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RESUME

Les especes exotiques envahissantes (EEE) font partie des acteurs les plus importants associés au déclin
de la biodiversité et du fonctionnement des écosystémes. En accaparant I'espace et les ressources, elles
menacent la diversité et la composition des végétaux indigenes, se répercutant ainsi sur les organismes
des autres niveaux trophiques. Le nerprun bourdaine (Frangula alnus Miller) est une espéce végétale
exotique envahissante (EVEE) introduite dans I'est de I'Amérique du Nord vers la fin du 18° siécle et son
expansion est inquiétante pour la biodiversité indigene. Toutefois, contrairement a d’autres EVEE, il y a
peu de littérature scientifique sur ses impacts et celle-ci demeure équivoque. Ce projet de recherche avait
donc pour but de déterminer si l'augmentation de la densité de F. alnus menacait la diversité et la structure
des communautés des plantes indigénes du sous-bois et des macro-arthropodes saprophages (mille-pattes
et cloportes). Au cours de I'été 2020, nous avons échantillonné 43 parcelles suivant un gradient de densité
de F. alnus dans une réserve naturelle envahie, a L’Assomption, au Québec. La couverture des especes
végétales de sous-bois y a été estimée et les macro-arthropodes saprophages ont été capturés avec des
pieges-fosses sur deux périodes de 15 jours et une de 14 jours, totalisant 44 jours. Nos principaux résultats
ont montré que F. alnus n’était pas un acteur fort dans le changement en composition des espéeces dans
les communautés des deux groupes étudiés. Toutefois, pour les plantes des sous-bois, on remarque une
diminution du nombre effectif d'especes, de |'indice de Shannon-Wiener et de I'indice de Pielou, suggérant
une tendance a 'lhomogénéisation des especes lorsque la densité de F. alnus augmente. Les macro-
arthropodes saprophages ont également montré une légere diminution de ces mémes indices et de la
richesse spécifique en fonction de F. alnus, principalement causée par I'espéce exotique T. rathkii
(Oniscidae). Les effets observés sont moins prononcés qu’attendu et soulévent que F. alnus serait une
espéce moins compétitive en comparaison a d’autres (e.g., R. cathartica ou F. japonica) pour la diversité
des plantes indigenes et des macroarthropodes saprophages. Ces résultats soulévent des nuances dans la
perception de la sévérité des impacts de F. alnus sur la biodiversité des milieux qu’il envahit. Nos
observations sont donc congruentes avec I'ambiguité dans la littérature, soulignant des nuances quant aux
impacts de F. alnus sur la diversité. Cela souléve également des discussions sur les complications générales
retrouvées dans I'évaluation des impacts de F. alnus et des autres EVEE. Nous proposons donc des
solutions aux problématiques associées a I'évaluation de leurs impacts sur la biodiversité et leur gestion.

Mots clés : invasion, plante exotique envahissante, Effet bottom-up, écologie des communautés,

Diplopodes, Isopodes, Oniscidea, mille-pattes, cloportes



ABSTRACT

Invasive alien species (IAS) are among the most important drivers associated with the decline of
biodiversity and ecosystem functioning. By monopolizing space and resources, they threaten the diversity
and composition of native plants, thus affecting organisms at other trophic levels. Glossy buckthorn
(Frangula alnus Miller), an invasive alien plant species (IAPS) introduced to eastern North America at the
end of the 18th century, is expanding rapidly and is a potential threat for native biodiversity. However,
unlike other IAPS, the scientific literature on the impacts of F. alnus is still scarce and equivocal. The
purpose of this research project was therefore to determine whether the increase in the density of F. alnus
altered the structure of the communities and the diversity of both understory native plants and
saprophagous macroarthropods (millipedes and terrestrial woodlice). During the summer of 2020, we
sampled 43 plots following a density gradient of F. alnus at an invaded nature reserve, in L’Assomption,
Quebec. The cover of understory plant species was estimated and saprophagous macroarthropods were
captured with pitfall traps over two periods of 15 days and one of 14 days, totaling 44 days. Our main
results showed that F. alnus was not a strong driver in change in species composition for both studied
groups. However, for understory plants, we observed a homogenization tendency as the effective number
of species, the Shannon-Wiener index, and the evenness index decreased when the density of F. alnus
increased. Saprophagous macroarthropods also showed a slight decrease in these same indices and in
species richness along the gradient of F. alnus density, mostly driven by the exotic species T. rathkii
(Oniscidae). The observed effects are less pronounced than expected and suggest that F. alnus would be
a less destructive species than other IAPS (i.e., competitive species such as R. cathartica, F. japonica) on
the diversity of native understory plants and saprophagous macroarthropods. Our results are congruous
with the inconsistencies observed in the literature, suggesting recurring issues in the assessments of the
impacts of F. alnus and other IAPS. We thus suggest several solutions to improve future scientific research
and IAPS management.

Keywords: Invasion, alien invasive plant, community ecology, bottom-up effect, Diplopoda, Isopoda,

Oniscidea, millipede, woodlice



CHAPITRE 1
INTRODUCTION

1.1  Mise en contexte

IIn’y a plus de doute aujourd’hui sur le fait que les systémes biologiques a I’échelle globale sont gravement
affectés par I'activité humaine; un huitieme des espéces font face a I’extinction, les structures biotiques
et abiotiques des écosystéemes sont altérées et les services qu’ils procurent diminuent considérablement
(IPBES, 2020; IPCC, 2022). Associées avec le réchauffement climatique, la fragmentation de I’habitat et
I'utilisation des terres, les especes exotiques envahissantes (EEE) font partie des enjeux les plus
préoccupants pour la biodiversité a I'échelle globale (IPBES, 2020; IPCC, 2022; Shrestha et al., 2018;
Vitousek et al., 1996). Malgré les tres récentes mesures en place pour leur gestion (autour des 1970 en
Amérique du Nord), elles sont reconnues depuis plusieurs centenaires comme étant problématiques
puisqu’elles ont rarement d’agents de contréle dans leur nouveau milieu (Simberloff, 2013). Le
gouvernement du Canada définit une espéce exotique comme « une plante, un animal ou un
microorganisme qui a été introduit, du fait de I’activité humaine, ailleurs que dans son aire passée ou
présente de répartition naturelle » (Gouvernement du Canada, 2004). Une espéce exotique obtient donc
le statut « envahissant » lorsque sa propagation pose un risque sur le nouvel environnement qu’elle
introduit (Gouvernement du Canada, 2004). Simberloff (2013) spécifie également que I'espéce introduite
doit se perpétuer et se propager en dehors de son point d’arrivée et se reproduire sans assistance
humaine. Aujourd’hui, nous savons qu’elles ont globalement des impacts négatifs importants (dans le sens
statistique du terme) sur plusieurs secteurs sociétaires et économiques ainsi que sur I’équilibre biotique
et abiotique des écosysteémes (Colautti et al., 2006; GISD, 2005; Lavoie, 2019; Lavoie et al., 2014; NEPA,
1970; Olson, 2006; Simberloff, 2013). Leur forte compétitivité peut diminuer la diversité génétique et
spécifique des especes indigénes ainsi que modifier la composition des communautés a travers les niveaux
trophiques, influengant les processus écosystémiques (Chapin Il et al., 2000). Puisque généralement une
grande diversité est associée a une meilleure productivité primaire et une plus grande résilience de
I’écosysteme - en milieu naturel ou agricole - une atteinte a la diversité peut étre dramatique pour les

fonctions écosystémiques (IPBES, 2019; Sanford et al., 2021; Tilman, 2000).

Les especes végétales exotiques envahissantes (EVEE) sont définies comme des plantes nuisibles
introduites par les humains (volontairement ou accidentellement) a partir d’'un autre continent ou d’une

région trés éloignée et qui colonisent de nouveaux territoires a un rythme rapide, produisant des



populations dominantes (Lavoie, 2019). L’aspect de nuisibilité s’applique également dans la définition et
correspond aux plantes nuisant a la biodiversité, au maintien des fonctions écosystémiques, a la santé
humaine, a I’agriculture, aux productions horticoles, a la foresterie et a la santé des bestiaux (Lavoie, 2019).
Dans le cadre de ce mémoire, I'aspect de nuisibilité sera donc implicite lors de mentions aux espéces

exotiques envahissantes.

On estime a ce jour, dans I'est du Canada, qu’entre 25% et 33,5% des espéces végétales sont exotiques et
environ 10% d’entre elles seraient des EVEE (Lavoie, 2019). L’augmentation de leur répartition et densité
ne montre aucun signe de ralentissement, autant au Canada que partout dans le monde (Kumar Rai &
Singh, 2020; Lalk et al., 2021; Lavoie, 2019; Lowry et al., 2013). Elles menacent des milieux économiques
importants, tels I'agriculture, la foresterie, le tourisme et y engendrent des co(ts trés élevés (Anderson,
2012; Colautti et al., 2006; Olson, 2006; Pimentel et al., 2000). A titre d’exemple, les deux espéces
végétales exotiques envahissantes Centaurea maculosa (centaurée maculée) et Euphorbia esula
(euphorbe ésule) occasionnent ensemble des colts évalués a 38,21 millions de dollars par années sur le
territoire canadien (Colautti et al., 2006; Olson, 2006). Le rapport Invasive Alien Plants in Canada estime
également une perte cumulée de 2.2 milliards de dollars associés aux plantes exotiques envahissantes

dans le milieu de I'agriculture (Canadian Food Inspection Agency, 2008).

En plus des conséquences anthropocentriques, les EVEE représentent une menace pour l'intégrité des
écosystémes et peuvent provoquer des déséquilibres importants dans les dynamiques des communautés
en compétitionnant fortement avec les espéces végétales locales et en monopolisant les niches
écologiques (Callaway & Maron, 2006; Lavoie, 2019). La présence importante de certaines EVEE et leurs
impacts sur la diversité s’expliquent par leur forte compétitivité et leurs nombreux mécanismes de
propagation efficaces (Lavoie, 2019). En plus d’étre facilitées par des perturbations anthropiques des
milieux (i.e., déboisement a la suite de projets d’aménagement d’infrastructures, fractionnement d’habitat
par des routes) et d’avoir peu (ou aucun) de prédateurs naturels, elles possédent des stratégies de
colonisation avantageuses : croissance et propagation rapide, phénologie compétitive et reproduction
efficace. Par exemple, plusieurs espéces, telle Phragmites australis (roseau commun), Rhamnus cathartica
(nerprun cathartique) et Avena fatua L. (folle avoine), vont faire une quantité spectaculaire de graines
pouvant rester dans le sol de nombreuses années et émerger lorsque les conditions sont propices (Lavoie,
2019). De plus, la plupart vont également avoir une multiplication végétative rapide (i.e., fragmentation,
bouturage, marcottage, drageons, rhizomes) leur permettant d’augmenter leur recouvrement au

détriment des plantes moins compétitrices a proximité. Certaines, telles Rosa multiflora (rosier multiflore)



et Berberis thunbergii (épine-vinette de Thunberg) ont des feuillages trés denses qui limitent grandement
I'acces de la lumiére aux plantes basses, limitant ainsi leur croissance (Yates et al., 2004). D’autres, comme
Centaurea diffusa (centaurée diffuse), Rhamnus cathartica (nerprun cathartique) ou Ailanthus altissima
(ailante glanduleux), contiennent des substances herbicides (allélopathiques), pouvant potentiellement
inhiber la survie des végétaux a proximité (Callaway & Ridenour, 2004; Pisula & Meiners, 2010; Vivanco et
al., 2004; Warren et al., 2017). Les EVEE sont également connues pour modifier les composantes chimiques,
le microbiote et les cycles de décomposition des sols et de la litiere de feuilles (Callaway & Ridenour, 2004;
Ehrenfeld, 2003; Heneghan et al., 2002; McLeod et al., 2016). En plus de tous ces mécanismes, certaines
vont également faire de la co-facilitation avec d’autres EEE (e.g., R. cathartica avec le ver de terre européen
et I’étourneau sansonnet), amplifiant ainsi leur mutuelle capacitée d’invasion (Heimpel et al., 2010; Roth
et al., 2015). Ces différents mécanismes permettent aux EVEE d’altérer la structure des milieux qu’elles
envahissent, modifiant ainsi la disponibilité des niches pour les espéces végétales indigenes. Dans certains
milieux, on observe méme des espaces de monoculture de certaines EVEE. Les autres espéces voient donc
leur diversité spécifique, abondance et succes reproductif fortement réduits face a cette compétition

agressive (Callaway & Ridenour, 2004; Molano-Flores, 2014).

Une perturbation des producteurs primaires peut ensuite se propager dans les autres niveaux trophiques,
affectant donc I’écosystéme dans son ensemble (Brousseau et al., 2021; Gerber et al., 2008; Heimpel et
al., 2010). Comme stipule I’hypothése de la spécialisation de la ressource (Southwood et al. 1979), souligné
par Brousseau et al. (2021), une grande diversité dans les ressources serait congruente avec une grande
diversité dans les consommateurs. L'invasion par une EVEE menace donc une grande variété d’organismes
au sein d’un écosysteme. Parmi ceux-ci, les détritivores saprophages, consommateurs de matiere ligneuse,
sont un groupe important dans les processus écosystémiques en participant activement du cycle de
carbone et d’azote (Carcamo et al., 2000). A travers leur étude sur un gradient latitudinal, Handa et ses
collegues (2014) ont d’ailleurs soulevé un effet important de la diversité fonctionnelle des autotrophes en
lien avec la diversité des décomposeurs et leur réle sur les cycle du carbone et de I'azote, soulignant ainsi
leur importance. De plus, certains macro-arthropodes saprophages, comme les mille-pattes (Diplopoda)
et les cloportes (Isopoda) sont reconnus comme sensibles aux perturbations (Paoletti & Hassall, 1999;

Wenk et al., 2016)



1.2  Le nerprun bourdaine (Frangula alnus Miller) — I'espéce cible

Figure 1.1 Fruits et feuilles de Frangula alnus (a gauche) et plan
rapproché d’une feuille (a droite). Source : Gabrielle Roberge

Le nerprun bourdaine (Frangula alnus Miller) est un arbuste de la famille des Rhamnacées (Figure 1.1)
introduit a la fin des années 1800 envahissant et problématique dans I'est de I'Amérique du Nord (Aiello-
Lammens, 2020; Catling & Porebski, 1994; Lavoie, 2019). Il est originaire d'Asie et d'Europe et a été importé
pour ses propriétés médicinales et ornementales. Sa répartition augmente a un risque alarmant dans I'est
de I'Amérique du Nord depuis la fin des années 1900; avec une proportion d’observations doublée entre
1950 et 1990 (Aiello-Lammens, 2020; De Kort et al., 2016; Frappier et al., 2003; Lavoie, 2019). |l est
retrouvé aujourd’hui principalement dans les régions maritimes ainsi que dans les provinces et Etats de
I’est, allant du sud des Grands Lacs jusqu’au Manitoba et la Saskatchewan (Figure 1.2). Les impacts de
Frangula alnus sur la biodiversité ont été mentionnés a plusieurs reprises par une grande variété d’agences
a travers des documents scientifiques, gouvernementaux, littérature grise ainsi que de nombreux
témoignages (Anderson, 2012; Hébert & Thiffault, 2014; Higman, 2009; Martel, 2021; Michigan
Department of Natural Resources, 2012; Schoeb et al., 2012). En effet, les caractéristiques physiologiques
du nerprun bourdaine lui permettent une grande efficacité dans la colonisation de certains milieux. Le
débourrement précoce de ses bourgeons et la grande densité de son feuillage peuvent nuire aux espéces
végétales de la strate herbacée (Converse, 1984; Godwin, 1943). De plus, sa résistance aux sols plus acides

et humides lui permet d’aisément envahir les tourbiéres et milieux humides (Lavoie, 2019).
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Figure 1.2 Carte de la répartition de Frangula alnus Miller dans la région des Grands Lacs et dans
I'est du Canada et des Etats-Unis. Sources : INaturalist (2022) et GoogleMap (2022).

Mais les études scientifiques de I'impact de F. alnus sur la diversité floristique et faunique soulévent des
résultats ambivalents. Parmi celles répertoriées lors de ce projet, certaines ne montrent aucun effet de F.
alnus sur les plantes herbacées (Mills et al., 2009) et d’autres, rapportent une inhibition significative de
|'établissement des semis d'arbres, mais aucune sur les plantes herbacées (Frappier et al., 2004). Houlahan
et Findlay (2004) et Possesski et al. (2000) ont méme rapporté une hausse de diversité, chez certains
arbustes et végétaux indigénes. Néanmoins, quelques études rapportent des relations négatives de F.
alnus sur certains groupes de plantes, telles qu'une diminution de la densité des semis d'arbres indigénes,
du couvert et de la richesse spécifique des plantes herbacées et un changement des structures

communautaires en faveur des espéces tolérantes a I'ombre (Fagan & Peart, 2004; Frappier et al., 2003;

Hamelin et al., 2017).



Figure 1.3 Zones fortement envahies par Frangula alnus au site d’étude.
Source: Gabrielle Roberge

Par le fait méme, deux études moins récentes montrent une capacité de F. alnus a coloniser rapidement
et dominer dans des milieux humides et tourbiéres (Reinartz & Kline, 1988; Taft & Solecki, 1990). Reinartz
et Kline (1988) ont d’ailleurs observé que F. alnus peut entrainer des conséquences catastrophiques sur le
milieu humide, avec une population augmentant sur une tendance logarithmique. De plus, Stokydyk et
Hermann (2014 et 2016) ont souligné que les composantes des feuilles du nerprun bourdaine modifient
la dynamique du sol et agissent sur la minéralisation de I'azote total, provoquant des changements dans
les mécanismes de décomposition de la litiere et les fonctions de la communauté microbienne. Finalement,
seulement une étude relie le nerprun bourdaine et la biodiversité des arthropodes ; ol I'on observe une
augmentation de I'abondance et de la composition des especes d'insectes pollinisateurs a la suite de
I'élimination de F. alnus (Fiedler et al., 2012). Malgré 'ambivalence des impacts associés a F. alnus dans la
littérature scientifique, sa présence importante (Figure 1.3), sa capacité d’envahissement ainsi que les
mécanismes de propagations qu’il utilisent soulévent tout de méme de grandes inquiétudes. C’est
pourquoi il est important d’approfondir les recherches scientifiques sur les risques et impacts que cette

espece représente sur la diversité indigene.



1.3  But et objectifs de la recherche

Le but de ce mémoire consiste a déterminer I'influence de Frangula alnus sur la diversité et la composition
taxonomiques de deux groupes d’organismes, soit les plantes indigénes de sous-bois et les macro-
arthropodes saprophages. Sachant que les mécanismes de propagation de Frangula alnus comportent des
risques réels, similaires a beaucoup d’autres EVEE, les hypotheses émises sont que F. alnus (1) modifiera
la composition spécifique des communautés et (2) diminuera la diversité taxonomique des plantes de
sous-bois. De plus, comme mentionné précédemment, en tant que premiers consommateurs du réseau
trophique de matiere organique et en fonction de I'hypothése de spécialisation de la ressource, les
communautés des macro-arthropodes saprophages sont a risque de subir I'effet bottom-up par la perte
de diversité des essences végétales et I'augmentation du ratio d’essence de F. alnus dans la litiére
forestiere. Il est donc également attendu que ces communautés subissent des effets similaires aux
végétaux, soit (3) une altération dans la composition spécifique de leur communauté et (4) une diminution

de leur diversité taxonomique.

Cette recherche présentée sous forme d’article scientifique apportera davantage de connaissances sur les
effets de Frangula alnus sur la biodiversité dans une réserve naturelle fortement envahie a proximité de
la région métropolitaine de Montréal. Elle apportera plus de clarté sur l'influence de cette EVEE et
permettra de minimiser I'ambivalence observée dans la littérature quant a ses impacts sur la biodiversité.
Le chapitre suivant sera soumis pour publication et étudiera la composition et de la diversité des végétaux
de sous-bois et des arthropodes saprophages. Au total, pendant I'été 2020, 43 placettes ont été réparties
suivant un gradient de densité de F. alnus, allant d’aucun individu a une densité élevée (> 4 individus par
m2). Pour chacun des groupes, nous avons procédé a un inventaire taxonomique a I'espéce ainsi qu’une
récolte de données d’abondance, pour ensuite calculer plusieurs indices de diversité (nombre effectif
d’espéces, indice de Shannon-Wiener et de Pielou). Plusieurs autres données environnementales telles
gue le recouvrement de la canopée par les arbres, le taux d’humidité, pH et température du sol ont
également été récoltées. Finalement, trois quadrats de 15 x 15 cm sur chaque placette ont été récoltés
afin d’obtenir la biomasse seche de la litiere ainsi que la composition en especes de celle-ci. Le chapitre 3
est présenté sous forme de discussion générale abordant les problématiques rencontrées dans notre
étude. Différentes observations et réflexions en fonction de nos résultats ont été soulevées et mises en
relation avec certaines controverses associées a la littérature sur Frangula alnus et les EVEE. Ces réflexions
souléevent notamment quelques pistes de solutions pour des études antérieures et de nouvelles

perspectives pour I’évaluation et le contrdle des espéces végétales exotiques envahissantes.



CHAPITRE 2
INVASIVE GLOSSY BUCKTHORN (FRANGULA ALNUS) A WEAK IMPACT ON PLANTS AND
SAPROPHAGOUS MACROARTHROPODS

Abstract

Invasive alien plant species (IAPS) are generally associated with a decline in native plant diversity, thus
affecting organisms at other trophic levels. Glossy buckthorn (Frangula alnus Miller) is an invasive alien
shrub introduced to eastern North America in the late 1800s, but scientific knowledge on its impact on
flora and fauna is still ambivalent. We sought to determine whether the density increase of F. alnus
threatened the diversity and altered the species found in the community of understory native plants and
saprophagous macroarthropods (millipedes and woodlice) on a recently invaded nature reserve, in
southern Québec, Canada. During summer 2020, we sampled 43 plots following a density gradient of F.
alnus (height > 1 m), where the cover of understory plant species was estimated and the saprophagous
macroarthropods were captured over two 15-days and one 14-days periods using pitfall traps. In total,
20.5% of the understory plant cover was composed of F. alnus seedlings and saplings. Adult density did
not influence understory plant community structure, but we observed a decline in the effective number
of species, Shannon-Weiner, and evenness indices, suggesting a homogenization tendency and dominance
by F. alnus. For saprophagous macroarthropods, a total of 10 species were observed (i.e., 9 diplopods and
only 1 species of isopod). The structure of the communities was mostly influenced by environmental
variables such as percentage of woody debris and soil humidity, and barely by F. alnus. Saprophagous
macroarthropods also showed a slight decrease in these same indices and specific richness along the
gradient of F. alnus density, mostly driven by the exotic species T. rathkii (Oniscidae). These results, in a
recently invaded ecosystem, suggest that F. alnus might not present the same threat to native biodiversity
when compared to other IAPS, like R. cathartica and F. japonica. Overall, our results were less pronounced
than expected and consistent with the ambivalence found in the literature regarding F. alnus, implying
that it could coexist with species native to our studied system. However, systemic methodological
problems when assessing invasive species should also be considered.



2.1 INTRODUCTION
2.1.1 Exotic invasive plant species

In the past few decades, a lot of concerns have been raised by the scientific communities around loss of
biodiversity in ecosystems (IPBES, 2019). It can considerably compromise the efficiency in ecosystem
functions, such as reducing resilience, stability, and primary productivity (Butenschoen et al., 2014;
Cardinale et al., 2012; IPBES, 2019). Invasive alien species (IAS) are a worldwide concern known to be one
of the main drivers having negative impacts on biodiversity, ecosystem services, and several societal and
economic sectors (IPBES, 2019; Simberloff, 2013; Vitousek et al., 1996). Among others, invasive alien plants
species (IAPS) can cause great biological disturbance in the ecosystems they invade through fierce
competition with native plants and leading the specific diversity in local ecosystems to decline (Kumar Rai
& Singh, 2020; Lalk et al., 2021; Lavoie, 2019; Litt et al., 2014; Lowry et al., 2013). In Canada, roughly 30%
of total plant species are estimated to be non-native and around 10% are estimated to be invasive, having
negative impacts on biodiversity and high costs in different important economic sectors (Anderson, 2012;

Brouillet et al., 2010; IPBES, 2019; Lavoie, 2019; Vyn, 2019).

IAPS are strong competitors to native plant species as they have advantageous reproductive mechanisms,
competitive phenology, no natural predators and can alter biotic and abiotic conditions within the system
they invade (Gooden & French, 2014; Kumar Rai & Singh, 2020; Lavoie, 2019; Pysek et al., 2012; Vila et al.,
2011; Vitousek et al., 1996). For example, several species, such as Rosa multiflora (Japanese rose) and
Berberis thunbergii (Japanese Barberry) have very dense thickets and foliage, which greatly limits access
to light for lower plants (Yates et al., 2004). A great number of species, such as Phragmites australis
(common reed), will propagate very rapidly, as they produce a lot of seeds and spread rapidly via
vegetative propagation (Lavoie, 2019). Several are also known to be associated with altered soil chemistry,
microbiomes, and rapid decomposition processes, inducing changes in the structure of the soil and leaf
litter composition and quality (Heneghan et al., 2002; Heneghan et al., 2004; McLeod et al., 2016). Some,
like Ailanthus altissima (Tree of Heaven), and Rhamnus cathartica (Common Buckthorn) even contain
allelopathic substances in their tissues, potentially inhibiting the survival of nearby plants (Callaway &

Ridenour, 2004; Ehrenfeld, 2003; Pisula & Meiners, 2010; Warren et al., 2017).

These general mechanisms found in IAPS are a great advantage in competition among plants and can
negatively impact primary producers by decreasing their diversity, relative abundance and total

abundance, thus subsequently disturb the food web, causing loss of diversity and community species



alteration on all trophic levels through the bottom-up effect (Burkle et al., 2012; Hejda et al., 2009; McCary
et al., 2016; Salamon et al., 2011). This is also a corollary of the resource specialization hypothesis, which
stipulates that diversity in resources favors diversity in consumers (Southwood et al., 1979). Conversely, a
decrease in resources diversity should provoke a decrease in consumers, as we expect a covariability
among trophic levels, whether taxonomically or functionally (Brousseau et al., 2019). For example, Schuh
and Larsen (2015) documented a decrease in the abundance and diversity of crawling predatory insects,
caused by the lack of availability of prey in areas invaded by R. cathartica. Brousseau et al. (2021) also
reported a decrease in the richness and diversity of plant functional traits in plots dominated by the IAPS
Fallopia japonica. They observed that the presence of this plant strongly reduces correlations between
functional traits of prey and predators in edaphic arthropods, suggesting that F. japonica disrupts

functional linkages in the food web.

Since IAPS can potentially induce diversity loss in primary producers and spread through the trophic
network, it is relevant to investigate how IAPS may influence community structure of plants but also
organisms that they interact with. A loss of plant diversity due to IAPS could lead to a diversity loss in
primary consumers and other trophic levels, in both green (grazing) and brown (detrital) food webs
(Siemann, 1998; Southwood et al.,, 1979). For example, ground-dwelling arthropod abundance,
composition, and diversity can be greatly affected by changes in species composition of litter and soil
quality due to IAPS (Garcia-Tejero & Taboada, 2016; Gerber et al., 2008; Lalk et al., 2021; Litt et al., 2014).
Saprophagous macroarthropods are known to have a great impact on decomposition dynamics in
temperate terrestrial ecosystems and contribute significantly to general soil invertebrate diversity
(Gerlach et al., 2013; Handa et al., 2014). In general, brown food webs are hypothesized to be more
resilient as detritivores tend to have a wide diversity of feeding guilds and no immediate effect on the
resource input, thus an effect only through the bottom-up effect (Blair et al., 1994; Moore et al., 2004).
But in a meta-analysis of 35 papers studying relationships between IAPS and brown food webs, McCary et
al. (2016) observed that in woodlands, conversely to wetlands and grasslands, detritus eater abundance

was negatively impacted by the presence of IAPS.

2.1.2  Our target species: Frangula alnus Miller

Our species of interest, Glossy Buckthorn (Frangula alnus Miller), is a Rhamnaceae shrub considered to be
invasive and problematic in eastern North America and was introduced in the late 1800s (Aiello-Lammens,

2020; Catling & Porebski, 1994; Converse, 1984; Godwin, 1943; Hébert & Thiffault, 2014; Lavoie, 2019). It
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is native to Asia and Europe and was imported for its medicinal and ornamental properties (Aiello-
Lammens, 2020; De Kort et al., 2016; Delanoy & Archibold, 2007; Frappier et al., 2003; Lavoie, 2019).
Distribution of Frangula alnus has been increasing at an alarming rate in eastern North America since the
mid-1900s with an exponential increase in the number of species records (Aiello-Lammens, 2020; De Kort
et al., 2016; Lavoie, 2019). The early burst of its buds, the density of its foliage and dense thickets, as well
as the late dropping of leaves in the fall can be harmful to understory plant species (Converse, 1984;
Godwin, 1943). To date, peer-reviewed studies on the impact of F. alnus on flora diversity raise ambivalent
results. Some show no effect on understory plants (Houlahan & Findlay, 2004; Mills et al., 2009) or even
an increase in shrub species richness (Possessky et al., 2000). Frappier et al. (2004) observed a significant
inhibition of tree seedling establishment (mostly Acer rubrum, Fraxinus americana, Pinus strobus, and
Quercus rubra), but not of herbaceous plants. Some studies also reported negative relationships in certain
groups of plants, such as a decrease in the density of native tree seedlings, herbaceous cover, and specific
richness, and changes in community structures in favor of shade-tolerant species (Fagan & Peart, 2004;
Frappier et al., 2003). Moreover, Stokydyk and Hermann (2014 & 2016) observed that leaf extracts of F.
alnus altered soil dynamics and act on total extractable nitrogen (TEN) mineralization, causing changes in
litter decomposition mechanisms and microbial community function. Also, we found only one study that
asses the interactions between F. alnus and arthropod diversity; where an increase in the abundance and
diversity of generalists pollinating insects followed the removal of F. alnus (Fiedler et al., 2012). Therefore,
no study assessing F. alnus with soil arthropods was ever done, even if they are a relevant group to study

interactions within ecological processes (Coyle et al., 2017; Wenk et al., 2016).

Among soil edaphic organisms, saprophagous macroarthropods (millipedes and woodlice), are known to
be sensitive to disturbance and can be use as bioindicators (Paoletti & Hassall, 1999; Wenk et al., 2016).
They are the first line of organic matter shredders in the brown food web and are known for their essential
roles in decomposition cycles (David & Handa, 2010; Hopkin & Read, 1992; Langor et al., 2019; Shelley,
1988). Millipedes (Diplopoda) and woodlice (Isopoda) are large terrestrial detritivores (5-50 mm) that are
generally less studied than other detritivores and macroarthropod groups when it comes to IAPS invasions.
As first line organisms in the brown food web, they facilitate the decomposition process by shredding and
digesting plant material, thus facilitating access of nutrients to smaller decomposers and microbiomes
(Carcamo et al., 2000; David & Handa, 2010; Hopkin & Read, 1992; Langor et al., 2019; van Gestel &
Loureiro, 2018). They are relevant in assessing impacts of IAPS because they tend to respond negatively
to decreased food quality (David & Handa, 2010; De Oliveira et al., 2010). Woodlice are also known to be

good bio-indicators of disturbances in ecosystems, especially the specialists, who tend to react negatively
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to disturbances (Magura et al., 2008; van Gestel & Loureiro, 2018). Like other ground-dwelling arthropods,

their diversity and community structure are likely to suffer from alterations of habitat provoked by an IAPS.

2.1.3  Our Study

Our goal was to study the impact of F. alnus on community composition and diversity of understory plants
and saprophagous macroarthropods to assess biodiversity risks associated with this IAPS. We tested the
influence of Frangula alnus through a density gradient on understory plants and saprophagous
macroarthropods in an invaded woodland. As F. alnus takes over and alters understory plant communities,
we should observe similar results with saprophagous macroarthropods, as they live and feed on leaf litter
beneath F. alnus. We therefore hypothesize that the increase in the density of F. alnus will (1) modify the
structure of plant species communities in the understory layer and (2) reduce their specific taxonomic
diversity. The increasing of F. alnus density and its leaf ratio in the litter, as well as the diversity loss of
native understory plants species also suggests that (3) the specific composition of the saprophagous

macroarthropod communities will be altered, (4) and their specific diversity should decrease.

2.2 METHODOLOGY
2.2.1 Study site

The study site was located in a new natural reserve (Bouchard, 2022), surrounded by agricultural lands in
southern Québec, Canada and covered 12 ha of deciduous forest in an area of wetlands, early succession
woodlands, and peatlands (Figure 2.1). Little is known about saprophagous macroarthropod communities
specific to these ecosystems, but we know that millipedes tend to live in humid environments (Hopkin &
Read, 1992) and woodlice can be find around peatlands and wetlands (Brigic¢ et al., 2017). Moreover, these
ecosystems are known to support a great diversity and abundance in invertebrates (Batzer & Boix, 2018).
Since 2016, a significant increase in F. alnus on this site has been documented and a gradual degree of
invasion is perceptible in the woodlands, whereby very dense plots visually had > 85 % foliage cover by F.
alnus (Gabillot et al., 2019). We estimated that the invasion happened about 26 years ago, after the
commercial exploitation of peatland soil ended, in 1996 (CPTAQ, 1996). This was confirmed by coring the
biggest individuals which were found to be around 27 years old (Dumas, Meyer, personal communication,
see Appendix 1.1.1). Woodlands on the site were mainly dominated by pioneer trees, such as Acer rubrum

(red maple), Populus tremuloides (quaking aspen), and Betula populifolia (gray birch). Several species of
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Rubus and Pteridophytes were also found in great abundance. The presence of peatlands and low pH

(average of 4.00 on the study site) show that the soil was very acidic (Pansu & Gautheyrou, 2006).

L'Assomption
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0 20 40 km A study site

Figure 2.1 Location of study site, in L’Assomption, southern
Québec. Source : Gabrielle Roberge

To assess the influence of F. alnus on native understory plants and saprophagous macroarthropod
communities, 43 sampling plots were placed at a minimum distance of 40 m from each other, following a
density gradient of F. alnus. The gradient was determined following an exploration of the site and
estimation of percentage of cover by F. alnus (height > 1 m). We then established plots and counted each
individual on 5 m? or 50 m? (depending on the estimated density) and scaled to 400 m? for visualisation of
the invasion gradient (Figure 2.2). Density of F. alnus was scaled to 1 m? for statistical analysis, giving a
range from 0 to > 4 individuals m2. The peatland zone (no tree canopy and covered mostly in
Rhododendron canadense and Kalmia angustifolia) was not sampled in order to focus on areas with
woodland attributes, ensuring similar biotic structures and soil conditions. Each plot was centered on a
pitfall trap and made of several circular plots: four of 1 m?2, one of 5 m?, and one of 50 m2. The size of the
plots was associated with the size and density categories of F. alnus and characterized vegetation type. On
the site, with an average of 20.5%, Frangula alnus was the species with the largest area of total cover on

ground level (Table 2.2).
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Figure 2.2 Map of the location of all 43 sampling plots on study site. Each plot is associated with a
density of Frangula alnus (individuals 400 m™). All colors on plots are associated with a density interval
to facilitate visualisation. The hatched area represents a peatland zone where no plots were installed
because woodland-like environmental characteristics were prioritized. Source: Gabrielle Roberge and
GoogleMap (2022).

2.2.2 Understory plant characterization

The understory plants (height < 1 m) were selected for our analyses because they are the most likely to
suffer from shading by Frangula alnus (Fagan & Peart, 2004; Frappier et al., 2003; Hamelin et al., 2017;
Kaul & Wilsey, 2021; Kumar Rai & Singh, 2020; Lavoie, 2019). The estimation of foliage cover to the nearest
5 % for each species of vascular plant in the understory layer was determined in four 1 m? circular plots
and averaged on 1 m? (Braun-Blanquet, 1932, 1951). Adult individuals of Frangula alnus (height > 1 m)
were counted in 5 m? plots (when density was high) and in 50 m? plots (when density was low) to estimate

density on 1 m2. All plants were sampled from June to August 2020 and identification was done in the field
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(Leboeuf, 2016). A sample and a photograph of unidentified individuals were collected for identification
in the laboratory using the Flore Laurentienne (Marie-Victorin, 1995). A ratio of each species to total
understory plant cover was calculated and used as a metric to assess our hypotheses on understory plant

diversity.

2.2.3 Saprophagous macroarthropod sampling

Multi-Pher pitfall traps of 20.5 cm height and 10 cm in diameter (Jobin and Coulombe, 1988) were used
to collect saprophagous macroarthropods and were installed in the center of each plot in early June, two
weeks prior to activating traps, to minimize any disturbance related to digging (Schirmel et al., 2010). The
traps contained 100 ml of 50 % ethanol for preservation and were conserved in a 70 % ethanol solution
once in the laboratory. As communities may change over the season, two 15-days and one 14-days
harvests were carried out, and collects were on July 1%, July 29™, and August 27™" for a total trapping effort
of 44 days. Due to wildlife disturbances and technical issues, data from five traps in the first sampling and
three traps in the third sampling were removed from our analyses. Despite the shortcomings of this
method reported by several authors (Brown & Matthews, 2016; Duelli et al., 1999; Topping & Sunderland,
1992), capture with pitfall traps is still one of the most effective and economical ways to make a
comparative assessment of edaphic arthropods (Brousseau et al., 2019; Gerber et al., 2008; Sabu et al.,
2011; Schirmel et al., 2010; Schuh & Larsen, 2015). All millipedes and woodlice were counted and identified
to species level (Borror et al., 1992; Brousseau, n.p.; Langor et al., 2019; Shelley, 2002; Shultz, 2018). Some
juvenile Parajulidae could not be identified to species because their secondary sexual characteristics
(gonopods) were not developed. After identification, all arthropods were kept in the dark and at room
temperature in 80-90% ethanol. Since we were interested in the overall effect on saprophagous
macroarthropods, total abundance was used to calculate diversity indices, and the average of their

abundance was used for analyzing community structure.

2.2.4 Environmental characterization and measurements

Several environmental variables, such as soil temperature at ground level, humidity, pH, tree canopy cover,
litter biomass, and leaf species ratio were collected because they are known to have an impact on ground-
dwelling and soil arthropod communities (David & Handa, 2010; Jass & Klausmeier, 2000; Noél & Séchet,
2007; Schuh & Larsen, 2015; Shakir & Ahmed, 2015). HOBO data loggers (Onset Computer Corporation,
Bourne, MA, USA) were placed on the ground, under the leaf litter layer, in the center of 24 plots and
recorded the temperature every 2 hours from June 11™ to August 28™. Soil pH was measured once (3

replicates) in the summer with a pHA10 Ecosens probe (YS! Inc., Yellow Springs, OH, USA) and soil moisture
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content was measured (3x at less than 1 m from the plot center) with a Field Scout TDR 300 moisture
meter (Spectrum Technologies, Inc., Aurora, IL, USA) with 7.6 cm rods. No strong rainfall was recorded
within 24h before humidity sampling. An estimate of tree canopy cover percentage to the nearest 5 % was
also made for each of the plots (Braun-Blanquet, 1932, 1951). After leaf fall in autumn, a harvest of three
quadrats of litter (15cm x 15cm) per plot was carried out and the samples were compiled and dried at
35 °C for 4 days. The dry biomass was used to sort the different species and obtain the composition of the
leaf essence in the litter. The average ambient temperature for the summer of 2020 was 20.62 °C and the
average precipitation was 75.6 mm (EnvironnementCanada, 2021; WeatherSpark, 2021). Heavy rainfalls
were measured during the first arthropod sampling period on June 23™ and 24" (Max = 27 mm). But

generally, trapping days had little rain and were mostly sunny or cloudy (WeatherSpark, 2021).

2.2.5 Statistical analysis

To get a general portrait of the environmental conditions on our site following the gradient of F. alnus,
linear regression tests were carried out: only the pH and the percentage of woody debris cover showed
variation across the site gradient (Table 2.1). Redundancy analyses (RDA) were used to explore community
structure across plots for both plants and soil macrofauna. To analyze plant communities and provide
better visualization, rare species (<5 % average cover and found in less than 5 % of plots) were removed.
Plant cover ratios were transformed (Hellinger) to minimize the effect of extreme species and double zeros
(Anderson et al., 2006; Legendre & Gallagher, 2001; Zeleny, 2021). For the analysis of saprophagous
macroarthropods, species with fewer than 5 individuals and unidentified juvenile individuals (Parajulidae)
were also removed. Mean abundance of saprophagous macroarthropods across all trapping days was used
and log-transformed to avoid the horseshoe effect (Anderson et al., 2006). Along with density of F. alnus,
other environmental factors that are likely to influence community structure were used as constraint
variables in the RDA. For understory plants, soil moisture, pH, and canopy cover were used. For
saprophagous macroarthropods, percentage of F. alnus in leaf litter, the effective number of understory
plant species, woody debris cover, and litter biomass were used. For both groups, constraint variables

were standardized and centered on 0.
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Table 2.1 Linear regression model outputs of the environmental variables associated with density
gradient of F. alnus to assess an overview of the environmental conditions across our study site. Some
variables that are most likely to influence the density of F. alnus were used as independent variables,
such as tree canopy cover (%) and pH. Other variables that might be influenced by F. alnus, such as soil
humidity (%), leaf litter biomass (g m2), ground-level temperature (°C), and woody debris cover (%) were
used as dependent variables to determine if they varied across the gradient of F. alnus.

Dependant variable Independant variable Mean +SD Estimate SE T-value R? p-value
Canopy cover (%) 58.95+13.30 -0.009 0.006 -1.360 0.043 0.181
F. alnus density (nb m?)
pH 4.00 £0.40 -0.482 0.206 -2.344  0.118 <0.05 *
Humidity (%)’ 20.46 +10.80 -0.034 0.092 -0.364 0.003 0.718
Leaf litter biomass (g m2)" 269.26 +65.90 0.238 0.267 0.893 0.019 0.377
F. alnus density (nb m2)
Ground temperature (°C)" 20.15 +0.48 0.086 0.077 1.122 0.054 0.274
Woody debris cover (%) 13.80 +6.50 0.510 0.083 6.16 0.481 <0.001 ***

TSquare root transformation to fit the linear regression model conditions
* P<0.05; **P<0.005; ***P<0.001

To test the potential effect of F. alnus on various community metrics of native understory plants (including
rare plants) and saprophagous macroarthropods, linear regression models using the density of adult
Frangula alnus as an explanatory variable were used to explore species richness (S), abundance, the
effective number of species, Shannon-Wiener index (H') and Pielou’s evenness index (J'). The Shannon-
Wiener index was obtained from the formula H'=-Pi InPi, where Pi corresponds to species cover proportion
i on the total cover (for understory plants) and individual number proportion per species i (for millipedes
and woodlice). Pielou’s evenness was obtained with this formula: H'/In(S). The effective number of species
is an index based on the Shannon-Wiener’s index and is applied with this formula: e (Jost, 2006). For
native understory plants, the abundance and evenness index were square root transformed to meet the
conditions of linear models. Evenness also had one extreme data retrieved (plot L4) to fit the normality
conditions of the linear model, as determined with diagnostic tests. For saprophagous macroarthropods,
percentage of F. alnus in the litter and the effective number of plant species were also used as an
explanatory variable, in addition to the different environmental factors likely to interact with this group
(litter biomass (mg m™), pH, humidity (%) and woody debris (%)). All analyses and data processing were
carried out with the R program version 4.0.4 (R core Team 2021) with the vegan package (Oksanen et al.,

2007)
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2.3 RESULTS
2.3.1 Native understory plants

A total of 54 species of understory plants were found throughout the study site (Table 2.2). Among the
most common species, saplings of red maple (Acer rubrum) accounted for around 11% of the total
vegetation cover across all study plots, making it the second most abundant understory plant after F. alnus.
The most abundant shrubs were species from Ericaceae (Rhododendron canadense, Vaccinium
angustifolium, and Kalmia angustifolia) and Rosaceae (Aronia melanocarpa) families. Each species was
represented on average between 3 and 8 % of total vegetation cover (Table 2.2). The most abundant
herbaceous plant species was Maianthemum canadense with an average cover of around 4% as well as
four species of pteridophytes with a combined average cover of around 12 % (Dryopteris spinulosa,
Onoclea sensibilis, Osmunda claytonia, Osmunda cinnamomea). The rare species (n = 27) altogether
covered on average less than 5% of the total vegetation cover. Other invasive alien plant species were also
reported including Phragmites australis and Galeopsis ladanum. They represented less than 3% of the
vegetation cover and were found in less than 5 % of the sampling stations (Table 2.2). We also observed a
general decrease in total native plant abundance across the gradient of F. alnus, where the highest
abundance was observed when F. alnus between 1 and 2 individuals m (Fig. 2.4a, R2=0.11, p < 0.05).
Table 2.2 Dominant understory plant species: trees, shrubs, and herbaceous plants (>5 % presence in
plots and >5 % vegetation cover) in all 43 plots on our site. Data were collected in 4 circular plots of 1 m?

(averaged over 1 m?) for all 43 sampling plots. Shade tolerance, frequency (percentage of presence in
plot) and average cover (percentage) of total vegetation for each of dominant understory plant species.

Family Genre Species Shade Frequency Average
tolerance cover = SE
Native and cosmopolitan species
Trees
Rosaceae Prunus virginiana Tolerant *13  16.3 0.6+0.3
Sapindaceae  Acer rubrum Medium?® 100 11.2+1.4
Salicaceae Populus tremuloides Intolerant*® 30.2 0.5+0.1
Shrubs
Aquifoliaceae Ilex mucronata Tolerant? 34.9 1.4+03
Caprifoliaceae Viburnum cassinoides Tolerant? 41.9 2.7+0.7
Cornaceae Cornus alternifolia Tolerant¥13 7 1.1+0.7
Ericaceae Kalmia angustifolia Intolerant®  48.8 3.4+0.8
Rhododendron canadense Tolerant® 55.8 6.2+14
Vaccinium angustifolium  Intolerant* 58.1 6.2+1.2
Chamaedaphne caliculata Intolerant® 9.3 0.3+£0.2
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Rosaceae Aronia melanocarpa Intolerant*  88.4 8.3+1.0
Rubus occidentalis Tolerant®® 14 1.8+1.2
Rubus allegheniensis  Intolerant! 9.3 0.6+0.3
Rubus pubescence Tolerant* 44.1 5.1+1.4
Rubus hispidus Tolerant®  16.3 1.8+0.9
Rubus Idaeus Intolerant*  16.3 2310
Spirea latifolia Medium’ 76.7 3.5+0.6
Herbaceous
Asparagaceae Maianthemum canadense Medium?* 69.8 43+0.9
Osmundaceae Osmunda claytonia Tolerant®® 7 0.7+0.5
Polypodiaceae Dryopteris spinulosa Tolerant®  20.9 43+19
Onoclea sensibilis Medium* 7 1.1+1.0
Osmunda cinnamomea  Tolerant®  11.6 1.2+0.8
Primulaceae  Lysimachia borealis Tolerant®*  62.8 3.0+0.8
Vitaceae Parthenius quinquefolia Tolerant? 233 1.8+0.7
Exotic species
Lamiaceae Galeopsis ladanum Medium?? 2.3 <0.1
Poaceae Phragmites australis Intolerant®* 4.7 <01
Rosaceae Frangula alnus Tolerant® 93 20.5+3.0
Rare species: 27 <5%

Richness of native species: 51

Total richness: 54

Note : references for plant’s shade tolerance are available in the appendix section (see Appendix 1.1.2)
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2.3.2 Native understory plant communities
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Figure 2.3 Redundancy analysis (see statistical output in Appendix 1.1.3) of all native understory
plant species (<1 m in height) according to each sampling plot. Density of F. alnus is represented
by a gray gradient to visualize the degree of invasion, whereby pale plots have a lower density (0
individual m2) and gradually increase to dark for high density plots (>4 individual m'2). Plant
species, in red, have been centered and transformed (Hellinger). Constraint variables (canopy
cover, average humidity, average pH, and adult density of F. alnus), in blue, have also been
standardized, centered on 0.

Our redundancy analysis model for understory plant community composition only explained around 15 %
of the variation along the two first axes (Fig. 2.3, 16.8 % total var. explained). Nonetheless, we still
observed that community composition was particularly alike in plots with high density of F. alnus,
comprised mostly of shrub species such as Cornus alternifolia, llex mucronata, Rubus occidentalis, and
Parthenociuss quinquefolia, herbaceous species like M. canadense and Circea lutetiana and tree seedlings
of A. rubrum. But as density of F. alnus only explained a low percentage of variation (4.4 %), this
observation is therefore mostly driven by other environmental factors, such as soil humidity and tree
canopy cover, which are both associated to the axis 1 and explain more than twice as much variation (9.9
%). Moreover, we can generally observe that shade-tolerant plant species were present on both ends (low
and high density) of the F. alnus density gradient. Conversely, peatland species like K. angustifolia, R.
canadense, V. angustifolium, Rubus hispidus, and Spirea latifolia were mainly associated with plots with

lower tree canopy cover and lower humidity. These species are mostly shade-intolerant and tend to prefer
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higher luminosity and soil humidity, and more acidic organic soils. Humidity levels and tree canopy didn’t
generally vary across our plots (Table 2.1), so variation in the understory plant communities is more likely

explained by other environmental variables we didn’t measure in our study.

2.3.3 Native understory plant diversity

Table 2.3 Linear regressions of density of F. alnus (individual m) as predictive variables on five
diversity index of understory native plant species (height < 1 m). Evenness index and total
abundance have been transformed (square roots) to fit linear model conditions. All plant diversity
indices are based on the ratio of cover average (to the closest 5%, on 1 m?) of each species on total
plant cover.

Descriptive statistics Linear model outputs
Dependent variable Mean + SE MELIE]L Estimate  SE T-value R? -value
P - (Min-Max) P
Specific Richness (S) 11.4+25 (7%117) -0.093 0.331 -0.281 0.002 0.78
Effective number of species | 7.1+2.2 6,97 -0.783 0.264 -2.967 0.177 <0.005 **
P Ee (2.60-12.9) | ' ' ' :
Shannon-Weiner index (H’) 1.9+0.3 1.94 -0.129 0.039 -3.316 0.211 <0.005 **
D (0.95-2.56) ' ' ’ ’ )
0.80 <0.001
E I .8+0.11 -0. . -3.731 272
venness (J') 0.8+0 (0.39-0.91) 0.030 0.008 3.73 0 .
Total abundance of native 36.90
understory plant species 38.3+16.7 . -0.392 0.172 -2.276 0.112 <0.05*
(%)’ (9.5-79.45)
(o]

TSquare root transformation to fit the linear regression model conditions
* P<0.05; **P<0.005; ***P<0.001

We found a consistent negative response of understory plant diversity along the gradient of F. alnus with
most diversity metrics (Figure 2.4). Even though there was no influence of F. alnus density on species
richness (R? = 0.002, p = 0.78), other plant diversity metrics such as the effective number of species (R? =
0.177, p <0.005), Shannon-Wiener diversity (R>=0.21, p <0.005) and Pielou’s evenness (R>=0.26, p <0.001)
all decreased along the F.alnus density gradient. Although effects were moderate, models showed that F.
alnus explained about 17.7 % of the variation in the effective number of species, 21.1 % of the Shannon-

Wiener index, and 25.8 % of evenness in the understory native plants found in our system (Table 2.3).
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These results suggest a tendency in homogenization of species and a mild, but non-negligible decrease in

native plant species diversity when density of F. alnus increased at our site (Table 2.3).
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Figure 2.4 Simple linear relationships between the (a) total native understory plant cover
(square-root), (b) effective number of native plant species, (c) Shannon-Wiener index, (d)
Pielou’s evenness index as dependent variables, and density gradient of F. alnus
(individual m-2) as an explanatory variable on the study site.
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2.3.4 Saprophagous macroarthropods

Table 2.4 Abundance, age (juvenile or adult), habitat, and origin (native/exotic) for each species of
saprophagous macroarthropods captured in the 43 pitfall traps during the summer of 2020 on the site.

Total A igi
Class Order Family Genre and Species al;)::dance (J/g:) ?I:II/g:; Habitat
Diplopodes Chordeumatida Cleidogonidae Cleidogona sp. 2 A NA  NA
. Urban,
Julida Blaniulidae Choneiulus 56 A E disturbed
palmatus L5
habitats
Julida Julidae Ophyiulus pilosus 138 A £ Wetlar;ds,
(Newport) Urban
Uroblaniulus Open wood-
Julida Parajulidae canadensis 99 A N P ) 5
land?, mesic
(Newport)
. - Oriulus venustus Open wood-
Julida Parajulidae (Wood) 6 A N land?
Julida Parajulidae Parajulidae sp. 5 J NA NA
Polydesmida Polydesmidae ,'Do/ydesmus 178 A E Urban?
inconstans Latzel
Polydesmida Polydesmidae Pseudopolydesmus 266 A N Mixed 4
serratus forests
Spirobolida Spirobolidae Narcetus 88 A N Woodlland,
americanus Urban
Malacostraca Isopoda Trachelipodidae Trachelipus rathkii 1728 NA E Terrestrlala,
generalist

Species richness: 9
Total abundance: 2566

Note: see references for origins and habitats of saprophagous macroarthropods in Appendix 1.1.2

A total of 2,566 saprophagous macroarthropods were collected throughout all sampling periods. A total
of 9 species were observed, in which one could only be identified to genus (Cleidogona sp.). We also
observed 5 juvenile specimens in the Parajulidae family that could not be identified to species (Table 2.4).
Overall, total abundance did not vary across the gradient of F. alnus (Table 2.5), but we observed different
responses according to the species and their characteristics. In the class Isopoda, only the exotic generalist
species Trachelipus rathkii was observed and was the most abundant (n = 1728). All 8 other species
collected were diplopods; three of which were exotic (Ophyiulus pilosus, Choneiulus palmatus, and
Polydesmus inconstans). O. pilosus abundance increased slightly following the gradient of F. alnus whereas
C. palmatus and P. inconstans were relatively stable (see Appendix 1.1.4). Moreover, some species were
only found in very low abundance, such as Cleidogona sp. (n=2) and O. venustrus (n=6) (Table 2.4). Native

species U. canadensis and N. americanus generally had lower abundance in high F. alnus density plots (see
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Appendix 1.1.5). N. americanus, C. palmatus, P. inconstans, and O. pilosus are synanthropic and adapted

to disturbed and urban areas (Jedryczkowski, 1982; Shelley, 1988; Sierwald et al., 2019).

2.3.5 Saprophagous macroarthropod community composition
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Figure 2.5 Redundancy analysis (see statistical output in Appendix 1.1.4) of saprophagous
macroarthropod communities across sampling plots. Density of F. alnus is represented by
a gray gradient to visualize the degree of invasion, whereby pale dots have a lower
density (0 individual m) and gradually increase to darker dots for high density plots (> 4
individual m2). The species, in red, have been transformed (log) to minimize the effect of
very abundant species and the horseshoe effect. Constraint variables (soil humidity (%),
woody debris cover (%), plant diversity (effective number of native plant species), and
native understory plant cover (%)), in blue, were standardized, centered on 0, and vectors
were scaled (*1.2) for better visualization.

Overall, selected variables generally predicted composition of saprophagous macroarthropod
communities (Fig. 2.5, 32.1 % total var. explained). But density of F. alnus had a weak influence on variation
in community composition as it was associated mostly with axis 2 of the RDA (5.1%), compared to other
vectors that were mostly associated with axis 1, such as native plant cover, woody debris cover and soil
humidity (20.1% var. explained). Nonetheless, some native species (Uroblaniulus canadensis, Narceus
americanus, and P. serratus) were associated with plots with higher native understory plant diversity and
less F. alnus density. Also, smaller native species such as P. inconstans and U. canadensis were influenced

by humidity and woody debris cover. Indeed, U. canadensis was associated with plots with lower humidity
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levels and more understory native plant diversity, whereas P. inconstans was particularly found where
woody debris cover, and soil humidity were higher. Exotic T. rathkii and C. palmatus were also associated
with these environmental vectors, but not as much. No species were strongly associated with high F. alnus
density as we generally observed that most species were more represented in plots where F. alnus density
was lower. Similar to our observations with understory plants, these results suggest that saprophagous
community composition was unrelated to F. alnus density and that other environmental variables were

more important drivers of community structure.

2.3.6 Saprophagous macroarthropod diversity

Table 2.5 Descriptive statistics and linear regression outputs of density of F. alnus (individual m2) as
predictive variables on five community indices (species richness, effective number of species, Shannon-
Wiener index, and evenness index) for saprophagous macroarthropod species. Abundance of millipedes
and woodlice have been transformed (square-root) to fit linear model conditions. All arthropod data are
based on the average of total abundance of three collects within summer of 2020.

Descriptive statistics Linear model outputs
Dependent Median .

M + SE E T-val R? -val
variable eantS (Min-Max) stimate Std error value p-value
Species richness® | 4.47 +0.13 (2?6) -0.27995 0.1070 -2.616 0.1431  <0.02%*
Effective number 2.49

. 2.59+0.11 -0.19505 0.09306 -2.096 0.100 <0.05*
of species (1.24-4.14)
Shannon-Wiener 0.914
.91+0.04 -0. . 77 -2. 7 144 .02*
index (H') 0.91+0.0 (0.26-1.42) 0.09680 0.036 633 0 6 <0.0
Evenness index 0.612

0.60 +0.02 -0.05082 0.02005 -2.535 0.1355 <0.02%*

() (0.216-0.881)
) 20.3
Total abundance® | 20.39 £1.8 (4.3-52.6) 0.2541 0.1696 1.498 0.05191 0.142

1Species richness’ variation is very low (from 2 to 6 species), must be interpreted with caution.
2 Square root transformation to fit the linear regression model conditions.
* P<0.05; **P<0.005; ***P<0.001
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Similar to what was observed with understory plants, an increase in F. alnus was associated with a

decrease in all indices of saprophagous macroarthropod diversity (Fig. 2.6, Table 2.5). Plots with a higher

density of F. alnus showed a decrease in the effective number of detritivore species (R? = 0.10, p<0.05),

Shannon-Wiener index (R? = 0.15, p<0.02), and evenness (R*=0.14, p<0.02). Species richness also was

negatively impacted (R? = 0.14, p<0.02), but since the total number of species per plot ranged only from 2

to 6, data could not be normalized to fit model conditions, and therefore must be interpreted with

caution. Similar as to observed with understory plants, the Shannon-Wiener and evenness indices

suggested a tendency for decreased diversity and a homogenization of saprophagous microarthropod

communities as density of F. alnus increased, but effects were weak (Table 2.5).
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Figure 2.6 Simple linear relationships between the (a) the effective number species, (b)
Shannon-Wiener index, (c) evenness index as dependent variables of saprophagous
macroarthropods, and density of F. alnus (individual m™) as an explanatory variable on the

study site.
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Other environmental factors, such as F. alnus leaf ratio in litter and understory plant diversity (effective
number of species) were considered to understand possible mechanisms affecting saprophagous
macroarthropod communities. Neither a reduction in understory native plant diversity nor an increase in
F. alnus ratio in leaf litter influenced saprophagous macroarthropod diversity (Appendix 1.1.5). A decrease
in effective number of understory plant species did not interact with the effective number of saprophagous
macroarthropod species (R? = 0.03, p = 0.235) nor their abundance (R?=0.001, p = 0.824). Results excluding
the overrepresented species T. rathkii indicated that this species was the most powerful driver of the
observed effects, as no significant difference in any diversity indices were observed with its removal

(Appendix 1.1.6).

2.4 DISCUSSION

Numerous studies have reported that IAPS alter the community composition and decreases the diversity
of native plants and invertebrates by altering microbial communities, abiotic and, biotic components in
their invaded ecosystems (Callaway et Maron, 2006; Coyle et al., 2017; Kumar Rai et Singh, 2020; Lalk et
al., 2021; Lavoie, 2019; Litt et al., 2014). Since F. alnus has the ability to modify understory environmental
conditions and some authors reported that it could decrease native plant diversity (Converse, 1984; Fagan
et Peart, 2004; Stokdyk et Herrman, 2014), we hypothesized that an increase in density of F. alnus would
alter community composition and lower the diversity for native understory plants and saprophagous
macroarthropods. We did not find a strong alteration of both community composition due to increasing F.
alnus, but our results did show that it had a moderate negative effect on some diversity metrics for

understory plants.

2.4.1 Understory native plant species

Invasion by F. alnus, like other IAPS, has been associated with plant community changes and loss of plant
diversity (Fagan et Peart, 2004; Frappier, Brian et al., 2003; Possessky et al., 2000). Although we observed
a gradual dominance and homogenization by F. alnus in our system, also observed by Reinartz and Kline
(1988), in our study, species richness (Table 2.3) and variation in community species structures (Figure 2.3)
were poorly explained by density of F. alnus. Some studies found negative impacts of F. alnus on young
tree species (Frappier, B. et al., 2004; Hamelin et al., 2016), but no difference was observed in our system
on tree seedlings. However, we still observed a decrease in native understory plant diversity indices when
density of F. alnus was increasing, especially for shade-intolerant peatland species such as V. angustifolium
and K. angustifolia (Figure 2.3). These observations were non-negligible, but still not as pronounced as
expected. In their study, Hedja et al. (2009) observed that some IAPS (i.e., Fallopia spp. and Heracleum
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mantegazzianum) have stronger negative impacts than others on plant community and richness. Out of a
total of 13 IAPS tested, only 5 showed an obvious adverse effect on the native plant species. It may thus
not be surprising that F. alnus, like other IAPS are less competitive than others, explaining why we only
observed a weak decrease in the effective number of species, Shannon-Wiener index, and evenness index.
Our results were also similar to a recent experimental study on F. alnus that also showed equivocal results.
Hamelin et al. (2017) observed better growth, but not significant, of three herbaceous plants in plots
without F. alnus. Other studies also support the interpretation that F. alnus is not a severe problem for
plant diversity, by suggesting an increase in native plant richness (Houlahan et Findlay, 2004; Possessky et
al., 2000) or no effect on herbaceous plants (Frappier, B. et al., 2004). The small decrease in diversity and
change in relative abundance of the understory plant community maybe due to F. alnus being less
competitive compared to other invasive plant species. For instance, Aguilera et al (2010) reported strong
negative effects in their study on invasive species F. japonica, wherein some plots without F. japonica could
have up to 10 times more native species and an effective number of species almost 5 times greater outside
the invaded plots. Kedzie-Webb et al. (2001), studying the allelopathic species Centaurea maculosa also
measured a pronounced decrease in native plant density, richness, abundance, and Shannon-Weiner index.
Mechanisms that can influence species competitiveness could include efficient dispersal strategies,
positive plant-soil feedbacks, plasticity, and allelopathy (Klionsky et al., 2011; Lavoie, 2019; Roiloa et al.,
2020). Unfortunately, it is still difficult today to identify which specific mechanisms make an IAPS more

competitive than others in natural environments (Roiloa et al., 2020).

2.4.2 Saprophagous macroarthropods

According to the resource specialization hypothesis, loss of diversity and alterations in the plant species
community should also as a corollary, lower the diversity of the primary consumers (Brousseau et al., 2019;
Litt et al., 2014; McCary et al., 2016; Schuh & Larsen, 2015; Southwood et al., 1979). Probably as a result
of the decrease in understory plant diversity, we also observed a weak decrease in saprophagous
macroarthropod diversity (Table 2.5). But when over representing data from T. rathkii were excluded from
our analysis, no effects were observed. Moreover, when modelled individually, T. rathkii was found to
generally increase when density of F. alnus increased (p <0.05, R? = 0.08, Appendix 1.1.7). This may suggest
a tendency to homogenization associated to T. rathkii, which is not surprising, as it is a generalist exotic
species that tends to thrive in disturbed environments and is one of the 10 most abundant Oniscidea
species in North America and found in near bogs (Brigi¢ et al., 2017; Jass & Klausmeier, 2000; Magura et
al., 2008). The disproportionate abundance of this group and the few species observed in total could also

signify that we need to include other types of soil invertebrates in future studies, as exotic T. rathkii is

28



confounding the results (Gerlach et al., 2013). In following, we also observed that all exotic species either
increased a little in abundance or were unaffected when F. alnus increased in density (Appendix 1.1.4).
These exotic species are known to be either generalist or resilient to disturbance, suggesting they might
be more resistant to disturbance (Richmond et al., 2005; Shelley, 1988). We also observed that native
species, such as U. canadensis and N. americanus were associated with plots that are lower in F. alnus
density and higher understory plant diversity, implying that these species could be more sensitive to
invasion from F. alnus (Appendix 1.1.5). Nonetheless, due to molting and chronic desiccation, it has been
observed that N. americanus is less active around mid-August in certain places in eastern north America
(O'Neill, 1968). More input considering seasonal effects should therefore be considered before drawing
any conclusions. Overall, the fact that saprophagous macroarthropods were only weakly affected by F.
alnus is still congruent with other studies. According to the results of a global assessment by PysSek et al.

(2012), animals are less inclined to react to a species invasion compared to autotrophs.

In our community composition, we showed that the strongest drivers were environmental factors such as
soil humidity and woody debris (Figure 2.5). Moreover, no mechanisms responsible for the decrease in
diversity could be identified within our selected variables, as F. alnus ratio in litter content and understory
native plant diversity were both inconclusive variables explaining the diversity loss in saprophagous
macroarthropod in our system. Schuh & Larsen (2015), with R. cathartica, had a similar situation, where
they found an adverse impact on ground-dwelling arthropods but could not identify the responsible
mechanism. They hypothesized that changes in the litter biomass and chemistry, nutrient content, and
micro-detritivores community might be the cause of their results. Something similar could be interpreted
with our results with variables we didn’t measure, such as carbon, nitrogen, ligneous content, and other
trophic levels. We know that F. alnus alters nitrogen mineralization in soil and microbiotic components
(Stokdyk & Herrman, 2014, 2016), but no other information is available on its leaf litter characteristics,
which makes it difficult to speculate about its interactions with saprophagous macroarthropods. To
provide additional input on F. alnus, more research on leaves characteristics and components would be
pertinent. Moreover, an interesting pathway for future investigations could be through study of functional
traits, which allow better generalization than the taxonomic approach on covariability between the

consumers and their resources (Brousseau et al., 2018)
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2.4.3 Our system

There is a strong consensus on how invasive species are one of the biggest causes of biodiversity loss
(IPBES, 2019), but equivocal results, similar to ours, have been observed by other authors when it comes
to the impacts of IAPS (Davis & Thompson, 2000; Diekmann et al., 2016; Frappier et al., 2003; Mills et al.,
2009; Qureshi et al., 2021; Ricciardi & Cohen, 2007; Robertson et al., 2011). Indeed, not all species have
the same level of impact on native ecosystems, and not all the ecosystems and groups of organisms react
the same to invasion (Brousseau et al., 2021; Litt et al., 2014; Pysek et al., 2012; Robertson et al., 2011).
As stated by Pysek et al. (2012) in their global assessment, around 63.3% of invasive plants are recorded
as having a significant negative impact on the system they invade. Since F. alnus seems less competitive,
it could be less problematic for biodiversity compared to other IAPS in some sites and ecosystems.
However, we also suspect that invasion by F. alnus on our study site might be too early to provoke strong
changes in communities of both our study groups. A relevant observation in our results was that for our
understory plant diversity, plots with density of F. alnus higher than 1.5 individuals per m? had a noticeable
decrease in the average of the effective number of species (Figure 1.4). Because older growths tend to
have even-aged dense thickets (Converse, 1984), it would not be surprising that obvious negative impacts
happen at a higher density threshold or later in the invasion process, as explained for other invasive species
by Panetta & Gooden (2017). Since Mills et al. (2009) barely observed an impact of F. alnus after 15 years
in a similar ecosystem, we could suspect that after 26 years, changes are starting to be noticeable, but not
extremely pronounced. Our results can thus be viewed as consistent with the equivocal interpretations
found in the literature and can be interpreted as having little effect on both our study groups, even if we
observe tendency of a gradual dominance of F. alnus on our site. This suggests that invasiveness of F. alnus
does not necessarily correlate with the severity of its impact, which was also the statement of Ricciardi

and Cohen (2007) on IAPS.

2.4.4 Challenges and limits

Even within one site, there are many variables that cause variation in species community composition due
to heterogeneity. Even if most of our tested variables did not vary along the F. alnus gradient on our site
(Table 2.1), in an ecological system, controlling variables is challenging as they are numerous and interact
with each other. Diekmann et al. (2016) also observed weak negative results on plant richness from IAPS
Impatiens glandulifera and Impatiens parviflora. They suggested that the multitude of environmental
variables in a field experiment makes it difficult to correlate and extrapolate the mechanisms within the

interaction of IAPS and plant diversity, which is also something we encountered within our study. Also,
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some bias could originate from our vegetation sampling methods. In the future, it would be preferable
that plot size were larger (Archaux et al., 2007). Moreover, although our gradient approach provided more
spatial input, having multiple study sites could give us a better general understanding of the interaction of
F. alnus with understory plants and saprophagous macroarthropods. As observed by Qureshi et al. (2021)
and Brousseau et al. (2021), communities in different sites and ecosystems can react significantly
differently when invaded by an IAPS. We also think that including a seasonal timeline in our analysis could
offer pertinent information about presence of certain species depending on the time of the season. Finally,
one challenge we came upon was the lack of consistency in scientific literature when it comes to assessing
IAS. As stated by multiple authors, studying IAPS is very complicated because multiple agencies are
working on this issue (Barney & Tekiela, 2020; Barney et al., 2013; Matthews et al., 2017; Ricciardi & Cohen,
2007). A uniformized impact metric, as proposed by Barney et al. (2013) would therefore be adequate for

further investigation.
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2.5 APPENDIX

1.1.1  Horizontal cuts of biggest F. alnus specimens found on site in 2019

Horizontal cuts of 3 biggest F. alnus specimens found on site in a previous sampling campaign, in 2019,

by a management team of Université du Québec a Montréal.
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1.1.2 References for table 2.2 and 2.4

References for Table 2.2 used to determine shade tolerance for each of the understory plant species that
had > 5 % average cover and were found in more than 5 % of all 43 plots on the study site. Each number

corresponds to the reference used for each species in the Table 2.2.

1 Bajcz (2014)

2 Carter et al. (1989)

3 Gonzélez et al. (2014)

4 Humbert (2006)

> Lavoie (2019)

6 Marie-Victorin (1995)

- Stanton et al. (2010)

8 Moizuk & Livingston (1966)
% Pellerin et al. (2008)

10. peterson & Pickett (1995)

11 petrulaitos & Gudzinskas (2020)
12 Pplant For a Future (2022)

13 USDA Plant Database (2022)

References for Table 2.4 used to determine the origin and habitat of identified species of saprophagous
macro arthropods in all 43 the plots on the study site. Each number corresponds to the reference used

for each species in the Table 2.4.

1 Shelley (1988)

2 David & Handa (2010)

Magura, Hornung & Téthmérész (2008)
4 Sjerwald et al. (2019)

5 Jedryczkowski (1982)
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1.1.3 Summary statistics of RDA of understory plants

Summary statistics of redundancy analysis (RDA) of significant environmental variables (all
standardized), F. alnus density (individual m), soil humidity (%), and tree canopy cover (%),
associated with the cover (%) of understory plants species (Hellinger transformation) in
communities following F. alnus density gradient between all the 43 plots in our study site, at

L’Assomption.

Variable Variance F Pr(>F)
F. alnus density 0.02269 2.0612 <0.05 *
Canopy cover (%) 0.03316 3.0123 <0.005**
Humidity (%) 0.03075 2.7931 <0.001***
Model 0.09656 2.1874 <0.001***
RZajusted = 0,1038

Note : Correlations were calculated for species structure based on ratio of the cover (to

the closest 5%) of each species on total cover of native understory plant species.

1.1.4  Polynomial regression of exotic Diplopoda across the gradient of F. alnus

60

40

20

Total abundance of exotic diplopoda species

F. alnus density (individual m-?)

Polynomial regressions for total abundance of three exotic diplopoda species: O. pilosus (represented in

red), P. inconstans (represented in orange) and C. palmatus (represented in green) across the density

gradient of F. alnus across our study site. No statistically significant correlation is observed, but some

tendencies are still showing with these species.
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1.1.5 Polynomial regression of native Diplopoda across gradient of F. alnus

40

30

20

Total abundance of 2 species of native diplopods

0 1 2 3 4

F. alnus density (individual m-?)

Polynomial regressions for total abundance of two native diplopoda species: N. americanus
(represented in orange) and U. canadensis (represented in red) across the density gradient of F. alnus
across our study site. No statistically significant correlation is observed, but some negative tendencies
are still showing with these species.
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1.1.6  Summary statistics of RDA of macroarthropod communities

Summary statistics of redundancy analysis (RDA) of significant constraint variables (all standardized), F.
alnus density (individual m™), total native understory plant cover (%), native understory diversity
(effective umber of species), soil humidity (%), and woody debris cover (%), that are associated with
specific variation in saprophagous macro arthropod communities (logarithmic transformation) between
all the 43 sampling plots in study site, at L’Assomption.

Variable Variance F Pr(>F)
F. alnus density (individual m—z) 0.776 2.655 <0.05*
Native understory plant cover (%) 0.8095 2.9900 <0.005**

Effective number of plant species

0.377 1.289 <0.02*
Humidity (%) 1.5821 6.175 <0.001%**
Woody debris cover(%) 0.752 2.571 <0.005**
Model 10.2365 <0.001%**

RZajusted: 0.2287

Note : Correlations were calculated for species structure based on ratio of average of the 3
saprophagous macro arthropod collects.

1.1.7 Diversity indices using litter composition as a predictive variable

Linear regressions models using Frangula alnus ratio in leaf litter and effective number of native understory
plant species as predictive variables on different diversity index of saprophagous macroarthropods.

Descriptive statistics Linear models
. . Median . 2
Dependent variable [Independent variable | Mean + SE (Min-Max) Estimate SE T-value  p-value R
Species richness?! 447 £0.13 (2?6) -0.018 0.026 -0.686 0.497 0.011
Effective number of 2594011 22444914 0029 0022 -1317 0195  0.041
Species F. alnus in leaf litter (1.24-4.14)
Shannon-Wiener (%) 0.914
+ - -
index (H') Mean = 4.46 0.91+0.04 (0.26-1.42) 0.011 0.009 1.270 0.211 0.038
SE=0.775 0.612
. 7 + * - -
Evenness index (J’) 0.60 £ 0.02 (0.216-0.881) 0.007 0.005 1.537 0.132 0.055
20.3
Total abundance? 20.39+1.8 (4.3-52.6) -0.026 0.039 -0.670 0.507 0.011
Effective number of | Effective number of |, 594011 2.49 007452 0062 1206  0.235 0.034
species plants species (1.24-4.14)
Mean=7.07
Total abundance? SE =0.3279 20.39+1.8 @ g—OSi 6) 0.02116 0.095 0.223 0.824 0.001

1Species richness’ variation and effective number of species are very low (from 2 to 6 species), must be
interpreted with caution.
2 Square root transformation
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1.1.8 Linear regression model excluding T. rathkii

Table of descriptive statistics and linear regression along density of F. alnus (individual m™) as predictive
variables on five community indices (species richness, effective number of species, Shannon-Wiener
index, and evenness index) for saprophagous macroarthropod species excluding T. rathkii. Abundance of
millipedes and woodlice have been transformed (square-root) to fit linear model conditions. All

arthropod data are based on the total abundance of three collects within summer of 2020.

Descriptive statistics Linear model outputs
Dependent Median . Ajusted
+ - -
variable Mean + SE (Min-Max) Estimate Std error T-value R2 p-value
Species richness® | 3.47 +0.13 4.00 0.2178 0.1104 1.972 0.064 0.0554
P ALES (1.00-5.00) | : : ' 998
Effective number 2.82
+ - - . .
of species 2.88+2.15 (1.00-4.83) 0.1900 0.1015 1.872 0.0563  0.068
Shannon-Wiener 1.02
. 0.99+0.04 0.0909 0.0683 1.330 0.018 0.191
index (H’) (0.00-1.57)
Evenness index 0.812
.81+0.12 . .01 .247 -0.02 .
) 0.81+0 (0.46-1.00) 0.00385 0.01556 0 0.023  0.806
Total abundance® | 18.16 + 5.25 15.00 -0.1997 0.1943 -1.028 0.001 0.31
(3.00-64.00)

1Species richness’ variation is very low (from 2 to 6 species), must be interpreted with caution.
2Square transformed to fit linear regression model conditions.

3 Square root transformation to fit the linear regression model conditions.

* P<0.05; **P<0.005; ***P<0.001
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1.1.9 Linear regression model of T. rathkii

Linear regression model showing total abundance of squared abundance of T. rathkii along the F. alnus

gradient of density. Most variation is not explained by explanatory variable (R?= 0.08), but still model still

significative (p = 0.0348).

12 ® p <0.05*
R2=0.08

Total abundance

0 1 2 3 4
F.alnus density per m?
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1.1.10 Other tested environmental explanatory variables

Other environmental variables were tested as explanatory variables on the effective number of species of
native understory plant species and only leaf litter biomass showed to have an effect. Indeed, leaf litter
biomass, which is composed of leaves of all plants and trees per plot, seems to negatively impact the
understory plants’ diversity in addition to F. alnus density (R? = 0.2219). Nevertheless, this output was not
the primary focus of our research the explained variation percentage remains generally low, and no other
measured environmental conditions expressed any relationship with the plant diversity indices. Moreover,
in Table below, we observe that along the density gradient of Frangula alnus, not variation was observed
in total leaf litter biomass. We therefore didn’t investigate on these results as they seemed to be not
relevant and not our primary focus.

Outputs of the tow most influential multiple linear models tested with most influential independent

variables explaining variation in the effective number of native understory plant species This was based
on AlCc tests with MuMin package (Barton, 2020) on R program version 4.0.4 (R core Team 2021).

Multiple linear model outputs

Model’s formula Independent variables |Estimate SE T value R? p-value
H - - %%k
Effective number of species ~ F. alnus F. alnus density 0.706767 0.255913 -2.762 <0.01
0.2219

density + biomass litter

Litter biomass -0.009453  0.004487 -2.107 <0.05 *

F.alnus density -0.807277 0.272835 -2.959 <0.01 **
Effective number plants ~ F. alnus

, , i i 0.224

density + biomass litter + pH Litter biomass 0.008940  0.004507 -1.984 0.054.

Mean pH -0.824501 0.783514 -1.052 0.153
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CHAPITRE 3
DISCUSSION GENERALE

Les espéces végétales exotiques envahissantes sont connues depuis longtemps quant a leurs retombées
négatives; au 17° siecle, Pehr Kalm (envoyé par Carl Linné) les étudie scientifiquement pour la premiere
fois et au 18¢ siecle, Charles Darwin souléve une inquiétude quant a deux espéces de chardons européens
dominant le paysage argentin (Simberloff, 2013). Les inquiétudes sur les EVEE ne datent donc pas d’hier
et sont aujourd’hui grandement reconnues au sein des agences politiques, scientifiques et économiques
(Kumar Rai & Singh, 2020; Lavoie, 2019). Dans le cadre de ce projet, I'étude menée sur |'espéce exotique
envahissante Frangula alnus Miller souléve des impacts moins prononcés qu’attendus. Nos observations
ont permis un discours plus atténué sur la sévérité des impacts de Frangula alnus sur la biodiversité et ont
soulevé beaucoup d’enjeux sur l'incohérence et le manque de nuance retrouvé dans les connaissances

générales associées aux EVEE.

3.1 RETOUR SUR LES POINTS SAILLANTS

F. alnus, pourrait posséder une meilleure capacité de cohabitation avec la flore indigéne en comparaison
avec d’autres EVEE (Aguilera et al., 2010; Kedzie-Webb et al., 2001). Il est également possible que
I’envahissement par F. alnus sur notre site soit trop récent et qu’il n’ait pas atteint un seuil de densité
critique pour observer des effets adverses (Panetta & Gooden, 2017). De plus, il est possible que le milieu
étudié soit plus résistant a I'envahissement en fonction de ses conditions biotiques et abiotiques.
Effectivement, il y avait une grande présence d’especes végétales tolérantes a I'ombre, puisque
I’échantillonnage a été réalisé dans un milieu boisé ol I'accés a la lumiére est limité par la canopée des
arbres. Le couvert imposé par F. alnus serait donc moins prompt a affecter ces espéces, contrairement aux
especes des champs ou prairies, qui nécessitent beaucoup de lumiére (Henry & Aarssen, 1997). Une
différence d’effets en fonction du type d’habitat est également rapportée par Brousseau et al. (2021), ou
il y a un effet plus prononcé de F. japonica sur les plantes et les macro-arthropodes saprophages dans les
prairies en comparaison aux foréts, potentiellement causé par une différence dans I'accumulation de la
litiere en milieux forestiers. De plus, les EVEE ont généralement une préférence pour les milieux ouverts
et/ou perturbés (Lavoie, 2019). Il n’est donc pas surprenant que leurs effets sur les plantes basses dans les
boisés soient moins rapportés et que les milieux ouverts soient généralement plus prompts a subir les
effets néfastes des EVEE. Avec un gradient de densité de F. alnus seulement dans un seul type

d’écosystéme, nous n’avons pas eu l'occasion de comparer différents types milieux. Mais I'application de
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cette méthodologie sur plusieurs milieux serait d’une grande pertinence pour de futures recherches. Cela
permettrait la détermination d’un seuil associé a la sévérité de F. alnus et d’évaluer la résistance de

différents milieux face a une invasion par celui-ci.

3.2 CONTROVERSES AVEC FRANGULA ALNUS

De nombreuses mentions dans la littérature grise et scientifique évoquent I'aspect néfaste de F. alnus pour
la diversité des plantes basses indigenes. Ces propos sont également appuyés par plusieurs biologistes
dans I'est de I’Amérique du Nord (Hamelin et al., 2016, 2017; Hébert & Thiffault, 2014; Lavoie, 2019;
Schoeb et al., 2012). Pourtant, malgré I'augmentation importante de la densité et de la superficie de F.
alnus (Aiello-Lammens, 2020; Catling & Porebski, 1994; Wingard, 2007), la littérature scientifique mettant
en relation ses interactions avec la diversité végétale reste ambivalente et ne souléve pas forcément des
effets négatifs (voir Annexe A). Dés lors, nous faisons face a deux discours encore bien en ébullition dans
le monde scientifique, soulevés par Lavoie (2022) dans son ouvrage récemment publié : le premier étant
catastrophiste rassemblant généralement toutes les EEE, et l‘autre plus nuancé (quelquefois

invasosceptique), issue des résultats équivoques des quelques études scientifiques.

La présomption que le F. alnus représente une grande menace pour les especes végétales indigénes
pourrait étre expliquée par un manque de cohésion et une généralisation des impacts des EVEE a travers
les multiples agences impliquées. Un bon exemple de ce phénoméne peut s’observer dans les documents
en ligne du Global Invasive Species Database (GISD), ou I'information sur les impacts généraux de F. alnus
n’est issue que d’articles scientifiques faisant surtout des associations indirectes des risques qui lui sont
associés (GISD, 2005). Parmi ceux-ci, seulement I'article de Fagan et Peart (2004) investigue le lien direct
entre la diversité et la présence de F. alnus. Les autres constituent surtout des études sur la biologie de F.
alnus et de ses capacités d’envahissement (Catling & Porebski, 1994; Converse, 1984; Godwin, 1936;
Godwin, 1943). De plus, il est pertinent de mentionner que la plupart des études ciblées par le GISD ont
été publiées il y a plus de 25 ans (< 1995). Une revue de littérature comme celle-ci laisse présumer un réel
manque de cohésion et d’actualisation entre les résultats observés en recherche scientifique et autres
agences. Le GISD n’est seulement qu’un exemple parmi d’autres, car de nombreux autres documents font

mention des risques associés a F. alnus, sans toutefois se référer a des sources crédibles (voir Annexe A).
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Les discours contradictoires associés a F. alnus peuvent
également étre expliqués du fait qu’il soit souvent présenté
avec une autre espéce de la méme famille portant le méme nom
commun: R. cathartica (nerprun cathartique). Les deux arbustes
ont longtemps été attribués au genre Rhamnus, mais cette
classification a été discutée longuement pour finalement
classifier F. alnus dans le genre Frangula (Bolmgren & Oxelman,
2004; Gassmann et al.,, 2008). Toutefois, il arrive encore
aujourd’hui que les deux nerpruns soient associés,
principalement dans les documents gouvernementaux et de
vulgarisation (Fig. 3.1). Sachant que les impacts négatifs de R.
cathartica sur la biodiversité aient été bien documentés dans la
littérature scientifique et soient moins équivoques que F. alnus
(voir Annexe B), il est important d’étre prudent avant de

présumer un méme degré de sévérité entre les EVEE.

3.3 CONTROVERSES GENERALES AVEC LES EVEE

La mise en évidence des incohérences associées a F. alnus a
permis une réflexion plus large sur les controverses associées
aux EVEE. En effet, malgré le consensus sur les risques associés
aux EVEE, nous avons repéré quelques études scientifiques
soulevant des impacts faibles ou inexistants, autant pour F.
alnus que d’autres EVEE (Diekmann et al., 2016; Jager et al.,,
2009; Mills et al., 2009; Possessky et al., 2000; Ricciardi &
Cohen, 2007; Rout & Callaway, 2009). Les multiples débats ou la
gravité a long terme des EVEE est soulevée sont d’ailleurs
toujours d’actualité et soulignés par plusieurs auteurs et
autrices (Lavoie, 2019, 2022). Pysek et al., (2012), dans leur
méta-analyse, soulignent effectivement que 63,3% des études
sur I'impact des EVEE rapportent des effets négatifs significatifs
sur les communautés et les écosystémes, laissant présumer un
pourcentage considérable d’études avec des effets faibles ou

sans effet. Cette grande variabilité a travers les conséquences
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Figure 3.1 Feuilles et floraisons de
Frangula alnus (image du haut),
I'espéce étudiée dans le cadre de ce
projet. Feuilles et floraisons de
Rhamnus cathartica (image du bas),
I'espece végétale exotique
envahissante souvent associée avec F.
alnus. Source: Gabrielle Roberge



associées a I'envahissement souléve I'importance de cibler et hiérarchiser les especes en fonction de leurs
risques et du type de milieu envahi. Selon les différents contextes et variables, une méme espece pourrait
avoir des effets bénéfiques, négatifs ou neutres en fonction des groupes étudiés et le type de milieu
(Barney & Tekiela, 2020). Par exemple, une méta-analyse (Litt et al., 2014) a montré beaucoup de
conséquences négatives chez certains groupes d’invertébrés causés par les EVEE, mais certaines EVEE,
telles qu'Agrostis capillaris (agrostide commune) et Anthoxanthum odoratum (flouve odorante), sont
associées a une augmentation d’abondance et de richesse chez les arthropodes édaphiques (Derraik et al.,
2005). Litt et al. (2014) observent méme que 67% des études sur les détritivores observent des effets
bénéfiques des EVEE sur ce groupe faunique. Une autre méta-analyse (Nelson et al., 2017) indique que la
majorité des études mettant en relation les EVEE et I'abondance des espéces aviaires on des résultats
neutres (57,2%) et que quelques-unes observent des effets négatifs (18,7%) et positifs (16,3%). Rout et
Callaway (2009) soulévent méme un paradoxe associé aux EVEE, ou souvent est observée une diminution

de biodiversité, mais une augmentation de productivité (génération de biomasse).

Ces nuances ne sont pas étonnantes, puisque I'étude d’'un écosystéme demeure une opération trés
complexe et comporte une multitude de variables et d’échelles, en plus des nombreux facteurs pris en
considération lors de la recherche. En effet, malgré la rigueur implicite dans la recherche scientifique, nous
avons observé une absence de méthode uniforme lors de I'évaluation des risques associés aux EVEE,
provoquant une littérature éclectique dans la sélection de variables, des unités de mesure et dans
I'interprétation des résultats (Barney et al., 2013). En effet, certains-es chercheurs-es vont choisir le
recouvrement foliaire (Mills et al., 2009), d’autres choisiront la densité (Burkle et al., 2012), I'aire basale
des troncs (Frappier et al., 2003) ou simplement comparer une zone envahie a une zone non envahie
(Diekmann et al., 2016). Plusieurs auteurs-ices ont méme affirmé, il y a plusieurs années, que cette
problématique ralentit les recherches en science prédictive sur les EVEE (Barney et al., 2013; Davis &
Thompson, 2000). Caulotti et Ridchardson (2009) font également mention des incohérences présentes
dans la sélection de variables et soulevent qu’en absence de base ferme en écologie, n‘importe quelle
mesure d’impact peut étre utilisée pour attribuer le titre « d’envahissant » a une espece, rendant les

généralisations difficiles ou inauthentiques.

3.4  GESTION ET INTERVENTION — LES IMPLICATIONS

Les différentes controverses soulignées précédemment, associées a complexité de la recherche en milieu
naturel, rendent I'évaluation des impacts des EVEE treés difficiles et peu efficient a utiliser pour la gestion

en milieu pratique (Barney et al., 2013). En effet, ces incohérences et controverses au sein de la recherche
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scientifique peuvent se perpétuer a travers les différentes agences impliquées dans la lutte aux especes
exotiques envahissantes (voir Annexe C). Ces nombreux enjeux compliquent la communication entre les
différentes agences et inhibent considérablement I'élaboration de solutions ou de plans de gestion
efficaces. Les groupes et organismes de conservation agissant auprés des EVEE possedent rarement de
bons outils pour guider leurs prises de décisions lors d’élaboration de plans d’intervention. Les plans de
gestion sont donc souvent réalisés a partir d’'une généralisation des problématiques et risques associés a
aux EVEE, sans comparer le degré de sévérité associé entre les espéces. Par exemple, le plan d’intervention
élaboré par Favreau-Leclerc et Levac (2019) est trés adapté a la gestion de R. cathartica et inclus de
nombreux critéres a évaluer lors de la mise en place d’un plan d’action. Toutefois, I'espéce n’est jamais
mise en relation avec d’autres EVEE et différents types de milieux envahis. Cette problématique a été
rencontrée par plusieurs groupes de conservations. Par exemple, pour répondre a leurs contraintes
budgétaires, le personnel de I'organisme CANOPEE a été confronté a une sélection des EVEE a traiter dans
les boisés urbains dont ils sont responsables. La mise en place d’un plan de gestion fut laborieuse pour
I’équipe puisque les milieux étaient envahis par de multiples EVEE a caractéristiques tres différentes, telles
gue Phragmites australis (roseau commun) et R. cathartica (Roberge, observation personnelle). Un autre
groupe, L'Héritage Laurentien, a choisi d’intervenir auprés de P. australis et a renoncé a la gestion des
autres EVEE sur certaines sections de leur site (D. Lynn, communication personnelle, 17 février 2022). Nous
obtenons donc des d’interventions sans considération de la sévérité relative entre especes, contraignant

les gestionnaires a des choix arbitraires et économiques, plutot qu’écologiques.
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CONCLUSION

Nos résultats ont mis de I'avant que F. alnus a un effet négatif faible sur la diversité des plantes basses
indigenes et négligeable sur les communautés des macro-arthropodes saprophages. Nos observations
pourraient laisser sous-entendre qu’elles ne permettent pas de clarifier 'ambivalence retrouvée dans la
littérature. Mais en complémentarité a la nature équivoque des autres études sur F. alnus, elles
permettent d’atténuer le discours alarmiste et de souligner que cette espéce ne serait pas aussi
problématique que d’autres EVEE, telles R. cathartica et F. japonica. Néanmoins, nous considérons que F.
alnus représente certains risques pour la biodiversité locale et qu’il serait important de perpétuer les

recherches sur ses impacts dans une plus grande variété de milieux.

Nous avons également remarqué un grand manque d’uniformité a travers les études scientifiques lors de
I’évaluation des impacts des EEE. Cette instabilité dans la recherche se répercute ensuite a travers les
différentes agences impliquées et provoque des incohérences entre les discours scientifiques,
gouvernementaux et des organismes gestionnaires. Ces problématiques nuisent considérablement a la
lutte aux espéces exotiques envahissantes qui, selon I'IPBES (2019), est loin d’atteindre les objectifs établis
par les Sustainable Development Goals. Pour atténuer les pertes associées a cet enjeu majeur, il sera
impératif de viser une meilleure uniformisation au sein de la recherche scientifique, suggérée par Barney
et Tekiela (2013). Dans le cadre d’un projet futur, cela permettrait également la création d’un outil d’aide
a la gestion basé principalement sur une littérature scientifique uniformisée. Cet outil pourrait en effet
comparer la sévérité des impacts associés aux différentes EVEE, en fonction des différents organismes
ciblés, des types de milieux envahis, des couts associés a leur gestion et des risques et pertes qu’elles

engendrent.

En association avec les points précédents, nous proposons pour des projets futurs une hiérarchisation des
EVEE dans les interventions en fonctions de la sévérité de leurs impacts, ainsi qu’'une meilleure définition
des termes et une communication plus optimale entre les agences, afin de minimiser les problemes
associés a la gestion. Par I'entremise de nos observations et suggestions, nous pensons participer a la
réduction de lI'incohérence observée a travers ce sujet de grande ampleur. Malgré le travail colossal
implicite, nous sommes fortement convaincus-es qu’une cohésion meilleure au sein de la recherche
scientifique et entre les différentes instances optimisera I’utilisation des connaissances ainsi que la gestion

pratique des EVEE.
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ANNEXE A. REFERENCES DE LITTERATURE GRISE ET SCIENTIFIQUE SUR L'IMPACT DE F. ALNUS SUR
LA DIVERSITE DES VEGETAUX

Références de la littérature grise et scientifique (auteurs-ices) et année de publication répertoriées
mettant en relation Frangula alnus sur la diversité et la composition des communautés végétales en
Amérique du Nord. Les impacts sont déterminés dans le sens statistique du terme pour les publications
scientifiques et soulevés lors de mention dans d’autres documents. Les caractéres en gras mettent en
évidence les résultats ou F. alnus n’est pas problématique pour la diversité végétale

. Année de
Auteurs-ices - Impacts
publication
Articles scientifiques
. . Dominant dans une tourbiére et croissance
Reinartz et Klein** 1988 . i
logarithmique
Taft et Solecki ** 1990 Dominant dans une tourbiere
Augmentation de la richesse des petits
arbustes, aucun effet sur les herbacées.
Possessky et al. 2000 o . A
Dominance spécifigue pour des especes
tolérantes a 'ombre
Impact négatif sur densité de semis d'arbres et
Frappier et al. 2003 I'abondance et la richesse des plantes
herbacées
. Impact négatif sur les petits arbres (non sur les
Frappier et al. 2004 P , & P (
herbacées)
Impact négatif sur la croissance et survie des
Fagan et Peart 2004 jeunes arbres et favorise les especes tolérantes
al'ombre
. Augmentation de la richesse des végétaux
Houlahan et Findlay 2004 . g \ &
indigénes
Mills et al. 2009 Aucun impact sur les plantes herbacées

Réduction la survie et la croissance de deux
2016 espéces d'arbres (Acer saccarinum et Quercus
rubra)

Hamelin, Truax et
Gagnon

Potentiel inhibition de croissances des
2017 plantations de 3 herbacées en présence de F.
alnus. Mais statistiques non sign (p=0.097)

Hamelin, Truax et
Gagnon

Publications non scientifiques ou livres *
Shoeb, Truax et Gagnon 2012 Aucun impact observé

Mention de diminution de la quantité de lumiere

Hébert et Thiffault ** 2014 .
pour les plantes basses et dominance.

Effet négatif sur les plantes basses, mais
Lavoie ** 2019 mention du manque d'études pour bien
comprendre son impact.

Autres références *
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Global Invasive Species

Mention d'effets négatifs sur les semis
d'arbres, rapporté par Frappier (2002), Fagan
et Peart (2004) et Converse (1984). Les autres

2005 e .
Database (GISD) sources n'étudient pas les effets directs sur les
végétaux indigenes de F. alnus et sont vieilles
(<1995)
Marcil (Ville de 2007 Mention que F.alnus compétitionne avec les
Montréal) espéces indigénes.
Michigan Dep. of 5012 Mention que F.alnus compétitionne avec les
Natural resources especes indigenes.
Mention qu'il semble avoir un impact négatif
Anderson, H. 2012 sur les plantes basses, mais manque de sources
scientifiques
Smallidge, Department . L e
g P Mention que F. alnus réduit la régénération de
of natural resources 2018 R . o \ ‘.
(NY) la forét et de la diversité des espéces végétales
. Mention que F. alnus compétitionne avec les
Minnesota department . . .
NA autres especes végétales pour les nutriments,
of natural resources N , ey s
la lumiére et I'numidité.
5019 Mention que F. alnus et R. Cathartica
Hebert, Frangois compétitionnent la régénération forestiere
Nature Conservancy 2020 Mention que F. alnus compétitionne avec les
Canada (NCC) plantes indigenes pour la lumiere
Martel 2021 Mention des risques sur la biodiversité
Ontario invading species . . .
&3P 2021 Mention des risques de F. alnus et R. cathartica
awareness program
. Mention que F. alnus et R. cathartica sont des
Memphrémagog MRC NA q

nuisances pour les espéeces indigenes

* Les articles gouvernementaux et de vulgarisation manquent de ressources scientifiques pour confirmer
les impacts négatifs.

** Références qui n'étudient pas directement les impacts sur les plantes indigénes
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ANNEXE B. TABLEAU COMPARATIF DE F. ALNUS ET R. CATHARTICA DANS LEURS IMPACTS SUR LES
VEGETAUX

Résumé du nombre de références comparant les deux especes de nerpruns (R. cathartica et F. alnus) dans
leurs impacts sur les végétaux dans les milieux envahis par ceux-ci. Pour les articles scientifiques, un impact
négatif est déterminé par un résultat statistique significatif. Pour les articles de littérature grise tels les
articles de vulgarisation, livres, documents gouvernementaux et autres références, nous avons sélectionné
toutes les mentions impliquant un effet adverse sur la biodiversité végétale indigene (i.e., baisse de

diversité, baisse d’abondance, menace pour espéces indigenes).

Espéce étudiée Aucun impact Impact négatif

Nerprun bourdaine (Frangula alnus Miller)

Articles scientifiques 4 5

Articles de vulgarisation* 1 1

Livre 0 1

Documents gouvernementaux* 1 3

Autres références 0 2

Total : 6 12

Nerprun cathartique (Rhamnus cathartica)

Articles scientifiques 0 g

Articles de vulgarisation* 0 1

Livre 0 1

Documents Gouvernementaux* 0 3

Autres références 0 2

Total : 0 16

* Les articles gouvernementaux et de vulgarisation manquent de ressources scientifiques pour confirmer
les impacts.

** deux articles inaccessibles (Leitner,1986 et Alsum, 2012)
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ANNEXE C. REFLEXIONS SUPPLEMENTAIRES SUR LES INCOHERENCES

La gestion des espéces exotiques envahissantes comprend autant des enjeux scientifiques que politiques
et pratiques. On retrouve en l'occurrence des groupes et organisation au niveau fédéral, provincial et
municipal qui ceuvrent dans ce domaine. Cette diversité d’agences apporte différentes terminologies et
définitions qui peuvent étre utilisée au sein de la problématique des EEE (Ricciardi & Cohen, 2007). Par
exemple, le terme « envahissant » dans le domaine des sciences de |'écologie implique que I'espece se
propage rapidement, mais ne signifie pas implicitement qu'elle est une nuisance (Colautti et al., 2006;
Ricciardi & Cohen, 2007). Mais pour les agences gouvernementales, il est implicite qu'une espéece
envahissante cause des impacts négatifs pour les humains (Colautti et al., 2006; Gouvernement du Canada,
2004). La confusion dans les définitions cause un réel probléme quant a l'interaction entre la science et les
autres agences et porte a une généralisation globale des effets et des impacts associées aux différentes
especes. Ce probléme a notamment été soulevé par Mattews et al. (2017), qui ont mentionné le manque
de cohérence entre certains protocoles d'évaluation des risques associés aux EEE dans leur étude (six en
Europe, un dans l'est de I'Amérique du Nord). lls soulévent entre-autre manque important
d’uniformisation systémique dans la facon dont les impacts de chaque espece sont évalués. Ce manque
de nuance se reflete ensuite a travers les différents outils de communication entre les agences,
provoquant ainsi des assomptions non basées sur les observations scientifiques. Ce probléme a justement
été observé avec notre espece cible Frangula alnus, pour lequel nous avons trouvé un article
journalistique lui attribuant le titre de « monstre sous surveillance» (Corriveau, 2016). Pourtant, malgré
gu’il soit souvent présenté comme une espéece ayant des impacts sur la diversité des plantes indigénes, la
littérature scientifique reste ambivalente sur ce sujet. Le manque de nuance, la variation dans la définition
des termes et la généralisation quant aux EVEE causent des complications lors de I'élaboration de plans

de gestions pour les contréler (Barney & Tekiela, 2020).
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