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Abstract Aims Our major objectives were to 1) identify keystone species within the context of functional
groups, 2) develop potential distributional predictions for keystone species using ecological niche model, 3)
confirm factors determining potential distributions of keystone species, and 4) test if the performances of eco-
logical niche model are better than those of a random model and differ in predicting different keystone species.
Methods Based on the investigation of 135 plots in a natural tropical forest landscape, we classified woody
plant functional groups based on successional status and potential maximum height. Keystone species within
each functional group were identified using a dominance index ( DI). We used the genetic algorithm for rule-
set prediction (GARP) to estimate the keystone species’ potential distribution and then used the receiver oper-
ating characteristics to evaluate predictive performance. Applying multiple linear regression analysis, we iden-
tified major factors determining potential distributions of keystone species.

Important findings 1dentification of keystone species within pioneer species, climax shrub and emergent tree
functional groups was clearer than within climax subcanopy and climax canopy tree functional groups. General-
ly, among the eight keystone species, pioneer species Melastoma sanquiveum, Aporosa chinensis and
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Liquidambar formosana (but not Adinandra hainanensis) have high probability of occurrence in the north,
west and southwest regions of Bawangling. However, climax species Psychotria rubra, Ardisia quinquegona
and Castanopsis hainanensis (but not Pinus merkusii) have high probability of occurrence in the central,
southeast and south regions. Minimum and maximum temperature, mean annual temperature and precipitation,
aspect and altitude were the key factors determining potential distributions of keystone species. Evaluation of
GARP model’ s performance indicated excellent predictive ability of all eight keystone species’ distribution.
This study suggests the DI method is more suitable to identify keystone species within woody plant functional
groups in which a single or a few species are dominant. Findings will assist decision makers in planning con-

servation and management policies in tropical rainforest areas.
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PR IXARCOR MR TR e TR A S AR . AR S
MEREU EB R TR, PRt
TR 5 B TR AKX, ZEXTIZ X 135 > RARAREE J it
T BEMgEE A - R H N AR 4 4
T A DI RERERI 43 ) LA b, X OGS AT o
— B H B E; TRXT R E W SRR A
GARP AR AT 18 76 43 A T 5 = 2 Xof 3% W G 4 o
WA EEE T HATHE ; VIEXT GARP Bl
RIS B A TR

1 HREMRESHARGZE
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DI A VA Al e b P = PN = U RS
P EIAA K, B 7.1 ho?, # B AR BR A
18°53' ~ 19°20' N, 108°58' ~ 109°53’ E, #JE & 4%, LI
i 3, WK ARTE 50 ~ 1 654 m, %ML X & B
ZRAM, TRBHE ., FHRHK 24.2 C,FFY
KR 1 677.1 mom, B4 A, S5~ 11 HAW

Z 12H~BF 4 ANRS, BRUBIEANNE

A, AR A N2 0 oL O L T | (L b B A
Al R A o ARHIFAR . LB REAK | L3 3 SRk
R LA JHL e P A AT 1 6 2 (I BR 482, 19865
VB4 ,2002) o b ORI L b RN AMRGR 12 b IX 45
fide) WP EEAE KA, (R PR R L E
( Vatica mangachapoi ) \EY 585 ( Litchi chinensis ) F178 rd
5218 ( Homalium hainanense ) 55 A 8 Fh B9 FE 4l 28 7Y
(B FEEMZEEA,1992) HIIATH KRG, LUK
¥A ( Dacrydium pierrei ) \3& B ¥ ( Podocarpus imbricatus )
LR L H R AR 53 A0 3R e, Ak TR
JEBUIN, BRI A AT AR A — 12 TH] R JE s 1) 360 TR A
M (BT [ 45, 2004) o (B85 F IR AKX 4 19 i
TRARARER G 1 T RE KRR ML M SRAR B BEIR, B
1994 47 e & S0 4 B BRMRARAR LK, B R I8 A
WA AL T B R E RS, R SCHEB 5
R A B A RR X ) AR AR (A0 45 5% B8 A Ak TR
Ja B JE SR AR bR L R AR UK A AR B R ) 2 B SR
PEERPR B ) GBI [ 26, 2005) o
1.2 BIEH
1.2.1 YRR B3R

FER AR A SR FITE T8RS & 3 BRI
PIBRAR IR T 3 B ML A LI ik . AR
TEHOIE B, 410 35 T 0K IX 43 B2 B A 43 X, HLAR i
BREE VAR, B 1 kmx 1 km 3R 2 kmx 1
km P RYAS BT b 0, B E 1120 mx 20 m

BEE AR, TR RO LA T 135 M RR
MREEHE, 3 5.4 h?s BRI A NA R
DEERIE EE NN AR S R 4 4
10 mx 10 m M/ NEESS , FEAGAN/NEE D7 N 1 T 1
2(DBH) =1 cm FF AR FUHE R MFD 2 (L2 BN FR
WISE R AR Bbr A, HHATERE) MR (1.3 m ).
RN 5 2) 25 (R4 & A FH GPS, 7E 4 Hu f ehut
B (VBRI LR LB ) i sRAR A 2 4 4
B, WA ARt 3 AU A2 e b 1) 4 o 4 A R AR AR B
i o
1.2.2 AEEHRFREL

SBBIERABEE 18 ML G AH TR
A Bt S B H SRR ME %, FIRE RE
KRG mAGBER I SR LB, (B 5 = [
Fk (N2 FR ) |5 AR F S BE B 55 FEAE
BRI, HaE BB R u 5 ) (Willmott & Matsuu-
ra, 1999), % Tt 4 3R AR SR 57 8K
(Thin plate smoothing spline) ([, 2003, 2004) %f/<,
REAB AT VI AR S AR bR AL
WRBEAHE A TR, AARSSIURAR TRA
{HHE I3 A5 5 U5 vl T8 004 1% AT 4K 4 ANUSPLIN
4.1 (Hutchinson, 2000) “F & F FI F 4 X /NEEAR Y
Splinb 2P A THEMETHE . BRI DEM FIA 1:5 07
B e B FUE A K SO SR AE R i s T 1 1 R T
ANUDEM 4.6 ( Huichinson, 1999)F & F4 K. F
FEAE I DEM FE LSS B RS ARCGIS 8. 3(ES-
R1, 2003) bA: s R A O 3k ) Y- I SR A
HMBREHE S, RAERIE) X3 XL (Gen-
eralized cross validation, GCV) &/, 5L (S 51
FES5RIA B R ) B/ SR ORI W br MY
Hah b AERT S M REARKNE S EE. &
LH TS A 2 B SECh 101
1.2.3 XEMNTE

Davic(2003) %t “ B FD” ML S BT TEHIWE
XA R F R AR DI E R R A B SR B
ERE YRR RS B ®RA LT
(Top-down) B2 WA I H1Fh . 3T i i B AR, FRAT Xt
EEBEEAT T R4y, F4e LR b e d D RERE Y
it — 2D R O BRAD
1.2.3.1 RIGThRER

Y% Kohler %5 (2000) XF 2 RERE R0 7 7 i, T
TR FA SRR (57 AL R VR A W8 X M R A T DO RE
X153 o HAFA TR R A B b (o R 43 S S B AR
THARFR IR o B RIBTE B ER SR IR T4 135 A
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AR GE T , RO TR BT RO B
LR BEHTHET , B L BRW E & IR K
I R IR SR A A (R 5, 1964,1965; ] /R
BHYIPTIIIN,1974,1977) RERH#AT TEIE, 43
BB SE B = /N T SCHR RO BRI, LA SCHR Y £
{E A HE; THRERERI P 85 R 3R 1,
1.2.3.2 HEREm

BATRAZ AN E R AR P Y P EER
FEREAR , H AL f B0 B A7 2R (Davie,
2003) . TEFE 5 $( Dominance index, DI) (Berger &
Parker, 1970) HIHHE AT

DI; = N/ N; x 100
X, DIFRRSE j N IIRERE PSS TR I ILEE
BE N, R RRE ] TIEER PSS L SRR A
R (BB AW E) , N, RE [ IEER
B MRS B S E R EYE), K2
R TR TIEERE P LR B 18 BHETERT 3 MY
Fo BEAL, B4 5 3L M s W T AR RN A 4 R R
M S THRER R EERE NS, AR EE
FEEA e R, LIRS 3 AR 48 57
EREFNNS ., BB ERNGAIZE.
Je e W AR AR A B R T X #E1T ROR
(K 4a~c)o BIENBEFELIIEH T, Hb, Wfh
APRER AT AT X T R AR SRR 4 1y
B, R 2B (1993) # HAE B BIEHIA
TiRE BEATAG B, LI AR AN R . W= 0. 042 086
(D*H)*-710315 3 T 2T MR # HH BLB B R, BT F AR
RGN : W=0.113 121( D?H)*30 %2 Forp w ity b
W RRAEY R, D AV, H Y- BRE,
X T JEUARAMRRE S R R b a1 A i 6K 0 b 43 531
TUNR. REREVFY, ERAEZYFHWEY
#,
1.2.4 FEEBEWEE

o T 3% BURE % $ At A v UMY o A 1k Y R IR I
2, XH—FF8 Jackknife ¥4 (Peterson & Cohoon,
1999), W#,IBITLEEMN, RENEBE 1B
B, uFE-ERE, #E AEEITEENESEE
HEBR (1 83 0) 564 1R 2= (External omission error) 2
AR, EMXRRREAE RSB ERENR
B, XEE RIS — B R . FAT15r
BT 8 Kb P AT T Jackknife £ 4E (Peterson &
Cohoon, 1999) , B )5 7E SPSS 13.0(SPSS, 2004) F ¥
B IREERN TR, MEEREE A ERHETT
oAt EE: g

1.2.5 HHERE

ASCK A GARP A AU AR, il 48 GARP £
T iUAS Desktop Garpl . 1.6(Scachetti-Pereira, 2001 ) Xt
8 N REEFD (& THAERE R L P B S = R ) 12
T LW RARARIX B 53473 AT FUM 23 BT GARP 2%
TR AR BN A o T A B, KRB S
SRS BURTER 4y, — 3070 R T A AR B (I R4
#5) , 73 — AR T RELN BB A 3 R S 08 ) IR AR
B RENZBITERE, BN EE O
IE A ECE Y, A A FE RS2 B, R
FYFR Y T R0 43 A B R RS 7 LAAE AL
LR ¥ Fh A 2355 5K (Peterson & Cohoon, 1999), 3K
TIYIRP O A0 0 A X BR B RRAE 5 BT 58 DX B 3R BE AL
KF, I T RBRERY Jy g~y PO R , B TR 5T
YIFP AL 2 A

FEABT ST, BoATT 50k B E S e s R
FYLH A+ ARCVIEW 3.3(ESRI, 2003) 9, Fl iy~ @
FEBR GarpDatasets #5415, GARP %1 A L5 9 ASCII
Raster Grid ¥\, 358 A B )2 1 € o #4610 7 Bt
(L1900 m*), TEIBFTH, WIFR o34 B0 B 5 R
H5Y , 509 90 36 B0 I T 52 AL BB R R
R TR 50% , XISEH) 4y BUPI AR 43, o5 —F T2
SR, T NRNERE R RS, B4R
FPIBHT 20 WL, A B UGBTI L A B e 1E
0.01 A E B LB 1T 1 000 kR, EEHTH M
4 AFL (R F BN ( Atomic) £, 4% ML (Range) | 1%
AL FLI ( Negated range ) F13% 45 [B1 15 ( Logistic regres-
sion) )2 51T, RSB B ITA MAER T W4
Fo GARP BRI B rp & LN E R, B
e T BB AL B, R, RATR AR 4845
T — PR BER, 5 — B R % (Omission
error) , — > F& AL 1R 2 ( Commission error), BT
BRTE GARP BRIY- & il BT “BiEF R %EH
Z50” (Best subset selection parameters)ﬂéj&?ﬁ‘o T
B BERMK (0% of omission) FISEF T, HEA
REFPIZAT 20 MEEL, B G BRI R EERE P E
10 4~ 5 Ak AL B R (Chen et al., 2006), 7E AR-
CVIEW 3.3 (ESRL, 2003) 4 10 AU AR 1
RO AR R, B R B S ool (0 RERE
SRZ R, | ARFERER) . FIHER 2
Py RS K 10 BB TR, HE A TR,
BERBIB M ABE S B, FERHAK
2, BRARBIN A S ROTiE, ZEX B A BN
650 Overlay index, OI),7EREIM 0 B 1,555 _E B
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R TR A 25 A 7 AE TR 55 0 — I e b o, LA
BhNTE B X B R & B R & AR MR,
ZIRR . ARfEA 1 R B REREA 100% 1Kk 4
B (BN 0 W) R 0H 07 B AR LF- AT R A 4,
1.2.6 HHAIEH

AR 328 & T AERF1E (Receiver operating
characteristics, ROC) Z3 £ #4745 UK B 561 ( Stock-
man et al., 2006), LWIEFRW, © &M TRE 10
A IR AR B AU FRG B 9 I & 72 2 — (Chen et
a., 2006), —M&H ROC 43 #7 i HI £k T T FH ( Area
under curve, AUC ) #1755 P 5 B 71 90 X5 B2 K 36
AUC (B K e 7R A5 70 FIIRG BE sy  BRARLI9 T
KEAE AUC N 1 0F, 24 AUC 0.5 B, U T30 K
Heflfio Swets(1988) Ml &I XF ROC 4347 77 ¥k ¥y , Xf
AUC WG BER S04 b T 320 AR RE, ok S B
BRNERE KA AE AUC {828 0.5 1 0.7 ZIF), AUC {1l
FE0.7 M 0.9 Z A HiRE FIES R aT LAEEZ, 24
AUC 81 0.9 B, W R x BA BB E. ROC
S #E SPSS 13.0(SPSS, 2004) b 4T
1.2.7 MRS

R T RN AR A 1) SR BB B R 1 X A% A el

VEAE S A0 B, FRATTAE 56 SR b 0 A2 20 7 P L BEAL
FEAE 1 000 M AT N TS 545 L R A T
FESP AR AR R M 2 A 4T, B S Bl 42 R AE SPSS
13.0(SPSS, 2004) # A4 H R F 2 2 £ 4R 78 191 5 43
B IR M R . O T IHBR B RS A
T LR R , AT BT R B AT T X i
Jb R,

2 & =R

AR IEE B RO £ 1 BBk 579 Al
58 225,418 82 M F) 247 & s 7E 8 M ThREREM Y P
BHETH,89. 5% W PP R T ik A, i H s X LA
F6 JIr&r R B B i, b 276 (£ 1), AT F Bk
T, e M T & R BN B AR £ 0 57 SR
1 10.5% , i Hoi XA F2 £ JF1 (k2 (F4 £/,
F SR B R 33,18 F 2; &% HBRERE AR ALY
ZIENTREN, R RS i &, R A
ELai BB Y F6.F7 A FS, [RRES A w0 A%, B
5 L4y B 35.2%.29.8% F1 19.7% , W RhEE
SITAE/ ) F4 R F3, MBS At b A B
) 0.43% M 1.78% . BAREI W 1,

R1 hEERRSERR
Table 1 Aggregation of 579 woody species into six functional groups in the natural forest landscape of Bawangling, Hainan Island, South China

ThRERE WHER AW /LS AHXS 2 1
Functional group Potential maximal tree height (m) Species richness Relative abundance (% )

FEEERE A Pioneer shrub (F1) 2~5 18 2.20
JEHERMRIZTT A Pioneer subcanopy tree (F2) 5~15 33 8.51
JoHE EMETTFA Pioneer canopy tree (F3) 15 ~30 8 1.78
HetEBTEETT AR Pioneer emergent tree (F4) >30 2 0.43
TR EEA Climax shrub (F5) 2~5 69 19.73
TR MIE IR A Climax subeanopy tree (F6) 5~15 276 35.16
Ttk EMIEFFA Climax canopy tree (F7) 15~30 157 29.82
> 30 16 2.38

TR ABLZ TR A Climax emergent tree (F8)

M2 2 FTA HEOR ST RBAY F1 #0 FS o, HEAE AT
3 RLH IR B HE BB R , S BERR B S ( Melastoma
sanquiveum ) F JUYT ( Psychotria rubra ) L3 B, L%
BERE R 5 R 64.9 A 52.0; TR R KT RERE T, Sokk
FHINEERE F2.F3 Il F4 LA R UK AR DO AERY F8 HEZERT
3 (5L Fob A0 A BE A8 HORE X 8 v, O B R 4R 4 (A-
porosa chinensis ) Y& 55 ¥4l ( Adinandra hainanensis ) ¥,
% ( Liquidambar formosana ) VA & 7 . #2 ( Pinus
merkusii) LW 8., JLH BEHEH 7> 51 M 19.8.35.8,
99.6 I 36.4, i Btk FH LI BERE Fo FI F7 Y RMEHE

FEEN AR SH , HEAERT LA R B AR B,
HREBLILER 2, WL ES5 SR 7] 5, Se e ThaB e
R (Z ) BB, KR 5 T80 5E ; T DR ZE
FRARM TR EMRZEIRARF R AL, HIARHE AR
8., S B Rl LA TR 2080 1 o

3@ 3 Jackknife( Peterson & Cohoon, 1999)/434f , 45
REH B EHF il F 5 1R 2 5 IEAEX (X &R
TP EEBINFEE), R — 22 0 #r S h g
o UNXTTE#R, Jackknife ¥ 4E (Peterson & Cohoon,
1999 ) F6: 0 2 " Rée AV 000G B 1 3 T 2R Vg R LR
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wh % B E SRR E MR E 6 ME T MR A E 3 AR T, SR FEHR SN Y
%+ F ¥ B3 HE ( Castanopsis hainanensis ) , Jackknife #/E  FgiHERR . He R AR E T HEBREOLIE
(Peterson & Cohoon, 1999) % 3 T S i il K . Hi i W 3

F2 BEXBUMEZRR
Table 2 Identification of potential keystone species applied by dominance index

il i WIER G

Functional group Potential keystone species DI x100) N N

F1 1. B58 Melastoma sanquiveum 64.85 832 1283
2. RISt Melastoma penicillatum 21.43 275
3. B4 Melastoma candidum 4.9 64

F2 4. 4385 Aporosa chinensis 19.81 982 4956
S HEREA Canthivm horridum 13.94 691
6. WK Cratoxylum ligustrinum 11.86 588

F3 7. ¥ %1 Adinandra hainanensis 35.78 370 1034
8. 8™ Prerospermum heterophyllum 29.69 307
9. #1554 Alniphyllum fortunei 16.15 167

F4 10.48%F Liquidambar formosana 99.60 248 249
11. FARI¥E Betula alnoides 0.40 1

F5 12. JUY5 Psychotria rubra 51.95 5 967 11 486
13. 33K Blastus cochinchinensis 11.04 1268
14, #0F AR Lasianthus chinenss 8.10 930

Fé6 15. B % 4 Ardisia quinguegona 10.11 2070 20 469
16. $EEFH Mallotus hookerianus 6.06 1241
17. #8319 Lithocarpus corneus 4.33 886

F7 18. ¥ B ME Castanopsis hainanensis 4.67 811 17 360
19. R4 ESEHE Cryptocarya chinensis 4.03 699
20. EMW Xanthophyllum hainanense 3.92 681

F8 21 BIAS Pinus merkusii 36.38 505 1388
22. BREIKE Cleistocalyx conspersipunctatus 13.40 186
23, BFFHHL Litchi chinensis 10.09 140

DIy 55 j ANShEER PSS § YRR G 3 BEFS 3L Dominance index of species i within functional group j  Nj: 5% j A ZHEBEE 58 M RR B SR
The number of individuals of species i within functional group j N]% JASHEERE A9 58 % The total number of individuals within functional group j
Fy~Fg: JL3 1 See Table 1

#3 BEEE0/1)5HRAREZENEXRSH
Table 3 Corelations between the data (0/1) of each coverage and omission error (Externa)

HEHETFEZE SR B48 1R 2= Omission ervor (Ext)

Environmental layer 1 4 7 10 12 15 18 21
- ] %K Plan curvature (0.242)  (0.389)  (0.491)  (0.423)  (0.464) (0.457)  (0.469)  (0.477)
18] Aspect (°) (-0.282%) (0.269) (-0.215*) (0.304) (-0.321")(-0.201*)(-0.187*) (0.237)
¥R Altwde (m) 0.036 (-0.202%) -0.101" (-0.200")(-0.209")(-0.198")(-0.202" )(-0.078")
| T # 38 Profile curvature (0.213)  (0.281) (-0.151") 0.137 (0.270)  (0.230)  (0.242)  (0.250)
i Slope (°) 0.127 (0.309) 0.014 (0.298) 0.123 (0.171)  (0.248)  (0.241)
AEPE T B Annual mean precipitation (mm)  (-0.248%) -0.121" -0.024* (-0.221*) 0.076  -0.062 -0.030* -0.101°
EPHMFHEE Annual mean relative humidity (%) 0.072  (-0.242*) 0.041  -0.127* -0.117*  0.025  -0.154* (-0.302%)
FAKIEE Minimum temperature (°C) -0.123* -0.122* 0.064 -0.108* -0.077" -0.041" -0.060" (-0.295")
F-HIRIE Mean temperature (C) 0.020 (-0.267*) -0.138" (-0.203") -0.033" (-0.225") -0.155* (-0.173")
B & IEE Maximum temperature (°C) ~0.058" (-0.296") 0.019 (-0.303")(-0.176") -0.157" -0.163" (-0.255")

B BFERRALE 0.05 7K _EAH % Data shown in parentheses correlation is significant at the 0.05 level FHEF P FRRESELRER B
R? {l The data in the table is R? value using the multiple linear regression % : 9 X ERFPBLHI T BE 49 R Variables are selected using build model for
each keystone species 1.4.7.10,12.15,18.,21: . 3% 2 See Table 2

GARP HERITMLE RENH (A 1),8 MXRBRK  BRMETARREMEEBERTAMNE L
WM RREE—EER. BEEARERG HLOUNERESHHEOl =), EH TR A
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4 0 4km N
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0.0 0.

BInFeH Overlay index

0.20.30.4 0.5 0.60.70.80.91.0

B W & E WA R BRI 8 R EE S TE

Fig.1 Maps of the predicted potential distribution of eight keystone species in a tropical natural forest landscape of Bawangling, Hainan Island
1.4.7.10.12.15.18.21: 3K 2 See Table 2
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Fig.2 Proportional areas of maximum potential distribution and suitable
distribution in each keystone species
1.4.7.10.12,15.18.21: /. 3% 2 See Table 2 OI: & fNIEE Overlay

index

DRI RA R R AR, H B EARM
BRI X 2T, RIE A KA & BF
RXSHRR 6.37% (Kl 2), T 58 58 A 0 4 A7
WEREF ZEER PSS, BRESHBXIHNET

BP9 X S ALY 23.03% F1 37.38% (B 2) ., HHLL4R
LR EBER KA R(0I=0. 1) BZLHHK
(or=1)m G EMIEERRINE 1) , BERKSS
AEB NS THARXSEMKYS7.19% A
53.61%, ER B ABE S WEER KD Ml HE
(70.46% ) ,BRFED VP M0 F N @ EH 2165, LR
BITWReX WA ZE (B );AEENCEMRYE
M AR ESRRASREI N EEMERR
Ko EHERPOXUREEBMAETEAERR
MAREME(01=0.3), HEEAHER(0I=1) 4
B THHRX SHERA 14.74% , ¥ 78 B K 246 1
(0I20.1) HBIFRX SHEFM 66.6% (& 2) ;ML
SedF TR F A MMM B ES AR, TRE
ARFPILAY L TR AR K AR B 7 K F | B B < (Ardisia
quinquegona)ﬁﬁﬁi%%ﬁ*w?@Tﬁ*ﬁﬁﬁfﬂIZ
PEHRABEMABEBREARENREHRE (0=
0.3), MMM R AEMERMK(01 <0.3),#
Z TR AR AR 2 I 7K o o A 7 X 2 b, IX B /D i
BES,IJLEREE (B 1);3 MNRBFMBERED
AERL PG B 15.6%.11.15% 71 18.36 %,
WERKSGEBRIHNETEERM 67.59% .
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53.66% F1 48.41% ; AR 8 i J2 7 AR B WAL A 5]
THE TR FETE S itk R, PF R X AR ACER Fi
R R EHEE S X (0l =1), BIERK
SAX(O0I=0. DFERZ LA X (06 = 1) By 24l -
BSN R . FEW T X 0 P b EB LA K B A AR
XWARDRA (B 1), HEBEFAEBR0I=1) ¢
FIBIR X AT 21.62% , B TEE KA A AR (Of
=0.1) HHHR X STEK 52.34% (B 2), LI E
FREMAFILENZR, 2SR X WHIE MR
B BT 431

R TR B T X5 R R
Sy AT B A FUE R T & A
EAMESFERREETHREAER (R 4), AFR4
AIAL, 8 NSRRI TE S A R A MR S
FEMI AL B AR BT IR UV (p < 0.000 1) s A
GBS Zulior i ity mpel: R NGk ik = N3]
R THHE . BIEIEEERI A, 2R BE A
TR o AR T AT Mg 7 b 1), AR Ot e 55 3R P
WP AR FEAFP LT , IR ER ARIR IR A EBIR

XoF TOURR IR AR T AR o 1 ) 27 < A B 4 S53R A AR T Xof
THUAR 20 B2 T A ol 1 T A 008 1 43 B L B 1Y
FEREREJI(R*=0.70), BiBH T LA b SRS WS TE 43
i SE ] F & B B RS GEE T T . s
] AR i B (PRI RN T O S B AR B IR R AR
1B IR AR X SR B E T ARFR 5 IR A
SRR Se e i i 2 AT AR FP A LA B AR o B AR IR
4 157 [ T B RNV RO TRUAR 8 7 )2 T AR o Bl A R
REJI AR (R*<0.43) , BB T B A s fty B 7ok
UL RERFP TR/ A S0, A e HE 7w e
R TE ST A kg R

LT 8 4P GARP HIIHAR A B4, ROC 43+
W B, AUC 1H By #7 1K 28 B 2 P % 5 (Asymptotic
Sig. )YAE] TR B E/KF-(p <0.001), R GARP #
RUFRE B TREVLITN . 5 3§ AUC {H
AT, 8 AN AR TR 0 . T AR K,
HA R Fg mHER) AUC HKEIT 8.5 U L, I 1E
Sy AR SRR B T RS R KO . R B4 A
AJ 1, A< SC GARP AR T 25 SR 78 4 R v] DA SZ Y

F4 XBNBESHSERRGETFHESEMEE AR

Table 4  Stepwise linear regression models between potential distribution of each keystone species and major environmental factors

KEgr _ Z%i’iﬁlﬁlﬂﬂﬁgﬁ AME e P »
Keystone species Stepwise linear regression models df
1 Y= -9.07 - 0.08Aspect + 1. 83Minimum temperature + 0.73 Altitude 3 0.43 253.22  0.0001
4 Y= ~29.82 - 1.88Minimum temperature + 1.05Altitude + 9.56Mean temperature 3 042 241.34 0.000 1
7 Y =14.62 — 4.21Mean temperature — 0. 02Slope — 0.25Altitude 3 0.80 1296.04 0.0001
10 Y= ~29.21 +1.35Altitude + 7.01Mean temperature 2 0.36 276.28 0.000 1
12 Y =73.64 — 21.54Maximum temperature — 0. 27 Altitude 2 0.70 1184.38 0.0001
15 Y =22.43 + 1.31Minimum temperature — 0. 54 Altitude — 7.45Mean temperature 3 073 907.28 0.0001
18 Y =10.62 - 3.44Mean temperature — 0.02Aspect 2 0.71 1222.76 0.0001
21 Y= -188.11 + 5.49Minimum temperature + 24.33Annual mean precipitation + 0.70Altitude 3 0.3 140.51 0.000 1

1.4.7.10.12,15.18.21: L3 2 See Table 2

3 i i

3.1 XRTXREMBE
TESIBRREAEZE T BRI R M e B 7
AR —FEHNER, SLUEREME, BEAR
R NS RTEINERER GRS F, B
K SR 1 L 25 [F) TR S FP , T2 TR 2 AR RS
ARG BRMBRR . XEMEIE T MR i A< B
1# % ; Davic (2003 ) TA 24 iX Fh i 42 1 BB JH BR B2 Power
S5 (1996) X KR AR HFP RN X 435 5 — HTH,
SHEHE XM E R TR (KB4 THIBRES

), IR EEANETE U (Power et al ., 1996) KA
8% (Jordan et al., 1999) .31 B8 B 2 P 48 4 (Hud-
bert, 1997)% ML, 2 SCR FIBY 5 B v BRAE MR,
PAE HAERF R sl WK B . (AR, B2
HHIEH, KRR FP R L R R DAY, IR
RIREF M R BE . R BRI LR,
e AR HE R RPN RGP BB, REM
SEHN I R GE N 0 Fp 45 X 5 B B BN, i T A ¢
e BRLL 2 L IE B9 S b (Paine, 1995; Power
etal., 1996), FT WA, AT E T A SRR
T iR BR AR 7 L L RB A R W T OGS SRERE N 1Y
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=
[

1, 4=0.81

4, 4=0.89

7. 4= 0.81

10,4 = 0.74

L ® 12,4 = 0.79
0.2 F 15,4 = 0.78
18,4 = 0.85

21,4 = 0.75

0-0 1 i 1
0.0 0.2 0.4 0.6 0.8 1.0

1—1‘?%& 1-specificity

B3 GARPSEEUNBERL S0 #Y ZIAE LAEAHIE(ROC) £
Fig.3 The receiver operating characteristics (ROC)
curve of GARP model test

EH A F AUC {8 A indicated the areas under the curves on the panels
Sensitivity : BUREE , T T IR 1) % A= B30 B 1 80 T A 77 8 4 L 3
The probability of test positive localities correctly predicted present (1-extrin-
sic omission rate) Specificity; 55 & , FH T K 56 A 2R & A= B35 B IE
B 2R BYRE 2 The probability of test negative localities correctly predict-
ed absent  1-specificity: 3& FLRF 4= 77 B8 JT Lb B The proportion of all map

pixels predicted to have suitable conditions for the species 1.4.7.10.12,

15.18.21;: L3 2 See Table 2

PRGFhfhE JREAt RA E ad FBR e N sL 5,
FHWTZEXT TRERE N B R M KNG, A
R . RE WM, ZE DI RERFAE AL T I
RS E R R B — e M BLSL A B X
Mo

MA R KRB E L RKE (R 2), EERE
FhITBERE (F1.F2.F3 . F4) FITAR EAFP I BERE FS LA
K TR 2 e AR T RE R F8 HrmT LABH A A9 X 47
—NEJLALF R, T 08 25 BE 5 550k I T TOUAR o
LIRERE F6 I F7, FF X IR S F - A B, X 7]
ML E-Fp BRI B3 — 0 S (| 4a) . ETHRE
Ff F1.F3 1 F4 o, X B8 19 5Bk 52 2 0] R
4.5 NFERIR, MZEDHRERE F2.F5 F1 F8 H 58 £ 7[
HHT 13 A EE D AT R R ER E D RERE Fo N
F7 9 GO SE M, BEE DR BN B, iR
FHRHLIRE 22, MY R GRS 150 £ A BT 28
Eil A IR B 100% . Xt TR A g o, AT EIR
VL SR T B v 07 v R R SRR A i B A A B R T BB
R E R R, R AR SR SR B &
THRERE A B AT IS, 45 R R BLER T & ThEE
AERHEERT LA R R A AN, HE N S 2

#BEL#E Proportional abundance (%)

10 20 30 50 70 100

1001

HEEL#E Proportional basal area (%)
-9
5
<

e

20 3040 60 100 180 276

AP ILE Proportional biomass (%)

1 2 3 4567810 20 3040 60 100 180 276
EMRYM¥ Cumulative species number
Fl — i — F5
......... [ T F2 — e e+ e Fé6
———%—— 3 e F
— = —- Ff ——O—— 8

H4 ZE BEEBAEYR-FEREL
Fig.4 Species abundance (a), basal area (b) and biomass (c) accumulation
curve based on cumulative species number in each functional group
YRR i) AR 23 R LR B SR A R B MR AT HEF U Y
The cumulative rank of species in X axis is based on the rank from big DI to
small DI F; ~Fg: JL3 1 See Table 1
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TEAR I TE B2 BRAE SG B P DD RERY (F1.F2,F3,
Fa4) FITOUR FRE R T RERE FS LA R & WABER TR
AR ETT AR RERE F8 h LB FRER B STy,
TILE AR R AR R TR AR D BB Fo FITHAR EAKZTT A
THRERE F7 P XA & (B 4b,c) o TATIX TiX
OGS T G T ARSI RS ARSI
P EEFE R0 AT REXT A S R BB T BE R LU AL
L, XTI Rh 2, AR BT 5448 1) DO RERE BT
W e B E R (OB 7 SR ) A REI . R A
SER N PR R T B IREY BB, £ F
KR Y R A K E R P AR TR SRR AR
(Power & Mills, 1995).41% 2 [8] i) 4H H.4E H ( Eben-
man & Jonsson, 2005) . ¥y Fh BT 15 B BE V& 5 4F LA K Fir
Kb H) B BE (Power et al ., 1996; Christianou & Eben-
man, 2005) 4% J5 T, Bl G SR 9 AH RO 199 S LY
AR AE S TR TR RIS G
AW ) . R BB TSR T AR RS
BRSO E . ERGT TR, T RE R B )
& H. % ( Functional complementarity ) 1 2 88 JU &
(Functional redundancy ) 2 [8] F] # i ( Loreau, 2004 ),
BERZHEIER T, IR AT RETE—E R E £ &
WENS . ETASIHL, RS ARNERNY
FZ B AT REAE SO 4L B R, A R B9 R B A R B9
PR, THEE HAME R BT 7E K ) — Bemt (8] N H0 5 6E
3L [RIFEAE (Loreau, 2000) . MIX— K E , TR
WRFEARIBERE Fo TR FAZTEARTHEERY F7 o
AR HORER, T & K Z B R 2 R R 5 & 1T
fEEEINRR A A, B, AR 4 B B —
ANEBCOBAEREM  —rH, A R BIE N,
FEAHXTRRRE AR E T, R AT R I REAT AEH
DR BRI RE, MR R T AR
Gt R RS E M AR AT BB TR B R 4R Sk AR Bl
(Loreau et al ., 2001), #AT0 X Seql i ity F AT F ik
— Rk,
3.2 WA B

—BEE N B AR EREE R R AR FE R
X Bl 2 ER S H OROREE LT U A Ay s 3 A Oy
T o A2 R B E AR (Beerling et al ., 1995),4<3C
#E—PUEH T X — W . RS EERERY] GARP A
PO RIA 55 4% B A8 R B 8 i 3R B B X
REEFP R I BB AR EI T 74% LA L. {H GARP
R F7 e ) R M b B S Al A A4 ( Swenson, 2005) ,
F TR B B, BRARCIRAS T B 404 WL
FAFRERAE . ANKT T R AE, TR EARRITARTY

RERERCEEM, BAHEA X FE R EEMAX H
DFR AR B TR A AR X, (ELR T TR
B> RBA R EEESRE, E T HY i EK
i1 1%#%& (Chazdon et al ., 2003; Coomes & Grubb,
2003) . TIERIE KRB S H A i AR %
BT SRR R/ BRARGE 8 1 11 5 R LA B AT
B A 2 A B E BIE W (Saunders et al ., 1991),
73— 7, X T HR - B AT B R SR R
DU SRR A, B BB TE B AL OB () N TR ER AT 2,
{ER S AR B (0 57 SRR ) Bk 28
ZFBE /] (Whitmore, 1998), XM EWE BREEE
I3 X AE T RA_E R R R A, BT R HE
RIBLSE A T B /N T e Al . X FE DL, B
Bo2E HFR A 3L W (Overprediction ) ( Peterson et
al., 1999; Peterson & Vieglais, 2001; Anderson et
al ., 2002). H— BB 5 RSB REARTBERE
HIRBEMER, B4 RKETRE BRET EMHELR
JEBIH T, X S A SO T 45 R — B HEW
AR R AR XS A L A T AR K
Wio GFh RN 25, ARIRET (8] B P 5 O 77 355 B
S, FFEVF 2 AR A IR M B . M KB K
RAREFMA VG, BT R, F AT
IR FREW R, IR A K (Whitmore, 1998), %
TIXLEHRIE , 18 B A X Ah, — H & e, B
SRBHTRFHREAERK, B, B 51
VUL ) B LU P AE 20 A X BE Ko X Rl AR B (Un-
derprediction)ﬁiﬂﬂﬂ‘]ﬁ?% o [a) B 4 1 ( Anderson et
al ., 2002) . BRUA_E SRR 40 AR AEST , Yy
Z (BRI AH ELAE S b3 b PR 4 | 3 B ith %% ( Stock-

' man et al ., 2006) 52X YR 434 75 A — 2 LB

BRI XA SO A PR AL S A AR B 5%
BES A S E RN WAN R RREE 1A & 0 et BRI T R
MEZULEEZWE K, H Wiley 55(2003) A H1E
—MREMEE TP AR ANASE
+,H L HE GARP & B 4 7 7 A 24 ( Partial niche
models) A BE B 4F — 4k, {H 25| 3 5 £ 0 %t P #
SR EBASHEHF LRSS R KRS TR,
B TRPRICER AR T80 M s R B & s R 4
KEEME LAERTS , BAR XS AR AT 0, Rt
Pk X SR R A, BRI S /Rt —
AR YR 1Y (6]

B FEE 7 RE M IEUEES, S8
PR 2SS R ST E — W0 Stock-
well H1 Peterson(2002) 237 T /N [} A AR AR /I %ot T3 30
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GERTAERIRN . B4 TR, HUNGREE S B
20 M RBER RS F O EAR KB ER, #—%
R, BEE VNSRBI T B AR S8 I, 08 B2 3 &=
TSR, X RVF Z S ETE T BB
S, KGR EBERARS T 20 MK
(Monica & Peterson, 2003)., {HZX T A2 AT
TR, S SR B D ROE BB . AR F
P AR R A P S8R B 2 B R A FE T LY v 7
Sy, AR PR BRI B B T 40 MU L,
B/ R A TEM AR BB R, AR i
GRELHNAN 240, XTREBRESBILY
(AUC = 0.79) FIAF (AUC = 0.74) RG22 R
B, Mo, SOBE PR X TR 2 A AR
(Stockwell & Peterson, 2002) . HF5T 123 (6] KB (0] 55
(Stockman et al ., 2006) LA & GARP %Y § B i) — &
A (Stockwell & Peters, 1999; Underwood et al.
2004) 3 I IUBUR T 4 — & R 22, 3 Iﬁ@%
TEREUG#H—PRHEMER,
3.3 HAEYESHEAT A E FR A
HBEIAERITAC IR T RS KT E 2R
RE FHREWERZL, FEZRERCFETREY
i3t 2 FN SRR B ) A 42 (Hooper et al ., 2005), FE
FiE W, B THCET ] I BRARFI A, KSR ARBE 315 A
R, 3 2 F R Hb T AR E 4 56 R (IR
2,2004) , FRWHEA BRI BFECHAIREZ
Ao B AT, 15 B GARP A S A BB
PR & AR U R P iR B R ] BB AR 43 A7 X
AL 430 X, R A BEA T S X M B IR
FNUEIU R R T AT RE s e Ab , SR BY T BER R H X R
FIRASN R R R B 3h BA AR N MR H G
(Blondel, 2003) , i X BEFP4E oy T BEBF A HLAEUR,
W AR A 4 A S, B R T R —
TIRERE N E YRR R4 A0 , B R R — 2 B
VA ER 0 BT LA SR BBURR (L BSR4 A0 I e 5 THOR L 2
THE PR A [ 9k 7 S B8 b iR 5 7 43+ 75 3 PR A
|, AT LA X VTR SRR B B RRHE , il £ X
PER R PRSI . QN X TR 324K 2 sl 5 2 IR AR Fh
A5 8O R, TN I A E S R
EHBESFXGHETHE, CXB TREHREE
HEAERRPEYZREENERN, 55, BESfE
WAL TG IRAPT R A R R AL T R B , XA
R T AL R, B bR KA T4
WIS B2 EBNERLE AN P74 Y AT
RIPFEEEA T AW IS ML E X, A5 —

AW VAGE S
& % X W
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