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SR o ESTERIETHEIAT O H) 0 % 2 - 3 SFIRRIE A 33 °C MEARIETRE (12 H) > i
ZE 18°C ~23°C ~ 28°C J¢ 33 °C /kifiiRH: - EFAFEIHTHIR 2 H) BRbk - #EREUR > BEEER
BURT PRI RN RG] 60% (ki 23 °C) ¢ RIPIBEFSEIRERSE (33 °C) - SRR RMEIEELHTR,
0% ; 18°C #HEy 5.55% (1/18) 5 23 °C # )% 5.26% (1/19) 5 28 °C #HEy 25% (4/16) - Hrh & fH A2 Y
FERAER » BR T 28 ~ 33 °C RURIREEEIRGIR - B ~ 18 °C Jz 23 °C fH. BT ARG TS - TEA SR
HERRYTFrBiEE - it 33 °C B PRYSREY - MEREI E AV BIEH - (R AR Al
- (4 | REARRE R HEEDIRE (HEPEELG 1/8) - SHOMNREIETFHI (12 H 18 H) > 725 A 18~
23 F128 °CHEHE F - K 45 Kk 2 H 1 H) - AFEIRCHE T RREAING ~ DNEL - B PEEE Rt £
Eel > BRI BIIERE (60%) Bl LH =1 - fERIEZFAT (10 ~ 11 ) KEBIEZS (1 H) 3965
B > TEEIRERSE & > FITANE LH PIRASZEHIE] - Bk 12 FEREE - HIEfEEES] 23 K& 28 °C
o MG LH R RN - AT Bl BRI 7S s SR (R RS f SR Mg peet] - =it
AR TR e - H BRI R e Rl - A2 INGS LH R -

RESRET - REA - EIEIREES - MRBILLA « REEIER

1 S AT RS S5 (L AERY - FIAITIES (Channel
fish, Ictalurus punctatus) - g fi§ (Sea bass,
FEMEN R E T ZRER 7N 22 Dicentrarchus labrax) (Patino et al., 1996) - REf{E

(environmental sex determination) » H:H i R E R
(temperature sex determination) & /& AERTE g
i i LAY —HE - Yamamoto (1999) f5H > FEZ 8
HEVBURE (thermosensitive) HYFEFET » 2]
g; e = M BA AU ¢ BE R RS o HE AL
(masculinization) FEGIIEHT - MR ol e ER—EM L
(feminization) - FI41$REFAZH (Menidia menidia,
Odonthestes  bonariensis) oW R M %
(Apisrogramma sp., Oreochromis sp.) ~ it} FI6EF}
4 %6 (Misgurnus anguillicaudatus, Carassius
auratus) 2 (Baroiller et al., 1999) - EiE{EHETHE
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re T B TR P R AR A A B — e R - FRTEIR
FRFHIHERR 12 1 AYPERIEES] (U-shape curve) » #4011
il (Paralichthys olivaceus) (Baroiller and D’Cotta,
2001) -

T 5 B S A T A B g 2 - 2
SRS SRS L P BERT - BIARE &
SRR  MAORTIR B FEORS B AR R [ ey
A% (Kime and Hyder, 1983; Manning and Kime,
1985; Kime and Manning, 1986) - fEE & E A
(pejerrey fish, O. bonariensis) » 75 B 5} JS R AT &
(preoptic area) < & Th M ¥ 3= B ¥ #
(gonadotropin-releasing hormone, GnRH) jifi#& T E
s RS EROT i E 8% - HIRER e
i B N FE RS 0 W B B R (luteinizing
hormone, LH) ElJEHI# = (Follicle-stimulating



64 FET - PR

hormone, FSH) 2 #fl i # 1% 2% (Miranda and
Striissmann, 2001) - £ $HE R AIRUBSE A+ 2210
eE IR B - 2 BRI AN B M A EE
RSS2 40 M. menidia A TSR 8 - 21 mm i >
T it & I HEME M B TR E - {BAE BE/NE B R e Y
FERF - R ZR B 72 % (Conover and
Fleisher, 1986) ; 7F J& % = 2 f4  (Oreochromis
niloticus) 3% 1 EEAVFARIEEAE 36 °C BRI 10
KRELE SARA T e R LR B - SR AR
FEL 3 5 A o B P+ 1L PRI 30 1T 925 ol P i A 2 52
(Baroilleretal., 1996) - fi{l:#% 40 - 90 KA fTFA L »
GFEE RN - M LIRSS (87.8%
28 °C) » fafe N E» & EHIBHEERE(K (Sun et al.,
2013) - 1A ££88 Acanthochromis polyacanthus
KU BT 315 °C (+3 °C) » H- MBI Er
FEEE] 90% (Rodgers et al., 2017) - FHZAY @ KRS
LG FA (Danio rerio) faEgAI{EEREMEL (22 °C,
87.1%) BRI FR B AT (el L (31°C, 82.4%)
(Sfakianakis et al., 2012) -

PR 2 e (RIS PRSP R 2 1
2 FRIATI R R 1 - HEEALS 3 (H%0H
& REERAEH 40% [ERS RS R o FATE
BUHARM > RERY RS R ~ DNEIAE
G DASN S AR Ry AR R AR TR - E BB IE R
i ~ DN BFRIG A TRV - TEBES R
Bl MR RS (1 - 3 FRR) HA TS A5
NS - T Ik s L e PR SR (3 AR - RIION
HEHERT 0 FEESEH (Duetal, 2003; Wuetal.,
2005) - A5 B H A 2 R 1 L Eor 11-KT>
aromatase ~ GnRH ~ LH I A HRALES
(Chang et al., 1995a, b, 1997; Lee et al., 2000, 2002,
2004; Du etal., 2005) - ZAi5% H A S PRE RS 22
e e R e Fa - SR - R MRS A LA JE R
B~ 1A EEB B A2 5 P 53- ARl A b, - 7R BRI
LB G H@BEENEE T » BRI E R =

FEHE » BERT IR » SETT I R RS
KR L 2% -
PERHEL 7 i

— ~ HERHIfA

HEEHRA A 2 - 3 Tl B —4it > Bl

Jf2 30 ton skt - DAZI/KERIE - SERTTEE
PRER (B AECEETR SRR I RIR A F])  fEH
SRR PR IEERYT - FREACE 3 HESEZAT
HEITEES -

= G

9 HvaIBtaE TR - STl —HE R AREIEE
33 °C BN > HEHEABIEFE (12 A) fos
BARFEREERE - o R e B R B
FEAN )L P B S A B P G QR i A
SO ARNERHLSY Ry 5 43Ry B (23°0)-
18 °C #H ~ 23 °C #H ~ 28 °C #HF1 33 °C # » &HHIE
PR RERAERE P ¢ 1 B - ARG
AR KRR A E BRI A H B 10 R SR
2.18~23~28~33°C 2 pREEA : 9 H 18 HEE
BEHY 90 FE MR » EEEAE 33 °C /KELZ 4 ton FRP
MR o R 10 H 1S HIEEfTE—REREE - 212 H
18 Hi 38R 3 K> RIS B - R 12 A 18
HERERR - BERIEEFI AR 6853 Ry AN (R pR B
#1:18°C20 & ~ 23°C20 & ~ 28°C I8 & ~ 33 °C
8 B » [AIREAAZERN 4 ton FRP /Kftich » DS /KEER,
DB ER Z R R 2 BRI 1 K
fHIMEART SR A EE RS BTN 160 Rl 45
RAFREERE > WRFEFE 2 H 1 H > KBiTEE
B F S TR AR -

=~ rirEE R R
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ffi F & B 300 - 500 ppm Jif BB (2-
phenoxyethanol, Showa Chem. Co., Tokyo, Japan) &
FERBEE SRS > DL 3 ml $HEE R REANBIRHIL -
5 MK 4 °C NEFEL 6 hr £ - 1L 8000 rpm
HitCs 15 min » B EJFIMIER A 1.5 ml 5EHELE -
TRAFIY -20 °C ykiE > BEER AT LH IREEREA -

(D) MBS RRE
£ b 2 T DLBGIRI 0k (picric acid) 7K

750 ml ~ 40% PR EMIAT 250 ml K UKRERR
(glacial acetic acid) 50 ml » FEFD K Bouin [EEWK
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AR A TR R EER R (R JE B[S E
WREEBT Ry 12 9) » [E7E 48 - 72 hr & » DL 70% P5kE
BHAEER - BEIERE W 2Bl e - ftH
ARG - TRV RTRERARE 70% 1
FEHEVH - DIE B 7k#% (Lecia TP1020 » Nussloch,
Germany) #&#E FYIPERSERMIZK @ 70%P5HS 1 hr ~
80% 7GfE 1hr~90% k% 1 hr ~ 99% FFE 40 min ~
99% iP5k 1 hr~xylene 30 min~xylene 30 min~xylene:
paraffin=1 : 1 §%% 5 min % paraffin 20 min » 52§
KK AR 2 A0 B P LLE B R (Shandon
Histoceutre™?2, UK) {715 NG gy ik
FEHEEAR/ - LIEHEY]Fr#% (Shandon Finesse-Et,
Thermo Electron Corporation, Waltharn, MA, UK)
ALY (R 6 pm) > B DLER K%
(hematoxylin) ~ I (eosin) ¥ty o

(=) M5 LHRIE

Tl bz B LH AR 8 S 5 8 6 [ Ry
0.1875 - 12 ng/100 pl in 0.01 M PBS-G » pH 7.4 »
G AT RR i FRREAE BCEs ¢ I3 50 - 100 pl A
PBS-G i HetEly 200 ul » FFAIA 100 Wl LH —
Kyihe (WK 1/8000 %) K 100 pl (AR
fft (LH-I'*) (% 25000 cpm) » IREE SR 4°C T
EFERE 48 hr > jnA 100 ul —ZkPLiE (goat anti-
rabbit serum > #ifE 1/1500 £%) Kz 100 pl normal rabbit
serum (FfE 1/250 £%) » A4 °C FAJHE 1 hr % >
A 1.5 ml PEG 7% (polyethylenglycol 6000 in
0.01 M PBS buffer » pH 7.4) » =& N 15 min »
LA 2800 rpm Fffr» 40 min - fE45 FJF L y-counter
HIZE cpm {H @ WAKBAEEEGE RIS LH S8
(Duetal., 2001) -

(@) #RSTDHT

EhHii B SPSS for Windows 10.5 #fiEt &L
TS S BB R BV E S AR TR R
# (standard error of mean » SEM) - ifi >\ Student’s
t-test sz ANOVA- Duncan’s multiple rang test #£{T
HEEESHT 2 B p<0.05 Fr AL VAIBUERR L
GRS -

Mo R

— ~ REEE 2 - 3 BRI B AR
(EVilEta= a7

B AR BR B A 2 Ay R 0 AR T R R B
(Gonadosomatic index, GSI) %t » 7F 11 Hip{E
H 0.82+0.24% - A 12 HBEEEE FFF (p<0.05) >
ZBATEIRFFEREE 0 R 2 ApinE 4.50 £
0.48% (Fig. 1) - JREREHHHN 33 °C miflIRE T
GSI IHEA L EIRAE (p<0.05) » 12 HI GSI Ky
0.19 £ 0.06% > 2 H{yHF GSI {832 0.05 £ 0.01 % »
33 °C iR B MRS E - B —J7m
MERAE Rl R T T AR (10 - 12 F) - s ABEH
hF (12 ) @ R E TR R 18°C ~23°C~28°C
% BY 2 A EREE - H GSI g B8 L -
IE#H By 4.50 £ 0.475% ~ 18 °C #H 1.97 £ 0.25% ~
23°C #H1.18£0.13% ~ 28 °C #H 0.58 £0.12% ~
33°C #H 0.05+0.01% (Fig. 1) »

PR AR JE IR AH AR U i - BIRGHREE{E 12 H
Pries - RHARYT R - A E0 0 e e A oy e
o GIGSHARHH IS TR 250 - 400 pm - E3EE AL
BHERRI - 17 33 °C BREEAHY 12 A 17 HERERR:
MU DR - BRI R B RSB R AR
fi - DA DNARAE 100 pm DR - BRI INEE
MBI (primary oocyte stage) » 45 5. A SN E
EkS A (spermatogonium) A 2 H {3 ERAE - &%
FELAAETERR A N FEIZEBRE B > 33 °C fHIE/ME HE
% TR S B - BRI 7T BRoREE
B (7/8) » —RBHIRBUSHEMEDIRE -
R ERLRE A8 A G I 43 R CRE B P R R
1/8) (Table 1, Fig. 2) « 1 12 [ 18 ity Enns
Z RS A FREL A AR - K 45 K% AT
FHRRY) U R~ VBTG B IE R
Bt o 18 °C MR Ryt St (RS - A= FE RN R
I DNATIENASH 200 um - DR MR R 2 A
A~ M G D R OB T - HERRS SLHHARTE
Wit HERSBIGRE - 23 °C Bd 28 °C # »
PR Ryl £a 2 (6 HS - DRI S A DN s HERG ] -
PR3 450 pm > e I Aok SR RS AR
Tl -

DA EASSRAGH - SRR (33 °C) ¥
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Fig. 1

Effects of temperature on gonadosomatic index (GSl) in 2- to 3-year-old black

porgy that were first reared at 33 °C in September and then divided into control, 18 °C,
23 °C, 28°C, and 33 °C treated groups from December to February in the next year. Data

are shown as the mean + SEM. The different letters indicate the significant differences

between the groups (p < 0.05). An asterisk indicates a significant difference between the

control group and the 33 °C treated group.

SV A SR T B R AR > (HR B S S
A1 (12 A 18 H) > MR iR & BRI AR
IRERRERSE & - AEIRER e - HE
SRR AT T A BN

o~ TRPEE 2 - 3 R HRER M He i 2 s

FHHAE R 45 RANERE R - fr2 H 1
H A TEef PRk R R SRR U] Fr BE 7 R
MEVERIEEH] - QG ~ HEMERT.Z GSI~ ARG EA
If13% LH §2EE > K52RAIN Table 1 fiR o BRGHILET
10 2 - IEfR 4 B2~ MiEfR 6 B2 > PR Tyt £ LE A
By 60% (6/10) - 18 °C HHE 18 B (GERIIFISE
C2R) Hef 16 B~ HEfa 1 > MIkRER 1 2>
TEFEAE Rl fa LEBIRy 5.55% (1/18) - 23 °C FHIEET
19 EGABRIIEISELC 1 BB MEfa I8 R MM 1 B2

PR Ry £6 R Ry 5.26% (1/19) - 28 °C #HALET
16 B GREGHARIZEE 2 BB) - HEfa 11 & ~ HfEfa 4
B - FTERS B 1 TR Rt LRI Ry 25% -
33 °C fHILEF S B - HEfa 1 2 ~ WERSE: 7 2 >
PR Ryl F LEBI Ry 0% - Horh R e fa 2 ST
FEREE » BRT 28 ~ 33°C HUREREEFIRGWK - ¥R
#H - 18°C K 23 °C #HZ BHBIHERBS -

FHARG SRS > Tl 33 °C B8 YA » i
REN T HEA S B B RAHRES
AISZEHIH] > (1 REGRE R IEEDIRE - (AR
PREEFIRIR (HEMEELHT 1/8) - TAEZEIEZRT =ik
BRI A A - IREBEZVI (12 H 18 H) - 351
A 1823 F128°C BBIS R » &5 45 Kt 2 H 1
H) » A JEBR T R R - DN (E PRt
FolfErangELpl > UHHASRKA B (60%) » B2
R s R e 2 R ER A A -
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Table 1

Effects of temperature on sex ratio, gonadal somatic index (GSI), semen volume, and serum luteinizing

hormone (LH) in 2- to 3-year-old yr black porgy that were first reared at 33 °C in September and then divided into
control, 18 °C, 23 °C, 28 °C°C, and 33 °C treated groups from December to February in the next year and sacrificed

in February
Fish number GSI (%) Semen(ml) Serum LH (ng/ml)
Treatment
g Q2 9 g Q e/ g 2 9 d Q e/
Control 4 6 0 257+033 391x0.76 - 0.12+x0.06 - - 18+12.12 16.6 +5.54 -
18 °C 16 1 1 197+0.28 2.58 1.42 0.25+0.11 - - 9.23 £ 2.51 18.62 2.59
23 °C 18 1 0 1.72+0.13 0.94 -  0.89+0.21 - - 17.78+3.42 28.5 -
28 °C M1 4 1 043+£0.11 1.01+£0.26 0.76 - - - 39.75+12.83 10.93 +5.81 64.5
33°C 1 o 7 0.1 - 0.04 - - - 3.66 - 5.55+2.59
Control Control

Fig. 2 Transverse sections of the gonadal tissue stained with hematoxylin and eosin from fish reared at 33 °C for 3
months (from September to December). Black porgy began sex change. Vitellogenic oocytes (female) and spermatids
(male) were observed in the control group fish. Testes and primary oocytes coexisted in the 33 °C group. (Ov, ovarian
tissue; so, secondary oocyte; sg, spermatogonia; st, spermatid; TT, testicular tissue; y, yolk).
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Fig. 3  Effects of temperature on serum luteinizing hormone (LH) in 2- to 3-year-old black
porgy that were first reared at 33 °C in September and then divided into control, 18 °C,
23 °C, 28 °C, and 33 °C treated groups from December to February in the next year. Data
are shown as the mean + SEM. The different letters indicate the significant differences
between the groups (p < 0.05). An asterisk indicates a significant difference between the

control group and the 33 °C treated group..

AR TR - 0 SRR Ry LA B S - BRI ARERER
vho MBS 3 EBTEZRRD - KU 40% RiEaEL,
BEME: > R AN BT BRI RAH 60% st by e 1 B 52
KA FREE S - fEAREET - S ERERED
il 2 - 3 Ee R AR Ry - HATRERIRAER
5 SHEESZEHIG]  BUER 1 & (1/8) RELHH
PEDIRE - H GST AR/ o 15280 Rl R B e e 52
B FUAPERT M ERYRER b - S e B BE AT AU e £
TR Ry I £ > 140 - ZFEF (Kitano etal., 1999) JE
FELLEIF (Kwonetal., 2002) %5 » HGRAIEIA -
] HE v L 3 U REA R SRS B A e 3 B s 2

B > TEBE I R RORFTE R B » ol oy S R Y R i
H A= 8 i DN A0 e 2 A= M A (apoptosis) 2
Bi5 » REREEMUIESR (aromatase) JHME » F5[UHH

Mapata s - HET AR e (Uchida et al.,
2004) -
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(1/18) » 23 °C HHHEE Lot £ EE BT Ry 5% (1/19) »
28 °C it Ryl £ LB ks 25% (4/16) » 33 °C #H
AR Ry £ LRy 0% (0/8) - MR B AR =i
J P PR A IR o (R AT
IRF > i 2 - 3 e SR EI1E B R B T - R
erihiEe  (H LRI RIR % HRSEINESE S
R o T AR R e £ 1Y LRI > 12 8 2 RS
JERHARIR A AT REIR A > PIRER N BEIHZERTE S
IRAYEREE TS > $I 7 EE I i R IR SR P e -
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47 33 °C BREE T - [AME ] 28 °C Btk » HNEL
M PZE WS R T - KA 25% it Ly itk
T {HZ2REITEE] 23 °C J 18 °C Kk (BEIEH
M) - FEELIRPRMGEE T - HE 2 ARG Ly
£ EEBIIREEAR 2% -

TESHERZE ISR I > Pl s I iact o £
FILETERR » $TERH ~ 23 °C J 28 °C HONSLAHARH -
IR A TN HERE R E 52 » DIFC AT 400 pm
18 °C FRIEHFHEEIA LA 1| RIS Rt - (H20Y
LR RS I REIGEI 28 5 R S AU 2 HERE IR
Bt o ONAHHREERARAE 200 pm 7245 - FEATRR GSI AN
T LHIRERYR - 18°C REHMNEEIEZRIR: GSI
i 23 °C ~ 28 °C fHZKIE » (HRZIME LH AR
RSB IRREAT 23 °C ~ 28 °C #H » KIFLHEHIATREZ
BARAIMIE LH J=EE - SN mREU SR
I B o A H A SR BRI R B o L AR
HIRBLJTTH - 3 A R R M A e BE = I
TR » 15 - 19 °C RIEA: 100% HEME - 21
29 °C IFHITEy 0% - iff H. GTH My B 5oL
AiifExrs (Miranda et al., 2001) -

{EIMYE LH f7if - $HHRRHIME LH JREe e
SERTRIMFSE—EL (Leeetal., 2000 ; Duetal., 2005) »
PIE BT IE R - 5 LH (BB - B
BaflReh o EiREER S AR 1 - 2 BRI
T LH EEEIE el  mARESS - —F
SRR R R R BEE S LH & & (10 5)
(Fig. 4) » 21213 LH &80 78 12 HER R
1eifE > 38 BN e A e ol LH A 1
YER » (HE NBTEZR 1, » B TE R4 (I
~BS N AR TERY) R LT BUMIE LH R
HE BRI R M - TR B AR T R A 52
2 QI ZSBIMNERIRIRE - RO s R %
(10-12 H)> A 12 A 18 HEEEAFREEEREE > M
I LH ML AR B B LA R - 76 2 HIRF - [ 5]
28 °C fHz LH J2EEHAMES R 18 °C Bl 33 °C#H -
S A A WET EE IS N &=l LH B
FSH ;2 43yl (Miranda et al., 2001) - #E FERE
SOEETRARINIG LH 25 (R ER A T AR

£ 2 - 3 e B PRSI B - i R
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The Effect of Temperature on Sex Change in Protandrous
Black Porgy (Acanthopagrus shlegceli)
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ABSTRACT

This study aimed to determine the effects of temperature on gonadal development, sex change ratio and serum
luteinizing hormone (LH) concentration in hermaphrodite protandrous black porgy, Acanthopagrus schlegeli. Before
the breeding season (September), 2- to 3-year-old black porgy were first reared at 33 °C, then these fish were divided
into four groups that were further reared at 18 °C, 23 °C, 28 °C and 33 °C at the beginning of the spawning season
(December). The fish were then sacrificed at the end of the breeding season in the next year (February). The results
indicated that 60% of black porgy had a sex-change to female in the control group (23 °C). In the high-temperature
group (33 °C), no black porgy changed sex, while the female proportions of the other groups were 5.55% (18 °C),
5.26% (23 °C), and 25% (28 °C) after 45 days. Spermination was observed in the 18 °C, 23 °C, and control groups.
In terms of histology, the gonadal development of the 33 °C -reared fish was suppressed, and only one of the fish had
male function (that is, spermids were observed) during spawning season. In the other groups, the gonads of the fish
had already developed into ripe ovaries or testes after 45 days of rearing, but the female ratios in these groups were
obviously lower than that in the control group (60%). The serum LH concentration of the control fish surged during
the prespawning (Oct. and Nov.) and spawning seasons (Feb.), but the LH surge was observed only in one fish from
the 33 °C -reared group. In the 23 °C - and 28 °C -reared groups, the serum LH levels increased after 45 days of
rearing. This research confirmed that high water temperature influences sex change mechanism in hermaphroditic
black porgy through the inhibition of gonadal development and gonadal maturation, as well as its effects on sex

change in black porgy and serum LH concentration.
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