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Ultrastructure of the Ovary and Oogenesis in the
Ovoviviparous Ophiuroid Ophiolepis

paucispina (Echinodermata)

MARIA BYRNE

Harbor Branch Oceanographic Institution Inc., R.R. 1, Box 196, Ft. Pierce, Florida 33450

Abstract. Ophiolepis paucispina (Say) produces large
yolky oocytes and has ovoviviparous reproduction. The
ultrastructure of the somatic tissue layers of the ovarian
wall and the germinal epithelium of0. paucispina is de
scribed. Oogenesis is continuous with oocytes at different
stages ofdevelopment interspersed in the ovary. Prolifer
ation of oogonia and initial growth of the primary 00

cytes occur within a follicle. Thereafter, the oocytes are
largely independent ofthe germinal layer, and oogenesis
is solitary. The oocytes bulge outwards as they grow,
forming a sac-like depression in the ovarian connective
tissue, and are connected to the germinal layer by a short
stalk. Subsequently, haemal fluid accumulates in the
connective tissue adjacent to each vitellogenic oocyte.
Although each oocyte is enveloped by haemal fluid, it is
separated from the fluid by the inner basal lamina. Vitel
logenesis involves an accumulation of yolk bodies that
appear to be formed jointly by the endoplasmic reticu
lum and the Golgi complex. Endocytotic activity is prev
alent throughout vitellogenesis, indicating incorporation
ofexogenous material by the oocytes. It is suggested that
the genital haemal sinus serves as an intragonadal nutri
ent store and that yolk precursors, potentially a compo
nent ofhaemal fluid, may be sequestered by the oocytes.
0. paucispina appears to have heterosynthetic yolk for
mation and the evidence for this mechanism of vitello
genesis in the Echinodermata is discussed.

Introduction

Although the ultrastructure of echinoderm oocytes is
described in several investigations, the cellular events of
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oogenesis and the dynamics of yolk deposition are not
well documented (reviews: Piatigorsky, 1975; Walker,
1982; Kanatani and Nagahama, 1983). Most studies of
echinoderm oogenesis describe aspects of asteroid and
echinoid oocyte development (Piatigorsky, 1975;
Walker, 1982; Kanatani and Nagahama, 1983; Beijnink
et aI., 1984c; Ferrand, 1984; Aisenshtadt and Vassetzky,
1986) and there is a recent investigation of holothuroid
oogenesis (Smiley, 1988). For ophiuroids, there are two
ultrastructural studies ofoogenesis (Kessel, 1968; Byrne,
1988), and several thesis reports on the ultrastructure of
the ovary and the oocytes (Patent, 1968; Davis, 1971;
Bell, 1974; Tyler, 1976).

This study describes the ultrastructure of the ovary
and oogenesis of Ophiolepis paucispina (Say), a small
hermaphroditic ophiuroid (5-7 mm disc diameter) that
broods its young in the genital bursae (Hendler, 1979).
Like most brooding ophiuroids (Hendler, 1975, 1979;
Strathmann and Strathmann, 1982), 0. paucispina is
ovoviviparous and produces a small number (2-20) of
large oocytes (400 I-tm diameter). Embryonic develop
ment appears to be completely supported by the nutrient
reserves present in the oocyte. In contrast to the vivipa
rous ophiuroid Amphipholis squamata (Delle Chiaje),
extra-embryonic nutrient reserves are not present in the
bursal wall of0. paucispina (Fell, 1946; pers. obs.).

Recent interest in echinoderm oogenesis has focussed
on oocyte nutrition (Walker, 1982; Voogt et al., 1985).
For many echinoderms, it appears that somatically de
rived nutrients are delivered to the ovary by coelomic
transport and stored for oogenesis by the haemal system
(Walker, 1982; Ferguson, 1982, 1984; Voogt et al., 1985;
Beijnink and Voogt, 1986; Byrne, 1988). The somatic
synthesis of vitellogenin has been demonstrated bio
chemically for echinoids (Harrington and Ozaki, 1986;
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Shyu et al.• 1986). As in other echinoderms (Walker,
1982), the genital haemal sinus of0. paucispina contains
PAS + material and vitellogenesis involves the elabora
tion of PAS + yolk, suggesting the incorporation ofhae
mal material by the oocytes (Byrne, 1988). Moreover,
the presence ofendocytosis by the oocytes indicates up
take ofexogenous material (Byrne, 1988). In this investi
gation, the developmental sequence ofoocyte growth in
O. paucispina is documented from the early proliferative
stage through the previtellogenic and vitellogenic stages.
Emphasis is placed on the interaction between the germi
nal and the somatic cells ofthe germinal epithelium, the
role of the genital haemal sinus, and on the vitellogenic
mechanisms involved in the production ofthe yolky oo
cyte. This is the first such investigation for an ophiuroid
and its significance is assessed with respect to current
concepts of ovarian structure and oocyte development
in echinoderms.

Materials and Methods

Specimens of Ophiolepis paucispina were collected at
0.5-1.0 m depth from clumps ofthe calcareous alga Hal
imeda from Conch Key, Florida (monthly, January
through December, 1985), and from Southwater and
Carrie Bow Cays on the Belize Barrier Reef (June, 1985,
and April, 1986). Specimens for transmission electron
microscopy were placed in primary fixative on a cold
plate without primary anaesthesia. The ovaries were ex
cised and placed in fresh fixative. Four fixation methods
were employed, including phosphate buffered glutaral
dehyde (Cloney and Florey, 1968), cacodylate buffered
glutaraldehyde (Walker, 1979), and seawater buffered
glutaraldehyde (Buckland-Nicks et al.. 1984). Osmica
tion followed primary fixation using the same buffer
(Cloneyand Florey, 1968; Walker, 1979) or sodium bi
carbonate (Eckelbarger, 1979; Buckland-Nicks et al..

1984). Best fixation was obtained with the method of
Buckland-Nicks et al. (1984) as follows: the ovaries were
fixed in 2.5% glutaraldehyde in 0.45 pm millipore-fil
tered natural seawater for 1 h at room temperature. This
was followed by a rinse in 2.5% sodium bicarbonate (pH
7.2) and secondary fixation in 2% osmium tetroxide in
1.25% sodium bicarbonate for I h at room temperature.
Following fixation, the tissue was rinsed in distilled wa
ter, dehydrated in ethanol, transferred to propylene ox
ide, and embedded in Epon 812. The cacodylate method
(Walker, 1979) yielded the best preservation ofthe corti
cal granules and the vitelline envelope. For light micros
copy, I-pm sections were stained with a mixture ofmeth
ylene blue and Azur II. Thin sections were stained with
2% uranyl acetate followed by 2% lead citrate and viewed
with a Zeiss EM9-S2 electron microscope.

Specimens for scanning electron microscopy were also
fixed according to Buckland-Nicks et al. (1984), dehy
drated in ethanol, transferred to acetone, and critical
point dried. The dried specimens were mounted, sputter
coated, and viewed with a Novascan 30 or Hitachi
S-570SEM.

Results

Structure ofthe ovary

The ovaries of Ophiolepis paucispina are attached to
the ambulacral or interambulacral genital ossicles posi
tioned on either side of the bursal slits and project into
the perivisceral coelom (Figs. 1,2). There are up to three
ovaries per bursa ranging in length from 600-1000 pm.
Suspensor cells connect the peritoneal lining ofthe bursa
and the ovary wall (Figs. 2, 3). Reproduction is continu
ous with the ovaries containing oocytes at different stages
ofdevelopment throughout the year (Figs. 1, 4). Vitello
genic oocytes are yolky and pale pink in life, and at the

Figure I. Ophio/epis paucispina with the aboral surface removed to show the ovaries (Ov) containing
previtellogenic (PO) and vitellogenic (VO) oocytes. Scale = 1.0 mm.

Figure 2. Scanning electron micrograph (SEM) showing the ovaries (Ov), peritoneal suspensors (ar
row), bursal wall (B), and an embryo (E) emerging from a torn bursa. Scale = 300 ~m.

Figure 3. SEM ofan ovary (Ov) and peritoneal suspensors (arrow). B, bursal wall. Scale = 100 ~m.
Figure 4. Light microscopic (LM) section ofan ovary with late (LO), mid- (MO), and previteUogenic

(PO) oocytes. EG, early germinal cells, H, haemal fluid. Scale = 75 ~m.

Figure S. Transmission electron micrograph (TEM) of the ovary wall in cross section. The inner and
outer sacsare separated by the genital coelom (GC). A, amoebocyte, BL, basal lamina, Ep, coelomic epithe
lium, F, collagen fibrils, G, granulated process, IC, inner connective tissue, J, cell junction, M, myoepithe
lial cell, OC, outer connective tissue, P, visceral peritoneum, Arrow, basaI process of the primary oocyte

(0). Scale = 2.0 ~m.
F'Jgure 6. Next to a vitellogenic oocyte (0) the inner connective tissue layer is filled with haemal fluid

(H). The inner basaI lamina (BL) is thin while the outer basaI lamina is thick and plicated. CM circular
muscle cell, F, fibril, GC, genital coelom, LM, longitudinal muscle cell. Scale = 1.5 ~m.

F'Jgure 7. The inner connective tissue (lC) is devoid of haemal fluid next to relict oocyte material (R).
A, amoebocyte, BL, basaI lamina, Ep, epithelium, G, granulated process, GC, genital coelom, M, muscle,
N, nerves, OC, outer connective tissue, P, peritoneum, S, somatic cell. Scale = 3.0 ~m.
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end of oogenesis, are 400 #Lm in diameter (Hendler,
1979). Oviducts are absent and the oocytes are spawned
into the bursal sac one to a few at a time by an unknown
mechanism. Subsequent fertilization presumably occurs
in the bursa. The embryos develop in the bursa leaving
the adult at the two to three arm segment stage (Fig. 2).

The ovary consists of two parts, the inner and outer
sac, which are separated by the genital coelom (Figs. 5,
7,45). Each sac is composed ofthree layers oftissue. The
outer sac consists of the visceral peritoneum, a central
connective tissue layer, and the genital coelomic epithe
lium. The inner sac is composed ofthe internal coelomic
epithelium, a connective tissue layer that contains the
haemal sinus, and the germinal epithelium.

The outer covering of the ovary, the visceral perito
neum, is a thin layer ofepithelial and myoepithelial cells,
each containing an elongate nucleus, mitochondria, vesi
cles and lysosomes (Figs. 5, 7). Cell bodies ofthe perito
neal cells were rarely encountered and sparse cilia arising
from the peritoneal layer were seen in the light micro
scopic sections. Small bundles of neurons containing
dense-cored (60-120 mm diameter) and clear vesicles
(60-140 nm diameter) run beside the myoepithelial cells
and are covered by cytoplasmic extensions from these
cells (Figs. 7, 35). Processes containing large electron
dense granules (500-1500 nm length) are also present in
the peritoneum (Figs. 5, 7). In general, the ovary is well
innervated with longitudinally orientated nerve tracts
surrounded by epithelial cell processes. Zonulae adher
entes and septate junctions join the epithelial cells (Fig.
5), and occasional hemidesmosomes link the perito
neum to the underlying basal lamina.

The outer connective tissue layer, delimited on either
side by basal laminae, contains striated collagen fibrils
and unstriated fibrils embedded in an interfibrillar ma
trix (Figs. 5, 7). Amoebocytes and cell processes are occa
sionally seen in the connective tissue (Fig. 7).

The genital coelom varies in width and often has re
duced dimensions due to the presence of large vitello
genic oocytes in the germinal layer. Apart from a few
coelomocytes and cell debris (Fig. 5), the coelom appears
devoid of contents. In life, however, the coelom is pre
sumably a fluid-filled space. A squamous epithelium
lines the coelom and the inner coelomic epithelium in
cludes circular and longitudinal myoepithelial cells (Fig.
6). The circular musculature ofthe inner sac is the major
muscle layer of the ovary. Cytoplasmic contents of the
coelomic epithelial cells include an elongate nucleus, ri
bosomes, vesicles, microtubules, rough endoplasmic re
ticulum (RER), and Golgi complexes (Figs. 5, 7). It was
noted that a few ofthe cells were ciliated. Nerves are pres
ent in the outer and inner coelomic epithelia (Figs. 5,
7, 35), and large granulated processes are a prominent
feature of the inner epithelium (Fig. 5). The epithelial
cells are joined to the underlying basal lamina by hemi
desmosomes.

The inner connective tissue layer is delimited by basal
laminae that have a tortuous outline (Figs. 5-7), al
though the inner basal lamina is straight when juxta
posed with vitellogenic oocytes (Figs. 6, 35, 37). As for
the outer sac, the inner connective tissue contains colla
gen fibrils and unstriated fibrils (Fig. 5). The genital hae
mal sinus is also a component of the inner connective
tissue layer, but is only evident next to vitellogenic 00

cytes. Haemal fluid accumulates around the vitellogenic
oocytes (Fig. 4, 6), but is absent from portions ofthe con
nective tissue next to previtellogenic and residual oocytes
(Figs. 5, 7). The fluid stains pale purple with Azur 11/
methylene blue (Figs. 4, 8) and has a flocculent, granular
appearance (Figs. 6, 38). Fibrillar elements of the con
nective tissue are also embedded in the haemal fluid
(Figs. 6, 38). Amoebocytes are occasionally encountered
in the inner connective tissue (Fig. 5).

The germinal epithelium consists ofgerminal and so-

Figure 8. LM cross section near the base of the ovary showing a group of early germinal cells (EG),
including dividing oogonia (arrows). H, haemal fluid, LO, late vitellogenic oocyte, S, somatic cell, Y, yolk
body. Scale = 22 ~m.

Figure 9. Mitotic profile (arrow) between midvitellogenic oocytes (MO). Scale = 40 ~m.
Figure 10. Early germinal cells (EG) lying alongside and not in an evagination of the inner connective

tissue layer (IC). G, Golgi complex, L, lipid droplet, N, nucleus, S, somatic cell. Arrow, basal process. Scale
=4.0~m.

F"tgure 11. The somatic cells (S) partially surround the early germinal cells (EG) and have an abundance
ofvesicles (V) in their cytoplasm. G, Golgi complex, M, mitochondrion, N, nucleus. Scale = 4.0 ~m.

Figure 12. Small extrusions of the somatic cell (arrows) are closely applied to the oocyte (0). L, lipid
droplet, M, mitochondrion, N, nucleus. Scale = 1.0 ~m.

YJgUre 13. A somatic cell not associated with an oocyte. C, cilium, G, Golgi complex, M, mitochon
drion, Mt, microtubule, V, vesicles. Scale = 1.5 ~m.

Figure 14. Previtellogenic oocyte in a depression of the inner connective tissue layer (lC). ER, endo
plasmic reticulum, L, lipid droplet, LO, late vitellogenic oocyte, M, mitochondria, N, nucleus, Nu, nuage,
Y, yolk body. Scale = 5.0 ~m.

Figure IS. Nucleocytoplasmic exchange is indicated by the basophilic material (arrows) emerging from
the nuclear pores (NP). N, nucleus. Scale = 1.0 ~m.
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matic cells that follow the contour ofthe inner basal lam
ina (Figs. 5, 10). The ovary has a poorly organized ap
pearance because the oogenic stages are not spatially seg
regated (Fig. 4). In addition, the attachment of the
developing oocytes with the germinal epithelium be
comes reduced to a short stalk (Fig. 26).

Groups of small germinal cells (15-25 p'm in length)
are present at the base of the ovary near its attachment
to the genital plate (Figs. 4, 8). The small germinal cells
include proliferating oogonia in various stages ofmitosis
and early primary oocytes (Fig. 8). Oogonial prolifera
tion occurs elsewhere in the ovary and mitotic profiles
were also seen in cells adjacent to vitellogenic oocytes
(Fig. 9). The germinal cells with few or no nuclear pores
may be oogonia (Fig. 10), based on the criteria used in
other studies (Piatigorsky, 1975; Kanatani and Naga
hama, 1983). Characteristic features of the small germi
nal cells include a large nucleus (8-15 p.m diameter) and
a small amount ofcytoplasm (Figs. 10, II). The nucleus
contains one or two nucleoli and patches of clumped
chromatin. Cytoplasmic organelles include numerous
free ribosomes, groups of mitochondria, vesicles, Golgi
complexes and occasional lipid droplets (Figs. 10-12).

The somatic cells (8-17 p.m long) of the germinal epi
thelium are squamous, irregularly shaped, and ciliated
(Figs. 10-13). They are distinguished from the germinal
cells by their small, dark nucleus (6-11 p'm length) with
chromatin lining the nuclear envelope (Fig. 12). Somatic
cells also contain an abundance of electron-lucent vesi
cles, mitochondria, a Golgi complex, microtubules, lipid
droplets, and relict oocyte material (Figs. 10-13). Cy
toplasmic extensions of the somatic cells interdigitate
with each other and form an incomplete follicle around
the germinal cells (Figs. 10, 11). Small extrusions from
the somatic cells are closely applied to the oocyte surface,
but junctional complexes were not observed (Fig. 12).
The somatic cells do not appear to be involved in oocyte

nutrition and their association with the oocytes termi
nates early in oogenesis.

Previtellogenic oocytes

Early previtellogenic oocytes (30-50 p.m diameter) are
attached to the basal lamina or to neighboring cells by a
basal process (Figs. 5, 10). As the oocytesgrow, they press
against the ovary wall forming a depression in the inner
connective tissue (Figs. 14, 45). Previtellogenic oocytes
have a prominent germinal vesicle containing a single
nucleolus and dispersed chromatin (Fig. 16). During the
previtellogenic stage there is an increase in the size ofthe
germinal vesicle and in the amount of cytoplasm. The
nucleolus has two regions, an electron-dense core and a
peripheral nucleolonema that is granular and emanates
chromatin-like strands (Figs. 16, 19). The nuclear enve
lope is perforated by annulated pores that appear to
be a site for nucleocytoplasmic exchange, indicated by
the basophilic material emerging from the pores (Figs.
15,19).

Early previtellogenic oocytes contain free ribosomes,
mitochondria, lipid droplets, microtubules, Golgi com
plexes, and some ER (Figs. 16-18). Mitochondriogenesis
occurs in the previtellogenic stage, with an abundance of
pleomorphic mitochondria that are often concentrated
in a 'mitochondrial cloud' (Fig. 18). Many of the mito
chondria have an eccentrically placed dense granule (Fig.
25). Golgi complexes located in the perinuclear ooplasm
(Fig. 16) increase in number and dominate this region of
the oocyte (Fig. 20) and as oogenesis proceeds, the Golgi
disperse towards the cortical ooplasm. Each Golgi com
plex consists of 7-9 cisternae and many of them have a
single cisterna ofER positioned next to the forming face
(Fig. 20). Golgi vesicles containing electron-dense mate
rial arise from the maturing face ofthe Golgi and the ER
also gives rise to electron-dense vesicles (Fig. 20). Elon-

Figures 16-26. Previtellogenic oocytes.
Figure 16. The nucleolus (NL) is bipartite with a peripheral nucleolonema (arrow). ER, endoplasmic

reticulum, G, Golgi complex, L, lipid droplet, M, mitochondrion, Nu, nuage. Scale = 3.0 ~m.
Figure 17. The nuage (Nu) is surrounded by endoplasmic reticulum (ER) or is independent. L, lipid

droplet, M, mitochondrion, N, nucleus. Arrow, endocytotic profile. Scale = 2.0 ~m.
Figure 18. A coated pit (arrow) and coated vesicle (arrowhead) in a previtellogenic oocyte. M, mito

chondrial cloud, Mv, microvillus. Scale = 1.0 ~m.
Figure 19. Portion of the nucleolus (NL) with peripheral strands (arrows). The nuclear envelope is

partially perforated by pores (NP). Scale = 1.0 ~m.
Figure 20. Perinuclear Golgi complexes (G) and associated endoplasmic reticulum (ER). The ER gives

rise to transport vesicles (arrows). Note the long ER cisterna. GV, Golgi vesicles. Scale = 1.0 ~m.
Figure 21. Circular endoplasmic reticulum, M, mitochondrion. Scale = 1.0 ~m.
Figure 22. Single profile of annulate lamellae (AL) and associated endoplasmic reticulum (ER). N,

germinal vesicle. Scale = 1.0 ~m.
Figure 23. ER cisterna with dilated tips (arrows). N, nucleus. Scale = 0.5 ~m.

Figure 24. The large nuage (Nu) seen in Fig. 14. Scale = 1.0 ~m.
Figure 25. Small nuage (Nu) surrounded by mitochondria. D, dense granule. Scale = 1.0 ~m.



86 M. BYRNE



OPHIUROID OVARY STRUcrURE AND OOGENESIS 87

gate and circular ER are scattered in the cytoplasm (Figs.
14, 20, 21). All the ER in the early oocytes appears to
lack attached ribosomes (Figs. 20, 21). Dilated tips ofthe
ER cisternae give rise to small vesicles (Fig. 23) and ap
pear to form single profiles ofannulate lamellae (Fig. 22).
Evidence ofER vesiculation is present throughout previ
tellogenesis and membranous, electron-lucent vesicles
are a prominent feature of late previtellogenic and early
vitellogenic oocytes (Fig. 29). The function ofthese vesi
cles is not known.

Fibrogranular material that lacks a unit membrane,
similar to the nuage seen in other oocytes (Eddy, 1975;
Wourms, 1987), is common in previtellogenic oocytes
(Figs. 14, 17). This material, possibly derived from
nucleocytoplasmic transfer, is present as large (4-5 #Lm
diameter, Figs. 14,24) and small (0.3-1.0 #Lm diameter,
Figs. 17, 25) fibrogranular bodies (FGBs). The small
FGB's are often surrounded by mitochondria or ER cis
ternae (Figs. 17, 25). During oogenesis the FGB's dis
perse.

The number of lipid droplets (0.3-0.8 #Lm diameter)
increases throughout oogenesis and they appear to arise
de novo in the cytoplasm. Lipid droplets are not mem
brane-bound and are dispersed throughout the ooplasm
(Fig. 28). They are not associated with other organelles
and it is unknown how they originate.

Microvilli are elaborated in local patches along the
oolemma oflate previtellogenic oocytes and endocytosis
is evident with coated pits (150-200 #Lm) present at the
bases of the microvilli (Fig. 18). Endocytosis also occurs
in early previtellogenic oocytes that lack microvilli
(Fig. 17).

Vitel/ogenic oocytes

The onset of the vitellogenic period is marked by the
presence ofyolk bodies in the ooplasm, starting with 00

cytes approximately 100 #Lm in diameter (Figs. 4, 26). As
the oocytes increase in size, they bulge outwards, causing
the inner basal lamina to unfold and follow the contours
of the oocyte (Figs. 35, 37, 45). They become increas
ingly independent ofthe germinal layer with each vitello
genic oocyte residing in a sac-like depression ofthe inner
connective tissue and attached to the germinal epithe
lium by a neck-like stalk (Figs. 26, 27). The attachment
region contains lipid droplets, electron-lucent vesicles,
and is usually devoid of yolk bodies (Fig. 27). Continued
oocyte growth causes attenuation ofthe inner basal lam
ina, whereas the outer basal lamina is thicker and pli
cated (Figs. 6, 35). The presence of an attachment stalk
in advanced oocytes suggests that the oocytes retain their
association with the germinal epithelium throughout vi
tellogenesis.

Haemal fluid accumulates in the connective tissue
layer adjacent to vitellogenic oocytes (Figs. 4, 26), start
ing in early vitellogenesis. Although each oocyte is sur
rounded by haemal fluid, it remains separated from the
fluid by the inner basal lamina (Figs. 35, 37). The associa
tion between the genital haemal sinus and the oocytes
is particularly evident during late and mid-vitellogenesis
when haemal fluid accumulates in depressions ofthe 00

cytes and on either side of the attachment region (Figs.
4, 26, 27). However, haemal fluid is not restricted to
these areas. Serial sections of the ovary revealed that the
haemal investment around each oocyte is not uniform

Figures 26-34. Yitellogenic oocytes.
Figure 26. A late vitellogenic oocyte (LO) in a sac-like evagination of the inner connective tissue layer,

surrounded by haemal fluid (H) and attached to the germinal layer by a short stalk (arrow). N, germinal
vesicle, PO, previtellogenic oocyte. Scale = 50 Itm.

Figure 27. Stalk connecting the oocyte to the germinal layer. H, haemal fluid, L, lipid droplet, MO,
midvitellogenic oocyte, S, somatic cell, V, vesicle, Y, yolk body. Scale = 9.5Itm.

Figure 28. The nuclear envelope (NE) is convoluted and the germinal vesicle (N) appears amorphous.
L, lipid droplet, V, vesicle, Y, yolk body. Scale = 5.0 Itm.

Figure 29. Early vitellogenic oocyte with the cytoplasm dominated by electron-lucent vesicles (V). One
Golgi complex (G) is beside a small yolk body (Y) and the other beside a cortical granule (CG). See Figure
31. L, lipid droplet. Scale = 3.0 Itm.

Figure 30. Yolk body (Y) formation in an early vitellogenic oocyte. Transport vesicles (arrow) derived
from the endoplasmic reticulum (ER) appear to fuse with the forming face ofthe Golgi complex (G), which
also gives rise to vesicles (GY). Scale = 0.5 Itm.

Figure 31. Golgi (G) region seen in Fig. 29. ER-projections (arrow) give rise to vesicles and Golgi
vesicles (GY) appear to fuse with the yolk body (Y) and with (arrowhead) the cortical granule (CG). Scale
= O.75Itm.

Figure 32. Portion ofthe endoplasmic reticulum (ER) with attached ribosomes(R) in a midvitellogenic
oocyte. ER-projections (arrow) form transport vesicles that appear to fuse with the forming face of the
Golgi (G). GV, Golgi vesicles. Scale = 0.3Itm.

Figure 33. Dense yolk body (Y) and attached vesicle (arrow) in a midvitellogenic oocyte. Scale = 0.6
Itm.

Figure 34. Granular yolk body (Y) with vesicular inclusions (V) in a midvitellogenic oocyte. G, Golgi
complex. Scale = 1.0 Itm.
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and that the fluid does not appear to exhibit an affinity
for any particular region ofthe oocytes.

The space between the oolemma and the inner basal
lamina appears devoid ofcontents in oocytes fixed with
seawater buffered glutaraldehyde (Figs. 35, 37). How
ever, with the cacodylate method flocculent material
reminiscent ofhaemal fluid is occasionally present in this
space (Fig. 36).

During vitellogenesis, the volumes ofthe ooplasm and
the germinal vesicle continue to increase (Figs. 26, 28).
Early vitellogenic oocytes contain small yolk bodies
(0.6-1.6 ~m diameter), lipid droplets, mitochondria,
cortical granules, electron-lucent vesicles, nuage, Golgi
complexes, ER, and free ribosomes; the nuclear envelope
is undulated (Figs. 26, 28). Portions ofthe ooplasm dom
inated by the membranous vesicles encountered in the
previtellogenic stage are markedly devoid of yolk bodies
(Fig. 29). These vesicles subsequently disperse through
the ooplasm (Fig. 28). In midvitellogenic oocytes, Golgi
complexes abound in the cortical ooplasm (Fig. 29). As
in previtellogenic oocytes, most of the ER appears to be
smooth (Figs. 30, 31), however patches of ER with at
tached ribosome-like particles were observed in cisternae
associated with a Golgi complex (Fig. 32). These patches
of rough ER on otherwise smooth cisternae are rare and
only evident in vitellogenic oocytes. In vitellogenic 00

cytes, ER is present only as short cisternae adjacent to a
Golgi complex.

In early vitellogenic oocytes, yolk formation occurs in
the perinuclear ooplasm, whereas in late vitellogenic 00

cytes yolk formation is largely cortical. Newly formed
yolk bodies (0.14-0.80 ~m length) are positioned near a
Golgi complex (Figs. 30, 31). They have an electron
dense or granular core surrounded by an electron-lucent,

halo-like cortex. It appears that the Golgi complex and
the ER are involved in the elaboration ofthe yolk bodies.
The process starts with small expansions ofthe ER cister
nae that project towards the Golgi complex (Figs. 31,32).
These projections often have an external coat and their
detachment gives rise to transport vesicles that are
coated. A flocculent material is contained within the ves
icles and they appear to fuse with the forming face ofthe
Golgi (Fig. 30). Vesicles containing material of variable
electron density are released from the maturing face of
the Golgi and fuse to form yolk bodies (Figs. 30-32).
During the vitellogenic stage, the yolk bodies continue to
grow through successive incorporation of material con
tained within Golgi vesicles (Figs. 30, 31, 33). Midvitello
genic oocytes contain yolk bodies (0.7-2.5 ~m diameter)
of variable electron density. Growing yolk bodies often
have a light halo and may contain membranous strands
(Fig. 43). Some yolk bodies are light and granular with
vesicular inclusions (Fig. 34), whereas others are dark
and homogeneous (Fig. 33). As vitellogenesis proceeds,
the yolk material condenses and the cytoplasm of ad
vanced oocytes (300-400 ~m diameter) is dominated by
yolk bodies that are uniformly electron-dense and 2-5
~m in diameter (Fig. 28).

The oolemma changes throughout vitellogenesis with
the continued elaboration of microvilli, which have a
scattered distribution around the oocyte. Endocytotic ac
tivity is present throughout vitellogenesis and is particu
larly conspicuous at the bases of the microvilli with up
to three coated pits per ~m of oolemma (Figs. 35-39).
The cytoplasmic surface of the pits has a fuzzy or spiked
appearance and flocculent material adheres to the extra
cellular surface (Figs. 36, 38, 39). The pit and adherent
material appear to invaginate to form a cup-like depres-

Figures 35--44. Late vitellogenic oocytes.
Figure 35. Endocytotic activity along the oolemma (arrows). BL, basal lamina, H, haemal fluid, L,

lipid droplet, M, muscle, Mv, microvillus, N, nerve. Scale = 1.0 /tm.
Figure 36. The cup-shaped coated pit (CP) has a spiked cytoplasmic surface (C, insert) and flocculent

material which surrounds the oocyte adheres to the extracellular surface of the coated pit (Ex, insert). The
fixative was buffered with cacodylate. Scale = 1.0 /tm, Insert scale =0.2 /tm.

Figure 37. Endosomes appear to fuse with smooth vesicles in the cortical ooplasm (arrows). BL, basal
lamina. H, haemal fluid, M, muscle, N, nerve, Y, yolk body. Scale = 1.0 /tm.

Figure 38. Formation ofan endosome. A coated pit (CP) is invaginated to form an omega-shaped pit
(arrow and insert) and internalized to form a coated vesicle. The cytoplasmic side (C) ofthe pit has a fuzzy
appearance and flocculent material on the extracellular surface (Ex) is being internalized (insert). The
fixative was buffered with seawater. F, collagen fibril, H, haemal fluid. Scale = 0.5 /tm. Insert scale =0.15
/tm .

Figure 39. Three endocytotic profiles; two omega figures (arrows) and an endosome (E), Y, yolk drop
let. Scale =0.2 /tm.

Figures 40-41. Coated (CV) and smooth vesicles (V) fusing in the Golgi (G) area. Scale = 0.5/tm.
Figure 42. Peripheral ooplasm of an oocyte fixed with the cacodylate method. The cortical granules

(arrows) have contrasting dark and light areas. G, Golgi complex, L, lipid droplet, Mv, microvillus, VE,
vitelline envelope, Y, yolk body. Scale = 1.5 /tm.

Figures 43--44. Cortical granules (CG) ofoocytes fixed with the seawater method with annular (A) and
amorphous (arrowhead) contents. Arrow, membranous strand in the yolk (Y) body. Scale 0.5 /tm.
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sion or an omega figure (Figs. 36, 38, 39) and are then
internalized, forming a coated vesicle (endosome).
Newly formed endosomes are common near the oolem
ma (Figs. 37, 39). In Figure 37, the flocculent material
surrounding the oocyte is present in the pit and apPearS
to be inCOrPOrated by the oocyte. The endosomes appear
to lose their cytoplasmic coat soon after internalization
and are indistinguishable from other smooth vesicles
that abound in the cortical ooplasm. There is evidence
that the coated vesicles fuse with smooth vesicles near the
oolemma (Fig. 37). Coated vesicles fusing with smooth
vesicles are also present in the Golgi region (Figs. 40, 41),
but it is not known if they are derived from coated pits.
The fate ofthe material internalized through endocytosis
could not be followed.

Cortical granule formation is initiated in the early
vitellogenic stage. In these oocytes, cortical granules
are found in the endoplasm and in the cortical
ooplasm. Late vitellogenic oocytes have abundant cor
tical granules (1.4-1.6 pm diameter) in the peripheral
ooplasm (Fig. 42). The cortical granules are mem
brane-bound, irregular in shape, and contain material
with differing staining densities (Figs. 42-44). Their
appearance is influenced by the method of fixation. In
material preserved with cacodylate-buffered glutaral
dehyde, the granules have contrasting dark and light
regions and contain a flocculent material (Fig. 42).
However, in oocytes fixed with the seawater method,
the cortical granules are less electron-dense and the
contents have an annular or flocculent appearance
(Figs. 43, 44). Some of the cortical granule material
may originate from ER-Golgi activity. Golgi-derived
vesicles appear to coalesce with the cortical granules
adjacent to the oolemma (Fig. 31).

A vitelline envelope is evident in advanced oocytes
fixed with the cacodylate method (Fig. 42). The enve
lope consists ofdark fibrous material closely applied to
the oolemma, ranging in diameter from 60 to 300 nm.
Additional extracellular coats, including a jelly layer,
were not observed but may be deposited in the post
vitellogenic stage in the ovarian lumen prior to
spawning.

Discussion

The ovary wall

The ovary of Ophiolepis paucispina is morphologi
cally similar to that ofother ophiuroids and to the ovaries
ofasteroids and echinoids that also have a two-sac struc
ture (Davis, 1971; Walker, 1979, 1982). Because the
ovary is continually expanded with advanced oocytes,
the epithelial layers ofthe ovary have an attenuated pro
file. Flagellated-collar cells present in the peritoneum of
asteroid ovaries (Walker, 1979) are not present in O. pau-

cispina. and, in general, there appears to be a paucity of
ciliated cells in the ovarian peritoneum. Suspensor cells,
similar to those seen in the ovary, also connect with the
testes of0. paucispina and with the testes ofAmphipholis
squamata (Buckland-Nicks et al., 1984; pers. obs.). The
epithelial layers of the ovary of 0. paucispina contain
myoepithelial cells, a characteristic of echinoderm coe
lomic epithelia (Rieger and Lombardi, 1987). By con
trast, Davis (1971) did not report the presence ofmuscu
lature in the ovarian coelomic epithelia of Ophioderma
panamense Liitken and Ophiopteris papillosa (Lyman).
Contraction of the ovarian musculature presumably as
sists spawning, which may occur through rupture of the
ovary wall, as suggested for other ophiuroids that lack an
oviduct (Davis, 1971).

The ovary of Ophiolepis paucispina is well innervated
by neurons that run beside the myoepithelial cells. These
neurons contain vesicles characteristic ofneurons associ
ated with echinoderm muscles (Cobb, 1987), and may
innervate the ovarian musculature. Large granulated
processes are common in the inner coelomic epithelium
and are similar to the neurosecretory-like cells common
in echinoderm epithelia (Cobb, 1987). The function of
these processes is not known, but their structure and p0

sition indicates that they may serve an endocrine func
tion in oocyte development, as suggested for asteroid, cri
noid, and holothuroid species (Holland, 1971; Ferrand,
1983; Smiley and CIoney, 1985). The connective tissue
layers of the ovary of 0. paucispina are primarily sup
portive and the inner connective tissue contains the geni
tal haemal sinus which surrounds vitellogenic oocytes.

Germinal layer and the role ofsomatic cells

Because oocytes at all stages ofdevelopment are inter
spersed in the ovary of Ophiolepis paucispina. a distinct
germinal layer is not apparent. Oogonial proliferation
occurs near the base ofthe ovary, similar to Ophioderma
brevispinum (Say) and Ophiura albida Forbes (Tyler,
1976; Hendler and Tyler, 1986), but also takes place else
where in the ovary, suggesting that there may not be a
discrete proliferative region. For O. paucispina it is not
known where the primordial germ cells originate. In Gor
gonocephalus eucnemis (Miiller and Troschel), the pri
mordial germ cells enter the ovary through haemal chan
nels and oocyte proliferation occurs in the genital hae
mal sinus (Patent, 1976). Similarly, the primordial germ
cells of a holothuroid species are located in the connec
tive tissue at the base ofthe ovary (Smiley, 1988).

Oogenesis in echinoderms may be solitary or follicular
(Walker, 1982), and, although the small germinal cells
and early oocytes of Ophiolepis paucispina are covered
by epithelial cells, oogenesis is solitary. The somatic cells
appear to provide structural support for the early oocytes
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and may contribute to the microenvironment required
for early development. In the vitellogenic stage, the s0

matic cells along the attachment site also appear to play
a supportive role. The oocytes of Ophioderma brevis
pinum are also surrounded by follicle cells at an early
stage and their association with the germinal layer during
vitellogenesis appears to be limited to a short stalk (Hen
dler and Tyler, 1986). In contrast, the oocytes of Gorgo
nocephalus eucnemis are surrounded by an incomplete
follicle throughout their development and attached
nurse cells appear to be involved with oocyte nutrition
(Patent, 1968). Crinoid oogenesis is also solitary and is
strikingly similar to that seen in O. paucispina. In several
crinoid species the oocytes arise among follicle cells, but
oogenesis proceeds with each oocyte in an evagination of
the haemal sinus and attached to the germinal layer by a
short stalk (Holland et al.. 1975; Mladenov, 1986). Ac
cessory cells free in the genital haemal sinus may be in
volved in oocyte nutrition (Holland and Kubota, 1975).

For the other echinoderm classes, oogenesis appears to
be follicular. In asteroids the oocytes are held within a
follicle throughout their development (Schroeder et al..
1979; Kanatani and Nagahama, 1983; Beijnink et al..
I984c) and the follicle cells are a potential source of nu
trients for oogenesis (Chia, 1968; Beijnink et al.. 1984a).
Echinoid oocytes are surrounded by accessory cells that
provide nutrients for oocyte growth (Walker, 1982; Ka
natani and Nagahama, 1983). In holothuroids where oo
genesis of one species has been examined, the oocytes
develop within a follicle (Smiley and CIoney, 1985; Smi
ley, 1988).

Oogenesis

Many of the cellular events that occur in the early
stages of oogenesis in Ophiolepis paucispina are charac
teristic ofthe previtellogenic oocytes ofechinoderms and
other animal groups (Norrevang, 1968; Anderson, 1974;
Piatigorsky, 1975; Kanatani and Naganama, 1983; Eck
elbarger, 1984; Wourms, 1987). Comparative informa
tion on oocyte ultrastructure is available for several ophi
uroids (Kessel, 1968; Patent, 1968; Davis, 1971; Bell,
1974; Tyler, 1976). During previtellogenesis of O. pau
cispina. Ophioderma panamense. and Ophiura albida.
the nucleolus appears to 'spin-out' to form a nucleolo
nema (Kessel, 1968; Tyler, 1976), a structure thought to
be involved in nucleocytoplasmic transport ofribosomes
(Kessell, 1968). Nuage deposits similar to those seen in
0. paucispina are present in the oocytes of several echi
noderms, and may be germ cell determinants useful for
the identification of germ line cells (Eddy, 1975;
Wourms, 1987; Smiley, 1988).

Single profiles of annulate lamellae, similar to those
seen in Ophiolepis paucispina oocytes, are present in

Acrocnida brachiata (Montagu) oocytes (Bell, 1974), but
differ from the parallel stacks ofIamellae seen in the 00

cytes ofOphioderma panamense and those ofseveral ho
lothuroid, crinoid, and echinoid species (Kessel, 1966,
1968; Holland, 1971; Piatigorsky, 1975). Membranous
vesicles are a prominent feature of the previtellogenic
and early vitellogenic oocytes of 0. paucispina and ap
pear to be at least partially derived from ER vesiculation.
Some of the vesicles may be empty pigment granules, as
suggested for the oocytes of an echinoid (Anderson,
1974). The oocytes of O. paucispina have a conspicuous
pink color in life, but pigment bodies are not evident
upon ultrastructural examination. A similar extensive
system of vesicles in the oocytes of 0. panamense gives
rise to stacks ofannulate lamellae (Kessel, 1968).

Compared with the oocytes of several echinoid, holo
thuroid, and crinoid species, the oocytes of Ophiolepis
paucispina have a relatively small amount of ER, and,
moreover, the ER in these other oocytes is clearly rough
surfaced (Kessel, 1966; Verhey and Moyer, 1967; Bal et
al.. 1968; Holland, 1971; Aisenshtadt and Vassetzky,
1986). Kessel (1968) notes that the number ofribosomes
associated with ER is low in Ophioderma panamense00

cytes, and describes small patches of rough ER, similar
to those seen in this investigation. The presence ofsmall
patches of rough ER suggests that the association be
tween the ribosomes and ER cisternae may be transient
(Kessel, 1968). Alternatively, the paucity of rough ER
may be an artifact resulting from fixation-induced de
tachment of ribosomes (Eckelbarger, pers. comm.).

Proteid yolk deposition in Ophiolepis paucispina is
first evident in the Golgi region and appears to result
from a sequence of ER-Golgi activity similar to that de
scribed for the oocytes of Ophioderma panamense and
for those of several echinoderms (Kessel, 1966, 1968;
Chatlynne, 1972; Piatiagorsky, 1975; Ferrand, 1984;
Aisenshtadt and Vassetzky, 1986). In vitellogenic 00

cytes, the differential distribution of ER in the Golgi re
gion appears to be a functional relationship for yolk de
position. The whorls of ER seen in the oocytes of other
ophiuroids (Kessel, 1968; Bell, 1974, Tyler, 1976),
thought to be involved in lipid deposition, were not seen
in the oocytes ofO. paucispina.

The cortical granules of Ophiolepis paucispina are
similar to those seen in several ophiuroids (Kessel, 1968;
Tyler, 1976; Holland, 1979; Yamashita, 1984), and ap
pear to arise through the fusion of Golgi vesicles, as re
ported for Ophioderma panamense (Kessel, 1968) and
two echinoid species (Anderson, 1974; Geary, 1978).
Cortical granule contents are presumably exocytosed af
ter fertilization, as occurs in Ophiopholis aculeata (0. F.
Muller) and Amphipholis kochii Lutken (Holland, 1979;
Yamashita, 1984). The influence of different fixation
methods on the appearance of cortical granules is also
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b~~W~LLOGENIC OVARY LUMEN

VITELLOGENIC OOCYTE
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PERIVISCERAL COELOM

Figure 45. Diagrammatic illustration ofa portion ofthe ovary ofOphio/epis paucispina summarizing
oogenesis and the formation of the sac-like evagination in the inner connective tissue layer (IC). B, inner
and outer basal laminae, ER, endoplasmic reticulum, G, Golgi complex, GC, genital coelom, GE, germinal
epithelium, GP, granulated process, H, haemal Ouid, L, lipid, M, mitochondria, Mu, muscle, N, nerve,
OC, outer connective tissue, SC, somatic cell, VP, visceral peritoneum, Y, yolk body.

noted for the oocytes of several echinoid species (Taka
shima, 1968). In comparison with O. acufeata and A.
kochii (Holland, 1979; Yamashita, 1984), the vitelline
envelope ofO. paucispina oocytes is thicker. This differ
ence may be influenced by the method of fixation, as an
extracellular coat was only preserved with the cacodylate
method.

At the termination ofoogenesis, the oocytes may ovu
late into the ovarian lumen by squeezing through their
apical aperture, as described for crinoid oocytes (Holland
et af., 1975; Mladenov, 1986).

Haemaf sinus and oocyte nutrition

The close contact between the genital haemal sinus
and the germinal layer is a characteristic feature ofechi
noderms (Davis, 1971; Walker, 1982). In Ophiofepis
paucispina, the oocytes bulge outwards as they grow and
reside in an individual sac-like depression ofthe connec
tive tissue layer throughout vitellogenesis (Fig. 45). Sub
sequently, haemal fluid accumulates around the oocytes.
It is unclear whether the oocytes ofother ophiuroids also
sink into the connective tissue layer. The oocytes ofGor
gonocephafus eucnemis are bathed in haemal fluid (Pa
tent, 1968), but the details of the relationship between
the oocytes and the haemal fluid were not described. In
an ultrastructural study of the ovary wall, Davis (1971)

reports that the oocytes of Ophioderma panamense are
surrounded by haemal fluid, whereas those of Ophiop
teris papillosa and Ophiothrix spicufata Le Conte are
not. From the information provided (Davis, 1971), the
significance ofthis difference cannot be assessed because
oocytes at different stages of oogenesis may have been
compared. From the results with 0. paucispina oocytes,
an increase in the volume of the genital haemal fluid
would be expected to coincide with the vitellogenic
phase. These differences in the relationship between
ophiuroid oocytes and the genital haemal sinus warrant
further examination through comparative ultrastruc
tural investigations of ophiuroids at all stages of oogen
esis.

The relationship between the genital haemal sinus and
the developing oocytes of Ophiofepis paucispina is sim
ilar to that described for several crinoid species (Davis,
1971; Holland, 1971; Holland et af., 1975). Crinoid 00

cytes also develop in a sac-like evagination and are sepa
rated from the surrounding haemal fluid by a basal lam
ina (Davis, 1971; Holland, 1971; Holland et af., 1975).
By contrast, asteroid oocytes are not surrounded by hae
mal fluid, but develop a close association with the hae
mal sinus along their basal stalk (Beijnink et af., 1984c).
In addition, the volume of the genital haemal sinus of
asteroids increases, coincident with the oogenic cycle



OPHIUROID OVARY STRUCTURE AND OOGENESIS 93

(Chia, 1968; Walker, 1974). Holothuroid and echinoid
oocytes are also juxtaposed with the genital haemal sinus
along their basal surface (Davis, 1971; Smiley and Clo
ney, 1985). Moreover, echinoid oogenesis fails ifthe hae
mal connections of the ovary are severed (Okada, 1979;
Pearse, 1982).

The dynamic changes in the genital haemal sinus of
Ophiolepis paucispina, coincident with vitellogenesis, in
dicate that the haemal fluid may be a source of nutrients
for oogenesis, as appears to be the case for several aster
oid species (Walker, 1982). Furthermore, the prevalence
of coated pits and vesicles along the oolemma indicates
endocytotic uptake of exogenous material by the 00

cytes. The spike-like cytoplasmic coat of the pits is sim
ilar to that ofpits involved in receptor-mediated endocy
tosis (Giorgi, 1980; Wild, 1980), and, based on the ultra
structural evidence of this study, it is suggested that yolk
precursors may be selectively incorporated by the coated
pits of 0. paucispina oocytes. The haemal sinus appears
to be the proximate source of these precursors which
need only to pass through the basal lamina for access to
the oocyte surface. Evidence for the presence of vitello
genic material in the genital haemal fluid of an asteroid
species is reported in a recent immunocytochemical in
vestigation (Beijnink et al., I984a). The presence of
flocculent material around oocytes preserved with the
cacodylate method suggests that haemal components
may pass through the basal lamina. Furthermore, the
material appears to be incorporated by the oocytes. It is
not known ifthe absence ofthis material in oocytes fixed
by the seawater method is due to extraction by the fixa
tive.

As discussed in Byrne (1988), the nutritive material
stored in the genital haemal sinus of Ophiolepis paucis
pina is presumably ofsomatic origin and is probably de
livered to the ovary through the coelom. Coelomic trans
location of nutrients and the absorptive properties of
haemal fluid are demonstrated in several autoradio
graphic studies of asteroids where labelled amino acids
were selectively concentrated by the haemal system (Fer
guson, 1970, 1982, 1984; Beijnink and Voogt, 1984;
Voogt et al., 1985). Nutrient concentrations in echino
derm coelomic fluid is low (Ferguson, 1982; Beijnink et
al., I984b) and it appears that the haemal sinus seques
ters nutrients from coelomic circulation, and stores
them, against a concentration gradient. Elevated concen
trations of nutrients in the haemal sinus would also cre
ate a gradient favoring uptake ofmaterial by the oocytes.
The apparent affinity ofgenital haemal fluid for nutrients
and its differential accumulation around the vitellogenic
oocytes ofO. paucispina appear to be specialized features
for a nutritive role in gametogenesis. The mechanisms
underlying the dynamic properties of the haemal fluid,
an extracellular material, remain to be elucidated.

Coated pits are short-lived (Dautry-Varset and Lodish,
1984), and the prevalence of endocytotic profiles in
Ophiolepis paucispina oocytes suggests that incorpora
tion ofexogenous material is intense throughout vitello
genesis. Because the endosomes lose their extracellular
coat soon after internalization and appear to fuse with
pre-existing vesicles, the fate ofthe endocytosed material
could not be followed. The material may be transferred
directly to yolk bodies along with material synthesized
by the oocytes or may be processed by the ER-Golgi
complex. Endocytosis is reported for several echinoderm
oocytes with coated pits typically located at the bases of
microvilli (Takashima and Takashima, 1966; Bal, 1970;
Holland, 1971; Ferrand, 1984; Smiley, 1988). By con
trast, the absence of coated pits is noted for the oocytes
of an ophiuroid (Bell, 1974) and several echinoid and
asteroid species (Verhey and Moyer, 1967; Geary, 1978;
Beijnink et al., I984c; Aisenshtadt and Vassetzky, 1986).
However, the apparent absence of pits in these oocytes
may be due to a low intensity of endocytotic uptake,
which would limit the chances of finding coated pits.
This is suggested for the asteroid Asterias rubens Linne,
where the oocytes are known to incorporate exogenous
material, but ultrastructural evidence of coated pits has
not been found (Beijnink et aI., 1984c).

The foregoing speculations on the presence ofvitello
genin in the genital haemal fluid and its pathway to the
ovary of Ophiolepis paucispina are based on ultrastruc
tural information alone and require verification by fol
lowing the fate oflabelled vitellogenin in this species with
tracer techniques as in studies of insect and polychaete
vitellogenesis (Giorgi, 1980; Fischer and Dhainaut,
1985; Baert and Slomianny, 1987). The prevalence of
coated pits in the oocytes of0. paucispina. indicates that
this ophiuroid may be a good subject for such an autora
diographic study.

In the terminology used to categorize vitellogenesis
(Anderson, 1974; Eckelbarger, 1984; Wourms, 1987),
yolk formation in Ophiolepis paucispina appears to be at
least partially heterosynthetic with exogenous origin of
the yolk precursors. However, the site of vitellogenin
synthesis has not been determined. Free ribosomes and
ribosomes associated with ER in the ooplasm may par
ticipate in the elaboration of yolk proteins (autosynthe
sis). Biochemical investigations ofvitellogenin synthesis
in echinoids demonstrate that yolk precursors are syn
thesized in the intestine, coelom, and gonad (Harrington
and Ozaki, 1986; Ozaki et al., 1986; Shyu et al.. 1986).
Moreover, Harrington and Ozaki (1986) have shown
that coelomocytes are a major source of vitellogenin in
Dendraster excentricus. The accumulation of vitello
genin in the echinoid coelom provides further evidence
for the coelomic transport of echinoderm yolk precur
sors (Harrington and Ozaki, 1986; Shyu et al.. 1986).
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In summary, this investigation provides evidence for
endocytotic incorporation of nutrients by the oocytes of
Ophiolepis paucispina and adds to the accumulating evi
dence that the echinoderm genital haemal sinus is an in
tragonadal nutrient store (Walker, 1982; Ferguson,
1982, 1984; Kanatani and Nagahama, 1983; Voogt et al.,
1985). This, taken together with the biochemical evi
dence for the somatic and ovarian synthesis of vitello
genin (Harrington and Ozaki, 1986, Ozaki et al., 1986;
Shyu et al., 1976) indicates that entirely autosynthetic
yolk formation may be rare, whereas mixed auto- and
heterosynthetic yolk formation may be common in the
Echinodermata.
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