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The effects of constant and variable thermal acclimation on thermal tolerance of

the common giant toad tadpoles ( Bufo gargarizans)

WANG Lizhi'* "
1 College of Life Sciences, Northwest University, Xi'an 710069, China

2 Department of Biological Science and Technology, Shaanxi Xueqian Normal University, Xi'an 710061, China

Abstract: In order to testify the Optimality models, preferred temperature, high avoidance temperature and high lethal
thermal maxima of the common giant toad tadpoles were measured using thermal gradient apparatus. Tadpoles of this species
were acclimated at different temperatures (10 °C, 15 °C, 20 C, 25 °C and 15.76—5.42 °C) for two weeks. The results
showed that the preferred temperature of the common giant toad tadpoles were (17.2+3.8), (18.1£3.5), (19.6+2.5) and
(15.84£2.2) °C; the high avoidance temperature of the common giant toad tadpoles were (27.6+1.9), (31.3+1.3),
(32.5+0.8), (33.9£1.0) and (31.6x1.3) °C; the high lethal temperature of the common giant toad tadpoles were (32.9+
1.6), (36.5£1.0), (37.9+£0.9), (38.8+1.1) and (37.2+1.3) “C corresponding respectively to the acclimation
temperatures 10 °C, 15 °C, 20 C, 25 °C and 15.76—5.42 °C. The acclimation temperatures significantly influence on the
preferred temperature, the high avoidance temperature and the high lethal temperature ( P < 0.001). The acclimation
temperatures impose less influence on the preferred temperature than on the high avoidance temperature and high lethal
temperature in tadpoles of this species. Any environmental factor, such as a diurnal pattern of temperature, that follows an

approximately sinusoidal trajectory through time will exhibit a bi- or trimodal distribution. The optimality models modeled the
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bimodal environment as a mixture of two normal distributions sharing a common standard deviation and separated by an

intermodal distance, and these models predicted that three fitness peaks would appear when the intermodal distance of the

bimodally distributed temperature was 17 °C. Results from this study fully supported the Optimality models.

Key Words:; acclimation temperature; preferred temperature; high avoidance temperature; high lethal temperature; the

common giant toad ; tadpole
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Table 1 Range of preferred temperatures and preferred temperatures of the common giant toad tadpoles in different acclimation temperatures
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Fig.1  Preferred temperatures of the common giant toad

tadpoles in different acclimation temperatures
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Table 2 Acclimation response ratio of the common giant toad tadpoles
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The common giant toad tadpoles

# PT'; Preferred temperature; HAT;High avoidance temperature; HLT:High lethal temperature

A RSB R 1 PR BT o | RE A% 3 2 1 S AT 2 ) —
AR I ol it BV A P XM LR BRAEAT AR
P ERR E 2  R R E R R T LR
AR MU RE P — 45 5 B BT AR
LRI e — I R, M AE EANTERCE T —
FEAE T A0 32 1 AR5 22 i A 28 g ey, 3X — Yl
FERRER TSR . I 2 (thermal preference ) JX
e 1B U R QS oz gl SR R AR A A A L R
FORMEE I S b SR R ORI A
K BEFER TR £ A BE S 4 e il 5 HE B0 s AR e —
MBI BETE RN AR, ST Rl IR
T FEL DA B B AT R0 52 FROR 26 RE i iy 15 6 B2 1 15 80
A Th B, A o] O 25 e 1 M AR IR IR A s 4 B
TEAR 9 15 B TG Bl B SRR R AN RO S2 R, A7 K
bR BRI AR EE R A A s R T — A
FEpR

AR AR P ] 22 1 52 90505 28 A i R 58 1A 1, 20 i
FE (0B TAEAb , Fi0 2 5 B WA g — W A0 A L AR
Bl AR | WU PR S5 2 P b R HLA () — e v R 22

il

(AN TE 5 43 A TR A AR, 3PS 1E 8 43 A 9 — A~
WG (B B T o 5 AR R TN | 24 5 L0 A A IR
AR LB A 17°C P HH IR 3 AN 4 B2

FETE R AT Ak P DR e R sk 9% 5 315 7 E
A — AR, T AE H AR IRIME AR AEE M
TR W RIS P e 3 ik B A1 1 B PR S DL, X b R
ST DL o YAk R A Bl ok R, 2 fE IR YAk
(A FCUE Rt i) B 28 7y T — AN R R IR DIk A
DRI AT B e 38 3R B8 A A A — NI, iR L 2
T AR R AR A R e Rt 22 7 T PR A 3 R e A
LA 24h R & 0 1E 5%l =R ARk, R
AR 91 L A A R ) el R B T IR Y B
125 JHRL W T 7 48 () B AT P 7K IR, 8 R ) e 3 T
FEWEARX R F R B = KR . Rk, 78 A AR AR i
IREE T A R B A R e e} % o s 3L B8 4 A 1 R
PO UG, L S5 i 3 1 6Ll bl 7 R 45 1 T 94k
A I e RIS ) T

TR i RS ) e e R T BB R T B AT
F SR IS HH 88 () T A AV ] e v s sl ol e

http ; //www.ecologica.cn



1034 G 34 %
%ﬂ:%ﬁ‘]ﬂ%rgﬁﬁl o ﬁ*éﬁﬁf@%%ﬁ‘@ﬂﬁﬂ E](J% [11] Reynolds W W, Casterlin M E. Behavioral thermoregulation and
—‘/I\T’Jﬁbn\u : fj] %ﬁ% @Zﬂ‘ﬁ?ﬁ T%L,?ﬁ ?jj EI/‘] ﬁg ?ri l%] —‘ﬂ?{ tlhge “;;irllalz;:eferendum 7 paradigma. American zoologist, 1979,

AR R 2 22 S g [24] e
A 1] A
/J ?EEE/{T ! TH:{JG W dj%ﬁ/ljﬁéﬁﬂ:ﬁhg © [12] Fry F E J. Effects of the environment on animal activity. University
%%ﬁ%YﬁEﬁ%?%%ﬁﬁﬁg s iﬁ% jtﬁ% of Toronto Studies, Biological Services, 1947, 68 1-62.
T\%Tﬂ,ﬂg{,ﬁg@g ﬂﬁ{l‘% E(J *&ﬁﬁmﬁ% ?El?ﬁ [ﬂﬁﬁg , {B ﬁg%iﬁmj [13] Jobling M. Temperature tolerance and the final preferendum-rapid
N . . N N methods for the assessment of optimum growth temperatures.
ARl P Y PR AR G 28t 72 T A i ) DA S i i e} o
- “‘ . A Journal of Fish Biology, 1981, 19. 439-455.
2 s B ik YH B S 7 M
Hhﬂgﬁﬁinﬁi = E/JK;FIJ {J]]lE s A5 %mf‘f H mﬁ r$ [14] Kellog R L, Gift J J. Relationship between optimum temperatures
*ﬁiﬂ!ﬂﬁmﬂ . @%Eﬂiﬁ%iﬁ EP E@ ?[%E ﬁﬁ%'rﬁ% ﬂ:;g\: for growth and preferred temperatures for the young of four fish
EATE?E{I’I%:%;PE@?ﬁgm¢§1r$[24] ., species. Transactions of the American Fisheries Society, 1983,
112 424-430.
AN 5] %) S0P U S 255 i A W e R R ) e 3 7 '
I—] /J J /f i B S nj(ﬁﬁ: T‘%‘I‘M GFL i [15] McCauley R W, Casselman J M. The final preferendum as an
B2 L e B2 =] 5L H
E \Eil%lisﬁ{mgﬂeuﬂil%ﬁ%ﬁmg ,/H;EF‘XTEiﬁ/JmE index of the temperature for optimum growth in fishes. World
E/\J %ﬁ []rﬁj%/]\ R Xﬂ‘%%jﬁﬁ?ﬂ% J;"'F %ﬁ ﬂ@'}?jj{o Symposium on Aquaculture in Heated Effluents and Recirculation
Systems, 1981, 2. 81-93.
References : [16] Hadfield S. Observations on body temperature and activity in the
toad Bufo woodhousei fowleri. Copeia, 1996, (4) . 581-582.
(1] Huey R B, Kingsolver J G. Evolution of thermal sensitivity of [17] Smith G C. Ecological energetics of three species of ectothermic
ectotherm performance. Trends in Ecology & Evolution, 1989, 4. vertebrates. Ecology, 1976, 57; 252-264
131-135. [18] Lillywhite H B. Behavioural thermoregulation in the Bullfrog Rana
[2] Avery R A. Field studies of body temperature and thermo catesbiana. Copeia, 1970, (1) ; 58-168
regulation//Gans C, Pough F H eds. Biology of the Reptilia Vo. 1. [19] Brett J R. Some principles in the thermal requirements of fishes.
12. New York: Academic Press, 1982; 93-116. The Quarterly Review of Biology, 1956, 31; 75-86.
(3] Huey R B. Temperature, physiology and the ecology of reptiles. [20] Hutchison V H. Factors influencing thermal tolerance of individual
In; Gans C, Pough F' H eds. Biology of the Reptilia Vo. 1. 12. organisms//Esch W G, McFarland W R, eds. Thermal Ecology
New York: Academic Press. 1982 25-91. Il. US National Technical Information Service, Springfield,
[ 4] Pough F H. The advantages of ectothermy for tetrapods. The 1976. 10-26
American Naturalist, 1980, 115 92-112. [21] Andrewartha H G, Birch L C. The distribution and abundance of
[ 5] Prosser C L. Environmental and Metabolic Animal Physiology : animals. Chicargo, USA: University of Chicargo Press, 1954
Comparative Animal Physiology, Wiley-Liss. 1991 24-47. 26-235
[ 6] Wilson R S, Franklin C E. Testing the beneficial acclimation [22] Magnuson J I, Crowder L B, Medvick P A. Temperature as an
hypothesis. Trends in Ecology & Evolution, 2002, 17 (2): ecological resourse. American Zoologist, 1979, 19, 331-343.
66-70. [23] Curry G L, Feldman R M. Mathematicl foundations of population
[ 7] Mendelssohn E. Ueber den Thermotropismus einzelner dynamics. Texas A&M University Press, College Station, 1987
Organismen. Pfliigers Arch. Ges. Physiol., 1895, 60. 1-27. 35-46
[8] Wang L Z, Li X C, Sun T. Preferred temperature, avoidance [24] Gilchrist G W. Specialists and generalists in changing
temperature and lethal temperature of tadpoles of the Common environments. | . fitness landscapes of thermal sensitivity. The
Giant Toad ( Bufo gargarizans) and the Chinese Forest Frog American Naturalist, 1995, 146(2) ; 252-270
(Rana chensinensis) . Chinese Journal of Zoology, 2005, 40(2) .
[9] WangL Z, Li X C. Effects of constant thermal acclimation on (8] Torak, ZEme, Fh o, o [ b upb sk o s i 0 08 1) B
thermal tolerance of the Chinese Forest Frog ( Rana chensinensis) . VELE | B L R ANECE R . B WA Je L 2005, 40(2):
Acta Hydrobiologica Sinica, 2007, 31(5) . 748-750. 23-27
[10] Claussen D L. Thermal acclimation in ambystomatid salamanders. [9] Fris, 250, GRS b AR STk B . K

Comparative Physiology and Biochemistry, 1977, 58A: 333-340.

AR, 2007, 31(5) : 748-750.

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.34 ,No.4 Feb.,2014( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review
The bioavailability of dissolved organic carbon in the eutrophic lakes «---e-e----- YE Linlin, KONG Fanxiang, SHI Xiaoli,et al (779)
Plant species of the non-agricultural habitats in the lower reaches of the Yellow River plain agro-landscape = --+-e-ereeeeeeeeienenenne.
.......................................................................................... LU Xunling, LIANG Guofu, TANG Qian, et al (789)
Autecology & Fundamentals
Manganese stress on the ultrastructures of a manganese tolerant plant, Polygonum perfoliatum L. ««+-cseeoeeeereeesnemieiiiiiiii..
............................................................................................. WANG Jun, WU Hui, XUE Shengguo, et al (798)
Characteristics of arsenic (As) tolerance and accumulation in rice (Oryza sativa L.) genotypes with different radial oxygen loss «----+
.......................................................................................... WU Chuan, MO Jingyu, XUE Shengguo, et al (807)
Effects of water stress on physiological characteristics of different llicium lanceolatum ecotypes under low light intensity =~ «+e+eeeeeeeeees
....................................................................................... CAO Yonghui, ZHOU Benzhi, CHEN Shuanglin ( 814)
Effect of branch number on the growth and development of Morus alba saplings --+ HUAN Huihui, XU Xiao, LIU Gang, et al (823)
Spatial distribution pattern and sampling technique for Orthotylus ( O.)sophorae nymphs on Sophora japonica «««««««+cceeececeececncees
.......................................................................................... ZHU Huiying, SHEN Ping, WU Jianhua, et al (832)
Assessment of fungal diversity in apple replanted orchard soils by T-RFLP analysis «--««-««-sseeesseeeueesmmaimeaiianieaienene
.............................................................................. YIN Chengmiao, WANG Gongshuai, LI Yuanyuan, et al (837)

Effects of dazomet on edaphon and growth of Malus hupehensis rehd. under continuous apple cropping — «+-«-eeeererereeeeeieaiiiii...

............................................................................................. LIU Entai, LI Yuanyuan, HU Yanli, et al (847)
Isolation, identification, and performance of two pyrene-degrading endophytic bacteria ------ SUN Kai, LIU Juan, LI Xin, et al (853)
Population, Community and Ecosystem
Effects of different temperatures on the growth and development of Eotetranychus Kankitus (Ehara) = ccececeeeeeeeeieiiiin...

....................................................................................... LI Yingjie, WANG Ziying, ZHANG Guohao, et al (862)
Effect of available burrow densities of plateau pika ( Ochotona curzoniae) on plant niche of alpine meadow communities in the

Qinghai-Tibet Plateaun «««««+-+ssvreeeeeeruureieniiitiii JIA Tingting, MAO Liang, GUO Zhenggang (869)
Correlation between characteristics of Reaumuria soongarica communities and soil factors in the Sangong River basin ««--s-eeereeeeeeennns
....................................................................................... ZHAO Xuechun, LAI Liming, ZHU Linhai, et al (878)
Effects of afforestation on soil microbial community structure in the arid valley of Minjiang River — «oceecereeeecneiiiiiiiii.

.......................................................................................... WANG Weixia, LUO Da, SHI Zuomin, et al (890)

Effects of reclamation on tidal flat and land use on soil microbial COMMUNILY — ++++++ssereeerreesersemniiiiiiirite i

................................................................................. LIN Li, CUI Jun, CHEN Xueping, FANG Changming (899)
Effects of Pomacea canaliculata on aquatic macrophyte community structure in paddy fields — =+oeeeeereeeeeriiniii
................................................................................. ZHAO Benliang, ZHANG Jiaen, DAI Xiaoyan, et al (907)
The adaptability and decontamination effect of four kinds of woody plants in constructed wetland environment — «+-eeeveereeeeieeinnnns
.......................................................................................... CHEN Yonghua, WU Xiaofu, HAO Jun, et al (916)
Carbon budget of alpine Potentilla fruticosa shrubland based on comprehensive techniques of static chamber and biomass harvesting ---
....................................................................................... LI Honggin, LI Yingnian, ZHANG Fawei, et al (925)
Effect of initial pH value on microbial Fe (Ill) reduction in alkaline and acidic paddy soils - WU Chao,QU Dong, LIU Hao (933)
Landscape, Regional and Global Ecology
Climate environmental change and stable carbon isotopes in age layers of Tamarix sand-hillocks in Kumtag desert «««eeeeeeeereeeeeennns

.................................................................................... ZHANG Jinchun,YAO Tuo, LIU Changzhong, et al (943)



1042 A E = 345

Resource and Industrial Ecology

The relationship between selected rhizosphere and non-rhizosphere soil properties and the quality of Pyrola decorata «+-+-++++e-veveeet
.......................................................................................... GENG Zengchao, MENG Lingjun, LIU Jianjun (973)

Spatial variation analysis of soil organic matter and nutrient factor for before and after planting crops «+eeterereeerereeeeiiieiiii.

Urban, Rural and Social Ecology
Establishment and application of the index system for urban river health assessment «««cecoeeeeeeneeiieiiiiii
.......................................................................................... DENG Xiaojun, XU Youpeng,ZHAI Luxin, et al (993)
Dynamic analysis of the ecological footprint and carrying capacity of tibet =~ «-e+eeeereeeeeeeennes AN Baosheng, CHENG Guodong ( 1002)
Research Notes
Responses of soil microorganisms and soil enzyme activities to different land use patterns in the water-level-fluctuating zone of
the Three Gorges Reservoir region «-«-etseeereeerieemiiiiiiiiiiiiiiie, MA Peng, LI Changxiao, LEI Ming, et al (1010)
Effects of salt stress on growth and root development of two oak seedlings ««==+s««ssrssssrrrreriiiiirn i
.................................................................................... WANG Shufeng, HU Yunxue, SUN Haijing, et al (1021)
The effects of constant and variable thermal acclimation on thermal tolerance of the common giant toad tadpoles ( Bufo gargarizans) -

................................................................................................................................. WANG Lizhi (1030)



(EBZFR)2014 F£FITEE

CERZAM) T EREE ORI £, P E AR 22 o P E R AR SR s b0 F R AR
AR WIT], BITT 1981 4F | il A A F SU HT T S AU IR QBT PERF ST R . IR A 65T, ﬁ%

S (T AL RER RN GE T R A S 2B TAE S IR R A SR AL, A A Rl B Eﬁm&@wﬁ”
PEFEA AR R RA K, 3R B 5 R i g A A 2R I A A F R BT IR 55 o R & ﬁwx%n?;z%ﬂﬁ%o

CHERAR) FEMRE AR %é&%/\ﬁzsaﬂB’@%ﬁtﬁm%fﬁﬂﬁmﬁﬁE’JJ?!Z‘*@IJ%J?@ﬂﬁﬁﬁi% TR
W RE S e A AR 28 e O ) B AR 75 £ P SO s BRSO T 5 AR RSP B B ik OB EOR A4 B B N
LR BHIF S RO = A R

2D M2 A T, K 16 FF4%,280 1T, B N E M 90 Jo/ M, & 4F 4 2160 T,

[ IR A AR . 82-7, E SRR & A5 . M670

FRAETFIS . ISSN 1000-0933  CN 11-2031/0Q

4 [ A M R SRy AT T ) AR PT B S T R WS U T R R TR R | SRR AR B AR
TEAETTT

Eiflithk . 100085 LRI IEX BUEH 18 5 B 1. (010)62941099; 62843362

E-mail ; shengtaixuebao@ rcees.ac.cn %] HE: www.ecologica.cn
AHERFERIER E NG REEMEMRE flats HiTHE XIKE B 5%

£ 5 % ® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEAT 1981 48 3 A 81T (Semimonthly , Started in 1981)

H34 AW (201442 H) Vol. 34 No. 4 (February, 2014)
] B (R mET Edited by Editorial board of
Hiuhk AL HOEEE X AU % 18 5 ACTA ECOLOGICA SINICA
HIE B2 : 100085 Add: 18, Shuangging Street, Haidian, Beijing 100085 , China
HLI: (010) 62941099 Tel: (010) 62941099

www.ecologica.cn .
. www. ecologica.cn
shengtaixuebao@ rcees.ac.cn .

shengtaixuebao@ rcees.ac.cn

; gj i‘gﬁ N Editor-in-chief WANG Rusong
* ; rh ﬁijl},_%z,,_%z, £ Supervised by China Association for Science and Technology
R 22 o A 2SR 0 Sponsored by Ecological Society of China
Hidl b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS
M L 4 A - 100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085, China
H R 4% 4 & K ik Published by Science Press
Mol . b R EWARAL T 16 5 Add ;16 Donghuangchenggen North Street,
MRS A . 100717 Beijing 100717, China
R dbstduARENRIT Printed by Beijing Bei Lin Printing House,
2 1T 4 4 & )G Beijing 100083, China A
bk AR E AR 16 5 Distributed by Science Press m ;_
HE B i - 100717 Add ;16 Donghuangchenggen North o]
L7 : (010) 64034563 Street, Beijing 100717, China < 1
- Eﬁ“[%";‘% i%“ég%@ espe-net Tel: (010) 64034563 S =g,
ESNEAT ol R 55 1A Bomail:journal® copgnet ° ==:s
Mok AL ET 399 {24 Domestic All Local Post Offices in China > g
MBS AL . 100044 Foreign China International Book Trading g E
s2E e Corporation - P~
;“EII T TR TR 55 8013 5 Add;P.0.Box 399 Beijing 100044 , China E:
[S°R 1090933 WINATF R HEBE RS 827 ESETRE M6T0 =4 90.00 7

CN 11-20317Q



	1.pdf
	fm.pdf
	中ml.pdf

	stxb201209271356.pdf
	3.pdf
	英文ml.pdf
	04fd.pdf




