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Abstract : Genotypic sex determination ( GSD) and temperature-dependent sex determination { TSD) coexist in reptiles. TSD means
that sex is determined after fertilization by the incubation temperature that the embryo experiences during a limited window of time,
called the thermosensitive period (TSP) . Most of turtles exhibit TSD and have two patterns: TSD ] and TSDI . In TSD 1,
females are produced at high temperatures and males at low ones. In TSDII , females are produced at high and low temperatures
and males at intermediate ones. In some species of turtles, such as Clemys insculpta . Emydura singnata , however, their sexes are
not affected by incubation temperatures, and are determined by genotypes.

The Asian yellow pond turtle ( Mauremys mutica Cant_or) is a member of the family Emydidae, native to the southeastern

Asia. In China, it is distributed in Guangxi, Guangdong, Hainan, Fujian, Anhui, Zhejiang, Jiangshu, and Taiwan. Owing to
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the higher values for food and remedy than other species of turtles, greater attention has been paid to aquaculture of the turtle. But
there are not any reports of the research on sex determination in yellow pond turtle. In order to understand the sex determination
pattern in yellow pond turtle, the sex phenotypes on different incubation temperature were observed and the mechanism of sex
determination was analyzed firstly by using rearing propagate population in this paper. Eggs were divided into three groups (40
eggs per group) and incubated under three different temperatures, such as (25+0.5)%C, (29+£0.5)%C, and (33£0.5)C.
The embryonic developmental rates increase as the incubation temperatures rise at the three different temperatures. Cumulative
temperature units (CTUs) (degree* hours) was highest at (25+0.5) °C, lowest at (29 £ 0.5)°C, and middle at (33+0.5)C.
At (25+0.5)°C and (29 £0.5) °C, embryonic survival rate was 97.5% , but only 67.5% at (33+£0.5)°C and with 11.1%
abnormality, The data indicated that higher temperature at (33 + 0.5) “C could affect embryonic development, because the CTUs 4
at (33 £0.5)C was higher than that at (29 £0.5)°C, and the survival rate was lower than that at (29 +0.5) C and at (25 + 1
0.5)C. The resulted females increase as the incubation temperatures rise. The percentage of females was 23.7% and 50% at
(25+0.5)C and at (29 £0.5)C, whereas the ratio moved up to 94.7% at (33 £ 0.5) °C. The data indicated that the sex
ratios produced at (25 £0.5) C and (33 £0.5) C was significantly different from the sex ratios (1:1) (p <0.005) by X test,

and suggested that yellow pond turtle should be temperature-dependent sex determination (TSD) mechanism, and belong to the

TSD 1 pattern in which females are produced at high temperatures and males at low ones. The pivotal temperature of yellow pond :
turtle is likely to be 29°C. :
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Table 1 The survival rate and development rate of embryos at different incubation temperatures

BHEE(C) gy A o A © EHEEC 972 it A £ AL AR EEEES
Incubation Total .of eags Incubation Development Hatchlings Incubation survival Cumulative temperature
temperatures 88 time (d) rate (No.) rate{ % ) units (CTUs)
25+0.5 40 108.10 £ 1.82 0.009 39 97.5 64,86 x 10?
29x0.5 40 69.44+1.34 0.014 39 97.5 48.33 x 107
33x0.5 40 64.93£2.36 0.015 27 67.5 51.42x 10°

@58 4k et 7] Ho 99 7= 1 gy o (6] 4 86 5% 1y #Y 8 /7] [X 18] Incubation time: From ovipusition to hatching; @ % & i# # . 8 4k iif 6] ' Developmental rate:
Incubation time™ ' ;D RERE FRLAT B 5B EHFI(C-h) Cumulative temperature units (CTUs) : Incubation time x temperatures

M1 AT VR W, ZE SR 508 B N, R AR Y R F I P SR 08 BT A S I bR, AT R A O T DN o e
o WACRBURETE 25 CH B H , 7 29CHHBK, M 33°CH M o, 78 25CH1 29°C AT, S IL 15 AN/, W34
#97.5%, TEBCHBABIERAH 67.5% M UNMEAPH 3 KB fa, MERED 1.1%, 1Kt
FABREXHEL. KW BCHBFRENBEHRMREAEAFMNERN, R BRRLCBERE T 29CHAY
B, X EEHURE 33°CE Inin KA & T WAF TS B (Survival threshold) .
2.2 RFEXHE H R e

2002 AEB S MAER A HIERFENATLRE 0l 2958 S, A SR o /o W 3 2 5 i e 5.
ARBEERET B TRt as RE 2,

£2 FRARNBEFEETROEY

Table 2 The sex ratio of hatchlings at different incubation temperatures

IEERE(C) ¥ 9 i o R 3 SR e HEYE T (%)
Incubation temperatures  No. of eggs No. of Hatchlings No. of juvenile turtles No. of females No. of males Sex ratio
25+0.5 40 39 38 9 29 23.7
29+0.5 40 39 36 18 18 50
33+0.5 40 27 19 18 1 94.7

* MMM F (%) Sex ratio: % females

WF 2 R AT LIE 7 25Ol B FC & R %, 78 33CAT, BB T4 5 B XT3, 72 29°C Y, b
WEEH, % X KRB, 25CRE TN SKEEEHETHER(:DERBENZESR (p<0.005), X
A BIME K 9.5,13.5, X P2 3 AW B U0 B MR UK G R Bl e 2 JB T TSD WL, i AT REJR T HAh iy TSD 1
BOMEEREEBETFA ERmEREE TR, £T 2900774 1:1 AR HF, X TR 29CH (B2 B HIK
o 1 B o S B SRR . 7E 33°C , IR HE O FE R B0 0TS AR AL 25°C A1 29 C R AU, BB B3 CAREX R R E
AF AT FHEA S NAER,
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KRR EEFBHOD MRS EHNERRB LI FIMEE, AREE — L EBETHHSEL, W
BERBREENOERESEEREOEL, S, UG- G TE —#F, EAEE WM ENE
ES%, Bk, TH TSD WA REFEEN, ;:

18 B A A M B e S B (TSD) R — 4 ABGRB O IR M e g 7, AL S REE T
fefF a7 TSD B—FPIRE I M BIHLA , B AR S A R Ve B R T A 101 R
PR R R EE )

TEWFST TSD B, B A TR E B E U RSB A AR % &R, Valenzela™ 7
Podocnemis expansa TP RERZN , ERMWAXEEX ST FIRER CTUs BHEEXR BEAZTHRMRE,
FRBH CTUs $i/h, FEEBRUKANEZRT RN EATERSBHTRER CTUs MARERF X FAE,
{B7E 33CHE BT, CTUs 27 F 29°CHI 89 CTUs. XIRARMM AT RERE —EREN, B RKFRRGE, B
BRFAE , AMEAEREEREBRETER, BEXEMA R T & BRI, 45 %R IS R, B R H4
Bo XAAEHUR 33COMAEBUKABEREZENFER. XEXEEREMENMERTERESAREET
BAMERERMEL FARBATRERERRINGERT Y,

ALROEREY, BB KERTEH b —F, HIRERT TSD LA, ALBERREF, RE
Y ERMTET, Ao RN MR R akREMTAE, AR, HRBERNIEFRER($:
3 = 1:1) KRR, —MAE 25 ~32.6°C™ " 72 2 AV ARk, B MR LK A i 7 9RLBE R REE (292 0.5) Co

BTk A E R T AR s e 2 A, A O R 7= A B R Rk B B, TP b TR, AR B AR R A R
M. BREBGIUKEGHENRENRER LR BAMESRBRE THBENEILNEETRERNRE ;
Weo 1998 REIET AT AIAMT ,FI 872 RERF GBS MR 452 R, R 420 H, M 1998
a~8 G, 37T 1176 MOOH, AR & L0 1 708 HAER , AT F 2002 4 3 A1, 3E700E 521 R, 453
Bebe, $:4 = 1.13:1, BUMERE & 539  MEbE 5 4797, BgE, RABBRITAE SR, T LUG 3 M AR AR 0 0 7 1 A R
BT SO0 Sk ) e E U 101 257

(DEGEBAKBEENTNHAN 4~8 A, 1998 F 4 AHF-ME 558N 1.8%,5 A X 29.8%,6 A% :
46.5%,7 AR 17.5%,8 AN 4.1%, HigEe A,

()R 4E 1999 £EF1 2000 sEFER G it,199 E 4~8 HBEA I ZRKER N .59% .85.8% .80.6%,
60.9% .50.6% ,2000 4E % 63.6% .81.9% .86.9% 63.2% 40% ., 5.6 AR HZHEER,7 ABKRZ .8 AHM
A RN AR

(3)1998 5 H R A =M@ FIYFER 86.2d A B HER,S &) MM E 80.3d,6 A HHIAIAR 73.5d,6
A F ML 63.5d%,

(4) BT KA SRR TT R TR M A B R R 1988 4E/ M 4 ~ 10 H P HKBR 4 AR 24.4C,5
AA25.9C,6 BA27.5C,7 HX28.8C,8 AX 29.4C,9 AR 27.2°C,10 A% 25.4C,

(G)MRFBEAXHMR 1 MR 2, EZRE,9CHBBTFE 69.4d WL A HATF=E2 101 Btk

RGEEUK AN EEB R —EF =R AMEE 6.7.8 =P HBMMN, WIHHBEEE RAERREL
R S7ELRE 29CHERBBT KA THERAM, XHEREATREHATIE—EL, MEARKET &
MUK B B AR R T TSD ML E SR T A B SERE K eI R B EN TSR TEASY M
FEREEE A, T ARLKANEIRRENTE 6 ANERERT NI EMEN. B, R KA LA
REFHE XEEEF THBNEN. REARSERSRIEL, SMYHHELLRAS £ KA RE,H
PER S BB R TR N R BT LAHERR

BT RGBS, RESRILARERG. ERELRGER M, TUD SN HB KRBT s 1
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