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Abstract: It is of great significance for grassland management to investigate the future changes in the spatial distribution
patterns of dominant species and grassland types in the Qinghai-Tibetan Plateau under the global climate change. Using the
maximum entropy model ( MaxEnt) , this study utilized species distribution data and dominant environmental variables to

simulate and analyze potential suitable areas of dominant species in the alpine grassland and alpine meadows in the Qinghai-
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Tibetan Plateau and their responses to climate change under different current and future climate scenarios ( SSP126,
SSP245, SSP370, SSP585). The results were as follows: (1) The AUC values of MaxEnt for all the four studied species
were >0.9, indicating a good prediction effect. (2) The primary driving factors for Poa annua ( P. annua) alpine grassland
was the mean temperature of the coldest quarter (bioll), while annual precipitation ( biol2), Elevation ( Elev), mean
diurnal range (bio2), and precipitation seasonality ( biol5) were important factors affecting the distribution of dominant
species in the alpine grasslands and alpine meadows. Stipa purpurea ( S. purpurea) alpine grassland, Carex parvula
(C. parvula) alpine meadow, and Carex alatauensis ( C. alatauensis) alpine meadow included. (3) Under future climate
scenarios, some areas lost by P. annua alpine grassland will be transformed into suitable habitats for S. purpurea alpine
grassland and C. alatauensis alpine meadow; furthermore, centroids of suitable areas for dominant species in alpine
grasslands will shift southwestward. The potential suitable area of P. annua will expand under SSP370 scenario in mid-term
period (2041—2060) and under SSP245 scenario long term period (2061—2080), but will decrease under other
scenarios. The potential suitable area of S. purpurea will expand most significantly under the SSP370 scenario. The potential
suitable areas of the dominant species in the alpine meadow tended to expand, and the center of mass migrated to the south,
but will be lost only under the SSP585 scenario. This present study provided not only methodological reference for protecting
species diversity and local animal husbandry production in this area, but also provided theoretical support for maintaining

regional ecosystem balance.

Key Words: the Qinghai-Tibetan Plateau; alpine grassland; dominant species; MaxEnt model; change suitable habitat
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e T T e R I AR IS ARG A R R R O I BE Al SR AR R TE AR ) A PR R TE MG
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YRR 5 A AR ( SDMs ) 2 ) FH B A8 F AR 4000 o A B3 B0 HGE BT X 4 A A 2Bk #
B4 b 43 A AR Y QRN £ 1) 35 A% B AR AR ( Genetic Algorithm for Ruleset Prediction, GARP) A= ¥ Fh i 18 A5t
A ( CLIMEX ) Fl 5% K58 ( Maximum Entropy Model, MaxEnt) "2 2 45 8 N 4 5 T2 183 TARRAEh
2818 ( Receiver Operating Characteristic, ROC) Fl Kappa Z FO6 LRI A0 HERH PEEA T 1AL , & B MaxEnt FEHY
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o U A 1 B0, R MaxEnt BUIETETE FLIX, 204 5 0 HL 2 8] A 8 325 DR, S0 7 R R AN ) e 5t
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Fig.1 Distribution of dominant species on the Qinghai-Tibetan Plateau
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AME (CVH, http://www.cvh.ac.cn) o AN 5311 Ficdl 58 LS 350 78 GBIF Hhyl b ik th i s T 44 B
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BRI (http ./ /worldelim.org/ ) , R 2.1 MUBOHT BB I RUA . WIARBEALR 2R FH 1970—2000 4% 1+ ] Bt
SEHE 2 B HER R 307 (29 1 km) . ASRABEEEE H WorldClim P 3 3 45 3% 5] 1 2 R 45 1Y BCC-
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SSP245 ([l {4 ) ,SSP370( X I FE 4 B8 AR ) , SSP585 ( LMEGALATHREL R BRAR ) =S RIS RN 2.5/ (2 5
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SR 2 0] T A7 AR SR AR ICTE ) i R v il PR A 22 E 2 v [ R W D03 (R BTG 25 SR, A P Rz R 4
Br R B A8 i 2 [ A DG (T 2) o SRIGHE BT A AR A8 B 5 AR AR | AR A ) UG 56 245 SR I B
TUIRR R O 1A T I045 G AH ST 3T 1 PR Btk — 25 40 #r, an SR A~ PR 2Z (R A M R B R | =
0.8, PR STk R M AR T 5 16 D IREEAE BV E AT 5T TS R F | 0L - AFSF 38R (biol ) P
IR H A2 (bio2) AETRME (biod) AR ZE 19 MEAR B R (biod) e i® A3 AR IR (bio6) R AEHK 22
(bio7) HIBZEEE IR (bio8) T REEI IR BE (bio9) Fxid 2 B IR BE (bioll) AF[E/KEE (biol2) |
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#1 ATFHREABHS FEMNTETR

Table 1 Environmental variables used to study grassland dominant speciesdistribution simulations

IR TS P SLA TR AR A
Code of environmental factor English name Chinese name Unit
Biol Annual mean temperature RS R C

Bio2 Mf:an diurnal range ( mean of monthly ( max temp- S H e <

min temp) )

Bio3 Isothermality ( Bio2/Bio7%100) TR

Bio4 Temperature seasonality (standard deviationx100) SIEZET AR B R (FRUEDR 25X 100) —

Bio6 Min Temperature of coldest month St A E AR FE C

Bio7 Temperature annual range KIRFER#E C

Bio8 Mean temperature of wettest quarter T il 75 T AR C

Bio9 Mean temperature of driest quarter T T TR C

Bioll Mean temperature of coldest quarter Ve ZE AR C

Biol2 Annual precipitation AR mm
Biol4 Precipitation of driest month T A Gy REoK mm
Biol5 Precipitation seasonality K B EAR L —
Biol7 Precipitation of driest quarter T T AR B K i mm
Biol8 Precipitation of warmest quarter Tl 78 4 K i mm
Biol9 Precipitation of coldest quarter B ZEE KK 5 mm
Elev Elevation 5273 m
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Fig.2 Correlation diagram of environmental variables for grassland dominant species
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2.3 MaxEnt BRI K 25 R PPA

R Py o3 A s (CSV SO ) PR AZ S (ASC) S AR Y 306 498 22 1] i 7 pHy 24 A ] A4 90000 141 - A K T )
% (Jackknife ) 7145 R 7 STmk R M B W B B BEFRZ 4R 4 (Logistic ) A 7, B H4 5 MaxEnt A
7], 38 P s sR 0 A %4073 (Replicated run type ) P54 H 25K 5092 ( Bootstrap ) , BEMLIERE 25% B9 434 15
VESR AR TS 75% 09534 AR IR AR IR E A G2 4T 20 WK, LA T BRI ZR 8800 5 I 8080s 7 A 1Y 22
a0 A SRAE A 10000 4N 5 RS BT R BEHL R 3 ( Random seed ) Fi0 T 2 R BUHE ( Write plot
data) "’ ,/\%%ﬁﬁh%wj\ﬁ

18 H 2R & TAERRE i 26 ( Receiver Operating Characteristic, ROC Hi1£E) '~ i 1 #UH ( Area Under
Curve, AUC) TTARRLIIES AR B BUE G T 0—1 2 J8], AUC {EUBRFEIT 1, B0 5000 A8 g o, F000 45
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AR5y AL T HE BRI ] . A F 4 (0.90—1.00) , B 4F(0.80—0.90) , —fi% (0.70—0.80) , 158 1] 452 (0.60—
0.70) , % (0.50—0.60) "/,

S 7245 U AT A UM RIS A HE RO, SR S ASC™ . 26 AreGIS P o T T ELIS
R 4 0 ASC” SCPERE LI Ja T 0, 1T MRS P12 B Ak, 22007 00 40 i I X B 0 i b
SET IPCC 55 YA P X FTRE™ 058 S0, s R B 5 I A X BRI 0.2, A AreGIS ¥
B RIS 2 SDM Toolbox + 5 HEAS 1405 0, EREHLIE BN AT TRV AL ™ | SMH7 AR L 15
TEA RS AT e 38 B X 23 )28 Al R AN R SR A RE D
2.4 HAWEES P

RS AR T AR A T (1:100 J7 v E RO B PR AE) T A1) 4 BEE R 1 km, MaxEnt £00F R 241 W 5T
PR (http . //biodiversity informatics.amnh.org/) , JRA A 3.4.4; SDM toolbox WA A v2.5, M TT %X Y& (hitp ://
www.sdmtoolbox.org/downloads ) ZRHY .

3 ZBRESH

3.1 RIS R T S R A5 S T 24 i AR S T A4 2

ROC HEAGIRAE AR | 16 25 AU i S R ) I 3 55 v € m AL M 19 AUC (EAT R I 0.9, W i
AL SR, BRI i B A DX RS (181 3)

TG 56 B BTHR AR 28 R 0] AR E S A A B £ R PRI 5 (38 2) o S HTRIUR SR STRR AR 45 2R B R it
P (Elev) FREEE (bio2 , biol 1) X FL AR v 2 B JEURIRE A o e 21 1 8 e ) S IR R, R R T4 5 5 i
G BRI 3 0 5 SR AL 25208 oy 8 e i g g 1 e e S e ) 3 A1 2 K A (bio12, biol 7)) BRA, HLAR KA
SRR S i AW 25 AT TR A R R W], AR K (biol2) (VR (Elev) ¥ H 2%
(bio2) KR K Z= AT PR (Biol5) X 4 23t 0 Ais FAT B B2 | HL A% 24 0 0 0oF B3 2 45k 114 0 7 56 J&€ 77 1
2e 5, P ARRK AL P RTRLRE H A2s I oKk 2 AR A 0 R SR e v FE R WA /N 5 v 1L e e v e
AR S | e 2 %o fK R, PR H B 2R B R AN

£2 BRABERDLUIERTHRRETENZAEMNRHE %

Table 2 The contribution rate of environmental variables under current scenario for each dominant species in the MaxEnt model

LRI R TR Y R IE = el R S R BIEE R

A P. annua alpine grassland S. purpurea alpine grassland K. humilis alpine meadow C. alatauensis alpine meadow
Variables T RFk T RF i ARF Hi Ak

Current Future Current Future Current Future Current Future
Biol 0.3 0.9+0.6
Bio2 2.7 3.45+2.05 8.5 12.3+3.5 21.5 27.2+2 21.4 26.2+3
Bio3 4.2 4.25+2.35 2.1 4.5+2.4
Bio4 8.7 5.25+3.55 5.8 3.85+1.35
Bio6 18.6 9.6+1.6 12.1 7.55£1.05
Bio7 19.4 14.7£3.9 9.2 6.65+3.15
Bio8 0.9 3.85+1.65
Bio9 1.8 1.85+0.65
Bioll 48.3 50+9.7
Biol2 6.6 8.85+3.35 30.6 21.35+2.85 42.6 43.65+3.95 32.7 36.8+5.4
Biol4 7.1 6.55£2.15
Biol5 2.2 5+4.5 4.2 3.2+1.2 5.5 10.5£3.2 6.4 5.8+1.25
Biol7 5.3 5.95+2.65 14.1 17.5£2.7
Biol8 5.3 3.3+3.2 1.7 1.8+0.75
Biol9 2.2 1.7£0.35
Elev 16.6 15.55+£9.75 17.1 22.1+4.7 2.4 3.9£2.1 10.5 12.4+4.7
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Fig.3 ROC curve and AUC value for the dominant of alpine grassland and alpine meadows
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Fig.4 Response curve of Important environmental variables and interallogenic distribution under current scenario
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Fig.5 Distribution of potential suitable areas of the Qinghai-
Tibetan Plateau of alpine grassland of P. annua ( 1 ) and S.

purpurea ( 11 ) , alpine meadow of C. parvula ( 1) and C.

alatauensis ( 11 ) under the current climate
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Table 3 Current potential suitable area of the Qinghai-Tibetan Plateau of alpine grassland of P. annua and S. purpurea ,alpine meadow of C.

parvula and C. alatauensis
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FBARIE(P. annua)
EAEEF FFE(S. purpurea)

X Al %

Suitable area ratio

RN

Name

HEHIX/x10* km?
Suitable area

6 H X H A/ %

Suitable area ratio

EHEIX/x10* km?
Suitable area

113.68
138.24

LIRS (K. humilis) 45.47

R E R (C. alatauensis)

122.33
162.14
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64.85 55.29
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Fig.6  Distribution of potential suitable areas of the Qinghai-Tibet Plateau of P. annua ( 1 ) and S. purpurea ( 1l ), alpine meadow of C.

parvula ( 1) and C. alatauensis ( 1 ) under future climate change scenarios in the future
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Fig.7 Spatial variation of potential habitat of P. annua and S. purpurea, alpine meadow of C. parvula and C. alatauensis under the future

different climate scenarios compared with modern climate scenarios
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R4 RRAASEBEETERARE ZEHFRX BSUEEX BEBSELXEEEERER/(x10* km?)

Table 4 Potential suitable area of P.annua,, S.purpurea, K.humilis, C.alatauensis under different scenarios in the future

YFh 2K AR A 49 HEHX T H X AL L B
Species Name Climate scenario Period Suitable area Change rate/%
LR 15 9 R SSP126 2041—2060 86.05 -13.42
P. annua alpine grassland 2061—2080 103.90 -6.83
SSP245 2041—2060 113.45 -3.37
2061—2080 139.05 6.07
SSP370 2041—2060 145.68 8.62
2061—2080 115.34 -2.6
SSP585 2041—2060 119.15 -1.27
2061—2080 112.37 =3.77
VA E NS SSP126 2041—2060 197.10 12.90
S. purpurea alpine grassland 2061—2080 189.65 10.14
SSP245 2041—2060 199.44 13.62
2061—2080 186.92 9.00
SSP370 2041—2060 190.30 10.38
2061—2080 187.51 9.35
SSP585 2041—2060 198.28 13.20
2061—2080 184.30 8.03
95 1L 2 R T ) SSP126 2041—2060 151.34 13.89
C. parvula alpine meadow 2061—2080 158.93 16.70
SSP245 2041—2060 154.22 14.85
2061—2080 159.27 16.71
SSP370 2041—2060 193.58 29.51
2061—2080 163.25 18.30
SSP585 2041—2060 145.32 11.56
2061—2080 95.34 -6.86
A R SR TR R ) SSP126 2041—2060 212.81 27.53
C. alatauensis alpine meadow 2061—2080 176.05 13.95
SSP245 2041—2060 206.34 25.00
2061—2080 188.30 18.34
SSP370 2041—2060 191.62 19.70
2061—2080 180.45 15.57
SSP585 2041—2060 90.67 -17.67
2061—2080 186.00 10.36

R5 FRERSEERSSEEAABMNROLEMIBESR
Table 5 Centroid coordinates and migration distance of dominant species in the alpine grassland and the alpine meadow in the Qing-

Tibetan Plateau

YiFhsa i AR i 7R LiRE HEBH R/ km
Species name Climate scenario Period Longitude Latitude Migration distance
[REE S N iR 1970—2000 94°58'E 33°08'N —
Alpine grassland dominan SSP126 2041—2060 93°52'E 32°35'N 119.55
2061—2080 93°46'E 32°47'N 118.59
SSp245 2041—2060 94°04'E 32°36'N 102.55
2061—2080 94°36'E 32°28'N 81.23
SSP370 2041—2060 93°40'E 32°37'N 133.88
2061—2080 94°04'E 32°32'N 106.64
SSP585 2041—2060 94°22'E 32°41'N 74.19
2061—2080 94°18'E 32°27'N 96.58
1970—2000 97°43'E 33°40'N —
[FE ALl SSP126 2041—2060 97°18'E 33°02'N 80.17
Alpine meadow dominant species 2061—2080 97°19'E 32°20'N 152.83
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s
Yo &R AUl I 44 ZIE 213 LA/ km
Species name Climate scenario Period Longitude Latitude Migration distance
SSP245 2041—2060 97°29'E 33°02'N 73.92
2061—2080 96°53'E 32°49'N 120.89
SSP370 2041—2060 97°13'E 33°28'N 50.52
2061—2080 97°33'E 32°52'N 90.00
SSP585 2041—2060 97°14'E 33°10'N 70.19
2061—2080 97°36'E 32°46'N 100.22
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Fig.8 Centroid transfer in potential suitable areas of alpine grassland dominant species and alpine meadow dominant species under

different climate
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