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Fig. 1 Observation of bisexual gonads of Acanthopagrus schlegeli in January (1-1) and June (1-2)
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Fig. 3 Gonadal development and sex reversal slice observation of Acanthopagrus schlegeli at different months
TT. ; OT. ; RT. ; Sp. ; CT.

TT. testicular tissue; OT. ovarian tissue; RT. regressed testis; Sp. spermatid; CT. connective tissue
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Fig. 4 Annual variations in GSI and HIS of Acanthopagrus schlegeli
/2017 /41 /7



e IRkE REPOATS

[24-25].
3 Wik
3.1 Zemey it sEAELE [26-271, (environmental sex
reversal, ESR) o1,
3 (281, (Cynoglossus semilaevis) 28°C
32°7C , 69.2%
’ 66.7%" ,
, ’ (Anguilla japonica)
’ 30]
’ [7-8, 19]
; 7 ’
: [24, 31-32]
; Du
Huang 2" , . 3
1 2 , Hughes 7
, : Bhandari  P*
3 )
, Lau @ 1 2 ,
10 11 [11, 35]; ,
, B3¢l 1t (Amphiprion
3 clarkii) ,
, 15% , [37]
75191 30%~50% ;
A 30% 3.2 AMEXNMEHAR
55%
4 [15]’
45%, [7-8, 19] 3 , (Sparus aurata),
1 , 24 80%
’ 80% B8] 9 ~
1 , 1 34.64%,
, 65.36%; 2 19.30%,
, 80.70%; 3 o
[22]. ,
[23]. ,
B3] ,
[13-14]
[16] 2 s
4 ~5 , 12 )
3 4215 [13] ,3 ,

Marine Sciences / Vol. 41, No. 7 /2017 55



e IRkE REPOATS

4~5 44%~50%, 5
) 8 [16]9
s 5
3.3 248 GSI 5 HIS & B SF i3
GSI , GSI
; GSI
GSI
GSI [39] [16]
GSI
: 7 , GSI
7 GSI ,
HSI ;
, HIS , GSI
[40] [41]
, HIS
, HIS
[1] [3]. , 1996, 1:

56

30-32.
Zhu Defen. The artificial cultivation technology of
black porgy[J]. Aquaculture, 1996, 1: 30-32.
DulJ L, Lin BY, Lee Y H, et al. The possible mecha-
nism of sex change in the protandrous black porgy,
Acanthopagrus schlegeli[J]. Journal of Fishery Sci-
ences of Taiwan, 2003, 30(2): 101-119.

[J1. ,2011,35(5): 117-119.
Wu Renxie, Liu Jing, Fan Jirong, et al. A review on the
nomenclature and taxonomic status of the black porgy,
Acanthopagrus schlegelii (Perciformes: Sparidae)[J].
Marine Sciences, 2011, 35(5): 117-119.

/2017

[4]

[14]

41

, . (1.
, 1990, 18(1): 45-55.
Suzuki Kazumi, Xiong Guogiang. Hermaphrodite phe-
nomenon in bony fishes[J]. Aquatic Science and Technology
Intelligence, 1990, 18(1): 45-55.
Chang C F, Lee M F, Chen G R. Estradiol-17f associ-
ated with the sex reversal in protandrous black porgy,
Acanthopagrus schlegeli[J]. Journal of Experimental
Zoology, 1994, 268(1): 53-58.
[J1. , 2008, 36(18): 7691-
7692.
Sun Yuandong, Tan Lijun, Tang Xinke, et al. Research
progress in the sex determination and sexual gene of
fish[J]. Agricultural Science of Anhui, 2008, 36(18):
7691-7692.
Wu G C, Chang C F. Oocytes survive in the testis by
altering the soma fate from male to female in the pro-
tandrous black porgy, Acanthopagrus schlegelii[J]. Bi-
ology Reprodution, 2013, 88 (1): 1-10.
Lau E L, Lee M F, Chang C F. Conserved sex-specific
timing of meiotic initiation during sex differentiation in
the protandrous black porgy Acanthopagrus schlegelii[J].
Biology of Reproduction, 2013, 88(6): 1-13.
, , . [J1.
,2013,58: 103-114
Chen Ji, Hu Wei, Zhu Zuoyan. Progress in studies of
fish reproductive development regulation[J]. Chinese
Science Bulletin, 2013, 58: 7-16.
Senior A M, Nakagawa S. A comparative analysis of
chemically induced sex reversal in teleosts: challenging
conventional suppositions[J]. Fish & Fisheries, 2013,
14(1): 60-76.
Frisch A. Sex-change and gonadal steroids in sequen-
tially-hermaphroditic teleost fish[J]. Reviews in Fish
Biology and Fisheries, 2004, 14(4): 481-499.
, . #H,
J1. , 2011, 18(2):
472-480.
Fan Jirong, Wu Renxie, Zhao Yuanjun, et al. Pro-
gresses on taxonomy and phylogeny of family Sparidae
from China[J]. Journal of Fishery Sciences of China,
2011, 18(2): 472-480.
[11. (
139-143.
Li Jiaer, Ou Youjun. Studies on the reproductive biol-

), 2000, 19(2):

ogy of the pond-cultured Sparus latus Houttuyn in the
coast of Shenzhen Bay[J]. Journal of Zhejiang Ocean
University (Natural science), 2000, 19(2): 139-143.

Pollock B R. The reproductive cycle of yellowfin
bream, Acanthopagms australis (Giinther), with par-
ticular reference to protandrous sex inversion[J]. Jour-



[17]

[19]

(21]

[24]

e IRkE REPOATS

nal of Fish Biology, 1985, 26(3): 301-311.

[M]. , 2012: 12-
34.
Jiang Shigui, Su Tianfeng, Xia Junhong, et al. Re-
sources and utilization of the Sparidae from Chinese
offshore[M]. Beijing: The Ocean Publishing Company,
2012: 12-34.
[ , 2006, 25(3): 353-359.

Shi Zhaohong, Wang Jiangang, Gao Lujiao, et al.
Prelminary study on gonad development of Yellow sea
bream, Dentex tumifrons, in South China Sea[J]. Jour-
nal of oceanography in Taiwan Strait, 2006, 25(3): 353-
359.
Chang C F, Lee M F, Chen G L. Estradiol-17p associ-
ated with the sex reversal in protandrous black porgy,
Acanthopagrus schlegeli[J]. Journal of Experimental
Zoology, 1994, 268: 53-58.

, . [J1.
, 1997, 21(6): 6-8.
Ruan Hongchao, Huang Ruidong. Use of diethylstilbe-
strol to induce sex reversal of adolescent fish of black
sea bream, Sparus macrocephalus[J]. Marine Sciences,
1997, 21(6): 6-8.
Lee Y H, Wu G C, Du J L, et al. Estradiol-17beta in-
duced a reversible sex change in the fingerlings of pro-
tandrous black porgy, Acanthopagrus schlegeli Bleeker:
the possible roles of luteinizing hormone in sex change[J].
Biology of Reproduction, 2015, 71(4): 1270-1278.
. [M]. : ,
1994: 127-135.
Lou Yundong. Histoembryology[M].
Agricultural Press, 1994: 127-135.
Huang J D, Lee M F, Chang C F. The morphology of
gonadal tissue and male germ cells in the protandrous

Beijing: China

black porgy, Acanthopagrus schlegeli[J]. Zoological
Studies, 2002, 41(2): 216-226.
R R , . 5
[J1. , 2010, 34(2): 75-79.

Zhao Shuang, Zhang Qun, Yue Xiaoliang, et al. Genetic
variation among 5 stocks of Acanthopagrus schlegeli in
China’s coastal waters[J]. Marine Sciences, 2010, 34(2):
75-79.

s s , mtDNA

3 [J1.

, 2015, 34(1): 56-63.
Shi Xiaofeng, Su Yongquan, Wang Wencheng, et al.
Population genetic structure of three stocks of Acan-
thopagrus schlegelii based on mtDNA control region
sequences[J]. Journal of Tropical Oceanography, 2015,
34(1): 56- 63.
Erzini K, Gongalves J M S. The reproductive biology of

[26]

[28]

[31]

[32]

[33]

Spondyliosoma cantharus (L.) from the SW Coast of
Portugal [J]. Scientia Marina, 2000, 64(4): 403-411.
, 2014,
44(12): 1198-1212.
Mei Jie, Gui Jianfang. Genetic basis and biotechno-
logical manipulation of sexual dimorphism and sex de-
termination in fish[J]. Science of China: Life Science,
2014, 44(12): 1198-1212.
Hesp S A, Potter I C, Hall N G. Reproductive biology
and protandrous hermaphroditism in Acanthopagrus
latus[J]. Environmental Biology of Fishes, 2004, 70(3):
257-272.
Martinez P, Vifias A M, Sanchez L, et al. Genetic ar-
chitecture of sex determination in fish: applications to
sex ratio control in aquaculture[J]. Frontiers in Genet-
ics, 2014, 5(340): 1-13.
: , . fisi
[J1. , 2013, 20(1):
44-49.
Liang Zhuo, Chen Songlin, Zhang Jing, et al. Analysis
of the female ratio and natural sexual reversal ratio in
cultured half-smooth tongue sole families[J]. Journal of
Fishery Sciences of China, 2013, 20(1): 44-49.
[J1. , 2007,
14(5): 714-719.
Deng Siping, Chen Songlin, Tian Yongsheng, et al.
Gonadal differentiation and effects of temperature on
sex determination in half smooth tongue-sole, Cy-
noglossus semilaevis[J]. Journal of Fishery Sciences of
China, 2007, 14(5): 714-719.
[C)//2011
: , 2011:
98.
Xie Yangjie, Zhang Sen, Huang Liangmin, et al.
Farmed Japanese eel sex ratio and the preliminary re-
search on the gonad development[C]//Academic Chinese
aquaculture association annual meeting 2011 abstract
book. Xiamen: China Societ of Fisheries, 2011: 98.
Devlin R H, Nagahama Y. Sex determination and sex
differentiation in fish: an overview of genetic, physio-
logical, and environmental influences[J]. Aquaculture,
2002, 208: 191-364.
Boughamou N, Derbal F, Kara M H. Age, growth and
reproduction of the black sea bream Spondyliosoma
cantharus (Linnaeus) (Sparidae) in the Gulf of Annaba
(Algeria)[J]. Journal of Applied Ichthyology, 2015,
31(4): 773-779.
Hughes J M, Stewart J, Kendall B W, et al. Growth and
reproductive biology of tarwhine Rhabdosargus sarba
(Sparidae) in eastern Australia[J]. Marine & Freshwater

Marine Sciences / Vol. 41, No. 7 /2017 57



e IRkE REPOATS

Research, 2008, 59(12): 1111-1123. hermaphroditic teleost Sparus aurata (L.) during the
[34] Bhandari R K, Komuro H, Nakamura S, et al. Gonadal first two years of life[J]. Annales De Biologie Animale
restructuring and correlative steroid hormone profiles Biochimie Biophysique, 1978, 18(4): 877-882.
during natural sex change in protogynous honeycomb [39] , , , .
grouper (Epinephelus merra)[J]. Zoology Science, 2003, [J]. , 1991, 10(3): 221-228.
20: 1399-1404. Hong Wanshu, Zhang Qiyong, Zheng Jianfeng, et al.
[35] Page Y L, Diotel N, Vaillant C, et al. Aromatase, brain Studies on gonadal development and sex inversion of
sexualization and plasticity: The fish paradigm[J]. yellowfin sea bream (Sparus latus)[J]. Journal of
European Journal of Neuroscience, 2010, 32(12): 2105- Oceanography in Taiwan Strait, 1991, 10(3): 221-228.
2115. [40] ; , .
[36] Yamaguchi S. Time required for sex change in teleost [J1]. , 2013, 32(6): 700-703.
fishes: Hormonal dynamics shaped by selection[J]. Peng Zhilan, Liu Minhai, Fu Rongbing, et al. Annual
Journal of Theoretical Biology, 2016, 407: 339-348. development of the wild Oplegnathus fasciatus testis[J].
[37] Nakamura M, Miura S, Nozu R, et al. Oppo- Marine Science Bulletin, 2013, 32(6): 700-703.
site-directional sex change in functional female pro- [41] s . (Lutjanus sanguineus)
tandrous anemone fish, Amphiprion clarkii: effect of [1]. , 2010, 41(4): 375-379.
aromatase inhibitor on the ovarian tissue[J]. Zoological Yang Chunling, Liu Chuwu. Preliminary study on go-
Letters, 2015, 1(1): 1-5. nad development in Lutjanus sanguineus[J]. Guangxi
[38] Zohar Y. The gonadal cycle of the captivity-reared Agricultural Sciences, 2010, 41(4): 375-379.

Histological observation of sex change in the cultivated black
porgy, Acanthopagrus schlegeli

CHEN Shu-yin, ZHANG Zhi-yong, LIU Hai-lin, XU Jin, ZHU Fei, JIA Chao-feng,
ZHANG Zhi-wei, REN Zhong-hong

(Marine Fisheries Research Institute of Jiangsu Province, Jiangsu Key Laboratory for Genetics and Breeding
of Marine Fishes, Nantong 226007, China)

Received: Dec. 14, 2016
Key words: Acanthopagrus schlegeli; hermaphrodite; sex change; gonado-somatic index; hepato-somatic index

Abstract: The black porgy, Acanthopagrus schlegeli, is a popular and commonly farmed fish that undergoes a
male-to-female sex change at 3 years of age. However, the process by which the black porgy changes sex remains
unclear. In order to determine this process, the gonadal development and sex change of 4. schlegeli at the 3—4 year
mark was studied by collecting samples regularly and analyzing samples with histological methods. Results showed
that in bisexual gonads, the testicular tissue developed more predominantly, and some oogonia and primary oocytes
remained in the smaller ovarian tissue from January to May. Approximately 15% of 3-year-old black porgy were
females during the spawning season. The testicular tissue then began to regress and ovarian tissue started to grow
after the spawning periods (June—July), with full regression of the testis accompanying the development of vitel-
logenic oocytes. The trend survey of the gonad dissection showed that the testicular tissue began to grow gradually
at the end of September, and remained up in November and December in a subset of fish 3 years of age and older.
There was an equal distribution of fish with bisexual gonads, ovaries, and testicles (each group accounted for one
third of the sample population) by the end of December. In addition, annual changes in the gonado-somatic index
and hepato-somatic index were analyzed. This study outlines the natural sex change process of 4. schlegeli, and

may provide guidance on breeding research for hermaphrodite fish.
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