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Temperature and sex effects on size and growth of hatchlings in the Chinese

three-keeled pond turtle ( Chinemys reevesii )

DU Weiguo ™ , SHEN Jianwei, HU Lingjun, WANG Lei
School of Life and Environmental Sciences, Hangzhou Normal University, Hangzhou 310036, China

Abstract: The Charnov-Bull hypothesis has been widely accepted to explain the adaptive significance of temperature-
dependent sex determination (TSD) , but empirical support for this hypothesis is still limited. Eggs of the Chinese three-
keeled pond turtle ( Chinemys reevesii) were incubated at 26 “C, 28°C, and 30°C, and treated with 17B-estradiol or
Fadrozole (an aromatase inhibitor) to obtain both normal and sex-reversed hatchlings at each temperature. Our objectives
were to test the Charnov-Bull hypothesis by assessing the influence of incubation temperature and sex on hatchling traits.
Incubation duration was longer in males than females at 26°C, but did not differ between the sexes at 28°C and 30°C.
Hatchlings from low temperatures were larger than those from high temperatures, and females were larger than males. The
swimming capacity of hatchlings was not affected by either incubation temperature or sex. Hatchling growth was not
influenced by incubation temperature, but differed between the sexes. Females grew faster than males. The Charnov-Bull
hypothesis predicts that in the male-female pattern of TSD, females from high temperatures should have higher fitness than
those from low temperatures and/or that males from high temperatures should have lower fitness than those from low

temperatures. Our results are inconsistent with this prediction and thus give no support to this hypothesis.

Key Words: Chinese three-keeled pond turtle ( Chinemys reevesii) ; Charnov-Bull hypothesis; Hatchling; Incubation

temperature ; temperature-dependent sex determination
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determination, TSD) , H 20 42 50 4ERUE IRTENE T34+ & 3L TSD LK, EERBRAT3h W) o B A 8528 LK
ERoH M2 e B B TSD B HE B B AR AEE R . 7E TSD & I B A9 B/ B, Chamov-Bull
BBBEBIR Y o AR, A S 5 AR A8 B 8 IR B BE S (81 T S (), 465 0B 4 1 R R i A e —
PRI G RAEIZIP G T & B K, HodE & BE L T A IR BE 4544 T W i 1 IR SOz IR BE AR 1R B B e
&, o, RS, RR TS AR TSD Ta b, B IRMEARE & BN A TR M, = IR &
B BN TARIRAEA

i3 Charnov-Bull ¥, FEAEPI M EARMERE . 55—, 7E TSD F2rh  FEE IR B SR M N 7= A s — A )5
R, HGE & B SRR AR L RIE I ZE R . T X o3 Ja RS -& B AR 53 o e R BE 0 2k ST/ 2 R4
TSD BFFE ) —HERT . 20 tH4ER, TSD A= BEALHIBFFE & BU , T4k 1 B 2 i PR G A1 M 80 3R A U AN 1A R o ol
TP AR o 24 1k B AE NS NIEME LR (40 173 ) Bt , 72 SR 7= A M A O VR BEE AR 1 T T 0 )
FEIR , 4756 1035 7 AL SR, 76 S AR 7 A o B0 B 4 1 T AT O L A I B R R e AR
TSD &N XHFRARBE T H k. S5, T R4 TSD JAT3h 4 (a5 f) B A6 st R, Tl e H R AR
EEBERMERER K, W AR 2R E K sh s & BE M B R, i MA RN B sh e K — 2
5EA B REMEERNSNIERTEE . T EREORE e, 456 TSD & & IS B SL 1A 1 M i N
Ao 124, L R 8 4% 5 R 30 5% 4 4 1k 1) 3 6 36 /5 AR5 B BE B A 98 AN I T b 3€ e 63 4, ( Chelydra
serpentina ) FIR K F 7% 5 B8 i (Amphibolurus muricatus) %!

5 #1,( Chinemys reevesii) 2 TSD Ta BU4 il , AR 2544 HBE 1R 5 AR LU 090 0 s , o TR A% 10 M J5 X LU 49 88
B ABEFILE 26 .28°C A1 30°C{EIR S T HHAL S50, BEFH 17-8 W — RIS 7 (LB 157 Fadrozole 14
TREERON, RT3 15 B AR FIPE ) 5 19 5 AR 8T LU AS IR BE %440 F I8 — PR 51 G AR I R BUARAE , K 3
Charnov-Bull &%,

1 #RITTE
1.1 &t

APFFRRA 3(MER) x 3(RE) WA FEIEIT, 3 MR B B, 17-8 E B0 7 LB
#1137 Fadrozole ;3 /ME FBE AN 43714 26 .28°C #1 30°C ,,
1.2 fiPmE 5L

LIS S0P BT Sk M SR . INRE Mdn S 5 EPL AT LB £ b 3 b, BRF B O (8. 27

+0.08) g(FuHl:4.56—10.74g) , P EPEEH L3 T A & EIR AT ( - 220kPa, THEA: K = 1:1) L&

o, BHEE B T 26 .28°C I 30°C I N LRSS (T RSB RHLA RAR) , B B #h 78046 B B 2k 17K
g3, MRFFEE BN BEEAE o SRAb i B2 rh ) R B 5 3248 v REAL & 00, LASZDAR P TR BE 52
1.3 @R

FE55 18 R (30°C) \20 K (28°C ) #1123 K (26°C) 435I % BN FEAT W3R A0 3, W — Pt S 3R AL R ANV T Sl
BRI 1517 \B M — ¥ (Sigma 24 7] ) , Fadrozole ZH BP i ¥ F SwL 4G A1 19 100pg 75 75 4k B 410 ] 51
Fadrozole (CGS016949A , Novartis BE25/\ 1) , i Xt R4 RS0 1 5 L G
1.4 Gk R/NFA K B E

SEF AL RN AR/ < R AL oA B9 2 6k ) 22 2l AR RB e i 1) ) ) B o R AT 26 7, R AL & 3
W WEEFT A gk, FE BRI & HAA B R H K55,

IBEEEST AR HEE 2 KL 7E Im K ETE UKE AT E HF KRR ) o % SEIRAE(30 £0.5) CHEIRE
WHHT, LBMRIR 2 R SBUWEshEE 2R . LW IFIEET, BeH shi B 75 1R % NIE B 2h, T 5E Wi Uk ik
J18F, RSP R, LA Panasonic NV-MX3 SRS ALIC %3 Wiz 3hid 12, BEE 43t 47 8 5% &, T %€ 25em
PR P U UK U

AR MEIESRES G, 0RBT F 4 S 1R 57 T (29 + 1) CHRMEIR/K M N, B R 24 1 2 & B0k
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B 2% 6 A 5% 12 A MIEPHIESZER LR, FRR S MIEE ., iEERKEE 12 AN
HfEERR.
1.5 HdEabs

R F Statistics6. 0 A4S0 50H8 . #36 50HE 59 1E A 14 ( Kolmogorov-Smirnov 4656 ) F11 75 2= [8] ik 1 ( Bartlett
Kim) , BRSSO A . DB T 7 2047 (ANOVA) LRI 5 B R MA R FFE 2 5=, -
5 22 43 Bkl e Ak 1 BE R B0 X AL 0 2 3l B ) B AR K s R 2 e, B B3 7 22 40 B (ANCOVA,, %) i B9
FO TR R ) R L IR BE ARSI X AR KN S E B W0 5 P 3R R & Uy 25 0 v e 0 S £ Y BE RN 1 S X 4
ERK SR PEERW ., #RESTHERFE + irERER, BEMHKFREN « =0.05,
2 #R
2.1 BEIIEXERAFE R

T F B 28 C AT 17-B e — A T 2 Fy 3105 e 1 4k 55 o) R ALK , A &% Fadrozole 4b3H 2 f 14
|0 A 5 o) R AR, R B R R AL B XS BRI, A S REFIAE KR TR & (R 1) .

F1 17-g I —EZ#N Fadrozole #E AL B B 4 Rk BAHERI M
Table 1 The effects of 17B-estradiol and Fadrozole on phenotypic traits of hatchling Chinemys reevesii

G RIS WRAL B
N Fﬁlﬁﬁtﬁl 17 B-estradiol 17-B M — BN N ?ﬁlflﬁ‘j Fadrozole Fadrozole Z{ v/
a;x ~ 1eg) “ treated females 17B-estradiol effect a(ura: 13) “ treated males Fadrozole effect
s (n=29) "= (n=10)
/g - _ - -
Fgg mass 5.47 £0.20 5.42+0.15 Fi 46 =0.14, P=0.71 8.11 £0.29 8.26 +0.37 Fi5 =0.10 P=0.76
ffﬁi:jdmﬁm 60.7£0.7  59.2:0.8  Fi=1.58 P=0.22 57.7:0.9  60.4x1.7  F,, =234 P=0.14
=
('i:pz"l':lgth 27.6 +0. 4 27.8+0.4  F ,=0.17 P=0.68 27.8+0.4 27.0£0.8 Fy, =0.80 P=0.38
El
(?Wﬁ/m'{ldth 2.4:0.3  22.4%0.2 F,4=0.00 P=0.97 22.5:0.5  21.8:0.6 Fi =0.91 P=0.35
arapace wi
flbaﬁ:h%r%ﬁgass 5.47 £0.20 5.42 +0.15 Fi4=0.04 P=0.84 5.51x0.29 5.23 +0.40 Fi =0.33 P=0.57
?(ﬁ /,("""/S)d 52.7£5.9  61.1%3.7 Fi=1.64 P=0.21 65.5+6.9  66.8+4.6 Fy; =0.02 P=0.88
wimming spee
garoﬁw;fi:(g/d) 0.61 0. 04 0.56 +0. 04 Fi4=0.85 P=0.36  0.28 +0.02 0.28 £0.02 Fi =0.00 P=0.99

T« LU 28 C A5 F T SR AL R A M50 e 4 -5 00k BRZEL S AR ARRAIE , ARSI 17-B 3HE — R4 Fadrozole 2057

2.2 SEHAIR BERE BN AL B

SR BE S R A o R AL PR AR X AL AR S B Y, 3R M A 5 R A G A ZE AN TR A
RBETARMF(F£ 2) . 7 26C KT, HEERF BRI (F, ;5 =10.20, P =0.002) ;i 7E 28°C
(F, 5 =3.07, P=0.08) M 30°C(F, & =0.83, P=0.37) KM T AN FAEPIVERS (B 1)
2.3 LR BERIE RIS SRR/ KB 3 BE 1 B

AR BB B 22 57, e PR S IR R/ R (£ 2) . IREEMANCERRKSS)
AL AR BE () B2 0 , T AP 7 B W22 57 (R 2) o MRIRARF T B gh (R B = IR 4l AR T
H, MEELh ROR T HEMELh IR . 5 Z AR, A IR BE AR B3 4h AR i vk BE T JE R & R (R 2, 2) o
2.4 SEHALIRBERIE BN QAR A K R

R R AR Z WAL B (B B A MEREZE S (3R 2) o 7655 6 A RIS 12 VA  4hikfAE S
B BETOR (Fy, 9 =1.48, P=0.23) (BFFIERZERIPIPEZESR (F) » =98.08, P <0.0001) , MEfARE KT
HEA(IE 3) o BEAh, FEAGIRLEE AL B 32 BAR R HAA T I KA B3 (F,, 0 =0.34, P=0.72),
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®2 WUBEMMENNNER. FUARSEREHEERONEFRESBATEINER
Table 2 Two-way ANOVA or ANCOVA results of the effects of temperature and sex on incubation duration and hatchling phenotypic traits in
the three-keeled pond turtle, Chinemys reevesii

SAL IR BE Incubation temperature 45 Sex & HAEF Temperature Sex
54k Incubation duration F 0 =78.0 P <0.0001 Fy9=0.03  P=0.85 Fy 5 =5.91 P=0.003
i Egg mass Fy 3 =0.36 P=0.70 Fi;=0.84 P=0.36 Fy;=0.23 P=0.79
4445 & Hatchling mass Fy 10 =8.57 P < 0.001 Fy »0=5.81 P=0.02 Fy 50 =1.83 P=0.16
# H K Carapace length Fy 9 =4.55 P=0.012 Fi y9=5.11  P=0.024 Fy 26=0.96 P=0.38
F$H 9% Carapace width Fy 5 =10.18 P < 0.001 Fy 29=9.07  P=0.003 Fy 5=2.73 P=0.07
Yk # Swimming speed Fymy=1.53 P=0.22 Fy =091  P=0.34 Fy;m=1.69 P=0.19
H: K FE Growth rate Fyp=1.33 P=0.27 Fy 59 =137.06 P <0.0001 Fy 0 =0.55 P=0.58

3 e 75 — — ik
A S R IO L BTN TIRBE MR R IA R, oo el

YTEBAHE SRR I KW, RBHTE 5 |

H ISR RS /N, (A K™, HR, BT S

RRRAD PRI O, AR AN AR B, bk e mr £ ?ou

(925 BT RER B B ORI BEAN , IR AT REAU 4 bkt 2 5T

RN I2E e 150 A 52 6 T 5 9 B UL BE AR B gw—

REHE AR IS B TR, ADFST A IR R e s |

5, BESFEAR R S F RIS IR E R R, 4

30

PETE /R T LB RIS 53 SL O . A AR BRI /LR Incubation temperature/°C
RS B S AR T R S0 A, R —IRBE AR T, M1 4) T
ﬁ:jﬁﬂ:ff&‘ﬁ@ﬁ:( Fﬂ 2) ° lillﬂj ’1&Zﬁtﬁ‘ﬁ%1¢j€ﬂ:gﬂ Fig. 1 The effe::: of incubation te:nperature and hatchling sex
%‘ﬁ@jﬁ:%}m%ﬁég ﬁ{h{ﬂ}}?&iﬁj ’ {E‘—ﬁﬁ‘ﬁ%ﬁ*ﬁ on incubation duration in the Chinese three-keeled pond turtle
Ko MRREAM TIH BRI RIFFE—LE GSD 8 E  ( Chinemys reevesii)
PR, 4n o 42 ¥ ( Pelodiscus sinensis) ™, IAh, B & R4
AR R RAFAE B E N PIPEZESR, TIAZRGIREE A (R 2) o L, SR 4 A A K AR TR I
LA TR BE ) BN, TR A R WM 22 5 BT B

AL IR A E AR, B 7E VA IR R 5 % 5 AR BURHE A9 R, K2 % Charmov-Bull B¢,
BREEFIA T — R E F—#ER BN . MEXBIE SR TZRE AR ARERE
B, BER AL BEARAS PR e A A 5 B AR MA R R ERHE TG B2 2 57 (R 1) , HAt R RIBT S Bk 1G AR [F1 45
W I, RO SRV SR BRI , Bl % R A B 5 AR B TTER, °T TR 36 TSD
TN SCHIAH R BB R

HR¥F Charnov-Bull R, = IR ML AR 1F T 5 SUMEVE S AU R0IE & BERL = TIRIEMEAR AR, MR T IS
PR RS TR IR . TCAT B4 IR RN B 3 Bl ) A K 2 RAVRHE 5 40 (A & B REARSE ™
FH AL AT , 5 Charnov-Bull RS , 125 I 55 i ME (A IR DK/ DN 32 3l B ) A AR R 25 B R TG R ME AR, = 1L
BMER IR/ G2 B RE ) FIAE KRB/ N TR AT, ABFFR SR B, R AL IR BE AT 4 (R K
/N B W e MEAE &)y P — 30, B9 SR BN R R AR 1R PR BUNI SR . uAh, LR BE X 12 Zh BB D AR
KB TC 2 R0, B R AR T 92t RS AR B S e D A RO B 25 5 o |l G RT AL, g JEL O 7
R IR fR B R RURHIE A0 T HABIR BE A 1R T B RIS . R, AP 455 Charnov-Bull B ) Tt il
AiEo
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Fig. 2 The size and swimming capacity of male and female hatchlings( Chinemys reevesii) from different incubation temperatures
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Fig. 3 The growth of male and female hatchling turtles( Chinemys reevesii ) from different incubation temperatures

AW TSD JEAT S A B % M SL IR TR , 58 A — B, —BEH N 4R AR X #F Chamov-
Bull %", i 55— LB 5T 45 M 454 Charnov-Bull B BRI o T H., Bk & R4 F s B 53 38
TRAFES . BB, Rhen A1 Lang™® 5738 BE (AR 37 ) 35 I st O B U A K 2 RALIR B 1O BB R ), 32 3%
Charnov-Bull B ; i Steyermark 71 Spotila'™ Ji 5 BH . 47] 3 Fr) 35 P e 2% £ i R 5 A K 5 LI T6 6, R
THRZARBE . BRI L, 75 5€ Charnov-Bull {Ri% ) SLIRIGTE , 25 RA R H ARG — , M FF7ESE Z 1) TSD Y ff I
JRIE TR R AT MBS MR H AR Y

B FARE4> TSD Yt B K, SR Charnov-Bull {515 i A H AR ME BB ZE T 58 R W AP S
B Bl , — 223 DU R A A MK A 7R 78 R M OO R 42, W M S AR A B (RIS R BN,
>4 Charnov-Bull R4t T SLIEHE " o SR, RFRERERESNY MR LR E. BHT,EBREK

http ://www. ecologica. cn



14 3 MIE SRR RS TR S R/ A R B 37

T I 5 R A R A T BE W AP AEAR R IR , Unry SE AR BOR i, U 2R K A7 sh W RINIE & B, AR A
B AT TSD &R B SCHF 5T H T ik Y B B2 A 55 1 i 75 1]

Briff /DA IRRB SN UL A4 iz 3 BE 1 BT T A, Novartis BE2572 R $& 4t Fadrozole , #7 YL
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