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Changes in Serum Steroid Hormones during Ovarian
Development in the Captive Common Japanese Conger

Conger myriaster (Brevoort) 
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Abstract: Seasonal changes in gonadosomatic index (GSI), ovary and pituitary histology, and 
serum concentrations of estradiol-17β(E2) and testosterone (T) were investigated in the captive 
common Japanese conger Conger myriaster. The GSI increased from December to June then, 
after peaking at 4.8 in July, decreased to its initial level by September. Although at the start of the 
experiment, oocytes were in the oil droplet stage, ovaries spontaneously started vitellogenesis 
from December to April in accompaniment with the increase in GSI. With the peak in GSI in June, 
oocytes in most fish were at the vitellogenic stage, but atretic oocytes were observed in the ovaries 
of some; in August, all showed atretic oocytes. Histochemical observations of the pituitary revealed 
that aldehyde-fuchsin (AF) positive cells in the region of the proximal pars distalis increased with 
progression of vitellogenesis from December to June, but they decreased with the increase in 
atretic oocytes. Serum E2 levels increased to a peak of 3.53 ng/ml at the initiation of vitellogenesis 
in January, but subsequently decreased to the initial level and remained low during vitellogenesis. 
Average serum T levels dramatically increased to a peak of 7.93 ng/ml in fish showing early atresia 
of vitellogenic oocytes in June, followed by a sharp drop to initial levels (3.86 ng/ml) in the late 
atretic stage. 
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The common Japanese conger, Conger myri-
aster, is a commercially important coastal fish-
ery resource belonging to the Anguilliformes. 
Although they have a similar reproductive life 
cycle to Anguilla species; for example, extensive 
oceanic migrations and maturation in the deep-
sea (Takai 1959; Kubota 1961), the spawning 
migration and spawning area of this species is 
unknown. In both species, spontaneous matura-
tion and ovulation are not completed in captivity 
without exogenous gonadotropin (Yamauchi 
1990; Horie et al. 2001). However, in many cases, 
this treatment is not sufficient to induce final 

oocyte maturation following vitellogenesis and 
viable fertilized eggs are often not obtained. 
In contrast to Anguilla species, the ovaries 
of common Japanese conger develop to mid-
vitellogenic stages without hormonal treatment 
under aquarium conditions (Horie 2001). Data 
on spontaneous ovarian development in the 
common Japanese conger therefore provide 
basic and applied information of the reproductive 
physiology of Anguilla species.

Research on the reproductive biology of fish 
has been carried out to control the processes of 
reproduction under rearing conditions. A basic 
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understanding of the gonadal and hormonal 
changes that occur during the reproductive cycle 
is necessary for elucidating the physiological 
and environmental mechanisms that regulate 
fish reproduction. Seasonal and annual changes 
in plasma levels of sex steroids have been exten-
sively investigated in teleosts (Fostier et al. 
1983). Oocyte development in teleosts is known 
to be dependent on several steroids produced 
by the ovarian follicle in response to pituitary 
gonadotropins (Nagahama 1987). The major 
estrogen estradiol-17β(E2), which is synthesized 
from testosterone by follicle cell layers surround-
ing the oocytes, stimulates the synthesis and 
secretion of vitellogenin. In addition, testoster-
one (T) appears to play an indirect role in repro-
duction as a necessary substrate for estrogen 
production (Wingfield and Grimm 1977; Kagawa 
et al. 1982; Nagahama 1987). Monitoring the pro-
files of serum steroids with descriptions of the 
ovary and pituitary gland can therefore provide 
an estimate of gonadal development. To date, a 
number of studies have documented the ovar-
ian development of wild (Okamura et al. 2000; 
Kajimura et al. 2001) and captive (Horie et al. 
2001; Utoh et al. 2003; Mikawa et al. 2004) female 
common Japanese conger. Although profiles of 
E2 in wild maturing female common Japanese 
conger have been reported (Kajimura et al. 
2001), little information is available on the pro-
files of gonadal steroid hormones during ovarian 
development in captive specimens. The present 
paper describes seasonal profiles of serum ste-
roid hormones with ovarian pituitary gland and 
development to obtain preliminary information 
on the process of gonadal development in anguil-
liform fish under captive conditions.

Materials and Methods

Fifty-six female common Japanese congers 
(700 to 1,200 g in weight) were obtained from 
a commercial supplier from coastal waters off 
Iwate prefecture in November 1995. They were 
transported to Kitasato University, Sanriku, 
divided into three groups and kept indoors in a 
plastic tank (1.5×1.5×1.0 m) containing about 
1000 l of seawater. Seawater was supplied by an 

open flow system, with aeration, and regulated 
at 16－18℃ during the entire rearing period, 
except August and September when it was main-
tained at 19－21℃. Fish were fed a diet of sar-
dines throughout the experimental period. 

Over the course of the study, fish were sacri-
ficed after anesthetizing with 0.1% ethyl amino-
benzoate. Ovaries were removed and weighed 
to determine the gonadosomatic index (GSI＝
100×gonad weight/body weight). The brain, 
with the hypophysis, and ovarian tissue samples 
were fixed in Bouin’s solution, embedded in 
paraffin, sectioned serially at 5μm, and stained 
with Gomori’s aldehyde fuchsin (AF) and hema-
toxylin eosin, respectively. Oocyte developmental 
stages were determined histologically by the cri-
teria reported for the common Japanese conger 
(Utoh et al. 2003). Identification of cell types in 
the pars distalis was based on histophysiological 
and immunohistochemical criteria described pre-
viously (Yamamoto and Nagahama 1973; Ikeuchi 
et al. 1999). 

Blood was taken from the caudal vasculature 
of each fish using a 1 ml syringe. The serum 
was immediately separated by centrifugation at 
1,500 g and stored at －20℃ until use. Serum 
E2 and T levels were determined according to 
the method of Kagawa et al. (1982). Quantitative 
results are presented as means ± SE. Significant 
differences were determined by one-way analysis 
of variance followed by Fisher’s protected least 
significant difference (PLSD). 

Results 

Seasonal changes in ovarian development
In captivity, ovaries of female conger started 

vitellogenesis spontaneously, but none of the 
fish completed ovarian development. The devel-
opmental stages of captive common Japanese 
conger ovaries could be divided into six stages 
as follows: early oil droplet stage, late oil droplet 
stage, primary yolk globule stage, secondary 
yolk globule stage, and early and late atretic 
stage. Almost all females with the most advanced 
oocytes were at the early oil droplet stage when 
caught during the fishery season in November 
(Fig. 1a). In December 1995, almost all oocytes 
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were in the late oil droplet stage (Fig. 1b). 
Thereafter, ovaries in some fish indicated the 
appearance of numerous yolk globules in the 
ooplasm from December to April (Fig. 1c). In 
March 1996, oocytes in some fish advanced to 
the secondary yolk globule stage (Fig. 1d) and 
the number of vitellogenic fish increased up until 
June. However, in June, early atretic oocytes 
characterized by the dissolving and irregular 
appearance of the zona radiata, hypertrophy 
of follicular epithelium, and disintegration of 
the nucleus (Guraya 1986) were observed in 
the vitellogenic ovaries of some fish (Fig. 1e). 
Subsequently, in August, almost all fish pos-

sessed late atretic oocytes showing an increase 
in the number and size of follicular cells and 
liquefaction of yolk globules with follicle cells 
entering the oocyte to phagocytize degenerating 
materials (Fig. 1f).

Seasonal changes in gonadosomatic index
The gonadosomatic index (GSI) increased 

gradually from December 1995 (1.99±0.22) to 
June 1996 (4.62±0.77; Fig. 2), although no sig-
nificant difference was observed throughout the 
experimental period. Following this increase, the 
GSI dropped from July (4.30±1.40) to October 
(1.72±0.51).

Fig. 1. Photomicrographs of ovarian sections at different stages of development. a) Early oil droplet stage 
(November; gonadosomatic index (GSI) = 0.72). b) Late oil droplet stage (December; GSI = 2.19). c) Primary yolk 
globule stage (January; GSI = 3.49). d) Secondary yolk globule stage (April; GSI = 7.82). e) Early atretic stage 
(June; GSI = 2.87). f) Late atretic stage (August; GSI = 1.00). Scale bar = 50μm. N, nucleus; OD, oil droplet; YG, 
yolk globule; AZ, atretic zona radiate; LY, liquefied yolk; FE, follicular epithelium; DM, degenerating materials.
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Seasonal changes in the cytology of pituitary
The  adenohypophysis  of  the  common 

Japanese conger was studied by light micros-
copy to determine and estimate cell types and 
their stage of maturity. The proximal pars dis-
talis (PPD) consists mainly of two cell types: 
according to a previous observation, AF positive 
basophil cells are regarded as gonadotrophs and 
orangenophil (acidophil) cells are considered 
somatotrophs (Yamamoto and Nagahama 1973). 
In the previtellogenic oocyte stage in November, 
AF positive cells were observed intensively in 
the neurohypophysis, but cells in the rostral 
pars distalis (RPD) and PPD were only slightly 
positive (Fig. 3a). In the oil droplet and early 
vitellogenic stages in January, in contrast to a 
few AF positive cells in the RPD, large numbers 
of AF positive cells were seen in the PPD (Fig. 
3b). During the mid-vitellogenic or early atretic 
oocyte stage in June, increased amounts of AF 
positive cells were seen in both the RPD and 
PPD, coinciding with hypertrophy of the PPD 
(Fig. 3c). However, in October, the size and 
number of AF positive cells in the PPD and RPD 
decreased sharply with progression of the atretic 
oocyte stage.

Seasonal changes in serum steroid hormone levels
Serum E2 levels were low (0.89±0.27 ng/ml) 

at the start of the experiment in November (Fig. 
4), but they increased sharply to a peak level of 
3.49±0.22 ng/ml  (P＜0.01) at the initiation of 
vitellogenesis in January. After this peak, they 
decreased in March (1.17±0.21 ng/ml ) then 
maintained a low level (1.59－1.69 ng/ml) from 
April to June. From August onwards, E2 levels 
continued to decrease to a minimum level (0.33
±0.09 ng/ml ; P＜0.05) in October as follicles 
underwent atresia.

Serum T levels fluctuated at relatively low 
levels (1.52－3.29 ng/ml ) until April (Fig. 5) 
then dramatically increased to a peak in June 
of 7.93±1.13 ng/ml (P＜0.01) in fish showing 
atresia of vitellogenic oocytes. Thereafter, they 
returned to initial levels (1.36±0.56 ng/ml) in 
August and remained at low levels until October.

Gonadosomatic index and serum hormone levels 
in relation to ovarian development

Changes in GSI and serum steroid hormone 
levels at different ovarian developmental stages 
are summarized in Fig. 6. The GSI of previtel-
logenic fish was low in both early and late oil 
droplet stages (0.93±0.09 and 1.85±0.15, 
respectively) and then increased significantly 
from the primary yolk globule (3.38±0.39; 
P＜0.01) to early atretic stage (6.15±0.48; P＜
0.01). It dropped significantly in the late atretic 
stage, exhibiting identical levels (1.56±0.22; 
P＜0.01) as in both oil droplet stages.

E2 levels were less than 1.0 ng/ml  in the 
early oil droplet stage. They increased to a peak 
level (3.02±0.37 ng/ml ) at the primary yolk 
globule stage, but decreased to previtellogenic 
levels (1.65±0.35 ng/ml ) at both secondary 
yolk globule and early atretic stages. Further, 
they decreased to a minimum level (0.46±
0.13 ng/ml) at the late atretic stage.

T values were very low (0.47±0.14 ng/ml) 
at the early oil droplet stage. They showed an 
increase from the late oil droplet stage (3.51±
0.87 ng/ml ; P＜0.05) and maintained this level 
during vitellogenesis. Interestingly, in the early 
atretic stage, T levels dramatically increased 
(7.69±1.50 ng/ml ; P＜0.01), followed by a 
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Fig. 2.　Seasonal changes in gonadosomatic index (GSI) 
and oocyte stages of captive female common Japanese 
conger. 
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sharp drop to initial levels (1.62±0.56 ng/ml) in 
the late atretic stage.

Discussion

Histological analysis revealed that captive 
female common Japanese conger started vitel-
logenesis from December to Januar y, and 
underwent spontaneous ovarian development 
up to the mid-vitellogenic stage until April; these 
findings were consistent with those of former 
reports (Horie et al. 2001; Utoh et al. 2003). 

However, they ceased gonadal development with 
the appearance of follicular atresia in June. The 
initiation and course of oogenesis are tightly 
controlled by environmental and endocrinologi-
cal factors, and photoperiod and water tempera-
ture are known to be the main external factors 
regulating gonadal development in fish (Lam 
1983). Male common Japanese congers show 
distinct seasonal variation in GSI, plasma andro-
gen, and spermatogenesis (Utoh et al. 2004) 
mainly in relation to variations in water tempera-
ture; decreasing temperature is considered an

Fig. 3. Cytological changes in the pituitary gland of captive female common Japanese conger at different 
developmental stages. a) Early oil droplet stage (November; gonadosomatic index (GSI) = 0.72). b) Late oil 
droplet stage (December; GSI = 2.19). c) Secondary yolk globule stage (June; GSI = 7.31). d) Late atretic stage 
(August; GSI = 1.00). Arrowheads indicate aldehyde-fuchsin (AF) positive cells in the region of the proximal 
pars distalis (PPD). Scale bar = 200μm. Right photographs (e-h) show their enlarged view of PPD in left-hand 
counterparts (a-d). Arrows indicate AF positive cells. Scale bar = 25μm.
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important factor in the initiation and advance-
ment of maturation in male common Japanese 
conger. In contrast, female common Japanese 
conger started vitellogenesis under constant 
high water temperature, indicating that tempera-
ture is not such an important factor in the ini-
tiation of ovarian development. However, further 
investigations are required to determine whether 
temperature affects the advancement of ovarian 
development and maturation. 

In many fish species, the presence of atretic 
follicles has been related to environmental fac-

tors such as captivity (Goodall et al. 1987; Young 
et al. 1995). Increased amounts of follicular 
atresia in vitellogenic oocytes were found in 
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Fig. 4. Seasonal changes in serum estradiol-17β(E2) 
levels of captive female common Japanese conger. Vertical 
bars represent the mean±SE (n = 6 or 7). Letters indicate 
significant differences among the means (P＜0.05) accord-
ing to Fisher’s protected least significant difference.

Fig. 5. Seasonal changes in serum testosterone (T) levels 
of captive female common Japanese conger. Vertical bars 
represent the mean ± SE (n = 6 or 7). Letters indicate sig-
nificant differences among the means (P＜0.05) accord-
ing to Fisher’s protected least significant difference.

Fig. 6. Changes in gonadosomatic index (GSI) (a), 
serum E2 (b) and serum T levels (c) in relation to ovarian 
development in captive female common Japanese conger. 
EO: early oil droplet stage; LO: late oil droplet stage; PG: 
primary yolk globule stage; SG: secondary yolk glob-
ule stage; EA: early atretic stage; LA: late atretic stage. 
Vertical bars represent the mean ± SE of the numbers of 
fish shown in parentheses. Means in each column with dif-
ferent letters are significantly different at P＜0.05 accord-
ing to Fisher’s protected least significant difference.
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ovaries of captive fish from June, as shown by 
the dissolving and irregular appearance of the 
zona radiate and breakdown of the nucleus. The 
New Zealand eel Anguilla dieffenbachii, captured 
during seaward migration, showed oocyte atre-
sia, indicating the lack of environmental factors 
(Lokman et al. 2001). The sexual maturation 
of the European conger Conger conger is also 
thought to occur during migration towards their 
deep-sea spawning ground (Cau and Manconi 
1984). The most developed oocytes seen in natu-
rally maturing conger during offshore migration 
in February were at the mid-vitellogenic stage 
(Okamura et al. 2000; Kajimura et al. 2001), sup-
porting the possibility that further gonadal devel-
opment and subsequent maturation occur during 
offshore spawning migration. The occurrence of 
gonadal atresia in the present study might have 
resulted due to the captive conditions and lack 
of migration to an appropriate natural spawning 
environment. The possibility that other unknown 
environmental factors including photoperiod 
influence ovarian development and subsequent 
maturation of female common Japanese conger 
must also be considered.

A lack of pituitary gonadotropin synthesis and 
release results in the blockage of gonadal devel-
opment in the European eel Anguilla anguilla 
under captive conditions (Dufour et al. 1988). 
Therefore, maturation of eels relies entirely 
on artificial induction. The pituitary cytology 
of Anguilla has been extensively documented 
by several authors (Yamamoto and Nagahama 
1973; Olivereau and Olivereau 1979). In eels, 
although GTH and TSH cells have similar stain-
ing properties, AF staining has been performed 
to identify GTH-producing cells, because it is pos-
sible to distinguish these cell-types topographi-
cally; GTH cells are localized in PPD basophils, 
and TSH cells in RPD basophils (Ikeuchi et al. 
1999). In the present study, a few AF positive 
cells were observed in the PPD at the previtello-
genic stage, but these increased in both size and 
number with hypertrophy of the PPD at the mid-
vitellogenic stage, similar to artificially matured 
eels (Yamamoto and Nagahama 1973). Kajimura 
et al. (2001) suggested that mRNA levels of two 
distinct gonadotropin -βsubunits (GTH-Iβ

and -IIβ) are involved in the regulation of vitel-
logenesis in wild common Japanese conger. 
GTH-Iβ mRNA levels increased at the initiation 
of vitellogenesis, followed by a decrease in the 
secondary yolk globule stage, while GTH-IIβ
continued to increase until late vitellogen-
esis. Thus, the increase in AF positive cells in 
the pituitary during early vitellogenesis prob-
ably represented GTH-I cells, while the increase 
in the pituitary during the secondary vitellogenic 
stage might have been GTH-II producing cells. 
However, the area of AF positive cells in the pitu-
itary drastically decreased to the previtellogenic 
stage level with increasing numbers of atretic 
oocytes in the ovary. These results indicate the 
possibility of a functional relationship between 
GTH synthesis and secretion in the pituitary-
gonad axis. Investigation of the types of GTH dom-
inant in the pituitary and serum of female common 
Japanese conger during ovarian development is 
therefore necessary by specific immunoassay.

The association between changes in gonad 
conditions with serum levels of gonadal steroids 
has been used as a good indicator for under-
standing the endocrine control of reproduction in 
teleosts (Fostier et al. 1983). The important role 
of estrogen in the regulation of vitellogenin has 
been demonstrated in many teleosts. In general, 
E2 levels during vitellogenesis begin to increase 
coincidental with changes in GSI (Kagawa et 
al. 1982; Nagahama 1987). In the present study, 
serum E2 levels increased at the onset of vitel-
logenesis in accompaniment with an increase in 
GSI, suggesting that E2 plays a crucial role in the 
initiation of vitellogenesis; these findings were 
consistent with a study of wild maturing common 
Japanese conger (Kajimura et al. 2001). In sup-
port of this, liver and oocytes from common 
Japanese conger were immunostained with 
anti-Japanese eel vitellogenin (Okumura et al. 
1995) during vitellogenesis (unpublished data). 
However, in contrast to wild maturing common 
Japanese conger at the same stage (Kajimura 
et al. 2001), in the present study, serum E2 
levels decreased to the initial level in March 
even in fish at the mid-vitellogenic stage. These 
decreased levels of serum E2 in captive female 
common Japanese conger might indicate an 
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abnormality of ovarian development resulting in 
an inability to produce E2. 

Unlike maturing female salmonids and cyp-
rinids, values of serum E2 in captive common 
Japanese conger at the vitellogenic stage were 
low. These results agree with the values reported 
in both naturally maturing common Japanese 
conger (Kajimura et al. 2001) and the New 
Zealand eel Anguilla dieffenbachii (Lokman and 
Young 1995). In addition, low aromatase activity 
during vitellogenesis was observed in both arti-
ficially and naturally maturing New Zealand eels 
(Lokman and Young 1995). It is likely that the 
low levels of serum E2 found in female conger 
were caused by low aromatase activity during 
vitellogenesis, which might be characteristic of 
female anguillids (Chiba et al. 1994; Ijiri et al. 
1995). Further studies are therefore necessary 
to clarify the steroidogenic ability of ovarian fol-
licles during ovarian development in common 
Japanese conger.

Together with the peak of GSI, serum con-
centrations of T showed a drastic increase at 
the initiation of atresia in vitellogenic oocytes in 
June. T is known to be converted to E2 by aro-
matase, and levels increase in parallel with levels 
of E2 (Wingfield and Grimm 1977; Kagawa et 
al. 1982; Nagahama 1987). The fact that T levels 
in common Japanese conger were the highest 
when atretic oocytes were observed suggests 
decreased ovarian conversion of T to E2 during 
this period. Studies on the steroidogenic capac-
ity have shown no 3β-hydroxysteroid dehydro-
genase activity in atretic follicles of the teleosts 
studied so far (Guraya 1986). However, in some 
teleosts, vitellogenic follicles in early stages of 
atresia might show some steroid dehydrogenase 
activity in relation to hypertrophy of follicle cells 
(Guraya 1986). 

Several studies have shown that the process 
of atresia in fish ovaries is either due to a lack of 
gonadotropic stimulation or an imperfect balance 
of various hormones including steroids (Guraya 
1973). In the present study, a decrease in GSI 
together with increased amounts of follicular 
atresia in vitellogenic oocytes was observed in 
fish from June to October. Concomitantly, a fall in 
levels of both E2 and T, and regression of PPD in 

pituitary glands containing GTH-producing cell 
occurred with progression of oocyte atresia. In 
addition, positive reactions to anti-Japanese eel 
vitellogenin were not observed in liver or oocyte 
immunohistochemically at stages later than the 
early atretic stage (unpublished data). Thus, 
the occurrence of gonadal atresia in the present 
study might account for the inhibition of gonado-
tropin production in the pituitary, resulting in 
deficient estrogenic function. Therefore, in cap-
tive conditions, ovarian development of common 
Japanese conger is thought to proceed normally 
until April, up to the secondary yolk globule 
stage. Unfortunately, studies of wild common 
Japanese conger in more advanced stages of 
gonadal development are difficult and thus the 
reproductive physiology of this species remains 
unknown. 

In summary, the present study is the first 
report describing the endocrine changes asso-
ciated with ovarian development in female 
Congridae under captive conditions. Captive 
female common Japanese conger started spon-
taneous ovarian development in accompaniment 
with an increase in GSI, pituitary AF positive 
cells, and serum E2 and T levels in winter, 
as seen in a study of wild maturing common 
Japanese conger. These results strongly suggest 
that the common Japanese conger under captive 
conditions can be used as an experimental model 
in addition to those under natural conditions to 
study the mechanisms of endocrine regulation of 
gonadal development in Anguilliformes. 
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飼育環境下におけるマアナゴの卵巣発達と
血中ステロイドホルモン量の変化

千葉洋明・井尻成保・岩田宗彦・中村　將・足立伸次・山内晧平

マアナゴ雌の周年飼育を行い，卵巣発達過程と血中ステロイドホルモン量の変化を調べた。生殖腺
体指数（GSI）は，12月から翌年 6月にかけて上昇し，6月に平均4.8のピークに達した後，減少した。
卵巣卵は12月から 1月にかけて卵黄形成を開始し，GSIの上昇とともに卵黄形成中期まで発達したが，
6月以降その大部分の個体は卵黄形成途上で退行した。脳下垂体中のアルデヒドフクシン陽性細胞数
は 6月まで卵黄形成の進行とともに著しく増加したが，退行卵の増加とともに減少した。エストラジ
オール-17βは 1月の卵黄形成初期にピーク（3.53 ng/ml）を迎えた後，減少し低値を維持した。テス
トステロンは 6月の卵巣卵の退行初期に平均7.93 ng/mlのピークに達した後，減少した。
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