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Abstract: Habitat degradation, which was resulted from global warming and human disturbance, has put the survival and
distribution of wild mammals in jeopardy. In order to provide a theoretical basis for the future conservation of white-lipped
deer ( Cervus albirosiris) , an endemic deer to Qinghai-Tibet deer, this paper tries to explore and simulate the dominant
climatic and ecological factors that affect distribution pattern and area of the potential suitable habitat for white-lipped deer.
Based on 491 geographical distribution samples, among which 372 samples were collected from literature and 119 samples
were collected during our field investigation, within the distribution range of white-lipped deer, the maximum entropy model

(Maxent) to simulate the geographical distribution of potential suitable habitat for white-lipped deer in 2040 (2021—2040)
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and 2100 (2081—2100) under two shared socio-economic pathways ( SSP1-2.6 and SSP5-8.5). The receiver operating
characteristic curve, Jackknife test and the precent contrition of the environmental factors are carried out to analyze to the
factors that limiting the distribution pattern and area of potential suitable habitat of white-lipped deer. The model results
showed that there were environmental factors, including vegetation type, the mean temperature of the warmest quarter, the
highest temperature in warmest quarter and elevation, were the most important factors that affect the distribution pattern and
area of potential suitable habitat for white-lipped deer. The area of potential suitable habitat for white-lipped deer has
decreased under the both two shared socio-economic pathways from 2021 to 2100, with the south of Tibet, Three Parallel
Rivers Region and the border zone of Qinghai, Sichuan and Gansu being the most affected. Furthermore, the average
elevation of potentially suitable habitat for white-lipped deer increased, and its centroid shifted to high latitude. The highest
and the lowest proportions of the potential suitable habitat were 76.11% and 26.92% under SSP1-2.6, while it was 93.17—
98.51% under SSP5-8.5, which distributed in the protection gap analysis ( GAP) ranges of the national barrier zone,
national nature reserve, and non-national nature reserve of China. Our findings revealed that global warming primarily
affected the potential suitable habitat of white-lipped deer by causing warming on the Qinghai-Tibet Plateau during the warm
season, and that more than 73.80% of the potential suitable habitat was still outside of the current protected area. The
global social economic development model, which should achieve sustainable development status as soon as possible, as

well as GAP conservation planning, should be extremely beneficial to future biodiversity conservation.
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i ]S A AR 40 2 51 25 (Inter-Government Panel on Climate Change , IPCC) PEAkZ0#T, 7£ 20 140, &8R4 E
THT 0.85C I HIERFRFEAR ™ o il N A BRAARAERE | 15 22 B 4 s il e ik S i e 20 3 XS g
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TED IRy A RO AR B A S 2R B A A SR h AR BTz 0, b B R AR A (maximum entropy
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R AT 2 L 2 P AR (SSPs ) e 2.0 B P K BE #6455 (representative concentration pathways, RCPs) A 45 55,
S (R, T ST 28 , SR AR R A LI . AR 2.1 U IR T 5 Al S A v ik
P2 (SSP1-5) UL T 4 BRAK 80 4F MRASALAR O, ot SSP1 IR AU T4 Bk BT A [ 5K T 2020 4 I A LA AT
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BorAits Jmy, B TR PR Rl #E S 2 2 BT | B TFE AR 80 410 1] 4 R 3A8 Ab %t 1 i RE T TE
M E AR B RS SR PR . RS B A5 54K ( Elevation ) (3 (Slope ) I3 [] ( Aspect ) , =™ 48 AT
A ArcGIS(v 10.8) M H E 57 2 ( DEM) $2 5, H [ 807 = F2 AU 5k H NASA (http ://srtm. csi. cgiar.
org/, SRTM30, version 2.1) . HVEAI AL | #9901 VR 4 6 B8008-8 B8 IR PR BE R 2 5 80080 PO (Chitp 7/ www.
resde.cn/) . AR HE BOR R K A #1245 BE F b A H 0 (Socioeconomic Data and Applications Center,
SEDAC) (https://sedac.ciesin.columbia.edu/) , H[E EZ A= 35 B IX E ik A (http :// geodoi.ac.cn/) , 1 E A
SRERPIX B K B (https ;. //www.resde.cn/) o
1.4 ik se

FIH ArcGIS (v 10.8) ¥ T A7 PRIFE R 14 3t B AL b 28 FIBER AL RT3 58— B E iy GCS_WGS_1984 Il WGS
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FRAAE SSP1-2.6 F1 SSP5-8.5 Wil f& I~ 2040 F1 2100 4E 3] [A] 4 5K (SSP1-2.6 2040; SSP1-2.6 2100;
SSP5-8.5 2040 1 SSP5.8.5 2100) H F & REAEAN 0 7 s R PR S B AH . FIH] Pearson A 553 Hr 1 3 L 2373
BT 53 6 A SR o | e G 4 A o s P PR AR S A T MR AT, [R)— B A v 5P PR A i A A DG 2R 2K
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Table 1 The environmental factors selected

At ik H/E
Variable Describe Note
Bio_2 S H 2% Mean Diurnal Range ( Mean of monthly (max temp—min temp) ) 1
Bio_3 ZEWRAE Tsothermality ( BIO2/BI07) (x100) 2
Bio_4 KIRZETTAE 1k Temperature Seasonality ( standard deviation X100) 1
Bio_5 B H 5755 Max Temperature of Warmest Month 3
Bio_10 e BEZHT I Mean Temperature of Warmest Quarter 4
Aspect i 1H) Aspect 1
Elevation 4K Elevation 1
Slope B Slope 1
DisToLake FIWHIIA A HE B Distance to Lake 1
DisToRiver PR AIPER Distance to River 1
VegType H A Vegetation type 1

LW AR 2. HEA A SSP1-2.6 2040;3 . 4N AR SSP1-2.6 2040 Z AMK AT A AR ;4. B 40 A SSP1-2.6 2040 F1 SSP5-8.5 2100 2 4
A

15 BB SR E K GAP 7 Hr

W 11 R A 7 B0 (CSV A% 20) FIPRBEHUE (ASCIT #520) 5 A Maxent B8 (v 3.4.1) " Hy g 1 JEE
AR FERR R T T I ) e A A B 2k ( Create response curves ) | JJ YK I FR35% AR Ak %) T 2P ( Do
Jacknife to measure variable importance ) F13% #5377 % tH ( Logistic ) = AN, 7F 1% & 38 v 2) B BE AL RN F 1%
T, A AL U 0 e B 0.25 , BB s AT IR B0 8 O 10, 12 17 2R BB HE Bootstrap , ) fEHL I 1€
Bt K AU R 57 72 ( Maximum training sensitivity plus specificity, MaxSS) , RS LB EIAN &
FIHZARE TAERAEM 26 F i FL ( Area under the receiving operator curve, AUC) PEM AL S5 | >k H J) Pk
(Jacknife ) 650 FR 58 A 5~ 9 B2

PEFEMI R AUC(TEST AUC) (88K FOBE RS S T PR RE S 535 212 B4 AP 4 T B 2
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(1) ASC A6 AT IS 75 A I 2 SCABBR RGE T (ML BR AR ARG — 3% BN . GCS_WGS_1984 FIH4& 5% AL br e — I '
H:WGS_1984_UTM_Zone_48N) , F| i ArcGIS 432 T E.X} A 8 e AL 6 B AE BE b AT B0 2000 . Br B JE
TRIEIE A B4 0—0.25,0.25—0.50,0.50—0.75,0.75—1 #E4743 25, fEH 23 b A TR 0—0.25 % N
NoData, J 58 SCANIE HAE BE 2500, 0.25—0.50 & MRS B AR BE 2500, 0.50—0.75 & ok rhi B AR B 2],
0.75—1.00 & A madl BAES M . FIH ArcGIS 25 (A 0 T HATEAR | ik B A SO0 78 AR 35 00 T AR 5 o
O, LMK v 3 B A 15 P 2 D R, 8 B e [ 7 B P A 0 v o R 2 3 B AR B Y 3 Sl e A 4 1
SRR

TEAEIE AR AR 25 1 (GAP) THAR TR N R 7k . 5%, I ArcGIS(v 10.8) X i [ E A 8 5
e X 5 1 R SR AR X O (R A SR X R 9 A SR O X)) B2 AT % Ak s 2 Sl i
L HR K R RS (S R VR e 1 B A e TR 2 E 00 2R 5 B AT % Ak JE o i T AR, SR
DA SRR R A v oRn s v el AR B R 2 < AL 2, 430 LA Hp e ) R A 25 e DX 040 R ep
I 2 G AR XSS A 7 4 AR DR 4 IX RS < it B2 3R 7 A7 3R BT, R 0T 45 2R (&1 2 10 T AR 3 il oy =
AN CERIRTETE TR BV I = B RS B2 TP AT A = A S G e B AR B T RO 2 R Y 45 A
JE TR B R R RV AT BAE B AR s AL

2 #R

2.1 BOBURS IS IV 5 PAEE I S AT

Maxent FERIZE LI FERIE) AUC SFI{E M 0.95+0.01 (Mean+SD) , MR E Phillips 25 X #6551 [ B A 4K
PE2 ARG AR EGE TS R AUC (E3CN T |, RS AR R, TR as R 1E
SSP1-2.6 Fl SSP5-8.5 “TAEAEAAE L T, A9k S T TN PR AR 2 5% ] 118 REAE 2040 1 2100 4F PV AE TS B AR 58
IR EE T, 7F SSP1-2.6 SR ALIEOL T , 7F 2040 47 (2021—2040 47) HA[H] | 5200 (8 RS AE G B
A3 A3 B B A ) A TR S B R 22447 ( Mean temperature of the warmest quarter, Bio_10) ; 7£ 2100 4F
(2081—2100 4F ) H18] , 200 [ /S RE P 7 3 ‘B AE B8 00 A ) SR S IR T2 e B d5e 3 /IR ( Max. temperature of
the warmest month, Bio_5), 7E SSP5-8.5 SMEASLAGE AL T , 75 2040 4FXF 1 5 T 78 3 A 5 52 el e R 1 < ik
A F IR e fe e AR ( Max. temperature of the warmest month, Bio_5) ; 7 2100 4F-X [ & B 75 16 B AR B 5
M) 5 A P S A PR S e BB 22 2411 ( Bio_10)

2.2 VAR EAE B M R S T AR

BERUBE A48 F R B 78 SSP1-2.6 AR AL R BL R, A\ 2040 5] 2100 4F | 1 J5 B VA 18 ‘B A 55 00 A 4% Ja A8
A A8 Ay B Y 11 DX o A v R A I P ARSI AN e 7 (BT 1) ARG e R v A B T AR S [l AR A
TR P RS E A RN T 26.65% (% 2)

TE SSP5-8.5 S AABALIF AL T , A 2040 4FF1 2100 4, 18 RE T 738 B A B3 43 A1 46 Jry 22 A I Jd ) IX Ja 32 22
AL DY SRR AN IR D)1 5 70 = s A I (B 1) A L v A B A 8 K N S A R A T
TR, S A AT T 16.75% (£ 2) .

2.3 B RN 5 EIR

R T R X A 3R AR AR R (35 B X5, 0BT T AE AR 80 4RI, R MR AR AL I DL T, 1R g W 7
%P RS B AR KRR T 1) A AR AR O, S5 R A A L At S 2 B U I R, B REAR
o RIS R AR M BLO I R A B R S (B 2) IR AR A AR (R 2) . AR REARE B A BE 50 1)
PYALRE SN T 0.28km , IR FRE T 236m; Hil B ASE B0 P AL AL 3 T 0.60km , “FII4K R % T 181m; (=
R AR O PGS ) T 0.78km , SEXIHFR BT T 59m (3K 2) . 7E SSP5-8.5 ARSI, M 2040 F|
2100 4%, F B REAGE F A S D MU AR RIS 0 1 0.13km, Y3 448 AL R A B s o3& B AR B O ml AR b B o 1
0.33km, FHER LT+ T S4m; @il BAEBE UG M ARIE SN T 1.05km, FERGHRAMAHE (£ 2) .
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Fig.1 Distribution patterns of total potential suitable habitat of white-lipped deer under different climate changes
:2 AEREBEEELEER.TFHEHRES GAP &R
Table 2 The potential suitable habitat, average elevation and result of GAP analysis of white-lipped deer
. N, P31 A 4
Site WEiE o ot e EE BRI
LR AR TR TN ml‘i]ﬁ%” R IX AP AP R IX
Shared ] Gradient of TR Area of g MR GAP Sk GAP
) : . Average . Area of GAP of GAP of
s0Cio- Time Potential ~ Area/km? . National . Area of K . GAP of  Total GAP/%
. . elevation/m . National National National
economic suitable Barrier local nature X local nature
thwa habitat Zone/km? nature reserve/km? Barier nature reserve/ %
patvay reserve/km? Zone/%  reserve/%
SSP1-2.6 2040 ik 471029 4200 241770 88404 9248 48.67 81.23 98.04 27.94
SSP1-2.6 2040 h 202935 4136 118459 38128 9281 41.63 81.21 95.43 18.27
SSP1-2.6 2040 =] 23201 3910 12723 3024 1548 45.16 86.97 93.33 25.46
SSP1-2.6 2100 ik 431583 3964 9248 89068 6414 97.86 79.36 98.51 75.73
SSP1-2.6 2100 i 167499 3955 9281 33874 5511 94.46 79.78 96.71 70.95
SSP1-2.6 2100 =] 17018 3969 1548 2249 870 90.90 86.78 94.89 72.57
SSP5-8.5 2040 1% 468700 4101 250150 94442 9952 46.63 79.85 97.88 24.36
SSP5-8.5 2040 h 196194 4149 94275 27139 6462 51.95 86.17 96.71 34.82
SSP5-8.5 2040 =] 25330 4121 9324 2603 1730 63.19 89.72 93.17 46.08
SSP5-8.5 2100 % 423256 4105 225703 78831 10724 46.67 81.38 97.47 25.52
SSP5-8.5 2100 h 217505 4203 111172 32109 6453 48.89 85.24 97.03 31.16
SSP5-8.5 2100 = 21087 4124 9868 2503 1275 53.20 88.13 93.95 35.29
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Fig.2 The centroid of potential suitable habitat of white-lipped deer
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AEIRIEREMI NG . TETFIE DU )R H i 28 S5 DB, R JEE VR A 3 P A 15 700 A ] I8 Pl B2 32 A 3 1 %
YT A AT AR B T VAR X B , A o A SRR AR R R AR

F£ SSP1 il SSPS B AL 1B O T, A 2040 4] 2100 43, (M8 RE WS 168 B A B2 AL T [ ) e i L
BT E] 26.65% . 1R REVEARE B A SR AT BE 0T RE -5 32 2 BRI AR B 17 0 L B2 118 R 1) o VAR o5 483 32 [XC
BT PRSNGSR FE Ak L b DI by 75 90 5 S5 < 81 42 -2 (Inverse pyramid ) 7 LAY Y4k
It 3000 K LUJG LA i 2 AR SOsE R RE S INFEER T A AR X, IR D L 45 o 20V 2%
IR LR S0, B Tk T, FLRt b e i B, (S R T AR SR m AR 22 TR, o5 — i, FE 2R
TRAFBE TS 0, ShA A E Ak i B e TR Bl A9 10 BE ), 1SR 1) 1 YA A 1 0 5 DX 3 A i N o R v, BRAR
Al ] 3k 4 3R A AR B A 52 1) (L SZ AR 500 I P s i) 38 ‘A B3 TR FRUKe N
3.3 WIS AR GAP St

R FH P e S0 150 0 400 o 8 7 3 B AR B 0 A BOIR , B W R A B R B R 2 Ak i, SR T AS BEXT
PR AETE BUAE SR AR O IR S A TVTAS . ARWIFIR 45 SRR I FE B SARARBEE  F , F1R RV el B A T A
{RAP BTG B4 HEBATIORAG . 7 SSP1-2.6 1 SSP5-8.5 SARASLAG LT, 11 B VB 70386 B A= 851 T B - b
Hi AT R R G L BB AR Ak (3% 2) |, FRIITE S BERARAR B A ZEE sh i T3 ma 945 00, BUA P 15 it 7 (1
% A oy A BR A ABAE 0 I NG B TR B BRI VE T . SR, 78 SSP1-2.6 AU AB AL I L T, B — 21 1Y
TS B AR T b E E R B R RN, R4S LE SSP5-8.5 SRS o TsA T e, #E 2018 4E, k[
X m A O 2B S T E AR 18%, Hid T 2020 ZH AW LR HER 11 FHE R 17% /7% 5% H
PRI, BRI, FE SSP1-2.6 il SSP5-8.5 WA MEASALFEM T, (B e T 76 18 B A 5500 T R A SRR P X 11
T AR FL AR T 2020 Z A M2 FErE HFR 11 FHE 17%, %R0, T EE Y 2R b RS RS
i o DX R B 2 5 T HR R S T A W AR H bR 2020 T Oe TR U EE B H bR, 16 3 S0y Ah 5 5
TR Rt

5% 3L HK ( References)

[ 1] 2R, RSE. LSRRG N B (AT BSRNS. A= 255240, 2020, 40(11) ; 3844-3850.

http ; //www.ecologica.cn



9402 JAE = 24

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]
[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

[28]

Bellard C, Bertelsmeier C, Leadley P, Thuiller W, Courchamp F. Impacts of climate change on the future of biodiversity. Ecology Letters, 2012,
15(4) : 365-3717.

Hausfather, Z. Explainer: How ’Shared Socioeconomic Pathways' Explore Future Climate Change [ EB/OL]. (2018-04-11) [2020-11-06].
https : //www. carbonbrief. org/ explainer-how-shared-socioeconomic-pathways-explore-future-climate-change , 2020.

Scherrer D, Schmid S, Kérner C. Elevational species shifts in a warmer climate are overestimated when based on weather station data. International
Journal of Biometeorology, 2011, 55(4) ; 645-654.

Chen IC, Hill J K, Ohlemuller R, Roy D B, Thomas C D. Rapid range shifts of species associated with high levels of climate warming.Science,
2011, 333(333): 1024-1026.

Thackeray S J, Sparks T H, Frederiksen M, Burthe S, Bacon P J, Bell J R, Botham M S, Brereton T M, Bright P W, Carvalho L. Trophic level
asynchrony in rates of phenological change for marine, freshwater and terrestrial environments. Global Change Biology, 2010, 16(12) : 3304-3313.
Williams J W, Jackson S T, Kutzbach J E. Projected distributions of novel and disappearing climates by 2100 AD. Proceedings of the National
Academy of Sciences, 2007, 104(14) ; 5738-5742.

Safaei M, Rezayan H, Zeaieanfirouzabadi P, Sadidi J. Optimization of species distribution models using a genetic algorithm for simulating climate
change effects on Zagros forests in Iran. Ecological Informatics, 2021, 63. 101288.

Phillips S J, Anderson R P, Schapire R E. Maximum entropy modeling of species geographic distributions. Ecological Modelling, 2006, 190 ( 3-
4) . 231-259.

PSR, LD, FR4EE, BROTH, WA, BT, WA, B E R G A R N G 22 A B F A, AR, 2021, 41
(11) . 4460-4468.

Bias, BMET, REWL, WRIER, BERZE i, sk, iR, 55T MaxEnt AHY ) — RIS 11 ARS8 K AE A 19 S M 5 P IEAN . 1H 1 30
¥, 2016, 35(6) ; 833-837.

SREASC, VL, WLrA, W RIY, IRERE, SR, SKEE. SITRER AR SRR ABGE AT, IR, 2019, 39(4) .
397-409.

R, RIEW. P S GAP ATt dt e, A=W HEdk, 2000, (2): 208-214.

Scott J M, Davis F, Csuti B, Noss R, Butterfield B, Groves C, Anderson H, Caicco S, D'Erchia F, Thomas C Edwards, Ulliman J, Wright R G.
Gap analysis: a geographic approach to protection of biological diversity. Wildlife Monographs, 1993, 123 3-41.

RER, FRIE. AUBERIDTE IR KA kg, B A3, 2007, (5) : 36-39.

BN, BB, XD, FEde, FIFE, W P EAE Y SRR G4 S CRHEEY) ELE B AL, 2021

Harris, R. Cervus albirostris. The IUCN red list of threatened species 2015: e.T4256A61976756. http://dx.doi.org/10.2305/IUCN. UK.2015- 2.
RLTS.T4256A61976756.en.2015.

LiJ G, Wang C D, TangZ H, Guo Y Q, Zheng T C, Li Y Z, You Z Q. The Gut Bacterial Community Composition of Wild Cervus albirostris
( White-Lipped Deer) Detected by the 16S Ribosomal RNA Gene Sequencing. Current Microbiology, 2017, 74 1100-1107.

FKEM, BT, AN, WAERY, TERRY, ARG, IMUL, BORME, skdpE, AL, BRI, R, R, ST, ke, BRI
A6 TR AL, BHEiE A, 2015, 60(32) : 3048-3056.

XNZHE, bl , ks, BT, TaU, XER, NE, HERE, SUeE. R R E R T A 2R IR SRR A
LR, 2018, 26(9) : 972-987.

skrhde, RN, REA, BbE, SR, HAR, KR, 303, Bk, FRE RS LAY S SRS R G IR R. 4
PIZHEYE, 2018, 26(2) ; 111-129.

A, eI =TI A IELR AL RGBT RS R . P E BB T, 2005, (6) : 471-476.

RER, B, S, EA. BEITIRK A ZAER L. R, 2009, 64(5) ¢ 571-580.

SRR P EMFLE A LAt PEMOL T R, 1997.

RER, B PEABE. Jbat: hEM S, 1999.

FEREN. T E AL 2R RS AG. URT. Bl AL, 2015.

UeEEnm, FEIE, M, AL, AL, XIS, HEE, MRA, AN BERE AR R R A R X ES RN E AR R e
HEAR, 2014, (1) 46-53.

Riahi K, van Vuuren D P, Kriegler E, Edmonds J, O'Neill B C, Fujimori S, Bauer N, Calvin K, Dellink R, Fricko O, Lutz W, Popp A,

Cuaresma J C, KC S, Leimbach M, Jiang L. W, Kram T, Rao S, Tavoni M. The Shared Socioeconomic Pathways and their energy, land use, and

http ; //www.ecologica.cn



22 JERE A LT GIS Al Maxent BT (5 BE ( Cervus albirostris ) W AE I B A 38 N ARPY GAP Z3#7 9403

[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]

[37]

[38]
[39]

[40]

greenhouse gas emissions implications: An overview. Global Environmental Change, 2017, 42, 153-168.

Phillips S J, Anderson R P, Dudik M, Schapire R E, Blair M E. Opening the black box: an open-source release of Maxent. Ecography, 2017, 40
(7). 887-893.

BT, A, SCBESE, BhbkaR, XIS, KU, ARAUH X SRR S Y e S T S O A AT B AR S A, 2021, 42
(2):318-328.

IMEVK. S A2 56 3 AR JEaT . JERUIE A T AAL, 2001.

IR, EAHE, JTRK, 2, SRR, MG, BHLG. SECER S IR S B, KRR, 2021, 44(1) : 1-11.

RUMEZR , . 75 ol e J5L b FLAR ATl DT 30 AR URAR M SR R L A SR 2R W B/ T4, 1998, 17(3) ; 245-249.

T, JT3CE, EAREE. AT 50 AR URAR AN 7 R RO AR W ) B BT R s o R AR AR E A, 2016, 24(4) ¢ 532-543.
Elsen P R, Tingley M W. Global mountain topography and the fate of montane species under climate change. Nature Climate Change, 2015, 5(8) :
772-776.

Liu X D, Chen B D. Climatic warming in the Tibetan Plateau during recent decades. International Journal of Climatology, 2000, 20( 14) .
1729-1742.

Wang T Y, Wu T H, Wang P, Li R, Xie C W, Zou D F. Spatial distribution and changes of permafrost on the Qinghai-Tibet Plateau revealed by
statistical models during the period of 1980 to 2010. Science of the Total Environment, 2019, 650: 661-670.

XDBE Tk, K, WG, KRB DNEFNE AR XA R, 2001

Colwell R K, Brehm G, Cardelus C L, Gilman A C, Longino J T. Global Warming, Elevational Range Shifts, and Lowland Biotic Attrition in the
Wet Tropics. Science, 2008, 322(5899) ; 258-261.

YouZ Q, HuJ H, Wei Q, Li C W, Deng X F, Jiang Z G. Pitfall of big databases. Proceedings of the National Academy of Sciences of the United
States of America, 2018, 115(39) . £9026-E9028.

http ; //www.ecologica.cn



