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Abstract: How global warming affects amphibians is a current hot topic because temperature is the most important and
variable climatic factor that affects many biological processes and is strongly related with temporal variation. Amphibians are
ectotherms, which means that they receive heat from external sources and can control their temperature through their bodies
or behavior. The Dybowski's frog ( Rana dybowskii) is a cold—resistant species found in Northeast Asia with an extensive
geographic variation in life—history traits. In this paper, the specimens were taken from Yichun, Baishan, and Shangzhi to
measure body temperature and embryonic development speed. The results showed that body temperature was positively
correlated with environmental temperature, and that heat increased the rate of growth, while cold temperature slowed it. The
species showed higher selected body temperature, stronger temperature regulation ability, and faster embryo development
speed in the hot environment than in the cold environment. There were significant differences among the three geographic
populations of R. dybowskii in the selected body temperature. The crossing point temperature at which the linear regression
equation intersects with isothermal line (y = x) was the lowest in the Yichun population (18.51°C for males and 21.74°C

for females) , and was the highest in the Shangzhi population (20.00°C for males and 23.06°C for females). The body
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temperature of the Yichun population was the lowest, while that of the Shangzhi population was the highest among the three
populations under the low temperature conditions ( 8—22°C for males and 8—26°C for females). In contrast, body
temperature of the Yichun population was the highest, while that of the Shangzhi population was the lowest under high
temperature conditions ( 24—30°C for males and 28—30°C for females ). Thermoregulation ability of the Shangzhi
population was the strongest, followed by the Baishan population, and the Yichun population was the weakest among the
three populations. The embryonic development time of the Shangzhi, Baishan, and Yichun populations increased
successively and the gaps among the three populations were becoming increasingly obvious with the development of embryos.
The development completion time of different stages was not reduced in proportion with the increasing of ambient
temperature. The second and third stage of embryonic development, and the 21" phase ( mouth open stage) of the fourth
stage were significantly shortened. This indicates that different embryo development stages have different sensitivity to
temperature, and that heating can accelerate the developmental rate during certain developmental periods of this species.
Thus, tadpoles and developing frogs are more susceptible to temperature than adults. This may lead to changes in
morphological structure and functions in some organs. In summary, body temperature and embryonic development are
different among the three geographic populations of R. dybowskii, which is a type of adaptive evolution to the environment.
The temperature rise has an effect on all populations under the background of global warming. We conclude that different
geographic populations have different adaptation strategies to cope with the change of environmental temperature. This study

provides a basis for the artificial breeding of amphibians and the adaptation mechanism to climate change in the future.
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Fig.1 The daily average temperature of each month in different geographic populations of Rana dybowskii from 2013 to 2015
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Fig.2 The selected body temperature and quantitative distribution in different geographic populations of Rana dybowskii
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Fig.3 Relationship between body temperature and environmental temperature in different geographic populations of Rana dybowskii
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Table 1 Body temperature of Rana dybowskii with different environmental temperature in three geographic populations
HEPE Male HfEPE Female
MR AL/ C &R LA SRR P& I LLAR i AP
Environmental Yichun Baishan Shangzhi Yichun Baishan Shangzhi
temperature population population population population population population
n=15 n=15 n=15 n=15 n=15 n=15
8 8.45+0.04c 8.67+0.05b 8.94+0.04a 10.43+0.02¢ 10.79+0.03b 10.97+0.02a
F, 43=31.942,P=0.000 F, 43=128.735,P=0.000
10 11.02+0.04¢ 11.20+0.03b 11.54+0.02a 11.73+0.02¢ 12.02+0.03b 12.40+0.02a
F, 4,=287.864,P=0.000 F, 43=186.724,P=0.000
12 12.82+0.04c 12.98+0.03b 13.29+0.03a 13.23+0.04¢ 13.55+0.03b 13.95+0.02a
F, 43=58.529,P=0.000 F, 43=144.552,P=0.000
14 14.53+0.02¢ 14.84+0.01b 15.21+0.02a 15.19+0.01¢ 15.49+0.03b 15.66+0.02a
F, 43,=367.362,P=0.000 F, 43=133.483,P=0.000
16 16.06+0.02¢ 16.52+0.03b 16.73+0.03a 16.51+0.03¢ 17.16+0.02b 17.32+0.03a
F, 43=144.050,P=0.000 F, 43=289.232,P=0.000
18 17.97+0.01¢ 18.55+0.04b 18.76+0.01a 18.33+0.01¢ 18.71+£0.03b 19.21+0.02a
F, 4;3=261.111,P=0.000 F, 43=402.671,P=0.000
20 19.59+0.02¢ 20.21+0.04b 20.38+0.05a 20.09+0.03¢ 20.59+0.02b 20.86+0.02a
F, 43=124.338,P=0.000 F, 43=321.198,P=0.000
22 21.43+0.03c 22.07+0.02b 22.17+0.02a 21.64+0.02¢ 22.26+0.02b 22.55+0.01a
F, 43=235.083,P=0.000 F, 43=508.609,P=0.000
24 23.81+0.05a 23.49+0.03b 23.26+0.05¢ 23.71+0.02¢ 23.87+0.03b 23.98+0.03a
F, 43=37.189,P=0.000 F, 4;3=24.818,P=0.000
26 25.51+0.05a 25.29+0.04b 24.61+0.03¢ 25.68+0.03¢ 25.95+0.03b 26.03+0.03a
F, 43=147.707,P=0.000 F, 43=45.008,P=0.000
28 27.47+0.03a 27.18+0.03b 26.70+0.03¢ 27.32+0.04a 26.99+0.04b 26.81+0.03¢
F, 43,=139.573,P=0.000 F, 43=57.269,P=0.000
30 28.87+0.03a 28.34+0.03b 27.64+0.04¢ 28.86+0.04a 28.40+0.06b 27.87+0.04c

F, 43=348.107,P=0.000

Fy 45 =192.367,P=0.000
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