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Alien plant invasiveness in relation to riparian morphology and curvature
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Abstract; Riparian zones, as critical ecotones in riverscape, serve as key transitional interfaces between aquatic and
terrestrial ecosystems, and have increasingly been identified as focal points for biological invasions. The morphology of the
riparian zones, particularly variations in shape and curvature of riparian habitats, strongly governs how alien plant species
establish, spread, and persist. Yet, it is evident that the earlier studies have been deficient in addressing how invasiveness
of alien plants are influenced by riparian morphology, leaving a conspicuous gap in our understanding and hampering the
design of effective control measures. To address this shortfall, this study combined high-resolution remote sensing imagery

with intensive ground field surveys carried out from 2021 to 2022 across about 660 km of the riparian zones in China’s Three
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Gorges Reservoir. Within the riparian zones, 260 sampling plots were established and classified each riparian segment by
both its overall morphology, including concave, convex, wavy, or straight, and its quantitative curvature. Then we tallied
the presence and abundance of alien plants, assigning each taxon to one of four invasion grades (I—IV) based on a
national guideline. The effects of riparian morphology and curvature on the distribution patterns of invasive plants across the
four invasion grades were systematically tested. In general, Chi-square tests (P<0.001) and Kruskal-Wallis tests ( P<0.
05) revealed significant differences in the distribution patterns of alien plants across different invasion grades, depending on
the morphology and curvature of riparian zones. Especially, the results indicated that; 1) wavy riparian shape,
characterized by frequent hydrodynamic disturbance and unstable soil structure, promoted the dominance of Grade I invasive
species which possess broad ecological niches, high dispersal ability, and strong competitive advantages. In contrast,
concave shapes favored Grade II—III invaders with moderate invasiveness through sediment enrichment and hydrological
stability; 2) high-curvature shapes selected for the colonization of plants with medium invasiveness through sediment
deposition and resource heterogeneity,, whereas low-curvature shapes were colonized primarily by highly competitive Grade 1
invaders under intense hydrological disturbance and limited resource availability; 3) straightened shapes (e.g., channelized
riverbanks) became the primary distribution areas for invasive plants across all grades in 2022 due to niche vacancies
caused by anthropogenic disturbances. From these results, we advance the notion of “orderly invasion” wherein riparian
morphology acts as a sequential environmental filter that sorts alien plants along gradients of disturbance, substrate stability,
and resource distribution. Species with differing niche demands and invasiveness thus occupy predictable positions within the
riparian mosaic. Recognizing this orderly structure has practical value, it supplies a mechanistic framework for risk-based ,
tiered management. Managers can prioritize monitoring of wavy or straightened riparian zones for early detection of high-risk
invaders while tailoring restoration efforts in concave riparian zones to intercept mid-grade invasive species before they
ascend to dominance. Ultimately, integrating morphological metrics into invasive-species risk assessments will sharpen our

capacity to safeguard riparian ecosystems amid continued hydrological alteration and escalating human pressure.

Key Words: alien plants; invasive capacity; ecological niche; riparian zone morphology; riparian zone curvature
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Fig.1 Distribution of sample survey sites in the Three Gorges Reservoir Area in the ablation zone
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Table 1 Differences in ecological characteristics of riparian zones with different morphologies
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Table 2 Differences in habitat characteristics of exotic plants of different invasion grades in China
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Table 3 Invasive plants and their invasion grades in the water-level fluctuating zone of the Three Gorges Reservoir
B4 J&E 4 LiES HIM AR R
Family Genus Species name Plant invasion grade
2P} Asteraceae A E Ageratum HAH] Ageratum conyzoides

WAl Amaranthaceae

ARAE} Poaceae

+FAEFL Brassicaceae

K#F} Euphorbiaceae

B} Fabaceae

HiBl Solanaceae

DIEFR Apiaceae
HAFEFRL Malvaceae

F¥1H} Caryophyllaceae
EAERE Convolvulaceae
14 JLH B Geraniaceae
JEIER} Lamiaceae
ZEi Rl Plantaginaceae
FIMKE} Urticaceae

JKEJE Ambrosia

WA HE Bidens
JLETREJE Bidens
PP @ Crassocephalum
i1 J& Eclipta
KIEJ® Erigeron
KEJE Erigeron
KEJ& Erigeron
KEJE Erigeron
4% )& Galinsoga
% 22 )8 Mikania
iRIBEAG)E Parthenium
THIGIE Senecio
BHA)E Soliva

T ERJE Sonchus

BB E5E 8 Symphyotrichum

PIPEEG R Tridax
ST Y& Alternanthera
Y8J& Amaranthus
W& Amaranthus
V)& Amaranthus
W@ Amaranthus
HHJE Celosia

MR EZEIE Dysphania
WL R Avena
RERIE Lolium
%S Paspalum
MBYEE Pennisetum
WKFHIE Cardamine
MATHIE Lepidium
GINER Nasturtium
KikJ& Euphorbia
K& Euphorbia
BJ®E Ricinus
H1EE Medicago
FERMRIE Melilotus
BN RE Trifolium
2B & Datura
HERRIKIE Physalis
PERRIKIE Physalis
258 Cyclospermum
W% NE Daucus
KB Abutilon
HAEREIR Sida
LHIE Cerastium
TR Ipomoea
LSRR Geranium
JIITIE Nepeta
YEUEYNE Veronica
Y IKAEJR Pilea

JK¥E Ambrosia artemisiifolia

4 YT 5L Bidens alba

YEF B Bidens pilosa

Liigeik=A Crassocephalum crepidioides
i85 Eclipta prostrata

—4ES%E Erigeron annuus

A+ 22 % Erigeron bonariensis
/NEEL Erigeron canadensis

Il T Erigeron sumatrensis
£EAS Galinsoga parviflora
WM H % Mikania micrantha
RIBEAG Parthenium hysterophorus
FXIM T FLYG Senecio vulgaris
BAE2E Soliva anthemifolia
TEESR Sonchus oleraceus
2256 Symphyotrichum subulatum
1153 Tridax procumbens

25 .0YET B Alternanthera philoxeroides

13k 5% Amaranthus blitum
%?{%ﬁ Amaranthus cruentus
FIWE Amaranthus spinosus

B Amaranthus tricolor

FHAH Celosia argentea

+IHIFF Dysphania ambrosioides
WFHEZZE Avena fatua

HSEH Lolium perenne
WHEAER Paspalum distichum
£ Pennisetum purpureum

T #EKTE Cardamine flexuosa
RIF Lepidium didymum
EINEE Nasturtium officinale
KB EL Euphorbia hirta

BEHLER Euphorbia maculata
BERR Ricinus communis

B4 Medicago sativa

TR Melilotus suaveolens

H A5 5 Trifolium repens
E2FEY Datura innoxia

HE Physalis angulata

INFRIE Physalis minima

Y- 275 Cyclospermum leptophyllum
PEAEE N Daucus carota

T JBK Abutilon theophrasti
WEFHL Sida szechuensis
BRFEH Cerastium glomeratum
Z2 Ipomoea nil

W EBSEL Geranium carolinianum
FIIF Nepeta cataria

YEUEYN Veronica polita
INHEIKAE Pilea microphylla
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Fig.2 Distribution of plant riparian zones with different invasive grades in 2021 and 2022
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Table 4 Differential tests of riparian zone morphology for different plant invasion grades

R AR FER 1% 2% 3 4%
Years Plant invasion grade Grade [ Grade 1l Grade III Grade IV
2021 1% 1

2% <0.001** 1

3% <0.001 ** 0.012" 1

4 4% 0.59 0.078 0.007 ** 1
2022 14 1

2% <0.001** 1

3% <0.001** 0.83 1

4% <0.001 ** 0.83 0.83 1

#x 7R P<0.01, * 7R P<0.05

SRT R TR S X AR S5 G0 43 A7 ELAT (38 R ), A [ 10 3 5 T 25 ] i e c AR S5 M)
534 (B 3) . 7E 2021 4, 1 A RAEPIFERIRIE o5 th B i g, 46 92 Uk, i B Y 33.3% s OO .
AIE AT I T 82 WK, BRI IY 29.7% , LA R M iy, (B 1 80 UK, i 29.0% , e ™ I iy 1Y 43 A1 Jie 2
A 22 1,5 7.97%, FMLLZ T3 BARMEYAEINTE i i o s 3 17 1K, 7 58.6% , AEMTE R 1
AT AH 6 UK, 15 20.7% ., 2 FARAPIERIRIE AU 54 B H B e i 240 17 IR, 1 35%, 4 2%
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Table 5 Differential significance test for bank zone curvature for different plant invasion grades
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