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Abstract

Abstract

Bi-directional sex change and protogynous hermaphroditism are confirmed for
the Hong Kong grouper Epinephelus akaara and the yellow grouper E. awoara,
respectively; however, sexual differentiation and gonad development prior to first
sexual maturation are still unclear for both species. In this study, based on histology,
gonad development of E. akaara was examined from post larval phase with the
estimated age of 6 weeks after hatching (wah) until 95 wah and E. awoara was from 6
wabh until 85 wah. Post larvae were collected by nets from Zhanpu waters, Fujian, and
subsequently reared locally in outdoor tanks under seawater supply till marketable
sizes (usually after two years). Approximate 20 specimens of each species were
randomly collected every 2~17 weeks (mainly 5~6 weeks) between February 2013
and May 2014. The results of E. akaara showed that: (1) the paired gonadal primordia
(GP) were observed at 6 wah lied in the dorsal part of the body cavity and the ventral
part of the swimbladder; (2) gonia were first observed in GP at 16 wah; (3)
primary-growth stage oocytes (O1) were observed at 27 wah, consistented with the
completion of ovarian lumen (OL); (4) the bisexual phase gonad with an OL, O1 and
scattered spermatogenic cysts (SC) was observed at 27 wah; (5) sexual differentiation
started subsequently from the bisexual phase at 34 wah, with the appearance of
cortical-alveolus stage oocytes (O2) for developing females and the proliferation of
SC for developing males; (6) the minimum age for first sexual maturation was at 41
wah for both female and male, with 143 mm total length (TL) and 137 mm TL for
minimum size, respectively. Ovaries of mature females contained the vitellogenic
stage oocytes (O3), or later stage oocytes, and scattered SC; testes of mature males

had sperm in sperm sinuses within the gonadal wall and the remained O1. The results



Abstract

of E. awoara showed that: (1) the paired GP were observed at 6 wah, lied the same
position as E. akaara; (2) gonia were first observed in GP at 8 wah; (3) the
appearance of O1 was recorded at 18 wah, and the OL completed at 23 wah; (4) the
bisexual phase gonad, same as that in E. akaara, was observed at 29 wah; (5) sexual
differentiation started subsequently from the bisexual phase at 41 wah, and the gonad
characteristics were the same in E. akaara; (6) the minimum age and size for first
sexual maturation of female were at 47 wah and 149 mm TL, respectively; a
nearly-mature male was found at 58 wah and 188 mm TL with the proliferation of
spermatid cysts but without sperm in sperm sinuses. This study demonstrated the
variation of time on gonad development of groupers and provided the evidence of
primary male developmental pathway in both E. akaara and E. awoara. Based on the
previous and current studies, it is confirmed that E. akaara is a bi-directional sex
changer with two developmental pathways of males, and E. awoara is a diandric

protogynous hermaphrodite.

Key words: Epinephelidae; hermaphroditism; sexual differentiation; gonad

development; histology
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1.1 &R MERI7T AT

TSN P AR IR 2 1 — N, 927,977, HrpgKk£1.2511,952
Py 7K £8.9515,800F . JEFIE 1 25225Fh, |2 S ATTE A BRI &Rk (Nelson,
2006). AR A RS M A E 7720, W EAE PR 2 AR R
P 5 TR G 9 HY (Atz, 1964; Smith, 1975; Sadovy and Shapiro, 1987; Delvin and
Nagahama, 2002; Sadovy de Mitcheson and Liu, 2008). a1 51 77 20 AT 70 N s
i, BV E R 544 B4 (Gonochoris m) FHMEE [F] 44 Y (Her maphroditism) (B1.1) . MEHE R
PRI (R SRR FLREAS A3 S P S O SRR L, PR IE 73 79 0 ) RE Tk E £
(Functional female) 52 GE P i 1. (Functional male). Zhfg M =4 001, 1ishae
PRAES P2 ARG T O AR AR N B AP 32HG « R 2 Bt 2 e TR e A Y
M [P A T PR AR AR AN ARG S P RE R O, AT AR, AR, W]
PRARET . Atz (1964) 15 IR G GiE R SRMERE AR DT X, R T 2
MRS Tz A 26tk . 504, A 0 fi R MERE R A4 AR BIF 7T AR b AR S AL )
(Ghiselin, 1969; Warner, 1988). #ME+E <12 HL1 | (Fricke and Fricke, 1970; Hattori,
1991; Quinitio etal., 1997; Liu and Sadovy, 2004a; Nakamura et al., 2005) . [N 7 & [A]
VA FEHLHI(Delvin and Nagahama, 2002). 4% 755 72 Hh 5 5L R1RE S04 25 724k,
(Sadovy and Shapiro, 1987)% /7 1f . H I CAfE 7 H 2781 £ 28 HAG MEAE R 44,
W 1R EE 1 AN (Actinopterygii) (I &5 Al = 55 (1) Fh 2 (Sadovy de Mitcheson and Liu,
2008).

2% M e TR AR o B OK S, R I R A Mk [ 44 (Simultaneous
hermap hroditism) F1AH 4k il 2ufe 1 [F] 44 (Sequential ‘hermaphroditism) (K1.1). &4
PRAE— DML R BIE ST, YERREE™ AR 007 3O B R 1, ISR R I B e
HERA s HAMAE— DB A A0 7B AR 1, SR )5 B PR AR (Sex
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change), 7EF —NEEFHZF ARG TP AT, I A 4K R [
Ao ARk BCRAMERE [F 1A 3L R =MIE K, 70l I MEPE S5 24 (Protogyny) % S 24
(Protandry) F1XY r) 14: 4% 45 (Bi-directional sex change) (F1.1&1.2). M2 2 £ 2%
e 4 Th RENEME R AT LIS I 1 4 A8 Ry D e P ME 1 (P 1.2) o TITRRENE S 0 B 2815 1
FBe, AR REMEME 1 n] DU PEFE AL s o T REVEME L (81.2) o XA PR AR 245
Thee PR 0T L3S M 78 B T e P £, 17 T M et T DA B 2 A
TR, X R AR SE R I N R IAHE A (EI1.2) . H AT
M # A5 fF i % H (Perciformes) 1) 41 Bt 4 &l (Epinephelidae) . 8, 78 3 &}
(Pseudochromidae) . ] 7 1 £} (Pomacanthidae) . % £l (Cirrhitidae) . [ Sk 1 &}
(Labridae) i ;% 1 7 (Gobiidae) 5 k38, i & B AN S 5 Je 240\ Jy A2 MEE 56 2% 1
I [F)44 (Kobayashi and Suzuki, 1994; Munday et al., 1998; Nakashima et al., 2000;
Cole and Hoese, 2001; Sakai et al., 2003; Liu and Sadovy, 2004a; Lorenzi, 2006;

Sadovy de Mitcheson and Liu, 2008; Kuwamura et al., 2015).
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Figure 1.1 Sexual patterns in fishes
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MEPE SR IS, RAERES R E B, XA AP HbE R (Monandry)
FNXUERY (Diandry) (Reinboth, 1962) (EI1.1). HuERL et A4k B T ohRg
MiER PR RE AR, TR Y I REVE A ANDOKR B T DR RS PR A, tsk B T
%yt H F 8 1 44 (Sex differentiation) & & A ThRE MM £ o [FIAE, BEME S 2 i 38,
W] AW Bl (Monogyny) F1SUME Y (Digyny) (Reinboth, 1962) (F1.1).
WEERY X EVE AR ISR B T DD BE TR R R R AR, T OUMERY B EVE MA A DR BT
ThRe MM ) A, ok B T4 Eas I M R & N DD REVERE A

92

EVE e HEPE S5 74

gL

X o) P % AR

S Thethitn, & thigbkiifa, — Mo b — TR

B1.2 83K R0 Bl ROMERE R 44 ) B B AR

Figure 1.2 Pathways of simultaneous hermaphroditism in fishes

12 BEARNMERLE

1.2.1 RS Ema R ETE

2R MR )R JE (Gonadal  primordium) 2 4= 55 (Genital  ridge) & 75 & AR B B
1 IR 2 (Mesoderm) f 4R 48 Bt (Somatic cell) R B, 7115 i £ 6 93 0l F) 3 s
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EEJE I (Nieuwkoop and Sutasurya, 1979; Timmermans, 1995; Braat et al., 1999;
Slanchev et al., 2005),

R E LT, R MBI T 2V R B TE A A A0 2E S 40
oA G A= FE 4 A (Primordial germ cell), Z&7ENRAG & B - HB Be M — R 41 i
AHIKRE), (EIHGEERERMRARTMAR, HAAERKS . A8 T, MR
SR AT AT ML I FIAFAE D ARRUR, [BE. BUEERIETE, 40 SRR &, i
JRISRE R M, 4HBEA K, #%1-1~24~(André and Rouiller, 1957; Eddy, 1975;
Nieuwkoop and Sutasurya, 1979; < 7F-F1EHE, 2004).

JE I B > JEUE A S 20 B 5 AR A AT 3 3 P 2 R A T A 2 A i
BUAEGEA: And, RS SR, JFIRATEN S I e AR E T, W, A
M 15 BH ] B 2 15 B T R G 34 34732 #% (Romanov and Altufev, 1992). 74k,
T PR a6 A T A A A B g — R R At i B0 L, DR B W e DO HaE M 2 X ik
N MM RIS A 50 (HEA AN R AR sadn R i By 2, 23T
5 20 N 1 i S5 3 1 (Johinston, 1951; Hamaguchi, 1992).

122 PHEMGHEPFRE

7E 50 & (Ovary), JRIGAEFEA R N AR F LSS, FFUEA 2247 %4 (Mitosis),
T& FC O [ 2 (Oogonia) 75K 2 B tia 0 25, BRELIR & B Se R B A4 A
B 55 4 0 P 45 5 DA R 3 NIk 3 24 (Meiosis) ORI IR RESR IR HH B, SR 5 O 5L
(Ovarian lumengiOvarian cavity) 4 JFaRTE R A, WA # 0, an—tebdf)
(Salmonidae) 125, +& A U (Kendall, 1921). MAMBEA B, KZHhE
BRI OB RN, 2N EEAEPIM, KR, MR RRER TAREEM, A
JF BT ILR % U (Ovarian duct) . DF SLEE Iy 2545 2123~ ILEF 4 i i 4
R RC . RIS, DA O 8 BE o) B 585 P9 Aot VF 22 RO 45 4 4L R0 AR 5 B R
(Germinal epithelium) ZH 5% 1 REGER ARG H, AETAAMAE BT K8, FRN

7~ JIAR (Ovarian lamellae) .
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9P -7 % “E (Oogenesis) &2 i A B 5 2 i 384 G ik N9 40 22, 19 O BEA i
(Oocyte), FEE &k B NN (Egg) KN 1L FE (Grier et al., 2009). <T 501 &
A5, BB ARG bR

201H2050~604FAX,, Yamamoto&s ¢35 5% B BELH M & & 1) 73 SR 1802 A 9E
FEDIAIMAZ . A EH AR/ AR5 N 4 )38 AR RS K 38 (Yamamoto,
1956; Yamamoto and Yamazaki, 1961; Yamamoto and Yoshioka, 1964). {41, fEff
FL G FUL 6% (Pseudopleuronectes obscurus) () 5E BRI L & & B, K4 AL, 430
N Y R - % 47 B 3 (Chromation-nucleolar  stage) « 4% 1= #h J& 5 1 (Early
peri-nucleolus stage) . #% 1= #h & i1 (Late peri-nucleolus stage) . YN & FEJE T 1 (Yolk
vesicle stage). ¥J2% 9P # i 3 (Primary yolk stage). {2 Bl # i} 3 (Secondary yolk
stage). =% UPFEIN ] (Tertiary yolk stage). 4 ffii% T #2153 (Migratory nucleus
stage). FLFAHT HA(Pre-maturation stage) . hi 2T H (Maturation stage) £ i 24 U B 31
(Ripe egg stage) (Yamamoto, 1956) (#%1.1). 7EXJ4: A (Carassius auratus)fld i
(Oryzias latipes) B Fi -, 1 G BEAR IR & & 4 BRI 7 A5k %, 435 910
AN B HE A8 B #A (Yamamoto and Yamazaki, 1961; Yamamoto and Yoshioka, 1964) .

201227041, Hardersf 1 3SVE ik S H R B #EAT 1T RGM M AL LS, fi5 i
SrivastavafllRathi £ ff 7T E1 5 FE i 2 (Heteropneustes fossilis) YN 2 iU & & 2 HY
TSIy & B, RGBT -AZ AT 0 %A= 41 IS S (Perinucleolar stage)
N FEV I B 5P B RIS B (Yolk globule stage) . GF Bk #(Yolk granule stage) .
o R RN R 2 R 3 (Srivasta and Rathi, 1970; Harder, 1975) (#1.1).

201H £0180~904EAX, [E AP {7 2 3 St 15 f R O BRI M 1) R B i T R A
(Wallace and Selman, 1981; DeVlaming, 1983; Guraya, 1986; Wallace et al., 1987;
West, 1990) . A3, t [F] 704FE AR 2 HoC & — ¢, HORTEHS 2K H Yamamoto (1956)
FIWT g . Hdr, WallacefiSelman (1981) 42 H URRFH M 2 & 7 4N 3, B
WIZR ALK (Primary growth). RS B 52 Bt JE i (Yolk vesicle or cortical alveoli

formation). BREE & 4= (True vitellogenesis) F1 % #4(Maturation) (Wallace and Selman,
5
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