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Thermal tolerance, selected body temperature and thermal dependence of food
assimilation and locomotor performance in the Qinghai toad headed lizard,
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Abstract: Temperature is the single most important environmental factor affecting many biological processes in organisms.
Ectotherms are viable under a wide range of body temperatures, but their physiological processes and behavioral
performances are usually maximized at moderate to relatively high body temperatures. We collected Qinghai toad-headed
lizards ( Phrynocephalus vlangalii; Agamidae) in August 2005 from a population in Qinghai ( northwestern China) and used

adults to study selected body temperature ( T.,,) , thermal tolerance [ critical thermal minimum ( CT,, ) and critical thermal

min

) ] and the thermal dependence of food assimilation and locomotor performance. T, was measured on a

sel

maximum ( CT

max

laboratory thermal gradient ranging from 18 C to 60 C (20 mm above the terrarium floor); CT,, and CT,  were

determined in an incubator, with lizards being cooled or heated from 28 °C at the rate of 0.25 °C per minute and more
slowly when temperatures inside the incubator were lower than 5 °C or higher than 40 C. We did not find between-sex
CT,,, and CT CT,,, and CT, were

max 9

33.3 C, 0.9 C and 46.9 °C, respectively. Within the range from 27 °C to 35°C, body temperature affected daily food

intake but had no important role in influencing apparent digestive coefficient and assimilation efficiency. Thus, consistent

differences in T

sel 9

and thus pooled data for both sexes. The mean values for T

sel 9

with the results reported for a wide range of lizard taxa, our data show that digestive performance is less sensitive to variation
in body temperature in P. wvlangalii. The number of stops in the racetrack decreased with increase in body temperature
within the range from 17 C to 39 °C, and then increased at 41 “C. Sprint speed increased with increase in body

temperature within the range from 17 °C to 39 C, and then decreased at 41 °C. The mean values for the length of
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continuous locomotion were overall greater at higher body temperatures (29 —41°C) than at lower temperatures (17 —
27 C). Overall, body temperatures within the range of 33 —41 °C were optimal for locomotion. When comparing our data
with those reported for temperate and warm-climate lizards, we found that body temperatures maximizing locomotor
performance are relatively high in P. vlangalii. Our data support the idea that T, represents the body temperature at which
numerous processes function at a relatively high level, as revealed by the fact that T fell within the range of temperatures
optimal for locomotor performance in P. wvlangalii. Inter-specific comparisons reveal that lizards using different habitats and
occupying different geographic ( climatic) regions differ in both CT,,, and CT, . Overall, CT,, is greater in lizards using
warmer habitats or living in warmer localities, and CT,  is greater in lizards using opened habitats. Qinghai toad-headed
lizards are typically found in open spaces in arid or semi-arid regions covered sparse vegetation. The region occupied by P.
vlangalii is climatically severe, where daily and seasonal fluctuations in ambient temperature are very pronounced. Thus,
the enhanced ability to tolerate temperature extremes seen in P. wvlangalii is likely determined evolutionarily as a

consequence of adaptation to local thermal conditions.
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BENN, MERNG UM ERZ A ZRER R BE T 208 (ANCOVA ) K 50 5 B X 58 & %
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T 225311 (ANOVA) 3t iR 2 SR A2 , F Tukey 25 B BUR I 221 45 £ A0 PRI 1 18] F) 22 57, PR A AH
RGBT R (RS 1E Bl R B RN BB AR B M R R o SCH TR fR MG T HE Y R 91 « iR
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2 SR
2.1 T,.CT,  F1CT,,

Bk Ty (F, 5= 0.27, P = 0.61) CT,,,(F, ,,= 0.83, P = 0.38) I CT, (F, ,,= 0.44, P = 0.52)
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1.7 CHIL.9C(FE1),

http ://www. ecologica. cn



83 5% 5 HIRDMI 2 R RR LR R SR BRI B 2039

F1 FHEDEEZFEEER GEFREEMNERBEOBRESITE
Table 1 Descriptive statistics for selected body temperature, critical thermal minimum and critical thermal maximum of P. vlangalii

P Sox A I A% I
Selected body temperature/C Critical thermal minimum/°C Critical thermal maximum/°C
33.1+0.6 (N = 15) 0.8+0.1 (N = 38) 47.0+0.1 (N = 8)

HE{k Male 28.4—36.9 0.4—1.4 46.2—47.3
33.6 0.6 (N = 15) 1.1£0.3 (N =38) 46.8+0.2 (N = 8)

HA# Female 29.7—38.8 0.1—2.0 45.7—47.4

2.2 HmEENEYFRL

FHREHKR AR (ADC) MEY R (AE) EBFRPIEZR(P > 0.05) , e PEER T4t
Grifte MBI IRE AL 25 B3 (ANOVA, F, 5, = 3.48, P = 0.01) , RERAER G , 8B X 7 g1 i
HmEEABEXN(ANCOVA, F, ;= 26.95, P < 0.0001) . £ (27 C) Ffem (35 C) BEMHRARMT
HIERRBE o IR BEXS T M UD MK ADC Fl AE 390 B E 52 (ANOVA, P > 0.05) (K 2),

x2 FHDWHNBGEERE.ADC Ml AE
Table 2 Initial body mass, food intake, apparent digestive coefficient and assimilation efficiency of adult P. viangalii

; BaE " -

s PR Ejif?al‘ﬁ);iily mass Daily food intake BRI AL

Temperature/ °C N 1 oa-1 ADC/ % AE/ %
/g /(Jeg™+d ™)

27 14 9.4+0.3 139.2¢ 9.0 91.4 +0.8 83.0+1.1
7.5—11.6 94.0—223.5 83.5—94.0 75.3—88. 1

29 14 10.5+0.3 303.5a+12.6 89.8 +0.7 80.3 +0.6
8.9—12.5 220.4—384.8 84.7—93.1 76.8—82.8

31 14 11.1£0.4 247.0b £18.0 90.2 £0.5 80.4 0.9
8.6—13.6 118.58—354.28 87.2—92.1 70.4—84.3

33 16 10.1+0.4 259.7ab +19.0 90.4 +0.5 81.1+0.8
7.3—13.8 122.3—386.5 87.3—94.9 71.0—86.2

35 19 9.8+0.3 172.9¢ +11.1 92.8£0.4 82.3+0.8
7.7—12.9 98.7—312.4 88.5—95.2 71.8—86.5

HA R EARIK 25 B 2 (Tukey's K22 ,« = 0.05, 2 > b > ¢)

2.3 BEhR IR

PR SR IR B #8212 Sh IR B 2 5 M A KR TGk (P > 0.05) . BRI E I 250047 B, BRI
(Fy = 1.38, P = 0.26) MFFELEBNIERE (F, » = 3.28, P = 0.09) TREFINEES , Pitkic ik mfsstia
SR B IS{E 5009 87.2 em/s I 112.0 em (FWIREL(F, o = 5.57, P = 0.03) Bitkaz B3 MEVEIFH0R
BOPIER THENE(6. 5 vs 5.4) o WMBEXT BRI (Fy, 000 = 27.41, P < 0.001) | BIE R EL(Frp, 000 =
7.21, P < 0.001) HFLLIE BN (Fy, 500 = 4.48, P < 0.001) 354 WAEHIE . 164 R BEALIR A, PR B
BEAIR T R AR 39 CAR IR BLH A B Sk (B 1) 5 43I SO0 BE & (AR O T R s>, 39 C AR IR 1513
WD HEHERIR (37 CHI41 C) BT RETIRBTEEZR (B 1) AIRLE 39 C i i f 2
B BE R K, (EAR D 17—27 CHRHFrSia shif B T B 2% 2= 5 s (R 27 “CJG , etz shbE B B AR T
MREMAK,39 CHEFEREE 1) REHESFHFLEBHEHIR(r = 0.06, ¢ = 0.94, df = 283, P =
0.349) R B S Hrgizsh s 2 Mk (r = -0.66, ¢t = 14.77, df = 283, P < 0.0001) , % ik 515
TRBEMARE(r = -0.23, ¢t = 4.02, df = 283, P < 0.0001),
3 itig

JRTTEH I T R T ShI%T ZF0 D) RER DL IR BE AT AU IO 45 2R, LB B Z S E SRS L B B
BE RIS IR T 2 R RIS % LR pg S K R T2 R AR A A B A ) A
( Sphenomorphus indicus ) PP IRAIXIBAK (26 °C) "™ o ] FHFF I A= B2 1 g ok B VA IRAR G 80780 , PP LA R T
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Fig. 1 Descriptive statistics for locomotor performance of adult P. viangalii at different body temperatures
PIPEREEE I 3l BE BRI B BB D T . 3 22 e g 5 9

( Eumeces chinensis )" | 15 B A & F (E. elegans)'™) . 1L #b J§K Wi ( Eremias brenchleyi )™, Tl B& J§k i ( E.
argus) " JVEL 8 ( Takydromus septentrionalis) ™" FIRG BLblf (T. sexlineatus) "™ 35 B4 JH 4 125 % 31.30.34
36 .30°CHI32 Co ILbARMTSIALEREMAIR (34 C) /T 4K(32°C) , ZE AR ( Calotes versicolor) iifA (33 °C)
Ve IR g 5 T4 1A (32 °C) 7 AT BB 5 AR A 1A BF A0 A B A I B3 Sh it I AR R 22 A Ko 040 i g e B 1A
RAFEPIEZR, R A e FHEfA (30 C) & THEME(27 C) . EHFEIR S WS EHEREWAE —EXR, M
RAEZ AR % A 11 F BRI RS M ARG & B AR ME B IR BE . B4, G A= 8795 ( Zootoca vivipara) %) | Ep
FEFIE i) 1 25 22 T i ( Mabuya multifasciata) ') Z1 8 (RS B AR IR R A, TR R 4 ( Uromastyx philbyi) ** 23]
BHARIR MBI R RS E & BMERF—WF, AR S RS A R FE R W . —BoRUiR 4 M
FERARES BERM B AR BEAOR 2 , IR X A L B A fie (34 °C) ZEAH [R1 2715 A e 135 40 IR et 15 T W K e B
(33C) "™, RTFHERE T I E R AEL T I SRS KO 8705 , 3 B2 i TR A AR AT DL e B
TFE, AERRHLARIE % RO EAE BB ™ .

CT, 1 CT,,., M 2Bt S AR S ) 2 I B R ) R A A A R R OL 5% 2 AR R R, Bt
WG = , = R X Y R B AR CT,, R 1 CT, 0 B4R, B0 BERR M1 CT,, 1 CT,,, 23 5120
45 CHI L C T A I 7010 26 B b X ) R S b U] LA K B T, (42 °C) AR I CT,, (6 °C) 0 5 Jb B i
HEVE(42°C) 9 CT,,, W 85 T MERE (41 C) , TP (4 °C) 9 CT,,,, T BEAR T HEPE (6 °C) 5 1L Hl R 7 J A
(42 C) i CT,, W& TF4hIR (41 C) TR (4 °C) B CT,, MK TF4hiA (6 °C) ", x5 Rl fE 5 A A #
MK E B B i e A R M A A K. TV T, CT,, fEEBGR | CT,, [HHBAR, 5i%F BT A T 1 v
e X PR AT R K, FigH X AR EFHE((4—8 C) BIREFFHSEH K= (12—
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16 °C) B, A1 1E 1223 X110 7 530 96 2050 1 PO AL LA 5 90 v R FERAIR T 52 P, T A i 7 24 3t 1 4
E79:-

ADC F1 AE 5 (652275 it 9 T AL BB 1 & ot i ) B BB BT R B 2R R S R i 2
iltn, EE S ADC T AE R FRASERAY™ , EREFTHENNERT, Ylélﬂsﬁﬁ‘?ﬁﬁn%&\
EYITET AE H i B B TE] (£ 438 o e TED ) K A 8 2 AR 9 ADC I AE (1) AT B - 1
Uil AE Fl ADC Jo.8. 35 B[R] 2257 , 3X — 45 55 B0 ) P 0 R BB AR W AR 2

BRI N R — X YE S A EEYWNRHE, R RZ A AESERWEm . FiEY
PR B3 5 LAt 2 S O ST 4 SR — 2, BRI R TR . AR K B — s IR BT A, 2 B B AR
o TR , 0 B A S A e T e R A B T B A (T wolteri) ) (R
B FLRRE  RESEHE SHEE RS S BB AR B SRR 4 SR T ALY , (B RSB g IR B R OE AR
PRIFUTIE S BT, 5751 V0 AR (DL C P 1), T A L b R A PT AU A ol BE A e K BB iz 3™ o
[FIRE , PR B S Rr 5212 S B RY R IEAHSR , 5 Wi fE B Dz st B B I BE B A 6o BIE 5B B 5 e B
Z I AR , PR i 2 Pk B S BUMMB 7E RUE O BE A ik R BB 3l o SR, A I Rl v S AR AR
AR TFH GBI FRB B 1. FIBYITERAE T2 3h R B2 2 SR BE MK PR R
Sz F R A K MR R I E NS SR R 22 sh B A B AR SC (B 1) o TR BEEAC R 875 19
RRB BN S, F7 i sh R AR M ) B KAz S 77 , AR SR Bd R 52212 3 B B K I T 1 U g i o2
SR IVBF B A, T BB 71512 Sk Bl R R B IR B 2 sh R MM B i . I, 33—41 CRF Y
H1i2 B RE ) HE B AR T
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