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Abstract: The Chinese pangolin ( Manis pentadactyla ) has been listed as a critically endangered species on the

International Union for Conservation of Nature’s (IUCN) Red List of Threatened Species, as well as a first-class national
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protected animal in China. Its population has suffered a sharp decline because of reckless illegal hunting in the past
decades. Nevertheless, there has been little relevant research on this species, and the current distribution of the Chinese
pangolins is still unknown; this greatly restricts the effective protection of this species. Therefore, we collected rescue
records and news about the Chinese pangolins in China in recent years and identified 67 distribution points of the Chinese
pangolins. In this study, the maximum entropy model sofiware ( MaxEnt) was used to select potentially important
environmental variables. Six environmental variables, including the precipitation of the coldest quarter, population density,
annual precipitation, altitude, slope, and aspect were significantly correlated with the distribution of the Chinese pangolins.
The average values of the area under the receiver operator characteristic curve (AUC) of the MaxEnt models based on these
six variables was 0.961 £0.014, indicating that the accuracy of the MaxEnt model for predicting the areas of potential
distribution of the Chinese pangolins was accurate. Jackknife showed that precipitation of the coldest quarter, annual
precipitation, population density, and altitude were the most important factors affecting the distribution of the Chinese
pangolins. Among them, precipitation-related factor was the most important environmental variables affecting the suitable
habitat areas of the Chinese Pangolins. Population density was another important predictor. The most suitable habitat
(probability of presence>0.498) was characterized by precipitation of the coldest quarter of 141.22—439.46 mm, annual
precipitation of 1471.67—2386.56 mm, population density of =390 people/km’, and altitudes<316.98 m. Furthermore,
the model predicted that the potentially suitable distribution areas of the Chinese pangolin were 74.27x10* km®, accounting
for 7.73% of the total area of China, mainly at the south of the Yangtze River, particularly in Jiangxi, Guangdong, Hunan,
and Guangxi provinces, accounting for 97.58% , 89.65% , 76.90% , and 73.08% of these provinces, respectively; followed
by Zhejiang, Fujian, Taiwan, and Anhui provinces. In addition, Hubei, Jiangsu, Sichuan, Yunnan, Guizhou, and other
provinces also have scattered distribution of Chinese pangolins. Neighboring regions of Jiangxi, such as southeastern Hubei,
southern Jiangsu, southwestern Zhejiang, and northwestern Fujian, are also important potentially suitable areas for the
distribution of Chinese pangolins. Understanding the potentially suitable distribution areas of the Chinese pangolin can
provide useful information and instructive reference to the Chinese pangolin population conservation and habitat

management.

Key Words: Chinese pangolin; MaxEnt; potential influence; suitable habitat
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Table 2 Environmental variables used to model the potential distribution of the Chinese pangolin

AR i Variables & Description

HJR Source

Bio_1 AESEH R Annual Mean Temperature (°C # 10) WorldClim database Version 1.4
Bio_2 -4 H #:7% Mean Diurnal Range(°C * 10) WorldClim database Version 1.4
Bio_3 SR E Tsothermality (Bio_2 /Bio_7) (x100) WorldClim database Version 1.4
Bio_4 TR Z T AR AR 2E Temperature Seasonality ( CofV') WorldClim database Version 1.4
Bio_5 & A fc i fE Max Temperature of Warmest Month (°C * 10) WorldClim database Version 1.4
Bio_6 %% A 5K E Min Temperature of Coldest Month(°C * 10) WorldClim database Version 1.4
Bio_7 AEHRAS VL Temperature Annual Range(°C * 10) WorldClim database Version 1.4
Bio_8 2 P44 IR B Mean Temperature of Wettest Quarter( °C * 10) WorldClim database Version 1.4
Bio_9 T ZE I Mean Temperature of Driest Quarter(°C * 10) WorldClim database Version 1.4
Bio_10 B I 25 4 S K Mean Temperature of Warmest Quarter(°C # 10) WorldClim database Version 1.4
Bio_11 B8 2 B 1R Mean Temperature of Coldest Quarter(°C # 10) WorldClim database Version 1.4
Bio_12 4E[%7K B Annual Precipitation (mm) WorldClim database Version 1.4
Bio_13 i A B /K1t Precipitation of Wettest Month ( mm) WorldClim database Version 1.4
Bio_14 % T A B&K it Precipitation of Driest Month( mm) WorldClim database Version 1.4
Bio_15 [ 7k 715 5 228K Precipitation Seasonality ( Coefficient of Variation) WorldClim database Version 1.4
Bio_16 1825 B [ 7K 42 Precipitation of Wettest Quarter(mm) WorldClim database Version 1.4
Bio_17 122 /K &t Precipitation of Driest Quarter(mm) WorldClim database Version 1.4
Bio_18 % 7 I [ 7K £t Precipitation of Warmest Quarter( mm) WorldClim database Version 1.4
Bio_19 ¥4 Z2 ¥ [ 7K ik Precipitation of Coldest Quarter(mm) WorldClim database Version 1.4
Alt IR Altitude (m) WorldClim database Version 1.4
Slope B Slope(©) ArcGIS B3R 1H 43 Hr T H A2
Aspect 1) Aspect ArcGIS FRA R 73 Hr T HAR IR
LCT + Hb7E 35257 Land Cover Type USGS #8355 5¢ T ( LCI)
NDVI VA — LA % H5 4L Normalized Difference Vegetation Index FF I RE A B s TR R B RS R o
PD N B Population Density( A/km?) NASA #1432 5 B Fn g H oo
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Fig. 2 The accumulated contribution of each environmental

variable to the potential distribution of Chinese pangolin in China
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Fig.3 Analysis of the impact of major environmental variables on the distribution of Chinese pangolin in China by Jackknife test
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1560.50—1675.97 mm Z A}, Hr AR 2g 11 H A AEZEAE 3R 8 B
N EAE 30—6795 A/km® B 7 7EHEREE A 1
W R OIS IR N, 78 6795—36742 A/km® I | FEEAE
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N/km? ; /5538 B X - 390—28894 A /km®,
HFR I FEIR T 3351.13 m W, rh AR 28 1 I R e A 5
K2, BEE R AR, rh AR 2 1L A o0 A A 33
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EHEHR
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MaxEnt BT TG, i AUC {H 5 i By 5 AL ={E§§l§ \ e )
VER BAUAR R e BE R 43 25 R rh AR 28 1L W 3 B W T X ,
TERBCE P IEIUZE (B 5) SRR, b gr il i . 00k JEha
I3 A X TRIARZ) Ny 74.27x10* km? , &5 o [ [ -+ 1R R L,
7.73% , Fo b ik s I R I R 43 o 32,53 % 10° g
km?® 26.86x10* km” 1 14.88x10* km?, (5 A3 ‘B [X 1 FH 5 heEzURERENEERS S

i) 43.80% 36.16%H1 20.04% , 425 | FEVL P45 F1  Fig.5 Potential distribution of the Chinese pangolin in China
WP A8 1 e A R X AR R K, 430 R 6.87 x 10% km? il

3.13x10*km*, %48 IR 44.96% F1 16.14% ; FUOE T ARAFI VE4 , AT 518 2.96x10 km? Fl 2.07x10°
km?, 7% HIF 19.15%F1 9.91% , BARS I B IXAEAA8 (L FIA X)) B o Ao T FR B B9 2% 3

x3 HEFUREESHREIZESMREIRE

Table 3 Major coverage data of suitable distribution region for the Chinese pangolin in China

FEEEX IREFX HdE F X RIEEX
Non-suitable areas Low-suitable areas Mid-suitable areas High-suitable areas
. S S SR B
Regon  POERU  WRH/ BT @EMSV%  BWER Rk SR B/ %
Predicted area/ Account for the ~ Predicted area/  Account for the ~ Predicted area/  Account for the  Predicted area/ Account for the
x10* km? Proportion of x10* km? Proportion of x10* km? Proportion of x10* km? Proportion of
the region the region the region the region
L] 16.09 99.72 0.03 0.21 0.01 0.05 0 0
LR 8.71 05.24 2.62 19.63 1.47 11.01 0.55 4.12
1L 9.37 96.36 0.22 2.217 0.07 0.73 0.06 0.64
iy 0.46 78.71 0.02 3.86 0.02 3.75 0.08 13.69
WL 1.60 17.09 3.72 39.74 2.28 24.36 1.76 18.80
g 2.07 19.04 4.28 39.37 2.94 27.05 1.58 14.54
VL7 0.37 2.42 3.04 19.90 5.00 32.72 6.87 44.96
84 13.93 79.33 2.44 13.90 0.89 5.07 0.30 171
L] 4.48 23.10 6.61 34.09 5.17 26.66 3.13 16.14
R 7.23 93.77 0.45 5.84 0.02 0.26 0.01 0.13
[l 113.93 99.82 0.20 0.18 0 0 0 0
i 44.75 98.27 0.70 1.54 0.07 0.15 0.02 0.04
=M 33.02 96.53 1.13 3.30 0.05 0.15 0.01 0.02
S 15.58 97.53 0.35 2.19 0.02 0.10 0.03 0.18

http ; //www.ecologica.cn



24 4] BEHIE 25 T IR R A A AR By v e 2 L P R A 5 T 9949

FEEHX fIRHE FIX ThIEFIX e i X
Non-suitable areas Low-suitable areas Mid-suitable areas High-suitable areas
WX H X MK A X HZhIX.
R POWERL ROV BONEE  WRUbLe  BWEE  @RURe  BOUTR L%
Predicted area/  Account for the ~ Predicted area/  Account for the ~ Predicted area/  Account for the ~ Predicted area/ Account for the
x10* km? Proportion of x10* km? Proportion of x10* km? Proportion of x10* km? Proportion of
the region the region the region the region
I 5.62 26.92 7.41 35.49 5.78 27.68 2.07 9.91
IR 1.60 10.35 5.48 35.45 5.42 35.06 2.96 19.15
ji37] 1.27 44.08 1.23 42.73 0.33 11.45 0.05 1.74
Hi% 1.21 38.66 1.01 32.27 0.52 16.61 0.39 12.46
R 0.03 46.50 0.04 52.71 0 0 0 0

2.5 ROC HZRAT AUC i XA R T30 () HE R PR G 56

HTIA MR B R R B MaxEnt B3 ROC fHZE AN AUC 15 (&l 6) , SRAF I 2k 46
AUC fH8 571k 0.982 F10.961 ( 15225 [l £0.014 ) , AR FM 25 538 B A7 bR, & BRG] rh A 28 1) F 7E rp
T 118 A 3 T DX ) T 25 SR AR A, T A R R
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1-Specificity(fractional predicted area)

6 MaxEnt AL R ROC #1%:
Fig.6 ROC curve of distribution of the Chinese pangolin predicted by MaxEnt model
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A BRI A (1o DL 2 OB A i 1 9 AUC (B = (181 6) o oA T S RBIR J3E kit 4 40
A 8 i 22 MUY PR BEAUL G, AT T B R B 23 Bl s AE AT 1 e RS R | DRAIE A A% B R B — %K
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5%, AU/ TUA (s B RR A 45 R A 52 i), S RL 4 1 J5 9 AUC {ESE N ELSE . MaxEnt LAV (1) AUC SF-15
1B 0.961, FHIZAF R A4 T 25 SR LA B S T 5

AT A M T 5 v A2 2 L R 2 [8] A 1) GBI R 7, 5 SR e B, A0 28 o v () B /K DR 72 PR A v 4
ZEI A 0 B R TR AT BRI F 5 A28 1L I B Y —— U R A B WA 56, 1 Hpdg
ZE 1 FREARRENZ 700 J7 WG ISR B, 330 i A R 1 (04 336 Bl oA S B VETT ARG A9 ) R IX (3l Ay
ERBE IR IX ) | AU iR D RS R AT AR IS X, (W S A S S R DD, R
VG STV B A8 T T Al L PR 2 B 2 R AR g L R T RGP ok, [l Bs P
AR 43 DX 55 AR T 5 T A v A 2 L L B R T B X S ) A

YR 5 IRBE 14 56 Z OB PR A A 2 T R N2 () oy AR B 1T, ARBFIE Iy, BAR AR 2 1L R A G 8
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MaxEnt #5557 4 Fh 4 A3 B AR /0 B A5 B0 W00 45 St LB E B, (ER A FE 20 A 40 A i Bt & S Ui Al
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