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Tab.1 Gonadal transition and hormonal shifts in hermaphroditic fish

TET AR R AN ke PERRAR AL RGeS S
sex change type species gonadal transition changes of serum steroid levels
B S A W AP Epinephelus merra” PERRE SRR VNS, WA EMEVE B RO M AR T, M
protandrous PEPENR, Ml e ks 5 RE, LA SEFRT /KT A, T 1 1= 5
% Monopterus albus™ SE(11-KT)/KF 28 T
T S 3 B Acanthopagrus schlegelii® PR e R B RS HA LN LRGN BB M R I AR, MR
protogynous PERR, M S I KE, LA AT K T, i1 1-F
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sex change Z A ASRIUGLE, T 11 - 3 S K S

T B M ) 22 S

(@

(b)

1 REAREMEREL
(@) GO, (b) HeHERERR, (c) KESE. aO4. MBI O SR /L O RFAA, O FIZL UM A, ST. K5, SC. K/

Fig.1 Gonadal sex change in the E. coioides

113]

(©)

(a) ovary, (b) intersex, (c) testis. aO4. atretic vitellogenic stage oocytes, O1. primary-stage oocyte, ST. spermatid, SC. spermatogenic cyst
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(a) REGAAPIVETERR, (b) DhRetEREYE: () TORETEMEYE. T. K53, O.9NEL, ST HT, R
Fig.2 Gonadal sex change in the A. latus

(a) immature bisexual gonad, (b) functional male, (c) functional female, T. testicular tissue, O. ovarian tissue, ST. spermatid, the same below
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Fig.3 Gonadal structure of T. okinawae at
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different sex stages

(a) male, (b) female
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Fig. 4 Regulation of sex steroid hormones in teleost"™

P5. pregnenolone, P4. progesterone, 11-KA4. 11-ketoandrostenedione,
11B-OHT. 11B-hydroxytestosterone, 113-OHA4. 11p-hydroxyandroste-
nedione, 11-KT. 11-ketotestosterone, T. testosterone, A4. androstenedi-

one, E;. estrone; E,. 17f-estradiol
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Fig.5 Molecular regulation pattern of sex determination
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GnRH. gonadotropin-releasing hormone, LH. luteinizing hormone, FSH. follicle stimulating hormone
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A review of studies on sex differentiation and sex change in
hermaphroditic fishes
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Sun Yat-sen University, Guangzhou 510275, China,
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Abstract: Among vertebrates, fishes show an exceptional range of reproductive strategies, which can be roughly
divided into three categories: gonochorism, sequential hermaphrodite and partheonogenesis. In general, gonads can
differentiate into ovaries or testes after sex determination, and remain unchanged throughout the life cycle. In con-
trast, some hermaphroditic fishes can change their sex from male to female (protandrous), female to male (proto-
gynous), or serially (bi-directional sex change) in their life cycle. Hermaphroditic fishes have various forms of sex
change, which is an ideal model to investigate the sex determination and differentiation in vertebrates. Therefore,
this paper reviews the recent research progress on the sex differentiation and determination of hermaphroditic
fishes from the aspects of gonadal change, sex hormone secretion, neuroendocrine, sex differentiation and molecu-
lar regulation of determining genes, so as to provide a reference for further research on the sex regulation mechan-
ism of the fish.

Key words: fish; hermaphrodite; sex determination; sex differentiation; gonadal development; sex hormone secre-
tion; neuroendocrine
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