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Changes in plasma vitellogenin and estradiol-1 7B levels during 
the gonadal development of the female Japanese common goby 

Acanthogobius flavimanus 

Jing SoNG1' 2 , Masaki NAGAE1 and Kiyoshi SoYAN01' 2' * 

Abstract: The Japanese common goby Acanthogobiusflavimanus is an important target species for 
game fishing and costal fisheries in Japan. Here, we aimed to determine the annual reproductive 
cycle of the female Japanese common goby collected from the Taira River, Nagasaki, by histological 
observation and analyzing changes in vitellogenin (VfG) and estradiol-178 (E2) plasma levels. 
Changes in gonadal development, gonadosomatic index (GSI), and plasma VfG and E2 were 
investigated between June 2012 and February 2013. The GSI rapidly increased between December 
and January, when the water temperature dropped from 15 °C to 13 °C and the photoperiod was at its 
annual lowest. Vitellogenic oocytes appeared in the ovary just prior to the increase in GSI in 
November. Levels ofVfG and E2 rapidly increased in December and were correlated with ovarian 
development. Vitellogenic and mature oocytes were maintained in January and February, when 
plasma VfG and E2 were high. These results showed that the vitellogenesis in the Japanese 
common goby started in November and that the main spawning season in Nagasaki began from 
January. Thus, initiation of ovarian development may be induced by decreased water temperature 
and shortening of day length, and maturation may proceed because of low temperatures. 
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The Gobiidae family is one of the largest 
families of fish, and is represented by more than 
2,000 species globally (Patzner 2011). The 
Japanese common goby (also known as the 
yellow:fin goby) Acanthogobius flavimanus is a 
popular species in Japan, and is widely distrib
uted in the countries in East Asia. In Japan, the 
Japanese common goby is a targeted for 
:fisheries and game fishing. In Tokyo Bay, the 
Japanese common goby is an important target 
species for inshore :fisheries, with catches of 
100,000-500,000 tons per year (Tokyo 
Metropolitan Islands Area Research Center of 
Agriculture, Forestry and Fisheries 2017). It is 
known that spawning season extend from winter 
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to spring in Kanto region, Japan, empirically. In 
the report of research on seasonal changes in 
gonadal development in the Japanese common 
goby (Sato et al. 1987), the spawning season 
stared in February and continued until April in 
Lake Hinuma, Ibaraki Prefecture in Japan. 
However, excluding these reports, there is little 
information on the gonadal development and 
reproductive cycle of the Japanese common 
goby; this information is indispensable for 
understanding the reproductive process and for 
developing aquaculture technology. 

Reproduction in fish is regulated by many 
environmental factors, including water tempera
ture and photoperiod. The progression of the 
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different stages of reproductive activity is 
regulated by the reproductive endocrine sys
tem, which is centered on the hypothalamic
pituitary-gonadal axis (HPGA), and is based on 
changes in water temperature and photoperiod 
(Fostier et al. 1983; Rosenfeld et al. 2007). Sex 
steroids are produced by gonadotropin (GtH), 
whereas environmental variations stimulate the 
production of the GtH-releasing hormone 
(GnRH) in the hypothalamus, which acts on the 
pituitary gland to produce GtH. Vitellognin 
(VTG) is a precursor of the yolk protein induced 
by endogenous estrogen, estradiol-178 (E2) 
(Lubzens et al. 2010). This protein is taken into 
oocytes and accumulates during vitellogenesis. 
Ohkubo et al. (2004) have already deduced the 
primary structures of the two forms of VfG in 
the Japanese common goby. However, the 
regulatory pathway in the reproductive endo
crine system is associated with VfG synthesis, 
oocyte development, and maturation in the 
Japanese common goby remains poorly under
stood. 

In this study, we aimed to obtain fundamen
tal information on the annual cycle of gonadal 
development in the female Japanese common 
goby, which responds to variations in natural 
environmental parameters (water temperature 
and photoperiod). In addition, we also character
ized the reproductive endocrine system based 
on plasma VfG and E2 assays. 

Materials and Methods 

Fish collection and sampling site 
Japanese common goby specimens were 

collected each month by fishing from the 
estuary of the Taira River, Nagasaki, Japan 
(32° 82' N, 129° 77' E). From July 2012 to 
February 2013, approximately 20 fish were 
collected once a month during the nonspawning 
season and twice a month during the expected 
spawning months Oanuary and February). 
Captured fish were anesthetized with 
2-phenoxyethanol to reduce suffering. Then, the 
total length (TL) and body weight (BW) were 
measured. Blood samples were collected from 
the caudal vessel using 1-ml syringes coated 

with heparin sodium (1000 IU/ml) as an 
anticoagulant. The blood samples were then 
centrifuged at 1800 x g for 15 min at 4°C. The 
plasma was stored at - 80°C until VfG and E2 
assays. The gonads were dissected, and the 
gonadosomatic index (GSI) was calculated 
using the following formula: 

GSI = (gonadal weight/ body weight) x 100 
All experimental procedures involving ani

mals were conducted in compliance with a 
protocol that was reviewed by the Animal Care 
and User Committee of the Institute for East 
China Sea Research, Nagasaki University, Japan 
(Permit Number #15-06). 

Histological observation 
The ovaries were fixed in Bouin's solution for 

24 h, and kept in 70% ethanol until histological 
analysis. The preserved ovaries were dehy
drated in an ethanol series (ethanol: 90%, 95%, 
100%, dehydrated ethanol) and a butanol series 
( ethanol: butanol 4: 1, 3: 2, 2: 3, 1: 4, and 100% 
butanol), and embedded in paraffin. The ovaries 

Fig. 1. Photomicrographs of the ovary at different stages 
of development in the female Japanese common goby 
Acanthogobius flavimanus collected from July 2012 to 
February 2013. (a) Perinucleolar stage (Pn); (b) yolk 
vesicle stage (Yv) ; (c) primary yolk stage (Py); (d) 
secondary yolk stage (Sy); (e) tertiary yolk stage (Ty) ; (f) 
migratory nucleus stage (Mn). Scale bars, 100 µm. 
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were sectioned (thickness, 5 µm) and stained 
with Mayer's Hematoxylin and Eosin Y (H-E 
staining). Histological observations were con
ducted using a light microscope (BX50F4; 
Olympus, Tokyo, Japan). The maturity of each 
individual was classified according to the stage 
of the most advanced oocyte in the ovary based 
on observation of the sections, as described 
previously (Higuchi et al. 2016). The classifica
tion of oocyte stage is as follows (Fig. 1): 
perinucleolar stage (Pn, primary growth phase 
of the oocyte with a basophilic cytoplasm), yolk 
vesicle stage (Yv, secondary growth phase of 
the oocyte with a yolk vesicle in the cytoplasm), 
primary yolk stage (Py, vitellogenic oocyte with 
initiation of yolk globule uptake at the edge of 
the cytoplasm), secondary yolk stage (Sy, 
vitellogenic oocyte appears as a yolk globules 
and oil droplets in all areas of the cytoplasm), 
tertiary yolk stage (Ty, full vitellogenic oocyte 
with almost complete yolk globule and oil 
droplet accumulation), and migratory nucleus 
stage (Mn, the germinal vesicle of the oocyte 
begins to migrate toward the animal pole, just 
prior to the ripe stage). Unfortunately, fully 
mature oocytes at the ripe stage were not 
observed in female fish collected from Taira. 

The relative frequency of gonadal develop
ment was calculated for each month based on 
the results of the histological observations. 

Frequency = (number of fish at the same 
developmental stage / total number of fish) x 
100. 

Measurement of plasma VTG and E2 levels 
Plasma VfG levels were measured by 

enzyme-linked immunosorbent assay using an 
antibody against VfG in the Japanese common 
goby (Ohkubo et al. 2003). Plasma E2 levels 
were measured using an Estradiol EIA Kit 
(Cayman Chemical, MI, USA). In this kit, the 
crossreactivity with other steroids was as 
follows: estrone, 14%; estriol, 0. 30%; ethynyl 
estradiol, 0. 03%; androstenediol, 0. 02%; and 
cortisol, progesterone, 17 a -hydroxy progester
one, and testosterone, less than 0.01 %. 

The chromogenic reaction in E2 and VfG 
assays was measured according to the absorb-

ance at 405 and 450 nm, respectively, using an 
enzyme-linked immunosorbent assay plate read
er (BioMetallics Inc., Princeton, MA, USA). 

Statistical analysis 
Statistical analyses were conducted using 

SPSS version 22.0 (IBM, NY, USA). Changes in 
VfG and E2 levels across months were analyzed 
by one-way analysis of variance (ANOVA), 
followed by Duncan's multiple range tests. All 
results are presented as means ± standard 
deviations (SDs). Results with P values of less 
than 0. 05 were considered statistically signifi
cant. 

Results 

Changes in water temperature, photoperiod, and 
GSI 

The water temperature peaked (28. 7°C) in 
August, and then declined to a minimum 
(around ll.5°C) from January to late February 
(Fig. 2A). The maximum and minimum day 
lengths were recorded in July (approximately 
14 h) and December (approximately 10 h), 
respectively (Fig. 2A). 

The TL and BW of sampled females were 
listed in Table 1. 

The GSI of females was slightly increased 
from July to December compared with that in 
other months. Subsequently, GSI increased 
rapidly to a peak of 7.43 ± 2.67 in late January, 
and remained high (mean: 5. 64-7. 71) until 
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Fig. 2. Monthly changes in water temperature and 
photoperiod (A) and the gonadosomatic index (GSI) of 
female Japanese common goby Acanthogobius flavimanus 
(B). Values are presented as means ± standard deviations. 
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Table 1. Total length (IL) and body weight (BW) of the female Japanese common goby 
collected from the estuary of the Taira River 

Sampling date Fish number 
Total length (cm) Bodyweight (g) 

Mean± SD Mean± SD 

2012 Jul.24 11 10.37 ± 2.83a 10.30 ± 11.65a 

Aug.24 14 10.81 ± 1.89a 10.60 ± 5.62a 

Sep.28 13 12.47 ± 2.32abc 14.86 ± 9.45ab 

Oct31 15 12.08 ± 2.45ab 13.27 ± ll.53ab 

Nov.28 12 14.25 ± 2.09bc 19.27 ± 7.00ab 

Dec.13 8 14.14 ± l.37bc 19.85 ± 5.38ab 

2013 Jan.11 18 14.72 ± 2.43bc 24.18 ± 12.63b 

Jan.28 22 14.42 ± 1.43bc 19.26 ± 6.43ab 

Feb.12 4 15.40 ± 2.36c 21.28 ± 6.27ab 

Feb.27 6 15.46 ± 1.95c 23.57 ± 8.69ab 

Superscript letters indicate the significant difference (P < 0.05). 

February (Fig. 2B). 

Histological changes 
Oocytes of females remained at the Pn stage 

for 4 months (from July to October) (Figs 1, 3). 
In November, 75% (9 of 12 individuals) and 17% 
(2 of 12 individuals) of captured fish were at the 
Yv and Py stages, respectively. Each one of 8 
individuals captured had ovary with Sy and Mn 
stage oocytes, respectively, in December. In 
early January, all individuals were at the yolk or 
Mn stage, with 6%, 39%, 33%, and 22% of 
individuals being at the Py, Sy, Ty, and Mn 
stages, respectively. In late January, approxi
mately 23% (5 of 22 individuals), 36% (8 of 22 
individuals), and 41 % (9 of 22 individuals) of 
captured fish were at the Sy, Ty, and Mn stages, 
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Fig. 3. Monthly changes in the relative frequency of 
different components during ovarian development in the 
Japanese common goby Acanthogobius flavimanus. The 
numbers above each bar present the number of the fish 
sampled. 

respectively. However, in early February, 50% of 
individuals were at the Yv stage and the other 2 
were categorized at the Ty and Mn stages. In 
late February, no individuals were at the Yv 
stage, with all individuals being in the Ty (50%) 
or Mn (50%) stages. 

Plasma VTG and E2 levels 
Female fish had low VfG levels in plasma 

(below 29. 8 ± 17. 26 ng/ml) from July to 
October. VfG levels rapidly rose in December, 
peaking at over 4 mg/ml in early January. 
Plasma VfG remained high until late February 
(Fig. 4A). 

The plasma E2 level of females was 0. 07 ± 

0.03 ng/ml in July, and increased slightly in 
November (0. 73 ± 0. 44 ng/ml). Plasma E2 

levels rapidly increased in December (4. 77 ± 

3.59 ng/ml), remaining at the same level in 
January and February (Fig. 4B). 

Discussion 

The Japanese common goby, which inhabits 
the bottom of estuarine and brackish areas, is an 
important target species in :fisheries and game 
fishing in Japan. Moreover, the goby is widely 
used in environmental monitoring studies to 
determine the influence of various factors on 
development (including temperature, chemical 
contamination, and habitat disruption), repre-
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Fig. 4. Monthly changes in the plasma levels of VfG (A) 
and E2 (B) in female Japanese common goby 
Acanthogobius flavimanus. Values are presented as means 
± standard deviations. Different letters above the bars 
indicate significant differences (P < 0.05, Duncan's 
multiple range tests). 

senting a good model species to evaluate the 
impact of human activity in coastal waters. In 
this study, we confirmed the changes in GSI, 
VfG, and E2 levels as physiological indicators to 
elucidate the ovarian development process from 
July (before initiation of gonadal development) 
to February (in the spawning season), with the 
goal of providing information for fishery re
source management, artificial seed production, 
and aquaculture in this goby and also to 
facilitate environmental monitoring using this 
species. 

GSI is a good indicator for estimating ovarian 
development in the Japanese common goby. We 
found that GSI increased between October and 
December in female gobies, during which time 
water temperature dropped below 25°C and the 
photoperiod shortened toward the winter sol
stice. GSI rapidly increased in females during 
January, when the water temperature was at the 
lowest level and the photoperiod began to 
increase from the shortest day-length. GSI also 
indicated same pattern in this species collected 
in Lake Hinuma, Ibaraki Prefecture , Japan (Sato 
et al. 1987). Similar GSI patterns have been 
documented in other fish that spawn from 

winter to spring, such as the Japanese sardine 
Sardinops melanostictus (Matsubara et al. 1995), 

the European flounder Pleuronectes flesus 
Ganssen et al. 1995), and the Atlantic cod Gadus 
morhua (Mittelholzer et al. 2009). The changes 
in GSI correlated well with ovarian develop
ment, indicating that vitellogenic oocytes ap
peared during late November before GSI 
increased. The yolk protein accumulated in the 
oocytes as the GSI increased, and the tertiary 
yolk stage and the migratory nucleus stage 
appeared in December and persisted until late 
February, during which time the GSI remained 
high. Thus, the spawning season of the 
Japanese common goby in Nagasaki extended 
from winter to early spring. The ovarian 
development in the goby collected in Lake 
Hinuma, Ibaraki Prefecture, showed a similar 
change and spawning season was estimated 
between February and April because fully 
vitellogenic oocytes and post-ovulated follicles 
were observed during these season (Sato et al. 
1987). Unfortunately, there is no accurate 
information about spawning season in the 
Japanese common goby living in Nagasaki 
coastal waters because this species could not be 
collected in March and April. 

In our study, ovarian development accelerated 
in December when the water temperature 
decreased to 15°C, and the photoperiod was at 
its annual lowest (i.e., less than 10 h daylight/ 
day). We concluded that initiation of the gonadal 
development of the Japanese common goby can 
be triggered by shortening of the day length and 
a decrease in water temperature. The progres
sion of gonadal development may be affected by 
the maintenance of the low water temperature. 
There is an evidence confirming this conclusion. 
The yolk accumulation of oocyte was observed 
in the Japanese common goby reared under 
natural water temperature (14-11°C), while the 
oocyte underwent regression under a water 
temperature condition of 20°C for 52 days 
(Suzuki et al. 1989). In the experiment, an 
inhibitory effect of high temperature on oocyte 
development was clarified. We assumed that the 
gonadal development of the Japanese sardine, 
which showed a pattern similar to that of the 
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Japanese common goby, may be regulated by 
low water temperature and shortened day 
length as well (Matsubara et al. 1995). Shimizu 
(2010) explained that initiation of gonadal 
development in winter-to-spring spawning spe
cies is strongly affected by low water tempera
ture, and increased water temperature is a 
signal of the completion of maturation, suggest
ing that water temperature is an important factor 
for both initiation and termination of the 
spawning period. In the Japanese common 
goby, water temperature may play a similar role 
in maturation. 

In a previous study, type of developmental 
rhythms of oocyte in the Japanese common 
goby was estimated total synchronism by 
histological observation (Sato et al. 1987). In our 
present study, however, the different stages of 
vitellogenic oocyte were detected in the ovary, 
suggesting that the Japanese common goby has 
the characteristics of a multiple spawner. Sato et 
al. (1987) confirmed that different stage of 
oocyte existed in the ovary, although they 
estimated the single spawner. We should 
demonstrate the issues concerning developmen
tal rhythms of oocyte and spawning type by the 
experiment for induction of maturation, ovula
tion, spawning in artificially. 

Even though February was spawning season, 
the goby with oocyte at Yv stage appeared. Why 
did the fish having only non-vitellogenic oocyte 
appear? Plasma VTG and E2 were high in the 
goby with oocyte at Yv stage. These results 
show that these individuals were involved in 
maturation or spawning. In Lake Himura, large 
size of female tended to spawn at early phase in 
the spawning season than small size of females 
(Sato et al. 1987). These results indicate that 
spawning period differs among individuals. The 
appearance of fish with oocyte with Yv may be 
related to the spawning rhythms in the Japanese 
common goby. 

Interestingly, we also found that gobies 
collected from the estuary of the Taira River 
during winter and early spring did not exhibit 
the ripe or ovulation stage. Thus, the goby may 
migrate to suitable grounds for spawning 
beyond the estuary. This type of seasonal 

migratory pattern has been reported for the 
common goby Pomatoschistus microps Gones 
and Miller 1966). At our study site, the Japanese 
common goby used the estuary as a habitat for 
daily life, including gonadal development until 
just before final maturation for ovulation, and 
spawning; however, our surveys did not encom
pass migratory behaviors or identify the spawn
ing grounds. 

The synthesis of VTG in the liver by 
endogenous estrogen (E2) begins just before 
vitellogenesis, with VTG and E2 levels remain
ing high during vitellogenesis (Lubzens et al. 
2010). Plasma VTG of the Japanese common 
goby remained low (< 100 ng/ml) from July to 
October. VTG levels began increasing in 
November, when the water temperature drop
ped below 20°C. Then, VTG levels rapidly 
increased in December, when the water temper
ature decreased to 15°C, and the photoperiod 
was at its annual lowest. Yolk accumulation 
accelerated from December to January, indicat
ing that plasma VTG remained high. The plasma 
E2 levels of females increased slightly from July 
to November. In December, when VTG levels 
rapidly increased, E2 started to increase and 
remained high during vitellogenesis, similar to 
the pattern recorded for VTG. This pattern of 
endocrine control associated with ovarian 
development has been previously reported for 
many teleosts (Urbatzka et al. 2011). Our results 
support these previous studies, suggesting that 
vitellogenesis was induced by E2 via VTG 
synthesis in the Japanese common goby. High 
levels of E2 during spawning period were 
reported in other multiple spawner such as the 
sea bass Dicentrarchus labrax (Part et al. 1990) 
and the dojo loach Misgurnus anguillicaudatus 
(Solomon Kiros et al. 2011). E2 may be 
synthesized until completion of vitellogenesis in 
multiple spawners. 

Reproductive activity in fish, including ste
roids and VTG synthesis, is regulated by the two 
gonadotropins follicle stimulating hormone 
(FSH) and luteinizing hormone (LH). In salmo
nids, FSH affects E2 synthesis in vitellogenesis, 
whereas LH acts on final maturation via the 
synthesis of maturation-inducing steroid 



VfG and E2 levels in the Japanese common goby 309 

(Swanson et al. 2003). However, in the multiple 
spawning fish, including major groups of marine 
fish, the role of FSH is not clear, although LH 
has been shown to function in induction of final 
maturation. In the Atlantic cod (Mittelholzer et 
al. 2009) and the greater amberjack Seriola 
dumerili (Nyuji et al. 2016), FSH affects both 
vitellogenesis and final maturation according to 
the experiments evaluating the expression of 
both hormones during the reproductive cycle. 
However, there is little information on the 
physiological mechanisms of reproduction in 
the Japanese common goby. In order to clarify 
the whole picture of reproduction and next 
generation production in this species, further 
endocrine research are needed. 

In conclusion, the Japanese common goby 
was found to be a winter-to-early spring 
spawner. Thus, the drop in water temperature 
and shortened day length were considered 
important factors inducing ovarian development 
and maturation via E2 and VTG synthesis 
regulated by HPGA in the reproductive endo
crine system as was recorded in other winter-to
early spring spawners. This study provided 
useful fundamental information on the reproduc
tive characteristics of the Japanese common 
goby for studies on fishery resource manage
ment, artificial seed production, aquaculture, 
and environmental monitoring. 
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マハゼ雌の生殖腺発達に伴う血中ビテロジェニンおよび
エストラジオール178の変化

宋姻・長江真樹・征矢野清

マハゼは漁業資源および遊漁の対象として重要な魚種であり，日本では馴染みの深い魚種であるが，

その生殖に関する生理学的情報は極めて少ない。そこで，長崎市多以良川河Dにおいて 7月より 2月

にかけて採集したマハゼ雌の生殖腺発達を観察するとともに，それに伴う血中ビテロジェニン (VfG)

と雌性ホルモン（エストラジオール17E,恥）の変化を調べた。本種の卵黄蓄積は，水温の低下と日長

の短日化が進行する11月より始まった。 12月に入ると最終成熟期の卵母細胞を持つ個体が出現し，そ

れは 2月まで確認された。血中 VfGおよび恥濃度は， 11月から12月にかけて上昇し，それ以降高値

を維持した。この変化は，生殖腺の発達とよく一致した。このことから，本種の卵巣発達は恥によっ

て誘導される VfGの蓄積によって進行し，低水温期の 1月以降に産卵期を迎えることがわかった。
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