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ABSTRACT

Aims. Habitat assessment is vital in the conservation of wildlife. The goitered gazelle (Gazella subgutturosa) is an
important species in the Xinjiang Kalamaili Mountain Ungulate Nature Reserve (thereafter KNR). However, their
habitat is under threat because of human development and mining. The evaluation of remaining suitable habitat for the
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goitered gazelle can provide a scientific basis for decision-making in species conservation and management of the
reserve.

Methods: Based on the distribution of goitered gazelle demonstrated through field surveys from 2005 to 2019 in the
KNR, we used a maximum entropy (MaxEnt) model to test important habitat variables for habitat selection. Suitable
habitat for goitered gazelle was evaluated during three distinct time-periods: (1) before mining development (2005), (2)
at the peak of mining development (2011), and (3) after ecological restoration but with a highway constructed through
the reserve (2019). The spatial habitat quality and distribution of goitered gazelle over the last 15 years was further
analyzed using centroid transfer and a landscape pattern index.

Results: The accuracy of MaxEnt model was high and jackknife tests demonstrated the distribution and distance to
water sources had the highest impact on goitered gazelle habitat selection in all three time periods. The area of potential
suitable habitat fluctuated widely over the three time-periods. Prior to the mining development in 2005, suitable habitat
for goitered gazelle was mainly concentrated in the middle of the reserve with large habitat patches and a low degree of
habitat fragmentation. At the peak of mine development (2011), the area of highly suitable habitat had decreased by
2.39% compared to habitat in 2005. A large area of suitable habitat in the south of the reserve was lost due to mining
development, and the centroid indicated that the remaining suitable habitat was restricted to the north, with smaller,
fragmented habitat patches. By 2019, 3.50% of the previously suitable goitered gazelle habitat that was lost due to
mining development was recovered through ecological restoration. However, compared to 2005, the recovered habitat
patches were more severely dispersed in 2019. Additionally, previously highly suitable habitats were lost due to
highway and railway constructions in the KNR.

Conclusion: To improve the protection of goitered gazelle within the KNP, we suggest, (1) strengthening the protection
of all water sources, (2) establishing and monitoring wildlife passages, (3) limiting further traffic construction, and (4)
supporting mine reclamation efforts.

K ey wor ds; Gazella subgutturosa; mining development; road construction; MaxEnt model; habitat suitability
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Fig. 1 Overview of water sources, mines and roads in the Xinjiang Kalamaili Mountain Ungulate Nature Reserve
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Fig. 2 Transect and occurrence of goitered gazelle in 2005(a), 2011(b), and 2019(c) in the Xinjiang Kalamaili Mountain Ungulate

Nature Reserve
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water source water source water source
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Table 2 Suitable habitat area and changes of goitered gazelle in 2005, 2011, and 2019
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Year
AR Area (km®) (5t Percentage (%) ZA24{bZ Variation (%)  THA! Area(km®) il Percentage (%) A8fL# Variation (%)
2005 4,267 28.78 - 10,557 71.22 -
2011 3,914 26.39 -8.27 10,917 73.61 341
2019 4,434 29.89 13.28 10,397 70.10 —4.76
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Fig. 3 Distribution of suitable habitat of goitered gazelle in 2005 (a), 2011 (b), and 2019 (c). Unsuitable habitat is shown in blue,
and red areas represent suitable habitat.
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Fig. 4 The spatial pattern changes and centroid transfer of the suitable habitat of goitered gazelle under different periods
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Table 3 Landscape index of goitered gazelle in 2005, 2011, and 2019

o ARBERA BEOUIAR  BEHUCE PRV BORBEHUE  SRIURARIE AUGIT L SRR BEMRSSA S AR
Year Habitat type Patch area Number of Patch #( Largest % J¥ Proportion Aggregation L5 Percentage of
(km?) patches (n) density patch index ~ Landscape  of like index (%) Landscape (%)
(n/km?) (%) shape index adjacencies
2005 ANEHE Unsuitable 10,557 33 0.0033 70.57 5.97 94.17 95.10 71.20
J&H Suitable 4,267 49 0.0022 26.26 7.09 89.10 90.49 28.79
2011 ANEH Unsuitable 10917 51 0.0034 72.03 7.71 92.62 93.51 73.61
i&EH Suitable 3914 48 0.0032 24.63 10.56 82.99 84.35 26.39
2019 ANi&EHE Unsuitable 10,397 39 0.0026 65.57 5.30 94.79 95.73 70.10
i&EH Suitable 4,434 29 0.0020 16.50 5.90 91.08 92.47 28.89

Bk, EEER T X AHAE, FEEAs  HERBONON I EI(E4a). 20112019455 1E H
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HORAE: B TTRERCM BT8R 2 B LA R ET AR S0 W) B SR TR X RS e ) 2 S5 R 22k

TR 13 B AE IS X (JK4b) o AR3 IX Hp 0 M v 2
HAVE RS [ (R B G B AE B e Ok, EEERET
AR FEHLIX (4b). 2005-20194F, 1 B 9 3L 2k 5
3 RO M P 3 B A SR AR (Bl de)o

PAJSR /0o 58 43 DX 355 A o SR R AIE 8 1 4 T
AN B TR, KA F] RS Mk A A BRI
R TR BH, S[R3 A 1 5 Rl AR
A (Edc). 20055 58 Mk 438 B AR I O AE
W AR P i AL BB A, 2005-20114F, #G M F
HAEBE B0 A AL #4F£11.86 km; 2011-20194F, #8
M A T BT AR B B 0 AE 2011 4E B Al b ) AR R R
7.18 km (Kl4c).
34 BBMRARHEIBREETWEHE

AN B AR B I B BT AR R o S T AR 1 A8
TE3ANE AR BOR, R B AP FE
W, — B R X N R MR R I 3 BA R R A (R
3); IS AR B 1) e K B A EORUAR A AT b A
K, SOMTERFEECE DS, Yo R LR X ) — BLA7F
FERTR . TEARBON N A TE B A SR B e, H
BB B B R B v . 38 B AR BRI S IR FE B
3RS IROK, AR EEUDN, YR XA
R AR 2 /NPT A i, B RE P v, AR
BERE IR 2% (23) 0 201 14538 B A 18538 70 (A AL
I 35 B 5 R0 5 4 P 46 £00MH L2005 55 FH20194E 55 /)
(323), RWAH ML I 2 T000G B 1A 38 B 2F 55 5 B [ 2R
FREEAR, A B ieAn ™ &

4 i1ig

RILRY X H2005F R 10RF R F L T
W R AE BB 55— R KIES) T, Hh
SR A SRB A TN R IR E RS
TR AR FEFFURIZ WK B B
4.1 HMIBMEREAEEEENNERTF

AT 5T 38 I X AN RS R Ll R DX P R e
A B SR sh AR AFAE, B b TR IR R A
T8 P15 7 25 H K AR R L OR3P X G Ik 4 AR 5 11
SO o AT, KRR R A R e I A 1% 5
R EENERAERREED. H5E, KEED
PR 65 = L PR 3 DX 3G e P4 A= 53 1 3 11 D ik 2R 38 A
L R KRR R AR i LSRR . TE
[ — DX ST R 1 58 oty BB O 0 0 9 Rt R B T AR AR

M2 R RREE, 2021). HIK, BIRFEFIRETIAY
R b T R K, T B I S T G M A 1 43 A A
HEVER (). RO T IR, Dlkok ks K&
(4 £, DRIk AP S A 05 7 B AR R/ TR
SR X3 AR LR X K 43 X 34 55 - 4%,
I BERRT IS, POBE A RE WA AR A, DR AE A
5 P PR A5 b T TR o R M B4 1 43 A B DN o
4.2 2005FHEMRF A 1R A% B HFE

FENET PR T, PR 25 R8BS [
B HHE ARG — B TR (R 1) o 7EH T AT
(20054F), HE M 32 BE 5340 T OR3P IX (1) 3 A e 58,
HodE H AR B RN, B RE R (B 3a) . R 1R
X, AR RO PSR, R, AR K
FICBEE VWD A S RIRRAR SRR I R B A (1 3
BT, 2016)0  [FIBSHRAR FITE SR 2 HE I MRS Mk 5 $2 43t
T BRI B 38 A3 BT (W 4 JE 45, 2005; 24575 4%,
2010), ANz BEAL KR SN E P (ED), 5 X
SRS R W P B 2 BP0 AR R X (A AR, 2010).
LI B TE AT R AR I LR, ORGP X P A
—M AT EA216HE. BEIR216EE L
PNTOR ORI X B B8 2N W BT (A B T, AR
— B TR L BHAG T G 0 R AR UE A (L RS RN R
I, AFIFFEE A AR R (RS, 2021), {Hit
I 3 5 AL 0 AL > 2 5 R AR IS, 216 EE 4
TEAIXTAR, M0 H P, fouEA AT LLE
FEGEERTE R o A7 538 WL 3G M 7 b o 2 Ik B T AR
K B AE 216 [ 3 5 004 HE Ab SR £ AR B8 (2 A 2,
2010), FHIEATA, 216 7E X — A 3 % R e 72 1
BELRE RN =20 PR, S A Ko JH A A7 0 ™ 2 S o
4.3 20114 RBMEHL A R AR R HFIE

201 1R IR XA ML IF R 6 sk 2 T, 1tk
I 68 0 4 14D 38 B AR 35 T ARURH B 2005 4 982> 1353
km® (F62). FR37 X 2R i 3 R K T B3 e A B8 R
TERIMAE R, 38 B AR O B R RE Mk 54 T 46 17) R 3
XALER R (Fldc). BB BEARE B A SR EER AU,
PSR B R P A i (3 3)

5[] X 458 R[] BRF A 0 52 78 1 30 A bGP = 45,
2021), REMEFA 13E B A AR D, FER A
BWEA: — R TF RS B RS B A R
Ao FHX TS B P KA B R, REMEFA I
FIFRAE NS, TR BRI IS B AR BB S i R D
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HORAE: B TTRERCM BT8R 2 B LA R ET AR S0 W) B SR TR X RS e ) 2 S5 R 22k

A LR R AR A7, A4 R Ik 7 BB 68 7E Je s rh 4k L AR
1Fo SRR FIEHL T, FonTRFER A7 rTRe T Il EOK
Phlik o W TR IV R 55 NSRS R 8 R BT AR
N EIAT R M, AE A AT S AT M
(Gaynor et al, 2018). K| 1t R {57 #E i 34 5E 98 7E M WAL
B A AR AR A, B AT A R AT R DAIE BB
SREZV NI, Bl e mirh, BICREAT
RN LR BAZE, 2020) 0 X FHAT N HESD 5%
AN G ARG IR MR IE & B, BRI AR
IR BEIIE N BE 7o TR LA GRS M A G KT AR
AR AR A B . RS
& B AR RS AL AN TG 53 I 2 (Kl4a). C
A I 52 B 7K B ) 57 3 T AR Bl 4 2 (8] 4 A 1)
RBER T, BEf% H A B IS sh W 1 43 A Y (PR A
25020125 FRREE, 2021). RIARY X IL# /K A AH
Xk =z, G PE I JL T I8 T R 5 o T O ARG
P URF I bR K (1), TR I 122 X3 B oy 8 1 34
5 1 BRI ANE B AR R (MR R AR, 2021) 0 {HZ S fRY
DX Hh R e 0 R AR SR A o S, SRS M A B 3 )
P, bR . REMERIRIOK 4 177 F L 52 o EF
WhnZ e, BEREWS IR R K, tHAsisE LR
KB, AR B A R 3R BUK 43 (Kingswood &
Blank, 1996), Xt O UE A1 7T LLE R4 X 76 35 Al
e AE AT . hAh, ORI IX U IR AA FR A0 A F)
TR K B 52 B 0P IE IR S (KR 25, 2020),
AT 1H 33K — s 34 968 D 74 7 LR 47 X 78 350 R0 b 1) 3
ARSI PR 2 o IR AN TR R T SO
RO MEFS 138 B AR BT R AR BRI D, & H AR
O P LR (El4c).

TRy XA B RIS IR, 2AEF TS FIE =%
TN 5 B R B 1 AR s, L E 0 A A G AR,
IR, A REAE 9 R M P 5 A0 B I oK B2, A
L R A B8 e 4 3 P 3 R 2B B85 X (I3 o AEL AL 3
(1938 B AR SR AR BN, BEH 41, 1T 1% X 3
A KB BRI —EE B SERE R 4T P R, X
TR AR /D B e 1 SR (255245, 2009), Al b 7 48
(10385 ‘BT AR 35 308 378 A B G A2 G M R I B M RK R 7
Ko BT ARG 2216 E05E P 557 K E Hh k.
BRUKHIOK, FEE T AR R M AE216
ETER M. BT U R X 9 S AR K E T R 7
POUR, SRAE B AR N, 216 EE 20054

o R A ) TP R i, pH M R R
SEIGMER LT SO BTN 2 445, 2011).
4.4 20195 HEMR L 4 AR R HFAE

BRI TE2015-20194E X Ll A3 [X 52 T
EFBE. AR XA BB E 5852019
TE), B MEFA IR IS B AR B T AR Mk T R T U ) A
(01 14E) 880 1520 km?®, 3 BL AR 8570 1) A B 7%
(Eldc), Ji AR R 1 52 F 4RI R b [ X 5 5
FS R RE e 4 PR A B (1 4b) o DRI O P M i
it AR ASAE SR AR RE M 4 S LA B A R Tt A
DX A= 25 W A D 96 o %o A A = 39 A Dk A (GRX i XL
&, 2018), WOMIES) FEW X LRI, EeElT
Yerm e, BECRE T TR A A TS i, 2
MR AT 5, WS IR0 X FIZRYEIX 1
FH 4 78 i P AN T R T 1R 70%-80%,  HLAE 4 il 2%
HER AR K, £ A #4: % (Halogeton glomeratus).
¥ 3% (Salsola arbuscula) 5 X & 3% (Petrosimonia
sibirica) S5 R ME A A B AR ) o e A RE 0 34 (1 2 1%
ARG R SR R RTAR B 20, TR X
T T 0 0 7 A G FE M [X R 530 216 613 ) i o A 4
Pk, FEAETEE MR, M216E &4 E "
A BT AR A R AE T 318 R 1S 11 =i 2 % Rk 2%
X216 [ T8 V2 X 30t B 20 T4 . I FRATIA A
PR LR X SE AR B R G, R A SR AL
WA BT fil, A58 &t IR HT IR .

YD FE RS 1 e BT 2R Bl 1 AR 85 ik 4%
A EAE F (King et al, 2002). {#47 X FHRGHTEA
IR ST S, 20134E R4 XA FES T 1T 44
TR AR IE S BN TE B S KRS, HEife AR A
FEUF SR O 2260 R UE( LSS, 2016). A I
F RG> 553 [T T 38 = R AR B (Sipa)
Y, —FEFRAESNMEZEEIE0.980, BYES
FEH SR F(FHZE, 2011)0 R R EF D 5 (Rl 20 A
HOE N Ol E| R b N VA I K= e s VAN i B =R <
FUISE S UbAh, BFC0T I QBT 5 B M e 5, ¥
XD, FEEFTRAAGFE, FEXXEM
T R A, ROME S IE AR B KT AR R (B
4b). H2015FE0 XA SEtiAE B E G, IR IX AR
T 08 BT RO R I P 1038 AR IR X (E14b), ZIX 35
FEX T RARA TN & GMBEE TS, HFHES
Te AR FER I, R AR 5 AT IE B &2 i X3,
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P REREETINAE P LT X FFH 8, Bt
dm& K F RmE K F 69Kathreen Ruckstuhl 243 #»
PEAFRTEASSERRLTETENTR
RA B BAE, Bt BAFRAT8 A S5 EHT
B 2R F AL AL BGEHEAR T aasdE T,

ORCID

ik/Z @ https://orcid.org/0000-0002-8424-7355

VEVREH @ http://orcid.org/0000-0002-5593-632X
CEF @ http://orcid.org/0000-0001-8701-893X

B2 3k

Aragjo MB, Peterson AT (2012) Uses and misuses of
bioclimatic envelope modeling. Ecology, 93, 1527-1539.
Behdarvand N, Kaboli M, Ahmadi M, Nourani E, Salman
Mahini A, Asadi Aghbolaghi M (2014) Spatial risk model
and mitigation implications for wolf-human conflict in a
highly modified agroecosystem in Western Iran. Biological

Conservation, 177, 156-164.

Chen C, Shao CL, Ge Y, Wang MY, Zhang XC, Xu WX, Yang
WK (2021) Habitat pattern dynamics and cause analysis of
Equus hemionus in Kalamaili Mountain Ungulate Nature
Reserve, Xinjiang. Acta Ecologica Sinica, 41, 2056-2066.
(in Chinese with English abstract) [[5/R, AR, &R,
TEVRFH, SKIRR, 1R3CHF, BgERE (2021) RALZ R ILA
BRI A S B AR ORI X 52 B 9P AR Bk R Bl 2 LK
23 Hfr. AR, 41, 2056-2066.]

Chen QQ, Li ML, Wang X, Qamer FM, Wang P, Yang JW,
Wang MY, Yang WK (2019) Identification of potential
ecological corridors for Marco Polo sheep in Taxkorgan
Wildlife Nature Reserve, Xinjiang, China. Biodiversity
Science, 27, 186-199. (in Chinese with English abstract) [[%
ahoE, ZRSEFS, FfH, Qamer FM, EY, ¥, vEIKRA,
MYERE (2019) HraEEs A Pe R B AL S AR R IX
TR RS E R B R, 27,
186-199.]

Chu HJ, Jiang ZG, Ge Y, Jiang F, Tao YS, Wang C (2009)

20224F |30 | 13 | 21176 | 31071



RS KT RER T B8 R 2 B AT IR AL s B 2R OR3P DX R 1) A B A% R A2 4k

Population densities and number of khulan and goitred
gazelle in Mt Kalamaili Ungulate Nature Reserve.
Biodiversity Science, 17, 414-422. (in Chinese with English
abstract) [FIZL%E, ¥ERI, &%, #iE, BkE, TH
(2009) Rz B LA B F AR DR X 527 BF Op AR Ik 1
FRE T FEANECR, M2 REE, 17, 414-422.)

Clevenger AP, Waltho N (2005) Performance indices to
identify attributes of highway crossing structures facilitating
movement of large mammals. Biological Conservation, 121,
453-464.

Cristescu B, Stenhouse GB, Symbaluk M, Nielsen SE, Boyce
MS (2016) Wildlife habitat selection on landscapes with
industrial disturbance. Environmental Conservation, 43,
327-336.

Editorial Committee of Vegetation Map of China, Chinese
Academy of Sciences (2007) Vegetation Map of the
People’s Republic of China (1 : 1000000). Geological
Publishing House, Beijing. (in Chinese) [ [E R} 5B H [F
T K R i 2 (2007) HAHENRIMEEHEEQ
1000000). HbJsi tH itt, 65T

Epps CW, Palsbell PJ, Wehausen JD, Roderick GK, Ramey RR
II, McCullough DR (2005) Highways block gene flow and
cause a rapid decline in genetic diversity of desert Bighorn
sheep. Ecology Letters, 8, 1029-1038.

Fahrig L (2003) Effects of habitat fragmentation on
biodiversity. Annual Review of Ecology, Evolution, and
Systematics, 34, 487-515.

Forman RTT, Deblinger RD (2000) The ecological road-effect
zone of a Massachusetts (U.S.A.) suburban highway.
Conservation Biology, 14, 36—46.

Fu BJ, Chen LD, Ma KM (2011) Principle and Application of
Landscape Ecology. Science Press, Beijing. (in Chinese) [{d
Az, BERITH, Domii (2011) 50 AR 225 5 H K N A
BRes i, Jb5]

Gao XY, Xu KF, Yao J, Jia ZX (1996) The population
structure of goitred gazelle in Xinjiang. Acta Theriologica
Sinica, 16, 14-18. (in Chinese with English abstract) [{=17
B, YASF, K, TIE(E (1996) #iamigmE ffp s,

4. B, 16, 14-18.]

Gao XY, Yao J (2006) Study on the geography distribution and
population of Gazella subgutturosa in the Hami Basin,
Xinjiang in early winter. Arid Land Geography, 29, 213—
218. (in Chinese with English abstract) [/&1T H, Bk7
(2006) ¥ 55 ey 5 7 A9) 4 8 Uk 72 1) 3t B 03 A1 5 R 2R
. TRXHFE, 29, 213-218.]

Gaynor KM, Hojnowski CE, Carter NH, Brashares JS (2018)
The influence of human disturbance on wildlife
nocturnality. Science, 360, 1232-1235.

Ge Y, Liu CG, Chu HJ, Tao YS (2003) Present situation of the
Equus hemionus resources in the Karamori Mountain Nature
Reserve, Xinjiang. Arid Zone Research, 20, 32-34, 66. (in
Chinese with English abstract) [&4¢, X%, WL ZE, M
K (2003) HrE R Bl BAR R X 5L B B

PRILIR. TFIXWTT, 20, 32-34, 66.]

Huang Y, Chu HJ, Lan WX, Shi K, Tao YS, Shao CL (2011)
Trophic niche width and overlap of Equus przewalskii, E.
hemionus and Gazella subgutturosa in autumn. Arid Zone
Research, 28, 1045-1050. (in Chinese with English abstract)
[(BH, W07, 23008, W, Mk, #fikse (2011)
HGI NG REF D 580 BFOP R RE MR 72 AR TR TR AR S A
T-EXHFT, 28, 1045-1050.]

IUCN (2017) IUCN Red List of Threatened Species.
https://www.iucnredlist.org/species/8976/50187422/.
(accessed on 2021-06-26)

Jiménez-Valverde A, Lobo JM (2007) Threshold criteria for
conversion of probability of species presence to either-or
presence-absence. Acta Oecologica, 31, 361-369.

King SRB (2002) Home range and habitat use of free-ranging
Przewalski horses at Hustai National Park, Mongolia.
Applied Animal Behaviour Science, 78, 103—113.

Kingswood SC, Blank DA (1996) Gazella subgutturosa.
Mammalian Species, 518, 1-10

Kong WY, Li XH, Zou HF (2019) Optimizing MaxEnt model
in the prediction of species distribution. Chinese Journal of
Applied Ecology, 30, 2116-2128. (in Chinese with English
abstract) [fL4ESE, 2, AFZL3E (2019) BONRSHEARLLE
WA oy AR T ARk, R AR A SR, 30, 2116-2128.]

Lei X, Yang B, Jiang WG, Yang YP, Kuenzer C, Chen Q
(2012) Vegetation pattern changes and their influencing
factors in the East Dongting Lake wetland. Geographical
Research, 31, 461-470. (in Chinese with English abstract)
[FEHE, Mk, ¥ ILE, %—M, Claudia Kuenzer, [%5%
(2012) 7R BE IR IR A SR AR Ak [ M A 3R AT
5%, 31, 461-470.]

Lesbarréres D, Lodé T, Merild J (2004) What type of
amphibian tunnel could reduce road kills? Oryx, 38,
220-223.

Li ML, Chen QQ, Wang MY, Yang WK, Zhang C, Luo GP,
Ding JL, Lin YC (2019) Assessment of habitat suitability of
Ovis ammon polii based on MaxEnt modeling in Taxkorgan
Wildlife Nature Reserve. Chinese Journal of Ecology, 38,
594-603. (in Chinese with English abstract) [ZE323, ko
R, TEURKH, MdERE, ko, PR, TEW, MER
(2019) = F MaxEnt 15 71 f) B W] 95 2 4 2 25 B0 3 F 1 F
fir. A, 38, 594-603.]

Li S, Zhang XF, Shi JB, Dong SK, Gao XX (2018) Effects of

highway from Inner Mongolia to Xinjiang on habitat

suitability of ungulates in Alashan desert. Chinese Journal
of Ecology, 37, 103—110. (in Chinese with English abstract)

(20, skAHEE, Ad, EHE, SHEE (2018) HHiE

A B o o 35 S VS [X A i SR T A B ) A A PRI 5

m. AR, 37, 103-110.]

Y, Xu WX, Qiao JF, Yang WK (2009) Spatio-temporal

distribution and habitat selection of Gazella subgutturosa in

Kalamaili Mountain Nature Reserve in four seasons. Arid

Land Geography, 32, 261-267. (in Chinese with English

Li

—

20224F |30%: | 1] 21176 | #1171



RS KT RER T B8 R 2 B AT IR AL s B 2R OR3P DX R 1) A B A% R A2 4k

abstract) [Z2%, RICFF, FrEDy, M4EE (2009) RHid
HLLA B AR R X RE M 1IN 22 A A B e %
TRX I, 32, 261-267.]

Li Y, Xu WX, Yang WK, Qiao JF, Liu W, Xia CJ (2010)
Habitat suitability assessment of Gazella subgutturosa in
Kalamaili Mountain Nature Reserve. Acta Theriologica
Sinica, 30, 11-20. (in Chinese with English abstract) [Z5%¢,
WOCEF, MYERE, FriTs, XIfh, B2 % (2010) Rir#
LA B 28 AR ORI XRG4 AR il B VR VRO, S
1, 30, 11-20.]

Lin J, Xu WX, Yang WK, Xia CJ, Liu W (2012) Habitat
suitability assessment of Equus hemionus hemionus in
Kalamaili Mountain Nature Reserve. Biodiversity Science,
20, 411-419. (in Chinese with English abstract) [#k7s, &
SCHF, MdERE, RS %, X (2012) REZ Bl
HARRIP X 52 B O AR B0 VT, AR 2 HEE, 20,
411-419.]

Liu H, Jiang GS, Li H (2015) A comparative study on four
survey methods used in ungulate population size estimation
in winter in North China. Acta Ecologica Sinica, 35,
3076-3086. (in Chinese with English abstract) [XI#E, 2]
Jist, 2= (2015) db7J5 & AT H K AR Ko P & 5 ik
MILLEL. AR5, 35, 3076-3086.]

Luo C, Xu WH, Zhou ZX, Ouyang ZY, Zhang L (2011)
Habitat prediction for forest musk deer (Moschus
berezovskii) in Qinling mountain range based on niche
model. Acta Ecologica Sinica, 31, 1221-1229. (in Chinese
with English abstract) [Z'#l, 4R P4, BEA, KIHES,
TKEE (2011) F T A= A0 AR R ZR 0 Ly 2R R BB A 15 TN
AR, 31, 1221-1229.]

Martin-Lopez B, Garcia-Llorente M, Palomo I, Montes C
(2011) The conservation against development paradigm in
protected areas: Valuation of ecosystem services in the
Dofiana social-ecological system (Southwestern Spain).
Ecological Economics, 70, 1481-1491.

Merrill EH, Hemker TP, Woodruff KP, Kuck L (1994) Impacts
of mining facilities on fall migration of mule deer. Wildlife
Society Bulletin, 22, 68—73.

Mi CR, Guo YM, Falk H, Han XS (2017) Species distribution
model sampling contributes to the identification of target
species: Take Black-necked Crane and Hooded Crane as
two cases the model-based sampling approach could help to
reduce areas to be investgated and it can find target species
more effectively re. cost and effort. Acta Ecologica Sinica,
37, 4476-4482. (in Chinese with English abstract) ‘% # 5%,
KK, Huettmann Falk, B (2017) 2 THFhorAh
A5 TR 1) K B SRR B2 e AR 0 A O B DA B 30
(Grusnigricollis). 4 3x#%(Grus monacha) W, 4 25%4R,
37,4476-4482.]

Morrison ML, Marcot BG, Mannan RW (2007) Wildlife
habitat relationships: Concepts and applications. The
Condor, 109, 980-981.

Peng XQ (2012) Effect of the East Junggar coal-electricity and

coal-chemical industry development on Equus hemionus in
Kalamaili Mountain. Environmental Protection of Xinjiang,
34(4), 37-41. (in Chinese with English abstract) [#Z [l
(2012) HEARBEHIRAL VIR RO R 2 B i 52 o
B, BRI IRY, 34(4), 37-41.]

Phillips SJ, Anderson RP, Schapire RE (2006) Maximum
entropy modeling of species geographic distributions.
Ecological Modelling, 190, 231-259.

Poole KG, Serrouya R, Teske IE, Podrasky K (2016) Rocky
Mountain Bighorn sheep (Ovis canadensis canadensis)
winter habitat selection and seasonal movements in an area
of active coal mining. Canadian Journal of Zoology, 94,
733-745.

Ran Q, Wei HY, Zhao ZF, Zhang QZ, Liu J, Gu W (2019)
Impact of climate change on the potential distribution and
habitat fragmentation of the relict plant Cathaya
argyrophylla Chun et Kuang. Acta Ecologica Sinica, 39,
2481-2493. (in Chinese with English abstract) [f15, T¥#
e, BAVETT, SRAUh, XIER, BT (2019) SRAAMXS £
AE AV ERAZ BV L 2 A1 B AL B FE RS . AR5k,
39, 2481-2493.]

Sheng HL, Xu HF (1992) Mammalian Field Research Methods.
China Forestry Publishing House, Beijing. (in Chinese) [&%
RO, IR (1992) WASWEF ST FLTTIE. o E ML
AL, dest]

Wang MY, Ji SN, Chen C, Xu WX, Han L, Yang WK (2020)
Effects of road on diurnal group pattern and vigilance
behavior in goitered gazelle. Chinese Journal of Ecology,
39, 937-943. (in Chinese with English abstract) [VEJKFH,
RS, BRR, RO, W, B4ERE (2020) iEREEATE
o G M P [B) SRR AR A AT IR, AR,
39, 937-943.]

Wang Y, Chu HJ, Han LL, Tao YS, Bu L, Liu Z, Jiang ZG
(2016) Factors affecting the home range of reintroduced
Equus przewalskii in the Mt. Kalamaili Ungulate Nature
Reserve. Acta Ecologica Sinica. 36, 545-553. (in Chinese
with English abstract) [T, WIZLZ, EHNAH, ki,
i ==, ), 3 END (2016) B s I BT 5 (Equus
przewalskii) 2 35 T A fe 52w (Rl 2. AR A Rk, 36,
545-553.]

Weir JN, Mahoney SP, McLaren B, Ferguson SH (2007)
Effects of mine development on woodland caribou Rangifer
tarandus distribution. Wildlife Biology, 13, 66-74.

Wu CG, Zhou ZX, Wang PC, Xiao WF, Teng MJ, Peng L
(2009) Evaluation of landscape connectivity based on
least-cost model. Chinese Journal of Applied Ecology, 20,
2042-2048. (in Chinese with English abstract) [ &/, &
T, EMRE, MOk, BEYPHE, 20 (2009) 2T/
U PR B R SR 00 VR AN . N AR A 2 AR, 20,
2042-2048.]

Wu JG (2001) Landscape Ecology: Pattern, Process, Scale and
Hierarchy. Higher Education Press, Beijing. (in Chinese)
(SR (2001) FMAEZFEF—H)R. dfkE. RES5%

20224F |30 | 13 | 21176 | 31271



HORAE: B TTRERCM BT8R 2 B LA R ET AR S0 W) B SR TR X RS e ) 2 S5 R 22k

%K. AEHE WA, R

Xia CJ, Xu WX, Yang WK, Qiao JF, Liu W (2011) Diurnal
activity rhythm of goitred gazelle (Gazella subgutturosa) in
different seasons. Arid Zone Research, 28, 548-554. (in
Chinese with English abstract) [E S %, 30, MR,
TR o7, KR (2011) A [F) 21 RE M Fe B (63 Bl 15 ks
fE. TR, 28, 548-554.]

Xu WX, Yang WK, Zhang C, Wang MY (2016) Main plant
communities and characteristics of Kalamaili Ungulate
Nature Reserve in east Junggar Basin. Chinese Journal of
Plant Ecology, 40, 502-507. (in Chinese with English
abstract) [#%3CHT, BZERE, Kilb, VEVKFH (2016) #EM)/K
TR B R 2 B A B R AR IR X T B IRV M
HRHIE. RS 5R, 40, 502-507 ]

Yang WK, Qiao JF, Yao J, Gao XY (2005) Characteristics of
foraging habitat of goitred gazelles (Gazella subgutturosa
sairensis) in eastern Junggar Basin, Xinjiang. Acta
Theriologica Sinica, 25, 355-360. (in Chinese with English
abstract) [#4ERE, FREE77, Gh%, BATH (2005) HrsmuE
W5 7K 7 b 2R S G W e SR T ML A RRAE . SRR, 25,
355-360.]

Zhang T, Chen ZP, Che KJ, Hu TG, Cheng BR, He MZ (2017)
Characteristics of soil seed banks of different site types in
arid mining area. Arid Zone Research, 34, 51-58. (in
Chinese with English abstract) [5k#, MREF, 58, #
KRG, Featik, FTHIER (2017) FFXH" XA [F 2285
LI T R, TRIXBTT, 34, 51-58.]

Zhang XC, Shao CL, Ge Y, Chen C, Xu WX, Yang WK (2020)
Suitable summer habitat of the khulan in the Mt. Kalamaili
Ungulate Nature Reserve and estimation of its population.

Chinese Journal of Applied Ecology, 31, 2993-3004. (in
Chinese with English abstract) [5kE/R, A5, B8, B
=, IRICH, B4ERE (2020) HTEE-R R EE B A R ET AR
W) EAROR P IX L 258 ol B Ol A 05 S R R DA
A2, 31, 2993-3004.]

Zhang YB, Liu YL, Qin H, Meng QX (2019) Prediction on

spatial migration of suitable distribution of Elaeagnus mollis
under climate change conditions in Shanxi Province, China.
Chinese Journal of Applied Ecology, 30, 496-502. (in
Chinese with English abstract) [5KEX, XIE X, Z=iE,
PRAK (2019) “ABAZ AL 2% A4 L 175 38 SRt i 0 A [XC
(2 (AR . 82 AR 2224, 30, 496-502.]

Zhang YJ, Zhang F, Cao Q, Hu DF, Chu HJ (2014) Status and

quality of water sources in the Kalamari Ungulate Nature
Reserve—A case study in the released area of Equus
przewalskii. Arid Zone Research, 31, 665-671. (in Chinese
with English abstract) [7K/K%, kg, B, #HER, ¥
L7 (2014) Rz HALAA B IS AR R XK IR IR &
K 53 BT —— DA IRBF TSR O], + R X5, 31,
665-671.]

Zhao XF, Xu HL, Wang XY, Xu Q, Yuan KY, Yang YQ,

Zhang P (2018) Effects of artificial measures on surface
recovery of gold mining area in Altai Mountain. Chinese
Journal of Ecology, 37, 1628-1635. (in Chinese with
English abstract) [BAHTX, #RifE&E, 4L, R4, sk
HE, Brskug, KIS (2018) N LHEHEXIBT /R Z8 LR &0 X
MRMIRENER. EA%SE, 37, 1628-1635.]

GiERZ: R SRS =R

MiZE Supplementary Material

MRl MaxEntiEEUERRIEEE
Appendix 1  The environmental variables used in the MaxEnt model
https://www.biodiversity-science.net/fileup/PDF/2021176-1.pdf

M2 FUWBEBEHRELETFEX
Appendix 2 Landscape pattern index and ecological significance
https://www.biodiversity-science.net/fileup/PDF/2021176-2.pdf

20224 |30 | 1 21176 ZE13TT



KR, D, BRR, IR, B0, M4 (2022) B TRER MW R Has-RHi 3 507G WS A s B AR IR X RE I 54 1 A
Bikg mAR k. A2 REME, 30, 21176. http://www.biodiversity-science.net/CN/10.17520/biods.2021176

MRl MaxEnttiEEERMIMELE

Appendix 1  The environmental variables used in the MaxEnt model

4iiY Code IR 5K F Environmental factor
SAREF Climatic factors
Bio 1 F14iF  Annual mean temperature ('C)
Bio2 A J3EEE Mean diurnal range (C)
Bio 3 SR Isothermality (Bio2/Bio7)
Bio4 I Z=H1E Temperature seasonality
Bio 5 % H F i Max. temperature of warmest month (‘C)
Bio 6 > H &% Min. temperature of coldest month (C)
Bio 7 SIEAEVEE Temperature annual range (BioS — Bio6) (‘C)
Bio 8 BB ZET14i# Mean temperature of wettest quarter ('C)
Bio 9 i T2 V13 Mean temperature of driest quarter (C)
Bio 10 T MEZ T Mean temperature of warmest quarter ('C)
Bio 11 A2 V1) Mean temperature of coldest quarter (C)
Bio 12 E[%/KE Annual precipitation (mm)
Bio 13 i A ¥ /K& Precipitation of wettest month (mm)
Bio 14 fix T A B&/K& Precipitation of driest month (mm)
Bio 15 (/K Z=H5PE Precipitation seasonality
Bio 16 2= /K& Precipitation of wettest quarter (mm)
Bio 17 i T-Z=P4 7K & Precipitation of driest quarter (mm)
Bio 18 T E 2= 7K & Precipitation of warmest quarter (mm)
Biol9 A2 K & Precipitation of coldest quarter (mm)
MR F Terrain factors
Alt K Altitude (m)
Asp Y Aspect (°)
Slope Y¢1A) Slope
AZETHETF Anthropogenic influence factors
Dis-min BEH” R HE R Distance to mining (m)
Dis-G216 BE216[E & ¥E % Distance to national road 216 (m)
Dis-expr BES11RE A FE S Distance to S11 expressway (m)
Dis-rail R R & HER R EE RS Distance to Altay-Zhundong railway (m)

AR GREDAIKIE Vegetation type and water source
Dis-water BHE/K R RS Distance to water source (m)
Veg TR Vegetation type
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M2 SUBEHEBEREESFEN

Appendix 2 Landscape pattern index and ecological significance

PEA e RS Evaluation index A% X Ecological significance
g g

P SOMAL I FEARRAE, 12 FE B FA R HR 1) B IR,

Patch area (AREA) The basic characteristics of landscape composition and is also an important basis for measuring other indicators.

Bt R ERBEIAEH, 55U 2 IEAR OGO R, NPIEBCK, DR 0 Fe il v

Number of patches (NP) The number of patches per type, which is positively correlated with the fragmentation of the landscape, and the greater
the NP value, the higher the degree of fragmentation.

PP SR B AR BES AR EE, (B, AR ED b

Patch density (PD) The degree of differentiation of patches in the landscape as a whole, and the higher the value, the higher the degree of
fragmentation.

IR FR S T BRSSO AR 43

Largest patch index (LPI) The largest patch in the landscape as a percentage of the total landscape area.

ARG L JEE B R [ ) T AR P

Proportion of like adjacencies The degree of dispersion between patches.

(PLADYJ)

SOWEARFE L FEBUR, TESIRBARIN, A,

Landscape shape index (LSI) The greater the value of the LSI, the more irregular and complex the patch shape.

AR AR ] S BE A R, (850015000 1 5 14 BOR AUBESAEL AR, JR 2 1 5 N BE S R

Aggregation index (Al) Describing the degree of reunion of different types of landscape patches, the high value indicates that the landscape is
mainly composed of a small number of large patches, and vice versa by several small patches.

Bry s AR K L ) FEHE— AT AR S SR AR A AR, RSB BT HRAE AN SO0 (4 F & A

Percentage of landscape The ratio of the area of a type to the total area of the landscape, and its size represents the richness of that type of patches

(PLAND) throughout the landscape.
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