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Ontogenetic shifts in selected body temperature and thermal tolerance of the tiger

frog, Hoplobatrachus chinensis

FAN Xiaoli, LEI Huanzong, LIN Zhihua”
College of Ecology, Lishui University, Lishui 323000, China

Abstract: Body temperature is the most important physiological variable affecting the performance of ectothermic animals.
In June and October of 2011, we collected female and male subadults ( gonads have not yet matured) , juveniles ( tails have
just been completely absorbed ), and tadpoles ( stages 28—38) of the tiger frog Hoplobairachus chinensis, which is a
national secondary grade protection animal, from the herpetological laboratory of Lishui University, Zhejiang, East China.
The objectives of this study were to examine ontogenetic shifts in the selected body temperature (T,), critical thermal

) of the tiger frog. T,

sel

maximum (CT_ ), and critical thermal minimum (CT

max min

of tadpoles was measured by recording the
water temperature of their selected location in a thermal gradient ranging from 10—42°C, while T, of juveniles and

subadults was measured by recording cloacal temperature in a thermal gradient ranging from 20—45°C. We cooled ( for

CcT

determination) or heated (for CT _ determination) experimental animals from 25°C. Body temperatures associated

min max

with a transient loss of the righting response at lower and upper limits of thermal tolerance were considered to be the

endpoints for CT,; and CT, , respectively. Statistical analysis by ANOVA showed that there were significant differences in

E&TH . HEKARFAELT H (30970435,31270443 ) ;Wi K T EHE I35 H (20110426) 5 w7k 2# BB H (KZ201016)
s B HA:2012-02-29; &7 B H3:2012-07-02
# W IRAER Corresponding author. E-mail ; zhlin1015@ 126. com
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T, CT

significantly lower than that of female subadults (28.06°C ), male subadults (29.17°C ), and tadpoles (28.23°C ), while

CcT

max ?

and viable temperature range among the three age groups. The T, of juveniles (24. 10C) was

min Y

there was no significant difference in T, among the latter three groups. The CT, of juveniles (13.85°C ) was significantly

higher than that of female subadults (11.27°C ), male subadults (10.84°C), and tadpoles (10.74°C), while there was
no significant difference in CT, among the latter three. Tadpoles had the highest CT , , which was 43.31°C, followed by
subadults (female; 39.55%C ; male: 39.02°C ) and juveniles in decreasing order. Similarly, tadpoles had the widest viable
temperature range (32.58°C ), followed by subadults (female; 28.28°C ; male; 28.18°C ), and juveniles (21.62°C) in
CT

max 9

decreasing order. There were no significant differences in T, CT, and viable temperature range between female

min
and male subadults. Body temperature of juveniles and subadults of H. chinensis was significantly correlated with water
temperature in both decreasing and increasing rates. After removing the effects of water temperature, changes in rates of
body temperature variation were removed by using residuals from the regression. Two-way ANOVA (cooling and heating rate
were measured repeatedly) indicated that the rates of change in the body temperature of juveniles were significantly greater
than rates of change of subadults. Types of thermal changes (i. e. rates of cooling and heating) and the interaction of these
factors had no effect on changes in the body temperature of H. chinensis. In conclusion, we suggest that in the tiger frog H.

chinensts, fundamental thermal niche separation and development restrictions are the most probable explanations for our

findings.

Key Words: Hoplobatrachus chinensis; tadpole; metamorphosis; selected body temperature; thermal tolerance;

thermal niche
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A 200 mL 7K ) 500 mL BEFRERL 5 min , M52 BEAR N K IR B2 S0 I A8 TR R . PR PR S0 3 W] Be A A vk
B LASR SRR S BHIE RS 5 min J5 RBVR SR IE B S hnifE i s i BE AR C T, , RIS BE R Py 7K
o M CT,, )5, ERSCERCGHEAE 25 CIRZE NG 24 h, MR J7iEAE 50 CtEEARB et CT,,, .

e, ABCR AR R R RS 0. 01 mm) 2 FRAUEER K, B RSP AR EE ORGSR 0.001 g) , 38 30 M
WY TEPE
1.4 FdEadr

BRI ST 5341 H Statistica ZETHRFEE R, GEit e Aran , K 5 i 25 ( Kolmogorov-Smirnov test) Fl
J7 22 R BPE (F-max test) . FHAHICHMAT | IBE 5307 DK 07 22500 UK 07 225381 ¢ Tukey's #a 3o 4b BRI LE
AR AR . FE ARG A At (JED) Fom, B E MK B Ha= 0.05,

2 #R

S B 43 S P S AR T S RS | SRR 4 2 AR INFIREAR B 1 SHE Al 7 42 S B A A
K22 AN M ) PR R I 5 SR Al AR ) 2 [ A K 2 e B 5 W AR 1 AR R I 2R T 4
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CT,. JHIBLEA B &0 CT,,  MEHEPE AN CT,, 255 R 8% SR AT B2/ IR R T 2 5 | R}
ELA 2 K R T 52 e P e P I R A R R TR 2 R 22 R B (R 1)

http ; //www. ecologica. cn



17 BEETN 45 RS0 B AR R AT S M AR L B i R R A AR Ak 5577

R1 TRANGRE M RESERSFHERN R ST

Table 1 Descriptive statistics of morphological traits of Hoplobatrachus chinensis in different ontogenetic stages

N A4 Snout-vent length /mm K Body mass/g
WEEE B Female subadult 11 66.94°+6.08 (48.42—98.71) 56.53°+17.80 (12.31—156.96)
HEPETE WA Male subadult 89 62.01°+ 0.92  (42.92—98.77) 30.49"+2.05 (8.38—139.96)
41K Juvenile 13 22.98+0.45 (20.44—25.49) 1.16°+0.04 (0.86—1.34)
URHIS} Tadpole 120 13.29°40.25 (6.90—19.13) 0.81°20.04 (0.10—1.97)
FAMZEKE Fy ypg= 883.31 P <0.0001 Fy pg=74.73 P < 0.0001

F-values and significant levels

FP RT3 HhRrfEiR GuE) 2o s R WoR R TIr 200780 F (R A5 2 1ok T

35 ~ 18 ~
. i B2 AR
PR
32 16
a
29 - ‘ = a 14 L T
T r
26 12 L
b b
T b b
23 10
@)
2
2
2
<
g 20 8
=] Fs Ms Ju Ta Fs Ms Ju Ta
£ 48 40 ~
= - o
= it e T
45 35 -
a
a
2 + 30 - b b
b T
b
39 25 |
C
C
36 20 |
33 15
Fs Ms Ju Ta Fs Ms Ju Ta

AMERE W B Ontogenetic stages

E1 EYEARNMERE BRI EFERFEN 2RI
Fig.1 Effects of different ontogenetic stages on selected body temperature and thermal tolerance of Hoplobatrachus chi

Fs: Wi AAA female subadult,Ms; HEPE ALK male subadult, Ju: Z& juvenile, Ta: ¥} tadpole; Tukey's post hoc test, a>bh>c

PR SUIE LI AR S A AT AN /K L 22 B FE PR (77 = 0.27,F, 1, =38.96,P < 0.001) FIFHREHESE (7 =
0.41,F, ,,=76.79,P < 0.001) fAHSCIC R RE . FH AR 4 (B 2 Bk K I 722 1 R8s A2 Ak )5 e,
DR 5 22 50 AT (R R R o 32y S SR 6 ) R 0 A 1 A T 25 A o S 8 R S S, TR I A ]
P25 AN 2 TR AR AR AL (R AN TR ) XA 9 58 AR FE X AR A AL I e A 2 (R 2, K/ 2)
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R2 REEMEFTNRMNEETELBENMORT N EERRE

Table 2 Effects of ontogenetic stages and thermal variation types on the rates of body temperature change in Hoplobatrachus chinensis

. IE Y QPN A
M i ,
F Significant levels and Tukey's
df
post hoc test
SCIZHIA] Ontogenetic stage 2, 106 128.98 0.0001, Fs*, Ms", Ju®
T E 25 LS HY Thermal variation type 1, 106 0.51 0.476
ZHAEH Interaction 2, 106 0.74 0.481

XK 5 2643 BT, T R e 1L 38 B S ) 8 A 20 0 2 () Oy o A2, R Il O 8 4 {2 63k 7 TR 72 b 3 B AR 7B AL 9 B2 5 Fs (female
subadult) ; WMEPE B/ ; Ms(male subadult) ; HEPEE B ; Ju(juvenile) : %A ; Tukey’s post hoc test, a>b

3 itig 0.04
RBFGEEE A | eSO BRI T, 35 (T4 el

AR A X P R B BC(EL 1), 5 E AR 0.03

WL RARLL, B an4-id: ( Rana catesbeiana) RS HIEE

(R. sphenocephala) . =% UANE W ( Pseudacris triseriata ) . @% 002 -

FE[EWELR (Bufo americanus) JEFIWELE (B. woodhousei ) | iﬁ é

Wl (B. marinus) K2 /N WE( Gastrophryne carolinensis ) ﬁ‘é ool L

RN 7., BRI, S S kB

e SR SURR TR R SRR 2

OBl R 5L 2R A I A P o S B T L&

SUAMA B T AR TI FE Ah s | | |

19, RLSE AR AN A I L A 45 DA TG 3 s P Fs Ms Ju

5 NI AN K B M B Ont tic st
B KR B TR RS 42 5 Al A R RIS S QA T, PIRARFIFIEL Ontogenctic tages

(2 B R R TT B 5 A R S — BB A A 3 B2 REERRA R B BEREL0EE, YRR 5%
ASLAT X AL R B RS TRk g TR R ER B ERRR AR
AL O 2 S0 S A T BT 1 Fig.2 Rates of body tempef‘atur.e change in different ontoigenetic
stages of Hoplobatrachus chi , data are presented with the
VR RTRLIT A2 1 T A5 E OB AR 2 euiauat trom the rgression of corresponding variables on waer
S B IR SE e R RE 52 O AW B AT A FOAIY ,  temperature change during the experimental process
LR % 7 B R 7853 S 80GE S h AR HO AR 5635 | B RIAT 9 94
RAOSE IR HE S A N T T T R A B R B G T, X LR B R — R B R, AR T2 B
BEEAVE K IR AEIE AR DI IR 5 RE ) £ % 7 B T RE R AR BRI T, OISR ARSI g
S SR, WA VAR A TR T B, BB R 1 R B 2 40 R B (6 2 R
2) , SANECYE I —A A JEIE SRR A5 Bl 7 0 % 7 WA, 35500 4 U o Bl At T 7 1 Sk W 5 v
355 92 0 PRI P 0 e 0 o ek PR B B 1 A L 5 S BR B R O 6 — B R B R TR R B 2K
BT 5 8 300, 52 A A 0T P MK B0 B F A R R B U 32 7 P B A R (101
R A BB FRTFS R, AT 2 A0 2,0 o 9 22 I 4 4 1 5 AT S 9L B 2 B G 2 B A L
2R S R ARG CT,, 5% CT,, SRR AR . SV AT YR IR ) SR FR B T 321, T8 4 i R A
P TR SRR CT,, S5 TR T2 0 B 98 (81 1), 1T Al 5 s ik 1) SN [ o1 B K
AT X | ZE MR M AR A P A 52 5 R 5 5 5% 7K S A 00 0 0 4 W B8 W, 45 7 07y
WL E B 2 T A M IR R K T T B2 o U0 BB K U 8 A O B TR I R 5
LA, PIAT RS CT,, RV S0 T 5% 305 P12 2025 R 8 0 B3 A AR S 17, B T A2 32 1 A
U, UL 25 5 IS M BEYE ( Leptodactylus albilabris ) FTEEE s 04 RS} 9 B A9 T 37 155 T F i A o g 125 30T A —
ST Tl 2 B o 1 A I Bt LA R e 1 T % 30 B, T Bl 24 P o 2 B £
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BRI E PRI I o 4 A B B R A B ATE A T 38 AN IR] , G BRI 57 f) SR 52
T 1), F5E PR T 3k =38 Z A A PR AR S0 59 0 5, PR S0 B R/ ISR e A T A R A B B R
(REFRMEA) |, FEA T 257 A0 73 8 e (95 15 3 Rl DA )R F) R/ ISR B Bl A 58 208, AT 2 e 0 e )
Pl SE el A AR . AN SE R TR 2 A B BN RE SCRFIR T B A 0 T, AR 2 P B [ 2 Al
Bt 22 (B A R S0 B A A R A SR L 4y ok il o LI 5 | TR 1
SHET DR, TR 26 B A AT D B EAL 2180 T S B B DA )32 ) I P BRI e | LRGeS0
TP IV S A RS ) P 5] 3 A D80 T B3 PR DR /N I 25 R A AR A2 35 B85 0TI A DX, e A TR i T, A
IR S Y A PP 22 5 (TR 1)

Li LTIk IREUE T, RS2 PEAE A B AN R B Bes & A W] R AR AL, AR 3w AR B B AR 176 e v i
JRE3E o7 P I 2 (A B B 5 AR R T o R 3 P i A3 Ak G PRS0 T, IR T A2 R e A 5 S AR A E S A
Iy AR R BRI R BG4 R n] RE A SR
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