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Abstract; The thermal acclimatory capacity of a particular species determines its tolerance to environmental changes and
affects its survival under future changing climatic conditions. Acclimation effects on physiological traits have been
determined in many fish and frog species, but rarely in newts or salamanders. In the present study, we evaluated the
physiological acclimatory response of newts. A total of 48 juvenile Chinese fire-belly newts ( Cynops orientalis) were
collected and acclimated to 15°C, 20°C, and 25°C, which represented the low, intermediate, and high environmental
temperatures experienced by C. orientalis during their active period, respectively, over the course of 4 weeks. The locomotor
(swimming) performances of individuals were measured at the same three test temperatures in a glass tank (150 ecm x 10
cm X 15 cm) filled with water to a depth of 5 ¢m, and the critical thermal minimum (CT,;,) and maximum (CT,, ) were
determined using a dynamic method. The thermal resistance range (TRR) was calculated as the difference between CT,,
and CT,, , and acclimation response ratio (ARR) of CT,,, and CT,,  was obtained by dividing the tolerance change by the
change in acclimation temperature. The results from repeated-measures ANOVA analyses revealed that newt swimming
speeds were significantly affected by the acclimation and test temperatures. Despite no statistically significant difference, low

and intermediate temperature-acclimated newts had relatively high mean swimming speeds at 15°C and 20°C , respectively,
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while the high-temperature-acclimated newts had superior swimming speeds at 25°C. Similarly, at 15°C, low temperature-
acclimated newts swam faster than those acclimated to a high temperature. However, at 20°C , intermediate temperature-
acclimated newts swam faster than low or high temperature-acclimated individuals, while at 25°C | high and intermediate
temperature-acclimated newts swam faster than those acclimated to low temperature. Thus, our data supports the beneficial
acclimation hypothesis, which predicts that acclimation to a particular temperature enhances the animal’s performance or
fitness at that temperature. Our results also indicate that temperature acclimation shifts the thermal sensitivity of swimming
performance in C. orientalis since low temperature-acclimated newts appear to have lower thermal sensitivity levels than
those acclimated to high temperature. Both CT,;, and CT, were significantly enhanced at higher acclimation temperatures,
suggesting that juvenile newts acclimated to low temperatures are more resistant to low temperatures and less resistant to high
temperatures , whereas those acclimated to high temperatures are more resistant to high but less resistant to low temperatures.
These results are consistent with previous studies focused on the various ectothermic vertebrate species analyzed to date. The
TRR of newts was not affected by acclimation temperature,, while the ARR of CT,;, (0.26) was higher than that of CT,; (0.
09) at acclimation temperatures between 15°C and 20°C, but lower at acclimation temperatures between 20°C and 25°C
(CT,,.: 0.16 vs CT,,,: 0.21). These results are consistent with previous predictions that the magnitude of the change in
CT,;, or CT,, slowly decreases and ultimately approaches zero as the acclimation temperature gradually reaches its thermal
limits. Inter-species differences in thermal physiological response to acclimation in amphibians may be correlated with

differences in thermal environments in their natural habitats.

Key Words: Cynops orientalis, thermal acclimation, thermal tolerance, locomotor performance, beneficial

acclimation hypothesis
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EPIIICTT B S R RELECAE 3 AR HIA (60 x 45 x 35 em® ) HY AE S & S50 T & N PEFRAH 3
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1.3 A2 I
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Fig.1 Swimming speed of juvenile Cynops orientalis acclimated to

different temperatures
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Fig.2 Critical thermal minimum and maximum, and thermal resistance range of juvenile Cynops orientalis acclimated to different

temperatures ( Means with different letters differ significantly, Tukey's test, «=0.05, a > b)
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B LR E L 3 i K 3 A 3 K T A KOK IR IR AR S5 Y I A8 S AT FR, DL, 5 e K A S A
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Table 1 Thermal acclimation effects on locomotor performances in some species of amphibians

Y REME B85 YA
Species Development stage Locomotion type Acclimation effect
TFoFEZE Anura
Bufo americanus'>*! A iR ¥
Pseudacris triseriata'] IDEN Bk Vs
Limnodynastes peronii'>! s} ek H
L. peroniit® AR ii27e &
L. tasmaniensis' > A BB J
Rana pipiens' ) AR BRER o
R. sylvatica®) LS BER &
Xenopus laevis' %) s} Tk H
X. laevis'™] A TFvk f
A FEZE Caudata
Ambystoma tigrinum nebulosum "3 A Mzl &
Pseudotriton ruber'?"] AR #zh x
ik A
Eurycea guttolineata*®’ A izl Jc
ik f
Triturus dobrogi'*] JIAN Hizh H
ik o
Cynops orientalis(AHWF5T) 4k Tk H

3.2 FAIIA TR WE AT 52 1 ) 5 o

ARIT BRI A A i SR IR (CTyy,, o 2.4—3.9°C) I T 1 i 2 WF 50 e 28 MR} 550 K D2 A8 (36 i e Fejervarya
limnocharis :7.4—8.9°C ; i 8L i ik Microhyla ornata:8.7—11.7°C"" ) ; Hilf B &R (CT,,,., 34.6—36.7°C) [AEE
ARG T ek S RIS (4 A AR, 40 [ AR ( Rana chensinensis ) (35.8—39.8°C ) 100 B fili e (42.1—42.9°C ) FlHfi S i
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14:(39.8—40.9°C ) " KRB ( Bufo gargarizans) (36.5—38.8°C ) ) | 5 —ubAg RS A I (E 4235 (34.1—
38.4°C ) O Ay iR Ll — g SRS ELAR XTI CTy,, 1 CT,, 7T RS AR S50 B AR A 26

PRIk 25 5 R MR A AR B BT 32 BE 7, Ty, A CT, BEINALIELRE B T i T, 6 AR IR Ak A Fe
R AR R BSRUIRIRAE 1, TS R AR I MA R ESR BT s iR EE ) . X 5 EHE LR L
BN SR FE a5 R — 3 2 A B b s IR AR T IR AR RS B R TFIR
TRINEAN A, fan, R A& A28 25 B9 S8 N AREE ( Rana sylvatica) UBIF4- 0 ( Rana catesbeiana) ' WIS AE 455 75 R
FEYIE CTy,, WA T2 AR WG B A 8 R 2 B ASBIF 50 8 7 AR A T A 52 i e W 4 2 14 T 52 ek 2
(TRR) o IZFHERY IS AEA R SR 2 thAF AR OR 22 5 o 910, 99 il e AR o S0 ek Rt TRR BB 9014k
TR I TH R BEAR Y AR NCA T2 S h HASAAAE — BUR AR A S 1000 R ol AN 04 A58 L 7T i fe
TR MR A R A K2 AR T v e A R AR e S RS E Y TRR AT A8 S e S 4230 o i 1 RE A 9Pk 4
AR T RB I 32 fE

YIS 3 % ( ARR) ARERIMIER Bl W%t PRSI A8 Ak 7 A A= B S 1y I RE T . WS 34 CT,, 1 T, 1Y
ARR {EAFTE W RFPR) 2257 (R 2) o XM 22 5 S b 1 e A [ FRER S5 vh sl W)™ Jie FLimt 52 BE g /9 22 531, - nl g
5O BT IR BE SR A OG o AR TR D) AR BE U8 3 K 0 PR v A R0 IS Ll A 39 R TR R 2218 AR R 1Y
PR i (R S B B BRI D IR AR R RE T L 15—20°C YIMLIR L BERR SN A T, /Y ARR {H (0.
26) KT CT,, M IV{E(0.09) ,{H 20—25°C HIfL iR CT,, 9 ARR {H(0.16) /NT CTy, FRI{E (0.21) , X —%%
L5 V3 e A A S e RIS RIICA TS S R AL, Chatterjee 55 FI CT,, 2k CT,, M975 4L
Wi B2 T B ik 8 42 30 o oy T 52 Wi B N 2 i/ 2% FRAT TR BIF IR 45 R 5 Z AT & o SR, 7E— 2R
H CTyy,, A CTy, (REAIZE CTyy,, ) BEIIAIR B B2 A B I SR S ERBUARSF . #1140, 10—20°C Yk ik B2
FEPNMRIE BRI} CT, 19 ARR AT CT,,, B REAE

®2 LFHAEEIYIGRSRIEIML R EEE

Table 2 Acclimation response ratios (ARRs) of critical thermal minimum ( CT,;,) and maximum ( CT,g,,) in some species of amphibians

Il AR LIk I S v I f
i St YILRIE/(C) SRR i
Species Development stage  Acclimation temperature Afzchmatl-o.n response A?chmatllo.n Lesponse
ratio of critical thermal ratio of critical thermal
minimum maximum

JoEZE Anura

Fejervarya limnocharis' ') R 26—30 1 20—30 0.14 0.06

Microhyla ornata™") IR 26—30 15 20—30 0.3 0.11

Rana chensinensis' '’ IRHIsE 2 3 10—25 — 0.27

R. sylvatica'™) IR} 27—29 ] 10—30 — 0.11

R. catesbeiana s} 28—40 1B 15—25 — 0.08

Bufo americanus'*) IRH} 32 1) 10—30 — 0.06

B. woodhousei ] IRHR} 27—32 5 10—30 — 0.02

B. marinus'* IR 26—30 19 25—35 0.1 0.25

B. gargariztmsHQW RHsE 2 35 10—25 — 0.39

Pseudacris triseriata®) IRHEL 27 40 10—30 — 0.16

Gastrophryne carolinensis'*) IR 32 31 20—30 — 0.08
H R Caudata

Eurycea multiplicata'*! JEIRE 5—15 — 0.13

E. lucifuga*" AR 5—15 — 0.02

E. longicauda* AL 5—15 — 0.08

Ambystoma maculatum!*") RN 5—15 — 0.08

Cynops orientalis (HF5Y) TN 15—25 0.15 0.21
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25 BRTIR 2R D5 WRME AR 2 AN [R) LS I IS ez SR BRI 32 e 1 2 R AR % . 2k g iR 9IRS 7Y
R o 1o DN AR T BT B s SR B, S R SRR A A 45 I UL AL 9 AL AT B T B T R A e G UL R
T, i Y RESR THU R RE T o IR Sh Wy IR IAL B A7 A 38 AR R] 25 5 X822 S n] BE S T A
IR A AL B i R b Fr 2 AR R B2, 9B AR Bl B S R RO, T RE e M s sh A B K T RER B Y
IAIIPEAL R, (EA Bl T i o o it BE AR AR A E T
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