[ &HW4 Guihaia Aug 2023, 43(8): 1414-1427 http://www.guihaia-journal.com

DOI: 10.11931/ guihaia.gxzw202304023

R, F5, A, 45, 2023, ST G LSENAN 4R 20K A BarLE (1], )75k, 43(8) : 1414-1427.
WU XY, WANG M, ZHENG XL, et al., 2023. RAD-seq revealed the endangered mechanism of Hydrocera triflora
(Balsaminaceae) [ J]. Guihaia, 43(8); 1414-1427.

T e (L B B A 35k B3R e L
RN, IR, AERL KOS, TR, FE

( L. I 2R AR BT ol 4 B 22 BHE R BRI oL, I 2R A SR S S0 s, 2R
AP 5 0 E SOl A R B S S0, T 4R I 518114 2. R R EE th2i i IE2EpE, TN 510006
3. ERER R I RREEPTE O, EHE 201602, 4. ORI HMR S PG D 570135 )

& O YR L 2 R e YRR M A AR AR ) OGN R L AR EE R Bk A ) 2Rk
MEEHNRZ— ,Xd‘*ﬁ%ﬂ’ﬁH"Jlﬁﬂ%g#’ﬁﬁﬁifﬁﬁuﬁo IK ( Hydrocera triflora) VEN—Fh i G YY),
B AL ZZ R PEIR B AN G HL AR A R, SO EE T KA T AR RE ST 34 SRR R 7 Ak 3 D 4L
HAR (RAD-seq) 245 T HAZATFRAR S0 45 (SNP) 3l 2k Bh e I8t 4% 22 FE MR8t 1% 25 K 18 o0 BT, I 45 & IR T
ST [R) A S T PR AR A A BN, B3 TOK e AL L 45 SRR L (1) KL 2R
PEEAR(H,=0.156 9 \H,=0.165 4 \m=0.186 5) , it {5 /3 fb RECEL 55 ; AMOVA 20 Wi 3R W] i 8 S5 F 8 Rk A4
FEFPREN . (2) Mantel A5 2¢ B PRI R 29 5 15t A4 B 2 | b PR 2 34 522 B 28 IE ARG, 430 P=0.041 2 1 P=
0.008 2., (3) K F1 A RCFPE R /NN 4 th P FF AR R340 B, 5 3t db kL e 2 i i) — 3, (4) 524
FRAMEH LL | B ARAE AR SR AE AT KA BT AE A X R AR SR K ELEE & COLHERL A1 = F , KAy
1o A8 AR DK 2 R B A AR 2B X, R T E ok B 5 3 2R KL 58 i O . i F s s SRR, &
B i BOAL BT KRR 8% 2 BEERUR BRI R/ NIRRT R, BRI, B B BT RE AR LA B Nl 1 3l
T IR AR R A IR A R R BOL G i R RSO R K At AR SR FE N TR R A
T 4 v LI DR ARG 0 LR 1) 15t 4% 2 R RT3 FE R4 b S IR

KB . AN Bk, ML, W 2R, BB, PR AR R DT s B A

FES S Q943 XEkERIRAD . A XEHE 1000-3142(2023)08-1414-14

RAD-seq revealed the endangered mechanism
of Hydrocera triflora ( Balsaminaceae )

WU Xinyi', WANG Meng', ZHENG Xilong”, ZHANG Rui’, HE Song*, YAN Yuehong'”

( 1. Orchid Conservation & Research Center of Shenzhen / National Orchid Conservation Center of China, Shenzhen Key Laboratory for Orchid
Conservation and Ulilization, Key Laboratory of National Forestry and Grassland Administration for Orchid Conservation and Utilization ,
Shenzhen 518114, Guangdong, China; 2. School of Traditional Chinese Medicine Resources, Guangdong Pharmaceutical University ,
Guangzhou 510006, China; 3. Shanghai Chenshan Plant Science Research Center, Chinese Academy of Sciences, Shanghai
201602, China; 4. Haikou Wetland Protection and Management Center, Haikou 570135, China )

Fs B H: 2023-07-06

HEETR . # O Al 535 B (HNJC2019-0801) 5 H E Rl b SR E 1 25 SR L35 (A 28) (XDA19050404) ,

F—1EE BRAL(1991-) Wi, TN, AF5E 75 10 S A5 % 2%, (E-mail ) 460774031@ qq.com,
CEEEE CEN, A R R BT RN AEY) 2R 5 A9, (E-mail ) yhyan@ sibs.ac.cn,



8 M SEFRAS S o T 7 A 35 DR ZE I 4 s K B A AL 1415

Abstract: The genetic diversity of species is a key factor in their adaptability and survival capability. Habitat
fragmentation is recognized as one of the key factors causing biodiversity loss, and it has significant impacts on the
genetic diversity of plant populations. Hydrocera triflora is an endangered species. Its genetic diversity is unclear and
endangered mechanism has not been reported. In this study, 34 samples of H. triflora from seven populations were used
to obtain single-nucleotide polymorphisms ( SNP) by Restriction-site Associated DNA sequencing ( RAD-seq). We
discussed the endangered mechanisms of H. triflora by analyzing population genetic diversity and structure. Additionally,
we combined these results with historical population dynamics analysis and predictions of potential species distribution in
different climate scenarios. The results were as follows: (1) H. iriflora had low genetic diversity (H,=0.156 9, H =
0.1654, w=0.186 5) and high genetic differentiation coefficient; AMOVA analysis showed that genetic variation mainly
occurred within populations. (2) The Mantel test indicated that there was a significant positive correlation between
environmental distance and genetic distance, as well as geographical distance, with respective P-values of 0.041 2 and
0.008 2. (3) The effective population size of H. iriflora had been continuously declining since the mid-Holocene. (4)
The total potential distribution area of H. triflora change slightly in the future compared to that in the modern
climate. However, in scenarios of high CO, emissions, the high suitable area decreased significantly and changed into
low suitable area, especially in the Malay Islands where the suitable habitat was almost to extinction. The results indicate
that habitat fragmentation caused a sustained decrease in the genetic diversity and effective population size of H.
triflora. Therefore, the low self-renewal capacity, as well as detrimental environmental conditions such as human
disturbance and urbanization, are the primary factors contributing to its endangered state. It is recommended to
strengthen the in-situ protection of H. triflora, employing techniques such as artificial pollination to enhance gene flow
among populations and thereby increase genetic diversity, and at the same time, we should focus on protecting wetlands
from destruction.
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2014 4 v [ERFA= e B DA P 00 58 BT A i 11 X
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A. f£; B. B3 C.oAEEE,
A. Flowers; B. Fruits; C. Habitat.
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Fig. 1 Morphological characteristics of Hydrocera triflora

x1 KAERREREE
Table 1  Sample details of Hydrocera triflora

s E=N
iR R 1 £ i
Population Sampling location Longitude (E) Latitude (N) samples
Rt W 4 18 I B AR 110°10'43.36" 19°47'49.75" 5
DXC Dongxing Village, Chengmai County, Hainan Province
[SRIRES TR A4 I 10 T A 110°17'01.46" 19°47'12.71" 5
CWC Zuntan Town, Haikou City, Hainan Province
N VT A Vg DY TIT R B I A 110°18'42.83" 19°46'28.75" 4
BMC Bumao Village, Xinpo Town, Haikou City, Hainan Province
N BEA A T A TR D BE A 110°2043.95" 19°46'50.12" 5
BBC Bubi Village, Xinpo Town, Haikou City, Hainan Province
b g R A M UTHT S 38T D S 110°23'25.58" 19°49'39.11" 5
BSC Bushi Village, Meirenpo Town, Haikou City, Hainan Province
SCHERS 1 Ve 48 U 1 T BT SRS A 110°20702.26" 19°44'44.46" 5
WXCl1 Wenxuan Village, Xinpo Town, Haikou City, Hainan Province
SCHERS 2 e 48 U 1 T BT SRS e A 110°19'42.72" 19°45'29.92" 5
WXC2 Wenxuan Village, Xinpo Town, Haikou City, Hainan Province
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A. Admixture validation error value corresponding to different K values; B. DEM distribution of best results in clusters. Pie chart represents the

genetic cluster of each population; C. Maximum likelihood tree and structural analysis based on 38 667 SNP and results of the genetic structure

analysisl with K=3. (Each column represents a sample, each color represents a genetic cluster.)
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Fig. 2 Results of population genetic structure analysis of Hydrocera triflore

BER AL AR S 5 AR Y 52.65% , FIRE ] A 35t
178 5 3K 38% , kT35t 4% M B 20 85 B 1)
Mantel A6, 2% 5 2 B W 35 22 (6] 77 76 2 3 15 AH ¢
(R=0.4346,P=0.041 2) (& 4. A) ; 3 T fL
BRI M FREE 51 Mantel R530, 45 52 UF B 5 & 2 1)
AETE B FRIEZR (P=0.339 3) (K 4.B) ; KT}
15 PR 5 R B Y Mantel A 45 52 26 B 2R 6% 1R
B I B A O A OC, R R A A
RSRAYEC R (R=0.643 2,P=0.008 2) (K 4.C) ,
2.5 BEK/INHEDH

SHAE Stairway Plot H X 7K 1 1 B 1A K /)N Bl Bisf
] A5 Ak HEAT HE D, B 506 077 2k B % 1Y SNP £ i
38 667 >, Stairway Plot #fE il 1% F £ 100 kya ~ 1

kya B9 R/ NE (B 5) . BB S AT AE
11.7 kya R K VK (last glacial period, LGP) LA
Je BRI e A, #E MID I R R AE 4
kya~2 kya, 7K A A ORI EE RN B0 S 7 T B
2.6 AEIBETHEESHIER

PR MaxEnt B8 AUC {1 K T 0.952, % B
AR TN O A XA R LR T R, AE
B AR G R e 0 I SR AR
AP S5 B RV AR T o s R R AR R, R E AR
S K 53 A 1) R BB

SRR BN MID B4 (Kl 6.A,B FIER
5) 7K AR B S AR TR R I BE Y 2L | S BERIAE
o 38 AR T AR D 29% , HhiE AR TR AR 34% R



8 M SEFRAS S o T 7 A 35 DR ZE I 4 s K B A AL 1421

0.2
x i

% Population
&/ BBC
0 ~ BMC
-~ BSC
- CWC
- DXC
WXC1
WXC2

EH42 PC2

I
=
)

-0.25 0 0.25 0.50
F 431 PC1

NG R AV R NETE L i

Different colors represent seven different populations.
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Fig. 3 Results of the principal component analysis (PCA)
of Hydrocera triflora based on SNP

x2 KATAHBENEESHENE
Table 2 Genetic diversity for seven populations

of Hydrocera triflora

gl g e

i s f KR 'y

Popu]ation % mERE S gﬁé ﬁ ,%7;&
H, H, T Fi
Ap . s
BMC 162 0.1888 0.2074 0.2399 0.100 0
CwWcC 389 0.2105 0.1841 0.2065 -0.0048
DXC 1 385 0.1798 0.1770 0.1993 0.041 3
BBC 408 0.126 8 0.1609 0.1805 0.1155
BSC 1 445 0.0791 0.1438 0.1610 0.168 3
WXC2 756 0.1723 0.1501 0.1678 -0.006 1
WXC1 1253 0.1408 0.1343 0.1502 0.017 5
SFHE 828.29 0.1569 0.1654 0.1865 0.061 7
Average

TE: Mg 5 ILE 1, T,

Note: Abbreviation of populations are the same in Table 1.

KAE SSP1-2.6 15t N (Kl 6.C A 5) , KAMHE
FES A SIS A RS AR I 174.74% , F2ERIN
TEARIE A T AR 4R N T 33.40% , 7 SSP5-8.5
T (Kl 6:D K S), /KMAEIE A AL 5)
AN AFRE o 3 A AR KR D, R A A AR A Y

x3 KAMBEENEESLRY
Table 3
population of Hydrocera triflora

F, values between each

CWC BMC BBC BSC WXC1 WXC2

DXC 0.4454 0.3538 0.4450 0.4984 0.5509 0.5496

CWC 0.2035 0.4049 0.4974 0.5396 0.5206
BMC 0.2887 0.3944 0.4500 0.4142
BBC 0.3921 0.4987 0.501 2
BSC 0.544 9 0.548 7
WXCl1 0.584 6

x4 KARABDSFHRESH
Table 4 AMOVA analysis among the
groups of Hydrocera triflora

i B
5 AR b T msap
. . . . Percentage of
Source of Degree of  Sum of Variance ariati
variation freedom  squares components vanation
(%)
J
A 2 37703.709 283.672 04 9.35
Among groups
20 P FAE )
Among populations 4 50 840.824 11 52.494 90 38.00
within groups
ke 97 408.600 1 596.862 30 52.65

Within populations

3t Total 67  185953.132 3 033.029 23
4[] 8 15 5t &R
B, 0.093 53

PR D> T 23.34% , H iE A AR B AE > T
4.91% , MG A= ARSI T 72.94% , AT UL,
TEARKBEE CO, e BE ) T, 4 3k-F 2408 B2 i 7
o, VTR T AR B AR A ™ B XK Y
T A DA AR R Y 52 ), K Y e A XK 2 e
B RIS 41X

3 W54 %

kM EESHEE . AERBEUBRETKAEN
B SHME

A 20 et 90 AR LK, A 5% A Bk n) i fE [
PG 3Z B O, — R R A 2 R A A 2R 4
WM FE I 22— AR e R R MR P O R
(RA5E 2001 ; £ B85 ,2016) , WHGH FRARIR Z
(ZERLL5F,2008) , FEANIRIAESRE A | 5 05 () F
SEAL 2% (RAEG % ,2017) , BRI R L &2
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A. Genetic distance [ F/(1-Fg) ] is associated with environmental distance; B. Genetic distance is associated with geographical distance;

C. Environmental distance is associated with geographical distance.

B 4 /kFAEEEES IR EE S AIMERE B 2 B K Mantel #2745 R

Fig. 4 Mantel test results among genetic distance, geographi distance and environmental distance of Hydracera triflora
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Thick line represents the median, and shaded area represents the

95% confidence interval.

B 5 Stairway Plot EF SFS By7k Bk K /NN 547
Fig. 5 Change analysis on population size of Hydracera
triflora inferred by Stairway Plot using folded site
frequency spectrum ( SFS)

BEPE  RAE AT DL S B i) 3 07 34 B2 A8 Ak 1 08 7, i
HARTT LAk iy 9 U5 31 2 W 1 9 o B 14 A A7
T KBRS AT A W PFAL (Mable, 2019) . WF5%
KB, R AL AR R AT AS A SRR s B AR A 2
(R i A 22 R 8 T i B0 23 A B2 25 R A R
fEWIF (Cole, 2003) , 3815 2 FEME A BARE — 1

YRR A 5553 A B 28 10 3 ik R A ( Gitzendanner &
Soltis, 2000; StHABHAE,2023) , #% 17 AR 2 4F 1 2
o A AL 2 B Y #E IR F5 AR ( Catchen et al.,
2013b) , AR FIH SNP 7 FHRic XK f 7 A-Fh
BESEATRER B AL 25 20 A, 45 SR WoR K A LA 3l Y
WL Z RN (7 =0.186 5, H, =0.156 9, H, =
0.165 4) , TESSEHB Y ff M- BRER IR A REIR 382 4% 70 B
T AR KB, HANEJERER T2 = (H, FH,
435k 0.373 .0.106 F10.135 (Fh4EBI4E,2022) . 5
ARAKEYIAA L, R A W) B A S A 352 15 2 A 1
(Chung et al., 2020) , FIH RAD-seq FLAMFFT A
FEA R AL RS Y81 Z AR VE R (7=0.241 0,H, =
0.226 7) (EfR#E5%,2022) . SRIFHADFAH L, 7K
Y H, Ry 0.165 4, WAL T R HE I XUALNAE
(Impatiens macrovexilla) ) H,(0.018 6) (Zhou et al.,
2020) , [RIEFAHFIESS SR B, KM 0¥ H N T
VY H, RESIRES T EARE  EX R R
KRR AFTESR & T BRI — s FE L L 5T,
A8 R BAb 8 AL 2800 B R L, Dixo 45 (2009 ) WF
Fuk B, B VY K VY 9 U R AR AR R S R ( Rhinella
ornata ) FIHEI & A6 M 5 W AR A0 TR AR A2 AEAH G, 4B
B R BeAk R 38 92 WG S5 Mt 22 T 1) 5 DR s 7 A 17 T
SO, AR R BOAR S BORP RE 2 ) Y 35 4% i 3 32 3
FRLA] , DA T BRI A PN &8 0 0 S sC Fe3f m, 5
BRI R A FETTRE ARG 5 1L A1

AN [) R[] 14388 1% R 25 A Bl T X0 A [] R 1)
Wt ZREE AT RS, o] F R AR B (A 35t 1 45
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500 1000 2000km

A TP S B 2R (1970—2000 4F) M1 5 C. Rk (2081—2100 4F) SSP1-2.6 UMM 5 D. Ak (2081—2100
4F) SSP5-8.5 AUMAE St (&1 e L 150 V8l 3 3 3 7 Uk v B2 VR T 20 A1 DX AR R AT, IR RN ARG AR X MR (0 R OR IS AR X
WEFRPEAEX; A O EEAX)

A. Mid-Holocene climate scenario; B. Contemporary (1970-2000) climate scenario; C. Future (2081-2100) SSP1-2.6 climate scenario;
D. Future (2081-2100) SSP5-8.5 climate scenario. ( Dashed circles in the diagram represent an enlarged views of the potential distribution area
of Hainan Island. Dark green indicates unsuitable area; light green indicates low suitable area; yellow indicates medium suitable area; red

indicates high suitable area.)

Be6 ARBERTKANBESFHIES

Fig. 6 Distribution of suitable habitats for Hydrocera iriflora under different scenarios

W 2e5 . AEFEEZ B R EL Z R alm s (LR K A R XL AR e | sk Se A Py 7 o 2657 b

FoitATWI5E, 8 Fy 9 0.25 LLE SRoRFIRERIA SOIMISC, DRk, b RUIAE R i BIF 5 25 28 T Lo
RK M5 4% 53 46 (Wright, 1978) . FE/K A 7 DR KAREE RN SR AL — 2L D9S2, B

BEBIPIZ LAY 21 4 Fo P 20 A Fo KT 025, & 05%(2014) AU ISSR X XU ZE R ) 8 5 o %

W7 AR E) A 38t A% 20 ALK P800 . AMOVA
ORI K f 38% B g AL AL S A R AR AL REAR
(], 100 A A ) 388 1 78 S BT, Ol 52.65% , YT
IR LA XK A 5 A% 22 BEPE AT 5T, KU AE B

I}L 165 7 KA AE ( Impatiens hainanensis) B 9% FEE )
B SAR ARIREN (92% ) , FhEE] A2 7550 (8%)

7Kﬁl@ﬁ52#ﬁ%/n%,ﬂﬂﬁﬁ¥lﬁﬁﬁ 5 78 S

R o [ I A 0T ST 7 IRUALL A Y A 5 v i B
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Table 5 Suitable areas of Hydrocera triflora under different environmental changes in different periods
. fRIE A A fiiE 4 E|Srig
FESTRRITEA High suitable Medium suitable Low suitable Unsuitable
e Total
LR sui[t)z:(:)le
Climate scenario area 1] FH b4 T FH A1l T AL He 5] T X He )
(x 10* km? ) Area Proportion Area Proportion Area Proportion Area Proportion
(x10° km?>) (%) (x10° km®) (%) (x10° km®) (%) (x10° km®) (%)
423 i 38 MID 590.61 116.84 3.07 205.76 5.41 268.01 7.05 3212.48 84.47
44X, Contemporary 416.75 82.95 2.18 135.65 3.57 218.91 5.76 3 365.80 88.50
Ak SSP1-2.6 436.51 86.55 2.28 154.05 4.05 292.02 7.68 3 270.69 86.00
Future SSP1-2.6
A3k SSP5-5.8 403.76 63.59 1.67 128.99 3.39 378.58 9.95 3 399.55 89.38

Future SSP5-5.8

TS A H ISSR 43 B (2 4F 4, 2013) , ib &l A
BT WRERIE IR Bl 35 T 0 5 S B T T 1 5 9 ) 45
A ASE S, (inter-primer binding site, iPBS) tric R4
Fe P-4 (Zhou et al., 2020) , FHLFPEE N 4 3815 2 4E
PRI TR (] B, B 3 22 A0 A% Z FE A AE T Fh
THE DA, 22 B ol A A B o 0 1) A S ERA T2
AREIRIRY 72 RIS HT AR 45 44 43 B Al PCA 43
B, A5 W 3 04 1 e K L RE R TT 40 ol 3 A
HARFIRAGH 1, R4S 177 3 SR [ 1 35
(S S [ I £ 1 < i M o (S G
0.093 53) , % SR K M B9 A SRR L S N
S AR AR K B I 0 A7 A 3R AT DI 5 B ) OB
BT B SR A B I TR

XoF 7K A R B 05 R | 35t % R R R b 3B S 6
Mantel #H 5 1 K 56 45 5 3¢ B . /K 1 PR BT HE 55 5 Hh
FRER R HA WE M IEAHC(P=0.008 2) , [F] iR 5
PR ORN 35t A5 R B AE 7E L M IE M G (P =
0.041 2) , EBRE K MAFEEZ M 1% 1k 5 EA
Z B EE 22 528 6, IF HxX Fpor s 22 57 5 i B
PR B ) AR Ak DA G, (R H B B AR
BV BEAHENE(P=0.339 3) , Bl K f b EEAY 35t
1B 2 A B B 2 B 2 38 i mi 36 n . X 5 it
A RUAIIAE B SR 14 358 17 B 2 Rt 24 B o 5t I 3
(R AR M (r=0.952, P<0.01) H 22 5 (dh =%
55,2014) . X AT B K AR R Tz 1 K AR Al

]t Kl f 6 2 Sl W) CRD DRI R M B B
AE S BRCHC e Fry i 2 i, Pl RE 55 K A By B
3T AN ) R 18] HG b PR e A G, AT

5K AR AL K B AL B S bR
BAHSCAH 5 B 8 AS AH 56 3 Ui W 7K A A R 1)
(35 A% o1k 32 2 37 2 AR 5% 7 BEAR T 51 1 34 35 B
BRI T AN 2 b P PR S A S
3.2 KAMEELE . FEMRE N LBERE EK
AMEAXNAREER

YRR AR I s B 25 R LT 2 7 ) 7 Rk A
FIE A e 2L [ 9 25 2R ( Hewitt, 2000) , BE Tl
W04 224 | AN R 2k 19 A4 A7 T (Hare et al., 2011)
AHFFE 30 3 R B 4 SNP ARIC W 7K £ 64T e A4
KNI 50T, R BKMTE 100 kya BIAR K VK Z
T, A8 ORI R R /I AR X R, FR AT 3 05X 5 45
TR, A Bk R M S R W R S AR X RN %
BER IR K (B2 ,2006) o 7K F B A RRPBE R
INAR VK (LGP 2 11.2 kya) J5 JF 1A #5 22 F I,
BRI, Bidb kol 5 w8 & 1% 3h T R & A e R
A2 JTAE (BERLIAE 2004 ) | 3% 5 K fl A RO R
K/NFF GG B Bsf (] W) B, 4 000 Bt b kL 0 1) i &
WS AT RE 5| 4 i IR A A b B At 3 855 A
FHMAE , SEUKM AR R B, BRI T K A Y
FERAZ L, AE MID BT, 7K A R0R0 B /N TE B
8RR, MID J&—A~ 2 BRi FE A ZE06 sh 95Kk 1
FEA, AR A, AR ST T WA
SR AR AT T 2 1 A AR AR TR A A X X 3R
Bem b= T EE R, AR R A 1
TRANRBE TS, SHEY S, YL RdE
Wi R AR (RIRE 42, 1987) . A4S
(2002) X i e &5 AL &8 il T PR ARy i i 9T, &
PRV 5 A9 Al 35 2 B 72 3 000 aBP il T G X
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((Si=R7/ B SR ol T A SR PG I oI 2 O )
RO R/ INTE Dy St I 301 1 5 52 3 3 b kL B
ARSI, T 352 B NS0 Sl RS2 e PR AR &
IS B SRR AR AL, R RORI R R/ B sk
] eSS EC T H B AR 22 BRI B 2 G R RN AY 515
I3 BT AN A 1 3 A A )R
33 KAMBESMER: T COHMBET KA
MWEEEREETAREER

TEIREE A 5 BT Rk 3 09 20 A b, AS BIF 5 23 e
o R R v D 8 e TR AR P 2
FERY B TTERR (5 ik 67.6% 3% 57K f 1A € i
JEART 15 C B Ik AR AU AR TR ST PEAI AT (E5R
45,2017) o MRS T4 DR A SRR 7.4% , 3R W
B FSMK A 53 A 1Y IR N —  WARE T
eI B RANAE B BIF 5 HP AR 9 4K A 388 1% 22 R 1t Joe
o TR FE R R X — 45 2R U AR 2 52 )
FERBE DR i i BB IR 3R (B0 20555 ,2014)

Xof AN [) e 7 K i I L IXC 8 K A R T TR
O3 A IE AR X EAT AU 0 AT, A5 SR R WA MID I 4
YA AR YR AR T AR ORI B b b
TR 5 A3 AR DX e A DA TR A XY o A
6 SR 8 SRy 2 AR B LA 2R X 32 08 0 A A% R
XD s B A o 4 R — 3, R U MID B
BTG KM B2 B b = A, 54
SUBRAR LE A8 AR SR A A2 AL TR JK A B8 A 0 A X
ST AR Bl A K, B i R T AR 2 A T
33.40% ., FrAlEAE SSP5-8.5 MMM 5T,
o 18 A T AR IR AE I /D T 23.34% , UM AR 2 1 J2:
BB A RGN T 72.94% , Horb (7 T Ek 8
A3 AR LT 58 0 2Kk o AR BRORS 18] U 22 Ak %
'] & 51 % ( Intergovernmental Panel on Climate
Change, IPCC) & & B9 (5 75 WIF Al ik 5 ), 1E
SSP5-8.5 Ky TR EE T, CO, HF & 21 2050 47
BIN—A% , #) 2100 SE2BRFERAETHR 4.4 C
FEATTHREI 33X AT RE 55 M5 AL B A% 1R T S B AL B
JEHERS AR KA ;R , KRR CO MR EZ T w51 42
BRASWE | SIAE Y 10 3 A7 32 7 1) 5 26 B R0 e Vi 4K b
X0 ( Tingley, 2014) , i T EOK i 16 R BE S
A3 AR X I 2R . 3k SE BT S5 2R 3R B, Rk Y
SR AN — 20 52 K AR A A AR DX R R
i A D THT G 82 2% 0 742 1) IRURS: 3 158 B K £ i
A THI Mok 5 3 2 B 455 728 A 10 Pk, HG O 37 58 s i iy
bl %

NETFFTE ARA TIOR3l DA e 28 38 K g
BWE R AR ARG ARk F B
B F A W 22 B A A Y 32 22 I ( Laurance et
al., 2014; Haddad et al., 2015) . 317 fk 1 fin G 4G
S Hb AR AR A R 1) R X T R A B /N
AT AEY R,

XTF KA T, BARA 8L Z MK, 7T AE
I 85 T AR I A 2k B v Al NV ), S BUOL A
PR IR, A e N By 5t 4% o0tk R A, 1
B A ARFh B Z M A LR s>, AR 5
AL IR M B R 2 H) 3 A 2 IR AR OG SRR
52 PR R AE 7K A B BE 35t A% oAk b ol 3 22 1R
7Y L 3P 2 D) Ay () 42 DR 3% 3 3ol 5 el B 5 2 S ok
ARG o A i kA BRI, BRI K R e R R
() H KR H O B S BRI e Z A AR B
R 2, ELAAR I 0 A= 3 0% | B Ak )™ &, P n 1
NRTE S TP 380 1 55 S ) B 208 55 2% 1 o 1
A BEHE— IR | TR R — 25 i) 1B 40
BN A WG B IR 2 FT XF AK R I K 48 3% — BRL
S, — 7 B A BRI sz A R IR,
FLURHEAT 3 AR A, B A R M B v R AR Y 35 A%
R 59— R AN T 420y 45 Oy ik 3 sy HL L A
i, DA LR KR

SE .
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