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Effects of Incubation Temperature on Embryonic Metabolism and
Hatchling Fitness in the Strink Snake (Elaphe carinata)
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Abstract: Incubation temperature plays an important role in determining the hatchling and drives phenotypic
variations in oviparous reptiles. Numerous studies have reported that incubation temperature affects many
processes, including embryonic metabolism, body shape, selected body temperature, locomotor performance,
tongue flicking, and predation. The variation of these traits is a potentially important indicator of fitness and
most likely affects the hatchling’s fitness. In this article, we studied the effects of incubation temperature on
the egg and hatchling in Strink Snake (Elaphe carinata) to assess the fitness of hatchlings incubated at two
different temperatures.
We collected adults from the same population in Hunan to study the effect of incubation temperature on

the egg incubation, hatchling metabolism and behavior. The eggs were incubated at two constant temperatures
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(24 and 28°C). Eggs were weighted and metabolism was measured at 5-day intervals. All hatchlings were

applied to evaluate the response to chemical cues, respiration metabolism, selected body temperature, and so

on. We measured tongue flicking, metabolism, locomotor performance, and predation of hatchlings at the

body temperature of 28°C because physiological and behavioral performances are dependent on the body

temperature in reptiles.

A preliminary analysis revealed no difference between sexes of hatchlings in the examined traits, so we

pooled data for sexes. All data were tested for normality (Kolmogorov-Smirnov test) and homogeneity of

variances (Bartlett’s test). We used repeated-measures ANOVA, one-way ANOVA or one-way ANCOVA to

analyze the corresponding data. Descriptive statistics was presented as mean = standard error, and the

significance level was set at o = 0.05.

Eggs incubated under different temperature regimes did not differ significantly in duration of incubation,

hatching success and sex ratio (Table 1). All eggs gained mass during incubation because of absorption of

water (Fig. 1). Mean values for final egg mass (weighed at the time point closest to hatching) differed

between the two incubation temperatures (Fig. 1). The egg metabolism was positively correlated with egg

mass and the incubation time in two incubation temperatures (Fig. 2). Eggs incubated at a higher temperature

(28°C) produced more amount of carbon dioxide than those incubated at a lower temperature (24°C). The

body mass and the carbon dioxide decreased with the increase of age after the snake hatched (Fig. 3).

Hatchlings from lower temperature produced more amount of carbon dioxide than hatchlings from higher

temperature did within the first five days after hatched. Hatchlings from two different incubation temperatures

did not differ in selected body temperature, but hatchlings from higher temperature owned faster maximum

swimming speed and more frequencies of tongue flicks than hatchlings from lower temperature (Fig. 4).

There were significant effects of incubation temperature on hatchling initial feeding and hatchlings from

lower temperature had not eaten within 10 minutes. Our results revealed that hatchlings of Strink Snake

incubated at 28°C had higher fitness than hatchlings at 24°C.
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RILRFEER (PVCESE 2012); HAERIH
P (Sceloporus undulatus) H1, 32°C F R
FRUFE R E =T 28°CE# 34 ~ 38°C (Angilletta
et al. 2000). G I 25 0% H LA R 2536
HIERZ, QAR SR T S AR 2R
o~ ARBUE)NS, TAR IR H S AR B
WA JE R AR ZE B R (Esquerre et al. 2014,
Dormer et al. 2016)-
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I S IR IR, BHARE 2 S5 bk TR AR HETAFRAE (K
x % x =5 60cmx45cmx50cm) K, 3k
TR E TR E N (28 £2) CHItEE =,
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13:00 I} UT-325 H—~ ik & T 0 Gt s i
FEAF NS, IR AR R — RN [E — i
[HEELE SN 3d, HE 3d M FAMEE N IE
FAREH TS a . Wi, Beeis=E
28°C pyE IR ZE CHER = B8 BT I 45 6 BN
12 h, £K 07:00 ~ 19:00 I FF R 419D W, 7
FE ok R h R R A A A R 4 A 5 O
K, 5 dE — R AR, ELRIES 15 Kl
JE SEAN R AU 5 ATV & . MR E
B FSIRIR TR EY), VIR ER, #4)
IETHON 40 cm x 20 cm x 20 cm BERLE N, #HE
15 min JE WA ELHFFIFLR (K2 15 @,
10 min 5 R FE R LG PR E, S0
25 e 1 7L BB RO 2 SR A R SR R B
LR EEE MR E R, HHEA R
AR PR B HE B AR IR B8 BN & B A IR T
IO S R HR ) B A R R SR A AR IR IR B
. RSLIRE R, A 1 4 28°CHF i 4iEsbT:,
Rl FIRARE AR & scied R 22 MEA.
14 Gitath

M R AT etk 4r, B i 4l ik
(AT R I B A M 2 7, B FEA FE



+ 632 Y2 & Chinese Journal of Zoology 52 &

SR AT IR L geih . BIRIESHSE
R 1R W N A - BT S
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(F-max test). Geit AN 1 kS A & SR 15 1
B R SAAEREES, FRATARHMA/E AR
R FRATHORRL G, AR EoR, BN S50 45
BIEZETN, HIL, Siitah B bR s
17 #r (one-way ANOVA). Fi[AT-
J7 225581 (one-way ANCOVA) il 5 & 5
ZHT (repeated measures ANOVA) #6156 FH 56
Kt 2R R0V 23 A1 AR AT ) A A B AR
PR R R, JH Tukey 2 5 HLEURG B0 RE AR ]
S REE. SCHITE IR ST E S P
PIHE + WniEiRRR, BEMAKTFREN o =
0.05,

2 R

2.1 SEALIRBEEXT AL BT 2R AN AR R A R e

THRae A= ORI N7 H 4 HE 7 H 25
H, U0 (11.22 £1.29) ¥ (7~20#D, “F
4755 B E (305.11 33.67)9(197.41 ~ 506.01 9
ZUNE (r=-0.10, t=0.27, df=7, P=0.80)
ME I (r=0.14, t=0.39, df=7, P=0.71)
SRHAA KT B E LMK R, 24THI
28°C I URHCFI O B4 W% 1, WRAHIREE R
5% O ) 2 TG B 22 5% (one-way ANOVA: F13
=0.63, P =0.43). 24°CHI 28°C 4y 5l i gh ik
12 A1l R, ~FRAE Ry (2542+144) g
(18.69~31.37g) Al (25.37 +1.89) g (13.14 ~
34.28 @), “FIAEK N (37.90 £0.75) cm
(34.00 ~ 41.40 cm) #1 (39.39 +0.84) cm (35.20

~4320 cm). VIR E VPR R FEIRE
7] ANCOVA 7 ss: 24°C AT 28°CHif
HAMERIIARE (Fi0=0.92, P=0.39) f{EK
(F120=1.92, P=0.18) ¥R EZER. Pk
BRI IR (% =005, df =1, P =
0.83) AL (2=1.17, df=1, P=0.28)
T E SR, H 24°CF LI K Cone-way
ANOVA; Fi2=1080.72, P<0.001, % 1).

[EE T N, IRRG IR 2 (B
WP =2 CO2 N4 S5UNE (r=048, t=
7.79, df = 205, P < 0.001) A AL 8] (r = 0.61,
t=10.97, df =205, P<0.001) ¥EIEM*K.
I 55 B A ST ] PR SE K, B R0 7 T i 3 49 2 C
Do AHLAHIAE IN H g AR 5 A iR 2 9 PR 7 1)
7 22 W R I, S AT H AT I ZOR 5P 8 22 7
AEZE (Fio=154, P=0.23, K 1. JLE
1440 d Hif () 5P AP A B 2k AT B T 22
SRR I, R i A O A B R] ) SE K T 3 K
(Fg168 = 54.56, P <0.0001, K1), {HA[H
iR ER N EEIGHEZR (Fi2 = 3104,
P =0.09); WFRAR R Bl A4 I 7] (10 1E K11 4 K
(Fg168 = 20.82, P<0.001, & 2), 28CH#kL
JERG AR 28 B 25 KT 24°C (Fp21 = 76.60,
P <0.001), P31 7 74 (7.59 +0.43) pl/min
(0.50 ~ 22.55 pl/min) A (4.37 £0.14) pl/min
(1.28 ~ 8.05 ul/min).
2.2 FRACIE BEXT B H A 4k R IR AR A AT R Y
Al

HEMETTZ TR, AR B i
YR MHIAER] 15 H W B4R B AR B 52 (Faz0
=0.06, P =0.81), {HA A [E] XS5 H 44 44

R1 LR B S ARSI IRAL B S FR B T

Table 1 Effects of incubation temperature on incubation length, hatching success and sex ratio of hatchlings

VNI

AL (D

AR EE (CD JIE (@) X AL (%) PEEL (QQ/33)
Number of Duration of . h
Thermal treatment . Egg mass . . Hatching success Sex ratio
incubated eggs incubation
24 18 27.23 £1.47 74.3 £0.54 66.7 (12/18 705
(18.56 ~ 36.07) (71~78) T )
28 16 28.72 +1.11 48.4 +£0.58 68.8 (11/16 38
(23.50 ~ 37.43) (46 ~53) 8( )
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Fig. 2 Variation trends in CO2 production of eggs incubated at two temperatures

B RBEHN (Fae = 218.30, P<0.01), BE#E
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TREEXT I AR N ZE R 15 H % A e A i
FAERE M (Fi0 =729, P=0.01), HAK
IR [T 687 HH ) 4% () PR AR I S5 2 520 (Faeo
=210, P=0.11), 24°CHtH Z A iy iR A i s

KT 28°Clg 2k . 24°C A 28°CHFALIRE T
JEFHR AT CO E2r N (33.18 £3.95) pl/min
(18.70 ~ 13.67 pl/min) 1 (19.66 +2.51) ul/min
(4.66 ~ 31.88 pl/min), P75 I [A] () ZE 25 P i3 A4,
T 2 9 HH 4k ) AR T B > (] 3D
A U5 T 8 S g Ak g kA A3 R Cone-way
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ANOVA, Fi2z = 6.28, P = 0.02) FIfif#i#E  0.05, P=0.81, & 4). WL 2k &1T
(one-way ANOVA, Fiz1 =472, P=0.04) ¥  RNIFERERN (2=6.25, df=1, P=0.01),
MR, 28°C PSRRI RIEEMIL G 24 C AR RBE R, 28°C B MR
T 24°C IR (B ) EIAIR BT H 2 iR B 7 44 S 501 60.00%, 135
PRI TC W 50 (one-way ANOVA, Fio=  #RE= (5.24+099) g (292~9.559).
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Fig. 3 Variation trends in CO2 production of hatchlings incubated at two temperatures
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3 Wik

T FE XTGP AR CAT B WA AL 0 3 50, Ak,
WA R E R R AR e g ke, il EEE T
IR A iR B2 S 2o IR I P AR B ], iR
e FR) A T P2 T 9 L 0 AR R T 2 B 0 2 v TIG
TG H 244, A, iR R AR AR R AR
07 4l AA /N o AR BE DOE MR, AR
FEil 2= 52 B fE AR . IR JHRT 42 1)
IR EE 2 0 0 L0 B AR R 4T D 77 A B R
2 BB S 1)E A B (Booth et al. 2004,
Mickelson et al. 2010, Refsnider 2013, Amiel et
al. 2014, Dormer et al. 2016). Booth %5 (2004)
FERIT T AL IR B 616, (Chelonia mydas) 1%
JKfe (Emydura signata) FISZM A &I, EL
TS S0 0 L ) gl A 7 AR B R
U £, 8 S MR Ml o E ATV RE T SR BN
1), 26°C fitF t JEARIRIE & FEAIC T 28°C 1 30°C i
R A ERK R, SR IR R I A I 5
M) i 3E ok 5 0 5 A AR R FR AR I, 30°C i th
JEARIIE G B R S T 27°C A 24°CHE R JE AR
AHIEFCR I, 5N EE AT A A A P 1] )
FEKTMIGR, 28°C R INAARIEHE AR KT 24°C.
YR J5 . 24°C G HH 2 A R AR RO T
28°CHF MR 28°C O tH 4l A4 iy < e S FH I A
BRI T 24°CHE R Ak, (AL I X i H &)
IR FPARIR TC R E . Ak, 28°CHEHIZ)
1A 60% I MATE B, T 24°C R 4 A To 4
M. RS FIRGERE, 28°CHF YA TER
e SRS E R = 5E SRR
WHKRKFEN R EIT 24°C th4hik.

A= I A FA B ) AR S R RE S T R A AR
S, H e AT s, BT 2
A U 52 e SR 50 ) 9 A AT Bl 1 2 284 ) 98 1tk

(Brafa et al. 2000, Qu et al. 2011b, Esquerre et al.

2014) . NFEALIREE N, TRAT sh ik AT AT
WEA& R B (0 T AR MR AR, LI, [
R T V) AN [ 7 S A L S ) 48 R N 2
ANTARIE AR S B SR E i et al. 2001, Qu

etal. 2011b). A< YCSEG: 5 A0 Ui AT FL UG,
R AR50 2 T A A 2 TR 22 5, RS
55 AR AR LR N 2R . (HF
AR FE T AR AR A AR R 3 22 7, 28°C
TIRRR AR R B E T 24°C . @17 EIR
JEARUSZ R I E & BRI A A A 22 7 (1) 5
e, fEMRRGK B, AGrE AR CO, B
AL IRE K 2, XRS5l KT
EHREHEENBEETRR, X —FRAENR
e R R TIE (PhCESE 2012),
AR FE AN IR i K B & G E, X S
OB (AR TRRFIMAR ) FI4T 9 (niz
BRI BT NG A EERm., AR
FARLR, ERYIPEKERES, 24CHEH
R UHE R 28°CiF Ak R, X—45RY
WUBEFRIEAN ], USRI A 5 45 S BRI AR
JEE 0T 6t A AR AR G 3 R AR AR
2012) o {H R He MBS AR R 5% L0 S ARALE 1A $i
BIHOT, BEE A K 8] ) LK PRI AR i =
A1) CO2 IR D, 3K 1 B X PR b 76 B %f
ANTT L P B R I R R B AR R B 7 5
R 5 A K ] 1) A AR 2 DA R AT 2 (1)
77 R ARA AT L) TR CEAS
% 2012).
TENCATENI Y, BRI 2 52 i TeAT 34
SRARANIE G B E 245 bR (Angilletta 2009) .
XA dE (EABESE 2012) R=ZA kT
(Bassiana duperreyi, Duetal. 2010) —F¢, A
[F) Sk 55 57 ) %) T i e R e SR AR IR TG 2 3 2 e
HAE4T N CIT A B B E AT N —, B
FEMEAUEAT Al FH RN AT i
BRELENEN, TCITahYr LUEE A5 77
SR A B PR A (A5 I s YD, PRt
15 BRI AT NEL A E RT3 4
i A FE ) E bR (Stevenson et al. 1985, Ayers
et al. 1997). 28°C iy H 45 i 4 A (1) e ik A
MG AR =T 24°C W H 4 o I B XS 0 Hh 4y
BB ERR, EIRITENI A ET 2 Bt
FuEEA, AW RS RN, SR g
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e PRIE ) 8 TR gk, AR
(Du et al. 2003); AR ER, mEFHL)
PP B RIS B3 B R I 5 TR IR T 4 ik,
Jb#il; (Takydromus septentrionalis, Du et al.
2006); ML, LA BTG R TR, WA
Xt RIS shid R 5m, gl (Lacerta
agilis, Lietal. 2013). Sk il Xy T4 by
YRR AT A EERm, IR HAMA%
B, X4 R 5 0PI 1E 3 20,
FEXUE R I AL TR B R R AR AT N e R
Fom CEEES 2012). LA KRE, 28°CHE
iR Bt EARie E AR EMNIEEE, &%)
e A P B8 A IR
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