] VEAEY
Guihaia
ISSN 1000-3142,CN 45-1134/Q

(I"HEEY) M%E R

RH : SRR T S TE R B AE A7 X BT 43 B

= sk¥E, HzE, TURWE, =88, fLAREE, R

WA A 2021-05-31

Mg E R HE:  2021-11-29

g1 g iK%, WA, TURWF, B, SLPHTE, Bk AEERKE TS ERE

AR XA X TN 73 [I/OL]. T Puta).
https://kns.cnki.net/kcms/detail/45.1134.Q.20211126.1840.002.html

@NKitassn

www.cnki.net

WIS ER: EHmBE LIRS, ffk NSRRI 2 DR R HEBUE R BN g0 E R S5
B HEMBAR L E, HEdFRATITF B8 FE TR HEROE e 5 H e fa 4 )
FIRE RN (RIEM S 2R HERRE IR, WTEAE MARE. & BIRTTRS. BEHNC g e F 1
AR 2 HL DU Y CURfh E ) VIR i R P B e 1 o S P S8 Al I 2% 1 AR N 8 e AUAF 4 (il
R ERZEB) AN T AR BEAE Y A RAE s 2 ARWE TR A B . Bl RSBl 77 &g
BB TSCSR R, AR ARANGGAT 9 S AR BUT s R fF N 2 LA R 5 [ A R A5 T i
AR BOARDRE,  IEB OIS —HIVETE 5507 f759 . 807, A0, doE thE A ROt ERRESS
N ERF T ERRI A BRI, SR ERG— 25, AMRBSOLSCEH | 1E# . HUA AR R A,
FURTEE T g A HEAT > B0 IE

HREEIN : AU TR EE I S (R E2EARIIT] OsfioO) By aEHARAREL, £ (FE
FARWIH (MZRREO) ARG & LA 5 405 T N 7 — B R i, LR BRI RO 30, A2 BRI
AR BT HI AR SO AT E R . HERROE RS . BN RE R . B (o B AR (RIZRRO) A2 B 5l
R H L SR TR 28 3 4 0 ) (ISSN 2096-4188, CN 11-6037/Z), it AR 29 W T AT 285 i b X 4%
RSN IE 2 AR



IR

RS I 4 1 T3 2 10 IS 76 4046 X 0 T 43 b

K&, M BRE T, B=82, ARF X"

QIEBEHRERZRE LEYRE , SIA L 332900 ; 2. BRAASE REEYER B8O 570228)
*BEEE XH, B, BWRA , TENSHASHEEYFEHRE , (E-mail):yiliu609@outlook.com.

HWE NTHREBRTUBEETESETENBREIAREL , RTEYNSBREFSESEESIHABRBENXR , ZXE
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Prediction of potential distribution of Sophora flavescens in China under climate change

ZHANG Tao!, HU Wan', JTA Tianjiao' , ZHAO Sanzeng?, KONG Danyu!, LIU Yi'*

(1.Lushan Botanical Garden, Jiangxi Province and Chinese Academy of Sciences, Lushan 332900, Jiangxi, China ; 2. College of Tropical Crops,
Hainan University, Haikou, 570228, China)

Abstract In order to understand the changes of potential distribution of Sophora flavescens in China under the climate
change and explore the relationship between bioclimatic factors and the suitable distribution pattern of Sophora flavescens, we
investigated the distribution pattern of Sophora flavescens in China under the three climate scenarios (last glacial maximum,
current climate, and future climate), and analyzed the dominant ecological factors affecting the growth of Sophora flavescens
with Maximum Entropy Model (MaxEnt) and Geographic Information System (ArcGIS) by collecting the geographical
distribution points of Sophora flavescens combining with 19 ecological factors. In this study, it was found that: (1) under the
current climate conditions, the average temperature in the warmest quarter (bio10) and the precipitation in the wettest quarter
(biol6) are the dominant climate factors affecting the distribution of Sophora flavescens. (2) the suitable habitat of Sophora
flavescens accounts for 35.90% of the total land area of China. The optimum areas of Sophora flavescens are mainly
distributed between the 800 mm isopyet and the 400 mm isopyet in China. (3) from the last glacial maximum to the future
climate, the suitable habitat area of Sophora flavescens in China gradually decreases, and showed a trend of moving to high
latitude. (4) The suitable habitat area of Sophora flavescens under the current climate is 0.3% less than that in the last glacial
maximum, and the suitable habitat area of Sophora flavescens under the future climate is 0.75% less than that in the current
climate. In conclusion, global warming plays a negative role on the potential distribution area and the growth of Sophora
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flavescens. It leads to the reduction of suitable habitat and the narrowing of actual niche of Sophora flavescens.
Key words Sophora flavescens , MaxEnt ,climate change, ecological factor, potential distribution

#i% (Sophora flavescens) NE E} (Leguminosae) #JE (Sophora) Z4EAEKMWHEA, Fis 2
ACRERELA, MR M. L. RS ChERZEES EE) SRR RS, 1994) . 1
N—FtEgh ), WSIEWRIKIGIT PR T A A BB NN E. S AGEHT (RAKEZ)
HASCHRTZHEM L (BRPEGEHER (PEARE) HES, 1999  BERBHE: “mLIKk
%, ZUIh4, MU IEA L (FEE, 1959) . (HPFEZGH) kK LH G20 TR,
BABERE, Ad, RRSEDHN (BRAGME RS, 20200  HARGHEZHFTREY, &S 2EHM
L PUDERRHE . TR DI PUREESE 2 MBI, Ry 0 2 0 iR AN A S 2 1 0 AR
CehigtE, 20160 o BRA TR RIAk, w2k @&l gy Tl pgs s, B BRGNS
(1 = ZE R R

B 5 R 2 P R R R, R A B SRR H AR, B AR IR A AR I A2 T 2 M L
REFNR. WSENEHRSZ, Hg iz, FEZESEY, SRHAEANSREHERZ (L%,
2011), Ht, EESSHAEES )R, S HAESEEEE XEK. F50) 5w E 7% IR
BF AN, H B AN R A IRAF A N R DA TR 0 S I ol ) R R A A SR o T 24 P R A R UR K o AT S
BB AEEERR, ZABZHAERTRHL), DEANFKENMEW, RIAERE S H F~Y, A
1 25 (45 B AFAE (S8 22 M55, 2005). WFhAE0E A 772 F B AT RAR I BTG 2 A M s FRRIE A S0, 2 X
VAR ) e /N o3 A B G (T B AR, 2013). AR A LAY AT R AR O o A B0 AR DGR B AR, AR
P GiTt 2 1) 1a BT EHE AT VM A S TR 5K, R s S A AR A AN () 10 2 1) A ) o F A S
B AT FE P Ao ) 7 AE 43 AT (R IKSF 48, 2013)

AR, ARSI R 2 R T AR A RPN ARARAS b 73 A 1) 52 1 LA
Fo Ak Yo 25 TR AL R S 7 A0 b R BKCF 25, 2013). BT AHEMBEIS IR EriBdE o s, &
TER I VE 2 BRI A A A BB Y, R B AT AR S A% 2 T R B8 (BIOCLIM) . AE 25 R 1 4 AT s 2
(ENFA). FET-HU I 4R f 38 4% FVE LB (GARP) . B KR AR (MaxEnt) 4%, e MaxEnt #5884 /2 H i 2 H]
AR ARSI X 16 ARSI B T aE 7, S5 SRR I MaxEnt HE AL TR BE
ffm (Elith etal., 2006) . MaxEnt 15 R ik )% 1) 43 A7 B8 AR BG83, 4R HH AP o0 A0 (0 B K05, A
0T P ) 23 A BEAT TN, AR T oA LR AR A A2, B R S A A T LA 2R B S R,
HAEY R e A RAR N B A B HR GRS A 58N, U5 H A R T Ak R R RS R (g AR AR,
2007; FIT 5EEE, 20115 ZEIRSE, 2014). iZBEAY AR e R BN 0 45 RS R K S R o A AR )
H(RFEHESE, 2018).

UTAESR MaxEnt 8/ S PF 0 10 Fh i S5 b AR 35 00 B b B IR AL, B 2 s TRIEIE B
XTI SAEIE AR AR BT VTAN AR NAR A i XIS T Aty A0 245 FH A P 15 AE AR B 00 A S5 AR 2 0 3. A
125 (Kim et al.,2020) 2 A 2 (35 55 A%, 2017), M E H(Kamel et al., 2021; Saha et al., 2021; JI et al.,
2021)%) 924 (Jha & Jha , 2021), MAEAZ(Liu et al., 2021; Boral et al., 2021; Zeng et al., 2021) 3| K #4 £&
Z(Rozhnov et al., 2021; 755, 2021). A AER 1 R RBE Y Bl 30 90 b8R8 1) /DN FROBE S BBl A T A8
BTN 25 5 o 7E 24 AR B 9 Ak 4 Dz AT e 75 2 (Fallopia multiflora) (7% 41 £55, 2016). H
Z (Euphorbia kansui) (/% f 1% %%, 2018). Z Ji(Gentiana macrophylla)(f# & 41 %%, 2020). & Kk
(Euphorbia pekinensis )(FE 757 1555, 2021)%% 2 HAE Y0 BV AE 40 A5 BU 43 A, HL BN R R 4F. Rk,
AHIFFE % ] MaxEnt B2 SRFEAT SR AR A 5% AR T S AE R B AE A X B

W FEAE A 53 AT K R 0T A S AT e R, T R AR A 0 A 75 SR S S W Bl BE 4 A (R DG &R, X T
WML TBMT Sk, REEHENYMH AR E B EER L (55,
20200 . HETE SN TR CHCV RS S B A TR, W2 B 24577 35 2 KR &R 1) i E 2 iR
Z—, MRS AT 7E A B B AR A IE B X R B TR WARIE . DR, TR S AT AR A AL 5
B, EIEE STEAE A, SR ILTE A E ARG TS A X EAE S, 7T S 05 5% I8 1
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v B AR YLLK A T R M S S S R AR R W R . RIS, IR T DAE 4 VO A R A R
éﬂﬁE,h%ﬁﬁféIMW&k%ﬂﬂ LA G GAP AR v 2 R A5 M P b, SEEL ALY
s FUABEAY AR 7= o B AR E (3 Hh 254

AHFFE AR E DA 7 X 3, LTS R e 4, A 19 NIRRT NI EE EE,W%¢
] %0 7 b5 AT (https://www.cvh.ac.cn/) 8 210 A5 ., K MaxEnt BEAUFT ArcGIS 7 ] 73 i 4%
AR, A TR AL T 2 R AE = AN AN [ 3 S B L G A RS AR B, R DR 1)
(1) TP oA 75 S AL A KIS B0 Ak R (2) A SIBEEE Mk R SR T2
FEC R (3) 20 B th vy S e 3R i B Py ) R4 R0 T R 1 FE R 2 A 4

1. MeERZE

LIEARER

25 ] v [E %y bn AU (https://lwww.cvh.ac.cn/) ECEE S AR AR A5 B, M ER R AL R A
MEEARDAAER, NALAEZICE AR BN, DU OB AL R K704 /BN v] EAT BURA
i ﬁﬁﬁfﬂl£ﬁ%ﬂiﬁﬁ%%%§ﬁ%,EAm@S*ﬁﬁﬁmﬁﬁﬁﬁmﬁ,*A%%¢
FURE — A R, BIR A st IR B35 KT 1km, B dd A GG i) v 28, 43R A8 725 1
ﬁ%ﬁiﬁﬁhu,ﬁmgh

FES:GSC01NI82 S
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Fig.1 Dlstrlbutlon of Sophora flavescens
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Roe 7K s JR3 R 5 T ) o ) AT YL BEL, T KT 0 4 A vk S B8 T R DAA 280 R S A0 o A UL A A s A I
P2 (F B E, 2020). AHEFUAE T = A P e B OR TR 0K 3T A 3990 R SRR 199) Ui £ s 25 1
Gt F A% EE 2 (WorldClim,  http: //worldclim.org) , 45 19 AN %4 & ( Bio01~Biol9)(#
1). RIKB VKA EURT & b E %25 CCSMA4, - f /N HER 2.5'(5 km>& km); 24 i A% £ 47 i
¥ 1970—2000(version 2.1); A REM LR 2070, KRS MR IPCC 5 5 ik h R Kk 4 F
A AR B 1 AR R T HE UG S RCP8.5(1R) - M Al AR I A% I 2 40 HE %3578 30"(1 km=<L km).
r ] Jee PR Ak I o) A ERAE S R 4t W3 (hittp://www.ngce.en/ngec/)
1 B

Tablel Environmental variables

¥ 5348 & Environmental variables Desi%ftion
biol P15 Annual mean temperature (°C)
bio2 BRI 75 A 48 Mean diurnal range (°C)
bio3 ZEiR M Tsothermally [(bio2/bio7)*100]
bio4 R E 2T PR AR A bR #E 2 Temperature seasonality
bio5 % H 43 5 =i ¥ Maximum temperature of warmest month (°C )
bio6 A A R ARIEE Minimum temperature of coldest month (°C)
bio7 IR AL B Temperature annual range(bio5-bio6) (°C)
bio8 i ZE % T 3335 € Mean temperature of wettest quarter (°C)
bio9 I T2 2R Mean temperature of driest quarter ('C)
biol0 TR 2T 241 ¥ Mean temperature of warmest quarter (°'C)
bioll T4 2 P45 B Mean temperature of coldest quarter (°C)
biol2 4Ff#/K & Annual precipitation (mm)
biol3 F e A 4y P 7K & Precipitation of wettest period (mm)
biol4 T H 43 %7K & Precipitation of driest period (mm)
biol5 [ 7K 2278 5 R4 Precipitation seasonality
biol6 F 2 [% 7K & Precipitation of wettest quarter (mm)
biol7 I T2 [4/K & Precipitation of driest quarter (mm)
biol8 I g 75 5 % /K & Precipitation of warmest quarter (mm)
biol9 A2 [% 7K & Precipitation of coldest quarter (mm)

1.3MaxEnt #&&1g E K& i

MaxEnt @RS E: % MaxEnt %1 (Vv3.3.3K), BEHLIR L F 20%, # RIEARRE 1 %
104, #EmN L. ROC Mk M JIvk. Ll i h 2 9P A S FiE E NG E, DL ROC M2k K i 28
AR AUC () VPN BLBRE B, DAJJ DA 30 AR A TR OB .
1.4 BT ERE

B 2 R oI R K NE IR RN T SRR,
1.5 EFEERXXD XA GIS

B RS B B 4 S5 R R ASCH SO ArcGIS A k% RS AL T B85 A0 i Sof, AR5 i
ES R T R BEHATE S, WNEITIEARSERNR 5. g R R A R X AR5 E H
M, B P For, UBERMEREI, BUE 0~1. 3% 2007 EB S EBUF RIS ERLE TR RS
(IPCC) 5 VY IR VP Al 4 5 0 T AN 8 ME SR K 43, AR SR AF F0 0 G AE 4 I8 1) 0 A 55 kAT n R &l 43
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P<<0.33 NIEEA; 0.33<P<<0.66 NEEA; P>0.66 NEEEA .
2 £RESW

2.1 MaxEnt & B 700 %8 &

MaxEnt #5570 T k5 fE LA ROC #i4k S AR () AUC 18) AT &35 Fr, AUC {f 8k 22 B AR 3 I RS
FERE, TR bR 0.5~0.6 BIARAYTIMI L%, 0.6~0.7 % 0.7~0.8 —f%; 0.8~0.9 #f; 0.9~1 3k
WiF. TS 725 MEA A S, FIH MaxEnt BERILE L 2. 2 FT AR SR =R S A 20 R 6 85 2 5E
AT, ESREREE WA, KRGS AEZET, B80S B0 s 4 A 252
PEEEM AUC “FIYME 351 0.858(F& 2:A). 0.857(I&] 2:B). 0.863(F& 2:C), FKHHH MaxEnt A5 Fiil (1)
WSS E H BB W AT R, T T S & AR X o AR AL

Bl 2 MaxEnt #5284 5 Fl ROC 73 HTi2:K 36 T 45 SR SR VS UK (A), 0 <% 562 N (B), R RAME K A4(C)
Fig.2 Prediction validation using ROC curve in MaxEnt modeling: last glacial maximum (A), current climate conditions(B), future climate
conditions(C)

22 BELRBREIHRXESREERF

BT 19015 (Jackknife) Sk i 36 15 B i B 45 R, T R IR AN () B 5% 740 8 o) T 43 A1 18 25 1) BTk K /1N o
MRS 19 DB E M TTRREHES AT 11(DTHR R > 1%) K KA biol6 (IR W T B K &
mm). biolO(f FEEE PR E, C). bio6(f & H W AKEE, C). biol5(MF/KEFL R RE).
bio9(ix T E-F ¥R IE, C). bioll(FAEEFIRE, C). biod(HE ST ARHEZ). bio8(HK
WL, C). bios(HMEH i mii g, C). biold(& T H M FE/KE, mm). biol3(&HiE H
FeKE, mm), RiFTTEREIE 96.8%(F 2). 44 19 NAEA BN I 4RI, biol6(H ik
Z KR, mm). biolO(HREZ E PR, C)Rum LS SE T AR A ESFAERT(Rit
TERRIE 72.4%), HIKJE bio6(HA A BAKIRE, C). biol5(FE/KEZEAE 7 A%, biod(H T EF
PR, C). bioll(fAZ - FHREE, °C). biod(Ja B Z= WA ARl %), bio8(H i Z= & T 115
B, C). bioS(&ME A i miEE, C). biold(FH T H i FE/KE, mm). biol3(&iE H i F /K=,
mm), ETTEREERTANEE 2). NRE— B T STE 9 SR &0 T 2 AR 5 A7 R R E
MR, ks T A SRR 7 5 N MaxEnt BE8Y s g s, ) s A s 7 i 28 (B 3), B 1H 5



PR

A ESSERTFRRME. FEMERT 50%F, H&IEZEFKE(biole)kiE 5 EAE 400 mm T
800 mm, & ZE S ¥ 35 (biol0)fE & 20 C £ 26 C.

2 LRI T BRI vh 2% PR AR B A Tk

Table 2 Contribution rate of each environmental variable in MaxEnt modeling under current climate conditions

AR Eiiipa TTRRE
Environmental Description Contribution rate (%)
variables

biol6 F 2% % K i Precipitation of wettest quarter (mm) 519
biol0 PR ZEE 714 Mean temperature of warmest quarter (°C) 185
bio6 s A AR IREE Minimum temperature of coldest month (°C) 67
biol5 [ 7K 5245 5 R U Precipitation seasonality 18
bio9 I T2 P44 % Mean temperature of driest quarter ('C) 57
bioll A 2241 Mean temperature of coldest quarter (°C) 2’6
bio4 TR E ZE T MR A bR E % Temperature seasonality 23
bio8 B2 P45 Mean temperature of wettest quarter (°C) 4
bio5 W% 4 35 i Maximum temperature of warmest month (°C) 19
biol4 % T 43 F% K & Precipitation of driest period (mm) .
biol3 i A 43 %7K & Precipitation of wettest period (mm) 10
bio3 235 1% Isothermally [(bi02/bio7)*100] 07
biol8 B2 [% /K & Precipitation of warmest quarter (mm) 06
bio7 AEHIE AR LI B Temperature annual range(bio5-bio6) (°C) 0.6
bio2 BRI % A {8 Mean diurnal range (C) 05
biol P15 Annual mean temperature (°C) 03
biol9 TV 22T %7K & Precipitation of coldest quarter (mm) 03
biol2 4Ff#/K & Annual precipitation (mm) o1
biol7 I T2 JZ %7K & Precipitation of driest quarter (mm) o1

3 EGAME TN L. RRFEEKEA), REFETHEZ®B)

Fig.3 Corresponding curves of dominant climate factors: precipitation in the wettest quarter (A) , average temperature in the warmest quarter (B)
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2.3 RIEEZENHMEZHGTESERENEEESH

EAEZAE SR, A MaxEnt A8 F0I 1 3 B 5 S0 R IR VK B . Y mr =E . Rk A%
(2070) = /NI B PR AE S AT X . FF RIS B R H 25 SRR ASCIL SRt ArcGIS H RS AL
T HEEAC RS SO, BN R DG SRS S el s A E R (A 4, 5, 6), EP G ERR
AR, BUEE 0 2 1, &4 EUE KR IZ X I S8 B A RO, 1 X D T 2
TE 4347 X 35

4 R KI5 2 A 4 [ AR O A

Fig.4 Suitability of Sophora flavescens in China during the last glacial maximum
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B 5 Al R R i S e s R

Fig.5 Suitability of Sophora flavescens in China under current climate conditions

B 6 AR AT S A E R R

Fig.6 Suitability of Sophora flavescens in China under future climate conditions
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QAR BREMNREEZSEEMEE S AWE

EAFEAME =T, FH MaxEnt BTN T 3K E S STER KB IKI . a6, Kk E
(2070) =A@ B M AT AT X B = A D ERARE AR (K 4, 5, 6)lid EHR T A, wEZHT
THI4r: P<0.33 NAEEAX, 0.33<P<<0.66 AMKEAEX, P>0.66 NEEEAX, 53] =45 s i #
ARG P SAESREE A G, W (K7, 8, 9 fin, S NlEEEX. LENERES
X. athmEEX, SEXAEHREEEX S EEEX,

MRPE BRI 45 B, MR Y vk BA T 46 31 K Sk S % (2070,RCP8.5) = Fh S 515 T, WS EREME
AEETAUR R D, RIEE TGS, HEEG R &S XIS, BRI ER N SiEE
AT S s B, RS FE AN . BLARE B (L) AR RS VKIS S 1038 B AR ST T A S A A
X 3 T AR 36.20%, e dd AR SR T AR 7 9T X IR T AR K 4.22% . (2) 4 AT TS iE E
A B T AR I T DX AR AR 35.900%, AR B UK I D 0.3%; HETAMEAM N E S EE A
TR o5 F 90 X IR T AR G 2.43%, BER RER UK IR D 1.78%. (3) AR RAME KA RS & B AE S H A
R RTE AR 35.15%, BRI AR D 0.75%;  RORAARSAE T S 0 E B AR BT R b AT X I
STHAR Y 2.87%, BCUHT ARG N 0.44%(K] 7, 8,95 3 3).

P 7 RO DK 1 2 AE 4 [0 0 A XA R 23

Fig.7 Division of suitable distribution areas of Sophora flavescens in China during the last glacial maximum
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P 8 Al Mk A AR T 9 2 AE 4 EDE B X 9% 2

Fig.8 Division of suitable distribution areas of Sophora flavescens in China under current climate conditions

P 9 ARRAAEAT T V5 S AE 4 [FE B 40 A X 3 4y

Fig.9 Division of suitable distribution areas of Sophora flavescens in China under future climate conditions
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25 ESHELEEES ARNERSLT
1E ArcGIS "ol =/ANASF P sEif A S T & A E 2%, AT LAV, S S RENTH
o R IR UK BT M RTARE SR SR SR R B 0E AR B T AR 4 i) . 348.6215%10° . 345.28x110° .
337.8676%110° km?(J. 3 3).
X3 A 7 L S A E & R ARG

Table 3 The suitable area of Sophora flavescens in China in different historical periods

J SR HpR [HIARGETH(10° km?) 3E A TH B A (105 km?)
Historical periods Reclassification Area statistics Suitable area
i % Past 4Ei&E X Unsuitable area 614.1163
[ A .
it % Past K& X Low suitable area 308.0347 348.6215
i % Past i 2E X High suitable area 40.58681
7T Now JEi&E X Unsuitable area 616.5338
w S .
41T Now {Ki&E 42X Low suitable area 321.8887 345.2801
21 Now & 42X High suitable area 23.39139
A3k Future JEi&E X Unsuitable area 623.3508

‘ X i
K Future {Ki&E 42X Low suitable area 310.2965 3378676
&K Future 3G 2E X High suitable area 27.57104

3 WitE4ie

BIRBREMEZHTESEREEE S HXEL

A RS BE PP B B 2 & ROC #IZki: (AUC VE) , AUC fE B AW N AR 25 A7 A
T PEAN Sk ) B FE VR FE A . AUC IIEUEYEEIAE 0.5~1, {Hilkizin T 1, BAURS RElkm . AT
TSN 725 NP AR A 19 ANRAERE T, SRAH MaxEnt BRI FTHLEL(E B R G (ArcGIS) X % S 15K
UORUKIA . AT Ak R R A% (2070,RCP8.5) = Ff < fiz 15 5t T A8 3K 1B (1) A X 43 A 4 Jmy i A7 T . 52
R TAEFEM L DR, =M &M T, MaxEnt BRI ZGERMRER AUC FIJEHK
T 0.85, WEE THEALTMN K AUC {E(0.5), X 15 BHAR R b YR R TR0 1) 1 B2 43 A7 5 75 2 S Bim 40 A7 FU
GREE, PIERMCERIT, PSR eE .

PR gE BB IR, AR U UK AT 46 ) & RS % (2070,RCP8.5) =M A G F, WS HEHAEKX
3 SR A 43 A AR B R 2208 - 5K 5K 1 - 22 M - 5% - = L L AR T g — G AR R A X . R IR UK
WZ A SIS T, S SRS VUK & IR A = V0P R i&E B AR B o A Vu B AR /N, 78 2R A6 T A
kA b3 EH . UAT SR E IR B AR R REE R NS SEAR TURE R RIEFEMKE ILX
Hod B A S AR by kg b .

YETREEET, MEEARXEEEEF MRS AR S 7 iR R L X
B WAL S PR R ORAT WL X, BePE R HORPa R A WAL TE A DU AN E R AR AR X s 1L
AR AR N TLIREE 0 22 B0vh w3 K Ll X DA R VT P8 A St XA = B o0 A o RIS UK 2
MRS, Bt . i S L X AR A AORAT I R RS TR
S Hb X v AR R Xk D o AT AR S B R RO T, ME L R IE AR P B X S B AR R A
X b g, K L XA 7 X e B AR B A XA, AR AR A BRI S
FERFEH0 . TLPEALES . Wi V0 AR e 5 o X DL K 5 75 b3 4 . IXOFF R 1 A0 ) v 18 B AR B 0 A X
S8

Y AL 28 S o] LR 3 DU RO SE bR it o7 m A ], 3 — DR R A 328 0 2 0 B S 0 A X
32 SBREANESHEBES MXEMHNZE D HERH I

B AR AN A2 N 21 I T I (%) 5 9 72 08 R PR 5 I R, U TR) AR AR Ak 11 23 01 2 5 IRV AS A
(intergovernmental panel on climate change, IPCC)#gHi, AHELT 1850 & 1900 4, 21 el KRR R
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HME T e T 1.5 'C, £ RCP6.0 1 RCP8.5 5 I, I F i il e 2>t 2°C(Stocker, 2013). (&
AT AE KRG« MO A0 SRR AR N SRR 2 e AE AR B2 (Alan et al., 2006). #oR
2 BT R B, SRR T RS 5 EUE G AR XV R g/ (KRS, 2009) , (ES MY R . =
A XL R (Wardle et al., 1992; RFE%E, 2011) . SR, SARBAXTAFBED IR AA S Fik
T FE AR ARESA AR A [4) me KECR AP A=) 2 BRI B oy B E

A RAESGEBHE =T, A MaxEnt BRI F 73 S5 R KB Sa03E. KRS
(2070,RCP8.5) = ANid B A 35 70 A X e MRAE A AL 25 3L, MR IR vk A FF 463 1) oK ok <% (2070,RCP8.5)
SMAEER T, SR E N E AR AR RS, RIS, B g X R
S . YETARE AR TN S 0008 B AR AUROR RO UK B> 0.3%, ARSKRAE &M TS IE
B AR AR B /T SR> 0.75%. IXFIAE S ARG ARRE, WP LA, KA EHIX AR, md
DX OB AL B, F 45 S5 A BB 2 B A X AR R 1R A X E A dE AR X, A 1 75 4 B AR 1 AR X 8
AR TS X k. AERAARARBR X T S AR o A X G BRI, BRIE S SRS R, A
PT35S A7

SRR SN, S EndE A XA R, U AR AR B0 S T sk A W AR, (15 RS
A DXIR I . EASR AR IR ISR R, RS S B 2 Bk b v 2 B X B K R B 0, (R 4 ] % M X AR g
e TR AR E R, RS S AR IE AR X I I, R IE AR X R D HL ) e A R R X RS B (] o 2R
45, 2008). XFFEESHEE . AN E AV F 5

FAkh, BEAERE, MR 21 tHACRAEARRRNE ST, H i X R K 2R R,
XSHESEANEHE AKX ENAE T LY 5 CREEMERS, 2016). X 5AK0 A IE
HARR =M AR E S T S HEE A X BRI g R —2, 5 Wardle 15 2|10 HE S
A M) ) it Ak . v 00 P 1 XL 7% (R B 0 45 18— B0( Wardle et al., 1992).
3ZIEYRBRAFEESERSARENXR

MaxEnt #5574 [ JJ 1246 36 A0 = 5 R 7 i 92 i 2R 20 A R B, 75 S B RS 2R X A A R I AR K IR
(B R 2 SR 2= 2T 3R FE (biol0) . i il 2= i [ 7K & (biol6), i id B IX [A] 43 il 20~26 C.
400~800 mm. ©] UL, JEBEAIFEKEZEW S Mm K EFE T REAEAKE A EENAEE TR
FRME N A A SIS TR SAEEMEE EE,

BN S S M S ZEZH R RIYE 7. 8 AMEAPEAKME, £ 8 AT
P Z, BEEHEAMF IR B, 9 A ERAMTwEams, FERFR, Mradg, slAdmEEK.
K= BRI 58 E K X R 2 A, 1) 20~26 C R IR FRIREA R TS M1
BN IK , TSm0 AR M B R R Ak R . IR, RS SRRk R, ARk U ik E R
Tl Y P o AL 25 b B L M bR B, NP e 0 R A R R P T E IR IS B A E 20-26°C 2 [A]
o

BT T AR AT IR . AR T R e, WS MEARZ FERWEE, SiRmekt TE
551 S SR E R AR RS, 2018). 3 B A K T DLER AR TS L UK e, R
BEREWAEK . (HK T ZH ™ ERAESAE KL, BEh Ry SRR ZE, EHRA
IEHEAER, AR TEDAEKKE . RS 2K 5] 50 m e A FT0 E AR s S5, ko™
HRE, BESOANE, Nz m et RE ER Ak (Xin XFetal., 2016).

RESEBILNE, SEEER, MEEZERE, — SR 0% KRS O E E SR X R E
TS E bR, W 800 mm 2 [ /K &2k 2 b E w7 R X AL 7 2 18 X O 4y L2k 400 mm S5 F%
K2R R E R N AR AR IR X PEEE R TR X P M 200 mm SEREK R LLAR R R
TRX, UlANTRX(EEZES, 2020), KEEKKRSSMERAEE], NS5 EE, BERK
KEZ, FREKH X B K G SERKER 40%L0 E, F. KBk, £FHb; N2SHELEE
IR EE I X P K T, P A P B X B OK AR D (B VB 5, 2015).

FHAE ALt &5 R v, = AN S A R N S ERE S E A X MK E 800 mm 5§
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KBS 400 mm S (KB 2 A ARREAT T 2 1038 B A 5 i AU 1T SR> 0.75%.
KRG ARRANEFR, KE 400 mm S5 FEOK R LR A VR AL IR BORT TT 45 R — B (R AL gE,
2020), [RIUk, 7E# SR SEE . AR ICAE g it 5T 24 0 F Tl R 0 TR SV R M K
B, U B TORVE el 2R R K B IE FUHUEL(E 400~800 mm S

(EU s 0T A A0 M 5 0T B 05 3 1 S 5% o 2 S At B — IR AR BEROAE T, o 5 2 i v 3l R 31 %
FRIABE AR B (AR R 7 RECRI IS B A5 ) M SR & e, DI, A SR AT ARy Rl ey 5 5 34
WAL WRXRNSH.

3.4 S HEREEE NN RY I LR AR,

BIF FERE A 53 AT 4 R RSB AR AL R WA R, T SRR 1 00 75 SR S JE 5 0 R B O A IR S R, X T
BRI R TR A BT S, 3R A B R 2 R R SRmE S S A . RS E S @A
AR (W35, 2020; L&455%, 20200 o BHATINZG A YE B0 AR X, IF R0 E 5 B A o
PR BRI X, SO ORI 25 R A BRI — B A AR 373842 (Yan HY et al., 2020).

AT U A T A, AR TR SR T T S A A [ Rl AR X A R A I AR
By WTAEZRACES 5L 7 v B AR A e X VAT P A K ORAT X BRVE R AR H O P R
WIACPEES . DY) ATE PG AR s L AR P AR AR - i VL A 2 B v R b X BRI
G X R . REEHIXON S S AERE B AT X, R EF AR S B N A X, R
AKKESERRE X

SRR IS SR, A HT R S T SR R E 1 IS AR BT AR BOR O K> 0.3%, Kok
15 251 8 15 S I03E B AR BT AL Y BT AR IR 0.75%. ARSREME T, ZAEBNEm, I, =
PR ST 31 AT DA pl A o 25 068 20 A ) o XU ML X, T 8 3 X £ 7 2 7 2 B R SR B i £R
PG R B 5 AR,

SEARAAE TR, w5 1 I E R R () e 3 A X B A RV AL VAN AR AL L X . SR
FER S I TR AR, RIS X & HAR A R S R, 3 RO R, AT B AR IX
AEOLWEORWEYS, IR, BESLTTIZ 0 SRR R AR 0 LA

AT UCAE 4 [V X5 B AT 1 TR 0 A XS B 2R SHEAT 1 AN G 4T, 15 SRR
ARRE X ¥ B AR X AT — S R R 45, B A BRAE AR IR LR 208 A A B, S BRAE AAL
A, —EREEAMTESREK. BTATRSER, £ES0AELikd, MEEE 5 8 iR M
AR ARSI T, RIVCE 2 BV DA 3 DR A 58 A o b ot g 3200 R 2 iR B, LR e % e 2
PV A3 L HUELAE 20~26 °C 2 [A) AR Mg A 308 U DAy i i J5 245 A ) A 2 ) 2 S 20 5 2
BB, 2 RV il R K B A B HUEL/E 400~800 mm FY LIk .
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