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TR (1—2 %) Xt 4 BFSE i 2 TR IR R TR (4 CARFE 90 d) 40 T B9AEA7 1 HUIRAE & W SO A6 A0 36 B Ik 2% 22 By
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(22 °C,7 ) JFHIRE EWEAKE(P > 0.05) . B RECHNE R EE IR ZF A2 819 L THESE (P <0.05) , HE S 90 K
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Effects of cold exposure and recovery on viability and energy consumption in the

sub-adult female giant spiny frogs ( Paa spinosa)

LING Yun, SHAO Chen, XIE Zhigang”, WANG Na
College of Chemistry and Life Sciences, Zhejiang Normal University , Jinhua 321004, China

Abstract; The giant spiny frog ( Paa spinosa ), a typical amphibian, can exhibit abnormal hibernation caused by
disturbances in energy and substrate metabolism, and can suffer decreases in egg quality during the following breeding
season , especially for individuals spawning for the first time. Hibernation which is formed in the long evolutionary process of
poikilothermal animals can be considered as a survival strategy and self-protective method to avoid starvation, cold, diseases
and other adverse environmental factors for amphibians. Overwintering difficulty of amphibians is a widespread consequence
of global climate change and habitat modification that result from human activities, and the following breeding can be
influenced by abnormal hibernation with regard to the sub-adult female giant spiny frogs, which is common under the
circumstance of artificial domestication. The aim of our study was to investigate the changes in viability and substrate

utilization under the condition of artificial cold exposure (4 C,90 d) and during recovery (22 °C,7 d) in the sub-adult
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female spiny frogs (1—2 year old) which were chosen as the objectives in the study. The results indicated that the survival
rate of sub-adult female giant spiny frogs appeared to be a decreasing trend during the period of cold exposure and the
mortality rate turned to be zero in the stage of recovery; the relative fatness (K) and the ratio of body weight to body length
(Kwl) , which presented to he ascendant during cold exposure, both returned to the initial levels (P > 0.05) in the
recovery stage; ascendant trend was found in both stomach and spleen coefficient during cold exposure ( P<0.05),
particularly the both appeared to be higher in the 90" day in relation to the initial levels (P<0.05), and the liver
coefficient decreased dramatically in the recovery stage ( P<0.05). During cold exposure period, no statistical differences
were observed in the lipid content in liver and muscle compared with the initial content levels (P >0.05) ; the moisture
content in liver (P<0.05) and the non-lipid dry matter content in muscle both decreased during cold exposure; the
moisture content in muscle and the non-lipid dry matter content in liver ( P<0.05) increased during cold exposure ; hepatic

th

glycogen content increased by the 60" and 90" day of cold exposure compared to the initial level (P <0.05), with the
growth rates of 59.4% and 60.1% respectively, and returned to the initial level during recovery (P > 0.05). We might
draw a conclusion that the sub-adult female spiny frogs made use of the non-lipid dry matters in muscle rather than lipid, or
the non-lipid dry matters in muscle were transported in the tissues in order to adapt to cold exposure, which was concluded
from the facts that the body condition indexes ( K and Kwl) , liver coefficient, non-lipid dry matter content in liver and
hepatic glycogen content emerged to be ascendant to some extent, however, non-lipid dry matter content in muscle proved to

be remarkably decreasing (P <0.05) and no significant changes were detected in the lipid content in liver and muscle

during cold exposure.

Key Words: Paa spinosa; cold exposure; viability; energy consumption
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Bl BT IK A (90 em X 40 em x 40 cm, 10 H/6HL) AT Yk, B K BE A58 FGEEE 9 , 45 il /K Il (22
+1) °COGJE A 12 L:12 D, % H L8811 ( Tenebrio molitor) TG AAE R R £ 1 Uk, #5488 HIAF 1) 4% |
B R e SOBESRN B kKoK 173, YIMREF R 18, DIk 25 35 , e 88 36 HARTE AHT 4 3% JC 493 1 e e
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G4 (MIR-253 , SANYO, Japan) . IR TE RS 240 IR BUSERE 2 (4+0.5) C EFEIZRIR S50 T IR E
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EEF TRIGRIIE . SO0 WIME AT 1A L
1.2.2 BRGNS E R

X4 B B BURE RS B PR (0. 01 ) AR b R RO &= 3 AR (SUL) (1 mm) , £ 55H8 f5 37 %)
f] A BUTEATE B R B g B R AT R B PR, T AR S B BT (K) = 100X W/ L 5 (R /R K
(Kwl)= W/L; k%5 2% ( Organ Coefficient, OC)= 100 x( #5'B #E/{IK&E ) , Hp W AR E (g) ,L MEK (em)
1.2.3  H8U44kilE

SOl A LA RTRFIDE , 70 °C R ML )5 FREBOBY R A4 T RE i, SR FH 0 - F B 3R i D e 4L 2P s & 1
1.2.4  JHBEIES e

JHERRE D00 2 52 DL AR B B 45 (i o i A IR 58T )
1.3 Bdaar

SEE BRI IS Y R IR (Mean + SE) 7R, G T4 SPSS17. 0 X5 AT G810, Bdis &
Kolmogorov-Smirnov test i , Y475 IEA 43, KR H One-Way ANOVA #4720 0] 22 5 b3, 24 ANOVA K #4541
[ o R 25 55 5, TR T LSD 28 i, Y W PE/KF P <0.05 B F/R 22 7 3, LUK (0] 2% 8 i
SR 5 2253 W R BRI EE [ =2 )
2 F#R
2.1 BIER 110 -

P/ P e e 7 U TR R 8 30 V) % B B R AR LT 100

90 |

R T H R FERE (22 €7 d) BT (K 1), S sl
2.2 MW (K) FARTE o (Kul) s O
N K Kol 76U B EEWIRATE ST 000 5 50 |
B, LK ARG 388 50 90 K5 FRIK (P <0.05) Kol % 40
164 60 KM 90 KT K T4 30 K (P <0.05), M = [ N
HAEW W E K (P > 0.05) (182,14 3) 10 \\
2.3 WERREEL ’ o0
S0 11 B e A i i A % 7, LAY 2 W1 Time

AEAER IR, TR S A B W R AT PR, B R TR e (R B A8 45 WY B R O T
F /% @7{ 1&\/511 %%Eﬂ IETJ E%Bﬁﬁjﬁgﬁﬁ“ﬁ jE‘Jr ( P>0. 05) , Fig.1 Changes of survival rate of sub-adult female giant spiny
{E T’f 5{%[ {E T ﬂj% 3: %)] ilﬁ‘ {E; E,EE]' /2%\ éﬁ *H H$ /% QE& Tﬂ? {EE{E % % frogs ( Paa spinosa) in different stages during the period of cold
JiIR) 2 5 b TR (P<0.05) , I TESS 90 K

BERFHIEKT-(P <0.05) . W W 5 400 20

N ABSHIRICHET 225 (P > 0.05) 3 B R R BOC R F 21k, B R BSR4 B Bedy o B F 2 1k (P>

exposure and recovery
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I5f ] Time I5f ] Time

B2 FRBIEE( Paa spinosa) BT R G R BREBFNME ZME B3 BRBE (Paa spinosa) BT A ERBEEENMESME

IE#E (K HER

Fig.2 Changes of relative fatness (K) in sub-adult female giant

B/ A (Kuwl) I
Fig.3 Changes of the ratio of body weight to body length ( Kuwl)
spiny frogs ( Paa spinosa) in different stages during the period of in sub-adult female giant spiny frogs ( Paa spinosa) in different

cold exposure and recovery stages during the period of cold exposure and recovery

F1 BRI (Paa spinosa) ST EERBRENIMRE SN BER RBMTL
Table 1 Changes of different organ coefficients in sub-adult female giant spiny frogs ( Paa spinosa) in different stages during the period of cold

exposure and recovery

IR A58

Sampling condition

i ie

Liver coefficient

EEN 4

Stomach coefficient

(LN 4

Spleen coefficient

[FE

Kidney coefficient

0d
4 ,30d
4 ,60d
4 ,90d
22C,7d

0.0144+0.0011ab
0.0166+0.0011b
0.0164+0. 0008b
0.0148+0.0010b
0.0116+0.0011a

0.0157+0.0011a
0.0161+0.0013a
0.0166+0. 0005a
0.0212+0. 0009b
0.0186+0. 0004ab

0.0005+0.0001a
0.0005+0.0001ab
0.0006+0. 0001 ab
0.0009+0.0001b
0.0006+0. 0001 ab

0.0034+0. 0003
0.0040+0. 0005
0.0037+0. 0003
0.0038+0. 0003
0.0033+0. 0002

SEYE L Mean + SE 37w s A ToAH R FHE Fon 227 B 3% (P <0.05) ;n=6

2.4 HEAALIE
FEAR L2 8 01100 JFERERILIR B 17 7% 525 B B SRR C G 1T 22 5 (P > 0..05) 5 FFMEZK 53 76 A1 i 22 558 101
[F] 5 B i T R A (RIELER 90 K I T0T8h /K (P<0.05) | i UL PR K 23 W 5 2 AR S, ZE 56 60 KAl 90 K ik
HR TS (P<0.05) ;s FFAEAERR T T4 0 & 2 a3 768508 90 K3 & TR (P<0.05) 1 NLINIERR
5Ty S5 D S A S a5 7RSS 60 KA 90 K i E AR TR (P<0.05) , TEWRE BIIE], FHE AR D5 7 & JC W 35 78
16 HWLARE G 7 i SRR 2E 60 KA1 90 KAH L B ERER (P <0.05) ,H 5HI R TCEe i1 22 7 5 MR/ 53 22 i
%, B AR TFR0 46 FUIRTELEE 30 KA1 60 K, T AILIA 7K 23 W00 G 8 25 28 4k 5 R AR B B T4 AT R 845 =i KO, B
ERFHILE LIRS 30 KA 60 K, M HLAIERG T TP A SRR 30 REFFEREZESF (£2),
2.5 JiFpEERAE L

FEAGIE Z2 E 00 R] | JTPA 5 0 B 2 2 i ) O 2B S B L T a3, HARARTESS 60 KANES 90 K AT I & i
= T HILRKE (P<0.05) RTESS 60 KANHE 90 KM I & 1 5 00 4 AH b 43 5138 in 59. 4% 1 60. 1% , 1fif
Y52 EB B WURE =0 4R /K- (P > 0.05) (Bl 4)
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F2 BRBGEE(Paa spinosa) BT AR FE(R B R R E B I RFTAEFA A A LRBIER KD EBERTHREESTWL
Table 2 Changes of crude fat, moisture and non-lipid dry matter levels of liver and muscle in sub-adult female giant spiny frogs ( Paa spinosa)

in different stages during the period of cold exposure and recovery

HORE 25 1 HLIE Koy AENG T4 B2
Sampling Crude fat/% Moisture/ % Non-lipid dry matter/%
condition HFHE Liver LAY Muscle I Liver LA Muscle JHFHE Liver HLA Muscle
0d 13.45+0.67 3.31+0. 15ab 79.08+0.59b 81.07+0.50ab 20.92+0.59a 18.93+0. 50be
4 ,30d 15.07+1.8 3.02+0. 13ab 78.81+0. 80bc 80.96+0.43a 21.19+0. 80ab 19.04+0. 43¢
4°C ,60d 12.70+0.5 3.45+0.08b 78.35+0.28bc 82.83+0.23c 21.65+0.28ab 17.30+0. 36a
4 ,90d 15.86+3.6 3.51+0.78b 77.07£0.72ac 82.70+0.36¢ 22.93+0.72bc 17.17+0.23a
22°C,7d 12.08+1.1 2.33+0. 16a 75.71+0.27a 82.29+0.50bc 22.01+0.27¢ 17.71+0.50ab
SEII{E LA Mean + SE ﬁ%,?ﬂlﬂ%*ﬁﬁ?ﬂﬁ%%ﬁﬂ%(lg <0.05); n=6
3 1ig ,
N v o 25+
AR S0 Tva) 7 G 20y 0 368 o T AR AR PN S 95 ) o Ok A ¢
AT 5 N > : b
HAArTE S, RN T (JUH R AR 195 14 ) fis 20 T

PR B AERE A HL B0 2 O R L, o A N
LA A IR > P 11 el A A A IR A o AR A 6 3 I R 8K
FNG WG AR &4 7 T B, AN 2R BE: ( Rana nigromacula-
ta) " K97 BB W ( Bombina orientalis )" | 1F 15 WE i
( Bufo raddet) AR A ARAIR G IR K B F
R {HAERT 4 2t ( Rana plancyi) '™ AETSHEIR Y 0
g b &3, IR AT A K o 35481k, £ A7 A A R 1Y)

il , anap A B BT 3 R B R (Bufo bufo gargari- =4

JEHE R B/ (mg/ )
Hepatic glycogen content

”

od 30d 60d 90d WE
Hi 1] Time

WAL (Paa spinosa) BEMETE B A FERIE B RMNRE ZH R

zans) ZMRJE K BN, 16T WE Ik K AR AE 6 R (2=
BRI ER K5 SR H ) (I E S (E YA e, B
A HEL 85 7 o S 20 ARSI 9 v IR R R 00 1)

FrEREEWL
Fig.4 Changes of hepatic glycogen content in sub-adult female

giant spiny frogs ( Paa spinosa ) in different stages during the

period of cold exposure and recovery

PRI R (1—2 ) K A Kuol 394 34 R I 55,
PRI 500 tR A 0 .35 22 5 . X — R B9 LA
T RE SR X B A MR A B R AR5 T I A K A3 BT S bR 7 4 R L IFF AL DY ek 25 &k i 08 AT
SEREIIN T T A X AT e K B AT RE TR, AN B K MDA BR B 27 Beah, &
MR R ks B2 AR A A AR S0 22 57 | QAR D B W el 1 SR A IR e A R A M 2 A8 A AN DA T A S A A 1
JiE 50 2 BRI, 0TI LA A MR O A BRI 8 A DG SRt B 8 T3 SR, P A o TP 1A (50 g
ZEAT) FEIE = A H BRI A PERRIC I K 7, 302 DR A SR M) o A 77 4% — B 2—3 i Ze 47 (MR 100 g LA
) HESHIN 2 1 2 MidEkR RS R R IR e A T LI R A, L, 302 S B0 R AR
7 6 2 A Al 2 S5 A i i IR 22— o JEP IR A7 A e A e A ) o S P RE AL BB B, AR 7 4%
WD TETTWEERT RBERED AR TEA MRS I FR BRI 1A ZR B WY 0 R, U ) A R e R R 1 R
FE , A RIS ¢ SO el P STV S AR AT UL R 8 2 30 KA 60 KT R BT M 2038 3k = T 4R, HLAEREA
SER IR I R N AR AR T 1A, X 0] e BEAR AR AT O, 1 1 %7 ( Rana limnocharis ) ANBRETAL
T 1€ B R /N (LR M 28 B A e oK i L0 05 M 28 AR /N sl LT B0 T 7 4% 5 T 3 0% 38 e i A A 2 S0 ¢
KU PR, 38 22 S T AR S B S A T AL AR B BORUH B AR A O LA, AT R I R
RTT A 2 25V T e 8 U0 S 5 1 o, 00 T R H B A 1 BN R TR A A A AR A, T REAE A AT S My
AR Z — , X5 IR 2R E A0 RN B — 2, BRI A Fr st — 2205

LS VIR LN A P T o VA A T A 0 | R o S o D O B Y P S
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2 MRS B e 10 SR SR, M I 25 B AR AR ZR N Ak B B R, A AR5 B T [, 2 7 BRI 52 A TH AR
R, WZF2Z A6 IREE ( Rana temporaria L. )ﬂ?*ﬁ%ﬁiﬁ*k*ﬁ?”ﬂ%jﬁﬁ,%éf'zgﬂ)ﬁﬁ%@ﬁ%1&m] o XIERA
BRI /N o T R KA S W0 05 A B T 55 00 FE TS S W iR FE 1 | ] AR AR AR A BRI IA) B T A4 XL
W, ANEARRTR T WEIAR AT LI P A S D26 A B I5 3R1  T7 1 4 BRI DO 97 7 590 6 A PR D2 e 2 J
SR A P R R A A TN RE e AL A A, R T A IR AT A W £ LR AR h TP B R 1
ﬁﬁi‘ﬁ%%%m_m , ﬂﬂgﬂ%%ﬁzéﬁ‘jﬂmﬁﬂf(Pseudacris triseriata ) B DRI S5 R FRARG ,ﬁﬁﬂ?%*ﬂﬂﬂﬁﬁﬂ%‘j\qﬂ%%
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