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Morphological variation of Microhyla fissipes on Hainan Island*
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ANistiwat The aims of this study were to reveal the morphological variation patterns of Microhyla fissipes on Hainan Island of
China, and to understand the effects of ecological environments on the body size of this species. We collected 372 adult individuals
of 19 M. fissipes populations from Hainan Island in June and August 2016, and we assessed seven morphological characters. We used
hierarchical clustering and principal component analysis (PCA) to evaluate the morphological variation patterns and relationships. In
addition, we used the Wilcoxon rank sum test and nonparametric MANOVA to determine significant differences among groups. With
the exception of the Danzhou population, the body size of M. fissipes on Hainan Island increased from southwest to northeast. The
results of hierarchical clustering and PCA revealed that the 19 populations were clustered into two groups—the northeastern group
and the southwestern group—bounded by the Wuzhi and Yinggeling Mountains. All morphological characters of the northeastern
group were significantly larger than those of southwestern group. In addition, the morphological characters of populations collected
in June and August differed significantly among males but not among females. We propose that the geographic gradient in body size
is related to the unique topographical and climatic condition of Hainan. Food resources and predation pressures may be ecological
factors that promote the development of M. fissipes populations towards a larger body size. Our findings will help to elucidate the
morphological variation of this widespread species.
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Table 1 Sampling information of Microhyla fissipes on Hainan Island
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Fig. 1 Sampling localities of 19 populations of Microhyla fissipes on
Hainan Island. The localities with blue solid circles and red solid triangles
were surveyed in June and August 2016, respectively.
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2.1 ANEFEEKAEREEL R
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FhREGi5 SRAE b R L S AE I [ U 0 T g
Population Locality Longitude Latitude Date Female Number Male Number
1 1§ 17 Haikou City 110.25163 19.98020 2016/5/28 0 14
2 & 42 1L Ding’an County 110.35345 19.68970 2016/6/12 4 12
3 785 Chengmai County 110.00269 19.70805 2016/5/29 0 14
4 I #5E Lin’gao County 109.72374 19.89148 2016/5/30 1 17
5 1f& M 7ii Danzhou City 109.56134 19.46854 2016/6/1 1 18
6 HEPEF Yingjin Village 109.28362 19.71347 2016/5/31 0 15
7 EVT . Changjiang County 109.00333 19.33516 2016/6/3 5 14
8 YL} Jiangbian Village 108.98226 18.89022 2016/6/5 3 12
9 JRZ T Ledong City 109.18702 18.77474 2016/6/6 14 10
10 =1l Sanya City 109.48570 18.29662 2016/6/9 1 14
11 f#l B Folo Town 108.76061 18.54661 2016/6/8 9 12
12 23 Huiwen Town 110.73444 19.47056 2016/8/11 5 15
13 111444 Shan’gen Town 110.47833 18.94667 2016/8/10 5 26
14 115 I Tunchang County 110.08406 19.36409 2016/8/2 6 11
15 i B Qiongzhong County 109.87925 18.95959 2016/8/4 5 21
16 F 701l Baisha City 109.54251 19.11018 2016/8/4 1 11
17 F#8 1T Wuzhishan City 109.59653 18.72689 2016/8/5 4 22
18 [% 7k i Lingshui City 110.01676 18.52668 2016/8/8 5 22
19 =Nk San’gongli Village 109.08766 18.39359 2016/8/6 2 21
N SHE A Y244t  Chin J Appl Environ Biol http://www.cibj.com/



R2 BERMIUEEINMENTIEEEREEFTENHERREES

236 FER & 1137

Table 2 Measurements (mean + standard deviation) of seven morphological characters of 19 Microhyla fissipes populations collected from Hainan

Island
ﬁlﬁ% P N SVL/mm HL/mm HW/mm LAHL/mm TL/mm FL/mm 10S/mm
Population Sex
1 I 14 22.14+£0.78 8.38+0.23 8.93 +0.40 8.42+0.38 10.70 £ 0.29 11.33 £ 0.30 1.98 +0.09
2 3 12 21.74 £ 1.10 8.87+0.33 9.23 +0.66 8.41 £0.36 10.57 £0.37 11.07 £ 0.66 1.87+£0.14
Q 4 2522+0.78 9.30 £ 0.61 10.08 +0.38 8.85+0.53 11.70 £ 0.75 12.31+0.91 2.07+0.23
3 3 14 20.18 + 1.54 8.40 £ 0.70 8.14 +0.83 7.76 £ 0.68 9.65+0.87 10.33+£0.88 1.78 £0.16
4 I 17 20.25+ 1.18 8.11+0.51 8.14+0.70 8.07+0.77 10.02 £0.78 10.38 £ 0.96 1.89+£0.17
Q 1 24.69 9.09 9.04 9.65 12.18 12.49 2.17
5 3 18 23.14+0.91 9.24£0.32 9.49 £0.68 9.38 +£0.34 11.37 £ 0.47 12.31 £0.49 2.16£0.14
Q 1 20.84 7.67 772 8.17 10.05 10.56 1.76
6 3 15 19.31 £0.75 7.58 +0.47 7.56 +£0.62 7.69 +0.47 9.40 = 0.44 9.68 £ 0.45 1.72 £ 0.09
7 3 14 18.96 £ 0.59 7.55+0.41 7.49 £0.49 7.61 £0.36 9.29 +0.45 9.95+0.35 1.68 £0.15
Q 5 21.29+1.24 7.95+0.40 8.20£0.37 7.84 £0.35 10.07 +0.37 10.78 £ 0.51 1.94 £0.16
8 3 12 18.44 +1.18 7.59 +£0.44 7.56 £ 0.44 7.27 +£0.55 8.79+0.78 9.48 +£0.78 1.73£0.16
Q 3 20.63 +£0.37 8.05+0.10 7.96 £ 0.30 7.78 £ 0.03 9.79 £ 0.18 10.59 £0.14 1.80 + 0.02
9 1) 10 18.09 +0.79 7.53+0.42 7.56 +0.44 6.98 +0.22 8.51+£0.27 9.02 +£0.44 1.57+£0.07
Q 14 19.86 = 0.50 772+0.26 7.54+0.35 7.31 £0.38 9.22 £ 0.60 9.93 +£0.49 1.68 £0.11
10 3 14 18.01 £ 0.96 7.10 £ 0.38 6.91 +£0.33 7.47 +£0.41 9.01 +£0.51 9.34 £ 0.64 1.63 £0.10
Q 1 19.58 7.89 7.53 777 9.86 10.68 1.77
11 3 12 17.16 = 0.78 6.88 +0.36 6.65+0.32 6.87 +£0.22 8.42+0.32 8.75+0.43 1.52+0.12
Q 9 17.89 £ 1.07 6.98 + 0.66 6.53+0.38 7.01 £0.52 8.95+0.56 9.11 £0.63 1.56 £0.13
12 IS 15 20.89 + 1.19 8.36£0.56 8.32+0.37 8.75+0.51 10.79 £ 0.52 11.46 £ 0.65 1.90 £ 0.14
Q 5 23.05+1.00 8.53+0.28 8.72+£0.31 9.13 +0.64 11.75 £ 0.64 12.71 £ 0.86 2.09+0.11
13 3 26 20.42 +£1.21 7.89+0.73 7.97 £0.65 8.23+0.44 10.26 = 0.51 10.57 £0.54 177 £0.12
Q 5 23.47 +1.83 8.50 £ 0.60 8.83 £0.59 8.85+ 1.11 11.32 £ 1.05 11.65 £ 1.22 1.93+£0.25
14 3 11 19.69 + 1.16 7.78 £0.37 7.92 +£0.62 8.30+0.39 9.68 = 0.80 10.77 £ 0.34 1.74+£0.13
Q 6 2272+ 1.64 8.35+0.67 8.52+0.58 8.93+0.28 11.27 £0.47 12.19 £ 0.46 1.97+£0.13
15 IS 21 19.65 +0.68 7.95+0.34 7.90 +0.41 8.42 +0.46 10.29 £0.34 11.22+0.48 1.73£0.16
Q 5 22.57+0.96 8.42+0.42 8.81+£0.49 9.30 +£0.52 11.44 +0.45 12.55+0.79 2.09+0.23
16 3 11 18.14 +£0.38 7.57 +0.30 744 +0.24 748 £0.27 8.85+0.31 9.74 +£0.35 1.53+£0.07
Q 1 20.94 7.97 7.43 8.77 10.63 11.86 1.69
17 3 22 16.93 +0.75 7.03 +£0.49 6.65+0.32 7.23 £0.38 8.43+£0.39 9.38 £0.50 1.55+0.12
Q 4 20.45+1.10 8.05+0.26 7.87 £0.31 8.11+£0.58 9.90 +0.58 10.47 £0.43 1.73 £ 0.09
18 IS 22 15.66 + 0.70 6.34+0.28 6.56 +0.26 6.58 +0.24 7.89 £0.37 8.49 +0.51 1.46 + 0.06
Q 5 16.31+0.78 6.38 +0.36 6.54+0.31 6.71 £0.18 7.94+0.74 9.11£0.36 1.56 £ 0.06
19 3 21 16.31 £ 0.65 6.76 £ 0.27 6.45+0.36 6.81 +£0.29 8.04 +0.31 8.74 £0.37 1.43 £0.09
Q 2 17.41 £0.17 6.96 + 0.26 6.31+0.40 7.07 £0.38 8.57 +0.40 9.25 +0.66 1.67+£0.07

N: AU SVL: Seffik; HL: Sk ; HW: 3k58; LAHL: @i &FK; TL: R+ ; FL: 24K ; 10S: IR B
N: Number of individuals; SVL: Snout-vent length; HL: Head length; HW: Head width; LAHL: Length of lower arm and hand; TL: Tibia length; FL: Foot

length; IOS: Interorbital space.
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Table 3 Summary of principal component analysis of four groups delineated based on sampling months and sex
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BTk T W e 87 M JITAT e ST AT P
Group Male (June) Female (June) Male (August) Female (August) All males All females
PC1 PC2 PCl PC2 PCl PC2 PCI PC2 PC1 PC2 PCl PC2
#RUfE 2= Standard deviation 2.479 0.549 2.446 0.591 2.481 0.552 2.473 0.626 2.477 0.559 2.454 0.587
J7 2% Bk ¥ Proportion of variance  0.878 0.043 0.855 0.050 0.880 0.044 0.873 0.056 0.877 0.045 0.860 0.049
48 fnf Loading
HL -0.370 -0495 -0.373 -0.493 -0.362 0.598 -0.378 0 -0.369 -0.407 -0.372 -0.591
HW -0.370 -0.524 -0.388 -0.339 -0.378 0.121  -0.387 0 -0.375 -0427 -0.385 -0.375
SVL -0.392 0 -0.393  -0.195 -0.390 0 -0.392 -0.196 -0.391 -0.126 -0.392 -0.277
LAHL -0.373 0.547 -0.373 0.359  -0.387 0 -0.384 -0.301 -0.378 0.514  -0.379 0.477
TL -0.390 0.246 -0.374 0.120  -0.391 0 -0.388 -0.187 -0.390 0254 -0.384 0.247
FL -0.385 0.317  -0.396 0 -0.384 0 -0.382 -0.129 -0.380 0.464 -0.388 0.301
108 -0.364 0 -0.347 0.676 -0.352 -0.786  -0.331 0901 -0.362 -0304 -0.344 0.233

N: MEHCE; SVL: Seffle; HL: kK HW: 3k9; LAHL: B RFIK; TL: R K ; FL: K ; 10S: IR Hi.
N: Number of individuals; SVL: Snout-vent length; HL: Head length; HW: Head width; LAHL: Length of lower arm and hand; TL: Tibia length; FL: Foot
length; IOS: Interorbital space.
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Fig. 4 Principal component analysis for morphological characters of Microhyla fissipes on Hainan Island. A and B are males and females collected in
June, 2016; C and D are males and females collected in August, 2016; E and F are all the males and all the females, respectively.
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T R 8 W SO BRI S 5 6]

R4 BESWLUIEHERILA (NE) FEBEA (SW) HESHEREEEZRBEZHRE
Table 4 Significant tests of the morphological characters between the northeastern group (NE) and the southwestern group (SW)

TP J M 8H T WA JTA e ST AT A
[N Male (June) Female (June) Male (August) Female (August) All males All females
Group NE (N=75)/ NE(N=6)/ NE(WN=173)/ NE (N=21)/ NE (N=148)/ NE (N=27)/
SW (N =177) SW (N =132) SW (N =176) SW (N =12) SW (N =153) SW (N =44)
Wilcoxonf il 140 w P w P w P w P w P w P
Wilcoxon rank sum test
HL 5424.0 0.000 192.0 0.004 5159.0 0.000 229.5 0.000 20659 0.000 1093 0.000
HW 5310.5 0.000 198.0 0.002 5361.0 0.000 245.5 0.000 20852 0.000 1155 0.000
SVL 5395.0 0.000 218.0 0.000 5527.5 0.000 243.0 0.000 21501 0.000 1187 0.000
LAHL 5062.0 0.000 222.0 0.000 5473.0 0.000 234.0 0.000 21164 0.000 1180 0.000
TL 5302.0 0.000 221.0 0.000 5468.0 0.000 247.0 0.000 21693 0.000 1208 0.000
FL 5223.5 0.000 215.0 0.000 5487.5 0.000 243.0 0.000 21518 0.000 1183 0.000
10S 5183.5 0.000 200.5 0.001 5297.0 0.000 237.0 0.000 20314 0.000 1116.5 0.000
ES L Ie T 2250 F P F P F P F P F P F P
Nonparametric MANOVA  186.8 0.001 38.1 0.001 414.3 0.001 58.8 0.001 435.16 0.001 101.26 0.001

N: AR SVL: Sk HL: Sk HW: 3kii; LAHL: Fi AT TL: IR K FL: K 10S: BRIHHE.
N: Number of individuals; SVL: Snout-vent length; HL: Head length; HW: Head width; LAHL: Length of lower arm and hand; TL: Tibia length; FL: Foot

length; IOS: Interorbital space.

x5 BERGLIEEAREMFMSAREMFNESUREBEENZREZ HRR

Table 5 Significant tests of the morphological characters between populations collected in June and August

ZrJb 4 Northeastern group

P4 R§ 4] Southwestern group

Gﬁf(jfp T Male i Female i E Male i E Female
June (N = 75)/ August (N=73) June (N=7)/ August (N=21) June (N=77)/ August (N=76) June (N =232)/ August (N= 12)
Wilcoxonfk fil 5 W P w P w P w P
Wilcoxon rank sum test
HL 4222.5 0.000 94.5 0.277 4563.0 0.000 244.5 0.171
HW 4251.0 0.000 101.5 0.145 4661.5 0.000 250.0 0.130
SVL 4112.0 0.000 107.0 0.080 5153.0 0.000 256.0 0.094
LAHL 2945.0 0.427 47.0 0.168 4226.0 0.000 206.0 0.722
TL 3369.0 0.016 70.0 0.874 4796.0 0.000 243.5 0.179
FL 3206.5 0.072 53.0 0.289 3892.0 0.000 214.0 0.571
10S 4090.5 0.000 70.5 0.894 4879.5 0.000 230.5 0.316
| 2 ES Wik i F P F P F P F P
Nonparametric MANOVA 18.5 0.001 1.6 0.196 66.5 0.001 29 0.089

N: MAESR; SVL: SRl HL: Sk HW: 36585 LAHL: R RFK; TL: IR ; FL: 2K ; 10S: AR FlH.
N: Number of individuals; SVL: Snout-vent length; HL: Head length; HW: Head width; LAHL: Length of lower arm and hand; TL: Tibia length; FL: Foot

length; IOS: Interorbital space.
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