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Abstract: Habitat analysis and prediction are the foundation on threatened species protection. In this study,
we used the ecological niche model, MaxEnt, based on ArcGIS, combined with 66 occurrence records and 17
30 m <30 m resolution environmental variables, to predict the potential distribution of Hainan Odorous Frog
(Odorrana hainanensis) and analyzed the relationship of this species with the environmental factors in
Hainan Island, China. The prediction and analysis were conducted in MaxEnt 3.3.3. Then we employed the
receiver operating characteristic (ROC) curve to evaluate the accuracy resulting from the model analysis and
performed the Jackknife test to evaluate the importance and contribution of environmental variables. Finally,
we analyzed the potential distribution of Hainan Odorous Frog produced by MaxEnt model by habitat
suitability index (HSI), in which areas with value HSI > 0.44 was considered to be high suitability, 0.20 <
HSI < 0.44 was moderate suitability, 0.06 < HSI < 0.20 was low suitability and HSI < 0.06 was
unsuitability. The potential distribution of Hainan Odorous Frog is approximately 2 179 km? at an altitude
range of 200 - 1 200 m with the optimum distribution range between 600 m and 1 000 m (Fig. 4). The overall
pattern of potential distribution of this species is uncontinuity and occurs in three patches (Fig. 2). The Patch
I named lJianfengling is a minimum potential distribution with an area of 218.4 km? (Table 1), which
mainly occurs in the Sanfenqu and Wufenqu in the center and Nanya in the south of Jianfengling. The Patch
Il is as large as 963.5 km? which locates in the region of Bawangling, Yinggeling and Limushan within the
regions Yagiong, Nanmeiling of northern Bawangling, and Yinggezui, Shenhan, Xiuzhailing of easthern
Yinggeling and Sifenchang of central Limushan. The Patch III is found in the region of Wuzhishan and
Diaoluoshan and its size is 997.1 km? that is similar to Patch II. The majority of Patch III is in the
Naluoling in the west, Haodingling in the south of Wuzhishan, and Dujiacun, Baishuiling in central
Diaoluoshan, as well as the Niushangling in eastern study area. A further analysis for the potential distribution
area which occurs within six nature reserves gave the following results: (1) The total potential distribution
(HSI > 0.06) of this frog species was 565.1 km?, of which 10.8% was highly suitable (HSI > 0.44). These
habitats located in six protected areas and approximately accounted for 26.0% of the overall potential
distribution region. The largest potential distribution (HSI > 0.06) with an area of 156.4 km? was located in
the Bawangling National Nature Reserve, the next one was detected in Yinggeling National Nature Reserve
with 137.9 km? (HSI > 0.06) in size. While the minimum value of potential distribution region 44.3 km? was
found in Wuzhishan National Nature Reserve (Table 2). The result of Jackknife test showed the land altitude
was the main environmental factor affecting the distribution of Hainan Odorous Frog for 45.2%, the slope for
23.9%, then distance to water for 8.3%, normalized difference vegetation index for 5.2% and annual
precipitation, with a value of contribution 5.2% respectively (Table 3). Temperature, humidity and sunshine
had little impact. Our study indicated that the area of suitable habitat of Hainan Odorous Frog in protected
areas was relatively large, while the quality of habitat outside the nature reserves may be influenced by the
climate and human factors.
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Fig.1 The location of study area and the occurrence of Hainan Odorous Frog in Hainan Province, China
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Fig. 2 The result of the potential distribution prediction of Hainan Odorous Frog in Hainan Province, China

& S S FE B0k T 0.06. The habitat suitability index (HSI) is higher than 0.06.
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Table 1 The size of potential distribution of Hainan Odorous Frog in each patch

TEAE S AR X TH #X Area of potential distribution

BEE Patch

0.06 < HSI < 0.20 0.20 < HSI < 0.44 HSI > 0.44 Mt Total
I 140.0 53.5 24.9 218.4
11 649.4 221.6 92.5 963.5
il 663.1 241.3 92.7 997.1
STt Total 14525 516.4 210.1 2179.0

HSI. TEECAEAREG & P RERREOC T 0.44 (¥ DX A I SLE i FL A A X, T8 B REHRH0N 0.20 ~ 0.44 (¥ DA U BLAMAT X, & FL
JEAEHCN 0.06 ~ 0.20 HYMBIX A MRE FL MR X, & P TR EN T 0.06 FHh DA ANIE B /M1 X o

HSI. Habitat suitability index; Value HSI > 0.44 was considered to be high suitability for Hainan Odorous Frog, 0.20 < HSI < 0.44 was

moderate suitability, 0.06 < HSI < 0.20 was low suitability and HSI < 0.06 was unsuitability.
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Table 2 The size of potential distribution of Hainan Odorous Frog in each protected area

TR A1 DT AR R

PR (%)
Percentage of

potential distribution

PR X TR
Size of nature

(ZSAlES

Protected area

LS XY
Size of potential distribution (km?)

reserve (km’ 0.06 <HSI  0.20<HSI it
k) region in each <020 <044 SIPOM L
protected area
A [ 57 2% B SRAR Y
J.t %d@%’& E BRFX 244.2 42.2 61.8 26.9 14.4 103.1
Jianfengling National Nature Reserve
1) 52 R IX
L L1 5K FAAER X 135.9 326 305 9.4 44 443
Wouzhishan National Nature Reserve
RO T 5 2 AR
WRITERR HR RS X 504.2 27.4 104.0 27.3 6.6 137.9
Yinggeling National Nature Reserve
HHEIRE R AR X
e l_l Rk Q AR 310.6 50.4 100.8 38.6 16.9 156.4
Bawangling National Nature Reserve
BB 9 H AR IR IX
J.th 5 &E. {_%*FE 129.4 38.6 29.7 12.0 8.2 50.0
Limushan Provincial Nature Reserve
H K4 R IX
Egmu%’& Q."“M}FB 183.0 40.1 42.8 19.8 10.7 734
Diaoluoshan National Nature Reserve
=il Total 1507.3 375 369.6 134.1 61.3 565.1

* RPN BT E AT XA (HSI>0.06) (5 T R4 DX RTHA 1 Ll

* The percentage of the total potential distribution (HSI > 0.06) in all of the protected areas.

HSL AR B BEHR B 30 B AR HOC T 0.44 HUBIX Ay i B S ek il B 0 AT X, 38 B4R HCR 0.20 ~ 0.44 HIBIX A Hhid B /3 A X,
AR ECN 0.06 ~ 0.20 FYHLIX ARG B MG, 38 B EHEUN T 0,06 fH R ANIE B0 X 48k

HSI. Habitat suitability index; Value HSI > 0.44 was considered to be high suitability for Hainan Odorous Frog, 0.20 < HSI < 0.44 was

moderate suitability, 0.06 < HSI < 0.20 was low suitability and HSI << 0.06 was unsuitability.
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Fig. 3 Receiver operating characteristic (ROC) curve verification of potential distribution prediction of Hainan

Odorous Frog

R 3 AIEARE R TR (K TR

Table 3 Contribution rate of environmental variables in MaxEnt

FRI5A5 Environmental variables

TR TTRRAE (%)
Percent contribution

R Altitude

i RE Slope

PR/KJREE B Distance to water

IH—AL #4520 Normalized difference vegetation index
4EBE/KE Annual precipitation

PR HIE S Distance to building

#A¢ HI#h P B Distance to agriculture

7 FB&/KE: Precipitation of July

Wi Aspect

1 A &R Min temperature of January

7 A< Max temperature of July

1 A%k Precipitation of January

1 H-PIAHXHEE Average relative humidity of January
7 HFIAHSNEEE Average relative humidity of July
T BIAAE A Annual average relative humidity

SEH BN $L Annual sunshine duration

45 Annual mean temperature

452

23.9
8.3
5.2
5.2
46
2.2
17
14
11
0.7
0.5
0.1
0

0
0
0
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