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Oocyte structure and ultrastructure in the Mexican silverside fish 
Chirostoma humboldtianum (Atheriniforme: Atherinopsidae)
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Abstract: The structural and ultrastructural features of gonads from endemic Mexican fish have received scarce 
attention. This study describes the histological and ultrastructural characteristics of oocyte from Chirostoma 
humboldtianum. The ovary is asynchronic, and as such, most phases of oocyte development are found in the 
same ovary. The complete process of oogenesis was divided in five stages: oogonium and folliculogenesis, pri-
mary growth, cortical alveoli and lipid inclusions, vitellogenesis, and maturation. The presence of big filaments, 
which appear at the end of primary growth, induces some common follicular adaptation. During primary growth, 
abundant ribosomes, the rough endoplasmic reticulum, and mitochondria are grouped in the cytoplasm. At the 
end of this stage, the Z1 layer of the chorion is developed, while microvilli start to be evident. In the cortical 
alveoli and lipid droplets phase, intense PAS positive vesicles, some of them containing nucleoid material, are 
observed in the peripheral cytoplasm and the lipid droplets take a more central position. In vitellogenesis, the 
proteic yolk accumulates in a centripetal way while the chorion is completely formed. During maturation, the 
germinal vesicle migrates to the animal pole, meiosis is restored, and there is nuclear breakdown. The oocyte 
increases its size and holds some oil droplets and a big fluid mass of yolk. On the outside, filaments completely 
surround the oocyte. Rev. Biol. Trop. 56 (3): 1371-1380. Epub 2008 September 30.
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Oogenesis is a fundamental phase in the 
reproductive process of organisms. Its compre-
hension is essential to understand the reproduc-
tive biology of species. Moreover, it provides 
a detailed picture of the reproductive state of 
females, which permits us to design and improve 
management proposals for species of economic 
importance. Histological studies on oogenesis 
provide some information but they present sev-
eral limitations when applied to vertebrates.

Teleosts are the biggest group of verte-
brates. Hence, there is much diversity found 
in their oogenesis processes. Chirostoma hum-
boldtianum (Mexican silverside fish) is an 

endemic freshwater fish from central and west-
ern Mexico. This genus includes several small 
species, locally named ‘charal’ and bigger 
species, called Mexican silverside fish, which 
have been used for human consumption since 
Prehispanic times and, hence, are of economi-
cal importance. 

Previous investigations about this genus 
have dealt with its taxonomy (Barbour 1973a, 
Dyer & Chernoff 1996), geographical distribu-
tion (Barbour 1973b), morphological studies 
(Barriga-Sosa et al., 2002), and histological and 
ultrastructure of spermatogenesis (Cardenas & 
Barrera 1998). 
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The aim of this work is to describe the 
structure and ultrastructure of the ovary, espe-
cially of oocytes of C. humboldtianum.

METHODS

Mexican silverside fish specimens were 
collected from the Zacapu lagoon in the State 
of Michoacan, Mexico, located between 
19º40’40” and 19º49’26” N; and 101º46’45” 
and 101º47’25” W. After collection, the fish 
were first anaesthetized with MS 222 and then 
measured and killed by transversal section. 
For light microscopy (LM), the ovaries were 
removed and fixed in 2% paraformaldehyde 
(in saturated picric acid and phosphate buffer 
solution, pH 7.4, or Bouin’s solution) for 24 hr. 
The samples were dehydrated with alcohol and 
included in paraffin, cut at 1-5 µm and stained 
with hematoxylin and eosin or PAS. Finally, 
the sections were mounted with Entellan. 
Preparations were observed using a Leica DM 
microscope and images were processed with a 
Leica Qwin processor. For electron micros-
copy (TEM) other samples were fixed in 4% 
glutaraldehyde in cacodylate buffer (pH 7.4) 
or glutaraldehyde and paraformaldehyde mix 
in phosphate buffer. These samples were post-
fixed with 1% osmium tetraoxide, dehydrated 
with alcohol, included in plastic resin (EPON), 
cut with an ultramicrotome and contrasted with 
uranyl acetate and lead citrate. Observations 
were done in a Jeol 100 x or a Jeol 1200 Ex 
transmission electron microscope.

RESULTS

Ovary

The ovaries of C. humboldtianum are 
paired and elongated organs attached to the 
abdominal wall throughout the mesorchium. 
On the posterior part, the ovaries continue in 
a short gonoduct. Immature ovaries are white-
coloured with small black dots due to melano-
phore cells that, during development, start to 
proliferate and cover the whole surface; as a 
consequence, the gonads become completely 

black. This pigmentation of the ovaries remains 
for the rest of the female’s life (Fig.1A, 1B).

The ovary wall shows smooth muscles. In 
young females, only few muscle cells form part 
of this organ-binding wall, but in time, these 
cells proliferate, resulting in a more developed 
and thicker layer (Fig. 1A, 1B).

Ovaries are asynchronic and show differ-
ent cell types during their development. Inside, 
lamellae are distinguished, especially during 
primary growth in young fish. The complete 
oogenesis process was divided in five stages: 
early oogenesis (formation of young oocytes 
from oogonia and folliculogenesis), primary 
oocyte growth, cortical and lipid stage, vitel-
logenesis, and maturation.

Early oocytes (size: ~ 10 – 25 µm).

In the ovaries of adults, oogonia are seldom 
identified because they lie close to the epithelial 
cells. In this study, oogonia proliferation was 
not observed. Oocytes in meiosis (Fig. 1C) or 
late stages are found in small groups, they have 
a spherical nucleus with a single nucleolus, and 
a discrete amount of cytoplasm with ribosomes, 
mitochondria and endoplasmic reticulum. The 
follicle cells start to enclose the oocyte during 
the initial meiosis process (Fig. 1D).

Primary oocyte growth (size: ~ 25-270 µm)

The first phase of oocyte growth starts 
with the arrest of meiosis in diplotene. At this 
moment, the nucleus is spherical and in a cen-
tral position. Initially, the nucleoli are scattered 
throughout the nucleoplasm, but soon they 
take a more peripheral location, close to the 
nuclear envelope (Fig. 1E). There is abundant 
material flowing from the nucleus to the cyto-
plasm. Under LM, the oocytes show a highly 
basophilic cytoplasm and only few structures, 
like the endoplasmic reticulum, can be distin-
guished. Basophylia is due to abundant, free 
ribosomes that give the cytoplasm its granular 
appearance. Also, groups of mitochondria are 
present; these organelles are rounded with 
numerous cristae (Fig 1F). As the development 
of the oocyte continues and its size increases, 
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Fig. 1. The ovary of Chirostoma humboldtianum. A) Section of an ovary showing the wall and follicle at all development 
of stages, LM; B) Section of a detail of the wall, LM; C ) Early meiotic oocyte, TEM; D) Early oocytes, LM; E) Oocyte 
in primary growth, LM; F) Cytoplasm of oocytes during primary growth, TEM; mp, melanocytes; sm, smooth muscle; og, 
early oocytes; m, mitochondria; n, nucleus; arrows, synaptonemal complex; arrow heads, rough endoplasmic reticulum; po, 
primary growth oocyte.
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basophylia diminishes and more membrane 
organelles, like the rough endoplasmic reticu-
lum (RER) and the Golgi complex begin to be 
apparent. By this time, mitochondria are dis-
tributed throughout the cytoplasm, even in the 
peripheral region of the oocyte. In the last phas-
es of this stage, the chorion (vitelline envelope 
or zona radiata) starts to be formed, especially 
layer one (Z1). Under LM, it is PAS positive, 
suggesting a carbohydrate nature, and under 
EM it appears as an electrodense structure (Fig. 
2A, 2B). Some oocyte microvilli can be found 
reaching the extracellular space close to the fol-
licular (granulosa) cells, which are flat and sur-
round the oocyte in one single layer (Fig. 2A, 
2B). In the young follicle systems, granulosa 
cells contain few mitochondria and endoplas-
mic reticulum. At the end of this phase, how-
ever, their morphology changes as they grow 
thicker. Outside the chorion, filaments start to 
be distinguished. They are acidophilic when 
seen under LM (Fig. 1E, 2C), while under EM 
they look like electrodense material (Fig. 2F, 
3A). During the rest of oogenesis, the filaments 
continue to grow and enroll around the oocyte 
(Fig. 3B), increasing their diameter as the 
oocyte develops. Their function is to attach the 
developing embryo to the substrate.

Secondary oocyte growth. 
Lipid stage and cortical alveoli. 
(size: ~270-380 µm)

This stage begins when cortical alveoli 
and lipid vesicles are formed, which are eas-
ily observed under LM (Fig. 2C). The lipid 
vesicles are homogeneous, moderately electro-
dense and have a smooth inner surface. Lipid 
accumulation continues also during vitellogen-
esis. We were not able to identify whether the 
lipids have an extragonadal or gonadal origin.

Cortical alveoli are located in the periph-
eral cortex. Two kinds of vesicles can be 
distinguished: one with homogeneous inner 
material and another with nucleoids. Under 
LM, both vesicles are PAS positive structures. 
Nucleoids are seen individually or as fused 
particles. Under EM, the homogeneous cortical 

alveoli are observed with fine granular materi-
als inside and nucleoid alveoli have different 
degrees of electrodense materials inside (Fig. 
2C, 2D). Also, the cytoplasm contains sparsely 
distributed free ribosomes, rough endoplasmic 
reticulum, and mitochondria (Fig. 2E), visible 
as weak basophilic cytoplasm. Inside the nucle-
us, the chromatin is fine granular and nucleolar 
material still lies on the envelope. 

The oocyte microvilli are still extending 
throughout the chorion towards the granulosa 
cells (Fig. 2F). 

During this stage, the granulosa cells 
change their morphology completely. In order 
to approach the oocyte, these cells form a 
prolongation that passes between the filaments 
towards the oocyte vicinity (Fig. 2F). The fol-
licle cells have vacuoles in their cytoplasm that 
are observed both under LM and EM (Fig. 3A). 
Besides, in these cells, an important develop-
ment of endoplasmic reticulum is observed. 
There is a basal lamina outside of the follicle 
cells and, on its external face, flat theca cells 
are located. Often, several blood vessels are 
associated with the follicle (Fig. 2F, 3A).

Vitellogenesis (size ~ 380-650 µm)

This stage is characterized by a substan-
tial increase in oocyte size, caused by the 
incorporation of external materials inside the 
ooplasm. The oocyte accumulates membrane 
bound yolk platelets that increase their size 
according to oocyte development (Fig. 3C). 
The chorion becomes thicker as more extra-
gonadal proteic layers are added (Z2 and 
Z3), with the most internal layer having a 
geometrical arrangement (Fig. 3D, 3E). The 
microvilli cross through chorion pores (Fig. 
3D, 3F), and are always localized just in front 
of the granulosa cells. These cells increase 
their size, becoming columnar and show clus-
ters of round mitochondria and abundant 
rough endoplasmic reticulum (Fig. 4A). In 
addition, some vacuoles are seen inside the 
cytoplasm and the abundance of these struc-
tures suggests elevated steroid synthesis (Fig. 
3F, 4A). Due to the increase of the filaments’ 
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Fig. 2.- Primary growth oocytes TEM. A – B) m, mitochondria; Ch, chorion; f, follicle cell; n nucleus; nu, nucleolus ; arrows, 
endoplasmic reticulum; arrow head, microvilli; fi, filaments. TEM. Cortical alveoli oocytes. C) LM. E – F) TEM. asterisk, 
cortical alveoli; n; nucleus; fi, filaments; m, mitochondria; ncl, nucleoid; arrow, endoplasmic reticulum, Ch chorion; O, 
oocyte; f, granulosa cells; bl, basal lamina; t, theca cells. For more details, see text. 
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Fig. 3.- Cortical alveoli oocytes. A) TEM. B) LM: fi, filaments; n, nucleous; va, vacuoles; arrows, dark inclusions into the 
granulosa cells; vitellogenic oocytes C) TEM: Inset in top right angle coated clathrin vesicle; D-F) TEM: Ch, chorion; mv, 
microvilli; Z1, Z2, Z3, layer 1, 2 and 3 of the chorion respectively; O, oocytes; fi, filaments; Y, proteic yolk; t, thecal cell; 
f, granulosa cells; asterisk, cortical alveoli; n, nucleous.
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diameter, sometimes they seem to be pseudos-
tratified (Fig. 3F). It would be interesting to 
investigate whether the interaction with the 
oocyte brings about a differential function of 
the closer granulosa cells. Some dark inclu-
sions are also found inside the cells, close to 
the basal lamina, indicating an active flow 
of substances (Fig. 3A, 4B). Probably, these 
inclusions are precursor materials that will be 
incorporated in the filaments. In this stage, 
some desmosomes are even present among 
granulosa cells. Theca cells do not change 
their morphology during oogenesis and they 
remain as flat cells outside the basal lamina. 
The latter is thick and fibrous and displays 

collagen fibres oriented in parallel with the 
follicular surface (Fig. 2F, 4B).

Inside the ooplasm, there are small vesi-
cles that enclose electrodense materials. High 
magnification shows that the vesicles are coated 
by clathrin (Fig. 3C). These clathrin-coated 
microspheres can be observed in the peripheral 
cytoplasm of the oocyte, indicating a selective 
transportation of material and suggesting an 
intense uptake of extracellular material. Once the 
spheres are internalized, they coalesce with oth-
ers to form vitelline platelets. These platelets are 
stored centripetally. Some mitochondria, rough 
endoplasmic reticulum, and free ribosomes are 
still found in the periphery of the cytoplasm.

Fig. 4.- Granulosa cells. A-B) TEM: Ch, Chorion; va, vacuole; RER, rough endoplasmic reticulum; n, nucleous; nu, nucleo-
lus; f, granulosa cell; fi, filaments t, theca cells,; arrows, dark inclusions in granulosa cells. Matture oocytes. C-D) LM: Y, 
yolk; O, oocyte; fi, filaments; Ch, chorion; asterisk, cortical alveoli; arrow, entire filaments.
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Maturation (size ~ 650-1150 µm) 

The oocyte continues to grow and the 
principal event of this stage is the resumption 
of meiosis. This begins with the nuclear migra-
tion to the animal pole of the oocyte. After this, 
the germinal vesicle breaks down; protein yolk 
suffers disorganization, probably due to the 
hydrolysis of its components, resulting in an 
irregular mass occupying most of the central 
area of the oocyte (Fig. 4C). Lipids accumu-
lated during vitellogenesis join together and 
form several distinguishable lipid (4-7) drops 
in the animal hemisphere (Fig.4D). All of 
these events are followed by hydration of the 
oocyte.

DISCUSSION

In this study, oocyte and follicle devel-
opment in Chirostoma humboldtianum was 
divided in five phases based on histology and 
ultrastructural observations. These stages are 
compatible with other classifications commonly 
used in teleosts (de vlaming 1983, Nagahama 
1983, Selman & Walllace 1986, Wallace & 
Selman 1990, Selman et al., 1993, Tyler & 
Sumpter 1996). We used the term “lipid stage 
and cortical alveoli” in the same way as it was 
recently used by Abascal & Medina (2005).

Oogenesis in C. humboldtianum is not very 
different from that in other teleosts (Selman & 
Wallace 1986, Wallace & Selman 1990, Grier 
2000, Cruz-Landim & Cruz-Höfling 2001, 
Higashino et al., 2002, Abascal & Medina, 
2005) and ultrastructural observations cor-
roborate a similar development of the oocyte 
as in other species. It is generally accepted 
that oocytes in teleosts arise from the germinal 
epithelium that border the lumen of the ovary 
(Wallace & Selman 1990, Grier 2000). Just 
like in bluefin tuna, where mitotic proliferation 
of oogonia was not found (Abascal & Medina 
2005), we could not find this phenomenon in 
adults of Mexican silverside fish, described 
for Centropomus undecimalis by Grier (2000). 
Early oocytes under meiotic conditions seem to 
be grouped in a similar way as in other teleosts 

(Selman et al., 1993, Grier 2000, Abascal & 
Medina 2005); their development seems syn-
chronic and the presence of meiotic figures 
in the ovary epithelium of C. humboldtianum 
confirms the importance of this layer (Selman 
& Wallace 1986, Wallace & Selman 1990).

During the primary growth of the oocyte, 
the nuage of different durations has been 
reported for several species, like Centropomus 
undecimalis and Thunus thynus (Grier 2000, 
Abascal & Medina 2005). For C. humbold-
tianum, the nuage seems more similar to that of 
C. undecimalis, where it happens at the initial 
folliculogenesis, in contrast to Thunus, where 
nuage is persistent until the lipid stage (Abascal 
& Medina, 2005).

As in many vertebrate species, primary 
growth is characterized by an active synthesis 
of RNAs, and in this phase, this is easy to 
identify through the abundance of ribosomes 
and mitochondria in the cytoplasm. During this 
stage, it is common for the oocyte to have a 
nucleus with numerous peripheral nucleoli, as 
in most other teleost species (Selman Wallace 
1986, Cerdà et al., 1997, Blazer 2002, Patiño & 
Sullivan 2002, Patiño et al., 2003). Besides, like 
in Thunus thynus but contrary to Dicentrarchus 
labrax where chorion formation starts until 
the oocyte is in the secondary growth phase, 
the oocyte in C. humboldtianum develops the 
first chorion layer during primary growth, as 
observed under both LM and EM. It has been 
proposed that Z1 has a carbohydrate origin 
(Fausto et al., 2004), and its PAS positive struc-
ture confirms this in C. humboldtianum. On 
the other hand, the other layers have a proteic 
nature (Begovac & Wallace 1989).

The first evidence of nutrient accumula-
tion is found during the secondary growth 
stage, when small lipid vesicles appear, which 
gradually increase in number and size. They 
start to fuse together, making larger inclusions 
that are arranged centripetally. This seems to 
be common in other teleosts as well. It has 
been postulated that these inclusions are tria-
cylglycerols rather than polar lipids (Mourente 
et al., 2002) and apparently oil droplets are 
functioning rather as a reserve substance than 
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as structural lipids, which are available since 
the secondary growth phase. We could not 
determinate whether the origin of these lipids 
is extragonadal or gonadal.

Similarly to other fish, the ooplasm of C. 
humboldtianum is very abundant in membrane-
bound cortical alveoli, which derive from RER 
cisternae (devlaming 1983, Selman et al., 1986, 
1988). For C. humboldtianum, the frequency of 
these structures is high in the cytoplasm as 
compared with the bluefin tuna (Abascal & 
Medina, 2005) but similar to Fundulus (Selman 
& Wallace 1986) for both kind of vesicles with 
or without nucleoids but with fine granular 
materials inside. It has been discussed that the 
role of cortical alveoli is insignificant in the 
fertilization process (devlaming 1983; Selman 
et al., 1986, 1988, Tyler & Sumpter 1996, 
Abascal & Medina 2005), and for Mexican 
silverside fish, this seems to be another exam-
ple of it because the cortical alveoli lose sig-
nificance as the oocyte develops. The cortical 
alveoli appear when the oocyte is around 180-
200 µm, just as in other teleosts (Selman & 
Wallace 1986, Patiño & Sullivan 2002, Abascal 
& Medina 2005).

In teleosts, the dramatic increase of oocyte 
size occurs together with proteic yolk intake 
during the secondary growth phase. This is 
possibly explained by the presence of numer-
ous microvilli in the peripheral area of the 
oocyte, increasing the contact surface with the 
yolk and intake of material that is characterized 
by pits and vesicles. As has been established 
by Selman & Wallace (1983), vitellogenin 
circulates in the blood and displaces among 
the endothelial cells of the capillaries and 
subsequently among follicle cells, reaching 
the region where microvilli extend through the 
pores of the vitelline membrane (Selman & 
Wallace 1983, 1986, Smythe 2003).

In Chirostoma, there is a space between 
the borders of the microvilli and the granulosa 
cells that is filled with electrodense material, 
similar to what is found in the vesicles of the 
ooplasm. The same process has been described 
by Selman & Wallace (1983, 1986) and Abascal 
& Medina (2005).

These pits enter by endocytosis and form 
bigger vesicles and finally the yolk platelets, 
which are positioned more centrally. This proc-
ess is fast and, for example, in Cyprinodon var-
iegatus, the incorporation after intraperitoneal 
injection takes 20 minutes (Selman & Wallace 
1983). In C. humboldtianum, we estimate that 
this process needs more time as the yolk has to 
cover a longer distance from the blood vessels 
to reach the microvilli.

Follicle cells have been reported to play 
a role in steroid production (Nagahama 1983, 
Nakamura & Nagahama 1993, Nagahama 
1997). There is evidence that these hormones 
are accumulated in vacuoles inside the cyto-
plasm of granulosa cells in Chirostoma. The 
process seems to start during vitellogenesis 
and continues in maturation. The high activity 
of those cells is revealed through the abun-
dant presence of endoplasmic reticulum from 
the moment the oocyte begins the secondary 
growth phase.

There are few reports on filaments in the 
oocyte. As the C. humboldtianum oocyte con-
tains big filaments, it would be interesting to 
study follicles’ physiology more thoroughly. 
In particular, it might be a good way of sub-
stance transport between the follicle cells and 
the oocyte.

REFERENCES

Abascal, F.J. & A. Medina. 2005. Ultrastructure of oogen-
esis in bluefin tuna Thunnus thynnus. J. Morphol. 
264: 148-160.

Barbour, C.D. 1973a. The systematics and evolution of the 
genus Chirostoma Swainson (Piscis: Atherinidae). 
Tulane St. Zool. Bot. 18: 97-141.

Barbour, C.D. 1973b. A biogeographical history of 
Chirostoma (Piscis: Atherinidae). A species flock 
from Mexican plateau. Copeia 3: 533:566.

Barriga-Sosa, I.D.L.A., A.L. Aguirre-Ibañez & J.L. 
Arredondo-Figueroa. 2002. Morphological and 
genetic variation in seven species of the endan-
gered Chirostoma humboldtianum species group 
(Atheriniformes: Atherinopsidae). Int. J. Trop. Biol.
Cons. 51: 199-216.



1380 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 56 (3): 1371-1380, September 2008

Begovac, P.C.& R. Wallace. 1989. Major vitelline envelope 
proteins in pipefish oocytes originate within the fol-
licle and are associated with Z3 layer. J. Exp. Zoo. 
251: 56-73.

Blazer, v. S. 2002. Histopathological assessment of gonad-
al tissue in wild fishes. Fish Physiol. Biochem. 26: 
85-101.

Cardenas, R. & H. Barrera. 1998. Histología y ultrae-
structura del testículo del charal Chirostoma jordani 
(Osteichtyes: Ahterinidae). Int. J. Trop.Biol. Cons. 
46: 943-949.

Cerda, J., K. Selman, S.M. Hsiao. & R. Wallace. 1997. 
Evidence for the differential regulation of ovarian 
follicle responsiveness to human chorionic gona-
dotropin in vitro in a serranid teleost, Centropristis 
striata. Aquaculture 159: 143-157.

Cruz-Landim, C. & M.A. Cruz-Höfling. 2001. Ultrastructure 
of ovarian follicular epithelium of the Amazonian 
fish Pseudotylosurus microps (Teleostei: Belonidae): 
morphological and histochemical characterization of 
intercellular deposits. Rev. Bras. Biol. 61: 133-140.

de vlaming, v. 1983. Oocyte developmental patterns and 
hormonal involvements among teleosts. p 176-199. 
In J.C. Ranking, T.J. Pitcher & R.T.Duggan (eds.). 
Control processes in fish physiology. Croomhelm, 
London, England. 

Dyer, B.S. & B. Chernoff. 1996. Phylogenetic rela-
tionships among atheriniform fishes (Teleostei: 
Atherinomorpha). Zool. J. Linn. Soc. 117: 1-69.

Fausto, A. M, S. Picchietti, A.R. Taddei, C. Zani, G. 
Scapigliati, M. Mazzini & L. Abelli. 2004. Formation 
of the egg envelope of a teleost, Dicentrarchus labrax 
(L.): immunochemical and cytochemical detection of 
multiple components. Anat.Embryol. 208: 3-53.

Grier, H. 2000. Ovarian germinal epithelium and fol-
liculogenesis in the common snook, Centropomus 
undecimalis (Teleostei: Centropomidae). J. Morphol. 
243: 265-281.

Higashino, T., T. Miura, C. Miura & K. Yamauchi. 2002. 
Histological studies on early oogenesis in barfin 
flounder (Verasper moseri) Zool. Sci. 19: 557-563. 

Mourente, G., G. Megina & E. Diaz-Salvago. 2002. Lipids 
in female northern bluefin tuna (Thunnus thynnus L.) 
during sexual maturation. Fish Physiol. Biochem. 
24: 351-363.

Nagahama, Y. 1983. The functional morphology of tel-
eost gonads. p 223-276. In W.S. Hoar, D.J. Randall 
& E.M. Donaldson (eds.). Fish physiology, Ix A. 
Reproduction, endocrine tissues and hormones. 
Academic Press, NewYork, U.S.A.

Nakamura, M. & Y Nagahama. 1993. Ultrastructural study 
on the differentiation and development of steroid-
producing cells during ovarian differentiation in 
amago salmon, Oncorhynchus rhodurus. Aquaculture 
112: 237-251.

Nagahama, Y. 1997. 17α, 20β-dihydroxy-4-pregnen-3-
one, a maturation-inducing hormone in fish oocytes: 
Mechanism of synthesis and action. Steroids 62: 
190-197.

Patiño, R. & C.v. Sullivan. 2002. Ovarian follicle growth, 
maturation, and ovulation in teleost fish. Fish Physiol. 
Biochem. 26: 57-70.

Patiño, R., P. Thomas & G.Yoshizaki. 2003. Ovarian fol-
licle maturation and ovulation: an integrated perspec-
tive. Fish Physiol. Biochem. 28: 30-308.

Selman, K. & R.A. Wallace. 1983. Oogenesis in Fundulus 
heteroclitus. III. vitellogenesis. J. Exp. Zool. 226: 
441-457.

Selman, K., and Wallace, R. A. 1986. Gametogenesis in 
Fundulus heteroclitus. Am. Zool. 26: 173-192.

Selman, K., R.A. Wallace & v. Barr. 1986. Oogenesis in 
Fundulus heteroclitus. Iv. Yolk vesicle formation. J. 
Exp. Zool. 239: 277-288.

Selman, K., R.A. Wallace & v. Barr. 1988. Oogenesis in 
Fundulus heteroclitus. v. The relationship of yolk 
vesicles and cortical alveoli. J. Exp. Zool. 246: 
42-56.

Selman, K., R.A. Wallace, A. Sarka & x. Qi. 1993. Stages 
of oocyte development in the zebrafish, Brachydanio 
rerio. J. Morphol. 218: 203-224.

Smythe, E. 2003. Clathrin-coated vesicle formation: a para-
digm for coated-vesicle formation. Biochem. Soc. 
Trans. 31: 736-739.

Tyler, R.G. & J.P. Sumpter. 1996. Oocyte growth and devel-
opment in teleost. Rev. Fish Biol. Fish. 6: 287-318.

Wallace, R.A. & K. Selman. 1990. Ultrastructural aspects 
of oogenesis and oocyte growth in fish and amphib-
ians. J. Electron. Micros. Tech. 16: 175-201.


