. A. & OLSSON, A. A., 1934,
Systems of the Volutidae. Bull. Amer.
Palcont., 35(152): 275-306.

PONDER, W. I°., 1968, Anatomical notes on
two species of the Colubrariidae (Mollusca,
Prosobranchia). Trans. Roy. Soc. N.Z., Zool.,
10(24): 217-223.

PONDER, W. F.. 19704, Some aspects of the
morphology of four species of the
neogastropod  family Marginellidae with a
discussion on the evolution of the toxoglossan
poison gland. J. malacol. Soc. Austr. 2(1): 35-
81,

PONDER, W. I, 1970b, The morphology of
Alcithoe arabica (Mollusca: Volutidae).
Malacol. Rev.. 3: 127-165.

PONDER, W. F. 1972a, Notes on some
Australian genera and species of the family
Muricidace. J. malacol. Soc. Austr., 2(4): 215-
248.

PONDER, W. I, 1972b, The morphology of
some  mitriform  gastropods  with  special
reference to their alimentary and reprodue-
tive svstems  (Mollusca:  Neogastropoda).
Malacologia, 11(2): 295-342.

PONDER, W. I,
Australian  species of  Penion
(Neogastropoda:  Buecinidae). /.
Soc. Austr., 2(4): 101-428.

PONDER, W. I, 1973h, Some notes on the
morphology of the neogastropod family Tur-
binellidae (=Vasidae, Xancidae). (in
manuscript).

PORTMANN, A, 1925, Der Lintluss der
Nihreier auf die Larvenentwicklung von
Buccinum und Purpura. Z. Morph. Okol.
Tiere, 3:526-541.

POWELL, A W. B., 1929 The Recent and
Tertiary species of the genus Buecinulum in
New Zealand. Trans. N.Z. Inst., 60: 57-101.

POWELL, A. W. B.,1942, The New Zealand
Recent and fossil Mollusea of the family
Turridae, with general notes on turrid
nomenclatiure and systematies. Auck. Inst.
Mus. Bull., 2: 1-188.

1973a, A review of the
Fischer
malacol.



EVOLUTION OF NEOGASTROPODA 335

POWELL, A. W. B., 1951, Antarctic and
Subantarctic Mollusca: Pelecypoda and
Gastropoda. Discov. Rep., 26: 47-196.

POWELL, A. W. B., 1966, The molluscan
families Speightiidae and Turridae. An
evaluation of the valid taxa, both Recent and
fossil, with lists of characteristic species.
Auck. Inst. Mus. Bull., 5: 1-184.

PURCHON, R. D., 1968, The biology of the
Mollusca. Pergamon Press, Oxford.

QUOY, J. R. & GAIMARD, J. P., 1833, Voyage
de la Corvette L Astrolabe. Zoologie, Vol. 2

RADWIN, G E. & D'ATTILIO, A., 1971,
Muricacean supraspecific taxonomy based on
the shell and the radula. The Echo, 4: 55-67.

RIGHI, G., 1964, Sobre o Estomago de Thuis
haemostoma. Acad. Brasil. Cién., 36(2): 189-
191.

RISBEC, J.. 1928, Contribution 4 I'étude
anatomique de quelques espéces de Mitres
de la presqu’ile de Nouméa. Bull. Mus. nata.
Hist. natur., Paris, 34: 105-112, 173-180, 225-
227.

RISBEC, J.. 1929, Sur la ponte de quelques
gastéropodes prosobranches. Bull. Soc. zool.
Fr., 22: 564-570.

RISBEC. J., 1932, Note sur la ponte et le
développement de Mollusques gastéropodes
de Nouvelle-Calédonie. Bull. Soc. zoo0l. Fr.,
37: 358-375.

RISBEC, J., 1952, Observations sur I'anatomie
des Nassidae de Nouvelle-Calédonie. Bull.
Soc. zo0l. Fr., 77(5-6): 487-195.

RISBEC, J.. 1953, Observations sur I'anatomie
des Tercbridae Néo-Calédoniens. Bull, Mus.
Hist. natur., Paris, 25: 576-583.

RISBEC, J.. 1954, Sur l'anatomie des
Columbelles (Gastéropodes Prosobranches).
Bull. Soc. zool. Fr., 79: 127-134.

RISBEC, J., 1955, Considérations sur
I'anatomic comparée et la classification des
gastéropodes prosobranches. J.  Conchol.
(Paris), 95(2): 45-82.

ROBERTSON, R., 1970, Review of the
predators and parasites of stony corals, with
special reference to symbiotic prosobranch
gastropods. Pacific Sci., 24(1): 43-54.

ROBINSON, E., 1960, Observations on the
toxoglossan gastropod Mangelia
brachystoma (Philippi). Proc. zool. Soc.
Loud., 135: 319-338.

RUDMAN, W. B., 1969, Observations on Per-
vicacia tristis (Deshayes, 1859) and a com-
parison with other toxoglossan gastropods.
Veliger, 12(1): 53-64.

SHAW, H. O. N., 1915, On the anatomy of

Conus tulipa, Linn., and Conus textile,
Linn., Quart. J. microsc. Sci., 60: 1-60.

SMARSH, A., CHAUNCEY, H. H.,
CARRIKER, M. R. & PERSON, P., 1969,
Carbonic anhydrase in the accessory boring
organ of the gastropod, Urosalpinx. Amer.
Zool., 9: 967-982.

SMITH, E. H., 1967, The proboscis and
oesophagus of some British turrids. Trans.
Roy. Soc. Edinb., 67(1): 1-22.

SMITH, E. H., 1967a, The neogastropod
stomach, with notes on the digestive diver-
ticula and intestine. Trans. Roy. Soc. Edinb.,
67(2): 23-42.

SMITH, E. H., 1967b, The reproductive
system of the British Turridae (Gastropoda:
Toxoglossa). Veliger, 10(2): 176-187.

SOHL, N. F., 1964, Neogastropoda,
Opisthobranchia and Basommatophora from
the Ripley, Owl Creek, and Prairie Bluff For-
mations. U.S. Geol. Surv. Prof. Pap., 331-B:
153-344.

TAYLOR, D. W. & SOHL, N. F., 1962, An out-
line of gastropod classification. Malacologia,
1(1): 7-32.

THIELE, J., 1929, Handbuch der
systematischen  Weichtierkunde.  (Jena,
Gustav Fischer, 1929-1935): 1154 p.

THIEM, H., 1917, Beitriige zur Anatomie und
Phylogenie der Docoglossen. 2. Die
Anatomie und Phylogenie der
Monobranchen. (Akmiiden und Scurriiden
nach der Sammlung Plates). Jena. Z.
Naturw., 54: 405-630.

THORSON, G., 1935, Studies on the egg-
capsules and development of Arctic marine
prosobranchs. Medd. Grénland, 100(5): 1-
71

THORSON, G., 1940a, Studies on the egg
masses and larval development of
Gastropoda from the Iranian Gulf. Danish
sci. Invest. Iran, 2: 159-238.

THORSON, G., 1940b, Notes on the egg-
capsules of some North Atlantic
prosobranchs of the genus Troschelia,
Chrysodomus, Volutopsis, Sipho and
Trophon. Videusk. Medd. naturh. Foren.
Kbh., 104: 251-265.

THORSON, G., 1946, Reproduction and lar-
val development of Danish marine bottom
invertebrates. Medd. Komm. Havunders¢g.,
Kbh., ser. Plankton, 4: 1-523.

THORSON, G., 1949, Lidt om Havsneglenes
forplantuning. Dyr i Natur. Mus. Kobenhaven
(1941); 11-23.

TOMLIN, J. R. le B., 1928, Reports on the
marine Mollusca in the collections of the



336 W. F. PONDER

South Atrican Museum. Aan. S. Af. Mus.,
25(2): 313-335.

TROSCHEL., F. 11.. 1556-1893. Das Gebiss der
Schnecken zur Begrimdung einer
nattirlichen Classification. 2. Berlin.

TRYON. G. W.  15850-1854. Manual of
Conchology 2-5. Acad. natur. Sci. Philad.

VANSTONE, J. tH.. 1594, Some points in the
anatomy of Melongena melongena. J. Linn.
Soc. (Zool.), 24: 369-373.

VOKES, E. H., 1964, Supraspecific groups in
the subfamilies Muricinae and Tritonaliinae
(Gastropoda: Muricidae). Malacologia, 2(1):
1-41.

VOKES. E. H., 1971, The geologie history of
the Muricinae and the Ocencbrinae. The
Echo, 4: 37-34.

WARD, J., 1965, The digestive tract and its
relation to feeding habits in the stenoglossan
prosobranch Coralliophila abbreviata (La-
marck). Canad. J. Zool., 43: 447-464.

WEAVER, C. S. & duPONT, J. E., 1970, The
living volutes. Delaware Mus., Greenville,
Monogr. Ser., 1.

WELSH, J. H.. 1956, Neurohormones of in-
vertebrates. 1. Cardioregulators of Cyprina
and Buccinum. J. mar. biol. Ass. UK., 35:
193-201.

WENZ. W.. 1938-1943, Handbuch der
Paltozoologie (O. H. Schindewolf, ed.) 6(1)
(allgem. Teil und Prosobr.). Berlin, Born-
traeger.

WHITAKER, M. B., 1951, On the homologies
of the oesophageal glands of Theodoxus

fluvciatilis (1..) Proc. malacol. Soc. Lond., 29:
21-34.

WHYTE, J. M. & ENDEAN, R., 1962, Phar-
macological investigation of the venoms of
the marine snails Conus textile and Conus
geographus. Toxicon. 1: 25-31.

WILSMANN, T., 1942, Der Pharynx von Buc-
cinum undatunm. Zool. Jahrh. (Anat. Ont.),
65: 1-48.

WILSON, B. R., 1969, Use of the propodium as
a swimming organ in an ancillid
(Gastropoda: Olividae). Veliger, 11(4): 340-
342.

WOODWARD, M. F., 1900, Note on the ana-
tomy of Voluta ancilla (Sol.), Neptuneopsis
gilchristi (Shy.) and Volutilithes abyssicola.
(Ad. & Rve.) Proc. malacol. Soc. Lond., 4:
117-125.

WU, S. K., 1965, Comparative functional
studies of the digestive system of the muricid
gastropods Drupa ricina and Morula
granulata. Malacologia, 3(2): 211-233.

WU, S. K., 1973, Comparative studies on the
digestive and reproductive systems of some
muricid gastropods. Bull. Amer. malacol.
Union: 18.

YAMAGUCHI, M., OSHIO, Y.,
TSUKAMOTO, M., YAGO, N. &
TAKATSUKI, S., 1961, On the nature of the
carbohydrase and protease of salivary gland
and mid-gut gland in the marine gastropod,
Babylonia japonica Reeve. 1. Zool. Mag.,
Tokyo, 70: 115-119,

ZUSAMMENFASSUNG
ABSTAMMUNG UND ENTWICKLUNG DER NEOGASTROPODEN
W. F. Ponder

Diec Ordnung Neogastropoda entwickelte sich wahrscheinlich aus den
Archaeogastropoden und nicht von den héheren Mesogastropoden, wie allgemein
angenommen wird. Es wird angenommen, dag die Eigenarten des Verdauungssystems
der Neogstropoden von Bildungen abgeleitet werden kounen, die bei den Arch-
acogastropoden existieren.  Die  Neogastropoden haben sich augenscheinlich in 3
Gruppen centwickelt, die hier als Oberfamilien betrachtet werden, die Muricaceae,
Conaceae und Cancellariaccae.

Dic Entwicklung der verschicdenen Organsysteme bei den Neogastropoda wird skiz-
ziert und dabei die Tendenz bemerkt, Struktureren in paralleler Richtung zu
maodifizicren. Die Bezichungen der einzelnen Familien innerhalb der Muricaceae un-
tercinander werden diskutiert. Es scheint, daB innerhalb dieser Gruppe keine
natiirlichen hisheren Gruppicrungen existieren, zwei Fille ausgenommen, Wahrschein-
lich, weil alle diese Familien vou der gleichen Stammform mehr oder weniger
gleichzeitig abgezweigt sind. So sind verschiedene Strukturen ziemlich zufillig durch die
Oberfamilie verteilt, je nach der Weise, wie sich jede Familie weiterentwickelt hat. Die
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Marginellidae und Volutomitridae kénnen unabhingig entstanden sein, withrend die
Buccinidae, Melongenidae, Nassariidae und Fasciolariidae so nahe verwandt sind, dag
sie moglicherweise als Unterfamilien angesehen werden konnen.

H.Z.

RESUME
L'ORIGINE ET L'EVOLUTION DES NEOGASTROPODES

W. F. Ponder

L 'ordre des Néogastropodes a probablement évolué a partir des Archéogastropodes et
non des Mésogastropodes supérieurs, comme on le croit généralement. Il est probable
que les caractéres uniques du canal alimentaire des néogastropodes aient pu dériver de
structures existant chez les archéogastropodes. Les néogastropodes semblent avoir évolué
en 3 groupes qui sont ici considérés comme des superfamilles: les Muricacea, Conacea et
Cancellariacea.

Dans la présente étude on a tracé d grands traits I'évolution des divers appareils a
I'intéricur des néogastropodes et I'on y a noté la tendance & modifier les structures dans
des voies paralléles. Les liens de parenté entre chaque famille chez les Muricacea, ont été
discutés. A deux exceptions prés, il apparait que dans ce groupe, il n'y a pas de groupe-
ments naturels de plus haut niveau, sans doute parce que toutes les familles évoluent d
partir d'un ancétre commun 4 peu prés simultanément. Ainsi les divers types de struc-
tures sont distribuées presqu’au hasard 4 travers la superfamille, selon la voie dans
laquelle chaque famille a évolué. Les Marginellidae et Volutomitridae peuvent étre ap-
parues indépendamment, tandis que les Buccinidae, Melongenidae, Nassariidae et
Fasciolariidae sont de parenté si proche, qu’elles peuvent étre considérées comme des
sous-familles.

AL

RESUMEN
ORIGEN Y EVOLUCION DE LOS NEOGASTROPODA
W. F. Ponder

El orden Neogastropoda probablemente tuvo descendencia de los Archaeogastropoda
v no, como generalmente se cree, de los mas evolucionados Mesogastropoda. Se sugiere
que las caracteristicas, tnicas, del canal alimenticio en neogastropodas, pueden haber
derivado de estructuras ya existentes en arqueogastropodos. Parece que, en su evolucion
los Neogastropoda han producido tres grupos, a los cuales se asigna aqui el rango de
superfamilias: Muricacea, Conacea y Cancellariacea.

Se han delineado en forma general los varios sistemas de érganos en Neogastropoda, y
se hace notar la tendencia hacia la modificacion de estructura en modo paralelo. Se dis-
cute tambien las relaciones entre las familias de los Muricacea. Con un par de excep-
ciones, no parece haber dentro del conjunto grupos naturales de mas alta jerarquia,
probablemente porque todas las familias se derivan de un antecesor comin mas o menos
simultancamente. Asi, varias estructuras se distribuyen casi al azar en toda la super-
familia, de acuerdo al modo en que cada familia ha evolucionado. Los Marginellidae y
los Volutomitridae pueden haber tenido independiente origen, mientras que los Buc-
cinidae, Melongenidae, Nassaridae y Fasciolariidae estan tan estrechamente
relacionados, que posiblemente podrian considerarse como subfamilias.

J.J.P.
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ABCTEAKT
P MCAUKIERME 4 DBOJKLIA NEOGASTROPODA

B.?d. TCHIEP

¥4 na 3aM owH  passuiacd 13 Archacogastropoda, e T bpcunx Mesogastropoda,

ar 6bLUH. _CUITHKT. [jeanonaracT g, 4YTC X7} aKTEpHHE UepTh CTROEHUSA

L #pMUTeNBH I K3HaJn v Neogastropoda moxH NL.CU3EECTH oT yxe

DY W CTEYELMX UIX CTPYKTYP ¥ Archaeogastropoda. Neogastropoda EUANMO  TOJXHBI

“p1: vasfejgeHM Ha 3 IpyoaH, KOTOrHe aBTOLOM 2cCMaTpMBanTCA  Kak
iafceMeldcTra - Muricacea, Conacea M Cancellariacea.

ITceMITE 438 38X JpUMdg  cMcTeM | a3JMUHBX opraHes BHYTLW OTpAna

Neogastropoda i1 ' Z1uepKieaeTcd TEHACHUMA K NapalledusMy B MoAUOMKALMKM UX
STHYFTYD . noysRakTCcd p ACTBEHHME CEBA3M Kaiaoro cemeficTea B OTpile
Muricacea. 37 ZrYyMA MCHARWUCHMAMMA EBHYTIM 3ToTr'o oOTpAAa EMAMMO HeT Gonee
sBC NMX eCTECTseHHHX IpyillIMpOBOK, MO#eT ObhThs NOTOMYy, 4YTO BCe ceMelicTpa
Spem3s iy 6odiee MM MeHee OAHOBPEMEHHO OT ofuero npeaka. TaxkuM o0pa3oM,
LasJsmuHbe CT} YKTYDH BCTpeYarnTed MOBOABHO cayyaiHo BO BCEeM
e TCTBEHHO [POUCXURIECHUK Kasloro EBEXOAAwWero B HETOo

HagcewmelcTee, ¢
cenelficTsa.

Marginellidae 1 Volutomitridae MOTUM B 3HMKHYTbH HE34BUCUMO AYyr OT Apyra, B
t0 riewmd, Kak Buccinidae, Melongenidae, Nassariidac n Fasciolariidac nmexT Takoe
671M3K0e [OACTBT, UTO MX EI3L°KHO LACCMATLMBATbH Kak HaxceMelicTso.

Z.AF.



