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Abstract; Viviparity (live-bearing) is a reproductive mode that evolves from oviparity through gradual increases in the
length of egg retention and thus intrauterine development. Squamate reptiles (lizards, snakes and amphisbaenians) provide
a very useful model system for studying the evolutionary transition from oviparity to viviparity and the adaptive significance of
this transition, because they exhibit a wide reproductive diversity. Approximately 20% of squamate reptiles are viviparous,
and this reproductive mode has evolved far more often in this group of animals than in all other non-mammalian vertebrates
combined. The selective forces responsible for evolution of viviparity remain unclear. To date, there are three main
hypothesis of evolution of viviparity, cold-climate hypothesis, predictability hypothesis, and maternal manipulation
hypothesis. Of these three main hypotheses, the maternal manipulation hypothesis is most widely accepted in scientific
community, although empirical studies testing this hypothesis are still limited. Here, we used the Chinese skink Eumeces
chinensis, a temperate-climate oviparous scincid lizard, as the model system to test the maternal manipulation hypothesis.
Thirty-seven gravid females collected from a population in Lishui, Zhejiang province (eastern China) were maintained in
the laboratory under three different thermal conditions until oviposition. Twenty-five females were provided with the basking
opportunity, with 12 were allowed to bask for 14-h daily (LT treatment), and 13 for 10-h daily (ST treatment). The
remaining 12 females were not provided with the basking opportunity ( NTR treatment) , and their body temperatures simply
tracked changes in ambient environment. Females of different treatments did not differ morphologically. Body temperatures
selected by females were measured using a UT325 digital thermometer. We measured each female three times, once on each
of three consecutive days, beginng at 15:00 and ended within 2 h on each day. Females selected lower body temperatures
and thermoregulated more precisely when gravid, and gravid females selected lower body temperatures than did non-gravid
females and males. LT and ST females laid eggs earlier than did NTR females. Females maintained under the three thermal
regimes did not differ from each other in any reproductive trait examined, including embryonic stage at oviposition. Six eggs
randomly selected from each clutch were assigned to one of the following five treatments: in a room where temperatures
varied naturally; in a constant-temperature room at 27 °C ; in two incubators where temperatures varied from 24—30 °C and
22—32 °C, respectively; in the backyard of the laboratory mimicking natural nests. Incubation temperature (IT) affected
incubation length, but maternal thermoregulation ( MT) and the IT x MT interaction did not. MT affected the phenotype
hatchlings, but IT and the IT x MT interaction did not. Hatchlings from eggs produced by LT females were longer in SVL,
abdomen length and head length, and ran faster than those produced by ST females; hatchlings from eggs produced by NTR
females had the shortest SVLs, abdomen lengths and head lengths, and performed worst in the racetrack. Other hatchling
morphological traits examined did not differ among treatments. Our data support the two main predications from the maternal
manipulation hypothesis: (1) gravid females shift their body temperature to provide the optimal thermal conditions for

embryos; and (2) offspring phenotypes induced by maternal thermoregulation will enhance offspring fitness.

Key Words: Chinese skink ( Eumeces chinensis ) ; maternal body temperature; evolution of viviparity; maternal

manipulation hypothesis; phenotype
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NI BRI ;2=27 °C;3=24—30 °C ;4 =22—32 °C (3 1 4 GFALAbFH A BEAL AR PN A0 TR B8 430 1d 278 1
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F I B WAL e T EFANSLHE R AL IZIELACEE R RG22 D5 (T B H AR A A AR (1) BRI B
KARAR S | o P50 B e (PP A e 1 = W50 310 6.3 1298 285 .33.2 °C 5 N il s Ak 1 B ) L
TR ALL SR L2 N (T 1 T B T 55 KPSk 40 ) 32 78 28 DRI 3 il 32 1) e v AR AR ) o 3B 1 R o B
A, U I B 7K 43 LA KD 38 2% & 14 7K 4 FI A4 1 () 51 W2 e i 7K 43 8 2080 10 ) 3 ( Tinytalk TK- 0014,
Gemini Pty, Australia) FHK B TEAL &N B2z IR 1 h g s~ F AR Sk v i I B2 AR ARG O, LAB R
YRAE IR i & B B IR0 T 28 00 IR AL TR

FEAR= 505 05 Ho= Ja iR R KA . 3 FbHE T 37 SMER LA 28 4 RHA M & & REFRYEE, H
B9 KRG N, LI SO AR R IAAGETTH o0 BT ., 3 O R R DA 7™ I B4 1A i 3R AR X g N, FH s B
OB PR AR G AR X R0 a1 U ) A B B m AR
1.2 PROPXTMEMARTE B AR Tt Y 52 e

2007 4F 4 A P ARREAEFTTLIK T E AT (11 R0 EEA 10 Z5AE PR IR REA R 6 S5 M1 mlidA (SVL>105
mm) ) , TR 2 PR P BEASR 5 A R IR IR RS ISR 12 S 56 BT FH B 388 &6 1) 2% A28 AT i, T — s 4 200 KO
ST AERE T BT Bl R 18—55 °C AU BERE AT 0PI B K B K 14 b, MWREARA R EENLPEIE 10 6 T,
R 700 KT HTFJE B MIRIR SR A s, FH UT325 B0 SR BB EZ M AR WEsh YRR, 2Bk
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LRGN —— XL, X — 00 14 4l AR T O L HDare
AR E] DU I Ak 0], B TR Tsh Y iic s B SKmEEEAE L R ALK R E R L F ( Eumeces chinensis)
RGBT O, (il 4 fhis sh % Bl z py,  PRPMARER, BARRARSEOREMEIL
% *E Zﬁ 1 ZF E :]: 30 C E ’:J'IE “/5'1 ﬁgﬁ Ij‘] EE/J\H ﬂ‘ L % ﬁrﬁ IJ /E\: 1 ZIX “{5'1 Z’f Fig.1 Temporal variation in daily minimal, mean and maximal
30 CLaAr, IEARAERLA 1.6 m 1 AT HIE LA the nests built in the backyard of the laboratory
W, B ZE R SR AR LA, A3 B A T B EEAGRHL NV o g Sk P28 1555 5 P e 20 958 4 o
-DS77 1%, M MGI VideoWave IIT %% ( MGI
Software Co. , Canada) BEHL, LA M 2 FH 25 em [BIHE B B K0z sh i 38R |, I K FRkiz shih 2 FH 4
PRAEBAT 5 1R SRS LN BIr 2 D3 (W 34328 BB B 320 . B4R 4R IRIFE 30 min /R B S F 8 5 K ilE 2h & 8,
ZIRKE IR E T 5 CHIFRR N — B SR F MR IE A 548, A FRAAEiE K B EEK LK &
i H JE R FUR B, BT A A AR 25 SR AR S5 5 B AL Im] L SRS S
1.4 Siitotr

72 A O (R A SR R AR T 5 SRIUI 2 SE g 4 SR IARHE 26 B0 3, DR HORA DG RRals R R . 8
PE G4 Statistica 5.0 4304, FEVERE—2E58 11437 ET, FH Kolmogorov-Simirnov F1 Bartlet 771543 51 K6 565
Bl i ARy 2B . G RIE OB Ty 22 5041 (R0 86 B9 B 19 B ) AU 7 Wb Jr 22 591 ( LA
LR URE N PAE i REAAR A BRI AR B I T ) e T ARG . Tukey 2 5 LUK 3047 76 i 38 22 S I AT
PRI Z [ A GIARRRE . A SO A e HE M SRR, BEAKPFIE R a=0.05,
2 #R
2.1 MEMEZEHE

WEMZ BRI 5 A A% 6 A F A, BN~ s on, 28 SRR —3L™ R 360 AU, F- X5 I ECh
12.9(3R 1), BB ONIRAG T30 30—34 1,3 FhERAATAE BN B 707 AL DR IR G D I e 3 25 R (F, , =
0.09, P=0.915) , A[FEFHLIRE T BRALIA BE2ZR(F, ,,=10.67, P=0.004) ,{HEHAPA IR EE A
FEEF(F, 5,=0.66, P=0.520) , R4 484k ¥R 1 6L B 1) 58 B AR G e A0 0 th e S 58 (F, 1y =
1.35, P=0.225), 3 FIERARIAC R (1 T A BEUR SO AP 2400 10 2 25 5 (3R 1), I S (AR B AR AE AL 45 .« 1
K PR R EL O PR O R X B O B, A 3 A RE AR B RO S TR A B A
(r7=0.46, F, ,,=22.20, P <0.0001) #FBIE (+*=0.37, F, ,x= 15.08, P < 0.007 ) FIEF ALK BLIEH X,
(-3 1 o 5 B AR K TE M OGE (P = 0.05, F, ,=1.46, P=0.239) P00 & FAEX A4 B J1 Z RIJR TG
BEMNE(=0.05, F, ,,=1.51, P=0.230),
2.2 BERARE

PG HEA VR DT (A LS MM AR ) S BRI A B 22 5 (F, ,,=36.99, P < 0.0001; £2), KM
JD AR E | NN N B £ N = e 7 N R NS S v e S S 8 R NS B N R NG Bk e N R T =8
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temperatures experienced by Eumeces chinensis eggs incubated in
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F1 3HARETHERLZFMEEERFE
Table 1 Reproductive traits of females maintained under three thermal treatments

BB EE BEAR AL BE Maternal thermal treatments DI A
Reproductive traits LT ST NTR Results of ANCOVA
FEAKL N 9 13 6
A /mm 103.4+1.7 102.8+2.0 101.7+£1.0 Fy ,5=0.14,
Snout-vent length 96.8—110.7 88.7—117.7 99.7—105.9 P=0.869
R/ g 20.8+1.1 20.8+0.8 19.40.9 Fy 54=0.53,
Postpartum body mass 16.6—27.1 13.9—26.7 17.1—23.1 P=0.595
EALEA 13.6+1.6 13.1+1.4 12.0%1.7 Fy 5,=0.06,
Clutch size 5—22 7—25 6—17 P=0.942
HONE/ g 9.35+1.24 9.70+0. 85 7.47+1.10 Fy 5= 1.04,
Clutch mass 3.95—16.06 4.63—15.36 4.41—10.53 P=0.368
TN/ g 0.70+0.03 0.77+0.04 0.67+0.04 Fy ,5=1.66,
Egg mass 0.56—0. 80 0.58—1.07 0.52—0.76 P=0.210
DS AT Y 0.44x0.05 0.47+0.03 0.39+0.06 Fy 5= 0.58,
Relative clutch mass 0.22—0.70 0.21—0. 66 0.22—0.55 P=0.569

BT B AR SR FINE [ 2e7m 3 Ferh 4 B PR 22 0 (1A ) S LM AR AR K S BIp 2 Ak (5 B, 5 B0 S B ™ I AR ) L7 1A
FO WAL i (X BT R EE ) BB JT 2250 M B0 F(E; P>0.05 FR AR

F2 EWEHEEE TUROD . JETRODBEM R i 1 A R AR R i E
Table 2  Descriptive statistics for body temperatures selected by gravid females, non-gravid females and adult males on the laboratory

thermal gradient

B3| Category FEAREL N SEII{E Mean trifiiR SE JL Range
REIEEA Gravid females 11 28.1 0.2 26.9—29.3
AEPRBRIFEAR Non-gravid females 10 30.9 0.3 29.9—32.2
HEPEAR Adult males 6 31.9 0.6 29.9—33.2

2.3 IR AR R FRBURHE FE BRI

ST ARG I 1) T2 25 2 R AE 500 s O o 52 DR 6, T A 2800 s B S 695 L 5 PR R ST 285 24 i ok EL A i o
YRR R RUERAE , LIAI IR U0 SN PIvAE B | B AR b BRI A T B A PR A U PR P B 25 00 W 45 SR /R L i
RIS IER RSN G FIEL FE ) 78 3 BRI BE M A7 7E 1 35 25 5 (1 2) |, AR S 2= AR e AN A7
TR R PIAD B ] 1) (0 3 22 5 5 R AL R LA R O AR R B A P A B 1 A2 A G T AT B 4R 25 4 A R 2 G
WERW (R 3) , BEHIEHR KAz sh E B 5 0T A SRl (9 7 S IE B 2= R IE ¥ RN AR AE A G (e P>
0.05) , PR PR (BRAARHR AL 3RORIPE AL IR B2 ) J7 22 73 A AT 83t 45 R WORIELIRIE (F, s=0.65, P=
0. 631) LA B IFAb 16 1 ANEE (A A BR A S8 HAR F (Fy 0 =1.17, P=0.326) %P5 B3 TG 10 35 5200 5 (U ) F) £
PRFALE P 25 S M 2 AR (F, 105 =3.99, P=0.021) (&2 3R 3) , BRS80S g i 4 -5 9 HUdA
L BEALIRLEE (F, 5= 0.94, P=0.447) LRI AL IR EE R BRI B 22 HAEFH (Fy 05 =1.06, P=0.399) X}
He RFFLEAZ ZhBE B JC 1 25 52 W 5 (H R [R] (9 BE PR B A 310 458 28 5% i G (R B KFFSRis shiE 8 (F, s =3.23, P=
0.044) (K 3; %.3).
3 g

AT FE AR A CAT B4 A A5 4G Shine' ™) B2 11 AHE (ARG . 124 SR A8 UL A9 20 30 M 400 His A+
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Fig.2 Mean values (+ SE) for SVL, head length and head width of hatchling derived from eggs laid by females maintained under three

thermal treatments at five incubation temperature
MEACAASR BB AT 11 =5 PO BRI EAL 52 =27 °C 5322430 °C 5422232 °C (3 14 BRI BEALAT I RIRIE AR 1d B2 1 3K
5 = SRR B T BF S S

F3 UBFALEMPLEREDRFHFESHAE (LRI E N PVE S ) 547 LB H 4 R M S S HERIE R I
Table 3 Two-way ANCOVA (using initial egg mass as the covariate) or ANOVA analysis compared the morphological traits and locomotor

performance of hatchling, with maternal treatment and incubation temperature as the factors

HFRN Effects
i - ~
Variables B AL B LR ZHAEH
Maternal treatment Incubation temperature MT x IT Interaction

< Fy 105=3.80, P <0.025;
ﬁik 2108 ’ ’ F, 105=0.62, P=0.649 Fyg 103=0.99, P=0.445
Snout-vent length LT*, ST", NTR® ’ '

K Fy 103=4.06, P < 0.020;
e 2108 Fy 105=0.22, P=0.926 Fy 103=0.70, P=0.693
Abdomen length LT*, ST*, NTR" ' '
EE,L‘ Fy 105=0.50, P=0.613 Fy 105 =0.49, P=0.742 Fyg 105=1.17, P=0.326
Tail length ' ' ’
Sk Fy 0s=3.41, P <0.037;
Kk 2108 ’ F, 105=0.96, P=0.435 Fy 103=0.60, P=0.776
Head length LT*, ST*, NTR" ' '
i:; it Fy 105 =2.80, P < 0.065 Fy.105=0.75, P=0.563 Fg 13=1.09, P=0.379
i ik Fore-limb length Fy 125 =2.03, P=0.137 Fy=1.15, P=0.337 Fy 105=1.01, P=0.437
J5 K Hind-limb length Fy05=1.90, P=0.154 Fy10=0.93, P=0.448 Fy 155 =0.65, P=0.736
5 5 Fy 105=3.99, P=0.021;
”EE_{"E 2105 Fy 105 =0.65, P=0.631 Fg 10s=1.17, P=0.326
Sprint Speed LT*, ST**, NTR" 1105 1103
5 E S Fy 105=3.23, P=0.044;
iz SRR 2105 ’ ’ Fy 10s=0.94, P=0.447 Fy 105 =1.06, P=0.399
Maximal length LT®  ST*, NTR" T ’

PR 20007 3 st T 2800 4 D o (BEE WA BN TR 0. 75 ) BF IEJG HOIRF H A AL A5 2 AR AE AT Tukey’s Z2 1 LA (a>b)
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Fig.3 Mean values ( +SE) for sprint speed and the maximal distance of hatchling derived from eggs laid by females maintained under

three thermal treatments at five incubation temperature
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