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Abstract; Rapid climate change has greatly contributed to the species distribution of Disanthus. Understanding the influence
of climate change on the distribution of endangered species is essential for conservation biology. Disanthus Maxim., a genus
that includes one species and one variety, is endemic to East Asia. It is the most basal and the oldest genus in
Hamamelidaceae, and has a discontinuous distribution across China and Japan. This genus is significant for the study of the
phylogeny and the biogeography of East Asia. In this paper, nineteen populations of Disanthus Maxim. were selected to
study the potential distribution of this genus during current, Last Glacial Maximum, and future periods, for which the
representative concentration pathways of greenhouse gases were 2.6, 4.5, 6.0, and 8.5, respectively. A high area under the
receiver operating characteristic curve (AUC=0.9999+0.0001) indicated that the prediction accuracy of the MaxEnt model

was very high. The precipitation of the wettest month and precipitation of the driest month were the dominant factors
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affecting the distribution of this genus. Quantitative analysis performed in ArcToolbox were used to compare the distribution
dynamic of the genus. An analysis based on the habitat stability of the population (N, ), the area ratio of the distribution
area between Current and other periods (N,), and the degree of expansion or contraction (N,) showed that Disanthus
Maxim. underwent contraction coupled with evolution. The suitable distribution area of Disanthus Maxim. will likely alter
depending on increases in greenhouse gas emissions in the future. The potential contractions in the distribution of Disanthus
Maxim. range from thirty to sixty five percent. It is likely that the Disanthus Maxim. population found in the Wuyishan
Mountains would be lost under RCP 8.5, in particular. Predicting the potential distribution areas of this genus in different
periods would be helpful to improve our understanding of how the genus responds to climate change and the restriction
mechanisms of environmental variables on the potential distribution of the species. This study could provide a theoretical
reference point for the establishment of conservation measures for Disanthus Maxim. and help the study of the formation and

evolution of the flora of East Asia.
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BRACH o bl B 5375 4 J) 52 AR U KRR KA 3885 5 | 1) S AR A M AR K i A= P s 43 K 46, 3505 53 7
Jir b0 Ao 3 17 P A | EE RS R T LA 3 N KA 2 A A T R B AR A, LE VKD AR I 1 R A
ZAF T HEXERTY B SRR IS EE A L TR RIO DT s SR KT Y R, A Bl T B Rl Ak A A
T3 5 PR 24 A AR A AR R X Rk S 40 AT 4 SR B 2 i 0 Rl SRy A A SR B S R RS T 7
BTy S 1T eyt 91l ol SR S < S

YR 53 A #5i4Y ( Species Distribution Models, SDMs ) J2& A AE A5 BRI A Ay, F1) R 540 J& 3 53 A1 o5 K
AR ST B M DR 500, 36 T — S B B3 A AR R 4 AL R A A S T R AL R A RS ] B 3 B4 43 A
X HET, YRR AT 2 Rl 4454325 5 [ E B ( Classification And Regression Tree, CART) | ft K4
(Maximum Entropy, MaxEnt) 3804 135 14 7% ( Genetic Algorithm for Rule—set Prediction, GARP ) 45
T MaxEnt A2 DIRIFFE i P DX 358 1) A B 4 B e A 1) mT 68 43 A 25 (], LA 2115 2 6093 A WA 1) 34
SR Atk (FE LR TN G AT ) A 2 o 5, AR TR % A T S I AR 2350 A0 A Sy S5 O 50473 A T 40y ol v 7
AKX MaxEnt BB ELAT R B0 TIUI RO ARG 0 45 0 5 TR S S BTz T e B
T4 SRR AR R ARAE AT R oA RS R RS AR bR AU T

WAEA & ( Disanthus Maxim. ) 3 J& 42558} ( Hamamelidaceae ) , MR WHL X AR J& , 1 F 1 A8 Fh it 5 B
SRORAPIR A (http . //www.iucn.org/ ) B BIEYIF , FE0F 55 4 ZE MR R G0 & B MR AR ) X 58 B 3 Ak 55 7
1 HA B RAE, R BRI R S AER A R BT R B 75 S ot b A & BT Rk
H X T LR T H T BUEA B A R RN B RROSUEA (D. cercidifolius Maxim ) {3 AEF H
KB FRAS N AU L AR R KA AE A (D, cercidifolius Maxim. var. longipes H. T. Chang) [d] W43 45 T3¢ E
AL IX BB IR 1300 m LR RGIIIX S,

KA BRGNS 0B JESRLT 6 LBt R ety . Hal, SEAE
FYI RS B P TR RGEE T G SR R A S A Dy TV TE A A X
BLADL G R WA . PRI, A DR SAE A S A ) M B 537 5 SR Z R DG 2R 25 5 A SR AN [R) S 17 o T i A X 5
JEREVELAS B M ATERE . AUFSE R MaxEnt 3.2.19 F1 ArcGIS 10.0 %4, BEIURUAE A J& K 78 A [7] 15 s sk 3]
4 M P53 AT B A B AR UK 1115 B AR R AN R S 5 1% @ A A= A S DD i S A
Al i 2 it R A3 A AR T D Sl SRR 28 R b B0 A7 1 2 SRR B R XU K S A A 7 i
S AR AE A DX 22 PR J 0 Ak 0 0 5 S A A B
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2.5 B RIRS P ALOR B 1 A s AR A RUERE A 5, AT TS IL 00 2 19 S XUFE A @ Al 0 Jea 7 A1 i, v
13 A RAFBUAEA i B b BRI R T 7 DS iR 2, 6 B A Jo B b BB VR T SCikic 2
1.2 S b ik

M WorldClim #5482 (http . //worldclim.org ) H, 4351 2825 [8] 43 HE N 2.5 AR KB vk A (25 22000 4
B YT (1950—2000 4F) K2k (2060—2080 4F ) AL . A K M5 G F5 4R 9 9 B 43 51l o 2.6 4.5
6.0.8.5 W/m’ Ay 4 FPild = S MAHEUE 55, HMLAY ¥ B #5745 ( Representative Concentration Pathways, RCPs) 433
92.6.4.5.6.0 F18.5, FEAIHI LR A5 5 H KR ] B s SAREARDC R 19 4>l

=R
AR,

Maxent A5 X6F 16 A4 S5 FE ot B A0 SURR T | AR ik PR A G Ml i 28 5 7 A BE LA L TR, SR
ArcGIS10.0 $&HUSAEA B ALY 5 Jm B <2 815 2, 2 R 155 Dismo package (http://CRAN.R -project.
org/package = dismo ) , K 30T AR 5 A AYAHOCHE . BETAHOCHER T 0.95 (19 1 X0 A8 2 vh Hak 1 A8 i 5t
D B A% 2, BT Maxent B E
1.3 BEARDER TN

1 T XAEA B A ) AR /D SR B — R B E AT R, R 2545 19 AN b i) — A ]
FIAH) 18 AT Maxent BRI JERELL 19 U, ZET ArcGIS 10.0 B K 19 YRS SR AY-F- 2 {EL2E
A5 53 A1 DR S AR S5 900 o T AR A 38, A XA A S5 40 00 ARG (0.2—0.4) (HGiE (0.4—0.6) iR
(0.6—0.8) Fldpcidi (0.8—1.0)4 D, 45 AN [m] o A 0 b FHLAS, i A F00000 T, 25k~ o) 1 <5 4 0] 43 5 Y i 4
A7 DX — B R S A AU A5 R A AT S

% MaxEnt 3.2.19 B4 a@ , FIEZ I H TAERE B2 (receiver operating characteristic curve, ROC) , LA
ROC £k FJ71EFH (area under receiver operating characteristic curve, AUC) B, PR A 3t . AUC BUE
JEFEIR[0.5, 1], AUC fH 0.5—0.7 BRI 22 50.7—0.8 , BEBU R — 5 50.8—0.9, WA H4750.9—1.0, U
AF>
1.4 Afprs g MDA

54T MaxEnt 3.2.19 # {4 2 o, &) ¥ “ do jackknife to measure variable importance” , 3£ F JJ Y] 1k
(jackknife) , 1 5 2% A A8 & i 0 3 18 25, 45 & MaxEnt 3.2.19 B B 3h 4= 5 28 & 51 8k K ( percent
contribution ) , #EW BRI Py oA 1) 3 U8
1.5 A A XA A

PEE MaxEnt 3.2.19 AR 3L 45 52 vb 39 B RN 25 B3 % 3 e S5 vk A, ( maxinum training sensitivity plus
specificity threshold ) VE A IFAFAE/ AAFAEMBIE > 3BT ArcGIS 10.0 FF, Az s~ W A B Ak 43 A1 D, R
JH ArcToolbox H Y4 M T BB B4 0 TR A B 1) 3 B M 51, 4 AS (] B 38 1) XA A g o3 A B kA7 2
Gt I A DX R A A T R MR K . T AR ARE M (V) R0 A AR5 A o 30 70413 T AR
AL (N, ) R SRR AL E (N, ) | LB A I A5 AN R S0 st 43 A AR 1R

Ny=1-IN, =N_|

i, N, N A B M wi A e i ) (LGM \RCP 2.6 \RCP 4.5 RCP 6.0 Fil RCP 8.5) Ju fif Ak B3
P SRR A & AR 20 5 (0.8—1.0) \H1(0.6—0.8) (MK (<0.6) , N, /R REA BT REE, o fif A e e
PESFRIN 7> M (0.9—1.0) \H1(0.8—0.9) i (<0.8) o N, = 4734 DX 1 AR/ H AL I 39 70 A IX T AR, V, = 1-
(CH B IR 2 i £ 2545 R DBl AR 24 204 X HTRR ) x100% , N, R s WU R sk SOl i
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Fig.1 The potential distribution patterns in Disanthus Maxim. in different periods
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T E BT L R L AR R AL ARk, B IR S ARHE R T R SR S8 AT A A A T R T ok
INCEL1C-F) o AR H AR S A 537 DX 52 00 378 /)N T 06 B AR SUE A 20 A3 IX 0 B2 i), o DR RS A
KARBUAE A & B0 X . RCP 2.6( 18 1C) 5 RCP 4.5( & 1D) SR 5 F , KAWL AE A= X Mg e | #
LR B LR A0 0 b IX A % 280 85 L L ik A Sl s b X 5 XUAE AR A= 43 A Y FRL AR AR A G, AN H AR JL M 3 A
A X AR, RCP 6.0 SN 52 F (K 1E) |, A E R 11 KA AR BAEATE A5 23 A3 AR /D (8 H AR JUH X
SAESRMF S B AAEALE K . RCP 8.5 Kl T (B 1F) , ih EEER I fR A B ARARAEAR LK, H
AT b DX A= BE WAL HSUAEA 43 A7 1038 A MR K TR
2.3 XA @ FE ) JE A Bl

K H ArcToolbox )4 BT EL R IRCAS [7] Bof 34025 JoB AF A B 305 oy PR (A AR 285 SR B, AR R vk T (&1 1A ) v
BEBH CECEE e R R HAST™ 8y W KT by B R R AE Bl AL, oA R A SR E e A M RT(E1B)
A L X L B AR B3 B A, P 3R Ll R BH A L B A IX] L R R R AR B e rh A oA R
AR EE R . AR, RCP 2.6 A& ST (B 1C) i EZE L W A JEXIL 7% 0 K A X L & A
Bei& FPEAR RCP 4.5 S lE 5 (B 1D) &, R E ZE 1L 8 JFRI L M e HASIXI L 7 B 00 s A B i
ALK RCP 6.0 SMEtE 5t (B 1E) T, hEZE L W WL S G B E BT 8RS A B
fiK;RCP 8.5 A fif st (Bl 1F) P ETE R FFl @5 HE 0 OB HRRH CEE B XL e iR IRk
HA B PR RERGE B, SRS IREAMRHE R L AEE HE T RN R H L
2.4 BRSIDAEA B D) 5340 (1) 5 S

MaxEnt 3.2.19 ¥4 B 2l 4= Y £ 728 1 TTER R AV A5 R (3R 1) KB STBRR AV R 3 RS AR UCR i
1B FEK & (biol3) | fe T H FEK & (biold ) A1 B 2595 128 (b An fE 22 (biod ), 4391 39.42% ,25.69% |
23.86% , RFUHEIL 88.97% , Hirp, 5 AKHMI S B H MK A+ H Bk & ) RS GS 65.11%

®1 ATERIAFTNHSBETEITHE

Table 1 Contribution rate of climate variables used for model prediction

e AL THRA
Code Climate variables Percentage contribution/%
Biol AESE IR Annual mean temperature 0.03+0.07
Bio2 BRI 22 A M Mean diurnal range( Mean of monthly) 0.06+0.11
Bio3 ZEIRAE Tsothermality 1.31+0.13
Bio4 TR Z AR AR E2E Standard deviation of temperature seasonality 23.86+0.43
Bio5 el H 43 55 R Max temperature of warmest month 0.00+0.01
Bio8 R 2 447 B Mean temperature of wettest quarter 3.01+£0.43
Biol2 AESE I K B Annual precipitation 0.02+0.01
Biol3 i A B 7K & Precipitation of wettest month 39.42+0.90
Biol4 1 H B#/K & Precipitation of driest month 25.69+0.62
Biol5 [ K A8 5 2B Coefficient of variation of precipitation seasonality 3.91+0.80
Biol7 T 4K Precipitation of driest quarter 0.00£0.00
Biol9 e 25 % % K Precipitation of coldest quarter 2.69+0.42

TIVIERE S E5 5 (F 2) B, WRAEA @ FE ) 43 A 5 AR B R 5 AR & e R K i (biol9) |
% T HBEK it (biold) Fe T ZEFF7K R (biol7) AFEIIRE/K & (biol2) M H BE7K it (biol3) MR 25 43 51 A
2.05.1.91,1.86.,1.78 Fl 1.61 , AHZEA K, B AT UL BRI RUAE A 43 A 1 32 2 A A8 1 2 5 Bk R Y IRl
H B AT H oK,
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Fig.2 The jackknife test on the contribution of climate variables to the distribution of Disanthus Maxim.

2.5 SURASACKS RAEA S8 R VR e A1 ) R D

MaxEnt 3.2.19 ZAFHIBLISR R Y] S HTXUEAR RPN AFAER IR 0.39, RS HAD R 7
A P MBI 253 (18 3) 7R, R UK LR (P 3A) |, ZR I KRG ATH 2%, v I ) RAW RUAE A PR 1 73 A1 X i) 2R
YL, HARBAEATELE S0 A DCREAR e, B H A JUM B X TE 434 X 1) JE 7 1, KRR RCP 2.6 F1 4.5 X,
foeti 5 R (B 3B.3C) , A FE iR L R ER 234 X | H AU e it DX i) A 26 A AN TS B SR AR TR AR Y A2 77 s RCP
6.0( 8 3D) UMl T, A ] R 0 1L PR A B A S B 73 A7 DX T AR R B k2>, (L A (8 A AR S B 3 A
DX ARBEAR A s RCP 8.5 (18] 3E) SUMAE 5, b R (SUs) Bt IX A A I B RAR AR 73 A1, AL R
FRHL X UM AN IE FSLEAR AT . SR, ARSI 2 AR HE O A 2 | SUEA S A v A 20 A XY i 7
JBEHOR

R AR AR E PR BUAE UM AR A X Jo B B8 B2 W), S B AR R AR R A oy, A A2 A Jo B AR A S WD
HIIET 3 AT, AR U DKIA (181 3A) iR EIZE L 0 L 2R A X L Ja i i AR e R e P s, rh B L RO B
T RBEH B H AR B R A AR M A AR SR R AR SRR E PRI . AROK RCP 2.6 LR R (]
3B) , HEBREH B AR L g A 5 KB R R R AR AR E M R RCP 4.5 Ui R (181 3C) ,
ABFH T 1l SR ke AR s A A A e e . RCP 6.0 Ut T (I 3D) R e SR JHE K
o G BARI L 5 B KRBT R R R AR SRR E MR . RCP 8.5 UM 5T (3E) AP
I XL H A B B e e il A e A e e

KT ArcToolbox H Y 7P T B Gt AN [A]HY A SUE A o AR 8 AF 23 A DI BB A% B 285 R L3 2,

£2 TRNENERBEN S HRMEHE LR

Table 2 Comparison of number of grids in the distribution area of Disanthus Maxim. in different periods

GYFE AN TS A A Wi/ Pk AL

ff;ff) " Nuﬁf‘ié‘jﬁ s Number of grids Distribution area Expansion/ contraction
in overlap areas ratio( N, ) degree(N,)
ARUIEVKI Last Glacial Maximum 36620 17387 0.87 0.45
25 Current 31818 31818 1.00 1.00
RCP 2.6 24174 20898 1.32 0.34
RCP 4.5 25950 22278 1.23 0.30
RCP 6.0 22380 20175 1.42 0.37
RCP 8.5 13267 11227 2.40 0.65

http ; //www.ecologica.cn



8 d S0 AR BEAR BRI A XD 23 A 7

108° 114° 120° 126° 132° 138° 144°E 108° 114° 120° 126° 132° 138° 144°E

34°  38° 42°N

38°  42°N 22°N 26\ 1303

34°

30°

22°N26°

Z 0 900 km
& [

<

3

o

2 SRR
) o <0.8

S ° 0.8—0.9

a @ 0.9—1.0

22°  26°

B3 FERANEABENESAERE
Fig.3 The niche overlap map of Disanthus Maxim. between different periods
A B .C.D.E SMREBIEASE 245 5 A Y&k (RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5 A& B& R, 215 SR SEA R B RO E,
L1 5 A R/ NS FE A A B AR E T R R A1

126 2 W0 R U vk B WA AR N, LAy 0.87 N, 0.45; K3k, 7E RCP 2.6 .RCP 4.5 RCP 6.0 RCP
8.5HMEIE S R, AUEARIE N, HAES> 314 1.32,1.23 1.42 2,40, N, 4354 0.34 .0.30.,0.37 1 0.65, A HF5TIA
KN 1, RERE YR AR s AT 1, Ve /AR T B 5 i o - 1 VAR I B Tk X
T R UV LK , WA A JE AR T A6 20 A DX, 338 A= 43 A TR RRUISCAR T 45% ;5 S ATA L, ok, S AR
JE RV AE 43 A DX T FRURE e A AN AR FE (30%—65% ) AR 4T, Horp ,RCP 8.5 Sl 52 T, U A &8 W 7 43 A
XTI AR AR B R R

3 Fit5itie

3.1 MaxEnt BERIBY AT 554
AW HET MaxEnt 3.2.19 B 45 R L0, ROC 4L T MTHEAL AUC $9{HZ9°4 0.999, JLF-#5EF 1,
5 T VU BB AE Cornus kousa subsp. chinensis (0.8785) "™ # ¢ ¥k Quercus variabilis (0.9175) "' 1LI#id T Idesia

http ; //www.ecologica.cn



8 S % 39 &

polycarpa(0.9560) ' FIi 453 Aegilops tauschii(0.9580) "' X FEHH | 5K MaxEnt 455U 3k XUAE A i A 4 Vs 1
i FR o3 A DB RSCR 4, TS

AR, B FEA S0 R, MaxEnt A58 F5000 K 0 2 220 W 48 0, fe 5 8 T RRUE , A0 MaxEnt A5 %1 F5i )
SESUE AR REAS S TARE AN IR () AR A T3S YR B SR W A Rl ) A v P PR
SRFFIR JEREECR/N, AR AR AR A 0] BE S ERBURHERf A FE LG . O T HERR BN IS R )
Tl 35 B AT DX, — el B I A BRSO A AL OB A 8 AL A A (0 8 1 SR el v A i, 222 )
Wtk o3 A o AWFFE LA HTHRAR DAL A H BRI OBUEA i B B B HEA TRCAEL, B 19 43415 X5 Flora of China
(http://foc.eflora.cn/ ) K SCHR 7" 033 AR —5,

K ArcGIS 10.0 A2 i SAEA @AY FEAS [R] I 01 00 20 23 A BT (TR 1), BDULRE S 1 R UK | > i A1
AR [R5 5 T ROV TEIS B AT X R84, AU i DTk S T URE S R R | e T H BEK i IR A
Rk e SAEA R AR 7341 1 BRI PR - 3 5 P A 5 1 18 A 1) AN SAE AR ) e B 2 000 A TR A B
TSSO PR A 45 AR | BT PR 0 B X SCAE A SR AF ) 1) 431 B BR IR
3.2 WHE AT XA

7 b 2 DX Il RUBE S ], S i SR R e IR A E RN R AR 5 | R vk TR TP B X
SRR K A R s M 22 AR, B R T i M AR A3 A AR AR S AR A R R R OB VK LU
WACA & HL W 43 A DX T FRURCER T 45% , iX 5 18 & A ( Pistacia weinmannifolia ) B A 98 245 SR AR L (U i
44.49%) ) Ak BEAE IR E SR HE T G0 , DU A 8 R4 (0 TS T 43 A DR R IR R R B U, 5 1 X R
( Quercus phillyraeoides) DL IR A SRR, AWFSE T Rk RCP 4.5 Sl 5 T, WA A& (1938 B4 A7 X ]
B RCP 2.6 A5 5 T 19 531 DX T BRI AT B9 A0, 33X AT BE-55 AR RCP 4.5 UMl 5t T AY L BE 22755 14728 S A
Uit I TR PR R A ST AR B 8 385 T 43 A DX TR Bl S | R AR AR ARG T, BUEA B R 1)
A XSS IR 9 05 P P AR S ™ A P

MaxEnt 3.2.19 #AHINEE R (K 1B) 8RR 7 AGEE AR I C s RSN, b B Bl a3 il ik A K&
H A JUPH A5 3 1) A 25 e il FOSUE A B AR A O . — il REA AR 2 | IX S 4t J7 WA ] BEAFAE AUAE A S A
Yy oA, ROE iR B, Fe5E b v I e AR B L R R AR B M A5 e ) AR U AR S e T 4 i U
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