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B . HIEFLLHE ( Toona. ciliata Roem. var. ciliate ) 1E 25 78 SE R A 8008 M 19 YR 4 N T 5 Max-
Ent BAEXTHAE 448 KK (2050.,2070 s ) MRS T 9IE A= X 53415 B TR (AL 45 2 g 4 R4z 2 i DX RUBE )
PEAT . JE AL A B IR TS 241 R AUC {E W3R AUC {823 514 0.820.0.826 , & BHZAR B & A1138E 4 X
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SRR BB, vl R g 5 R PR AT AR AL A5 S48 . 75 A1, 5 S5 A QT HE R SR i 2 T BV AR AN, (B
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JEAP LA (Toona. ciliata Roem. var. ciliate) 5&
2145 ( Toona. ciliata Roem) [ 5 ANEFZ — HH
B A B S DX N S — 0 5 R — A
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F AR AR Bz ez N TR RIS
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i =T HEuE FIHY Bioclim , Climex . Domain | Garp
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7T—9 A MAE st &) 1 = m B ) XF
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SRAE excel "B HAL & A WP 4 28 L
CRV g,

1.2 SHEHPEFEEAESRE FEHH L
(1950—2000 4F-) , & (2050 s 1 2070 s( RCP2.6
150 ) AEEHE M World Clim ( http ://www.world
—clim.org /) #2435 HE% R 30 arc—seconds (1
1 km?) , HEEHEE R G052 7 ( Environmen-
tal Systems Research Institute , Inc. , fijFX ESRI 23 A])
AT CNRM-CM3 KA IR RS S 5040
B A 45 A= ) A d8 br W2 191 AT Are —gis10 1E
12 40077 5 a4 Al Hp [ 100 5 1] B B 2= vl 4 o [
MALARA R E W T 5 b A= i AR
LS.

1.3 IREEFE 7 IEPERE AR TTRE K
R FHEIN AR B | T B AR i 22 (] 22 HE 2 PR G S —
A BA D AR B B EE A BB X b o A e %
I 19 ARG R F R 1 AN PR EA T B2 2R
i FH 5 22 8 ( Cross—correlations ) 118E. H A M &R
BORT 0.8 B9 9 724 (alti biol \bio4 bio6 . bio9
biol0 . biol 1. biol8. bio19) £ & HI T J= 4k 73 #r W

2 13-14]

Ji

1.4 SXHEER (MaxEnt) 2 B0 A 1 X
1 (CRV #820) 1E AL 15 (samples) . = B8 17 B
FEL PN 2440 7 S EREE A A R R ERE BT JZ (envi-
ronmental layers) & A MaxEnt v3.3.3.k!") s g 37 J5
P LLAE A DX o3 A R R ) MRS R0 2 g 4 R o
(20502070 s) FLFE 42 E 244R Kk (2050,2070 s)
PR3 A DX DL FEA T 00 0 i ok e KB AT
BEA 5000 UK 25% o3 sk A R BERLIRSE S,
BNRGEAINBE A ARLE AT 45 RO 1 A AR
BT 0~1 Z I ASC A% A MRS ST 1 4
BORDRS TP, B 10 YB B 45 1 AUC ~F21E (I
GRAN) A A PPAN AR L TN A 2 A A v 5 R
R, U B RS B Y S I Hewitt GO
BV 2R E T AR L (receive operating charac-
teristic curve, ROC) 73 52 U RS B ; ROC i1 £&
T (area under the curve, AUC) 1Y K/ 5 55 Al
RS B S TEAEOC. 75 2 I8 HILL J5 ikt 7 A
A JI Y1k (Jack knife test) Xt 45728 5 [ FifE 47
X RS T MR A T ITA

&1 EYSEER

Tab.1 Bioclimate variables

ez i A5 g
LA FERAY M=Ni:g
X T % Z= YR E Mean temperature of the coldest
biol AEFIE Annual mean temperature bioll . e P
quarter

B R IR7% A {8 Monthly mean diurnal temperature
bio2 . v P biol2  AEIFE/KIE Annual average precipitation

range
bio3 ZEYRPE Tsothermality [ ( Bio2 /Bio7) x100] biol3  #{EH R¥/K i Precipitation of the wettest month

TR BE 2575 M AR Ak 14 A5 Ui 22 Standard deviation of
bio4 e biold Ik T HREKE Precipitation of the driest month

temperature seasonal change

= W 74 = =N}

% H B & i Max temperature of the warmest .
bio5 o P biol5  [EKIEALSEZREL CV of precipitation

month
bio6 I ¥% H BAIGHR Min temperature of the coldest month || biol6  FIEZREFEIKE Precipitation of the wettest quarter
bio7 AEPRAFALTE R Range of annual temperature biol7 T ZEME/KiE Precipitation of the driest quarter
bio8 IR B Mean temperature of the wettest biol8 B 2 %7K i Precipitation of the warmest quar-

io io

quarter ter

T ZEE R E Mean temperature of the driest
bio9 - S P biol9  FIAZE[F[FKE Precipitation of the coldest quarter

quarter

biol0 B 2 S IR E Mean temperature of the war-
i0

mest quarter

alti WP Altitude
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1.5 EMABEERSAHN R AR A
B 10% Il 25 4E [® {H ( percentile training presence
10% ) ¥ B A5 R Ry 0~ 1 B35 LL 53 A BE=E (P) 43
Sy A XRIARSE Az X (P < 10% 11 254 19 8 Al 36
X, P>10% YR AR BIAE R 3 A1 IX) | #0 I 2E IX
FIOR =200 R R AR rh i ad AR X

2 HBREHMN

2.1 MaxEnt IREEMREEXRERK S VIR
A5 30 JEUR 2T 35 A X0 AR i R ASE 28 (1 S 357 91
AUC 3K AUC 43514 0.820.,0.862, #3 4% Swets
BRI £ ) | 2R W OB A3 X
R TRINDRG 2 SR B i /K-, (IR AN B

TIY1H: (Jack knife test) #5625 5 (& 1) 228
RIS Z P (biol 1) & 63 5 AR A oK, Ui W]
Ad FHBRST. biol1 B BE He A AR & T & s
(15 8. 3938 (biol )  fe T2 BE TR EE (bio9) |
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IR (bio6 ) A 3 B (Y3 5 5 T Ik B 2 PR AL i A
2% (biod) F?2 ZEERE /KA (biol9) el 22 3 %
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LTI A XA I B B R, X AR AR (1) BT ko oy
4 30.2% .19.5% . 12.3% ; H:KH bio19(8.8%) |
biol (7.5%) . biol8 (7.4%) . bio4 (7.4%) . biol0
(4.4%) alti (2.5%) . 505 ANBFFE 45 R0 (g4 0t
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Fig.1 Regularized training gain
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T, AR SR L A3 A 5 W Yk 22 TG 1 4R ) L5
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%) B—smt.

WP A DAY & AR RS 5 RS R 2 U0 AE G
2 B T 9 AN I8 A8 o JBU el £ A 1 2 X 0 A
5 1% o iy R A g 17 b 4 DR 214 3 A X 3R
B 4R HR 500 ~2 000 m, X 5 ( =R 5 ) XF
HAO AR C O — 800 AR E R T 12 C |
T T AL AR EZE /N T 8.5 °C IR R AIK
BARTF-5C I TFFEFIRERT 0 C RESE
JEFEIRE R T 10 C e ZEFHIRERT 0
C . F 75 B [ K B R T 200 mm  5evd 25 8 [k &
KT 20 mm BIFFA HIE AT T A B A2 )
Ir/il-m'

MaxEnt £5% 10% I ZR B {E 4 0.229 , AR P51 Al
BB 0 43 A A 32 (P) )2 W 3d AR AR T
10% Y11 25 B 1) DX 322 S B3 A= X 1 AR e e
109 ZRBIE 2 1 XT3 AR X, FE ] A R =550
Dol AR XX R 43 AR EE IS A2 X (0.229<P <
0.486) \HHEE I A2 [X (0.486 <P <0.743) . & 1 A=
[X.(0.743<P<1).

22 HEEIFN A
221 UYRABABTEMIBEZELELK
WYL F RN LIAETE =/ 8 10 o0 A (B 3 (a) ), I H
MaxEnt {4 %F FAE 2 B 48 1938 A= X E 47 B 4.
MaxEnt FAAEAUZE S B 7R JFFP 2145 7E 2 R A B
ALK 180 599 km® (£ 2) , 5 =/ & H L m ALy
45.84%.] 25 T mE 16 M (1) B F 24
HF AU YT VR VLR L K E I YT R L
T ek A ARV PR IX 5 3kt PO | P i 3 Tl A s
A A RIS AR I S RS AR X 2 214
km? | (5 S AR TR 1.23% , B4 22 M
7R T B VE T R S A X AL 60 511 km® | &L
T A TR 33.51% , 43 [A) i A DX I B A IX
AR 117 874 km? | 5 BL3E A IR Y 65.27% , 437 [X.
BiE A XYk B4 (E 3(b)).

IR T 25 R 5 SR 214 0 A A e 4R 12 g
LT (WYL T A A A, e e T
JE— S ARG SE A% A b T AV R R
o R L) VLT (AR R K L) A SE PR A
A, 2 AR LT 43 A e Sk Hb.
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Fig.2 Response curves of 9 environmental variables in Toona. ciliata Roem. var. ciliate’ s habitat distribution model

R2 TREREMABEEZBNEENSEERXHN

Tab.1 Predicted suitable area for Toona. ciliata Roem. var. ciliate under different decade in Yunnan and China

X3 R BIEAER/km® RS R km® RS A X km® S AR X km?
1995—2000 180 599 117 874 60511 2214
P ] 2050 s 203 191 120 844 77997 4350
2070 s 211775 125 254 83915 2 605
1995—2000 1 600 422 576 540 832403 191 479
eS| 2050 s 2113 131 990 157 664 849 458 124

2070 s 2009 029 990 523 664 394 354112
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Fig.3 Sample record points and predicted distribution map under different decade in Yunnan

222 ARAGHEHTEMABAZHAELAK
Tl 21 e 50 4EAR, IR ZLAE TR = e 44 9 FELIN
FRAE A IX BT 4R 1.13 £, 4 203 191 km”,
TR A AU 51.57%. Hdp, = TS
Az XTI 4 350 km® , J2 S 40HY 1.29 i, 7 S A= 1
TR 2.14% 5 W BEE A IX TR 77 997 km?*, J2& 44X 1)
1.29 %, i B3 A T R 38.39% 5 MK 38 A= X 1 AR
120 844 km? , (5 S X AE T FLAY 59.47% , 2 4101
106.26% (& 3(¢) ).

21 {22 70 AR, SR D LT M1 25 B 1038 AR X
AU 2SR 1.17 £5, 4 211 775 km® | FHHH-ER 25

S [ TR 53.75% . Ferb | 5 R T A= X 1 AL
2605 km?, 22410 1.18 %, 7 Bk A= 1w AR
1.23% ; W BEE A= X T LR 83 915 km®, 2 2410 A
13915 , o5 0 A= AR B 39.62% ; 1 8 3 A= X 1 F1
R 125 254 km® & 240HY 1.72 4%, o5 A A TR Y
59.14% .53 47 X 5 440 &% 2050 s AT (& 3(d)).
223 BFEMOKELEXKRETEZALRX LT
HRAE SRl LT HE E 2 i A8 1 43 A0 (B 3 (a) ), B
MaxFEent F 4% HAE 42 [ 75 FLE A4 XA Y
R, VR 2 7E A 38 A R RUA 1600 422 km?
( #2), HFEEEEmAN16.67%(K4(b) ). H
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Fig.4 Sample record points and predicted distribution under different decade in China

)RR AR X TR AR 191 479 km? | 5 HGE AR A7 AR
) 11.96% , 53 A FAe i (R4 WAL V2808 |
WIFEE TR SR (L8 WHTA mEA),
R HRE) VU (smE MBI ) BAH
(R AREL /N s TS AR X TR 832 403 km?, 7 il
AR 52.01% , 43 A TIRE VR (s F A .
SONE DU VU A X)) R (R
R FME) R EFT . AEE) &
TR LA LB R TV
JEEIE AR X AR 576 540 km?, 7 3 A T ARG
36.02% , /AR XA IE A X R BN P (BRVE ).
TORHOER PG F IR X - U148 -G 48 - 08 - Wi
AL (NLIEE KT B A M EEA)
JE JRURI 2 A 70 3 ) 3 B4 A XS A o 4 AR

R A AR AU AL VUL A I DX - D)1 48 BV A
— TR — LR - TL A —7 LARE (B 21 FE A A
BIEA) 18R A XA KT RHE 2.

21 42 50 4R, JERh 41 A% 76 Hh [ A 3 A X
AU 2R 1.32 4%, m AL 2 113 131 km?, T3 AE
B A [ AR 23.58%. 40 A X AE 24 A Ll
Y kBRI (LR ) AL X (LT
Wb Abnti R ) A vade i X R4k B R
FiR ) P s AR X A 458 124 km®, 2 244X
(1) 2.39 £, o5 Hol AR R ALY 21.68% 5 H R IE A=
X THIFH 664 849 km* , J& 41X 79.87% , o Fid A=
Tl ALY 31.46% 3 fI0RE 1 A X T AR A 990 157 km® | &
MR 1,72 A%, o5 HGE A S ALY 46.86% (F 4
(¢)).
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21 40 70 ARAR TSR LA 78 R Y 3E AR XA
TR AR 1.26 4%, TR 2 009 029 km?, FUTAE
B A E AU 22.06%. Hd, &R E A X
AR 354 112 km?, J22540 00 1.84 4%, 5 HGE A4 4
IR 17.63% ; S 22 IX TR 664 304 km? , 2
MR 79.81% , ok HC I A BT AR I 33.07% ; fIR B2
A XCHIFRR 990 523 km? 2 4R 1.72 £,
T A TR 49.30%. 36 4E X 43 4 5 2050 s AT
ERL(E4(d)).

3 5
31 EMABERRBS SRR T 048

PSS B SCHRIC R R L i R T
VIR 1900 m LA IRV A 11X, 76 p 350 1l DX 1) 1
Kl b 43 A5 I 2 000 m X (JCE 1 =
A1), HAM AT eI 570 m (75 XU ) . H
ARV BBl 2 N RS = PG BRI, A 22 i T A
PR35 PR A VD VT B S 5 P A M AR 2 i
MEWITIHRE AR ESE T o ME RN EY
L RIT VYT KN VT | S #5075 EEK R,
K R A XSS T A B A T
YL VBT FG AN VT | e 87T AE 2K R .
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PREAE T RS S T AR AR L DR B SN FH S R
CIAEAE 2 B 9 SR 0 A7 ) 3 A DX 0 A e Rl
BT AR 1 - 24191 25 AUC (0.831) L il 8 AUC
(0.827) LA K TN 25 5 5 SRR LT A 7E 25 7 44 19 S B
3T e — 3K, 26 I R R T A SR A 25 AR 1
T AR X A AR R ORGE A XA A B A R T
m). W Jack knife test X 9 A YR E A F X
R BTRR A TR, 52 PP 2T 38 AR XA 1Y
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SEYIIR B | R R YR IR e A R
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M 2 35 P K i 5 FLVRL R 2 R R, K O IR L T
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() RAF S T, AR AT 2 B 5 AR ke T i 1Y)
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HIR) B2 DR E A X O . B e B s 4 5 /R A
BIXAE —EME A X, H 5 E R PR X Ak
TR A0 22 B AN TS 530 5 X A] g ST 5 R
TR AR AR, JRFP 204 76 00 )1 44
A4 T NEAS FEA & VD VT A B S Il 43 oy | (HAE
SRR S R T AR LR AR A R Il XRRPE AR R
RAMEST V8 e e X AP H IR XL PR
HIR X A T/ m A RBE A X R B
A XTET R R AL AR AR DR
B AR XL I R A B s MR T
B LR LA RHEE A MSNE
VI | 1 A A DX T R B A AR A A — o R U B
{H 2 43 A7 DX 38 K% i AR 22 AR 2 AHAE, 2471 000 000
km® 245,
34 EMABAIZERBEZEMEBR =
A8 KBTS P By I A R R LS R B R £
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T HiL X ) Ay e R 3 A DXL DR, R A AR L
X3 JFE RN T A AR A K AT

75 P48 P T 2 1 0 L IX % P LR 4 M T
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FHEEIE A ER U L R A A KRN T
) BEAR DX S A 4 ] X RUBE T A (TR 4
8 s WA TP SR (A W
T8 WRHAR) ,Tim (A Bt A ) HXFEY
PRI A S5 T By e BE D 3 A XA —3,
2L R A | B YR R Y A DX BB A 21 AR
PR (£ 0 100 m* Z247) , HR 947 Rk R
(BIFTHE R 15~20 m, ¥kIE 6 ~8 m) , IF 5B A
BT RE AP RS BT | I L K I a0 ) 2 st
Jiti, 7E 52 BRI 26 1k 1 [R] B 3k B AP R 0 22 o

MBI E Gt 2 AU AR R KA BT,

SE k.
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Prediction of distributional change of Toona ciliata var. ciliate and

application in regionalization of introduction based on MaxEnt

ZHANG Chun-hua', HE Ju®, SUN Yong-yu', LI Kun'
(1.Research Institute of Resources Insects of the Chinese Academy of Forestry,Kunming 650224, China;
2.Yunnan Academy of Forestry, Kunming 650204, China)

Abstract ;: Based on the current distribution of Toona ciliata Roem. var. ciliate in Yunnan Province, 19 bio-
climate factors and the maximum entropy ( MaxEnt) , the potential distribution area in Yunnan and China under
the current and future (2050s,2070s) climatic situation was predicted.The mean training AUC and testing AUC
of MaxEnt of the species were 0.820 and 0.826, meaning the prediction distribution was credible. Monthly mean
diurnal temperature range ,mean temperature of the coldest quarter,CV of precipitation,, mean temperature of the
driest quarter , precipitation of the driest quarter, precipitation of the warmest quarter , isothermality , mean tempera-
ture of the wettest quarter, mean temperature of the warmest quarter, mean temperature of the coldest month,
standard deviation of seasonal temperature change, precipitation of the wettest month, annual mean temperature
are mutual influence on the suitable habitats of T. ciliata Roem. var. ciliate.The suitable habitats, especially the
moderately and highly suitable regions are highly consistent with the real distribution area,showing practical guid-
ing significance to the development of planting forestry of T. ciliata Roem. var. ciliate in Yunnan Province.In Chi-
na,the suitable habitats are larger,but the moderately and highly suitable regions are highly identical to the real
distribution area,which could be used as the reference to the species protection and introduction. Furthermore , the
potential habitats and areas in future will get a bit larger which illustrates that the globe warming is favorable for
the development and reproduction of T. ciliata Roem. var. ciliate ,or at least,has no adverse effect.

Key words: Toona ciliata var. ciliate ; MaxEnt; global warming;distributional change



