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R (Alces alces) JKI( Lutra lutra) 4550 (Martes zibellina ) B SBWENARY ( Tetrao parvirostris ) 3 255 I KR ( Maxent ) BELAEA 7]
RCP 13 M Ak 3 MEAR(2030s,2050s,2070s ) B FME7EM S0 . ARAE JLA 8 FIASBEBECAITMN 25 1 R BUR L IX A 35 1Y
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PR SRR, SRR TR RS ST RN LA B M TR O R R MR EUOR ) A A R 2 ) A A 25 55 1T A 2 SR 4
1# CCSM4 NorESM1-M HadGEM2-A0 Jz GFDL-CM3 Ui, 447 75 AR L b DX LA B S A7 W b AR R v 7E 43 A1 11
WFFE, 5 MR LEA B P2 T AR AL 3R ) -62.16% , —73.93% , —78.46% (2030s, 2050s, 2070s) , £ 5 AN A4
YRR AR S X, RS I T 1 5550 7R 1y 40 R SR AR X, S 0 4t DX A R L A5 AR LR R RILIR S
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SRR AT T 5 S 5 B ARSI s W 43 A A5 5 5 25 ) AR A A A

Potential distribution and conservation priority areas of five species in Northeast

China
YANG Lei, YANG Li, LI Jingzin, ZHANG Chao, HUO Zhaomin, LUAN Xiaofeng "

School of Nature Conservation, Beijing Forestry University, Betjing 100083, China

Abstract: Global climate change has already altered species distribution and diversity. It is significant to study the priority
protection area of species to develop dynamic strategies for biodiversity conservation under climate change scenarios. In the
current study, we estimated the potential distribution of five species ( Asian black bear ( Ursus thibetanus) , moose (Alces
alces) , otter (Lutra lutra) , sable ( Martes zibellina) , and black —billed capercaillie ( Tetrao parvirostris) ) in Northeast
China over time using Maxent. We used nine general circulation models ( GCMs), and four representative concentration
pathways ( RCPs) to derive future climate projections over three time periods (2030, 2050, 2070), and then modeled
species distributions using these predicted environmental measurements for each time period. Zonation was combined with
the results from Maxent to identify priority areas, which were further used to optimize the current nature reserve systems.
According to the evaluation results of nine GCMs, appropriate climate models in Northeast China were obtained. Based on
the GAP analysis for these conservation priority areas, proposals for priority conservation plans were made. The results
showed that climate change in the study area would cause a considerable decline in the total distribution areas of the five

species. However, different projections by GCMs may cause uncertainty of the predicted distributions. By comparing the
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species potential distributions, these four GCMs ( CCSM4, NorESM1-M, HadGEM2-AO, and GFDL-CM3) performed
well in Northeast China. The mean percentage of species potential range loss increased, as 62.16% range loss by 2030; —
73.93% by 2050; and —78.46% by 2070. Conservation priority areas were mainly distributed in a few national nature

reserves in the Changbai, Lesser Khingan, Greater Hinggan, and Wanda mountains.

Key Words: species potential distribution; general circulation models; Maxent; species distribution change ; Zonation
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NRHAEYZRED . EAETIEERI, AR ILAFR], SARAS K 2 T A8 A A ) 2R P e 2 1Y) L 0K 5
T K RMREASAK ) Z B AR 5% A8 R R A W2 B s S

AR T o A )z A SRR AL T AR Z R R A s 2 b R o A AR AR 3 ok ST )
FiiC S A S IRBE IR (B0 2R, BEDL P VS oA 8 o A BB T LT R o AR AL 45 2R 32 B2 22 48 (
SN SRIAE )2 ) BERIGR I DSOS THI Y 52 ) HG SO B A R A e SR AR AR AL Y
FEATHE , AR OGEAEE)Z  JCHE A RSB ZEA B AL 25 R n s e, R A A (<
i3, Global Climate Model, GCM) UK 31  PKERIE FIb R A My PRERE 2 H AT bR U R GE R 5
SR IR S AR R B A TS [ A R A A A B Y B AR S AR B R IR 2 — . TPCC 2B Rk
WAL R T 46 P BRI | (032 0505 BRI 3 434 B R e LA P0L A5 DR BRBE I, GCML {5 FL 45 51
HA&ANHENE, AF GCM $- S 2 A e S AU 25 5 VR EBCELA PR AR I e B b A8 1L,
VG 1Y A BRI B A AU ) Bt e U o B

ARG YA (Systematic Conservation Planning, SCP) JE AR 4 4= 9 Z ¥EVE & PERRAE , i 2 PR 97 H AR, 45 &
PRy A YF SRS 2R S 2 2E BRI GIS %523 [B) 7 AR X — A b X A ) 2 REPE SR T 00 8 AR 30 G 3 DR Kl 152
FEOT L AR AR B AR S R X R R SR TR A B AR IR AR R AR AR R R B AR S AR
H AR A il e W S AR AL R P A OR3P BOR S T s A AN AR 3R AR Bisk . BT, ik B4 B ARiR
I3 BRI DX 38K, o R A, 5 C—plan , Marxan 25 35141 G XAk Hodr | 23 R A ( Zonation )
FEe— A P RORUBE 23 e O R 8 OR3P DX e I HE SR PR 10T O 22 W A S5 b J5 5 32 30 1 T 22 1 DX Bk
oW, TR —Fh S P R X B O I RTAR I A7 PR Ve A2 9 8 1L, Zonation 7E TR H AR
P BB S DX TS BRAT B0 X A AR B i A AR 2 Bor i e A3 80 Z 7 B RSy
RISE R CE A 2 S IR, 3TN ST b 3 G0 O 4 BRI i 8 PR R 1
Y HEAE | REAS B = AP DR O

(Alces alces) JKH( Lutra lutra) 45558 ( Martes zibellina) UL X BEMENARS ( Tetrao parvirostris) , BE 557 1) PR 9
AR BRSBTS Y 43 A TR ) 52 W), 453 P A5 2) 45 5 AR W Fh v 7E 2 A2 et 3
BT Zonation TTRE R GE R R, U SRS T P e R4 X I

1 WFRXEHR

W I (A 1) A FIRE P ARICHLIX, FEAFERIBITA  F AR LT E NS AR X RIEHIE 221
ASE (i) MU N 115°10'—135°05'E, 38°42'—53°33' N, MU AR 151.49 T3 km?, MR 2R AL IR K, M
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FER AT BN T KRBT, MR LU MRS 2 AR SR Ry 2422 P A R 408 s R 2 B AR
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1 PIRREHERE—FERILBEK (kiR £EHBEEREERRS F5%)

Fig.1 Study area—Northeast China ( From: National Catalogue Service for Geographic Information)

2 WRFGE

2.1 YRR oA A

AP HAT A X AR MR Y 5 AT R YRR VE B0 42, 7 2015 4F %A i v [ AR 4 2 R
LI P ITE SN SBAE (516 ) SERE (W) A MG ) V&30 (S 1E) KBRS (HifE) " 5 Fh
ORI g & TR 2, HAERFAN 5 T HRA , DL SRR RO A5 0 XU

TR, T UERE KA 2550 B AW FA XS I ) ol 2 A 10 53 a5 220 20 R T 2 48 0 0 X S T o8 1) o] A 40
P20 Rk, AT R AR o A 10 S st A S Lo A 05, BIBERE 131 A4, KA 115 4>, 5650 112 4~ 2
WEFANY 199 N3 54

YR oA 10 3 AR IBO 55 DA 28 A R 202 SR AR 1 20 s =8 5 R UR . 45 5 7 i L B
Wy BRS8N BT (ARSI ST SORARAR (S B) DA BGHT R TE > FRATEZEREEL 1990 4F 2 )5
A A BIEVE R LRI kL, SR 3 i PR AR B A5 B RIE S A ( Google Earth ) it B AE 14 437 {5 18 itk
ATAS SN A IE , DA T 12 15 5000 Jo 2, AR U ol ] 5 0 4 b 2o A i BCE . AR WFSE ] AreGIS10.2 i £ SDM
toolbox 1.1¢"™) Xt 43 A s it AT 0k | DAL RAARR 20 A s A s 1) AR G . 3E b s b A i 9 0 12 3 J g
FR A3 AT ST, BT R A0 A s 115 A,
2.2 MEHFRIE S A3

AR S IEBEE 27 DB T % 19 AR E T (Biol-19) ,3 ANHIIE K (4R B RE A ) ) ,2 4
A 21 PR (Hb B R R B 2 55 58 T 3 DS A sg g - ( NRAES Bl AR AN D% 5 . A 3
BT K Z 255 — 20 AE R AR AR R AHFRITE B 1 kmx1 km 23R T i T EEE R 10 LA 1 5 i 55 150 2%
AW TEE XS BRI FPER ST T 07 B2 IR 2 (Spearman ) AH G R B B , X A B R A G B AR & (r > 0.7) i
AT , e 2 R PRI R - I 1,
2.3 S nykst

AWFFEM CCAFS (http ://www. ccafs—climate. org/ ) " 2 LA F AR (58 2) B S EE . B4
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AR 12 éﬂ%ﬁ%&ﬂ%’ FH5 4 Bh A R 59 S A% 1§ (RCP2.6, RCP4.5, RCP6.0, RCP8.5) , 3 MEAL
(2030s,2050s,2070s) , iz Maxent 7374 5 AH)FHTE 20305 ,2050s F1 20708 AF-AR (14 4 Fh 15 70 G 5 1

F1 EPMSHREBERNHERTF
Table 1 Eco-geographic variables used in species distribution models
75 BT 2 5K% A 3l
1D Variable description Code Source
| FHH H%E— (A ﬁ%?ﬁ%ﬁﬁﬁﬁ‘ﬁéﬁﬂﬁiﬁﬁ ,C) ' Bio2 WorldClim
Mean diurnal temperature range (mean ( period max—min) , °C)
2 A Tsothermality ( Bio2/Bio7x100) Bio3 WorldClim
3 g H B % R Max temperature of warmest month/°C Bio5 WorldClim
4 F % 2 Mean temperature of coldest quarter/°C Bioll WorldClim
5 1% A K&K Precipitation of wettest quarter/mm Biol3 WorldClim
6 T A BEIK Precipitation of driest month/mm Biol4 WorldClim
7 4% Elevation/m elevation SRTM
8 ) Aspect aspect SRTM
9 W Slope slope SRTM
10 LB Landcover landcover ISCGM
11 M1 B 35 % Vegetation cover vegetation_cover ISCGM
12 A% Human footprint index human_footsprint SEDAC
13 AZEF M Human influence index human_influence SEDAC
14 A 1% Human population density population_density SEDAC

S5 TFHAE (Biol-19) A WorldClim “AREIRAE (1.4 B (htp://www.worldclim.org/) T #k, 53HF5 A (30sec, 2 1 km) , HuIE T 5048 A

5 R 23 B B304 = SRTM BUH4E (4.1 J) R R 2k, 48 B R 90 m (http://www. cgiar—csi.org/ ) o A8  5 5 H0H0E A Hb Bl 28 B 450908 ok 1

International Steering Committee for Global Mapping ( ISCGM ) ( https://www. iscgm. org/) , 7F ¥ FE K 1 km , AR W H F 54>k B NASA
Socioeconomic Data and Applications Center ( SEDAC) (http://sedac.ciesin.columbia.edu) , 73K 1 km

R2 HREFNEKKFEER
Table 2 Selected Global Climate Models( GCMs)
BLf3 BRI AR R
Modeling Center GCM Institution
A
BCC BCC-CSM1.1 ‘:‘EE\X;{&%%E&@( ) Beijing Climate Center, China Meteorological
IPSL IPSL-CM5A-LR EAL = VA ﬁﬁ‘ﬁﬂﬁ}’ﬁ( {f[_[) Institut Pierre-Simon Laplace
Atmosphere and Ocean Research Institute ( The
MIROC MIROCS KEGEHEWRIN (KRR K¥), BHRIHEE  University of Tokyo ), National Institute for
WFFE TR H A2 R ( H AR Environmental Studies, and Japan Agency for
Marine-Earth Science and Technology
MRI MRI-CGCM3 %%F’{%E)}%dﬁu( HZA) Meteorological Research Institute
NASA GISS GISS-E2-R 2 E TR TR A2 BRI (R E) NASA Goddard Institute for Space Studies
NCAR CCSM4 EE oGt Erl NG D) National Center for Atmospheric Research
NCC NorESM1-M IR A s (BB Norwegian Climate Centre
National Institute of Meteorological Research/
NIMR/KMA HadGEM2-A0 [ﬂ%/ﬂ.%mﬁtﬁﬁ/$ﬁ E:l QRF,'J( !ﬁ E—] ) ational n%tltulf [0) f"tf"OI‘O (.)é,lca esearc
Korea Meteorological Administration
NOAA GFDL GFDL-CM3 BRI A B ) T (S ) Geophysical Fluid Dynamics Laboratory

2.4 YT Akl

R HLE B Maxent BIRIVE Sy —FPBILL SR AR AL T Py A e 8 o 0 82 T2 B 2 1T T
AHEFE K Maxent3.3.3k ZEAEHT, 43550 A 5 D9 F0 4340 A5 800 A 1k 1

SR SR T

B 14 DIREE R F 80, BEHLLEE 80% A4 Fh 4311 45,
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WEBALATTEERECH 50 I, 15 5t 10,000 4>, S50 g PR A8 5 5w i 2k, R H subsample J5 %42
71, A E 500 W, T 0 SR BN, KR S HBON BN,

AMF5T R FH I HE 548112 (True skill statistic, TSS) Kappa 4t 31{H ( Cohen’s Kappa , Kappa ) LA X 4% UK %
HE TAEREINZR T AYTE AL ( Area under the curve of receiver operator characteristic (ROC) curves, AUC) =Ffi 7
RV AY A TS B2 . AUC {5 B3k B Maxent 1217455 Kappa 1 TSS 3 T35 5 55 SO (E 7E R3.3.2 iF
friz%,

BRSO H 235 S W R A S A MR R I (ELE 0—1 PN, FEASEABLS ot ry e FH DI 2 800 4 ARl il B i 4
1F-25 AUC {8 5 i i % 107 B ASEADL 8 SRAE Sy A o3 AT TN 285 5 . FRATTR T SR RS R S 88 22 AL IS 7 )
PIFAEAERERAG P VR B 4 5 R0 B TEAE S A M P 8 532« value > P I X UK P ZEAVE S 0 50 A1
X BAE A 1), value < P B AR AT E #7041 X ({ES 0) .

2.5 AR PN

[Fi) — 15 35 (7] —AEART AR S0RAS [F) A P 70 5 P 5 W P B Y E G 5 (& o3 i
S5 BEATXF L, PN 8 AR (S) I BUE LB RIRE , 5P ML S IR 2 AR L r) U =L
2.5.1 WIFPLE AN S

ARWFFER IR 25 G e B AR AR M TE 0 A A2 A a3, RSB TN 45 R AT 2 e i, B
[F) —AEAR R — e 52 T Y 9 AR TS5 R 4T S, A AreGIS 10.2 JEH 5 A4S K L A HY Fi 25
SARAS A DI, A2 AN 5 TS AEA 2 ( RO A3 B 2551, value 0—9) . S 9 ST 45 2 Ve AR A7 )5 1 o
A P XA, T 5 VR Ry B8 0 238 Ve G S 3t A7 300 40, o T B DX 380 3 A 25 T A JE b 23 A [X
(WRAEN 1), HoAl XA 2355 AR B ZE A B 3 A X (RIER 0) o e 3RA5 600 SV TEMS B 407011 151 (3% 540
ANTE S TR 60 DEEG TTER B /3 A 1) o
2,52 PHERRR(S)

ABFFAE AR AR (S) X JUASARBE T Py A oA R W AE G B B 45 R AT 01200040 . BAR SR 3T
SRS X 2030 4R 3 2070 AEHVEERT QT AR AL f(x) B9 SR ER-G VRS 2 b Tr RS Ak il 46
g(x) WIERNZ2Z D, LI IFREIFTIT/ S, (1—9) . SEFBVME D, #/IN, 3 3 A p =X T W 7Em
B S YRR LS TN U E A AR PE) S, B o HER ARSI J2 255 A [F] RCP T U3
AR, 152X — R BV Sy, UM A A AR T WA TE 0 . DL E3HREET OriginPro Hr Y
BV (Analysis Integrate ) DIREFN Excel SE8L, THHEAUTT .

2030

D, = [ If(x) - glx) |dx (1)

K, D, IORE -FAEHERTE -ABERELWERSE; « REE-FIEHFRT, v e
{RCP2.6 ,RCPA.5,RCP6.0,RCP8.5} ; f(x) fRUERAE—FIMRAE 5t T F— AR UBLHL T W 78 A 5 b g AR AR
TErRE; g () FRRAE—F NS 5T Z55 WA L 2 3 1o AL Ak pri B
S7=Srerre TS rer2.eas Trereo TS rers:s (2)

Ko, S, REBAE—FPUNE 5 T RISy S, REFE— W Fh I — R 254
2.6 RGRHLK

FEXT YR AT ESE Maxent AL UK ST R0 3 A A 18] (TIF A% 20) & 4 DB 3 NMER
[y e S AGERE TR i A o3 A AR R MR A s A B | AE Zonation v4 B4 T B R G4 PR Zonation 5
R RO KB BRBLN” (core—area cell removal rule) , LAR B W) #0430 A W AZ > DX 38K, ; 18] B 45 T 30 2%
B (edge removal ) , IXFEA B FRE B B2 Hh AR 485 44 A0 2 38 4 BE BRI R 7o 17 | Bl — IR B B — A%
BT R AV TEN S AT B 2, MR AR UM 45 AN B R 1, HAh S EC RIS E

Zonation 125545 B — MR E /TR ST . SEBCHRN—E LB B ST 7 S AR S OR AP R S X,
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FHTE ArcGIS HOXHAR I LSRR HAT 0 . WHERM, IR AT 5% —20% YR B BE A8 S 3 50% LA 1 i 4)
AR MR DL E R ) R Ay B S Pk 3 B R 28 780 B 0A 251 AR 7 ( Mandatory reserve, MR) | 3 7 ££ 3
(Negotiable reserve ,NR) FIF /4471 ( Partial reserve , PR) 3 RS RIAAR Se (4P H0 R0 B0 B R v e B
HAR N (B 5 055 1) 59 VE A ASHIFFE IX B BRI, 5% —10% /5 A P g AR X 38, 109%—20% 18 J3l 444
I, TEPRD Y ATETEN S R BER | 255 S A2 i T WA R R B9 S M 284k il 5 Zonation 43 B4
PRI SE X, PR TR L R OL S X 5 € ST OR3P DX AT 3 I 43 B, % LS IR 2 AR S O 4
Fspoe 5 2 g8 B AR I UM R s i PP AR b b DX ORI XRE 5 DR R APROR . TR A AR IX
TEYIF ORI S8 X o L, XA T AR R DX R B AN [ 45 G D S O 4 IX ) A AR DR3P IX AT e, 4
TES IR B R QIR B AR R X

3 HRER

3.1 Maxent AR PEA

BRI A EE 4L (TSS Kappa il AUC) 4 i /R BRI 45 5 o R 47, o, 250 ASBEEL2E SR (R4
W) Fh E 55854 50 Y) 19 AUC {H 5 0.916+0.025 (0.821—0.956) ; TSS {4 0.710+£0.091 (0.461—0.844) ; Kappa
{H4 0.815+0.029 (0.740—0.861) , Maxent BRI X AfF 57 X5F 52 5943 A TN 2400k B A ORI (36 3) . SR REARA
PIZEA TR AR & ZK BRI B 255 PR AR X AT

# 3 Maxent ZREXER

Table 3 The basic information for Maxent result

LR Ui i SATIE R
TSS K AUC
Scientific name Records appa
0.777+0.046 0.846£0.006 0.93320.012
SBRE Ursus thi s 11
A& Ursus thibetanus 3 (0.646—0.844) (0.835—0.861) (0.899—0.956)
0.778=0.039 0.841:£0.004 0.935:0.009
BEE Alees alces 131
HEIRE Alces alees (0.654—0.842) (0.83—0.85) (0.907—0.952)
0.5840.055 0.77+0.012 0.879+0.021
i Lutra | 131
KIB Lutra bura 3 (0.461—0.68) (0.74—0.797) (0.821—0.921)
0.656:0.062 0.803=0.01 0.916+0.018
50 Martes zibelli 12
artes zibellina ] 0. ) 0. ) —0.
S (0.479-0.748) (0.785—0.831) (0.868—0.9)
0.752+0.037 0.812:£0.006 0.918=0.009
HEFARLE T, sirostris 1
etrao parvirostris ] ~0. ) 0. ) 0.
AR p % (0.625-0.806) (0.797—0.822) (0.892—0.935)

FehBHEHE 2K : Mean+SD ( Min—Max) , TSS: ELSZHE 5481+, True skill statistic ; Kappa: Kappa 483118, Cohen’s Kappa; AUC ; #0552 i %
TAERFAE 28 H A, Area under the curve of receiver operator characteristic curves, FH:H TSS TR R Y bR e Ay . M 4F, 1—0.85; 1B4F,0.7—0.85;
#,0.55—0.7; —#,0.4—0.55; RIK,<0.4, Kappa [EITAHARHER . Hedf,1—0.85; fR4F,0.7—0.85; 4F,0.55—0.7; —#%,0.4—0.55; KW, <0.4,
AUC {EIEMEPRIER . R ,0.9—1; #F,0.8—0.9,—J,0.7—0.8; 2£,0.6—0.7; KM,0.5—0.6

3.2 Yy AR S

iBAT Maxent BERY S i1 5 SRR VR AE RS 3t 0 A5 X, AT B {EHEA T30 00, PR AR A9 T 7 A0 S 3t 3 37
NGB BRTTA WY GBI A AR, LK SE IR 1L X A, o F 5T DR TR AR Y 12.31%, BERE
AR TR AT 5 M T B A AE R S 22 1L M, B 22 5 S A ARAE TR, 2R 2R/ N2 P F AL BT T o T 5 DX T R
(49 13.15% o K BIEAEN B 32 20 RS2 AL, /N 2% Bl AU AR | — V0 I R AL AR RIS FH L AR R &, e
R JE T I AR X, A ESE DXRL BRI 16.66% 55 50 Y TR AEAT B M AR R D% 22 AL, 5K A IR 522 58
U8 | DA B /Do /NS B L X ST XM RR Y 13.12% SR FA XS T AE G 18 b 32 B2 40 A 7 K% I8 b IX
JER G LW LK R B R LT, 76/ 2% 2o LRt A7, iy WF5E X R TR 15.77%
3.3 RSRYM IR AEG S R 1k

ST Y HTYIM A BIAE R 455 9 D URBES PR AR R 3 AN4EL(2030s,2050s, 2070s ) #4973 A1 15 0
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PEATRLALL, 4 AMEEE T RPN S T AR SR S BB AR AW S s AR M T R R (£ 4)

F4 SBREUTHUMEEER M (km?)
Table 4 Species potential habitat under climate change

GEA AR i KA 50 SEMERANG
Periods Ursus thibetanus Alces alces Lutra lutra Martes zibellina Tetrao parvirostris
2448 Current 268397 286648 363061 285973 343766
2030 95539.72 51845.31 169409.56 164465.44 107667.03
(16626—273547) (5—273720) (18116—414738) (34619—341988) (11729—311134)
2050 60801.94 33407.67 117773.11 125241.36 68039.22
(3897—227479) (2—214903) (1218—378833) (9238—346008) (99—275027)
2070 50996.75 32791.35 98579.31 99293.14 52829.88
(361—302392) (1—247061) (25—376051) (206—328789) (1—245515)

P B 20 - Mean ( Min—Max )

[l —S AN 5 R, B FPAS [ S T AR B B 25 SR A 22 5 (| 2) . filin, 53R e & Uik
2070 448 RCP8.5 15t T, GISS—E2-R AUFLHILE S B/R 7 S b B K T 14.97% , 1 KR/ 15 AL [ 455 481
S5 (WP EE A TS M, 18] 2 fRE5°H ensemble ) VE7EM S b/ 67.89% ; FAMEFARSAE RCP4.5 B N 38
1 MRI-CGCM3 AL i FRAE AL 4351 —28.58% , —20.00% , —39.45% (2030s, 2050s, 2070s) , SR M HIFPLES
TN L b Y T FRAE K23 N —80.74% , —95.34% , —99.67% ., 5 THIFh,51.54% YR RI4E SR 5 R Wy b ok Sk
PG5 1 TR FRUT B8R I B 80% LA b (R ZURITR B ) , ARk 5 AW b i 7EA7E 2 AR A 34 32 S e AR A e ™ o

FEAWFR R X AAEE R GRS RE A5 R, S AS [R] () v A G 8 T BUAR (L B a3, 5 AN Fh
P 2R ACATC IR AR H DX A T AV 5 b SR sk | R 2 B SR R PR EAA XS AT 143 7 2070s RCPS.S ¥ AE A 5L b
T FBOE- 99870 99.89% B RETE TG 114 T 285 SR AT 57~ V8 A A6 5, 1l T RO 2908020 75% LA L, BRMEFA XS 7E 2050s
55 2070s (9 AEAT S L TET RS- 3400800 70% LA L
3.4 ARRISAEBIEE AR IS TEN S HT L5 P

TR A ) 2 R AN [ X6 A B I PR A ] I AN A — 3 AT AT 4 o3 A DXCASEAD 1Y) 1]
BEAY R T R AR AR 2 25 S5 X W o A R A3 T %) 5 i, FRATToR FHAE DU AP A 1 5 T 5 AN RS4RI 45 SR
YRR L5 VA B AR (L R S AR L A S Fa b, X SRR AT IR . PP 25 R i 7R, CCSM4  NorESM 1 -
M HadGEM2-A0 } GFDL-CM3 iX 4 MEYFE AR DI DX 534 18 LAARAR by S A7 S b 174 0 o v 7 A S s 0]
BRI 5 BAARAS LA SAHT , MR A AU X FP A BB 58 ol L R DL AR (R 5)

x5 S|EEXIEM
Table 5 General Circulation Models evaluation

WAE K YERE S RBERANG

A T , W
General circulation models yrsus Lutra Alees Marlies Fefrao . Total score
thibetanus lutra alces zibellina parvirostris
CCSM4 31" 27" 30" 29 28 145
HadGEM2-A0 23 22 21 33" 27 126
NorESM1-M 25 19 23 28 27 122
GFDL-CM3 22 24 19 24 32" 121
IPSL-CM5A-LR 23 21 29 13 23 109
BCC-CSM1-1 17 25 28 19 18 107
MIROCS 27 19 18 22 12 98
GISS-E2-R 8 10 8 7 9 42
MRI-CGCM3 4 13 4 5 4 30

# BRI d R 19 T ARARE X
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3.5 FTARBEEMN RGAAT R

CEAARMF AR B USRS, 76 2030 4FAXF AR5 X9 5 AN F0F-34 53 A 1 VAR AL % - 62.16% (-
81.91%—-42.49% ) [ SF-H{H ( e/ ME—EKIE) ] 5 7E 2050 4EARF , 284 F N -73.93% ( -88.35%—-56.21%) ;
1E 2070 4EAR T, A8 LR K —78.46% ( —88.56%——65.28% ) . Bt RE B H b 43 #i Th0 AR AL SR B A% , 2850 (9 9 b 43
A T AL R e, 5 AR A R S o AR S B 5 A AR A B b T R T R I a3 (R 6)

x6 PHESMTUEERERMAERPRBER

Table 6 The range change of species potential area and the area of priority protection

i FLRE T RE KA E<iit Rl 2/
Year Ursus Alces Lutra Martes Tetrao

thibetanus alces lutra zibellina parvirostris
P TR fb 2030 -64.40 -81.91 -53.34 -42.49 -68.68
The average area 2050 -71.35 -88.35 -67.56 -56.21 -80.21
rate/ % 2070 -81.00 -88.56 -72.85 -65.28 -84.63
PRAr 5 X I AR AR 13420 14332 18153 14299 17188
Priority conservation PR g 13420 14332 18153 14299 17188
regions/km? Sl 26840 28665 36306 28597 34377

ZEE S MR RGP HIRI B ZE SR (] 3) |, ZR b H XA e (R 3 X 3 32 B A AR RS 22 IR VE N, K il
KA B AL v i 25 0 5K AU B A A A/ NS Ty =TT

Horpr BRREASe O DX (A AR P RN I R AR X880 ) T AR VRV AR K A DL Uk, T R A T
Fo ) FIAIR—HF A e DXy A5 DX I T AR Y 2.46% 5 [X 38k P9 PRA T 75 JRURE 45 20 N L Z 9 AR
X, PR i RV 25 L S DR DX 15.27% , (928 i SR BEAEAE A LS, /N4 208 X3k

L R Y A P O 2 € B NS S [ e Y NP o g (92 S = S 0 o (O ) w2 S A e R O e
TR 2.63% ; XIRANIAT I 5 SO A5 7 AN G490 1SR PR 47 DX, O i ARV i L e O B X8 5.78%
Pidrias i 2 BAEAE RO Z IR P X B,

IR 56 X B BEAE R DLW Y RFUR 1y 40 ARIT ] SRAe A, A A 24 L, IRAMRITT i | BT
5 AR T [ B0 b XA T R A L SR DI, T e R T AR 3.33% 5 IR P B RS 1L
IPr FE S 12 AN E R Y A SRR X PR3 R 55 D0 S AR 3 X301 9.93% , P47 25 it 32 BEAF AR K% I8 1Y
5 =717 X3k

SRR S8 X R B RS (AR T g AR F i W SRR, WA K LXK, R R
SHIEA /N0 o AT X A 58 XSS TR Y 2.62% 5 XN AT E A5 I8 AR BRI 45 9 N E R K
FARLRI X, S 4 AU 26 I ST PR3 XY 17.24% , (4723 Sk 2 A7 1 1 i DX A B TR 2% 22 06 G MIAEG g 44
b XX 38

I B RS S AR AL T WG 5 s B Ay T E R P 22— | AR S DR A X e A R 2% 22 0 R K oy
Gy AR ] 55 AME SRR O F A SRR U0 A B AT DA IS D, AR SE PR DX A X A T
T 3.15% ; XIS PN B0AT IR v F SRR Ry 4 3 AN R A SR AR 3 X, R 3 vl BB 35 10 JE O 9 X 3 4.
68% , PR 47125 Bt 2 BEAFAEBUR th 9 AT 1 I 350 XI5

4 itig

4.1 SREEAERE S5

5 YRR AR AR PR DA P T S s S R D/, A 1 SR BE R R WA NG, AT T A i BB
ES2PR 1 sh Wy IR 32 225 M R R AR, ik S8 b B9 B = A BB e Bt . fEde i T,
AR RT3 S SR e Y R SR AR Sl 45 22 5 R B IR, BRAP B 3 ik
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M88 Ursus thibetanus

KW Lutra lutra

#l =451
= SRS RERIFHI O WS RERIFHI
1 HARRP X = FR A R 1 HARP X = FR A R
O RRBEENE O RER KRNI S R R
D ENARRPX iR D ENARRPX iRy
= PRI = BTG
BB Alces alces

BRI Tetrao parvirostris

P& 451 P41
O WX ARG R O BRI RG]
= AR X = R A DR A = AR X == AR
O SRR R O R OO RBEMSISFER R oW R IR
EARRIX LR 1 E R AR RTIX = AR
= R = R

L350 Martes zibellina ZEBRILEX

0 250 500km
| S I

E il A RAE

O BRI R m—y e ARS B B

=1 ARRIIX R DR AP = AR X C %H

O RBEEMEN O RRY HRARRIX D K
OEFHARPX SR = PRy E BRI
= R

B3 5 s EE Rt RIPAERIARRPER

Fig.3 Five species of potential distribution area, priority reserve area and hotspot nature reserve

PePf I 1 SRR U RE RS U AL AR R W R T 7 L O 00, 235 221> AR 5 45 R BE A8 [ I B — Uk
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B R EEE . AR EE R WoR AR A XA 4 Bl 2 A LS ] CCSM4  NorESM1-M | HadGEM2-A0 2 GFDL-
CM3 BAABIFEE R AEAR R YFD 2 6], FoE B PPN R 3R i 2 B0 B b v 1 LA A =X, B AEAS AR ARAS
[d] RCP %5 &0 F 9 T e 340 5 M Rk 38— 80, A2 b B ad FAm a9 5 0l . I, CCSM4 |, NorESM1-M
HadGEM2-A0 2 GFDL-CM3 SARAR 2 FE AR Jb X IO 4 P A R AR T 1) T 458 Ay B33, ISR AR b X388 114 4 ol
AR AR TR A
4.2 PR ORA SR

H TR A M X G4 TAERESE T, P 0 MR R R 58 3, 2R A6 PR 54 [ 52 A Tl ) e et AE B 5 Mt o, o
KA ) FENG WG R PRI SR AR T B SRR TR R A BT AU N TR R SR
FRR , et B m WA ORI AL

X A S PR3 XI5 SRR X, Wb 22 AR 3 E S X 38k (8] 3) RIER g ST I H AR PRI X AP FE 25 57 (3R
7). SR S AR BRI FEMATIAEAE R BRI s il RG220 M IX b i B )y 30 5 48
XK B R S AR IR TAE B S FEEE IR B TR A S hh L TP JE ZRARPE T AR W, 1% /)N
SLZ Fe e L X A SRR A A A TR AL, B G T O ER MR e . TR, FE R T X A 3 K,
N R FHRRIZL A A 5 A4 TAE

R7 RIPUERECEBARRIPRERTE

Table 7 Priority reserve area compare with nature reserve

MRE L K 2 ARG

HiIX Areas RS IX Ursus thibetanus Alces alces Lutra lutra Martes zibellina Tetrao parvirostris

Nature reserves

PR NN MR P PR NR MR P PR NR MR P PR NR MR P PR NR MR P

N Ly fhily °
Xiaoxing'an ki °
Mountains iy [ ]

EANTS ] °

JH L °
WX BRI G °
Yanbian Area PN R A o O o

AR e o o V ° e o o

HERAR e o o V e o o

TET R e o o V ° e o o
ESENTS BRI e o o V e o 0o V o o o V
Changbai KA e o o V e o6 o V o o o V
Mountains TSR IT_F i e o o V ° e o

BRI °

Rt o e o o V

e e o o V °

% o V

HART o V

ERWT e o o

L R o o
ZILFR NG e o V
Sanjiang Plain =i e o V

ey )

ey ()
Py I e o 06V o 06 0 V o 0 06 V o o o V
Daxing'an F e o 06 V o 0 06 V o 0 0 V o 0 o V
Mountains R o o o () () ° )
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i RAE Y KA e TRBERAYG

X Areas RS IX Ursus thibetanus Alces alces Lutra lutra Martes zibellina Tetrao parvirostris

Nature reserves

PR NR MR P PR NR MR P PR NR MR P PR NR MR P PR NR MR P

R o o o V

[izrRll e o o

&R [}

el R RAS o
SEST EARIE o

MR . DU P ,mandatory reserve ; NR ; PR ,negotlable reserve ; PR R/ 4P , partially resen‘e;P;ﬁ})ﬁﬁt?ﬁ‘#,pl‘otection priority , O [UEARP X P T 35 A Rl
SRS X IR, VAR X — Wy Pl B 5 S A T X IV X A A DX SR T BB A LA, 3 SR X o7 8 7 e e DX el A A T 3

PR R 285 TG BRI A BR A, B AR BI O dr s i A e Ok 4t BB A5 42 s OR3P TARE B B, K
DLW B T E SEUR I E R A SRR X SE S X R R AR L B AT AR R HE R AR IR STEE
PR [ 8 4 F SRR X R I E R A SR DR XOE AR5 5 AW Fm g DL S O/ DX, DR e et v 1 %5 &
ST Z A~ i) & TR W AR 301 73
43 g

T B AT AR AL X ORAP BOR 138 AR R 2 b TG i AR TSR I 28 TR, Aok AU A2 1k
RN AT ) F LR ER . FEWIFN A AR A5 v i AR b e PR BB BT RS [ D AN (] L X
HIBIFY, e 2o X SR AT AL . ZEW P 2R G O 4P AR 75 22 2% TR S AR A iR 52w, 5 DA 5 T
K

(1) A58 R IR A Lh i 7 e, PR 9 XA AR 1 TE BT A1 5 T HEA R S SR AP o Fh  (H o O IE
BB PEAEAN R A)Ap [R] 18 HIVE | IR 5 S A gl AR 2 AN [R] 2R BT R UG S 5, [R] I , AN [] IX.
8 AN ) RUBE A ASLAUL AT B A [ A e 3 ) i P A 2 5, I X A A X ) 3 P PR R A 7 i RUBE | 5 b DX 1Y
W,

(2) RGP RN T S B INAR TR D DA R A 7 [ SR TR s R T 2 W Fh,
J BARIE G IO 24 2 T S A A AR B AP BRI () M), T E G R LR B b, T X O s ST e /N RUBE G Bk
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