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Abstract: Due to the change of the fundamental and realized niche, an invasive alien species (IAS) often shifts niches
after it has established successfully and spread widely at the invaded region. Usually the direct evidence of the niche shift is
difficult to achieve. The ecological niche models ( ENMs) can be employed to predict the potential distribution of an
invasive species in the invaded area based on the niche requirement of the species in its origin areas, given that its niche
conserved when invaded in another region. Some indirect evidences of niche shift during biological invasion were found by
comparing the difference between predicted and actual distribution in the invaded areas. The potential distribution of
Ageratum conyzoides, a regional serious invaded weed in China, is predicted in non-native regions based on the niches
require in its origin area using ENMs. The previous results showed that the distribution of A. conyzoides in non-native

regions such as Asia-pacific region and Africa region could be well predicted by using ENMs, but there was a remarkable
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difference between predicted and actual distribution in China. A. conyzoides occurs widely in the south area of Yangzhi
River, but the potential distribution of A. conyzoides predicted by ENMs only focuses in a small areas such as Yunan,
Hainan and Taiwan provinces. The result of these investigations suggests that the climate niche of A. conyzoides has shifted

after it invaded to China.
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YR B AR S TR — R AR ST , AR 2507 B AR ST P IE A F AR AR 2SN B TR e ¥ 7 S 3 0 A
BORTRAE X — B AT , ATTRT AR FASRSR AR 4 Fh e IR 7 i By A 2557 78 SR R TR 78 At 3 IX
HIENE Y BEANRARYF— BRI EEY UG EMRS BRI WAk, BT U252 SR T T4 8
SR NE YRR AR B, M A A SR E BT B R RINA B T IR E RER N E NG, &
BAAER B2 2 M A TR BYR SRS AR, GER RS a5 ™Y EARFE
BEAEVTRI 45 R A 2 B0, BOF — MR BLRRIE S AT A BB O, i B B4 A8 N R A 48 R 3, B
LEA LFPBIITRIZE R LR BESE A AR, B AR T S MBI 45 RS Y A D

B M G 2 A I 45 % A B A% (niche shift) , R A BWFEESMERRLERRH" X EEH
PN IRE , — AR AN R YT A 5 By P B A VE 7= 42 T i B A2 27 38 AL il DA T 322 i) G Rl A 285z
(fundamental niche) ”"'""*! | 53 — 5 A RYIFHFE A (2 H1 6k > K FOH 35 5 3 125 42 25437 (empty niche) B
FEL A RYITPE « SLBRAE AL (realized niche) ” ZAER 1Y, KESIEARYIFIE BAHER K EEIE
PR, — AR " BAR AR A AR R T — & RO EIE SR , (B LT R A Rk, R B AR
REFARYMERECETAEDEBRTER T EF5Z 5,

DA S BB SE A R A B R AE S AR B RER B R REE YR A S AR KB XHR TR,
B YRR R A TR B BB, iR B L5 R 5 AR LR Y&, IR AR EL, &
ARABRUMTEARGHAESAL AL TR ; RN R 5 ZR A BERBA BB, RIZA
BRYMEARMB R4 T &S ER, Broemimanm % W8 T A G Y65 & K % 2 ( Centaurea
maculosa ) TEJR 7= (BRI ) 5 AR (AL3R) BB ZR, IR X AR AR EHBER MR HAESATF KA
AW BESR, UHP— BB 2GR AUIGR, R ERE 55 5 — # X S2BR o ke 22 3, A 03
RREBENRFWE HASN 4 T BB,

HELTE (Ageratum conyzoides L. ) JR7= T R EEHE, B AN LF I FEARE , HAEFLH N EE K H
IR, B2 B KGR A RRE, TG TRV EHM X AR R A BE. B o
HEEAEESHK ™, BasiiEElEEERBERILBER, 887 4 MR L A LR R,
H IR A, oA 2 IR AR R B 7R BRI ™ o AR , BELLHT i b i R 3 Aok A,
HIVL VL5 IR S X 0 R AL 8 A 0 3, B A UEREE R P IR BB IE /N fi. A
A EEARRE R HESVEBEC LA ER, A SCE /5T AL B R = R A S ALK, N 6
P A AESN#EE (BIOCLIM,DOMAIN . ENFA Mahalanobis ,GARP Maxent ) Tl T i £1 % 78 Fo At b X () ¥
TE53 AR, A SCHT AR B B ) M T Wb o 15 KR o, BLSRERIE I HER I8 F . IR A ROC fiZ sy
PrEE™ 2 % 6 A FRRG AR AR FBCRHEAT T R4, S R R R S5 R B 5B B AR 5 A8
HEFRERIIE . BB RE RTINS 5L REY S, T HAE ARREEHASVERE
SRR
1 HEE5FZE
1.1 YFporfifs B Kaiab

JAE£T % 40 17 Hi &5 {5 B3k B GBIF ( global biodiversity Information Facility, {33 31 2ik 4 http ://www. gbif.

hitp : //www. ecologica. cn



4976 £ K5 % K 28 %

org/ ) , 2L E I kLT BI7E R IR K 573 &, 5 T GBIF H B BR H A B M5, LB H SEH
457 &5, b FEE LA 288 &, M AN 3-A TR
1.2 FFEgE

A3 R PR SRR V2 P T A A A T ) A BR S AR % 42 ( WORLDCLIM) ™7 e 19 AM4:
Yy 5457 £ (BIO1-BIO19) , &7 B & X inZs 1 from, SRR RPN 5 min, JHET MR
4T A, T EHbt A hitp ://www. worldclim. org/,
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Table 1 The 19 bioclimatic variables

S 47 & Climatic variables TR EH R Description

BIO1 4R Annual mean temperature

BIO2 B A ¥{E Mean diurnal range ( Mean of monthly ( max temp-min temp) )
BIO3 BRI E 54RIR 2 HE Tsothermality ( x 100)

BIO4 BBk} % Temperature seasonality ( standard deviation x 100)
BIO5 B#A 5 IR Max temperature of warmest month

BIO6 B A BEB(LIR Min temperature of coldest month

BIO7 4238722 {75 | Temperature annual range

BIO8 BIZEE VIR E Mean temperature of wettest quarter

BIO9 BTEEYIRE Mean temperature of driest quarter

BIO10 BIESE YR E Mean temperature of warmest quarter

BIO11 BREEFIRE Mean temperature of coldest quarter

BIO12 SR Annual precipitation

BIO13 BITA 388 Precipitation of wettest month

BIO14 BT A {388 Precipitation of driest month

BIO15 B EA {2 Precipitation seasonality ( Coefficient of Variation)
BIO16 BIZEEIEE Precipitation of wettest quarter

BIO17 B TZEEIEE Precipitation of driest quarter

BIO18 BESEYENEE Precipitation of warmest quarter

BIO19 BREEFENEE Precipitation of coldest quarter

1.3 FRAMNESMERRTR

ACIFHT B AR 6 FrEAMELHE, 4 5% BIOCLIM™' | DOMAIN'' | ENFA™®!  GARP™®™
Maxent®'**! | Mahalanobis'™ | 37 F§ T E4035 2 fisk . ROC BhZR 40478 B SPSS it (V11.5) ,GIS iR
AbPRfER] ArcInfo (V9.1),

=2 FERANENREHR
Table 2 Description of the models employed in this paper

BRI Model BRI A Software TR ZEH 7 Description ¥R Source
BIOCLIM DIVA-GIS (v5.4) g4 Environmental envelope www. diva-gis. org
DOMAIN DIVA-GIS (v5.4) E [REEES Gower distance www. diva-gis. org
N
ENFA Biomapper (v3.2) ét‘m\ﬁiﬁ%ﬁﬁ ! http ; //www. unil. ch/biomapper
Ecological niche factor analysis
HETREEB BN HE
GARP Desktop GARP (v1.1.6) Genetic algorithm for rule-set production http : //nhm. ku. edu/desktopgarp
Maxent Maxent (v2.3) B IR Maximum entropy http./. t// www. cs. princeton. edu/ ~ schapire/
maxen
Mahalanobis IDRISI (v15.01) I BEES Mahalanobis distance Clark Labs, Clark University
1.4 B

1.4.1 ISHBEESRIERESR

WEL BB LLBI7E I 7™ 4 R S U 288 >0 A LB 70% VS Il 4R 58 (train dataset) , 30T 30% B9 74 4
5NERFREHL R BB T 7E 5 ( pseudo-absence ) JL A MBI £8 (native test dataset) , 53 5 IE R 3453
5 HUIGR-EEIE . 75 /MATL A FHEH X B9 201 (3L 68 1) A I X BEHLIE B RE ML 58 s AF D et
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I5F£E ( non-native test dataset) ,
1.4.2 BB ESERGE

FRUNGREE 28 17 B 8 2 B0 45, T, LL MaxKappa 4531 & f7 3 B B9 B0 B/ 9 BB 617 3 2 26
(reclass) , MG ) B0 {EL AR AR ORE B8 HUs T FP B J1 070 R SR A0 0T BHE R T BHE R X IH O 1 (G4
X) ETBERHEXIAR 0(FEEEX) ¥ 5 KEENSRHEMERI R MR TN SR, &EH 6 F
B TR 25 AR NS BME LTSRN (0,30 | MR B G4 I, & R E R & SCRARER I &5 R 8 I Ga4E) 1
YHL, ARME A 30, MIZR7s 6 FPEY 5 WRE BTN G F M (08 1 Rl 1 Iy M, o 0 MR T
¥R (FEEE) o
1.4.3 AT 5 5 R RCR AL

A3CLLH F Y AUC {8 (area under curve) 33| Wi 21 i BAR T R , AUC B2 2R H TAEFHE 48
(ROC #h£k) 5 » Bh Fr BB TE AR (E, T ROC fi 2k 2 LUER FH M 2R G B A 5 , B FH A 2 O A AT B b 2K
AUC EZEALTERER[0,1] (EMEEIE | B RARTIRCREIF, T 1 B BB S, RRER 6 5 ER 21
FER—3, BENLA ALY AUC {624 0. 5, — % SOR BEDL 2 L B S 5 5 458 ( reference model ) , 41 SR
#y AUC /T 0.5, MIZ BRI TR 45 5 2R A A R ™Y o U R B B6-F R 48 A9 TR (5 363 48 AUC
B, A AL EE SR ) R0 3 (R X)) B FRIIRCR .
1.4.4 MABEREMBEETN /A5 L6 ER

o 1.4.2 BB RETN 545 B 5ERamZ R 2R, ST A E ARRE G HASMNEER RE
., BELwmE 1 s,

JHR 1280 5 7 b 43 A (288 45)
288 Presence points of Ageratum conyzoides in its
origin region

¥ 17
S IE R sk AHGTE SR
Non-native test dataset Train dataset Native test dataset
BTN P MaxKappad 571 J B
Predict by ENMs Using the corresponding value of MaxKappa as threshold
Y
) iﬁﬂiﬂ%ﬁ_@(ﬁs'map) |
Habitat suitability map (|HS-rnap) Reclass
A 4
v ¥ 5
- - . KR LA
FRACEE 53 A TR FEECIE A T IE Adding the 5 repeat results
Extracting the values of thd Extracting the values of Y
test points the test points HARRITRI 45 5
v ¥ The predict result of a single model
IHEAUCIE HEAUCHE Y
Calculating the AUC value Calculating the AUC value ORI L AR
| Adding the results of 6 models
¢ . 4
- FaEEE
AR S site HS.
Evaluating the models Comp Osmj HS-map
SRE RS AA L
Comparing with the actual
distribution

1 HARpEE
Fig. 1 Diagram of analysis process

2 BRESH
2.1 PRI LLETE R S S B S0 A S FRIUBCR PR

VARELLBI7E B SEYH B 207 3 A5 B VI R , TRINTE F M X B ¥EFE 20 AR o ARSCEET ROC i ey
PrIsTHA BRI ZE A (PR SE ) At (R AR ) B9 AUC {H, £5 RN 2 Jn , #EE Mahalanobis
FEAHIE) AUC HBER , #3{8% 0. 843, 7L 57 kg AUC ENIBAR, 3{H 9 0. 601, B ZEA ML TR 45 R BE-5 5K
PRI & (B AR 2, 7E S TRIUALR A4, i GARP 5 ENFA 5 Mahalanobis 2 , A3 AUC
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EAKE(EHARERXFAREBAABTIUERS -
97, RS T LA IR 384 ) , (BL7E Sy AUC (R .
Maxens #LEIZEA M S5 30 9 AUC {E¥8 5, VAEAAL AL § 0.91= Mahalanobis . %
MR S AT, SRR USRS £, T DOMAIN
T 2 B R P T B 2 B M 9 537 £ BT T Z Blog:m
PRAHESHH100 5150, BLE RN 3-C, D P Mar C °7 1 e
BT KM A PR WA SR 8 | GARP
HI BRI B o
2.2 BANERENFNAGSERMMZANEZS OS5

ERE,HABE) Eof T RILUEHX (E
4-B i) FA RS ARHBE . HE BEAEE
S X M & AR, TR R VL PY HRTLAIL A S E a K
A, TERTNRAEARENEES X RGFET

i AUC Non-native area 4UC

B2 SRS MK AUC E

Fig.2 The models’ AUC value in native and non-native area

« 4375 & Presence

EEEEEY
Suitability index
i 0~1
g 1~3
3~5
5~10
10~30

B3 DAL B = 5076 B0 I 2R R i A DA R4 R
Fig. 3 The potential distribution of A. conyzoides in its origin areas (B), in Africa areas (C), in Asia-Pacific region (D) and in the global areas
(E), predicted by niche models based on the presence locations in its origin areas (A)
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REZE .G EMERE I HX (NE 4-A ) , X—HNSR SRER LR MM ABRK A EEKF
X (1 3-D) FIE S X (18 3-C) BRI 45 R -5 5L b 0 A BRAR W 5, L AAAR Y BRAR 7 S Bk Jik 218 159
AEBMFTR, BERERTN S5 EERIRHZBR, B ENR S EARRERRESNEE™ET

>z

o

LRI

Suitability index
f {0~
P10

Ml 030
B A5 A

# Presence poinet

200 580km : \ A

i, Ty

L
Widely distributed

Partionly distributed

B4 MagiehERTNE SERLSHRER LS, A FUL6,B IR A ER
Fig. 4 The difference between the actual and predicted distribution of Ageratum conyzoides in China, A the predicted distribution map of A. conyzoides

in China, B schematic diagram of actual distribution of A. conyzoides in China

3 HAigHitie

A A FERE IR B WORLDCLIM Fr A= Wy SR 7R 1) 19 MIRRA R, BN R BEE P IR
AFE N T KRR B O A S S FRMSIRARY T AR — SRR, W gk X e N R H B AR K975,
TR B 25 Rk 2 SE VR , (B E R M SR 2 X SR R R PR 0 AR ] o SRBRIIE B 2 T B MK S A <R
THED AR BRTR A Y BRI R AR LT R, YRR BRI A G R BUR T X S W SRR T

P A 30 70 7™ e P A 2807 7 SR TN 72 oAt . IX, a0 S A X R e X G A 5 S B A 29 3R
8T ESFEIRCR , TR R B ML B A A TR IR TR E RO BT SRARME T, P A B B B R AR A 3 TR
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MELLBIIEIE MR o (BFETREH XTI A5 5 LR A B ARZN, A B ARRE G HESEREL
RHE TR AP T RE R TR B IR A T BT RO E NI , BB T B A A, B BE R T AR
sk T REGFEY R T R EAE R A B LA AR, X SR il 5 e A B ER , 2T B R IRE 2
FHTEE L. B THROBABEREREH S FR, AL RE R 28I A STy, R
SRR SR 7= H 19 70 I HLBCH S B 20 A S TR 0 A B 22 57, DA SE LN A AR AR B0 A AR YR AE IR
BB AR, [BASCH M5 R 2 AT UL LU BI7E SR 7 H B9 4 L TR BRIE R B AR BRE /G H
A LR, L PR A RE AT B DR ™ ML) 20 A B N SR T5, IO A AR A (AR B R T e 41 % 76 3R FE RO ¥
FESRIX . TERMBABARRE R HAEDMER 7L, EFNERAEERE BT RELIHER.
A SCHI RIS 45 5 IR i J6HA T 78 A 3% 40 GARP,GLM Maxent 4558 T A A B HEAT AR A B4 918
A DX T I BRI A S R TR, B O A X S R ) — D RIHR AR A R R A L R B AR S
FERE o (B FHA R UX AR IR SR A B A Wi AR e AT PR BOR DURAME , ARSI IR RS R P T AR
HRRETN RO REZE UL EHRESER, , XSARYBRIA R S 2—8H, &
] A 10 B R AE X LA K B ST A, XA ST, 17 AR Y TR R W) A 7E AR B B P 7E 2 A %o
FTRUHBER G EEMX RAERENSEZMME, XN T RERAM B REREFERT L,
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