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Prediction of the potential geographical distribution of five species of Scutiger in

the south of Hengduan Mountains Biodiversity Conservation Priority Zone
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Abstract: Due to the decreased habitat quality, the population size of Scutiger has declined dramatically in recent years. A
clear understanding of the geographic distribution about Scutiger is the basis for monitoring, management, and conservation
of Scutiger. The Hengduan Mountains region may be the origin and differentiation center of Scutiger. However, the
geographical distribution pattern of Scutiger in the Hengduan Mountains region is still unclear so far. To explore this issue,
we used the optimized Maxent model to predict the potential geographical distribution of five high-altitude species of Scutiger
in this study, including Scutiger boulengeri, Scutiger mammatus, Scutiger glandulatus, Scutiger tuberculatus, and Scutiger
gongshanensis, in the south of Hengduan Mountains Biodiversity Conservation Priority Zone. In addition, we further
analyzed the relationship of potential geographical distribution with the environmental variables of five high-altitude species

of Scutige. The results showed that the potential geographical distribution patterns of the five species of Scutiger were
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different in the south of the Hengduan Mountains Biodiversity Conservation Priority Zone. The potential distribution area of
Scutiger boulengeri was mainly located in the northern part of the south of the Hengduan Mountains Biodiversity Conservation
Priority Zone. Scutiger tuberculatus was mainly distributed among Sichuan Province in the northeast of the south of
Hengduan Mountains Biodiversity Conservation Priority Zone. However, Scutiger gongshanensis was mainly distributed in the
southwest of the south of Hengduan Mountains Biodiversity Conservation Priority Zone. The potential distribution pattern of
Scutiger mammatus and Scutiger glandulatus was similar, mainly distributed in the central and northwest parts of the south
of Hengduan Mountains Biodiversity Conservation Priority Zone, while the potential distribution of Scutiger glandulatus was
more fragmented. What's more, the species richness of Scutiger in the northern part of the south of the Hengduan Mountains
Biodiversity Conservation Priority Zone is significantly higher than that in the southern part. The relative contributions and
jackknife test of environmental variables showed that temperature and precipitation were the main environmental factors,
which determine the potential distribution of Scutiger in the south of the Hengduan Mountains Biodiversity Conservation
Priority Zone. Precipitation of the coldest quarter had an important effect on the potential distribution of Scutiger boulengeri,
Scutiger gongshanensis, and Scutiger tuberculatus, but their preferences for precipitation of the coldest quarter were
different. In addition, our study also shows that it is effective and necessary to select the best Maxent model by evaluating

the potential model combination of parameters for improving the Maxent model’s predictive power.

Key Words: Maxent model; potential geographical distribution; the south of Hengduan Mountains Biodiversity

Conservation Priority Zone; Scutiger
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Fig.1 Occurrence records of five species of Scutiger

1.3 i
AT RILTERC T 24 DIREE R G 19 MY RS E 3 A HOE AR R (R B BE)) (2 ALE

http ; //www.ecologica.cn



74 RUREG A5 TR S M AR DT L e P A 3t T A7 N 2639

Mo A (HET AL BE B AE IR0 o A= W 7 AR R SROBE SR U T WorldClim 405 %2 ( https :// www.
worldclim.org) HHY 1970—2000 4F W I ERFECE | 25 18] 3 BE30 1 km , I ISR ECE TSR 0T 3% By,
{8 T I S A A3 A, B 3 1) B8 Ul 180°, I MR A XL, I LA SR s 5 1E R B A0 48 I A2 B8 ¥ T 5 0 ke L T
OpenStreetMap V-5 ( https ://www.openstreetmap.org/ ) , 1% U3 6E 1% 42 THI S5z W X 38 4% 7K 22 4341, R 0] i i 25 3
SRR B A 2, AR S BOR IR T b [ Bl 2 B B IR A B 22 5 B0 0 (https 2/ www. tesde. en/) B H
] A B AT B 002 [R) o3 A B 4 |, 483 Ab BRAS 3] 2008—2018 45 P34 )0 —fLAE B 48 400, 70 HER N 1 km,
TR AR B LN e RN T OIS 2, O R o BRR A B A Y DR MR 2 25 B A7 A 1 2 LR MR A BRI 78
Y ARHESE R 22 R PR (VIF) R PRBE AR A 22k v | I B 22K K F 10 YR BE AR i B
KRR NI ERS HREEE(£ 1),

®1 BERMARELE

Table 1 The environment variables for modeling
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Biol3 Fel A Bk it NDVI 2008—2018 4F-- 34 3 —fb A B 48 KU
Biol19 Bl ZEREoK i

1.4 FERIGIE 5P
1.4.1 Maxent F5 A1 73

TP R A 8 A 25 (] AR NI, A R AR 22 , DRI AS 5% 1 FH SDMitoolbox 1 461 22 1 i A% 2%
JEE Qi ZE AR SCAHET (A A SR Ol 2 A ) X3 430 T 22 A 15 S, Ak A DI R 00 B R 00 T B AR A A
[F1) [ AF G S R IR T e s A DR SR P 5 i e 9 55 4 IX 32 ) 40 1 2 50 Rl SR B 2 B b 4y
A AEZS (8] 250 4 B ARl F P i = B A 28 Maxent #5250 ) 4y il — B IS IEAE Y SE 457 4 > Maxent
B TR 4 2 0 R BT LU SR I R ) R o0 AT L BCR D R R LSRR S 1) 43 X Rt o T 3 43 R
PR BCE s (0 B — 28 SR X R 147 2 0 B 1004 S W A T A5 T 0 e N [ 14 2B 7 T 10
A~ Maxent B GG ZRUEHNT. T 5 A Maxent B, 55 253 Hr 25 5 Ry 45 07 28 W5 & 40 ol Joir 5 A 780 11 SF- X490
LA b BRI 4 IX A 3 3 VR ENMeval f5€ BLAG 7

EAA S L, Maxent BERIZEERIN I B 0] GE I A S AR | [F] B ZEREA B/ NAYTE L T, Maxent 15
RIS Z8 Sy 404, R 0 BEEA AR A S 40 4 20 AR50 20 1 ] SDMtune 4512 8 1E U fb R B0 B
F0.1—5, [a]f@ A 0.1, FRAF ALl A3 A L LH LQP .LQPH .LQPHT /N Ff, DL AUCIff(YIIZREE AUC 55K
£ AUC Y28 FIllAR AUC {EAE IHE s, AR S -8 Maxent #5750 11 5 {32 1F D) Ak 32 BORVRRAIE pRES 2
HIRE I LIRS EOR B I Maxent 1RV 45 RAE Ry e &K 45 5

FIFH Natural Breaks B 5 vk SEWE Ja P F i 726 20 A1 HE R K] 43 S 38 B X ARG B X Pl B X e il F
DX PSR A X, 1 HL B 20 A )38 B A5 0 8, i 1o AR 5 b, He ) 6 P R 4 28 0, R B IX (0—
0.13) fRIEHIX (0.13—0.34) , FIEHIX (0.34—0.62) , 3 B X (0.62—1) 3 % T4l o 14 58 B | A3 B X (00—
0.13) RS F X (0.13—0.33) , TG F X (0.33—0.59) , =3 B X (0.59—1) 5 X T Mg i 14 S , N 38 B IX (0—
0.14) fRIEHIX (0.14—0.35) , FIEHIX (0.35—0.61) , B H X (0.61—1) ; X F BP0 | A H X (0—
0.08) , fIKI&EH X (0.08—0.27) , & HIX (0.27—0.59) , i H X (0.59—1) ; X} F 5T Ll ik R UE | A B X (0—
0.08) ,{I3&E FLIX (0.08—0.27) , & BT IX.(0.27—0.55) , & B X (0.55—1)
1.4.2  BIRIRIIEAS

ARG HEZ BB ERE M2 T AR (AUC) SRPPAG R I, 5252 F A RRE 22 (ROC) 2 LU FH

http ; //www.ecologica.cn



2640 JAE = 24

PER AR AR R, LA ELBHME R AR R, R 21 A T A ] A I 8 5 B i A i 2k L AUC fE 2 ROC Tk
5 A o B A TET AR, B AR T — AN AR T e (L 0 B — B PR RE DTS ik AUC {HAY UM 91
k1 0—1, AUC HARFEIT 1, A58 A 00 sk S e by, A Aol 4 :0.7—0.8 T A ,0.8—0.9 KL 4F,0.9—1.0 55",
1.5 EHFEEES

] Maxent By 4 () PR 5 AE 8 DT ik 3 F T D17 G 90 o8 DAk PR 58 PR - 1 1 B84 | HErp T 707 4 06 2
1o BER AU S — P55 AR i ml HE R e — PR B AR i ) T OB AU 25 AUC {E AR R o R B A AR &, il i
BRI AR 8 ) 1o i 2 3E— 25 43 Mt BB PR DR X U7 S M S W R AE AR AR R 5 ) A5 5 5 Rl A S WE SR Y A v
TE3 A X B PR BERAE

2 ERE5S

2.1 BRSO E SR

HRAE AUCiff I AUC (EPINE bR, 248 5 ik R UE TR PR i AES B0 E T 1Y Maxent BB JFE— 20
TR FfE Maxent BEEYAY AUC B, A BrAL RL TN MR (R 2) . SECNR B AR, 5 Pk 28 WE 1) B A Maxent £5
IR AUC XA BTt . et Maxent BEBRUSTLIE JB0A 58 05 0060 14 9 0 M Ji 145 WS | 18 5 € W55 | o
LA G WE VTR H L3 A5 I A 2R AUC B D3 AUC {E 3R T 0.7, 3 W] Maxent R0 5 Fhiki 505 J& M) Fh o0 A
TR A5 RBAERA AT A5 . b Maxent #5EBUARADL 5T LLA S8 0 | 53018 147 5 WS TS A0ty 3H 0 A1 I 100 280 S i, 1T 4
AUC {H K AUC fHY KT 0.9, Fili 45 SRk FE AR o

R 2 Maxent BB R L E ST

Table 2 The performance of Maxent model and best settings
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. L AUC based on  AUC based on . . .
multiplier combination . . settings default settings  default settings
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i s e
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o] e 1 2% s
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) Ji 1A S
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1 2
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Fig.2 Potential geographical distribution of five species of Scutiger in the south of Hengduan Mountains Biodiversity Conservation

Priority Zone
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Table 3 Areas of the different classes of habitat distribution of the five species of Scutiger
T A 5 R e 5 5 W i i Vs 2 IR e 147 52 s T LI S 0
Scutiger Scutiger Scutiger Scutiger Scutiger
boulengert mammatus glandulatus tuberculatus gongshanensts
& X AR
fFR3E DT . . 39720.35 27931.81 33530.44 20038.47 14999.32
Area of low suitable habitats
R B X L
Percentagc of low suitable hab'ltats a.rca‘ln tbe 0.2972 0.2090 0.2509 0.1499 0.1122
south of Hengduan Mountains Biodiversity
Conservation Priority Zone
PIEE X ER . . 21865.31 18176.04 20905.33 6520.75 6304.99
Area of moderate suitable habitats
I E X L
Perce > of rate suitable habitats area i
ercentage of moderate suitab e' abltz.xts flrea.ln 0.1636 0.1360 0.1564 0.0488 0.0472
the south of Hengduan Mountains Biodiversity
Conservation Priority Zone
T 3 R X AR
s HA':.ﬁi . . 11899.83 8111.38 12286.70 2734.58 3138.11
Area of high suitable habitats
R X L
Percentage of high suitable hal?ltats a.rea- in t.he 0.0890 0.0607 0.0919 0.0205 0.0235
south of Hengduan Mountains Biodiversity
Conservation Priority Zone
B=Y: BES X TR
K HYHEAE D A7 X T . 73485.48 54219.24 66722.46 29293.80 24442 .42
Area of total suitable habitats
SRS AT X
Percentage of total suitable hal?itals area' in t.he 0.5498 0.4057 0.4992 0.2192 0.1829
south of Hengduan Mountains Biodiversity
Conservation Priority Zone
x4 SHEREEMMOFERFREE %
Table 4 The environmental factors and their percentage contribution of the five species of Scutiger
A R AT S 8 TR e 5 5 Wi i i 5 2 0 B 147 5 BT e
o . Scunger Scutiger Scutiger Scutiger Scutiger
Environmental variables . .
boulengeri mammatus glandulatus tuberculatus gongshanensis
AR E Bio3 0.025 1.2 2.825 27.96 0.92
Il il BioS 5.65 19 8.3 1.03 27.6
IR BioT 19.625 2.875 10.325 0 0.22
il H Bk Biol3 4.05 27.325 9.2 0.27 0.18
RIS FEREK A Biol9 48.6 11.95 19.6 15.18 64.66
Y1) Aspect 0.25 8.9 2.475 3.5 4.66
i Slope 5.875 8.05 10.15 9.12 0.36
BRI 2 Distance to river 10.05 14.7 29.5 1.79 1.14
JA— A AR B NDVI 5.9 6 7.575 41.17 0.22
JIVNERG B 25 3R R (8] 3) |, 761 FH B — PR 45 A8 i A 1 Maxent FRUET | IR AR50 22 (Bio7) (B i® 2Rk K

H(Biol9) i H MK i (Biol3) 78 PU 5 14 2 45 Maxent 58 RUB I A9 25 AUC {55 8 , 25 0 P4 3 14 2 s
WETE AR NN T, B H Bk (Biol3) JH— LA (NDVI) | f 8 H $5 = 1 ( BioS ) 78 5L H 4l
ik 7 5 0 Maxent BERUBHDEARAS T S AN SR AUC (5, X A0 15 2 WE VB AR 4 A A7 T B 50, felg ) e it
(BIOS) TR R 5 ( Distance to river) e H FE/K i (Biol3) 76 B FH it i 47 S8 WE B R AL BE ) 3RAS T B
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