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ABSTRACT

The anatemy of Fossarus ambiguus (Linné, 1758), the ype species of Fossarus
Philippi, 1841, was examincd for characlers diagnostic of the family Fossaridae
Troschel, 1861. This group was judged to be defined by scveral characlers of
non-familial significance. Fossarus ambiguus has dwarf males and is a probable
protandric hermaphrodite;  if so, this constitutes the only known example of this
ph among Cerithioid Fossarus ambiguus has a ccphalic brood pouch
of ectodermal origin from which embryos arc relcased at the veliger stage. The
brood pouch and many other anatomical characters of fossarids, especially those
of the reproductive sysiem, arc shared with the family Planaxidae Gray, 1850.
Within Planaxidae, fossarids comprise a subfamily, Fossarinae, defined by the
following characters: 1) a turbinate shell with a large, umbilicate body whorl
sculptured with strong spiral cords; 2) a hecavily ciliated cephalic hood; 3) a
wide ciliated strip on the dorsal surface of each icntacle; 4) a lightly organized
nervous system with a very short supracsophageal conneclive; 5) dwarl males and
possible protandry.

RESUMO

A anatomia de Fossarus ambiguus (Lincu, 1758), a cspécic tipo de Fossarus
Philippi, 1841, foi cxaminada em busca de caracleres diagnosticantes da familia
Fossaridae Troschel, 1861. Julgava-se que este grupo era definido por caracleres
de significado nio familial. Fossarus ambiguus possui machos andes e & prova-
velmente hermafrodita protindrico; assim scndo, cste conslili o unico exemplo
deste fenémeno entre os Cerithioidca. Fossarus ambiguus possui uma bolsa incu-
badora cefdlica de origem cclodérmica da qual os embrides sio largados no estd-
dio de veligeros. A bolsa incubadora e muilos oulros caracleres analémicos dos
fossarideos, especialmente os do aparclho reprodutor, sio partilhados com a fa-
milia Planaxidae Gray, 1850. Denwro dos Planaxidace, os fossaridcos formam uma
subfamilia, Fossarinae, definida pelos seguinies caracieres: 1) concha turbinada
com dltima volta grande, umbilicada, gravada com forles corddes cspirais;  2) ca-
pacete cefdlico foriemente ciliado;  3) larga faixa ciliada na superficic dorsal de
cada dculo; 4) si nervase’ pattamenie organizado, com o ive
supraesofdgico muito curto; 5) matlios andes ¢ possivel protandria.

INTRODUCTION of taenioglossate = prosobranchs as-

signed to the family Fossaridae. The

The genus Fossarus Philippi, family was proposed by Troschel in
1841, comprises a small group of 1861, on the basis of radular mor-
poorly known, small-shelled species phology, and has received little at-
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tention since then, The sketchy his-
tory of the group has been summa-
rized by Warén & Bouchet (1988:
75). Keen (1971: 453) rcmarked that
fossarids had been long neglecied by
authors and noted that there was no
single uscful reference to the family.
Fossarids do not comprisc a large
group and include several poorly
known genera, some of uncertain af-
finities.  Thiele (1929: 238) consi-
dered the Fossaridae to comprise the
genera Fossarus Philippi, 1841;
Fossarella Thiele, 1925; Megalom-
phalus Brusina, 1871; Chilkaia Pres-
ton, 1915;- Couthouyia A. Adams,
1860; and with a query, Pendroma
Dall, 1927, and Conradia A. Adams,
1860. The genera Fossarella, Mega-
lomphalus and Couthouyia recently
have been shown to belong to the Va-
nikoridae (Warén & Bouchet, 1988:
73, 94). Fossarus has been assigned
to a number of superfamilies, and
was originally considered a member
of the Littorinidaec (Littorinoidea) by
Philippi (1841).  This assignment
was followed by Gray (1850), H. & A.
Adams (1854: 319), Troschel (1861:
153), Tryon (1882: 245), and Fischer
(1887: 711). The last author placed
Fossaridae between Littorinidac and
Solariidae (=Architectonicidae).
More recently, authors have referred
Fossarus to the superfamily Hippo-
nicoidea (Thicle, 1929; Wenz, 1940;
Taylor & Sohl, 1962; Boss, 1982).
The Fossaridae was put in "stirps”
Amaltheacea (=Hipponicoidea) after
the aglossan gastropods and follow-
ing the Pyramidellidac by Thicle
(1929: 238). Wenz (1940: 879)
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placed Fossaridac before Vanikori-
dac in the superfamily Hipponicoi-
dea, between Pyramidelloidea and
Calyptracoideca. - Ponder (1980) was
the first to describe the cephalic
brood pouch of Fossarus and to sug-
gest a relationship with Planaxis.
Although Boss (1987: 1004) assigned
Fossaridae to Hipponicoidea, he
noted Ponder's observation that the
cephalic brood pouch of Fossarus is
similar to that of members of the
Planaxidae, and suggested a possible
allocation to Cerithioidea. A Ceri-
thioidean assignment has been advo-
cated recently by Ponder & Warén
(1988: 295), who cited the presence
of open pallial gonoducts and aphal-
late males as further cerithioidean
characters.

As scen above, systematic alloca-
tion of Fossarus has been diverse,
conjectural, and largely without sup-
porting evidence.  As the internal
anatomy of Fossarus and members of
the component genera of fossarids
has been unknown, the exact place-
ment of the group among Caenogas-
tropoda has been based only on shell
characters and the poorly under-
stood radula. The biology and ana-
tomy of Fossarus species have, for
the most part, never been described
until recently, when Warén & Bou-
chet (1988: 77, figs. 3-4) presented
a few notes about the ecology of Fos-
sarus ambiguus from Corsica and il-
lustrated some external anatomical
features.  Troschel (1861: 153-154,
pl. 12, fig. 14) was the first to depict
the radula of Fossarus species, but
the figure is poor, and lacking in



AGOREANA

details. Thiele (1925: 93, pl. 16, fig.
16) presented a better figure of the
radula of Fossarus ambiguus (Linné),
which shows more details of the
tooth denticles, and compared the
radula of Fossarus with those of a
few other fossarid genera. Recent-
ly, Warén & Bouchet (1988) publish-
ed the first SEM figures of the radula
of Fossarus ambiguus. A short pu-
blication by Ponder (1980: 257) re-
corded the presence of a cephalic
brood pouch in Fossarus, which was
noted by Houbrick (1987: 38-39;
1988: 98) in his systematic survey
of brood pouches among Cerithioidea.

It is obvious from the above histo-

ry that a descriptive study of the

anatomy of Fossarus is needed. Col-
lection and study of large numbers
of Fossarus ambiguus (Linné, 1758),
the type-species of Fossarus Philip-
pi by original designation (cited in-
correctly as Fossarus adansoni Phi-
lippi, 1841), on the island of Sdo
Miguel, Azores plus examination of a
few specimens of Fossarus orbignyi
Fischer, 1864, from the Florida
Keys, has resulted in the following
description of the reproductive bio-
logy, ecology and anatomy of this
poorly known prosobranch group.

MATERIALS AND METHODS

Living specimens of Fossarus
ambiguus (Linné) were collected at
Ponta da Pirdmide, S3o Miguel, Azo-
res, where they were found in crevi-
ces of large boulders in a somewhat
protected rocky, intertidal spit,
which was cxposed at low tide. Ad-

* geny (Houbrick, 1988).
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ditional specimens of F. orbignyi
Fischer were collected under rocks

at Big Pine Key, Florida, for compa-
rison.  Snails were kept alive in
petri dishes filled with seawater and
were relaxed in 7.5% MgClp for
siudy and dissection under a Wild
M-8 dissecting microscope.  Shells
were cracked and animals removed
for anatomical study and fixation for
sectioning.  Methylene blue solution
was used to enhance examination of
anatomical  structures. Gametes and
cellular structures were examined
with a Leitz Laborlux D light micro-
scope. Tissues were fixed in Bouin's
Solution in seawater and 10% forma-
lin and were embedded in paraffin,
scctioned at 7 pm, and stained with
Harris" hematoxylin and eosin for
histological studies. Photomicro-
graphs of scctions were made with a
Zeiss Photomicroscope 1II.  Radulae,
protoconchs and shell ultrastructure
were examined with a Zeiss Nova-
scan-30 scanning electron micro-
scope. The term autopomorphic is
used in reference to the characters
sct forth in Cerithioidean Phylo-
All speci-
mens of . Fossarus ambiguus have
been deposited as vouchers (USNM
859367).

DESCRIPTION

External anatomy. The shell of
Fossarus (Fig. 1, A-D) is white and
small, ranging up to 4 mm length,
with a very short spire comprising
four, strongly angulate whorls
sculptured  with spiral incised lines
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FIG. 1.
apertural and dorsal views of strongly sculptured shell (3.2 mm length);
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Fossarus ambiguus (Linné), Ponta da Pirimide, Sio Miguel, Azorcs, USNM £39367.
C-D, apertural and

dorsal views of weakly sculpturcd shell (3.6 mm length);

of veliger stage embryonic shells removed frem brood pouch prier to hatching (bar
shell of male showing pretecench-2 reticulaie sculplure (bar
dricd head showing cephalic tentacles and heavily ciliated cephalic hood ({arrow) (bar
um); I, SEM of critical point dricd dorsal portion of cephalic tentacle showing ciliated sirip
{bar

H, SEM of critical point
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and 3-4 keel-like spiral cords. The
body whorl is very large, umbilicate,
and with a large, semicircular aper-
ture with straight-sided columella
and strongly crenulated outer lip.
The protoconch is brown, and com-
prises three whorls; protoconch-1 is
smooth, about one whorl;  proto-
conch-2 comprises two strongly can-
cellate whorls and has a deep sinu-
sigeral notch. The opcrculum (Fig.
1, E) is corncous, lenticular, has a
terminal nucleus and tightly fits the
shell aperture.

The animal is translucent white
except for an opaque white spot on

the "horns" between the cephalic
tentacles. The animal comprises
about 1.5-2 whorls and is loosely

coiled in external aspect (Fig. 2, B-
C), having a foot with a very broad
sole (Fig. 2, A) and a large, lenticu-
lar operculum (Fig. 1, E). The sole of
the foot is triangular, narrow ante-
riorly and with a thin, crescent-
shaped, propodial mucus gland (Fig.
2, A, amg), which is not very decep.
The mid- and posterior foot (sole) is
longitudinally furrowed. Debris and
mucus leaving the mantle cavity
move down the right side of the foot
and collect at the extreme poslerior
end of the foot before dislodgement.
The head protrudes from the body on
a long, somewhat narrow neck and is
distinctive in having very long,
broad cephalic tentacles, each with a
lobe ("horn") at its inner base, form-
ing a cephalic hood (Figs. 1, H; 2, B,
C, D, er). The cephalic hood is
heavily ciliated (Fig. 1, H), but the
exact function of this culiated arca
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is unknown. The tentacles are di-
rected laterally, at 45 degrees to the
hcad and are moved up and down to
alternately touch the substrate when
the animal is crawling. Cephalic
tentacles are concave-flat on their
dorsal surfaces; but rounded and
convex on their ventral sides (Fig. 1,
H). Densely packed compound cilia
on the dorsal surface of the tentacles
(Figs. 1, I, 2, B, D, cts) produce a
strong, posteriorly directed ciliary
beat, leading toward the H mantle
cavity. A tiny biack eye lies at the
junction of each tentacle base and
the neck. Bencath the heavily cilia-
ted cephalic hood a short snout (Fig.
2, B-D, sn) with bilobed tip extends
ventrally. In brooding females the
neck beneath the snout and the back
(dorsal surface of head) are swollen
and distended due to the large ce-
phalic brood pouch (Figs. 2, B, C, D;
4, A-B, bp) filled with embryos. The
cdge of the mantle is smooth, with a
weakly scalloped, wavy edge. It is
extremely short on its ventral side,
nearly fused to the columellar
muscle.  The mantle is thick and
strongly reflexed at the exhalant
siphonal area (Fig. 2, B, exh). In the
short visceral mass, the cream-
colored gonad partially covers the
darker digestive gland (Fig. 2, C, dg),
and the tan kidney (Fig. 2, C, K)
appears Lo comprise only one lobe.

Mantle cavity organs. The mantle
cavily is broad, but not decp. The
osphradium (Fig. 2, D, os), located in
the anterior mantle cavity, compri-
ses a simple ridge flanked on each
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FIG. 2. Anatomy of Fossarus ambiguus (Linné). [Legends in following page)
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side by a raised ciliated strip, and
is a little less than one-half the cle-
nidial length. The ctenidium (Fig. 2,
D, ct) is formed of 35-40 long
finger-like lamellae with narrow
bases. The hypobranchial gland
(Fig. 2, D, hg) is well developed and
comprised of heavy, transverse,
glandular folds, visible through the
mantle epithelium. The mantle ca-
vity is relatively shallow, its poste-
rior half partially overlain by the
kidney. The rectum (Fig. 2, D, r) is a
wide tube filled with large, oval-
spherical, loosely-packed fecal pel-
lets. The pallial gonoduct (Fig. 2, D,
pov) is an open tube comprised of an
inner, attached lateral lamina and an
outer, frce, medial lamina.
Reproductive system. Only the
very smallest individuals (0.4-0.8
mm) are males; all others, including
small snails, are functional females
with ripe ovaries and brood pouches
containing embryos. Gonads arc the
same white color in both sexes, but
in females the large eggs may be scen
through the ovarian epithelium,
Very small males occur on the shells
of females, as in Crepidula species,
and suggest that Fossarus is a prot-
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andric hermaphrodite.  Squashes of
living gonadal tissue from these very
small snails revealed viable sperm,
but only euspermatozoa were scen.
These were of the general morpholo-
gy typical of cerithioideans (Healy,

1988). Histological sections confirm
that very small individuals are
males. Males are aphallate and the

male pallial gonoduct is a simple
open tube, with no glandular areas.
The female pallial oviduct (Fig. 2, E)
is open along most of its length, but
the posterior part is closed over by
the folded edge of the medial lamina.
The anterior two-thirds of both
laminae, including the oviductal
groove, are composed of thin, non-
glandular epithelium, and the lateral
lamina (Fig. 2,- E 11) is very thin
along ils entire length. The poste-
rior portion of the oviductal groove
of the mecdial lamina is highly glan-
dular and probably comprises the
albumen gland (Fig. 2, E, ag). A long
sperm gutter (Fig. 2, E, sg) lies along
the edge of the medial lamina and
opens into a large bursa (Fig. 2, E,
sb), which appears to be homologous
with the spermatophore bursa of
other cerithioideans. The bursa is
located in the posterior part of the

FIG. 2. Anatomy of Fossarus ambiguus (Linné).

foot and mouth (bar = 0.25 mm);

oviduct (bar = 0.50 mm).

A, animal cmerging from shell showing sole of

B, dorsal view of animal removed from shell (bar = 0.25 mm),
C, right lateral view of animal showing brood pore opening in side of neck (bar = 0.35 mm); D
mantle cut open and folded 1o right exposing mantle cavity organs (bar = 0.25 mm);
acs, anterior esophagus;

E. pallial

ag, albumen gland; amg, anterior pedal

mucus gland; bp, brood pouch; bpr, brood pore; «cg, cephalic ganglion; cgl, capsule gland; ch.

cephalic hood; em, I ct

tive gland; eg, esophageal gland: exh, exhalant siphon;

siphon; k, kidney; |II, lateral lamina;
dium; osb, opening to spermatophore bursa;
pe, posterior esophagus;

esophageal ganglion; sg, sperm guiter;

cts, ciliated tentacular strip;
hg, hypobranchial gland;

dg, diges-
inh, inhalant

m, mouth; me, mantle edge; op, operculum; os, osphra-
ov, ovary;
pov, pallial oviduct; r, rectum; sb, spermatophore bursa; seg, supra-

sn, snout; inal

ovd, coclomic oviducl; pc, pericardium;

ST, le;  st,
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FIG. 3. Radular and brood pouch merphology.
back (bar = 21 pum); C, detail of marginal
teeth (bar = 10 pm); D, anterior view of critical point dried female showing neck swollen by
enlarged ccphalic brood pouch (bar = 0.25 mm);

veliger larvae (bar = 38 pm);

A, scction of radula with marginal tecth spread
B, detail of rachidian and lateral tecth (bar = 10 pm);

E, disicnded brood pore showing emerging
F, break in body wall behind head of critical point dried female
showing many advanced larvac in ccphalic brood pouch (bar = 0.22 mm).



ACOREANA

medial lamina. In the medial lamina
wall, adjacent to the bursa, is a cir-
cular seminal receptacle containing
oriented sperm (Fig. 2, E, sr). A
ciliated tract leads from the anterior
of the pallial oviduct down the right
side of the foot to the brood pore
(Fig. 2, B, C, D; 4, A-B, D, bpr), a
small slit in the side of the neck,
close to the edge of the sole. The
brood pore may gape when the cepha-
lic brood pouch is filled with veliger
stage larvae (Figs. 3, D-E; 4, C). The
cephalic brood pouch may be regard-
ed as an accessory extension of the
pallial oviduct, but external to the
mantle cavity. The cephalic brood
pouch is a very large cctodermal in-
vagination in the head-foot, and is
finely ciliated internally. It ex-
tends from the muscular brood pore
(Fig. 4, D, bpr) in the right side of
the neck. under the head and buccal
mass (Fig. 4, D, bm) and its cavity
and up the left side of the hecad-foot
(Fig. 4, E) to the dorsal posterior
surface of the body (Figs. 2, B, D, bp;
4, F) where it occupies nearly all of
the animal's body, exclusive of the
columellar muscle (Fig. 3, F). The
brood pouch becomes large, swollen
and distended when filled (Figs. 3,
D; 4, C), and may contain large num-
bers of embryos (up to 2,000), all of
which appear to share the same stage
of development and presumably be-

long to the same cohort. Most of the
brood pouch lics just bencath the
thin, nearly transparent cpithelium

of the neck and back (Fig. 4, E, F)
through which may be seen the nerve
ring (Figs. 2, D, cg; 4, A, bp) and
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midesophageal gland (Figs. 2, D, eg;
4, F, es), which are displaced by it
markedly to the right (Fig. 4, F, es,
cg). Early developing eggs and em-
bryos appcar white, becoming orange
as they approach the veliger stage
due to the -color of the aperture of
the developing protoconch. Each em-
bryo is surrounded by a thin trans-
parent hyaline capsule (Fig. 4, E,
arrow). When the veliger stage is
attained, embryos are released from
the brood pore by a strong musclar
contraction of the head-foot, after
which they shed their hyaline cap-
sules and become active, free-
swiming larvae. Larvac have full
velar lobes and beating cilia. Newly
hatched larval shells (protoconch-1)
have a pitted surface (Fig. 1, F), but
are unsculptured and have an orange
columella and lip edge.

Alimentary system. A pair of la-
teral jaws lies at the tip of the mouth
on the bifid snout. The very small
radula (Fig. 3, A-C) is tacnioglossate
(241+141+2) and a little over one-
third the shell length. The rachi-
dian tooth (Fig. 3, B) is trapezoidal
in overall shape, having a cutling
cdge forming a triangular, pointed
cusp scrrated with about 8-9 pointed
denticles on each side; a flat basal
plate is strengthened on cach side by
a latcral ridge bearing a denticle.
The lateral tooth (Fig. 3, B) is rod-
shaped with a very long lateral ex-
tension of the broad, flat basal plate.
The cutting cdge of the lateral tooth
has about 12 wvery small pointed den-
ticles on its outer side and a long



68 ACOREANA
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FIG. 4. Morphology of brood pouch. A, dorsal view of animal removed from shell showing
embryos in brood pouch (bp) under thin neck epithelium and displacement of nerve ring (arrow)
to right (bar = 0.25 mm); B, right lateral view of animal showing location of brood pore (arrow)
on right side of neck and brood pouch (bp) under head (bar = 0.25 mm); C, right latcral view of
critical peoint dried specimen showing brood pore on right side of neck and swollen neck due to
filled brood pouch (bar = 100 wm); D, frontal scction of head-foot and mantle cavity (mc)
showing brood pore (brp) on right side of neck, and cercbral ganglion (cg) beneath esophagus
(es) and buccal mass (bm) (bar = 0.17 mm); E, fromal scction through head-foot showing
location of breod pouch under head as it passes under nerve ring (cg) and dorsally to esophagus
{es); note vcligcr-stage embryos in brood pouch, cach within its own hyaline capsule (arrow)
(bar = 0.17 mm); F, frontal section through midesophagus showing dorsal location of brood

pouch filled with early embryos and displacement of cerebral ganglion (cg) and midesophagus
{es) to right (bar = 0.17 mm).
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pointed major cusp with 3-4 denti-
cles on its inner side . The marginal
teeth (Fig. 3, C) are long and spatu-
late having broad tips with fine ser-
rations on their outer surfaces, a
small pointed denticle and more fine
serrations along the top edge of the
tooth, The anterior esophagus (Figs.
2, D, aes; 4, D-E, es) has a typical
dorsal food channel. The paired sa-
livary glands are thin tubes that run
through the nerve ring. The mid-
esophagus enlarges bchind the nerve
ring to become a wide esophageal
gland (Figs. 2, D, eg; 4, F, es) which
has many internal transverse ridges.
The stomach is large, about two-
thirds the length of a whorl and
when opened by a dorsal longitudi-
nal cut is secn to have a style sac
with prominent gastric shield, a
large central ridge and a right
sorting area. The wide csophageal
opening is on the right side and
there is a single duct to the digestive
gland. The style sac appcars to the
separate from the intestine.  The
rectum (Fig. 2, D, r) in the pallial
cavity is a wide, thick tube contain-
ing large ovoid fecal pallets.

Nervous system. The ncrvous
system is cpiathroid, and distinctive
in that both esophageal ganglia (Fig.
2 D, seg) are very close to the cere-
bral (Fig. 2, D, cg) and pleural gan-
glia, and there is virtwally no supra-
esophageal conncctive.  Each pedal
ganglion has a prepedal swelling
with a single distinct statolith in a
statocyst attached to the ganglion.
The cercbral-pedal connectives are
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10 times as long as the short cere-
bral conn:ctives. The connective be-
lween the pedal ganglia is a few
times longer than the cercbral con-
nectives.  Three small nerves, the
middle one being largest, emerge
from each pedal ganglion and extend
1o the anterior foot terminating in a
tiny ganglion which sends forth
branches innervating the walls of the
brood pouch. As mentioned earlier,
the nerve ring is displaced markedly
to the right (Fig. 4, A, arrow, F, cg)
when the cephalic brood pouch is
filled with embryos.

DISCUSSION

Ecology. In the Azores, Fossarus
ambiguus lives intertidally in dark
crevices of the undersides of large
boulders and rocks along protected
parts of the coast. It frequently
occurs in groups or colonics, many
individuals being crammed into one
tiny crack or crevice. Warén &
Bouchet (1988: 76) described a si-
milar habitat in Calvi, Corsica, and
suggested that Fossarus colonics may
spend their entire lives in the same
cavities, as these often lack exits
large cnough for the snails to
emerge.  All age classes are found
together:  onc sample taken from a
boulder hole in the Azores com-
prised 113 individuals.

There is considerable intra-
specific variation in shell sculpture
among a population, ranging from
strongly sculptured phenotypes (Fig.
1, A-B) to very-smooth individuals
(Fig. 1, C-D). The very smallest
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snails (0.4-0.8 mm) occur on the
shells of large females and are all
functional malés (Fig. 1, G). Small 1o
large individuals (0.9 - 5 mm) arc
functional females with brood
pouches and embryos, and comprise
most of the population. The large,
elaborately sculptured protoconch-
2, on the apex of large, adult shells
(Fig. 1, G), indicates that hatched
veliger larvae undergo a long-term
planktotrophic stage prior to settle-
ment. An identical protoconch has
been illustrated for Fossarus ambi-
guus from Calvi, Corsica, by Warén &
Bouchet (1988: 76, fig. 2).

The western Atlantic species,
Fossarus orbignyi Fischer, is anato-
mically identical with F. ambiguus
and is probably conspecific with it.

It is probable that Fossarus is a
protandrous hermaphrodite, a repro-
ductive strategy which fits well with
their gregarious life style. However,
the possibility that the small males
may be permanent, mature male
dwarfs should not be overlooked.
This kind of habitat and life siyle
are unusual among cerithioideans.

Systematics. Among cerithioi-
deans, Fossarus shares with Modulus
the distinction of having a turbinate
shell, although the aperturc is much
wider and longer in Fossarus. Wide
shell apertures and the presence of
tiny males on the shells of larger
females are also scen in hipponicids
and calyptraeids, probably explain-
ing why fossarids were previously
included with these groups by most
authors.  Ponder (1980) and Boss
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(1982: 1004) were the first to sug-
gest that this relationship might be
incorrect.  The superfamily Hipponi-
coidac had been previously thought
to embrace four families; the Hippo-
nicidae, Vanikoridae, Caledonielli-
dac and Fossaridae (Boss, 1982:
1003). It is now apparent that Fos-
sarus is significantly different in
anatomical ‘layout from all known
hipponicid groups; consequently, it
should be unequivocally excluded
from Hipponicoidea. Ponder &
Warén (1988: 295) recently trans-
ferred Fossaridac from Hipponicoi-
dea to Cerithioidea, and suggested
close relationship to the Planaxidae,
on the basis of unpublished anatomi-
cal characters. It is clear from the
detailed anatomical study of Fossa-
rus ambiguus presented above that
their action was correct and well-
justificd. The presence of open
pallial gonoducts, aphallate males,
and a brood pouch of ectodermal
origin indicate an assignment 1o the
superfamily Cerithioidea (sec Hou-
brick, 1988). Among cerithioideans,
Fossarus is the only known genus to
exhibit possible protandrous herma-
phroditism.

The placement and structure of
the brood pouch of Fossarus is a
feature shared in common with many
other groups of cerithioideans
(Houbrick, 1987: 38-39; 1988: 98).
The brood pouch of Fossarus is
ncarly identical to that observed in
members of the Planaxidae Gray,
1850 (Houbrick, 1987), such as
Planaxis Lamarck, 1822, and in par-
ticular 1o members of the genus Sup-
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planaxis Thiele, 1929. Release of
larvae at the wveliger stage and subse-
quent planktotrophic development
are also common to the Planaxidae.
The brood pouch of Fossarus also
closely resembles that of Tanga-
nyikia rufofilosa (E. A. Smith,
1880), of the freshwater Thiaridae
(Moore, 1899: 160-161). Morpholo-
gical similarities in brood pouch
anatomy between the Planaxidac and
Thiaridac have been noted previous-
ly (Houbrick, 1988), suggesting
additional affinity with Fossarus.

The layout of the sperm gutter, bursa

and seminal receptacle in the pallial
oviduct of Fossarus is very similar
to the pattern observed in members
of some other cerithioidean gencra
such as Cerithium Bruguitre, 1789,
and Planaxis Lamarck, 1822.

The data presented above indicate
that Fossarus has close affinity to
planaxids. The lenticular opercu-
lum, shapc and movement of the ce-
phalic tentacles, presence and layout
of the brood pouch, tiny ganglia on
the anterior nerve cxtensions of the
pedal ganglia, larval ccology, paired
denticles on the basal plate of the
rachidian tooth, and the broad, spa-
tulate, finely serrated tips of the
marginal teeth are characters shared
with members of the Planaxidac
Gray, 1850, and suggest that fossa-
rids comprise a subfamily, Fossari-
nae, within that family., The Fossa-
rinae is diagnosed by three autapo-
morphic characters.  Thesc include:
1) a heavily ciliated cephalic hood;
2) a wide ciliated strip on the dorsal
surface of cach cephalic tenlacle; 3)
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dwarf males and possible protandry.
The small turbinate shell with large
body whorl and aperture, tightly or-
ganized ganglia comprising the nerve
ring, and the very short supraeso-
phageal connective, are =zlso distin-
ctive characters, although not unique
to fossarids.
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