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Abstract: This study aimed to clarify the potential suitable habitats of three Orinus species, including O. thorol-
dii, O. kokonoricus and O. intermedius, under the background of climate change. Based on the data of species
distribution records and climate variables, MaxEnt model and ArcGIS were applied to conduct spatial simula-
tion and prediction of three Orinus species. The results showed that the predictive accuracy was high (AUC>
0.95). The key environmental factor influencing habitat suitability was altitude for O. thoroldii, the mean tem-
perature of the wettest quarter was the main factor for O. kokonoricus, while the mean diurnal temperature
range was the key one for O. intermedius. From the Last Interglacial to the Mid-Holocene, the suitable area
for O. thoroldii and O. kokonoricus decreased, while that for O. intermedius increased. Under the future cli-
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mate scenarios, the suitable area of O. thoroldii and O. kokonoricus showed an initial increase followed by a
decrease, whereas the opposite trend was observed for O. intermedius. Currently, the high suitable area of O.
thoroldii was mainly located in the southwest of the Qinghai-Xizang Plateau, that of O. kokonoricus was in the
east of the Qinghai-Xizang Plateau, while that of O. intermedius was in the central part and northeast of the

Qinghai-Xizang Plateau. We thought that the high suitable habitat of Orinus species was in the southwest,
east, northeast and central parts of the Qinghai-Xizang Plateau. It is suggested to strengthen in situ protection

to cope with the pressure brought by future climate change.
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Fig.1 Geographical distribution sites of the Orinus species
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Table 1 Environmental data used in this study
AR 4 i Variable description 2 B fi 5 Abbreviated name AN/ Unit
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1% 75 5 V- Y3 B Mean temperature of coldest quarter( X 10) Bioll C
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Fig. 2 ROC curve verification of Orinus predicted by MaxEnt model
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Note: a O. thoroldii; b O. kokonoricus; ¢ O. intermedius. The same as below
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Table 2 Importance of each dominant environment variable in MaxEnt model
P)Fh Species A5 5 Variable Ti#k R Contribution rate/ % e H EE Permutation importance/ %
[E Y05 O. thoroldii Alt 59.4 71.9
Bio9 19.1 7.2
Biol 8.1 4.5
T [E YD E O, kokonoricus Alt 29.2 4.1
Bio8 20.8 54.9
Biol5 15.6 5.7
S (6] [E Y0 5 O. intermedius Bio2 38.3 23
Alt 32.5 43.2
Biol9 18.6 29.2
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Fig.3 Jackknife test of the environmental variable importance based on MaxEnt model
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Note: a,O. thoroldii; b,0. kokonoricus; c¢,O. intermedius. The same as below

2.3 EBEEEY IR S 13T IR E EH F e R
eI FEIN Ry, W R A AE BE R KT 0.5 B
PN sl ok 7/ O RA S S N R 4 v RS Y T D2
Mk 45 R BoR , WV REAETGIR 774 m LUF L A7
FE B3R T = LA AR R R B K, T 4080 m 4b ik F)
WS A, e 3 76 4% 95 FBL oA 3709~4605 m ([ 4a) ; [Al T,
FEFEAE R AE e T 2 B2 R B — 3. TCRIAE PR
U 18. 9°CH ik B W AE (& 4b, de) . 75 1 [ V0 25 ) f
T I AR 6 2705~4203 m, WEAH 2 T 3040 m; %

T 2 ST 3 T B Y B S Y RO 9. 4~13. 1°C, W {H 7
10. 1°C 5 B 7K o 25 19 1 A8 Ak 5 3l 7 258 92. 6%~
99.4% ,WE(H1E 98. 7% (I 4d-D o J& [a] [& Vb 5 ) %
3% M 4K 0 B R 3375~4011 m, WEAE 7 T 3626 m; -
PIROR A B ZEE HEE R 15.5~17. 2°C in e R
R K B 7E 13. 9~18. 3 mm I Feid B AR K, W H PR
TE 15.6 mm, #8 1 17. 4 mm Ji5 176 75 2 20 F [,
MK+ 9.6 mm e & F 71. 1 mm B} JLF T & 77
(Kl 4g-D,



5544 A b AUPY 5 A T 5 35 R JRURR AT i [ v i ) o Y T A DX T 1435

il

o 0.7 o X
g la g o7 g c
g 06 % osf g oo
S05F Soshk 2051
52 M 38
=2 04r = 204 w2041
EE o3 53k 203t
&8 Eg &g
2 02 02 2021
-2 -2 2
2 01F 201 Z 0l
g g §
= 0.0 1 1 1 1 1 L = 00 L 1 = 0.0y L1 1
—-1000 0 1000 2000 3000 4000 5000 6000 7000 -300 -200 -100 O 100 200 300 -200-150-100-50 0 50 100 150 200 250 300
HEk Altitude/m T 755V 2 3 5 Mean temperature of driest quarter (x10)/°C AR50 Annual mean temperature/°C
o () o
o L o 0.8 2 -
§ 0.7 d § o7k e § 0.7 f
L 06 o 2 0.6F
& 05 206 o 05
S o y © U
# 2 3 2 osh # 2
=EE04F =2 £E 04
iﬁg} HE 04 ﬁgog_
T g 03 eg ™
o 202k
502 02k 82
201 2 o1k 2 0.1
£ 2 g
2 00pg 1 1 1 1 1 1 2008 1 1 L 1 1 11 = 00 1 1 ! 1 1 |
~1000 01000 2000 3000 4000 5000 6000 7000 15010050 050 100 150 200 250 300 350 0 20 40 60 80 100 120 140 160
IR Altitude/m 7R - 2R Mean temperature ofwettest quarter (< 10)/°C A /K it 25 M8 {k )y 2% Precipitation seasonality/%
3 8 8 .
Sorre Zoskh Sl
S 3 3
,‘5_06- £ 06F 50.6-
« B 05k s L w B 05k
:i- > 5 ; 05 A ;
2204 EE oaf =204t
~s 03k HB N g 03k
e =g 03 &g’
g [
so2f 202} 202F
gﬂo_]- f::“m_ fgﬂo.l—
= 00F 1 1 1 1 1 1 S ook L L L 1 L S oo I I T I T I I 1
40 60 80 100 120 140 160 180 0 1000 2000 3000 4000 5000 6000 7000 -100 0 100 200 300 400 500 600 700 800

SRR H 422 Mean diumal range/°C {34 Altitude/m

B4 EERZEER WAL
Fig.4 Response curves of major environmental variables

TE SR [E D R0 A 1 BRI T o a 3R b e T 22 P 90R 2 o 4R 7200 52 0 75 18 00 B0 00 A 09 £ IR R 7 o d 13K e IR R

SR BE L K S MR T 25 5 g S T [ D A () S BRI s h P AR F OS5 IR ) Bl R R K A

Note: The dominant environmental factors affect the distribution of O. thoroldii. a, Altitude; b, Mean temperature of driest quarter; c¢, Annual

4 %[5 %K i Precipitation ofcoldest quarter/mm

mean temperature; d, The dominant environmental factors affecting the distribution of O. kokonoricus, e, Altitude; {, Mean temperature of wet-

test quarter; g, Precipitation seasonality; h, The dominant environmental factors affecting the distribution of O. intermedius, i, Mean diurnal

range; j, Altitude; i, Precipitation of coldest quarter

2.4 AESBEEAEETEDERYMHEBES TR

AN ] Fsf 309 [0 0 055 A X3 A7 R F 0 it AR AT AR AR
b o AU VKB ] (LGMD A1 45 i 0 (VD |, [ 70
B B A T A i e R R L P LA
A A R IS AR X AR A3 00 R 18,20 < 10" km* il
18. 40> 10" km?; A ¥ 1] K 1 (LIG) , [ b B 23 4 X
(IR AN E e s L U R =108 N (1 R |
IS A X AL S BN, Ry 51,09 < 10 km?, [R] i
IR T 2R 5 XA AR kR A Y R v R
A X AR & 9. 15X 10* km?, FEAMG T
e DLV T S, IR A X BB i & 897. 99 X 10
km?; R 3k 2050s, [ 70 HE 8 315 A= DX 1E R b 25 1S n
£ 42. 21X 10" km?, 75 78 55 J5% B 30 R 43 v S b DX A7
PR TR 4 22 3 A7, T 8 A AR b 5 307 e i
T T FR 45 45 1 AR K 5 2070, [ 70 B8 B A A X
T AR S Wi v AR X AR 8. 63X 101 km?, 524
TR R SRR AL, DA A 3R R A A X A Ak 35l [

e A R N = AR R AN R T =1
6% S5 A A0 Ak 1T Ak 252 R 2 (Il SRR 3D

MRS AT T VD B AT R
JE AR, F AR A A A A, RS A XA IR
T H A B 3, 29 08 53.32X10° km?; K Yk oK B
(LGMD , 75 1 [ 7 55 43 4 XA T 75 78 /5 i 7R 350 F e
B, v A X AR R 9. 21X 10" km?; 42 it A
(MED , 75 [E V0 B el A X A0 %7, 39 X 10" km?,
F AR X AR AN K AR WA Pk (LIG) |, 75 1 [ 7
B e IS AR DX A BT IR T 5 oK Ok 20508, 75 1 [ VD
3 A DX R [ 2 9 < 10* km?, 2070s HF—
AHEINE 9. 21X 10" km?, 2 B S5 25 6 0T RE il 75 i
o JAL A 8 R T S M DX B A Ok A8 T U [ U R R
KL IX (E 6 FIFR 4D,

AU VKB T (LGMD | 4237 v 1 (MHD AR IR
] VK CLIG) , Ja fi) [ v B 0 v o 2 X R AR vh F
T K e J AR U RT3 A v b X 3 AR X TR



1436 ¥ o ¥ #H 5 34 %
A5, 4550k 28. 61X 10" km?, 24. 44 X 10* km? il B (LGM) 3 A — 3% ; 2070s, J& [a] [ ¥0 5 &5 3 A X

23. 22X 10" km?; 41 B A0 T, S 8] [ 90 7o A
XA BTk, J6 H 3 e i b R AR AL R, B AR
X AR R 35. 22X 10" km?; K K 2050s, J& [8] [ V5
T A X TR A R/, R T RRURT A A X8 R UK

70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E

70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E

3 A T8 AR Y A ] 43 A DX R R L 7 R A
HR R R ZR b L 3% I R R S T [ Vb B3 A IXAT fE 2y
W A 7 28 7 — 6 /N (14 0 B {HL T R 0 A R
IR RS A R (B TR 5D,

70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E

50°N 50°N T T T T T T T T 50°NFT T T T T | — T
N sooN N 50°N AN N
MH A LIG j = 4 A
A |
EATPNY = 40°N
40°N . 40°] 4 - ¢ a
. 10N o Lo 0N : ,/?'\r)’
300N . - 30°N
30°N S 0n d0en 0N
¢
3 ;
i 3 y — 20°N
20°N 20°N 00y |- Vg open 20N
ZEIX Lowly suitable arca 2 Jioon
10°N [X Moderately suitable area 10°N o |- o 10°N
¢ Highly suiable arca -10°N
0 1000 km
Ul L L L T L 0° 1 1 1 I (3 I I 1 I 1%
90°E 100°E 110°E 120°E 90°E 100°E 110°E 120°E 90°E 100°E 110°E 120°E 130°E
70°E__80°E 90°E100°E_110°E 120°E 130°E 140°E 70°E 80°E  90°E 100°E 110°E 120°E 130°E 140°E 70°E 80°E  90°E 100°E 110°E 120°E 130°E 140°E
seeN T T T T T T T T 500N 500 T T T T T T T 50°N T=] 50°N
N [30°N 50N —50°N
1970-2000 A 2050s A P ;’\
40°N |- 40°N 40°N |- daoen 9ON| ~ 40°N
¥ y
30°N ¢ 30°N 30°N |- 30°n 30°N = 30°N
A & ]
=% 4 4
- // | 7.4
20°N |- S ) 20°N 20°N [ " p - 20°N 20°N - 20°N
5 ’ y ’ z
{534 (X Unsuitable area PIEN {534 (X Unsuitable area
| able arca . ble area
10°N 10°N 10°N suitable area W] 10°N 10°N = suitable area - 10°N
W 555X Highly suiable arca - X Highly suiable area ¥ - X Highly suiable area
0 1000 km [ 0 1000 km [ 0 1000 km .
0 1 1 L= 1 0° 0° 1 1 - 1 =0° 0° 1 1 1 1 0°
90°E 100°E 110°E 120°E 90°E 100°E 110°E 120°E 90°E 100°E 110°E 120°E
5] S & (R any it = Il B Bl 3 3
Es5 AEASBEEAESTEVENEBEEEERSH
Fig. 5 Potential habitat distribution of O. thoroldii under different climatic conditions
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Table 3 Change of potential suitable area of O. thoroldii

5 770 F2 Prediction area/( X 10* km?)

5 4] Period R 3 A X P A X fI3E AR X Ak 3 A4 X
Highly suitable area Moderately suitable area Low suitable area Unsuitable area

R VKEN LGM 18.20 23.34 39.89 878.57
25t MH 18.40 22.60 42.86 876.14
RU ] kI LIG 17.96 23.52 51.09 867.42
Y Current 9.15 19.92 32.94 897.99
2050s 42.21 31.10 34.06 852.63
2070s 8.63 20.52 33.33 897.53
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Fig. 6 Potential habitat distribution of O. kokonoricus under different climatic conditions
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Note: This map is based on the standard map of GS (2024) 0650, downloaded from the National Platform for Common GeoSpatial Information

Service. The base map is not modified
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Table 4 Change of potential suitable area of O. kokonoricus
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0 17 F Prediction area/( X 10" km?®)

Fif 3] Period fead A X g AR X I R X JEiE A X
Highly suitable area Moderately suitable area Low suitable area Unsuitable area

AWK LGM 9.21 16.22 47.69 886.88
Spr it i MH 7.39 16.27 44.13 892.21
AR B VKT LIG 8.67 16.75 49.07 885.50
M Current 6.95 13.87 32.50 906.68
2050s 9 15.38 44.83 887.25
2070s 9.21 12.44 37.17 898.30
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Fig. 7 Potential habitat distribution of O. intermedius under different climatic conditions
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Note: This map is based on the standard map of GS (2024) 0650, downloaded from the National Platform for Common GeoSpatial Information

Service. The base map is not modified
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Table 5 Change of potential suitable area of O. intermedius

5 17 #1 Prediction area/( X 10* km?®)

I 9] Period i R X U A X R AR X R R X
Highly suitable area Moderately suitable area Low suitable area Unsuitable area

KWK LGM 2.63 4.34 21.64 931.39
A MH 2.58 3.91 17.95 935.57
AR VK LIG 2.42 3.74 17.06 936.79
47 Current 3.00 5.42 26.80 924.78
2050s 2.64 4.41 22.28 930.66
2070s 3.00 5.42 26.80 924.78
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