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Abstract; Ageratina adenophora, globally recognized as one of the most aggressive invasive alien plants, had exhibited
rapid and extensive expansion within China’s Yangize River Basin, posing severe and escalating threats to regional

ecological security, biodiversity conservation, and socio-economic development. This study presents a comprehensive
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investigation into the invasion ecology characteristics, spatiotemporal risk patterns, and underlying dispersal mechanisms of
Ageratina adenophora within the ecologically critical Yibin region, located in the upper reaches of the Yangtze River. By
employing systematic quadrat surveys and Principal Component Analysis ( PCA), we meticulously quantified habitat
preferences and invasion features across diverse landscapes. Concurrently, the MaxEnt species distribution model, which
was rigorously calibrated and validated, was utilized to assess current invasion risks and identify the dominant environmental
drivers facilitating its spread. The results revealed that: 1) Ageratina adenophora had established widespread populations
across Yibin, successfully colonizing diverse heterogeneous landscapes, including resource-rich habitats (e.g., abandoned
land and secondary forests at forest edges) and multi-stressor environments (e.g., building crevices and areas surrounding
waste disposal sites). 2) MaxEnt modeling delineated pronounced spatial heterogeneity in invasion risk. High and very high-
risk zones, aggregating to approximately 852 km’(6.42% of the study area), are primarily concentrated in the western
districts of Yibin, notably in Pingshan County, Xuzhou District, and Cuiping District. These high-risk areas demonstrate a
strong spatial correlation with major river corridors, including the Jinsha River, Min River, and Yangtze River, as well as
transportation networks. 3) The quantification of environmental variable contributions identified rivers and roads as the
primary facilitators of Ageratina adenophora spread. Distance to rivers emerged as the strongest predictor, accounting for
25.1% of the contribution, followed by precipitation during the wettest quarter (18.7%) , distance to roads (15.6% ), and
temperature seasonality (Bio4, 12.3% ). Based on these findings, we propose a novel, integrated multi-scale management
framework termed “ eradication in colonized areas—monitoring in high-risk zones—public co-governance” to enhance
intervention efficacy, scale-matching, and ecological compatibility: 1) Implement integrated mechanical-chemical control
within existing growth areas and establish native vegetation buffer strips between different landscape types to impede spread.
2) Establish remote sensing monitoring networks in high-risk invasion zones, with particular emphasis on buffer areas along
rivers and roads. 3) Promote public participation in the prevention and control of invasive alien species such as A.
adenophora across the region through new media and other means. This integrated approach aims to mitigate the current and
future impacts of this pervasive invader. This study provides a theoretical foundation and practical guidance for the effective

control of Ageratina adenophora.
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1.2 Rk
1.2.1  AEBERREEURE

ARG RFELE 2024 4F 7—8 H S0, A B% S RIBURE I B2 3 1 1 b 2 A 30 T TR A 1) 58 2505 22 i A
Bd 255 ChEAMSR AR &) IR 258 255 22 M i . A58 00 8 A DB 56 BE (LS8 250 22 A
B D B OR T oRAEAE SRR M RIAR R M . AR B RRAE A0 R RO LA 58 2505 22 H i s o Al b0 o, 0
10 mx10 m A IETFIEAE D , SR F LU BORE R I S5 AR B ARAE M BIF S 4 AV R SIS TR R Bl 45 4 T RE R il A A
W 6 BT SRR 2SO S 950 5 38 K 3 L G A 1 K AR, S AR AR P i) 2 B i A
2 B R R e AR R L R HE AR R B 1 AR A A S AR

http ; //www.ecologica.cn



2 4 WRBE A RIT LI TR XU 2R P 22 AR AR X 22 RO B4 5 s 1097

T VLI XA 58 2R 2 AR I BN R 2 — 1 SRZEPE 22 A B R i B2 P A )20 AR
ISP FIVEE S5 S RE 7 BOFR AR 20, DICAS IS S B A B R AL 5 . 2 A JE R o E R S5 0, By iy,
T M RAE A, IR B SRR A MR PR PR R BRI B S, SRR MR R Horp W)
R PR T B B RN BE AT B BT, JOIk S T 0 sk s SR A S AR B R GRS . IR B S T
BT, R0 =5, o R R 8 (3) B (2) T (DM S EUEREI S R 32058 01 (PCA)
THFEREA R S P SRR HEAR AR AR 1) | 418 0 52 45 S 0 B OGS AR S0 A ™) T BB T 2 2 A
R A EHHIE

1.2.2 AU S Bk shpL sl o Hr

Ao S Ml 2 B RIS 2R3 22 43 A UL 73 A, Ry S R A 25 ) [ AR DG P B2 e A 45 2R A 4B Tkm
DL s AT BB SRR R AL 36 1,

18 FH BRI (MaxEnt ) | 2545 HiJE R AR 9 0 f0 DR 4 DR 2%, 0 58 25058 22 I T TE 40 A iE AT VP A i T 12
CHE TS 2R AR . MaxEnt ABLZ — M BE T AL g 27 ) B W A o A A58 HoAZ O U 2 e A
Yy s I 5 PR B At Y LY SR T, SR RIS B B K (BN 2 Pk e/ N ) B E8 53 41 . MaxEnt £ AL A
o 2E FEHE AL BRRE S A/ IMEA R A S L, WD RIS MBI A 19 AR AR T, OB T
PS5 2, G 38 3 ) 3 BE AR R KR S RN BRI R BE R 19 AR A B AR e sk R S AU
(https ://worldclim.org/ ) HRERE R TR S 8 R S e v A R 22, X 4% ) Rl A BR 8 AR R R AT
Pearson FSEMEZMHT , ICEHHE R B/ T 0.8 BYFREE AR T MaxEnt BRI AR 220

Fe AR 10 AN FREE R A 45 BB T0) 3 B 25, % 18 O IR B, S RE B in) SR IRE (Bio3) , UL A=y AR L
(Biod) , B ZEREE IR (Bioll) AR /KE (Biol2) /KR4 T 240 (Biol5) , B BEE/KE (Biol6) .
K A SR ]t AL S 030 4 28 4 AR 3 58 205 2 A AR A v XUy i X v XUy s IXC o XLt X A1
B HBIX TS, 2T MaxEnt B8 Y A BEALAR ARG 1 | A4 PRI PR 30 58 25 15 22 AR KU, 1 ST iR EE % 5
R 3 i B R BE IR P91 S TR e 1Y £ R, ARSI MaxEnt #5580 A B i) i 107 il 28 1 — 25 0 Br 45 T 5 AR KL
B ARG R 45525 T R RSP AE AL RS 225 22y WU £ 5 W 1

2 MRER

[\*]

A EEERVE R AR AR RRIE

SRRV N RAE LAY AE B 2 R B R AR AR RN REASE AR M S SR 2 P R (110.42+
10.803) em, HEAYIE ((116.85£10.28) cm) 55285 4 MR #2300 , i #0359 185 ( (53.46+5.66) cm) I 482575
2k, BRI AR A B S 23.33° 410,930, J I8 25 22 o) e kB A 8 0 AR S I B, T
SR B 2.39£0.71, o 52.31% MR IE A BE , 34.62% AR AR, W A it 86.93% FE T 43 Aii .
A HiL ) b AT B 5 B BT S I DL R R T B S T 25 K, M R B 5 B A R (64.6£24.94) % , R IE
PEEE B4 A (1107.46£1207.61) m, BRIV B I4(EH (629.64+730.84) m( K 1), Horp 202322 ARFE
b P v R B i AR R RO R AE AR S SR Y RN DT R R Y R NS AR o R A A TR i
AN IS 3K 8 R i B N B SIS R P A 3 TR A R A MR I k| Rk b 1 T A B R A 8
LA SR T RN i 3 A SR 10 RN 5 B AT e A 1) A 45 R S b ) A 1 A B R
FERERFIN T R BN, &5 b SRR 2 AT (R o 4 U S B AR B AR R T AR B (AN E R b bk
G AEAR) 5 Z F e PAEE (AR SRAR R K by 37 S 1 ) 1 S b RO rh B4 ST SR PR
2.2 IRV ARFEMLAY A BEA R 3 A A

Xof B8 2R 25 A ARAE ]I %) AE B8 ARG I AR SR A T FE L3 4T 1 2 ANRAE(E 1 B DTk F A 84.70% (K 2)
BRI Ml S WA B8 () A AR AR 45 28 1 1 28T 2R B SR/ N 43T 2 A 21848, TR A R IR AIE )
SRR B W3R 2 R SE— F o, i R B R HE T = AR Rk BRI PR S (-0.384)

http ; //www.ecologica.cn



1098 JAE = 46 1

TR (0.371) 3w (-0.352) 3 55 = A o, Rk far 2R B4 XHEL AT — i 52 PR« 3 BE (0.503) , EAR Y
(0.452) , IR (0.421) , AT UL ECZEPE LA HAA WNF FRAE 09 Az 355 AR KPR B0 58 4 I BB B e/ (3
B S mEAR (RHRE ) MR, W FEACH A, - Y X3,

R1 EEFZLEEE

Table 1 Habitat characteristics of Ageratina adenophora

NRZFEH A BERHE HfH AARFEHD A B RAAE ¥fH
Habitat characteristics Mean value Habitat characteristics Mean value
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BT Average grass height/cm 53.46+5.66 iR 558 Vegetation coverage/ % 64.60+24.94
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Fig.2 Principal component analysis of Ageratina Adenophora habitat
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Table 2 Transpose matrix of eigenvectors of eigenvalues of the principal components of the habitat of the Ageratina Adenophora orchid

N RRE M A B AR H—FE R DU 1)
Habitat characteristics First principal component Second principal component
4R Elevation 0.300 -0.334
i FAEYE 5 Vegetation coverage 0.335 0.286
THEAR Y Average shrub height 0.224 0.451
HEARFZIE Shrub coverage 0.323 0.280
W Average grass height 0.371 -0.165
B Grass coverage 0.355 0.118
FHERIEE Soil moisture content -0.089 0.421
8 P4 BE 25 Distance from the road -0.384 0.061
BRI EE 25 Distance from the river 0.286 0.103
B[] Aspect -0.352 0.198
i Slope -0.132 0.503
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Fig.3 Contribution of environmental variables
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Fig.4 Response curve of the dominant environmental variable
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