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Abstract

Considered one of the five major threats to biodiversity worldwide, Invasive Alien

Species (IAS) particularly threaten riparian ecosystems. Among the IAS found on riv-

erbanks, Asian knotweeds (Reynoutria spp. including R. japonica Houtt.;

R. sachalinensis [F.Schmidt] Nakai and the hybrid R. x bohemica Chrtek & Chrtkova)

can barely be controlled as, once established, they disperse easily along stream banks

via rhizome or stem fragments transported by water. However, the hydrogeomor-

phological processes underlying the establishment of Asian knotweeds are poorly

understood. The objective of this study was to describe and model the hydrogeomor-

phological preferences of Asian knotweeds along a Mediterranean river. Based on

exhaustive presence/absence surveys, we implemented two models related to the

presence of Asian knotweeds: (1) at the river reach scale and (2) at the finer scale of

the alluvial bar. Areas of low curvature identified as convex banks and the central

parts of alluvial bars appear to be more susceptible to knotweed establishment.

Highly disturbed areas were less favorable to maintaining plant species, including

Asian knotweeds, while less disturbed areas with denser plant cover were more

favorable to Asian knotweeds. The results seem to indicate a trade-off hypothesis in

the knotweed establishment strategy between hydrogeomorphological constraints

and strong interspecific competition. Analyzed in the light of the current literature,

our final models are designed to integrate hydrogeomorphological processes in order

to provide an operational tool to help river managers locate the areas most suscepti-

ble to knotweed invasion and with important implications for managing these species

in riparian ecosystems.
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1 | INTRODUCTION

The 2019 report by the Intergovernmental Platform on Biodiversity

and Ecosystem Services (IPBES) indicated a sharp rise in the number

of invasive alien species (IAS), with an increase of over 70% since

1970, and listed biological invasions as one of the five major global

threats to biodiversity (IPBES, 2019). Rivers and riparian habitats have

been widely documented as some of the most threatened by invasive

plant species (Tabacchi et al., 1996; Tickner et al., 2001). Despite

recent advances in the development of conceptual frameworks that

link hydromorphological processes to plant invasions (Solari

et al., 2016; Staentzel et al., 2017; Tickner et al., 2001), there remains

a pressing need to gain a deeper understanding of the processes facili-

tating the arrival, establishment, and dispersal of IAS along riverine

ecosystems in order to limit their spread.

Among IAS found on riverbanks, Asian knotweeds (Reynoutria

spp. including R. japonica Houtt.; R. sachalinensis [F.Schmidt] Nakai

and the hybrid R. x bohemica Chrtek & Chrtkova), are responsible for a

variety of impacts on safety and biodiversity (Lavoie, 2017). More-

over, once established, these species become extremely difficult to

control because their high underground biomass favors their regrowth

(Gerber et al., 2008). Preventing their establishment is by far the most

cost-efficient management approach, but requires prior knowledge of

the ecological conditions that favor the species' dispersal and estab-

lishment with the aim of prioritising the monitoring. Recent research

suggests the importance of hydrological regime and hydrogeomorpho-

logical processes on the distribution of Asian knotweeds at the stream

scale, particularly in their transport and establishment (Matte

et al., 2021; Navratil et al., 2021). Therefore, identifying the hydro-

morphological conditions suitable for their establishment and dis-

persal appears as an essential line of research.

At the river reach scale, hydromorphological conditions play a cru-

cial role in determining the establishment and growth of vegetation on

riverbanks and bars (Jones & Mulholland, 1999; Mitsch &

Gosselink, 2000). More specifically, in external bends where erosive

and shear forces put the sediment in motion environments are not

conducive to the establishment of vegetation (Gurnell et al., 2016). In

contrast, alluvial bars and convex sections (the deposition zones in

alluvial landscapes) favor the establishment of vegetation by promot-

ing sediment accretion. The local hydraulic and hydrogeomorphologi-

cal conditions of these deposition areas, that is, low velocities, low

erosive force, lower water levels facilitating the accumulation of prop-

agules, promote invasion by IAS (Gurnell, 2007; Mahoney &

Rood, 1998). As river flow and floods act as major dispersal vector for

Asian knotweeds and river-induced disturbances create vacant niches,

creating or renewing a mosaic of habitats available for colonization

(Tickner et al., 2001), we can hypothesized that their propagules

depend on deposition process to establish. Their presence along a river

reach should consequently be conditioned by river curvature, with

convex deposition section being more favorable and sensitive to inva-

sion by these IAS than concave section prone to more erosive forces.

More locally, the hydrogeomorphological conditions can also vary

within a deposition zone due to heterogeneous abiotic and biotic

conditions, creating stable, vegetation-dominated areas and active,

frequently flooded areas (Curtis & Guerrero, 2015; Gurnell

et al., 2016). In the context of alluvial bars, it has been observed a gra-

dient of exposure, with upstream areas more prone to severe flood-

disturbances compared to the more stabilized and vegetated internal

and downstream areas. This exposure gradient is expressed in the lon-

gitudinal and transverse directions and influences species occurrence

depending on their tolerance to abiotic constraints (Hortobágyi

et al., 2018). As well, newly arrived propagules should find more con-

straining biotic conditions in stabilized vegetated areas where compe-

tition should be more intense. As species sensitive to competition

(Dommanget et al., 2013), this should result in less frequent Asian

knotweeds in the vegetated areas of the alluvial bars. We therefore

hypothesized that the presence of Asian knotweeds is the result of a

compromise between abiotic constraints on the one hand (distur-

bances) and biotic constraints on the other (competition), which

should result in a higher probability of presence at intermediate posi-

tion along these two gradients.

Using the results of an exhaustive inventory of the presence of

Asian knotweeds along the Hérault River (France), we investigated

the hydromorphic preferences of Reynoutria spp. (i) at the river reach

scale according to the bank curvature and (ii) at the more local alluvial

bar scale testing the trade-offs among interspecific competition, and

flood-disturbance frequency that condition their distribution along

the two crossing axes upstream—downstream and close-to-the-

stream—far-to-the-stream. We then discuss our results in the light of

the available scientific literature with the objective of synthesizing

existing knowledge.

2 | MATERIALS AND METHODS

2.1 | Study area

The study was carried out in 2015 on the Hérault River located in the

south of France (Gard and Hérault administrative divisions). The Hér-

ault River has a total length of 147.6 km and its watershed has an area

of 2550 km2 (Banque Hydro – MEDDE, 2021). The study focused on

a 33-km reach of the river invaded by Asian knotweeds from just

upstream of Saint-André-de-Majencoules to the meanders near Bris-

sac (Figure 1).

The mean daily discharge of the Hérault River at Laroque, the

nearest downstream hydrometric measuring station, was 19.10 m3/s

since the beginning of the measurement history (DREAL Languedoc-

Roussillon, 2021). The months with the highest daily flows were

November (32.10 m3/s) and January (31.70 m3/s), while those with

the lowest average daily flows were July (4.48 m3/s) and August

(3.55 m3/s) (DREAL Languedoc-Roussillon, 2021). The Hérault River

has a Cevenol river regime, characterized by violent annual flooding

episodes. In total, 70% of the Hérault's floods events occur in only

2 months of the year (September and October). In 20 years (1995–

2015), there were three remarkable flood events: the first one in

1997 reached a flow of 999 m3/s (50-year event), the second in 2003
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reach 671 m3/s (10-year event) and the last one in 2011 reached a

flow of 680 m3/s (10-year event).

2.2 | Asian knotweed inventory

Our dataset was based on a series of inventories that a private firm

(Concept Cours d'Eau Scop Aquabio) carried out on a linear survey of

about 37 km in September 2015. The full exhaustiveness of the

inventory was ensured only on the left bank of the river due to the

inaccessibility of some parts of the right bank. Nonetheless, it is

important to note that some sections of the right bank were also

explored with accuracy. Each inventoried stand was geolocated

(Trimble GPS Pathfinder XC and GeoXT6000). Dispersal by flood was

identified as the main factor in the spread of the knotweeds, although

anthropogenic introductions were also observed. In the study, only

F IGURE 1 The study area along the Hérault River (France) and the seventeen alluvial bars studied. [Color figure can be viewed at
wileyonlinelibrary.com]
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Asian knotweed patches that were obviously of natural origin were

retained by an analysis of the surrounding environment and identifica-

tion of potential anthropic sources (works, roads, etc.).

The field dataset was coupled with High-Resolution aerial ortho-

photographs (20 cm/pixel) and Color InfraRed ortho-photographs

(IRC) at 50 cm resolution dated June 2015 for the Hérault and April

2015 for the Gard (IGN, 2015).

2.3 | River reach scale

The distribution of Asian knotweeds at the river reach scale was ana-

lyzed through aerial imagery on the Hérault River left bank where an

exhaustive survey was available. We first assessed river curvature

from the stream centerline. To do this, we defined the primary wetted

channel thanks to the segmentation algorithm of the open libraries in

the Orfeo Tool Box (OTB) on QGIS (Grizonnet et al., 2017). The cen-

terline was then digitized according to the Vonoroi diagram approach

based on the geographic center of the primary wetted channel from

both banks of the stream as seen in the 2015 IRC aerial images

(Lewandowicz & Flisek, 2020). Full details of our approach are given

in Appendix S1. We then assessed the curvature of the river from the

centerline following Camporeale, Perona, Porporato and Ridolfi's

(Camporeale et al., 2005) definition, in which curvature c is deter-

mined using a three-point algorithm on the centerline. The centerline

is considered as discrete with equidistant discretization points accord-

ing to the following equation:

c¼ ∂θ

∂s
¼ arcsin αβ
� �

αj j βj jΔs ¼ αyβx�αxβy
Δs3

,

where α and β are the vectors from point i � 1 to i and from point i to

point i + 1, respectively. In this study, the interpolation distance was

100 meters. According to this definition, the curvature is positive in

the meanders curving clockwise downstream (with concave sections

on the left bank) and equal to zero at the inflection points.

2.4 | Alluvial bar scale

Seventeen bars (Figure 1) were selected. Presence of Asian knot-

weeds was the main criterion for selection (Figure 2). The borders of

the banks also had to be sufficiently clear to allow their delimitation

from high-resolution images. Finally, since the field survey was mainly

conducted on the left bank, the bars were preferentially located on

the left bank in order to ensure that the survey data would be com-

plete. Even so, two of the 17 bars selected were located on the right

bank; however, these two exceptions were also subjected to exhaus-

tive surveys. The selected bars presented a certain heterogeneity in

sediment grain size, surface area and shape, although these variables

were not recorded.

Each selected alluvial bar was divided into nine equal units along

two orthogonal gradients: a longitudinal upstream—downstream gra-

dient and a transverse gradient (Figure 1). Proposed by Hortobágyi

et al. (2018), this approach allows for variations in disturbance regime

and in abiotic and biotic conditions on the alluvial bar. Each Asian

knotweed stand was associated with one location on each gradient:

upstream, central or downstream for the longitudinal gradient and

close, middle or far-from-water for the transverse gradient.

2.5 | Statistical analyses

We used a statistical modeling approach to determine whether river

curvature and position on the alluvial bank shape Asian knotweeds

presence along the Hérault River.

For the river reach scale analysis, the effect of curvature on Asian

knotweeds presence was tested with a logistic regression. The effect

of distance to the most upstream station was also considered in the

model to take into account the decrease in propagule pressure with

distance. The variance inflation factor between curvature and distance

to the most upstream location was below two, indicating a lack of col-

linearity. The variance explained by the model was estimated with

McFadden's R2 (McFadden, 1974).

For the alluvial-bar scale analysis, we used logistic regressions to

test the main effects of the two gradients and the interaction effects

between them. Because the areas defined by the gradients were not

spatially independent, we used General Linear Mixed Models

(GLMMs) in which the term “coordinate X” was included as a random

effect (lme4 package). Since there was some heterogeneity in the

banks studied, a second random effect “site” was considered

(n = 17). A “site” was defined as a location belonging to the same

alluvial bar. Four candidate models (in addition to the null model)

were constructed. The variance explained by the models was esti-

mated with the marginal coefficient of determination for the fixed-

effect parameters alone (Nakagawa et al., 2017). To identify the most

parsimonious regression model, we used Akaike's information crite-

rion (AIC).

F IGURE 2 Example of an Asian knotweed stand linked to the
process of deposition on an alluvial bar on the Hérault River (France).
©Marie DIDIER (2021). [Color figure can be viewed at
wileyonlinelibrary.com]
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The statistical analyses were performed with R version 4.0.4

(R Core Team, 2020).

3 | RESULTS

3.1 | River reach scale: Influence of bank geometry
on the presence of Asian knotweeds

A total of 604 observations of Asian knotweeds out of 613 inventor-

ied have been retained, all of obvious natural origin. These geoloca-

lized observations were coupled according to the location to the

370 values of curvatures calculated on the 37 km of the Hérault River.

The bank geometry of the river reach considered with curvature

values is detailed in Figure 3. On the left bank, concave banks were

identified by positive curvature values while convex banks were iden-

tified by negative curvature values (Figure 3a,b). In 2015, Asian knot-

weeds observations were more associated with negative curvature

values.

Table 1 shows the results of the logistic regression testing the

effect of curvature on the presence of Asian knotweeds. According to

this model, which had an R2 of 0.143, bank curvature had a significant

effect on the presence of Asian knotweeds on the Hérault River

(p < 0.01). The effect was negative on banks with positive curvature,

identified as concave, reflecting a lower probability of the presence of

Asian knotweeds. According to these results, the lower the curvature

value, the higher the probability of Asian knotweeds presence. Dis-

tance from the most upstream invaded location also had a significant

effect on the probability of Asian knotweed presence (p < 0.001). The

probability of Asian knotweed presence decreases as you move

downstream.

3.2 | Alluvial bar scale: Establishment preferences

On the 17 alluvial bars selected where the species were present, Asian

knotweeds were more frequently situated on the central area of the

alluvial bar than on the upstream area along the longitudinal gradient.

F IGURE 3 (a) Channel axis
configuration of the Hérault River
(France) and (b) the corresponding
curvature. s stands for the distance to
the most upstream invaded point. [Color
figure can be viewed at
wileyonlinelibrary.com]
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Asian knotweeds were also more numerous in the areas closest to

and mid-distance from the water compared to areas farthest from the

water along the transverse gradient. Out of a total abundance of

227 knotweed stands, 19.82% were located on the upstream part of

the bars, 45.82% on the central part and 34.36% on the downstream

part. On the same individuals, 42.29% of them were present on the

closest part to the water, and respectively 36.12% and 21.59% on the

middle part and farthest part.

The most parsimonious candidate model was the one considering

only the longitudinal gradient, with a marginal coefficient R2GLMM of

0.051. Detailed results of the logistic regression are shown in Table 2.

According to the logistic regression, the upstream zone of the bank

was associated with a statistically significant lower probability of

Asian knotweed presence compared to the central and downstream

zones (p < 0.001 in Table 2, Figure 4). The results of our analysis show

that the central parts of the alluvial bars present the highest probabil-

ity of presence for knotweeds, with a value of 0.568 (Figure 4). In

contrast, the upstream zones exhibit a significantly lower probability

of presence (divided by almost 3), with a predicted value of 0.294.

The downstream part of the alluvial bars presents a probability of

presence of 0.431. The model indicated no significant difference

between the central and downstream zones.

4 | DISCUSSION

Our study used for the first time field data to model hydrogeomor-

phological preferences of Asian knotweeds at two scales along a Med-

iterranean European river in an innovative approach that had to our

knowledge never been applied to an invasive alien plant case. The

study of interactions between vegetation and hydrogeomorphological

processes is a scientific front whose stakes are fundamental to under-

standing and then predicting the phenomena of alien plant invasions

as many of them occur along riverbanks. Here we discuss our results

TABLE 1 The logistic regression model testing the effect of curvature and the distance to the most upstream-invaded point on the presence
of Asian knotweeds on the Hérault River (France).b

Variable Coefficient SD Statistic p-value 95% confidence interval Significancea

Curvature –1.078e+02 3.510e+01 �3.073 0.002 �1.778e+02 �3.989e+01 **

Distance to upstream �9.558e-05 1.404e-05 �6.808 9.91e�12 �1.239e-04 �6.881e-05 ***

aSignificance: ***p < 0.001, **p < 0.01.
bThe R2 of the model is 0.143.

TABLE 2 The top-ranked logistic regression model predicting Asian knotweed presence at the alluvial bar scale on the Hérault River
(France).b

Variable Coefficient SD Statistic p-value 95% confidence interval Significancea

Longitudinal gradient (vs. central) Upstream �1.151 0.417 �2.756 0.005 �1.970 �0.332 **

Downstream �0.552 0.399 �1.381 0.167 �1.336 0.231

aSignificance: ***p < 0.001, **p < 0.01.
bThe R2GLMM of the model is 0.051.

F IGURE 4 Predicted probability of
occurrence along the longitudinal gradient
on the Hérault River (France) according to
the logistic regression. [Color figure can
be viewed at wileyonlinelibrary.com]
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based on the scientific literature on the subject in order to better

understand their scope for Asian knotweeds and to highlight future

research areas.

4.1 | Influence of bank morphology on the
presence of Asian knotweeds

The meander geometry of river banks appears to significantly influ-

ence the rate and pattern of Asian knotweed invasion. Our research

has revealed that convex sections are the preferred areas of distribu-

tion for these invasive species. The slower flow velocities in these

areas facilitate the arrival and deposition of sediments and/or dead

wood that may contain propagules (Hooke, 1975), resulting in knot-

weeds often being inventoried in river deposit zones. The deposited

sediment provides, in parallel, the necessary substrate and nutrients

for the establishment and growth of propagules contributing to the

recruitment of the young clones. These findings suggest that convex

banks with low hydrogeomorphological constraints are particularly

susceptible to invasion at the river scale due to low erosive and shear

forces, and serve as ideal habitats for the establishment of pioneer

species like Asian knotweeds (Descombes et al., 2016).

In meander concave sections, high flow velocities combined with

shear stresses result in increased sediment mobilization and bank ero-

sion, creating conditions that are unfavorable to vegetation and hin-

dering the establishment of plant species (Gurnell et al., 2016). These

local constraints may limit the recruitment of Asian knotweed propa-

gules by preventing their deposition. In uninvaded areas, the hydro-

geomorphological features associated with this geometry pose

physical challenges to seedling establishment. However, once an area

has been invaded by Asian knotweeds, these same hydrogeomorpho-

logical features, especially high erosive stresses, could further exacer-

bate the invasion by removing propagules from established stands

and sweep them to uninvaded downstream areas, potentially leading

to exponential spread (Bailey et al., 2009; Colleran & Goodall, 2014;

Mandák et al., 2004). These results foreshadow the existence of com-

plex interactions between hydrogeomorphological constraints and

the distribution of invasive species in river systems. As modeled by

Gurnell et al. (2016), there are dynamic zones within river corridor

where different hydrogeomorphological processes dominate so that

plant and hydrogeomorphological processes interact in different

ways. With regards to Asian knotweeds, the probability of

establishment may be reduced in most constraining zones, without

completely preventing the establishment of a stand. Meanwhile, the

same erosive forces can contribute to invasion dynamics by facilitat-

ing the detachment and transport of propagules (Lamberti-Raverot

et al., 2017).

Futhermore, our findings at this scale show a decreasing proba-

bility of Asian knotweed presence downstream that reflect a

decrease in propagule pressure along the river. Boyer and Barthod

(2019) pointed out that the density of Asian knotweed clones should

be negatively correlated with the downstream distance to other

clones. The most successful establishment of these flood-transported

species occurs at fairly small distances from the parent plant, proba-

bly within only a few hundred meters (Boyer & Barthod, 2019;

Duquette et al., 2016). Thus, at the initial stage of colonization Asian

knotweeds can maintain themselves at a low level of population for a

few years with a discrete downstream spread until hydrogeomorpho-

logical processes through flooding generate a significant flow of

propagules, and exponentially accelerate the colonization in terms

of time and distance (Boyer & Barthod, 2019). The natural

progression of Asian knotweeds appears to be closely linked to river

hydrogeomorpology.

The significant results obtained in our study are consistent with

the results of Descombes et al. (2016), who present river curvature as

an explanatory factor for the presence of Asian knotweeds along a

stream although this has not been identified as the most determinant.

Instead, distance to the river was identified as the predictor that con-

sistently better explained knotweed dispersal. What aligns with the

low goodness of fit of our model (< 15%) indicating that other

unaccounted-for factors conditioned the presence of these species at

the scale of the watercourse. One of the key contributions of our

study is the examination of a unique river system with extreme flood

events, which can greatly impact the pattern of distribution and

spread of these invasive plant species. Our approach complements

the existing literature by providing finer-scale insights, at a smaller

scale of 100 m, and contributes to a better understanding of the ecol-

ogy of knotweeds. The plant species and communities found in river

corridors reflect three broad sets of hydrogeomorphological con-

straints, including climate, water availability and fluvial disturbance

(Gurnell et al., 2016). While our paper considered fluvial disturbance,

further investigation of micro-conditions, climate and water availabil-

ity at the river reach scale could lead to work toward developing a

more performant model and an operational tool to help river man-

agers define the sensitivity level of their watersheds to Asian knot-

weed invasion. It should help guide river managers in identifying

locations where more surveys and effort may be needed at the stream

scale (Dommanget et al., 2019).

4.2 | Occurrence of Asian knotweeds on a single
alluvial bar

Significant variations in the location and spatial extent of Asian knot-

weed establishment on the Hérault River alluvial bars was observed.

The presence of Asian knotweeds was significantly dependent on the

longitudinal gradient of the alluvial bar, but not on the transverse gra-

dient. Although Asian knotweeds established at all locations along the

longitudinal and transverse gradients, establishment on the most

exposed upstream areas near the active channel remained marginal,

with the lowest probability of occurrence.

Disturbances of both natural and anthropogenic origin have been

recognized as facilitators of the process of Asian knotweed invasion

(Lavoie, 2017; Matte et al., 2021). At a finer scale, our distribution

analysis reveals that the establishment and maintenance of Asian

knotweeds at the alluvial-bar scale are limited by high-level
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disturbances related to hydrogeomorphological constraints. Charac-

terized by particularly high levels of disturbance, the upstream areas

are the most unstable; vegetation establishment, including Asian knot-

weed, is limited as the areas are subject to regular hydrogeomorpholo-

gical disturbances such as submergence, shear stress, erosion and

burrowing (Curtis & Guerrero, 2015). Despite the high phenotypic

plasticity and adaptability of Asian knotweed, its establishment on

these areas appears to be constrained by the nature and intensity of

the disturbances occurring there.

In contrast, the central portion of the bank had the highest proba-

bility of occurrence, while the downstream area had an intermediate

probability. According to the “fluvial biogeomorphic succession”
model proposed by Gurnell et al. (2016), the vegetation succession

associated with the bar stabilization process leads to locally vegetated

areas with high vegetation cover and aboveground biomass. This the-

ory posits that a higher vegetation density characterizes the down-

stream portions of alluvial bars due to stabilization with more stable

conditions and low levels of disturbance. The lower probability of

presence of these species compared to the central areas could then

be related to the lower probability of depositional events, including

propagules deposition, but also of greater interspecific competition

among the plants, especially for light. Indeed, although Asian knot-

weeds can grow in a variety of light regimes, they find optimal growth

conditions in open areas (Descombes et al., 2016). These findings are

consistent with field studies and the literature, which identifies Asian

knotweeds as heliophilic pioneer species that thrive best in open areas

rather than in the shade of dense trees or shrubs (Navratil et al., 2021;

see Dommanget et al., 2013, 2019). Asian knotweeds prefer sites with

high light availability, close to a river that creates new primary areas

through sinuous expansion and the deposition of diaspores in the sed-

iment (Descombes et al., 2016). The highest probability on central part

of alluvial bars suggests a trade-off in the Asian knotweed establish-

ment strategy between hydrogeomorphological constraints in

upstream areas and strong interspecific competition in downstream

areas. Abiotic conditions and hydrogeomorphological constraints in

the upstream parts of the alluvial bar appear to be less favorable for

the survival of Asian knotweed species, while high interspecific com-

petition downstream may limit their presence, likely due to light com-

petition (Dommanget et al., 2013). As a result, the central zone

appears to be the preferred location, providing a balance between

hydrogeomorphological constraints and interspecific competition for

the best environment.

In this study, the model's ability to explain the presence of Asian

knotweeds was limited, with a goodness of fit below 10%. This may

be due to the limited number of samples available for analysis, the sto-

chastic nature of hydrological events affecting the distribution of

these flood-transported species and/or a failure to consider other

important factors, such as biotic interactions and hydrological attri-

butes such as slope, soil properties, and bar elevation. As Solari et al.

(2016) noted, it is important to consider soil properties when model-

ing the relationship between riparian vegetation and hydromorphol-

ogy. As instance, fine-grained sediment deposition is a fundamental

hydrogeomorphological process that creates and maintains riparian

habitats (Corenblit et al., 2009). Nevertheless, Descombes et al.

(2016) were able to effectively study the relationship between

R. japonica and hydrogeomorphological processes by using variables

such as distance to the river and stream curvature as proxies for soil

properties. It is crucial to acknowledge the heterogeneity among the

selected bars in this study along the upstream-downstream axis of the

river. The areas designated after dividing the alluvial bars into two dif-

ferent gradients exhibit heterogeneity, which could lead to potential

discussion as the elevation above the water's edge may vary and the

impacts of water flow and floods on the transport of Asian knotweed

could also differ.

4.3 | Perspectives

Global warming will probably cause an expansion of Asian knotweed

populations (Groeneveld et al., 2014) and the species are likely to

become a major threat to rivers. This research improves our under-

standing of the interactions between hydrogeomorphological pro-

cesses and Asian knotweeds invasions, and is an important step

toward answering managers' operational questions. However, this

paper also supports the need to account for more hydrogeomorpholo-

gical variables in a more quantitative and precise manner. Further

work could result in the creation of predictive, “invasive risk” maps

along rivers to better target and prioritize management actions.

Although recent studies have highlighted the impact of Asian knot-

weeds on river systems (Matte et al., 2021), the interactions between

hydrogeomorphological processes and Asian knotweeds remain

poorly understood. For instance, the tolerance of Asian knotweeds to

submergence, erosion or shear stress has only rarely been mentioned

in the literature, and then without supporting evidence, even though

this is an essential element that could help explain the establishment

of Asian knotweeds at the local scale.
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