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Abstract. The ultrastructural features of the ovary and oogenesis have been examined in the
neritid gastropod Bathynerita naticoidea, a bathyal species endemic to oil and gas seeps in the
Gulf of Mexico. This is the first ultrastructural study of vitellogenesis in any archaeogastropod.
The ovary is an acinous organ containing oocytes in all stages of oogenesis. Oocytes are closely
associated with hypertrophic follicle cells that may playa role in oocyte nutrition. Vitellogenesis
is a complex process involving both autosynthetic and heterosynthetic pathways that contribute
to the formation of at least three types of yolk bodies. Type I yolk bodies appear to be syn
thesized autosynthetically through the combined efforts of the Golgi complex and rough en
doplasmic reticulum. Type II yolk bodies have an uncertain origin but share many ultrastructural
characteristics with mitochondria, suggesting that they may be derived from the latter organ
elles. Type III yolk bodies appear to form through the heterosynthetic uptake of extra-oocytic
precursors via receptor-mediated endocytosis. Oocytes also accumulate lipid droplets and gly
cogen granules. Vitellogenesis in this species shows similarities with that described previously
in a caenogastropod and some heterobranch (opisthobranchs and pulmonates) species.
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Chemosynthetic deep-sea commUnIties dominated
by vestimentiferans and bivalves were first discovered
at hydrothermal vents at the Galapagos Rift (Corliss
et al. 1979) and the East Pacific Rise (Rise Project
Group 1980). Subsequent explorations have docu
mented similar conununities at "cold seeps" (Paull et
al. 1984; Kennicutt et al. 1985; Suess et al. 1985; Lau
l';er et al. 1986). Among these are hydrocarbon seep
communities on the Louisiana slope in the Gulf of
Mexico, dominated by chemoautosynthetic vestimen
tiferans and methane-oxidizing mussels but also in
cluding many non-chemosynthetic organisms from the
surrounding slope faunas (Paull et al. 1984; Kennicutt
et al. 1985). While much has been learned about the
distribution, abundance, and physiology of these seep
Or 'anisms (MacDonald et al. 1989), less attention has
been directed at their reproductive biology.

During a 1995 expedition to the hydrocarbon seep
communities in the Gulf of Mexico, we collected nu
merous living specimens of an unusual neritid proso
branch, Bathynerita naticoidea CLARKE 1989, using a

• A: .hor for correspondence. E-mail:
kevine@maine.maine.edu

manned submersible. In contrast to other neritids that
occur in marine intertidal, brackish, or freshwater hab
itats (Clarke 1989; Waren & Bouchet 1993), B. noli
coidea (Fig. 1) is a bathyal species endemic to oil and
gas seeps in the northern Gulf of Mexico continental
slope ("Bush Hill"). Traditionally, neritids have been
included in the order Archaeogastropoda within the
class Prosobranchia. While "archaeogastropods" are
still viewed as a coherent group by some workers,
many specialists now view them as a grade composed
of several distinct clades and have discontinued use of
the term (Haszprunar 1988; Hickman 1988). However,
because the taxonomy is still unresolved, and because
"archaeogastropod" is still widely understood and
used in the literature, we have chosen to use it as a
transitional term in this paper.

Members of the Neritoidea have been viewed as
having significant affinities to caenogastropods and
form a clearly defined clade with a number of apo
morphies involving the anatomy, shell morphology,
development, sperm structure, and sex chromosomes
(reviewed in Bieler 1992; Ponder & Lindberg 1996).
Species within the Neritoidea have been recorded from
the mid-Devonian (Knight et al. 1960). The group in-
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cludes six families, among which members of the Ner
itidae are considered to possess the most primitive
characters (Fretter 1966). The large number of auta
pomorphic characters in this group similarly suggests
to other workers that neritids may be a very ancient
line of prosobranchs (Haszprunar 1988; Healy 1988).
Members of the Neritidae have a relatively complex
reproductive system including a penis, and they pro
duce spermatophores and both apyrene and eupyrene
sperms (Hyman 1967).

Recent studies of spermiogenesis indicate that ner
itids display some features more typical of the caen
ogastropods (Buckland-Nicks & Chia 1986).. Healy
(1996) pointed out a need to investigate some of the
more enigmatic groups of archaeogastropods, especial
ly those known to inhabit hydrothermal vent and seep
communities, if we are to better understand gastropod
evolution. Very little is known about the biology of B.
naticoidea although Zande (1994) reported some pre
liminary information on the development and feeding
biology of this species. She reported that adults deposit
egg capsules containing -150 embryos that emerge as
crawl-away juveniles. The gross external morphology
was recently described by Waren & Bouchet (1993),
who suggested that Bathynerita diverged from other
Neritoidea before the modern neritids evolved. Ponder
& Lindberg (1996) pointed out the value of recent ul
trastructural studies on sperm morphology in assessing
phylogenetic proble"1s in the Gastropoda but indicated
that ultrastructural analysis of other morphological fea
tures has been generally neglected. For this reason, the
present study was undertaken to document the ultra
structural features of oogenesis in B. naticoidea and to
compare them with those of other prosobranch species.
This is the first description of the ultrastructure of the
ovary and oogenesis in any neritid.

The ultrastructural features of oogenesis have been
studied to some degree in all classes of molluscs
(long-Brink et al. 1983) but surprisingly little is
known about oogenesis in prosobranch species. Pre
vious studies of prosobranch oogenesis have been con-

301

fined to four species in the Caenogastropoda (Taylor
& Anderson 1969; Bottke 1972, 1973; Gerin 1976a,b;
Griffond 1979; Griffond & Gomot 1979; Bolognari et
al. 1981; West 1981, 1983) and two species in the
formerly recognized order Archaeogastropoda (Kessel
1982; Martin et al. 1983). Within the latter group, ul
trastructural studies have been limited to a description
of the ovary in the red abalone, Haliotis rufescens
(Martin et al. 1983), and the differentiation of lipid,
endoplasmic reticulum, and annulate lamellae in the
oocytes of the limpet Lottia (as Acmaea) digitalis
(Kessel 1982). However, no studies have described the
ultrastructural features of vitellogenesis in any ar
chaeogastropod species.

Methods

Live specimens of Bathynerita naticoidea were col
lected in September 1995 by the Johnson-Sea-Link II
submersible at Green Canyon block 232 ("brine
pool") at 710 m (2130 ft) depth (27°43.327' N,
91 °16.606' W). Selected for fixation were 10 females
of varying shell lengths, ranging from 6 to 15 mm.

For ultrastructural studies, the shell was removed
from each animal, and the ovary excised from the vis
cera and immersed for 1.5 h in cold (4°C) primary
fixative containing 3% glutaraldehyde, I% formalde
hyde made from paraformaldehyde, 0.1 M Millonig's
phosphate buffer (pH 7.4), 3% NaCI, and 3.5% su
crose. Tissue was then rinsed for 30 min in 3 changes
of cold (4°C) 0.1 M Millonig's phosphate buffer con
taining 6% sucrose. The tissue was then postfixed for
1.5 h at room temperature in 1% OS04 in 0.1 M Mil
lonig's phosphate buffer and dehydrated for 2 h in as
cending concentrations of ethanol. The final dehydra
tions with 100% ethanol and 2 changes with propylene
oxide (3 min each) were followed by embedding in
Epon. Thin sections were cut with a diamond knife on
a Porter-Blum MT2-B ultramicrotome, stained with
uranyl acetate followed by lead citrate, and examined

Fig. 1. Dorsal view of living snail. Arrowhead points to cephalic tentacle. Scale bar, 2.0 mm. Fig. 2. Single ovarian acinus
showing early vitellogenic oocytes (EYO) on the perimeter and late vitellogenic oocytes (LYO) in the central lumen.
Hcmocoel (HC). Transvcrse section. Scale bar, 75 IJ.m. Fig. 3. Outer region of several ovarian acini. Hemocoel (HC), follicle
cclls (FC), previtellogenic oocyte (PYO), early vitellogenic oocyte (EYO), late vitellogenic oocyte (LYO). Transverse
section. Scale bar, 20 IJ.m. Fig. 4. Meiotic oocyte showing synaptonemal complexes (arrowheads) in nucleus (N) and groups
of mitochondria (M) in the perinuclear ooplasm. Scale bar. I IJ.m. Fig. 5. Perinuclear ooplasm of previtellogenic oocyte
containing patches of nuage-like material (single arrowheads), mitochondrial profiles (M), and a single cisternum of RER
(double arrowheads). Nucleus (N); nucleolus (Nu). Scale bar, 2 IJ.m. Fig. 6. Ooplasm of previtellogenic oocyte showing
mitochondria (M), RER cisternae (double arrowheads), and a patch of nuage-like material (*). Scale bar, 2 j.l.m. Insert:
Higher magnification of nuage-like material. Scale bar, 0.5 IJ.m.
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with a Zeiss EM 10-A transmission electron micro
scope (TEM).

Results

Ovarian mOl"phology

Bathynerita naticoidea is a gonochoric species. The
ovary is a lobulose structure situated in the visceral
mass on the dorsal and right side of the coil. It mea
sured 5 mm in diameter in the largest specimen col
lected and about I mm in the smallest. It consists of
tightly clustered, grape-like acini, each of which con
tains oocytes in all stages of oogenesis, including mei
otic, previtellogenic, and vitellogenic. Viewed in trans
verse section, each acinus is packed with oocytes
ranging from the smallest, located in a narrow band
around the perimeter, to the largest, in the central lu
men (Fig. 2). Each ovary examined, regardless of size,
contained oocytes in all stages of development.

Previtellogenic oocytes and follicle cells

The smallest oocytes are arranged in a narrow band
around the perimeter of each acinus and are limited to
meiotic, previtellogenic, and early vitellogenic stages
(Figs. 2, 3). The smallest oocytes observed are about
10-12 J..lm in diameter and are in the early stages of
meiosis. They have large nuclei containing patches of
heterochromatin and synaptonemal complexes indicat
ing that the oocytes are in the zygotene/pachytene
stage of meiosis (Fig. 4). The smallest previtellogenic
oocytes (diam. 15-18 J..lm) have nuclei containing a
single nucleolus (Fig. 5). Their ooplasm contains few
organelles aside from profiles of pleomorphic mito
chondria and closely associated, isolated cisternae of
rough endoplasmic reticulum (RER) (Fig. 6) and
patches of finely granular, nuage-like material (Figs. 5,
6 and insert).

From one to several layers of prominent squamous
or cuboidal follicle cells fully encompass early oocytes
(Figs. 3, 7, 10, 11) and are associated to some degree
with every oocyte throughout its ontogeny. Follicle
cells contain spherical to irregularly shaped nuclei with
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a single nucleolus, extensive, parallel arrays of RER
cisternae, and spherical lipid droplets in their cyto
plasm (Fig. 7). The RER cisternae are dilated with a
finely granular product (Fig. 7 insert). Golgi complex
es are a characteristic feature of these cells (Figs. 7, 8,
10, 11) and often form clusters in the perinuclear cy
toplasm (Fig. 10). As many as 12 Golgi complexes
have been observed in one plane of section in a single
follicle cell. These organelles actively release spheri
cal, electron-dense vesicles that resemble Iysosomes
(Figs. 8, 11). Adjacent follicle cells are joined by des
mosomes (Fig. I 1 insert) and cell junctions resembling
hemidesmosomes were often observed between folli
cle cells and oocytes (Fig. 7 insert). At this stage of
oocyte differentiation, follicle cells are closely ap
pressed to the smooth oolemma of adjacent oocytes
(Figs. 7, 10). The outer surface of the ovary is sepa
rated from the surrounding fluid-filled hemocoel by a
fibrous basal lamina (Fig. 9).

Vitellogenic oocytes

Vitellogenesis is first initiated in oocytes that are
~24 J..lm in diameter. These early vitellogenic oocytes
contain perinuclear yolk bodies (Fig. 12) and two
types of nuage-like material including a fine, granular
material (Fig. 6) and clusters of coarse granules (Figs.
12, 13). The ooplasm also contains scattered Golgi
complexes that are associated with the yolk bodies
(Figs. 12, 15) and spherical profiles of mitochondria
that are frequently circumscribed by one or more cis
ternae of RER (Fig. 14).

As vitellogenesis proceeds, the ooplasm is simulta
neously populated by two ultrastructurally distinct
kinds of yolk bodies, which we have designated as
Types I and 11. Golgi-derived yolk granules (Type I)
are spherical, membrane-bounded inclusions ranging
from 3 to 6 J..lm in diameter. The Golgi secretion ves
icles initially contain a fine granular product (Fig. 15)
that appears to condense gradually into a homoge
neous, electron-dense yolk body (Fig. 16). A second
type of yolk body (Type 11) appears in the ooplasm in
the form of clusters of small (2-5 J..lm diam.), hetero-

Fig. 7. Follicle cells adjacent to an early previtellogenic oocyte (OC). Follicle cells contain nuclei with a single nucleolus
(Nu), Golgi complexes (G), lipid droplets (L), and extensive parallel arrays of RER. Scale bar, 4 lJ-m. Insert: Hemides
mosome (arrowhead) attaching oocyte (OC) and adjacent follicle cell containing distended RER cisternae. Scale bar, 0.3
lJ-m. Fig. 8. Golgi complex from follicle cell releasing secretion vesicles. Scale bar, 0.5 lJ-m. Fig. 9. Thick basal lamina
(arrowheads) surrounding outer surface of ovarian acinus and subjacent follicle cell (FC). Hemocoel (HC). Scale bar, 2
lJ-m. Fig. 10. Follicle cell containing a number of Golgi complexes (G). Previlellogenic oocyte (OC). Scale bar, 2 lJ-m. Fig.
11. Follicle cell nucleus containing a single nucleolus (Nu) and surrounded by Golgi complexes (G), electron-dense granules
(arrowheads), and RER cisternae. Scale bar, 2 lJ-m. Insert: Desmosomes connecting adjacenl follicle cells. Scale bar, 0.2
lJ-m.
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geneous, membrane-bounded organelles with contents
ranging from whirled membranous components to
more densely staining material (Fig. 17). Many of
these bodies resemble mitochondria, and a number of
transitional stages show both mitochondrial and yolk
body features. For example, crista-like membranes and
intramitochondrial granule-like inclusions are common
within these structures (Figs. 17-21). As vitellogenesis
proceeds, the number and diameter of these yolk bod
ies increases but they remain distinguishable from the
Golgi-derived yolk bodies by the presence of cortically
positioned, intramitochondrial-like granules, which
persist even in the largest Type II yolk bodies (Figs.
18,20,21). The membranous components observed in
the smaller yolk granules gradually disappear as the
yolk bodies increase in size and they are absent from
the largest Type II yolk bodies.

As vitellogenesis progresses, receptor-mediated en
docytotic activity is manifested along the oolemma in
the form of pits and vesicles. The pits contain a fine,
flocculent material (Fig. 22 insert) that is incorporated
into the cortical ooplasm by way of endosomes (Figs.
22-27). The pits appear to fuse and form larger (diam.
400-500 nm) spherical or irregularly shaped endo
somes, which are observed in large numbers through
out a relatively organelle-free zone of cortical ooplasm
(Figs. 25-27). The endosomes appear to transform
gradually into Type III yolk-like bodies through the
fusion and condensation of their contents to form a
homogeneous electron-dense granule (Figs. 22-25).

Middle- to late-stage oocytes show a rapid increase
in the size and number of lipid droplets (Fig. 32). Ad
jacent follicle cells also contain abundant lipid (Figs.
28-30) and closely associated bundles of filaments
(Fig. 30). Lipid droplets were often closely associated
with follicle cell nuclei (Fig. 29). The largest oocytes
observed ranged 135-145 tJ-m in diameter and con
tained yolk bodies and lipid droplets measuring up to
15 tJ-m and 2 tJ-m in diameter, respectively (Fig. 32).
The follicle cells remain in close association with these
oocytes and still contain abundant proteosynthetic or-
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ganelles (Figs. 31, 32). Oocytes at this stage still lack
any significant microvillar elaborations along the oo
lemma (Figs. 31, 33), and a small intercellular gap
appears between the oocyte surface and the overlying
follicle cells (Fig. 31). The ooplasm of these oocytes
also contains abundant glycogen granules (Figs. 3 J-33).

Discussion

Gonad and follicle cells

Current knowledge of ovarian morphology and oo
genesis in molluscs is largely confined to cephalopods
and non-prosobranch gastropods Uong-Brink et al.
1983). The general morphology of the prosobranch re
productive system has been extensively documented
(see Webber 1977), but remarkably little is known
about ovarian morphology. Raven (1961) described
the molluscan gonad as an evagination of the coelom
to form a hollow pouch-like organ lined by a germinal
epithelium. Oocytes, often associated with follicle
cells, develop around the periphery of the pouch and
mature oocytes are released freely into the central lu
men. This general model appears to be applicable to
most species. The ovaries of the caenogastropods Col
us stimpsoni (West 1981, 1983), Ilyanassa obsoleta
(Taylor & Anderson 1969), and Viviparus contectus
(Bottke 1972) have been described as consisting of
numerous branching tubules. The ovary of Bathynerita
naticoidea differs in that it is an acinous organ resem
bling a cluster of grapes, in which interconnecting
blind sacs (acini) each contain developing oocytes. In
all of the above examples, follicle cells are a promi
nent component of the ovary.

Follicle cells are associated to some extent with all
stages of oocytes in B. naticoidea. and this association
is typical of gastropods (reviewed in Jong-Brink et al.
1983; Voltzow 1994). However, based on previous ul
trastructural studies of several prosobranch species,
follicle cell structure and function appear to vary sig
nificantly between species. For example, the follicle
cells of Viviparus contectus are characterized as being

Fig. 12. Perinuclear ooplasm of early vitellogenic oocyte containing Golgi complexes (G), yolk granules (single arrow
heads), and nuage-like granules (*). Oocyte nucleus (N). Scale bar, 2 ILm. Fig. 13. Higher magnification of nuage-like
granules. Scale bar, I ILm. Fig. 14. Mitochondria (M) surrounded by cisternae of RER (double arrowheads). Lipid droplet
(L). Scale bar, I ILm. Fig. 15. Golgi complex secreting Type I yolk bodies (Y). Scale bar, 2 ILm. Fig. 16. Putative Golgi
derived, membrane-bounded yolk granules (Y). Glycogen granules (GL). Scale bar, 4 ILm. Fig. 17. Type II yolk bodies.
some of which contain mitochondrion-like granules (single arrowheads) and membranous elements (double arrowheads).
Scale bar, 2 ILm. Fig. 18. Type II yolk body containing electron-dense granules (single arrowheads) and cortical membranous
elements (double arrowheads). Scale bar, 1 ILm. Fig. 19. Putative Type II yolk bodies (Y) and a mitochondrion (M). Scale
bar, 2 ILm. Fig. 20. High magnification of cortical region of Type II yolk body showing electron-dense granules (single
arrowheads). Scale bar, 0.7 ILm. Fig. 21. Type II yolk body with prominent cortical electron-dense granules (arrowheads).
Scale bar, 0.5 ILm.
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ranging from whirled membranous components to
more densely staining material (Fig. 17). Many of
these bodies resemble mitochondria, and a number of
transitional stages show both mitochondrial and yolk
body features. For example, crista-like membranes and
intramitochondrial granule-like inclusions are common
within these structures (Figs. 17-21). As vitellogenesis
proceeds, the number and diameter of these yolk bod
ies increases but they remain distinguishable from the
Golgi-derived yolk bodies by the presence of cortically
positioned, intramitochondrial-like granules, which
persist even in the largest Type II yolk bodies (Figs.
18,20,21). The membranous components observed in
the smaller yolk granules gradually disappear as the
yolk bodies increase in size and they are absent from
the largest Type II yolk bodies.

As vitellogenesis progresses, receptor-mediated en
docytotic activity is manifested along the oolemma in
the form of pits and vesicles. The pits contain a fine,
flocculent material (Fig. 22 insert) that is incorporated
into the cortical ooplasm by way of endosomes (Figs.
22-27). The pits appear to fuse and form larger (diam.
400-500 nm) spherical or irregularly shaped endo
somes, which are observed in large numbers through
out a relatively organelle-free zone of cortical ooplasm
(Figs. 25-27). The endosomes appear to transform
gradually into Type III yolk-like bodies through the
fusion and condensation of their contents to form a
homogeneous electron-dense granule (Figs. 22-25).

Middle- to late-stage oocytes show a rapid increase
in the size and number of lipid droplets (Fig. 32). Ad
jacent follicle cells also contain abundant lipid (Figs.
28-30) and closely associated bundles of filaments
(Fig. 30). Lipid droplets were often closely associated
with follicle cell nuclei (Fig. 29). The largest oocytes
observed ranged 135-145 I-lm in diameter and con
tained yolk bodies and lipid droplets measuring up to
15 I-lm and 2 f..lm in diameter, respectively (Fig. 32).
The follicle cells remain in close association with these
oocytes and still contain abundant proteosynthetic or-
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any significant microvillar elaborations along the oo
lemma (Figs. 31, 33), and a small intercellular gap
appears between the oocyte surface and the overlying
follicle cells (Fig. 31). The ooplasm of these oocytes
also contains abundant glycogen granules (Figs. 3 J-33).

Discussion

Gonad and follicle cells

Current knowledge of ovarian morphology and oo
genesis in molluscs is largely confined to cephalopods
and non-prosobranch gastropods (long-Brink et al.
1983). The general morphology of the prosobranch re
productive system has been extensively documented
(see Webber 1977), but remarkably little is known
about ovarian morphology. Raven (1961) described
the molluscan gonad as an evagination of the coelom
to form a hollow pouch-like organ lined by a germinal
epithelium. Oocytes, often associated with follicle
cells, develop around the periphery of the pouch and
mature oocytes are released freely into the central lu
men. This general model appears to be applicable to
most species. The ovaries of the caenogastropods Col
us stimpsoni (West 1981, 1983), Ilyanassa obsoleta
(Taylor & Anderson 1969), and Viviparus contectus
(Bottke 1972) have been described as consisting of
numerous branching tubules. The ovary of Bathynerita
naticoidea differs in that it is an acinous organ resem
bling a cluster of grapes, in which interconnecting
blind sacs (acini) each contain developing oocytes. In
all of the above examples, follicle cells are a promi
nent component of the ovary.

Follicle cells are associated to some extent with all
stages of oocytes in B. naticoidea. and this association
is typical of gastropods (reviewed in long-Brink et al.
1983; Voltzow 1994). However, based on previous ul
trastructural studies of several prosobranch species,
follicle cell structure and function appear to vary sig
nificantly between species. For example, the follicle
cells of Viviparus confecfus are characterized as being

Fig. 12. Perinuclear ooplasm of early vitellogenic oocyte containing Golgi complexes (G), yolk granules (single arrow
heads), and nuage-like granules (*). Oocyte nucleus (N). Scale bar, 2 ILm. Fig. 13. Higher magnification of nuage-like
granules. Scale bar, J f-l-m. Fig. 14. Mitochondria (M) surrounded by cisternae of RER (double arrowheads). Lipid droplet
(L). Scale bar, J ILm. Fig. 15. Golgi complex secreting Type I yolk bodies (Y). Scale bar. 2 ILm. Fig. 16. Putative Golgi
derived, membrane-bounded yolk granules (Y). Glycogen granules (GL). Scale bar, 4 f-l-m. Fig. 17. Type II yolk bodies.
some of which contain mitochondrion-like granules (single arrowheads) and membranous elements (double arrowheads).
Scale bar, 2 ILm. Fig. 18. Type II yolk body containing electron-dense granules (single arrowheads) and conical membranous
elements (double arrowheads). Scale bar, I f-l-m. Fig. 19. Putative Type II yolk bodies (Y) and a mitochondrion (M). Scale
bar, 2 f-l-m. Fig. 20. High magnification of cortical region of Type II yolk body showing electron-dense granules (single
arrowheads). Scale bar, 0.7 f-l-m. Fig. 21. Type II yolk body with prominent cortical electron-dense granules (arrowheads).
Scale bar, 0.5 ILm.
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extremely elongated and lacking the prominent proteo
synthetic organelles that we observed in the follicle
cells of B. naticoidea (Bottke 1972). Bottke suggested
that these cells had no direct influence on the oocytes
except to playa role in oosorption. The follicle cells
described from the ovary of Ilyanassa obsoleta (Taylor
& Anderson 1969) contained extensive rough endo
plasmic reticulum and Golgi complexes similar to
those described in the present study, and the authors
concluded that the follicle cells probably played some
role in support of the oocytes. The follicle cells in the
ovary of Colus stimpsoni also show ultrastructural
similarities to those of B. naticoidea and were impli
cated in the synthesis of glycogen and protein-carbo
hydrate yolk platelets (West 1981).

The ovarian follicle cells of B. naticoidea appear to
play a significant role in oocyte nutrition based on the
following correlative evidence: (l) oocytes are sur
rounded by follicle cells within the ovarian acinus and
remain in intimate association with these cells through
out vitellogenesis; (2) follicle cells become hypertrophic
and contain large arrays of proteosynthetic organelles
that appear to be highly active during vitellogenesis;
and (3) vitellogenic oocytes show high levels of endo
cytotic activity along the oocyte-follicle cell interface,
suggesting that yolk precursors of high molecular
weight are being incorporated from extra-oocytic
sources. We suggest that at least some yolk precursors
originate within the follicle cells because the oocytes
are physically isolated from other sources of potential
precursors such as the surrounding hemocoel.

Vitellogenesis

The oocytes of B. naticoidea ultimately store five
types of putative nutritive products including glycogen
granules, lipid droplets (lipochondria), and perhaps
three types of membrane-bounded yolk granules, each
having a separate origin. To our knowledge, no other
gastropod has been reported to store such a diversity
of nutrients within its oocytes. In addition, vitellogen
esis in this species is a more complex process than has
been reported previously in other gastropods.
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Ultrastructural evidence suggests that vitellogenesis
in oocytes of B. naticoidea involves both autosynthetic
and heterosynthetic processes that occur at different
times during oocyte differentiation. Autosynthetic yolk
formation has been described from many molluscan
species (long-Brink et al. 1983; Medina et al. 1986)
and involves the manufacturing of yolk materials by
oocyte proteosynthetic organelles. Autosynthesis is
manifested in the early vitellogenic oocytes of B. na
ticoidea and appears to result in the synthesis of two
types of yolk bodies which we have designated as
Types I and II. The production of the Type I yolk body
appears to involve the collaboration of Golgi com
plexes and RER because both organelles were ob
served in close association with this yolk body, and
the Golgi-derived vesicles and yolk bodies are ultra
structurally similar.

Type II yolk bodies differ in ultrastructure from
Type I bodies but their origin is less certain. These
bodies appear in early vitellogenic oocytes as mem
brane-bounded organelles whose ultrastructural fea
tures resemble both mitochondria and Type I yolk bod
ies. The smallest of these yolk bodies are within the
size range of mitochondria, and they contain both in
tramitochondrial-like granules and membranous com
ponents that could be interpreted as remnants of mi
tochondrial cristae. The presence of transitional stages
between mitochondria and yolk bodies suggests that
mitochondria could be the progenitors of the yolk bod
ies. However, ultrastructural studies alone are not suf
ficient to resolve this issue, and the role of mitochon
dria in vitellogenesis in this species should be further
explored.

Intramitochondrial yolk formation was first docu
mented in an influential paper on ranid frogs (Ward
1962) but has rarely been reported from invertebrate
oocytes. Subsequent workers similarly interpreted mi
tochondrial conversion to yolk bodies in other am
phibian species (see references in Massover 1971).
However, recent biochemical studies in amphibians in
dicated that mitochondria were not involved in yolk
deposition (Ward et al. 1988). Aside from two reports

Figs. 22, 23. Cortical region of vitellogenic oocyte showing endocytotic pit (double arrowheads) and endosomes (single
arrowheads). The contents of the endosomes appear to condense into yolk-like bodies (Y). Scale bars, I IJ.m. Fig. 22. insert:
Higher magnification of endocytotic pit showing electron-dense material being incorporated into the oocyte. Scale bar, I
IJ.m. Fig. 24. A number of irregularly shaped endosomes (single arrowheads) apparently in the pwcess of fusing to form a
larger yolk body (Y). Scale bar, I IJ.m. Fig. 25. Cortical region of oocyte showing irregularly shaped endosomes (single
arrowheads) and adjacent yolk bodies (Y). Scale bar, 2 IJ.m. Fig. 26. A variety of irregularly shaped endosomes in the
cortical cytoplasm of a vitellogenic oocyte. Scale bar, 4 IJ.m. Fig. 27. Small and large endosomes including one filled with
a diffuse material (*). Scale bar, 3 IJ.m. Fig. 28. Follicle cell filled with large lipid droplets (L), bundles of filaments (double
arrowheads), and arrays of RER. Late-stage oocyte (Oe). Scale bar, 1 IJ.m.

Oogenesis in a methane-seep gastropod

extremely elongated and lacking the prominent proteo
synthetic organelles that we observed in the follicle
cells of B. naticoidea (Bottke 1972). Bottke suggested
that these cells had no direct influence on the oocytes
except to playa role in oosorption. The follicle cells
described from the ovary of Ilyanassa obsoleta (Taylor
& Anderson 1969) contained extensive rough endo
plasmic reticulum and Golgi complexes similar to
those described in the present study, and the authors
concluded that the follicle cells probably played some
role in support of the oocytes. The follicle cells in the
ovary of Co/us stimpsoni also show ultrastructural
similarities to those of B. naticoidea and were impli
cated in the synthesis of glycogen and protein-carbo
hydrate yolk platelets (West 1981).

The ovarian follicle cells of B. naticoidea appear to
play a significant role in oocyte nutrition based on the
following correlative evidence: (l) oocytes are sur
rounded by follicle cells within the ovarian acinus and
remain in intimate association with these cells through
out vitellogenesis; (2) follicle cells become hypertrophic
and contain large arrays of proteosynthetic organelles
that appear to be highly active during vitellogenesis;
and (3) vitellogenic oocytes show high levels of endo
cytotic activity along the oocyte-follicle cell interface,
suggesting that yolk precursors of high molecular
weight are being incorporated from extra-oocytic
sources. We suggest that at least some yolk precursors
originate within the follicle cells because the oocytes
are physically isolated from other sources of potential
precursors such as the surrounding hemocoel.

Vitellogenesis

The oocytes of B. naticoidea ultimately store five
types of putative nutritive products including glycogen
granules, lipid droplets (lipochondria), and perhaps
three types of membrane-bounded yolk granules, each
having a separate origin. To our knowledge, no other
gastropod has been reported to store such a diversity
of nutrients within its oocytes. In addition, vitellogen
esis in this species is a more complex process than has
been reported previously in other gastropods.
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on polychaetes (Sichel 1966; Pfannenstiel & Griinig
1982), all of the documented examples of mitochon
drial conversion to yolk bodies in invertebrate oocytes
have been confined to molluscan species, and the
"yolk" is generally crystalline in structure. The first
report of intramitochondrial yolk formation from a
mollusc was in the pulmonate Planorbarius sp. (Fa
vard & Carasso 1958), and the micrographs of Elbers
(1957) suggest a similar phenomenon in the pulmonate
Limnaea stagnalis. On the other hand, a recent study
of vitellogenesis in Planorbarius comeus yielded no
evidence linking mitochondria and yolk bodies (Bottke
& Tiedtke 1988). Also, in oocytes of the bivalve My
tilus edulis. Humphreys (1962) described organelles
that were intermediate between mitochondria and yolk
bodies. Hill & Bowen (1976) described yolk platelets
in the pulmonate Agriolimax reticulatus containing
groups of parallel membranes and suggested that they
were likely transformed mitochondria. Jong-Brink et
al. (1976) also described yolk bodies from oocytes of
the pulmonate Biomphalaria glabrata, containing
membranous components, but concluded that they
were not derived from mitochondria. Gerin (1976a)
observed similar organelles (termed "multivesicular
bodies") containing membranous elements in the vi
tellogenic oocytes of the caenogastropod Ilyanassa ob
soleta and concluded that the multi vesicular bodies
transformed into yolk bodies. He did not, however,
suggest that multivesicular bodies originated directly
from mitochondria.

Wourms (1987) reviewed the literature on intrami
tochondrial yolk synthesis and noted that there is doubt
as to whether or not this process is normal or patho
logical. In amphibians, the most extensively re
searched group, intramitochondrial "yolk crystals"
comprise less than 1% of the total yolk inclusions in
the oocyte. In the present study, there is no reason to
attribute Type II yolk bodies to either a pathological
condition or poor tissue fixation. All of the early 00

cytes we examined contained Type II yolk granules,
but it is unclear what percentage of the total yolk body
population they comprise in the mature egg. The origin
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and function of these bodies will remain enigmatic un
til they are studied in more detail.

In molluscs, reports of heterosynthetic yolk forma
tion involving endocytosis are less prevalent than
those for autosynthesis (long-Brink et al. 1983; Eck
elbarger & Blades-Eckelbarger 1989). No previous re
ports of endocytotic activity in the oocytes of any pro
sobranch have been recorded except for the
caenogastropod Colus stimpsoni (West 1981). Heter
osynthetic activity in the oocytes of B. naticoidea ap
pears in later vitelJogenic oocytes and is manifested by
the appearance of abundant endocytotic pits and ves
icles in the cortical region of the oocytes. Based on
ultrastructural observations alone, it appears that a sin
gle type of yolk body (Type III) results from the pro
gressive fusion of cortical endosomes that originate
from the incorporation of extra-oocytic precursors of
high molecular weight. We were not able to determine
if these yolk bodies subsequently fuse with other yolk
bodies formed through autosynthetic pathways.

Lipid droplets and glycogen granules appear in mid
dle- to late-stage oocytes but their origin is unknown.
Because the cytoplasm of follicle cells contains a large
number of lipid droplets, which are gradually depleted
as lipid appears within the ooplasm of adjacent 00

cytes, follicle cells appear to playa role in transferring
lipids to the oocytes. However, glycogen granules were
not observed in the follicle cells at any time. In the
caenogastropod Colus stimpsoni, West (1981) sug
gested that lipid was derived from the autosynthetic
activities of the oocyte via the endoplasmic reticulum.
He also suggested that the follicle cells synthesized
glycogen and that the oocytes sequestered it through
an endocytotic process. Neither of these processes ap
pear to be at work in the oocytes of B. naticoidea.

Studies of vitellogenesis, although confined to only
4 species, have been more extensive in non-archaeo
gastropod prosobranchs. Within the Caenogastropoda,
Bottke (1972, 1973) described oogenesis in Viviparus
contectus and suggested that yolk synthesis occurs
through an autosynthetic process involving the Golgi
complex and endoplasmic reticulum. Griffond (1979)

Fig. 29. Follicle cell with a nucleus and prominent nucleolus (Nu) appressed to the surface of a large lipid droplet (L).
Rough endoplasmic reticulum (RER). Scale bar, 3 flom. Fig. 30. Lipid droplet (L) in follicle cell in close association with
filament bundles (single arrowheads). Scale bar, 2 flom. Fig. 31. Follicle cell with irregularly shaped nucleus and nucleolus
(Nu), parallel arrays of RER, lipid droplets (L), Golgi complexes (G), and Golgi products (arrowheads). Adjacent to late
stage oocyte (OC) containing glycogen granules (GL), lipid droplets (L), and yolk bodies (Y). Scale bar, 4 flom. Fig. 32.
Follicle cells (FC) separating two late-stage oocytes that contain yolk bodies (Y), lipid droplets (L), and glycogen granules
(GL). Nucleus (N). Scale bar, 2 flom. Fig. 33. Late-stage oocyte showing relatively smooth oolemma and cortical glycogen
granules (GL). Scale bar, 1 flom.
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and Griffond & Gomot (1979) described the features
of the follicle cells of V. viviparus and proposed an
undefined nutritional role for them during oogenesis.
Taylor & Anderson (1969) and Gerin (1976a,b) con
ducted an investigation of the cytochemistry and ul
trastructure of the ovary and oogenesis in the mud
snail, Ilyanassa obsoleta. The former authors hypoth
esized that an autosynthetic process involving the Gol
gi complex and RER was responsible for yolk for
mation. Gerin (1976a,b) suggested that yolk synthesis
was an autosynthetic process and that yolk bodies orig
inated from the Golgi complex by way of intermediate
mutivesicular bodies. The most comprehensive study
of oogenesis in a prosobranch mollusc was conducted
on the whelk Colus stimpsoni by West (1981, 1983).
He concluded that vitellogenesis combined both au
tosynthetic and heterosynthetic processes involving the
Golgi complex and RER on the one hand, and endo
cytosis of extracellular material on the other. He also
proposed that the oocyte produced its own lipid re
serves while glycogen had an extra-oocytic origin in
volving endocytosis. Yolk synthesis in B. naticoidea
resembles that described in the latter study of C. stimp
soni. In both instances, prominent follicle cells appear
to play a role in oocyte nutrition; vitellogenesis in
volves both autosynthetic and heterosynthetic process
es; and the oocytes also accumulate glycogen and lipid
stores. Also, there are similarities to vitellogenesis in
heterobranchs (opisthobranchs and pulmonates) in
cluding the presence of prominent follicle cells, auto
synthetic and heterosynthetic yolk formation, and pos
sible intramitochondrial yolk synthesis.

Kessel (1982) described the differentiation of 00

cytes in the limpet Lottia (as Acmaea) digitalis and
noted the synthesis of two types of yolk stores, in
cluding large numbers of lipid droplets and a smaller
population of membrane-bounded granules of uncer
tain origin. During their formation, lipid droplets were
closely associated with RER cisternae and cisternae of
annulate lamellae. Kessel reported relatively little mi
cropinocytotic activity in the oocyte during oogenesis.
Martin and colleagues (1983) described the morphol
ogy of the ovary in the red abalone, Haliotis rufescens,
but did not examine vitellogenesis. They did, however,
suggest that the ovarian follicle cells did not appear to
be synthetically active during oogenesis.

Reproductive periodicity

B. naticoidea appears to be restricted to the methane
seep megafaunal communities in the Gulf of Mexico,
in contrast to other known neritids that inhabit marine,
shallow water, estuarine, and even freshwater habitats.
It is the only archaeogastropod reported from the seep
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community, and its great abundance suggests that it is
thriving in this unique environment (Clarke 1989)
where organisms are apparently nourished continuous
ly by sulfide- and methane-rich, hypersaline waters
seeping from the ocean floor at near ambient temper
atures (Paull et a!. 1984; Cary et al 1989). The seep
communities have a significantly greater biomass and
diversity than is typical of the surrounding slope ben
thos (Kennicutt et a!. 1985), further suggesting a fa
vorable nutritional environment. The ability of neritids
to exploit a wide variety of habitats has been attributed
to their tolerance of changing salinities and their meth
od of reproduction, including the presence of a penis,
spermatophores, internal fertilization, and egg capsules
(Fretter & Graham 1962).

A recent study of feeding and the life history of B.
naticoidea at the same methane seep site from which
we collected our specimens indicates that the adults do
not harbor chemoautotrophic or methanotrophic bac
terial symbionts (Zande 1994). Instead, the adults are
likely obtaining their nutrition from both seep- and
surface-derived carbon sources in the form of micro
organisms covering the shells of mussels and detritus,
respectively. Because of the apparent abundance of
food, it is tempting to speculate whether reproductive
processes are stimulated by this energy source. Unfor
tunately, we were unable to obtain seasonal samples,
so it is impossible to be certain what sort of reproduc
tive periodicity occurs in this species. However, every
specimen we examined histologically had an ovary
containing oocytes in many different stages of differ
entiation, indicating that gametogenesis is asynchro
nous and allowing for at least the possibility of fre
quent reproductive events (see Eckelbarger & Watling
1995). However, it is possible that mature eggs are
stored until other oocytes complete differentiation. In
addition, ultrastructural evidence from the present
study, i.e., the high level of endocytotic activity and
the presence of hypertrophic follicle cells, which char
acterizes other species of invertebrates with fast egg
production, suggests that vitellogenesis in the oocytes
of B. naticoidea is rapid (reviewed in Eckelbarger
1994; Eckelbarger & Watling 1995). These combined
findings suggest that spawning could occur several
times each year although seasonal sampling would be
required to confirm this hypothesis. Among proso
branch species, both synchronous and asynchronous
gametogenesis occur, and it is common to find all ga
metogenic stages in the ovary (Webber 1977).

Microvilli were rarely observed at any stage in the
oocytes of B. naticoidea, and we did not observe a
surface coat or egg envelope that typifies most inver
tebrate oocytes (Wourms 1987). Light microscopical
studies have described "naked" eggs from sponges,
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noted the synthesis of two types of yolk stores, in
cluding large numbers of lipid droplets and a smaller
population of membrane-bounded granules of uncer
tain origin. During their formation, lipid droplets were
closely associated with RER cisternae and cisternae of
annulate lamellae. Kessel reported relatively little mi
cropinocytotic activity in the oocyte during oogenesis.
Martin and colleagues (1983) described the morphol
ogy of the ovary in the red abalone, Haliotis rufescens,
but did not examine vitellogenesis. They did, however,
suggest that the ovarian follicle cells did not appear to
be syntheticaJly active during oogenesis.

Reproductive periodicity

B. naticoidea appears to be restricted to the methane
seep megafaunal communities in the Gulf of Mexico,
in contrast to other known neritids that inhabit marine,
shallow water, estuarine, and even freshwater habitats.
It is the only archaeogastropod reported from the seep
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community, and its great abundance suggests that it is
thriving in this unique environment (Clarke 1989)
where organisms are apparently nourished continuous
ly by sulfide- and methane-rich, hypersaline waters
seeping from the ocean floor at near ambient temper
atures (Pau)) et a!. 1984; Cary et al 1989). The seep
communities have a significantly greater biomass and
diversity than is typical of the surrounding slope ben
thos (Kennicutt et a!. 1985), further suggesting a fa
vorable nutritional environment. The ability of neritids
to exploit a wide variety of habitats has been attributed
to their tolerance of changing salinities and their meth
od of reproduction, including the presence of a penis,
spermatophores, internal fertilization, and egg capsules
(Fretter & Graham 1962).

A recent study of feeding and the life history of B.
naticoidea at the same methane seep site from which
we collected our specimens indicates that the adults do
not harbor chemoautotrophic or methanotrophic bac
terial symbionts (Zande 1994). Instead, the adults are
likely obtaining their nutrition from both seep- and
surface-derived carbon sources in the form of micro
organisms covering the shells of mussels and detritus,
respectively. Because of the apparent abundance of
food, it is tempting to speculate whether reproductive
processes are stimulated by this energy source. Unfor
tunately, we were unable to obtain seasonal samples,
so it is impossible to be certain what sort of reproduc
tive periodicity occurs in this species. However, every
specimen we examined histologically had an ovary
containing oocytes in many different stages of differ
entiation, indicating that gametogenesis is asynchro
nous and allowing for at least the possibility of fre
quent reproductive events (see Eckelbarger & Watling
1995). However, it is possible that mature eggs are
stored until other oocytes complete differentiation. In
addition, ultrastructural evidence from the present
study, i.e., the high level of endocytotic activity and
the presence of hypertrophic follicle cells, which char
acterizes other species of invertebrates with fast egg
production, suggests that vitellogenesis in the oocytes
of B. naticoidea is rapid (reviewed in Eckelbarger
1994; Eckelbarger & Watling 1995). These combined
findings suggest that spawning could occur several
times each year although seasonal sampling would be
required to confirm this hypothesis. Among proso
branch species, both synchronous and asynchronous
gametogenesis occur, and it is common to find all ga
metogenic stages in the ovary (Webber 1977).

Microvilli were rarely observed at any stage in the
oocytes of B. naticoidea, and we did not observe a
surface coat or egg envelope that typifies most inver
tebrate oocytes (Wourms 1987). Light microscopical
studies have described "naked" eggs from sponges,
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cnidarians, and pelecypods (Wourms 1987) but elec
tron microscopy reveals both microvilli and an extra
cellular coat in the overwhelming majority of inver
tebrate oocytes. To our knowledge, the absence of both
microvilli and an egg envelope in the oocytes of B.
naticoidea is a novel feature for a mollusc but its sig
nificance remains unknown.

Acknowledgments. We are grateful to Dr. Jennifer Frick,
Dr. Edward Ruppert, Dr. Vicki Pearse, editor of Invertebrate
Biology, and one anonymous reviewer for providing con
structive suggestions for improvement of the manuscript. We
thank the crews of RV Edwin Link and JSL II. This work
was supported by grant no. 9539 from the National Undersea
Research Program at the University of North Carolina at
Wilmington and represents contribution numbers 305 from
the Darling Marine Center and 1193 from the HBOL

References

Bieler R 1992. Gastropod phylogeny and systematics. Ann.
Rev. Eco!. Syst. 23: 311-338.

Bolognari A, Albanese-Carmignani Mp, Calabro A, & Zac
cone G 1981. Structural and cytochemical features of the
yolk globules and of the nucleolus in the growing oocytes
of the mollusc Murex trunculus L. Bas. Appl. Histochem.
25: 159-167.

Bottke W 1972. Zur morphologie des Ovars von Viviparus
contectus (Millet 1813) (Gastropoda, Prosobranchia). I.
Die Follikelzellen. Z. Zellforsch. 133: 103-118.

--- 1973. Zur Ultrastruktur des Ovars von Viviparus
contectus (Millet, 1813) (Gastropoda, Prosobranchia). Z.
Zellforsch. 138: 239-259.

Bottke W & Tiedtke A 1988. An autoradiographic and cy
tophotometric study of oogenesis in a pulmonate snail,
Planorbarius corneus. Cell Tissue Res. 252: 67-77.

Buckland-Nicks JA & Chia F-S 1986. Formation of the ac
rosome and basal body during spermiogenesis in a marine
snail, Nerita picea (Mollusca: Archaeogastropoda). Ga
mete Res. 15: 13-23.

Cary C, Fry B, Felbeck H, & Vetter RD 1989. Multiple
trophic resources for a chemoautotrophic community at a
cold water brine seep at the base of the Florida Escarp
ment. Mar. Bio!. 100: 411-418.

Clarke AH 1989. New molluscs from undersea oil seep sites
off Louisiana. Malacology Data Net 2: 122-134.

Corliss JB, Dymond J, Gordon Ll, Edmond JM, von Herzen
Rp, Ballard RD, Green K, Williams D, Bainbridge A,
Crane K, & van Andel TH 1979. Submarine thermal
springs on the Galapagos Rift. Science 203: 1073-1083.

Eckelbarger KJ 1994. Diversity of metazoan ovaries and
vitellogenic mechanisms: implications for life history the
ory. Proc. Bio!. Soc. Wash. 107: 193-218.

Eckelbarger KJ & Blades-Eckelbarger PI 1989. Structure of
the ovotestis and evidence for heterosynthetic incorpora
tion of yolk precursors in the oocytes of the nudibranch
mollusc Spurilla neapolilana. J. Morph. 201: 105-118.

Eckelbarger KJ & Watling L 1995. Role of phylogenetic

311

constraints in determining reproductive patterns in deep
sea invertebrates. Invertebr. BioI. 114: 256-269.

Elbers PF 1957. Electron microscopy of protein crystals in
ultrathin sections of the egg of Limnaea stagnalis. Kon
inkl. Ned. Akad. Wetenschap. Proc. Ser. C. 60: 96-98.

Favard P & Carasso N 1958. Origine et ultrastructure des
plaquettes vitelline de la planorbe. Arch. Anat. Micr.
Morph. Expt!. 47: 211-229.

Fretter V 1966. Some observations on neritids. Malacologia
5: 79-80.

Fretter V & Graham A 1962. British Prosobranch Molluscs.
Ray Society, London. 755 pp.

Gerin Y 1976a. Origin and evolution of some organelles
during oogenesis in the mud snail Ilyanassa obsoleta. I.
The yolk platelets. Acta Embryo!. Experim. I: 15-26.

--- 1976b. Origin and evolution of some organelles
during oogenesis in the mud snail Ilyanassa obsoleta. II.
The yolk nucleus and the lipochondria. Acta Embryo!. Ex
perim. I: 27-35.

Griffond B 1979. Evolution des relations entre ovocyte et
cellules follicuJeuses au cours de I'ovogenesis de la pal
udine Viviparus viviparus (Gasteropode Prosobranche).
Malacologia 18: 369-372.

Griffond B & GomO! L 1979. Ultrastructural study of the
follicle cells in the freshwater gastropod Viviparus vivip
arus L. Cell Tiss. Res. 202: 25-32.

Haszprunar G 1988. On the origin and evolution of major
gastropod groups, with special reference to the Strepto
neura. J. Moll. Stud. 54: 367-441.

Healy JM 1988. Sperm morphology and its systematic im
portance in the Gastropoda. Malaco!' Rev. Supp!. 4: 251
266.

--- 1996. Molluscan sperm ultrastructure: correlation
with taxonomic units within the Gastropoda, Cephalopoda
and Bivalvia. In: Origin and Evolutionary Radiation of the
Mollusca. Taylor J, ed., pp. 99-1 13. Oxford Univ. Press,
London.

Hickman CS 1988. Archaeogastropod evolution, phylogeny
and systematics: are-evaluation. Malaco!. Rev., Supp!. 4:
17-34.

Hill RS & Bowen ID 1976. Studies on the ovotestis of the
slug Agriolimax reticulalus (MUlier). Cell Tissue Res. 173:
465-482.

Humphreys WJ 1962. Electron microscope studies on eggs
of Mylilus edulis. J. Ultrastruct. Res. 7: 467-487.

Hyman LH 1967. The Invertebrates: Mollusca I, Vol. VI.
McGraw-Hill, New York. 792 pp.

Jong-Brink M de, Wit A de, & Boer HH 1976. A light and
electron microscope study of oogenesis in the freshwater
pulmonate snail Biomphalaria glabrata. Cell Tissue Res.
171: 195-219

Jong-Brink M de, Boer HH, & Josse J 1983. Mollusca. In:
Reproductive Biology of Invertebrates, Vol. I., Oogenesis,
Oviposition, and Oosorption. Adiyodi KG & Adiyodi RG,
eds., pp. 297-355. John Wiley & Sons, New York.

Kennicutt MC, Brooks JM, Bidigare RR, Fay RR, Wade TL,
& McDonald TJ 1985. Vent-type taxa in a hydrocarbon
seep region on the Louisiana slope. Nature 317: 351-353.

Oogenesis in a methane-seep gastropod
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