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Abgtract : The gonadd dfferentiation in fishesis dfected by many environmenta factors, anmong which tenperature is
one o the mog inportant factors. In thispaper , migration of prinordia germ cells (PGCs) |, formetion of genital ridge
and gonadd differertiation were invedigated usng higologcd methods in Carassius auratus. Hfects of different
culturing water temperatures on the gonadd diff erentiation were d gsudied. Day 12 to day 40 was a sendtive period
for the gonadd differentiation. From day 12 on, larvae were divided into 7 groups. BEvery group was cultured under
oned seven temperaturesfor 28 days: 161 ,20+1 ,23-25 ,27+1 ,30%x1 ,32x1 and34zt
1 . The control group was cutured at 23- 25 . The resuts showed that larva sex ratio in the control group was
approximatedly 1 1 (femdeto maewas1 1.07). Inthe20+1 gouw, the larval sex ratio was d9 coseto 1 1
(1.09 1). Inthe27+1 gouw, ferde raio increased and the femde ratio coud be as high as 55.3%( P <
0.05) . In lower temperature gowp 16 £ 1 , femde to mAe was 1 1.45, and the femde ratio reached 40. 8 %.
However , in the higher temperature groups, the femde to mde ratios were 6.14 1, 2.51 1 and 2.14 1 when
tenperaturewasincreaedto 30+1  ,32+1 and34+1 |, repectivdy. Thefemderdioin30+1 group was
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the highes , reaching as high as 86. 0 %. The tenperauredof 30+ 1

obvioudy induced feminization. These results

sugged that sex determindion in C. auratus is temperature- dependent sex determination (TSD) . Nowadays, the
dobd temperature become warmer , and the changng environmenta factors lead to greenhouse dfect , which might

skew the sex ratio o C. auratus.

Key words: Carassius auratus; Gonad dfferentiation; Temperature; Sex ratio

(sex determination)
(sex differentiation) ,

[1 3]

(36 )

( Oreochromis aureus) 98% " : (32

+1) , ( Misgurnus anguillicaudatus)
90 94 ; (Menidia peninsul ag)
() 85 %"
, ( Odontesthes
bonariensis) (17 ) 100 %,
(29 ) 0% )
(Ictalurus punctatus) 34
( 1.68 1),
l (81 H
(temperature- dependent
sex determination , TD) 1
( Carassius auratus)
1
1.1 2007
2008 (3 8 ),
68 , 9.5

19.0cm, )

LRHA2 DOM (
) 1
( 100 cm) ,
(23
25) ,
12
( )
d il
1.2
7 y 200 1
(16 + 1) (20 + 1) 23 25 (27 +1)
(30+1) (32+1) (34+1)
23 25 ,
3HP [BT-3A, ( )
] b
12 , 40
, 6
3
1.3
15 , 2 3d 6 ;15
, 5d 6 Bouin



H.E AL YMRUS BX51 (
OL YMPUS DP70) )

10
1.4 +
(Mean + D)
SPSS13.0 X (X *-Tes) ,
(P<0.05 )
2
2.1
23 25 1
50 , (prinordid germ
cels, PQCs)
(sendtive period)
2.1.1 1
(4.6£0.1) mm ;
, PQCs
PQCs
PQCs ,
, ( x , ) 14.15um
x5.80M m, 9.5Umx5.4um
, , 1 2
1)
3 , (5.2+0.1) mm
,PQCs
15.25ym x 6. 10U m,
10. 04M m x 4. 364 m( :2)
5 , (5.4 £0.6) mMm
PQCs

( :3) PQCs

16.32umx7.12um, 10. 024 m %
4.98U4 m 8 ,
PQCs ,
: ( :4)
12 , (8.1+1.2) mm,
, (genita ridges)
, PQCs PQCs
, , 1
8 15 P&Cs PXCs
19.60Mm x 7.87 U m,
17. 08U mx 7. 88U m( :5)
16 , (11.7£0.8) mm
, 1 2
PQCs( :6.,7) PQCs
, ( prinordia gonads) PQCs
19.60pMx7.874m,
17.084 mx 7.88Um 20 25
,PQCs ;
,  PQCs (

8) PQCs 25.2umx11.2um,
19.6M mx8.4Uum
2.1.2 30

(19. 75+ 0. 80) mm

PQCs , 18.6M M x 7.3
Mm, 9.2u mx 4. 64 m( :9) ;

: (primary
cavity) PQCs ,
33.6Umx25.2um, 20.4umx42.0



- 12 - Chinese Journal o Zoology 44
um, ( :10) (goermatogenic cyss) ( :14)
PQCs 12 , 40
, 12
40 , (24.03 £ 1.60) mm 40
, 2.2
, 2.2.1
(primary oocyte) 95 % ,
49.50Um x 30.41dm, (P>0.05) ,
43.30M m % 30. 284 m ( (16 +1) ,
:11) : , (30+1)
19.23um x 10. 80U m, 11. 49 (P<0.05)( 12
M mx8. 86U m
(Sertoli cdl) (dferent duct) (16+1) ,
( :12) 23 25 (5+x1)d,
50 (30+1) (2
) +1)d (16 +1)
, (ocogegite) ( (9+1)d, (30£1)
:13) , : 4xnd( 2

1

Tablel The Influence o different temperatures on growth and gonadal differentiation advance o Carassius auratus

The gage of prinordid gonad formetion

The gage of gonadd differentiation

Gotps (mm) C) (mmm) C)
Length of larvee Days dter larvee hatching Length of larvee Days dter larvae hatching
Lower I(E,rjwf):‘;)ure 9.03 21 23 21.57 44 48
Cl()ffrol %) 11.68 16 19 25.58 3% 39
Higher t(;:p:’;)ure 15.92 14 16 31.09 32 3
2.2.2 6 1.24 1, 55.3%
, (P<0.05) (30+x1)
) 6.14 1, , 86.0 %
( 2 , (23 25) (P<0.01) (32
(20 + 1) 1 1(P> +1) (34+1) ,
0. 05) (161 , , 71.5% 68.2%(P<0.01) ,
11.45, 40.8 %, )
(P<0.01) (27+£1) ,
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2
Table2 The Influence o different temperatures on the sex ratio of Carassius auratus
Mortdity rate Ferde rate
Qouws Number % X 2 p Femdle Mde % X 2 p

(16+1) 500 98.0 0.041 0.840 1145 40.0 6.83 0.009
(20+1) 500 97.4 0.318 0.573 1091 52.2 1.763 0.184
(27+1) 500 97.8 0.000 0.578 1241 55.3 5.610 0.018
(30+1) 500 9.8 1. 156 0.282 6.14 1 86.0 193. 004 0.000 5
(32+1) 500 97.0 0.828 0.363 2511 71.5 67.040 0.001
(34+1) 500 9.7 1.527 0.217 2.14 1 68.2 48.524 0.001 2
23 25 500 97.8 4.072 0. 667 1107 48.4 66.577 0.001 5

X *tes 23 25 ,P>0.05, ; : X >tes

,P<0.05 ,P<0.01

Mortdity rate: comparing each experimental group with control goup 23 - 25 uding X >tes, P> 0.05,ro dgnificant difference; Femele

rate: corparing each experimenta group with control group 23 - 25

donificartly different.

3

3.1

(PCCs)

[10 12

PQCs
PCCs
PQCs

; 30 :

[13 15]

,PCCs

PQCs

usng X >tet, P < 0.05,dgrificantly different and P < 0.01, high

. 40
[5,7,12,13]
3.2 20
30 ,
( ),
[1]
: 12 40
(16 + 1)
, ; (27 )
(30 £1)
: , 86.0 %),

(32+1) (34+1) ,



14 -

Chinese Journal d Zod ogy

( Pseudobagrus vachdlli)
83.3%,
, 34,
, 26.4%,

[16]

(30 )

2008 4

59, 37

[1]

[2]

1) )

Aferrer
[17]

[31]

[4]

(P450 aromatase) ,

[18]

, [7]

[19]

, [8]
[19 20]

( Oncorhynchus mykiss) ™! (9]

( Oreachromis nilaticus) ,

XX , [10]

[11]

akaara) ,

[21]

[16]

Baroiller J F, D’ Gotta H. Environment and sex determination

infarmed fish. Comp Biochem Physid C, 2001, 130(4) :399
409.

Kobayashi T, Kgiurer Kobayashi H, Nagahama Y. Induction

o XY =x reversa by edrogen imolves dtered gene expresson

inateeod , tilgpia. Cytogenet Genome Res, 2003, 101(3 -

4) : 289 294,

lweta E, Naga Y ,Hyoudou M, e al. Environment and sex

differentiation in the fdse clomn anemonefish, Amphiprion

oodlaris. Zoolog Sd , 2008, 25(2) :123  128.

Degrez D, Mdand C. Hfect of ambient water tenperature on

£X determinigm in the bule tilgpia, Oreochromis aureus.

Aquaculture, 1998, 162:79 84.

. , 2007, 14(1) :74 80.
Qorover D O, Kynard B E. Environmenta sex determination :
Interaction of tenperaure and gerotype in a fish. Sdence,
1982, 213:577 579.
Ito L S, Yamashita M, Takashima F & a. Dynamcs and
higologca characteridics of gonadd sex differentiation in
pegerrey  ( Odontesthes  bonariesis )  a  feminizng and
masculinizing temperatures. J Exp Zodog A Comp Exp Bid ,
2005, 303(6) :504 514.
Patimo R, Davis KB, ShooreJ E, e a. Sex differentiation
o channd catfish gonads: rorma development and dfects of
temperature. J Exp Zod , 1996, 276:209 218.
Hardigy M W. The number of vertebrate prinordid germ
cdls. Bio Rew, 1987, 42:265 287.
Nagehama Y. The functiond morphology of teleog gonad. In:
Hoar W S ed. Fsh Phydology, Vol. A. New York:
Academic Press, 1983, 223  275.

, 1991, 15(1) :1 7.



1 : - 15 -

[12] Mejide F J, Lo Nogro F L, Quereo G A. Gnadd and differentiation in the European sea bass ( Dicentrarchus
development and sex differentiation in the dichlid fish labrax L.) . Gen Comp Endocrind , 2005, 142(1- 2) :102
Cichlasoma dimerus ( Teleoge , Perciformes) @ a light- and 110.
electron-microsoopic sudy. J Morphd , 2005, 264(2) :191 [18] Anderon E, Borg B, Lambert J GD. Arometase actinty in
210. brain and pituitary of immeture and meture. Atlantic sdlmon

[13] D Ootta H, Fodier A, Quiguen Y, & al. Aronmetase plays a (Salmo salar) parr. Gen Comp Endocrind , 1988, 72:394
key role during mormd and temperature-induced  sex 401.
differentiation of tilgpia Oreochromis nilaticus. Md Reprod [19] Sgketa N, Taori Y, Wakahara M. P450 aometase
Dev, 2001, 59:265 276. expresdon in the temperature- sendtive sexud differentiation of

[14] Rastusen T H, Jepersen A, Korgggard B. Gonadd sdamender ( Hynobius retardatus) gonads. Int J Dev Bid ,
norphogenes s and sex differentiation in intraovarian embryos 2005, 49:417 425.

o the \Vivipaous fish Zoarcss wiviparus ( Teleodsi , [20] Kitao T, Takamure K, Kobayashi T, e al. Suppresson of
Perciformes, Zoarcidee) : a higologca and ultrasructura PA50 aomatae gene epresson in sexreversed maes
gudy. J Morphd , 2006, 267(9) :1 032 1 047. produced by rearing geneticdly femde larvae a a high water

[15] , , . terperature during a period of sx differentigtion in the

. , 2007, 14(5) :843 848. Jgpanese flounder ( Paralichthys divacess ). J Md

[16] , , . Endocrind , 1999, 23:167 176.

. ,2007,28(1) :73 80. [21] , , . letrozole

[17] Hferer F, Blézquez M, Navarro L, & a. Geneic, ( Epinegphdus akaara)
endocrine, and environmental components of sex deternination , 2005, 57(4) :473 479.

1.1 , 1 P&C(1) (am ;2.3 , 1 P&C(1)
(*);3.5 , 1 P (t) ;4.8 , PQCs

(1) ;5. 12 1 (Q) , ;6. 16 ,
PCCs, ;7.16 , PGC( 1) ;8. 23
, PQCs; 9. 30 , , ,
; 10. 30 , (1), ; 11. 40 .
(Co) (R) (Co) ;12. 40 : (9 (1) 13
50 , (1);14. 50 , (=)
Ab: ; Ac: ; Bc: HECHEN € g Ko oLy M ; Oc: ; Qo ; PQCs: ; P
S o ;S ;9 ;Y

Explanation of Pate

1. Transverse sectionof mickgut of alarvaat day 1, showingone PGC (1) at the golanchnic mesoderm (Sm) above the gut ; 2. Transverse section
o mdgut of alavaa day 3, sowingone PGC (1) a the dorsal mesentery ( *) ; 3. Transverse sectionof mid-gut of alarvaa day 3, showing
one PQC migrated to the peritonead epithelium( 1) ; 4. Longtudind section of alarva a day 8, showing PGCs a the peritonea epithdium ( 1)
under the air bladder ; 5. Transverse section of mid-gut of a larva a day 12, a par o genitd ridges (@) have formed. Arrow indicated the
peritoned epithdium; 6. Transverse section of mid-gut of a larva @ day 16, somng PCCs in the genitd ridges. Arrow indicated the peritonea
epithdium; 7. Transverse section of mickgut of alarvaa day 16, showing PGC (1) in the genita ridgeswere surrounded by meny ometic cdls;
8. Transverse sction o the prinordid gonad of alarva a day 23, showing many PQCsinit ; 9. Transverse section o the prinordid gonad of alarva
a day 30, showing pear- shgpe gonad , which would differentiate into a tedis. Arrow indicated the dorsal peritoneum; 10. Transverse section of the
primordid gonad of alarva a day 30, showing the primery cavity ( 1) inthe gonad. The gonad would differentiate into an ovary; 11. Transverse
section of ovary a day 40, showing cogonia (Oo) and primary cocytes (Po) at one sde of the ovarian cavity; 12. Transverse section of tedisdf a
day 40, showing permetogonia () and eferent duct (1) ; 13. Transverse section of ovary a day 50, showing cogegite (1) ; 14. Transrerse
section of tedis a day 50, showing permatogenic cyds () .

Ab: Air bladder ; Ac: Abdomind cavity; Bc: Blood cdl ; G: Qut; G: Genitd ridge; K: Kidney; L: Liver; M: Mugle; Oc: Ovarian cavity;
Qo: Cogonia; PQCs: Prinordid germ cdls; Ro: Pimary oocyte; S: Sermetogenic cys; S: Sermatogonia; Sm: Jlanchnic mesoderm; Y:
Yolk.
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