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The influence of incubation temperature on size, morphology, and
locomotor performance of hatchling grass lizards (Takydromus

wolteri)
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Abstract; We incubated eggs of Takydromus wolteri at four costant temperatures to assess influence of
incubation temperature on size.morphology,and locomotor performance of hatchlings. All viable eggs
incubated in mass over the course of incubation duc to absorption of water from surroundings,and mass
gain was dependent on initial egg mass and incubation temperature. The duration of incubarion at 24.27,
30.and 33 ¢ averaged 41.9,30. 6.25. 8,and 22. 6 d,respectively. Incubation temperature significantly
afferted hatching suecess and body wet mass.varcass dry mass,and residual yolk dry mass of hatehlings.
but 1t did not affect sex ratio,tolal dry mass,snout-vent length.and tail length of hatchlings. Compared to
those from 33 C ,hatchlings from 24 C and 27 ({ were greater in wel body mass and carcass dry mass.with
a smaller quantity of yolk remaning unutilized at hatching. Incubation temperature affected some
norphological traits of hatchlings.with hatchlings from 24 C and 27 C having larger size-free head length
and width than did those from 33 C .and hatchlings from 24 C generally had smaller size-free tympanum

diameter than did those from higher tcmperatures. Sprint speed was positively correlated with hatchling
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size (SVL ). but it was independent of taill length and hatchling condition. Locomotor performance of
hatchlings from lower lemperatures (24 and 27 C ) was apparently better than that of those from higher
temperatures (30 and 33 C ), Between-sex differences in 1the row number af ventral scales.tail length.and
hind-limh length were found in hatchlings.but these sexual dimorphisms were not related to incubation
temperature.

Key words: Laccrtidae; Takydromus wolteris egg;: incubation: hatchling; morphologv; locomotor

performance
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WU EFEEMESTH YRR BN EMENA N RBESHE . ITAREKESR
17 BEBELRESHRERETERBES . FEEILEE (Viable incubation temperature)ii A A H
HEABEEDE  HEGCENMBESFTELNE ST E R FRA 3R E T — KR
HESRUEFBOIAAHENTR XETRARMNADYH LT BB ITAERMEESENET4 KB #E
M-t LA R R MRS R SRR EWEE A IR SR E
EWESEELX. ATHATBELFEEN, QRAFHIICITsH Y AL A AW 19 ¥ L)
EEC LRERBEBRAERBFIMELHR . HREBEEDHEEHNS TROUET MR A § 8
BERRBREASE RS EAERER e

H&EEM2H FTILH KBTS H MM N AT mdt 50 ERICEE KA MER
87 (Southern Primorskiy Territory)™ -, i XA ER AP SENEE R TR 2P & CINPREE H 45
(LEBMAERITHY L) AEA1999~2000 ERMKR T EMMERMONL. FIHREL METRECI~
33 COT MO R0 B T & FOWELL B S iR T X W ah ik K/ FE S Mizsi R # N,

1 HHMAE

BIsTFFENE T 1900 & B 2000 4F 4 A 0O & &M IR B8y, 0785 745 0] 1 M 35 %5 . 18 47 7 80C mm
X300 mmX 300 mm(K X WX BOWSEAHERGEN., SSESST A O G & &K & 4% darvae of
Tenebrio molitor YK AK FEZ A AN, B RET - InS IR AT . (£ 8 845 £ 6 R R AR 3
TEHLHTHAR, FHAKE R K ENE~ G819 EHES%E 4 E Nekon-Rep®) . 21 4B FIL &
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fih 150 $4) B R AR BB AN HE BRAR B, I P BR SA B T SR E BN W R R B BT (200 mm < 150 mm X
250 mmI ., A EEKKBRKSEIFOMHRERNTL A EBHESR 1 b NIRE M FEMMS. idxi™
EEEER ERKSVL BRI R, 3% EE N MR/ BEM ISR 5 SURE.

M WHESEBRAHREN 120om NEFLEANBARRBEHEHES - 12kPa. I+ 8 6
(Vermiculite) * & = 1: 2R AMAD Y. Rl gEaRlEREMBE LB, BBHY /3 8 ALK,
M —mis b, BB ARER 24.27.30 M1 33(20. 3) CHE L EFER/ARE-250 81, T FRESF(LEH
PO ENEFAE TS, B 8K, 65 5% 8 E &« &F (15 B P70 8 /Iy
FAERLCEFAFAEANEE. UROEATREBEENRBERIEMNE . % od KRELR. L2 AR
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S ik e I B g O IR MBR L RS W HR M, W E L R B RS SRR TE 30 C L H
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MMk, KEEMSEEAT 250 mm BB ARE RA. B ERE L KRBT En & NE
HHENE) R EAER T —$ME T8, AR ABRA(EHRr KEZ A EEME - A E K
MM ERERER . SIPERE LVSEREMBESERBORSEARIE EHEFERERN.
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FIREKMEXCTEE MR ST R SETH. RS SR B R TR A.60 CHHTEM
. 20EETE, HERERA LogU&E) 5 Log(SVLYM ENITE R\ R R 2.

i AW A — i ¥R A Kolmogorov Simirnov #3 Bartlett (Statistica Fit 807 620 T 31 K
FRESHESERTENEE. S8E BT EHERELE Log MR THEE I LR B H
% (one-factor) 88 BN H & Gwo-factor) ¥ E4r R ANOVA) BHESTAEM Y E 2 H ANCOVAIH
Tukey 5 FEMEEHYANE LEFLETHHEIGRNLHN —H. P EMESERIT NG
R, MAMSEHERATHE LFEERRS EEEKFEIREN «—0.05,

2 £
2.1 WM ERTL
AHEEBENAREREMNEE X EER

(ANOVA, Fo,. - 0.28, P = 0.812), B Lo Mgk T

i e K SECE BRI 1. BT E B 081

O E ST S EEAMORKERR TR 0.7

GR(F 1).24 CHI27 CHRLIBFFLENE .30 CHI32 C ? 0.6 -

TR S JJEEREE - BULEEI A KRKBE a8 05

BHBEMNE W (ANOVA,F, .=2.95,P=0.043), i’o.et—

ACH2TCRENMER KERE E KT 33 CH{LE ® 03 —8—24°C

(&1, 02 ig;.g

2.2 WM BAERDERNBLOELT 0.1} —&—33C
B AL M Qwo-way ANOVA ) FIB b 1 1 4 (- S L B T e T s

tesOXBEER(both P 2> 0.75), MEEHEH. B ¥ {L. 7% Days of incubation(d)

BE B % B 00 H & & W ¥ {1k 88 (Loge transformartion,

Fiw= 1452.13. P < 0.0001), W 4k WA BA W 1L B 1% 7t B 1345 RIS AL R 0T A

EMEs . 27 CHEHH 24 C¥¥% R 11.3d,30 C Fig. 1 Temporal changes in mass of incubating

BV 27 CTP 489 4.8 d.33 CHEIY- AR Tukydromus woltert eggs

3-2d(FE 1),
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Table 1 Influence of incubation temperature on duration of incubation. hatching

success. and sex ratio of hatchlings in the grass lizard .Takydromus wolteri

B F b 4 57 B WL ¥ 1L I tE

(C (d?} (%) (4 3/2 2
Incubated eggs
Temperature Nuration of incubation Hatching success Sex ratio

24 18 11. 9 — 0.3 (46. h~43. 8) 66. 7 (12/18) 87K
i 14 306 = 0.2 (29.6~—31.2) 71.4 C10/14) 1073
30 12 25. 8 £ i (2h.53~26.2) h&. 3 (7/12) 170
33 17 22.6 & 0.2 (Z1.8--28.6) 41.2 (7/17) 61

&R FE SR FE K Data on sex ratio including individuals that died at the late stage of incubation

FE24~33 CHIBEIN WMALEEEEZFWHHFATHAOBEBR NG = 28.05, df = 3, P <7 0.001 1,
Ui R LB EHTMG = 2.83.df - 3. P> 0.2 E D . BHYESHIEREERE |
1((; = 3-08.df — 1, P > 0.05),

2.3 wmuigikxh BRAES

B R R AR R EANCOVA, F, o~ 4.53, P <2 0.013,24 CHI 27 CREELIAKE KX

T30 CHFI 33 CWdighik(cE 2), BB EASEM SVLANCOVA, Foo 2.85, P = 0. 050)f1 TL
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(ANCOVA., Fi,,= 1.33. P = 0.28 Y LR EWEW(E 2,
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Table 2 Body mass. snout-veni Jenglh and tail lengih of Takydromus wolferi hatchlings

from different incubation temperatures

SRR T H KD
8 ‘jﬁ bk B AR ER Hatch]mg stze and mass

(C) (mg)} & & % K FE <

Temperature " Initial egg mass (g) {mm) (nim)
Body mass Snout-vent length Tail length
. L, 19.4= 50 239.0¢ = 6.3 21.7 £ 0. 4 8.8 = 0.8
(108 0~ 221.0) (202. 7~293.0) (18.3~23.0) (32, 0~-12. 3"
97 10 198.8 = 7.1 244. 7" L+ 7.8 22.6 + 0-3 0. + 1.2
(152. 0~—228.0) {204. 3~278. 07 (2].2~24.7) {(35.0~.15. 6>
10 169.0 2 7.3 222.5 " + 13. 4 22.4 + (0.5 3.7 £ 1.3
(178. 0--225.0) (1759. 7—281. 3) (20.1--24. 4] (23. &—44. 5
13 ) 163.6 £ 4.0 2120+ 10.3 21-1 £ 0.3 37.2 £ 1.7
(178, 0—208. 0} (173.1~—~246.1) (19. 8B~-22. 4} (29.8~43.5

AR EHFERHEHEEZRE &, Tukey’s test, a= 0.05. g > b Means with different superseriprs differ signilicantly,
Tukey’s tests a= .05, a > b

WA EENBENEANTELE EMEWANCOVA, Foo— 2.77, P = 0.058) (HE ¥ IHIE T
(ANCOVA. F, ;= 6.73, P < 0. 001V R R T E(ANOVA, F; = 4.83, P < 0.007), 24 C#0
27 U ENEBETTERELRT 33 CEHEMAE .30 CR3 CHBEBYAMNETTELEEER 21 C
27 CBEDRARABETERE DT 33 CEHE4E.30 CHI3 CHEMIAFAMETELE &=
F(E 3),

3 AAREPAEFENRNHOAN S TERETANANETE
Table 3 Total body dry mass and dry masses of carcass and residual yolk of Taky

dromus wolteri hatchlings from different incubation temperatures

i~ his T & HTT&E TR
(C) haai {mg) (mg) (mg?}
Temperature " Haichling dry mass Body dry mass Residual yolk dry mass
24 12 dl.Szl}.B (35.9~47.5) 41.4* = 0.8 (35.8~47.4> 0.39% + 0.24 (0. 1N~2.92)
27 1{) 42.3 4 1.5 (34.2~49.2) 42.1% + 1.5 (34.1~48.1) 0. 26"% £ 0. 10 (O. lu~ [.30)
30 7 40,3 + 2.1 (33.5~47.9) 39.7%" 1 1.8 (33.4~47.0) 0.67*" + 0.36 (0. 10--2. 7D
34 7 38.0 &+ 1.5 (33.8~43.0) 355 + 1.9 (28.0~42.8) 2.51* 1 L ab (0. 16---6. 307

FREFERHYHEERREE, Tukey's test, a = 0.03, g > » Means with different superseripts chiffer significantly.
Tukey's test, a = 0.05. a > b

BN AERETH D THEEGR . BRAGE R K PSR OXESEEMPAER SKERERX
X (R . BEEEEXERLOE MO SRE, kB ANMER, KERBMRE R CH
27 OB ERNLBEFLXFREBQRY OBISEGE A, 24 CRESEANTRDPTESRRABRLRA
ik (E 1,

TR RBREB—NE _FiN (Figenvalue > 1NRBERETR.TVYHER, LKMLTELSE
—FHAARBENINEERN - HEEE - ENT AR ARARTEHE S 1NN ER ;G AR K
EE_TRIABEENERBEHRBEE U0 TER)(E S, FRABEREBHENTE SR EREES
— WA EERS EANOVA, Fyp= 6.45. P << 0.002)  BAF _FRIOMOMBEEREHNER

JAL Fip= 0.09, P = 0.963),
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Table 4 Morphological phenotypes of Takydromus welteri hatchlings.
according to sex and incubation temperature
WiHE (C) % W
Incubation temperature Effects
MENE kA N
Hatchling traits  Sex e . & #]Eﬁ:m
24 27 C 30 C 33 U Sex l'emperature Interactinn
Fl-ﬂi’ F.’-,,I!T Fg,g:‘
£ {(mm? MZ21.3 £ 0.6 22,5 £ 0.7 21.8 + 0.7 21.3 £ (LB 118 2. 4% ns 0 52 ns
Snout-vent length F 22,0 + 0.4 22.7 + 0.4 2314+ 0.7 2.0 + 0.3 e P e
e (mg) M242.0 = 11.0 24009 = 18.7 212.3 = 16.4 200.8 + Z0.2 —
- - . (. 55 ns 1. 94 ns (. 77 ns
Body mass F236.7+ 7.1 2463 — &6 236.1 L 23.4 220.4 £ 10,6
X (mm) M 386+ 1.3 427-20 40.3+23 37.3=4.0 f. 32" b5 ns {71 ne
Tail length F 304+ 1.0 39.9+1.4 30.0+20 37.2+1.5 M>F '+ T
4K (mm) M 594+006 60+002 35.5%01] 5.5 £ 0.1 116 ns . 08" 2. 38 1s
Head length  F 6.0+ 0.06 5.8+ 007 58+ 0.2 564 0.1 ' 240, 7%, 3o%b, age
LW (mm) M 38£006 39+002 37X0.05 3.6=x005 0. 48 s 9.78" * 0. 51 ns
. - (e | .
Head width F 349 4+ (.03 3.8 £ 0,03 3.7 &1 3.7 £ 0.04 243, 272k, 30, 33¢
.3 M27.8+ 0.2 26.8+04 20.5+0.7 203+ L0 19.63"°"
. ) 0. 31 n= 2. 40 ns
Ventral scale F 30.1 £ 0.4 30.3 £ 0.5 30.3 £ 1.1 29.2 £ 0.7 F>M
Tt {mm> At D . 0, .o+ 0. 5.6 4 0.
i B K (mm M ?4 z “ Loz ?5_ z >6 : {. 91 ns 0. 18 ns N, 349 ns
Foreleg length F 5.6 £ 0.2 5.7 £ 0.1 5.7 1 0.1 5.4 £ 0.1
J& B £ (mm) M 6.3+ 0.2 6.6 1 0.1 6.6 = 0.2 6.4 + 0.3 44" .
, . . 0. 04 ns 0.37 ns
Hindleg length F 6.4 = 0.2 6.5 £ (.1 6.5 = 0.2 6.1 £ 0.2 MZ>F
H#E (mm) MO8 =003 0934+ 003 0.92 % 0.05 0.58 &+ 0.03 0. 01 ns 2.96" |65 ne
Tvmpanum length F 0.86 = 0.03  0.39 £ 0.03 1.0+ 0,05 0,84 F 0.06 ' 24b, 270, 300%, 330 TV
B #% (mm) M 1.5=u03 .6 + 0.06 .6+ 0.4 1.5+ 0.04
. (. 31 ne 1. 49 ns
Eyelength ¥ 1.6+ 004 1.5+0035 1L5+004 L6&+0.05 N " i

WHEANOVAUR KM B Y H E ANCOVAHASRBEESRIE . SVL AR ERMH FHE . fh EHEOFEHRA
¥R B ¥, Tukey'stest,a=0.05. a > b ns P >0.05, x P<0.05, * * P <70.01, » * x P<Z0,001, & values
correspond to single effects and factor inreractions in two-factor ANOVA ({or snout vent length and ventral scales) or
ANCOVAs (with SVI. as the covariate. for all ether traits). Means with different supcrscripts differ signiticantly,
Tukey's test, o= .05, a > 6. ns P > 005, = P < 3.058, » ¥ P<C0.01, » » x < 0.00]

2.4 WHkizsh&kM
R ESSE SVL fE M X &
0-46, £y ,»— 6.00. P 0.2, G4 EE

£S5 8P AREMMN LR SH TR E K5 HTH AR
Y

Table 5 Loading of the first two axes of a principal component

analysis on tight morphological variables in Takydromus wolter:

K(r 0.15, Fi:= 0.48, P = 0.498) #

REGC = 0.08, Fi= 014, P = 0.713) hatchlings

L., FEMSNE K BS4{E SV L X A5 4 Variahle ﬁﬁ(ﬁﬁ Factor :’S‘:mg

(r = 0.168. F{.;n= 0.58, P = 0.458), B T Body mass S5 Ty

BN ZEHEE IR R E BB SE  RBE Tail length 0. 200 0. 613
, 3k & Head length 0. 774 0. 167
* EI [} 2 —_ - 4 = -

2 L ANOVAWF.0= 0200 F = 0. T8O 3 1ead widrh 0- 389 0. 005

ANCOVA(F, 0= 0.12. P = 0. 888 K B Al B 1< Foreleg length —0. 159 0. 798

(TELBEENEMEASENELEBEX J& k& & Hindleg length — (5. N33 0. 83S

o ) ] H# Tympanum length —0. 795 — 0. 346
ﬁm@{*&ﬁﬁﬁgﬂﬁﬁﬁﬁ1+txﬁ¥u ﬁ HE% E}FE ].EI'].HII] {'_],3?3 — 0, 251
EEM R B (ANOVA. F, ., W BT % Vanance explained 33.1 % 24.6 %

MMEXDHERMATRESEEOBEARMEHE R, B E WIS
FEIFAMay SR HRBET Size effects are removed in all

= 0.35. P = 0.706) fI A W o 42 9 o M

(ANOVA, F,.,— 1.04, P = 0. 37T DRI
EFEITENRFREGES).

cases by using residuals from the regressions on snour vent
length. Variables with the main contribution to each factor are in
bold lace
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Table 6 The effects of incubation temperalure on locomotor performance of Takvdromus walteri
hatchlings tested at 30 (. Perfarmance variables are sprint speed.

maximal distance between stopping . and tetal number of stops in a single trial

% M (mm/s)
BE(C) HALGE Sprint speer;l. _ B MNBEE (mm) AR
Temperature n PR L= % IF Maximum distance Number of stops
(Ibserved value Adjusted value
.s " . 08,2 + 46.7 123.6 £ 14.3  655.6 + 56.8 2.3 1 0.3
{185. 2~-625. 0 (229.7~634. 3) {500, 0~-650. 01 (l--4)
57 g 134.9 + 31.8 410. 1 = 34.7 6ir3. 1 £ B3.1 2.5+ 0.3
- (312.5~583. 3) {265-4--543.0) (375-0~800. G) t1--3)
3033 . 301.2 - .1.2 39h.7 £ 33.8 571.4 + B8. 7 3.1 £ 0.7
* ' (238, | ~-625. 0) (289-1~-376. 1) (400. 0~ 1150) (1~7)
3 idig

24~33 CHEBEWH MARTZE WA AR RE D R — S KRB AR EMEm AL,
(DS RRAGER (OB M LTI R (OB ENA . LA COBBLEMTBE KT T
B OLAKAMAER. FHAOEHEY SBABRE LX. BEYAMER TR THEUE . EXRAFRR
ATHBESE . XHHFLENAEERSECRTEX. YEKAREXRFIEAEER LTI £ RiTa4 . W
o r # M (Podurcis muralis)'™), b BL 8 (Takydromus septentrionalis 223 B 6 & 53 2 #8690 (7 &
(Calotes versicolor) Bl 1) B i ( Eremias brenchleyvi ) BEPEIG H AT KL FE K T o4& . o b 8 A ot M
&R TRE TR ERAE (Xenochrophis piscator)' I (Naje atra)C - B HMENR K X
T 8PS IR, ARl (Lacertidae) Zh PTHETE I (AR 1T 500 +MEE Kol BEEZFL I VL R LR .
RTHACHEATOM L. D PEAEH P RIEE D XIRIE M I & 8. /5 % (Takvdromus
sexfineatus) F iy B 55 W7 .

HERBEXWHARENBEABHNRKER. X -FRERLTEC SN EHE (pliable-shelled
egg AT ARG S B RN IR K ERGFRBLINANAREMER (L IX T2 574047 8% K R rERFF L
EHEEMF g e NRIR IR K KRR R R BRI E e e L E R K
PEEREMBHOXFENMBLWETEATEY. ARBEEBHMENBEEREE . BYHKTHERLEHR
ER, X—GREM 24 CH 27T CBUYHRBERAKIESUR K> SEREAL L.

[BCWHEMNMEBETEAFTEER . ARAFTTEND.FMerPuL, G8RZ7 I EZRNILENR 31
HOEHEREEREBEABNHNANEIRREA TSR —H o mAeE e, FrWEan FE0gEs EH
+THHGEETFHEHERY B (BEYDEMNANEEAR L. BHKRLETESHERERHSGLE
FES., ATHABRAMNBIDAARERE R TRIFMERFH 95 08 CHHEMNA %S
S AE RS HERN A AN RAERAAECREBRBIKOETEE KFE.

S (30 O 33 CORRHISIRIZ 0 R AL O% B B B o M B e B0 BB /T 24 C F0 27 C B¢
Hehik KM EFEARALGEL., FRABEBEIG I EANERTAITFABE. L EHH LS
BEDEX. BRBLESXARENGARCRT FTHEWMBH Y. i PEEs " " AilbEw - . BT
MU EHERS LIRS AMFENE XL EHRALEHTEY LA BB HE N
ﬁ?lﬁ- 200 230 320351

AR AN EERENEX. ABRAN M EHERBRAEYHE AR M hEaERE
WA LIRS KRB XA T BT LIRR 21 C R 27 CHFEHahiER L
EAMERSE XY HmE4 LB E/A 30 CH 33 CRILSREREENYE. BAEE RNk
M RSB TR Ew - RAEES XMEMILES . PEAREF OIS ML AR, 24 CF
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24 CH 2T CEANARYE WA ELE BLHOERNKTATEF AFRXEFTEH Nz

MER XEENRPZAALEERKRABIETRA, 24 CM27 CHRBAEFULEBHEL.H
27 CHEIRE 24 CHAR ITAED . ATHERYRHERE STELAGE KN KR RL27 O 25
b2t CHEG R EARERIN. A T A0 & 7 i M 2857 s ¥ 4 % o R & By 9 By 2 . o =2 BB
TRITHYRE GBI R FE 2T CTHESREABIT 24 CHRAEA R 4 ©®
FA g ) AT R WAL R T R, 30 CWREbWARE 27 CAKE 5 4. WL Ih 0 B E L H SR 4 T
27 CHI33 CHILGARZM B30 CFRE T8 PEERNBILRIE. 33 CERDERME. HELHH
WTEEREFEHRHEZE HNEAMHTT S RGO LRE.
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