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ABSTRACT: Synbranchus marmoratus (Synbranchidae), commonly known as the swamp eel, is a protogynous
diandric teleost fish widely distributed throughout South America. The purpose of this work was to study the
ovarian anatomy and to describe oocyte developmental stages in the swamp eel, Synbranchus marmoratus.
S. marmoratus has a unique sacular ovary. It is covered by a conspicuous muscular wall, probably involved
in an egg-releasing system acting as a peristaltic-like mechanism. The internal ovarian anatomy shows a U-
shaped ovarian lamella delimiting a dorsal ovarian lumen. The microscopic study shows evidence of the
existence of a germinal epithelium in the inner surface of the lamella, which contains germinal cells, pre-
follicular cells and epithelial cells. The complete oogenesis process is divided into four stages: oogonia,
primary growth, cortical alveoli and vitellogenesis. Besides, the ovulated oocytes, and atretic structures were
described. The structure of the micropyle was studied by scanning electron microscopy (MEB). Near the
animal pole the vitelline envelope forms crests that fuse together becoming furrow-like structures with a
slightly spiraled direction that converge into the micropyle pit where is located the micropylar canal. Al-
though the sex reversal process of Synbranchids has been subject of many studies, this is the first complete

description of the ovarian anatomy and oogenesis.

Introduction

Marine and freshwater aquatic environments sup-
port more than 20,000 teleost species showing a broad
diversity of sexual patterns and reproductive strategies.
Although the wide range of gonadal morphologies re-
flects the complexity of teleost reproduction, basic fea-
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tures (i.e. the structure of germ cells and different so-
matic cell elements constituting the gonadal tissue) are
similar (Nagahama, 1983). Most of the research on ova-
rian structure and morphology has been developed in a
relative small number of species, mainly those with com-
mercial value (Tyler and Sumpter, 1996).

The oogenesis of teleosts has been studied exten-
sively. The description of the various stage series dur-
ing oocyte development is based on distinct morpho-
logical, histological, physiological and/or biochemical
cell characteristics (i.e. oocyte size and shape, quantity
and distribution of different cytoplasmatic and nuclear
inclusions) (Rinchard ez al., 1998; Selman and Wallace,
1986; Begovac and Wallace, 1988; Wallace and Selman,
1990; Casadevall et al., 1993; Tyler and Sumpter, 1996).



326

These successive stages are helpful in understanding
cellular events during oogenesis and serve as a basis for
experimental research and further comparison among
species.

Synbranchus marmoratus, commonly known as the
“swamp eel”, is a teleost fish that belongs to the order
Synbranchiformes (Rosen and Greenwood, 1976). It can
be found in mud caves of rivers, ponds, swamps and
marshy areas (Graham, 1981). They have alternative
aerial respiration and are characterized by the lack of
paired fins, a reduced caudal fin and the absence of
squamation (Liiling, 1980).

S. marmoratus is a protogynous fish (Lo Nostro
and Guerrero, 1996) with two different kind of males
(diandria). “Primary males” develop directly to males
from eggs; “secondary males” develop from functional
females by sex reversal (Sadovy and Shapiro, 1987,
Reinboth, 1983; Lo Nostro and Guerrero, 1996). In this
order, the process of sex reversal has been subject of
many studies (Chan ef al., 1975; Chan, 1977; Chan and
Yeung, 1983; Tao et al., 1993; Yeung et al., 1993;
Ravaglia et al., 1997) but its biochemical and physi-
ological bases are still not well understood. The pur-
pose of this work was to study the ovarian anatomy and
to describe oocyte developmental stages in the swamp
eel, Synbranchus marmoratus. The knowledge of the
complete oogenesis process is important to establish the
sexual status throughout the female life, the first inter-
sex step during sex reversal, and the life history of this
interesting teleost species.

Materials and Methods

A total of forty two adult females of S. marmoratus
(39 £ 8 cm length) were collected monthly during 1997
in marshy areas near Santo Tomé City (Santa Fe, Ar-
gentina), carried to the laboratory in wet canvas bags,
and maintained in fresh water aquaria under natural
photoperiod conditions. Within 48 hours of collection,
fishes were anesthetized with benzocaine (1g/1), mea-
sured, weighed and killed by decapitation. Fresh ova-
ries were dissected under a stereoscopic microscope for
anatomical description and then fixed in Bouin’s fluid
overnight and embedded in paraffin. Sections from 7 to
20 pm thick (depending on the degree of oocyte devel-
opment), were stained with haematoxilin-eosin for
histomorphological studies, or with different his-
tochemical techniques (PAS, PAS-Alcian blue, Kliiver-
Barrera, Giemsa L, Cajal silver technic) to identify
mucoproteins and nervous components (Pearse, 1985).
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The PAS-metanil yellow method was used to stain base-
ment membranes in tissue sections from regressed ova-
ries previously embedded in glycol-methacrylate
(Quintiero-Hunter et al., 1991). Slides were examined
under light microscopy.

Cell diameters were measured using a calibrated
eyepiece micrometer, and results are expressed as the
diameter range recorded for each stage of oocyte devel-
opment.

For scanning electron microscopy, ovulated eggs
from the ovarian cavity were fixed in 4% glutaralde-
hyde in 0.1 M cacodylate buffer (pH 7.2) for 4 h, rinsed
in cacodylate/sacarose buffer and gradually dehydrated
from ethanol to acetone. The samples were then critical
point dried, coated with gold/palladium alloy and ex-
amined under a JEOL JSM-25S 11.

Results
Ovarian anatomy

The reproductive system of the female swamp eel
consists of a single tubular ovary, located above the di-
gestive system and attached to the dorsal wall of the
body cavity and to the gut by mesenteries. The ovary
occupies almost the entire body cavity and is covered
by a conspicuous muscular wall.

There is a “U-shaped” ovigerous lamella within the
ovarian wall. This lamella is attached to the muscular
wall by two lateral connective tissue bridges. Between
the lamella and the ovarian wall there is a cavity, the
ovarian lumen. The collapse of this cavity at final stages
of vitellogenesis is due to the pressure exerted by fully
developed oocytes inside the lamella. The whole gonad
is homogeneous in anatomy and oocyte distribution. The
germinal zone with oogonia and early oocytes rests on
the inner surface of the ovarian lamella. Developing
follicles are distributed along the outer surface of the
ovarian lamella (Fig. 1a). The ovarian wall mainly con-
tains smooth muscular fibers and dense connective tis-
sue. Although the muscular fibers are oriented in many
different ways, they seem to be arranged in at least three
distinct layers (Fig. 1b). The numerous nervous cords
found inside the ovarian wall are longitudinally oriented.
The different histochemistry techniques used (Cajal sil-
ver technic and Kliiver-Barrera), confirm them as amy-
elinic nerves forming a net-like structure (Fig. 1c, d).

The ovary narrows at its caudal end and joins the
uriniferous duct to form a short urogenital duct which
opens into the urogenital papilla. A small number of
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FIGURE 1. Ovarian anatomy. a: schematic drawing of S. marmoratus ovary in transverse
section, showing its morphology and anatomy. b: ovarian wall showing the distribution pattern
of the smooth muscular fibers. c¢: dorsal portion of the ovarian wall. Transverse sections of
many amyelinic nerves can be seen. d: detail of transverse section of a nerve. bv: blood vessel,
cb: connective bridge, dm: dorsal mesentherium, ge: germinal epithelium, gl: glial cells, n: nerve,
ne: neuron, oc: ovarian cavity, ow: ovarian wall, ol: ovarian lamella, ooc: oocyte, vm: ventral
mesentherium. Bars: a) 1 mm; b, c, d) 20 um. Staining technique: b, c, d) Hematoxilyn-eosin.
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mature females showed their ovarian cavity full of re-
cently ovulated eggs.

During the sampling period we found females with
ovaries in different stages of development and only a
few ovaries that had completely ovulated, with the ova-
rian cavity totally occupied with mature oocytes, ready
to be spawned. However, we found no ovaries with the
ovarian cavity partially occupied with mature oocytes.
Stages of oocyte development

To build a discrete scale of oocyte development,
we followed physiological and cytological criteria ap-
plied previously by other authors (Wallace, 1985; Cussac
and Maggese, 1986; Begovac and Wallace, 1988;
Casadevall et al., 1993; Tyler and Sumpter, 1996).

OOGONIA (00G)

Oogonia are distributed homogeneously along the
inner surface of the germinal epithelium which covers
the ovarian cavity, and are located between epithelial and/
or pre-follicular cells. They are large, generally ovoid to
fairly round, with an oval-shaped nucleus, loose chroma-
tin and usually a single nucleolus (Fig. 2a). The mean
cytoplasmatic diameter varies between 18 and 36 pm,
and the mean nuclear diameter between 14 and 17pm.

Germinal cells, epithelial cells and pre-follicular
cells constitute the germinal epithelium and are sepa-
rated from the underlying stroma by a basement mem-
brane. This membrane is recognized as a PAS positive
structure in glycol methacrylate sections of regressed
ovaries stained with PAS-metanyl yellow-hematoxilin.
(Fig. 2a). With light microscopy, germinal cells seem to
be in contact with the ovarian lumen.

There are other cells, alone or forming nests, with
oogonia-like aspect (spherical shape and large nuclei).
However, they can be identified as oocytes that have
not begun primary growth by the presence of synap-
tonemal complexes in the nucleus (Fig. 2b) and because
they are clearly separated from the germinal epithelium
by the basement membrane (Fig. 2c).

OOCYTE 1 (OOC 1): Primary growth or perinucleolar
stage

The primary growth stage initiates when after oo-
gonia enters in meiosis. At this stage, the ovarian fol-
licle, considered the functional unit of the ovary, is
formed. It consists of the oocyte surrounded by a folli-
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cular and a thecal cell layer.

Oocytes 1 (ooc 1) are rounded cells with abundant
cytoplasm (Figs. 2d and e). Mean cellular diameter var-
ies between 30-150 pm for the cytoplasm and 20-58 pm
for the nucleus (early and late stages respectively). Ag-
gregates of amorphous material, or “nuage”, can be typi-
cally found near the nucleus. The cytoplasm is baso-
philic.

Follicular cells form a continuous layer around the
oocyte. They have flat nuclei and with very thin cyto-
plasm very difficult to see at light microscopy level. At
final stages of ooc 1, homogeneous and PAS positive
material can be distinguished between the oocyte and
the follicular layer, and will develope into the vitelline
envelope.

OOCYTE 2 (00C 2): Cortical alveoli stage

At this stage, the oocyte cytoplasm has a basophilic
aspect. Cytoplasmatic and nuclear diameters vary among
140-360 pm and 40-100 pm, respectively The nucleo-
cytoplasmatic ratio decreases progressively. Nucleoli are
placed close to the nuclear envelope, which in this stage
is characterized by its irregular shape (Fig. 3b). Nucleoli
will remain at this position during the whole process of
oocyte development. This stage is characterized by the
appearance of three principal components: 1) cortical
alveoli; 2) vitelline envelope and 3) the Balbiani body.

Cortical alveoli (the yolk vesicles of early litera-
ture) appear at the beginning in the peripheral zone of
the ooplasm. They are membrane-limited rounded
vesicles of variable size with PAS positive content. As
oocyte increase in size, cortical alveoli increase in num-
ber and begin to fill the oocyte cytoplasm (Fig. 3c). At
final stages, the cortical alveoli are displaced and packed
in a peripheral location, just beneath the plasm mem-
brane (Figs. 3d-f).

The vitelline envelope can clearly be distinguished
almost at the same time of cortical alveoli. It appears as
a thin PAS positive band with a homogeneous struc-
ture, and a mean diameter of 2 um (Fig. 3d).

The Balbiani body (also known as “yolk nucleus™),
is a conspicuous body that can be distinguished near
the nucleus. This highly basophilic structure is 8 to 24
pm in diameter (Fig. 3a).

During this stage also begins the formation of
cytoplasmatic lipid droplets. They accumulate at the
beginning in a perinuclear position and they continue
to amass possibly throughout the rest of oocyte growth.
At light microscopy level it is difficult to distinguish
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FIGURE 2. Oogonia (OOG) and Primary growth oocytes
(OOC 1). a: oogonia located in the germinal epithelium. b:
early oocyte with synaptonemal complexes in the nucleus
(arrow heads). c: recently developed oocyte nest located just
under the germinal epithelium. d: primary growth oocytes
showing nuage in the perinucleolar cytoplasm (arrow heads).
e: basophilic oocyte that have undergone primary growth, a
surrounding follicular cell can be seen. Below it there are
many other oocytes in previous phases. Double arrowhead:
nuage, bm: basement membrane, ec: epithelial cell, oc: ova-
rian cavity, ooc: oocyte, oocn: oocyte nest, oog: oogonia, pf:
prefollicular cell, fc: follicular cell. Bars: 20 mm. Staining tech-
nique: a, ¢) PAS-metanil yellow, b, d, ) Hematoxilyn-eosin.
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FIGURE 3. Cortical alveoli stage (OOC 2). a: general as-
pect of oocytes showing the Balbiani body and cortical al-
veoli in the peripheral cytoplasm. b: detail of the nuclear
membrane showing the irregular shape that characterize
this stage. c: oocytes with cortical alveoli distributed in dif-
ferent parts of the cytoplasm according to their degree of
development. d-f: photographic sequence showing the dis-
placement of the cortical alveoli and its packaging in the
peripheral cytoplasm. g: detail of an oocyte cytoplasm show-
ing lipid droplets and cortical alveoli. Arrow: follicular cells,
double arrow: thecal cells, arrowhead: vitelline envelope,
bb: balbiani body, ca: cortical alveoli, Id: lipid droplet, nu:
nucleoli, oc: ovarian cavity. Bars: 50 um. Staining technique:
a-g) Hematoxilyn-eosin.
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FIGURE 4. Vitellogenesis (OOC 3). a: trichromic staining of an early vitellogenic oocyte showing fluid yolk spheres,
cortical alveoli and lipid droplets. b: trichromic staining of a mid vitellogenic oocyte showing the displacement of
cortical alveoli to the periphery due to the huge accumulation of fluid yolk spheres. ¢, d: general aspect of mid and
late vitellogenic oocytes, respectively, showing the accumulation of yolk as spheres (c) and crystalline platelets (d).
e: high magnification of a vitellogenic follicle. The vitelline envelope is well developed with its typical radiated struc-
ture. The follicular layer remain single and flat. f: germinal vesicle of a vitellogenic oocyte showing some structures
that would be condensed chromosomes. arrow: chromosomes, arrowhead: follicular cell, double arrowhead: cortical
alveoli, gv: germinal vesicle, Id: lipid droplets, ve: vitelline envelope, yp: yolk platelets, ys: yolk spheres. Bars: a-b)
20pm; c-d-f) 100 um; e) 30 um. Staining technique: a, b, d) PAS-Alcian blue. c, e, f) Hematoxilyn-eosin.
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between lipid droplets and cortical alveoli because they
appear as empty vacuoles with the morphological stain-
ing methods used (Fig. 3e).

OOCYTE 3 (OOC 3): Vitellogenesis

Vitellogenesis is the principal process responsible
for the significant increase in volume of the oocytes, up
the 90% of the final egg size.

Oocytes in early vitellogenesis are characterized
under light microscopy by the presence of little yolk
globules situated under the cortical alveoli in the pe-
ripheral cytoplasm (Fig. 4a). As oocyte growth contin-
ues, these yolk globules increase in number, become
distributed throughout the oocyte cytoplasm and fre-
quently fuse in a centripetal way. The central accumula-
tion of yolk spheres displaces the cortical alveoli to the
peripheral zone (Figs. 4a, b).

At final stages of vitellogenesis the ooplasm is com-
pletely occupied with different size yolk platelets. The
inner are bigger than the outer ones near the oocyte
membrane (70-80 pum and 30-40 pm, respectively).

The vitelline envelope gets thicker, up to 11um, and
shows the typical radiated structure. These striations
belong to the channels left in the envelope structure by
the microvilli which connect both the follicular cells
and the oocyte (Fig. 4e).

The follicular and thecal cells are still arranged in
a single cell layer.

At this stage, the nucleus is progressively displaced
towards the animal pole and some structures, probably
condensed chromosomes, can be distinguished in the
central part of the germinal vesicle (Fig. 4f). However,
the nucleus is very difficult to find due to the huge
amount of yolk spheres throughout the ooplasm.

During this part of development, oocytes reach di-
ameters of up to 4 mm (and the germinal vesicle 180
pm). This means that during the whole process of devel-
opment oocytes increases their size more than 100 times.

OOCYTE 4 (OOC 4): Ovulated oocytes

In Synbranchus marmoratus oocytes are ovulated
to the ovarian cavity leaving the thecal and follicular
layers in the ovarian lamella. Ovulated oocytes are
spherical in shape and the colored pigments contained
within the lipid droplets give them the characteristic
yellow-orange coloration. They are about 4 mm in di-
ameter.
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Ovulated eggs are covered by the vitelline enve-
lope whose structure is similar to that observed in late
stages of ooc 3, and no jelly-coat is observed. The cyto-
plasm is fully occupied with yolk platelets. The micro-
pyle pit can be seen on the animal pole of ovulated eggs
under the stereoscopic microscope. Histological differ-
ences between late stages of ooc 3 and ovulated oocytes
are not conspicuous at light microscopy level.

Micropyle system

Ovulated oocytes collected from the ovarian cavity
were observed with scanning electron microscopy (SEM).
They showed a compact vitelline envelope surrounding
the egg, with a single micropyle as the only entrance into
the animal pole (Fig. 5a). The vitelline envelope in the
vegetative pole has a polyhedrical surface that resembles
“floor tiles” (Fig. 5b). Over the equatorial region, these
“tiles” change their shape and elongate to form isolated
crests. Near the animal pole these crests fuse together
and become furrow-like structures with a slightly spi-
raled direction (Fig. 5¢). These furrows converge directly
into the micropyle pit. In the center of this pit is located
the micropylar canal (Fig. 5d).

Atretic and ovulated follicles

Remnants of both atretic and ovulated follicles are
present in the ovaries of the swamp eel (Fig. 6).

The onset of resorption is first detected by changes
in the follicular cell layer. These cells, that are initially
flat or cubic in shape, become cylindrical and vacuolized
and are apparently phagocytic (Fig. 6d). Almost com-
pletely resorption of the oocyte cytoplasm, occurs in
this way and the presumably phagocytic cells are fi-
nally grouped in epithelioid masses. Eosinophilic granu-
locytes can be identified (Giemsa-L test) (Fig. 6e) in
the atretic structures and they may be also involved in
the regression process.

The atretic structures show, under UV light, an in-
tense autofluorescence within the range of 400-440 nm.
The yolk platelets in viable oocytes have a soft green
autofluorescence. Oocytes that have undergone regres-
sion processes show an intense orange fluorescence that
vanishes while degradation goes on.

At the end of the atretic process, the follicular ’ph-
agocytic” cells, the degenerative granulocytes, the fol-
licle remnants and pigmented debris, remain together
and form a compact heterogeneous structure. This struc-
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ture condenses with time and forms the brown bodies
or “melano-macrophage centers” characteristic of fish
(Ravaglia and Maggese, 1995) (Fig. 6f). The follicular
wall of ovulated follicles remains in the ovary and un-
dergoes a similar regression process, except that resorp-
tion of yolk material does not occur.

Discussion

Natural sex reversal occurs in Synbranchus
marmoratus (Lo Nostro and Guerrero, 1996). In spite
of their wide distribution and abundance, and the very
interesting fact of sex reversal, the information on their
life cycle and the regulation of the sexual processes is
scarce. Only a few old papers on a related species
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(Monopterus albus) have described some reproductive
characteristics (Chang and Phillips, 1967 a, b; Tang et
al., 1974; Tao et al., 1993). Recently, new interesting
reports have been published about S. marmoratus sper-
matogenesis, induction of sex reversal and brain distri-
bution of sex hormones (Lo Nostro and Guerrero, 1996;
Ravaglia and Maggese, 1995; Ravaglia et al. 1997,
Vissio et al., 1996). However, for a better understand-
ing of the basis of any reproductive study, is important
to know the normal ovarian histology and oocyte devel-
opment process. This is the first complete study about
oogenesis in this species.

The ovarian anatomy of S. marmoratus corresponds
to the cyst-ovarian type (Dodd, 1977; Nagahama, 1983)
such as was also described in Monopterus albus (Chan
and Phillips, 1967a) and other teleosts.

FIGURE 5. Ovulated oocytes (OOC 4). a: SEM general aspect of an ovulated oocyte observed from the
animal pole. b: vegetative pole surface of an ovulated oocyte with SEM. The vitelline envelope resemble
“tiles”. c: SEM detail of the oocyte animal pole showing the furrow-like structures that converge in the micro-
pyle. d: SEM detail of the micropyle. The micropylar canal opens in the center of the micropyle pit. Arrow:
vitelline envelope furrow, black/white arrowhead: micropyle canal, white arrowhead: micropyle, mp: micro-

pyle pit. Bars: a) 1 mm; b-c) 100 pm; d) 10 pm.
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FIGURE 6. Atretic structures. a: atretic follicle in a previtellogenic ovary. b: ovulated follicle in a post spawned ovary. c:
macroscopic view of a post spawning ovary showing the ovulated follicles like collapsed sacs. d: detail of phagocytic
follicular cells from an initial atretic follicle. e: advanced atretic follicle. Eosinofilic granulocytes can be seen between the
phagocytic follicular cells and the residual structures. f: melano-macrophage center in the ovarian lamella. af: atretic
follicle, arrowhead: phagocytic follicular cells, bv: blood vessel, g: granulocytes, mmc: melano-macrophage center, of:
ovulated follicles, ooc: pre-vitellogenic oocyte, ow: ovarian wall. Bars: a-b-d-e-f) 50 um; ¢) 2 mm. Staining technique: a,
b, d, e, f) Hematoxilyn-eosin.
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The ovary has a sacular type structure and mature
eggs are ovulated into the ovarian cavity. The gonad
length takes almost 2/3 of the body cavity and 1/2 of
the total body length. The finding of a few females with
the ovarian lumen completely occupied with ovulated
eggs allowed us to confirm the existence of a complete
ovulation of all vitellogenic oocytes. This fact plus the
absence of partially-spawned ovaries in all the repro-
ductive fish sampled suggest the existence of only one
complete spawning in each reproductive season. The
histological studies and the ovarian dynamics (Ravaglia,
2000) confirm that S. marmoratus can also be consid-
ered as a “synchronous by group” spawner, according
to Wallace and Selman (1981). The ovary contains a
main population of large, well-developed oocytes, that
would be synchronically ovulated, and a second and
very little population of previtellogenic oocytes, that will
be recruited in the following reproductive season. It was
also confirmed that the only place for egg-storage is
the ovarian lumen.

The large ovarian length plus the synchronous ovu-
lation found, suggest the existence of a particular egg-
releasing system. It might exists a kind of peristaltic-
like contraction system for moving down the eggs toward
the urogenital papilla, that would act contracting the
ovarian wall from the anterior portion to the posterior
one, moving the eggs in consecutive waves.

The terminology used to describe different stages
of oogenesis varies according to authors and species.
The roman numerals or the alphabetical classification
are very different and sometimes misleading in many
species. In the last years the classification that seems to
be the most acceptable is that which briefly describes
some remarkable characteristic of development (Selman
and Wallace, 1986, 1989; Wallace and Selman, 1981;
Selman et al., 1986, 1988; Begovac and Wallace, 1988;
Tyler and Sumpter, 1996). This is the one we have used
to describe S. marmoratus oogenesis.

The observations made on the ovarian anatomy and
oogenesis in S. marmoratus suggest the existence of a
germinal epithelium. Although this concept is not new
for mammals, its application to fish gonadal anatomy
is relative new. Recently Grier (2000) has redefined the
idea for Centropomus undecimalis in a complete ultra-
structural work.

In the swamp eel, the germinal epithelium borders
the ovarian lumen and it is supported by a basement
membrane that separates it from the lamellar stroma.
The germinal epithelium consists of oogonia and oo-
cytes that advance as far as the arrested diplotene of the
first meiotic prophase and somatic cells such as epithe-
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lial and pre-follicular cells. A similar structure was found
in the pipefish Syngnathus scovelli (Begovac and
Wallace, 1987, 1988). Once oogonia enter to the first
meiotic prophase they should be considered oocytes.
Pre-follicular cells that surround the oocyte and a diplo-
tene oocyte pinches off from the surface and form the
ovarian follicle. In the ovarian stroma some somatic cells
will be re-distributed around the follicular ones and form
the theca. At this point the ovarian follicle is formed.
Although our light microscopy observations support the
existence of a germinal epithelium, it is very difficult
to observe the differences between oogonia and recently
formed oocytes. According to Grier (2000) the criteria
used to differentiate both types of germinal cells are
based on nuclear morphology. In general oogonia have
ovoid nuclei, diffuse chromatin and a single nucleolus.
On the other hand oocytes have round nuclei, also one
nucleolus and conjugated chromosomes at pachytene
that form synaptonemal complexes. When oocytes en-
ter diplotene the primary growth begins and the cyto-
plasm becomes basophilic. This is an important char-
acter to consider in oogenesis staging, because these
cells were always thought to be oogonia.

Although in S. marmoratus the nuage could be iden-
tified only in growing ooc 1 at the light microscopy level,
it is also typical of oog although it can be only identi-
fied under the electron microscope in them.

Vitellogenesis is one of the most interesting pro-
cesses during oogenesis. As in most oviparous animals,
yolk is one of the most conspicuous elements in eggs.
In teleost fishes, many related structures have been de-
scribed in literature (yolk vesicles, lipid droplets, corti-
cal alveoli, etc.). In the swamp eel, lipid droplets are
the first vitellogenic structures that appear within the
egg cytoplasm. Cortical alveoli appear almost simulta-
neously with lipid droplets. It has been well established
that one of the important functions of cortical alveoli is
to avoid the polyspermy by hardening the vitelline en-
velope after fertilization (Nagahama, 1983). Scanning
electron microscope, immuofluorescense and affinity-
chromatography (Selman et al., 1988) have shown that
yolk vesicles and cortical alveoli are the same structure
and these authors suggest to name them cortical alveoli
rather than yolk vesicles, because they do not serve as a
source of nutrients to the embryo.

The atretic figures are very common in fish go-
nads throughout the entire reproductive life cycle and
their origin is variable. Van den Hurk and Peute (1979)
have described very well all the atretic processes in the
rainbow trout. They divided the process in four stages
named a, 3, yand 8. The atretic process in S. marmoratus
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agree with the stages described in rainbow trout. The &
stage of rainbow trout corresponds to the melano mac-
rophage centers of S. marmoratus (or CMM). A com-
plete description of these structures can be found in
Ravaglia and Maggese (1995).

The complex surface of the vitelline envelope of
ovulated eggs is not a common feature of fish eggs. Simi-
lar structures have been described in only a few spe-
cies. Riehl and Kokoscha (1993) found the most evi-
dent and interesting case in the eggs of Luciocephalus
sp. They show in mature eggs the existence of an in-
credible chorion architecture having lots of ridges and
furrows in the animal hemisphere. These furrows have
an spiraled arrangement and converge into the micro-
pyle pit. Amanze and Iyengar (1990) described in the
eggs of the cyprinid Barbus conchonius a micropyle
region that consists of almost ten grooves and ridges,
which are directed into the micropyle canal. In the cat-
fish Sturisoma aureum, Riehl and Spatzner (1991) found
eggs whose vitelline envelope have furrows running
from the vegetal to the animal pole. In Luciocephalus
sp. The number of furrows is similar to those of S.
marmoratus, while in the other two studied species, the
number of ridges is considerably lower. In Barbus
conchonius, Amanze and Iyengar (1990) were able to
demonstrate using time-lapse video microscopy and
image analysis of sperm movements that the grooves
guide sperm into the micropyle. They also calculated
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that this guidance role would increase sperm penetra-
tion and/or fertilization up to 99.7%. Although the ridges
and furrows in the swamp eel S. marmoratus are not as
developed as the Luciocephalus sp. ones, we suggest
the possible existence of a similar sperm guidance role
to the one found in Barbus conchonius.

We could not recognize the micropyle structure
under light microscopical observations. Although the
number of histological sections of mature oocytes ob-
served was important, there was no evidence of the mi-
cropylar cell. This may be due to two reasons: the oo-
cytes at final stages of growth are quite large, so the
chances of finding the sections with the micropyle cell
are low. On the other hand it is very difficult to get good
and complete histological sections of mature oocytes
because the fixed yolk platelets have a hard crystalline
structure that make the paraffin-slicing process really
difficult.
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