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Introduction

I.1 Contexte général et objectifs

.L11De | 6®col ogie en ville " | 6®col ogie des

La population mondiale est toujours plus concentrée dans les agglomérations

ur bai nes. Pour 1l a premi re fois tdea 2008, devesue o i

majoritaire (UNFPA 2007). Cette vague darbanisation historique, qui va se poursuivre sur
les années a venir, présente a la fois des défis et des opportunités de développement

| es

re,

durabl e. En effet, si | ur bani s atdqound uonf farcec dse pnl

facile © I 6empl oi, " 1l 6®ducation ou " | a
processus écologiques a travers son extension constante et un développement croissant des
infrastructures comme les routes, les voies ferrées, les batiments, etc. Les socio-

écosystémes urbains sont ainsi caractérisés par la grande hétérogénéité des éléments qui

les composent ; aussi la biodiversité urbaineest-el | e | e r®sul tat ddébune

milieux naturels résiduels, de paysages urbains et industriels et de territoires agricoles situés
en périphérie des aires urbaines. Les milieux naturels sont progressivement détruits,
fragmentés et dégradés et les espéces moins résistantes aux conditions urbaines
disparaissent ou sont déplacées (Alberti 2005). Afin de veiller a ce que les zones urbaines
maintiennent le bien-étre des habitants de la ville et soutiennent une certaine biodiversité, il
est primordial de bien comprendre les réponses de I'écosysteme urbain aux effets de

I 6 ur b anNMcBanrell et Rickett 1990). Au cours des 20 dernieres années, un nombre

croi ssant do®t udes en ®c oeb, ccgpenelant Ues lwanmaissances n t

apport®es néont pas encor e per mi s de fourni

pratiques et l es grands principes requis

tur

mo s

®t R
r
I

(McDonnell and Pickett 1990 ; Sukopp et al. 1990). L6®t at de nos connai ss

repose essentiellement sur des comparaisons dualistes entre un phénomene étudié en ville

et le méme phénoméne étudié en dehors de la ville. De plus, cette écologie étudiée « en

ville & a ddbabord ®t ® abor d®e " | 6ai de de t h®ori e

environnements dit « naturels ». Par exemple, la théorie de la biogéographie des iles

élaborée par MacArthur and Wilson (1963), q u i pr ®sage que | a bi

tache doébhabitat est proportionnell e ° | a
présence de mammiferes dans certains habitats dela v i | | e (Ditlin@wxet Doncdster
1987). Or , |l a relation entre |l a taille de |
prenant en compte |l es taches dbébhabitats
montre que | 6ur lesapaironsade divensité bommunémniert etilisés en dehors
de la vile, ce qui complique | 6utilisation des

divergence entre ce qui peut étre attendu en milieu naturel et la réalité des milieux urbains a

progressivement i ncit® | es chercheurs ° s 6cesthéeriesr oger

ver

I | e

Ohabit e

P €

t h®or i

S
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en milieu urbain (Trepl 1994). Bien que les différences entre écosystémes urbains et ruraux
soient avérées, certains processus eécologiques sont similaires, la différence majeure
résidant, plus que dans la présence de Ilhhomme et Idmpact de l@rbanisation sur le paysage
(phénoménes que l@n retrouve également hors ville), dans la force et Idmportance prises par
ces facteurs. Lout i | i s adsiéeamlogiquee axistantes®em milieu urbain est donc
possible & condition de les adapter. En 1997, McDonnelleta.ont pr opos @liteldd appr oc

gradient urbain-r ur al gui suppose que |l es variations envi
dourbaniseati ddbusei par't ordonn®es dans | 6espace
variations |l ocales dlet rladveeacsup@e i gnadiuenstgl .1 6i d

comparer des sites appartenant tous au m°me hab

mesures quantifiables du centre urbain jusqubé™ |
Ainsi, la ville déaujourdobéhui, soumi se © une fo
une unit® g®ographique propre s®par®e de | denvir

corridors fluviaux qui assurent la connexion avec les zones rurales, représentent un objet
do®tude pertinent, tant pour | 6®valuation de | 0G

de certaines fonctions écologiques.

Dans ce contexte, cette thése se propose de combi ner l a connai ssance
i nh®rent au fonctionnement dobéun milieu =t ur el e
| 6ur bani sati on, pour anal yser l a v®g®tation riwv
urbain-rural.

I.1.2 Objectifs de la thése et organisation

Loobjectif de ce travail est de mettre en ®vid
composition et l a structure des communaut ®s v ®:
veri fier si | 6 eorridard flaviawx €ontabuie efficatement adaedynamique de

la biodiversité végétale urbaine, notamment a la dispersion et a la rapidité de colonisation de

nouveaux milieux (Figure 1.1). Les principales questions abordées dans cette étude seront :

Quels sont les principaux facteurs qui expliquent la présence des communautés végétales

installées le long des corridors fluviaux urbains ? (chapitre 1)

Comment les communautés végétales évoluent-e | | es spati al ement l e | ol
doéur banichapitrd2) n ? (

La structure fonctionnelle des communautés riveraines dépend-t-elle uniquement du gradient
d'urbanisation ? (chapitre 3)

Les corridors fluviaux urbains sont-ils des couloirs de dispersion efficaces ? (chapitre 4)

Comment rétablir une continuité écologique fonctionnelle en milieu urbain ? (chapitre 5)
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Figurel.1Sch®ma g®n®r al de | 6organisation de |l a th se

Les corridors fluviaux offrent des voies de circulation et des lieux de vie pour bon nombre
déesp ces va@agnadsel assurent la connexion structurelle entre la ville et la
campagne. Si certains processus écologiques sont les mémes dans un environnement
natur el et dans un environnement ant hropi s®,
changements dus aux activités humaines (Groffman et al. 2003). Ainsi, en milieu urbain, les
corridors fluviaux sont perturbés par des aménagements ponctuels (seuils immergés,
rampes en enrochement) ou linéaires (remblais, enrochements, rectification du trace,
canalisation) (Van Looy et al. 2014). Les zones riveraines sont également menacées par

| Gurbani sation qui condui foemationshégétaesippr essi on de

L6 appr ocdragientdwbain-rural fournit un cadre approprié pour examiner les
changements liés aux activités humaines et pour les relier aux modifications des processus
écologiques, et notamment aux changements au sein des communautés végétales (Hahs et
McDonnell 2006 ; McDonnell et Hahs 2008).
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Ce travail desurh Is® d&®faipmpiutiieon pr ®ci seurbdan, t roi s
périurbain, suburbain - déterminés par le rapport surface veégétalisée/surface

imperméabilisée dansunrayonde50 0 m aut our de chaque site doé®t ud

Deux cours dbéeau, | a Br uché Zedelwasserhontdété @tsidigs t  me R
dans | eur partie aval la plus urbainelbét@de sei n
s@ppuie sur 30 sites sur lesquels 180 relevés floristiques ont été réalisés, complétés par des

relevés pédologiques et par des analyses paysageres, et sur 8 sites expérimentaux équipés

de 168 pieges a diaspores.

Le premier chapitre de la thése illustre les effets des deux principales composantes du
paysage sur la structure de la végétation : la matrice paysagére, qui englobe les corridors
fluviaux, et le corridor fluvial lui-méme, en termes de largeur et de distance au centre urbain.
Ces effets ont été appr ®hend®s en mesur ant l es traits ®c

déesplLdascent a ®t ® mi seuxsméthoddsa $®ueet mesude ¢ a

fonctionnelle ° | 6aide doéun indice de richesse e
une préef ®r ence ®col ogique forte pour |l e trait consi
wei ghted mean e (CWM), cbest N dire |l a moyenne

abondances de chaque espéce au sein de la communauté. Pour répondre aux principales

contraintes ®cologiques des zones riveraines, I
la disponibilit® en lumi re et aussil soraun ipldn t ® du
méthodologique | 61 mpor t ance du choi x de | a fem®¢ hode |

| 6ur bani sati on.

Des th®ories sur la mise en place de communaut (¢
dbébesp ces s anphoeessasdeé sélection par plusieurs filtres comme la dispersion,

les pressions biotiques et abiotiques (Lortie et al. 2004). En intégrant cette notion de filtres,

(Williams et al. 2009) a proposé un cadre conceptuel pour étudier les changements

floristiques en ville. Ces filtres, qui agissent comme une pression de sélection, sont
principalement liés a la qualité du paysage environnant : la transformation de I'habitat, la
fragmentation de I'habitat, I'environnement urbain et la « préférence » des humains liée au

choix pour un mode doam®nage me&astfiltres interagessergdest i o n ,
mani re continue tout au | darpcecddeconagptueldie betnt dour
du deuxiéme chapitre est de vérifier la possibilité de prédire les changements floristiques

en fonction du ni escamposiicgnsfloristmues |slang dedarBruche et de

| 6hydr osyst mie ZieBehwasser dnp été& aomparées et les relations entre la

ve®g®t ati on, | 6 oc c up alesi paramétees physicoichimaques du solu(pH, et

teneur en azote et en carbone, humidité) ont été explorés.
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La persistance, | 6 a p p &trlai dispanition des espéces en milieu urbain dépendent de leur

tol ®r ance au mi |l i eu environnant . Léanal yse

des

esp ces per met doéi dent i f i erogiqleg sphysolagigaes to®r i st i q

ph®nol ogi ques i mpligu®es dans | a r ®p(bauoseket
Garnier 2002 ; McGill et al. 2006). L@pproche par trait fonctionnel permet une représentation
simplifiée par fonction et non par espéce et ainsi aboutit & une approche généralisable entre
écosystemes de diversité spécifique différente. Les études se basant sur des caractéres

fonctionnels ont progressivement émergé en milieu urbain (Hahs et Evans 2015), mais il est

des

or

souvent difficile de fairelel i en pr ®ci s entre | a r®ponse mesur ®e

des effets abiotiques, biotiques et des perturbations souvent multiples (Williams et al. 2015).
Le troisieme chapitre e s t donc consacr® -~ | 6ef f et fil
déun gradient de perturbation, sur la div

fonctionnelle et diversité spécifique.

Les corridors fluviaux s 6 isdntsdes éléments linéaires du paysage reliant des habitats et
favorisant les échanges entre ces habitats (Beier et Noss 1998), servent également a la
di spersion des e qpatrieneeschapitrtedestrdg @étermiden si les corridors
fluviaux urbains contribuent a la dynamique de dispersion vers le milieu environnant et de
veri fier |1 06i mpact de | 6 urUnaispositifaexpéronentalscomposé
de huit unités a été placé le long des deux corridors étudiés selon les trois niveaux
d@urbanisation précitéts afin dobéintercept ericilété dppréhendéden

termes de composition et de nombre de graines collectées.

D®coul ant des concepts d e cinqGi®&mweochapigré décritd une
démarche originale pour modéliser une connectivité fonctionnelle du paysage en tirant partie
de tous les éléments végétalisés dun paysage urbain, dont les corridors fluviaux font partie.
Ce travail, basé sur la conception de graphes paysagers, met en relation la configuration
spatiale et la connectivité du paysage. Dans ce cas, | 6enj eu est

fonctionnelle et de proposer un outil de planification urbaine novateur et pertinent.
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l2Qu 6ecset que | umaimel?ogi e

2.1 De | 6investigation de | a flore en ville =~ | &

Les premiéres investigations dans une ville entiére incluant des inventaires
dbesp ces se sont doéabord co(Pukepp22008PE&e sturehal 648
avec |l es travaux de Pauli, pui sles@remielsGe@Bkilsavec ¢
intégrent la flore native et cultivée, mais il faut attendre les années 1956 avec les travaux de
Scholz a Berlin (Sukopp 2008), pour voir se développer des études de grande ampleur et qui
englobent toute la « végétation urbaine & , caédigestbute la végétation spontanée et
cultivée en ville (Sukopp and Werner 1983). Un peu plus tard apparaitront des études qui
s0int®ressent aux diff®rences entr e(Whlers1970c hes s e
; Haeupler 1974). Parallelement, les premiéres synthéses en écologie urbaine sont publiées
par des biologistes, des géographes ou des médecins (Sukopp 2008) mais celles-ci restent
déconnectées des études sur la végétation. |l faudra attendre les années 1970 pour que les
|l iens entre |l es effets de | a ville sur, not amme |

de la végétation soient établis (Sukopp 2008).

En ®col ogi eurbaine & @&é foimellgnert reconnue comme une discipline a part
entiére dans les années 1970 (Sukopp 1998 ; McDonnell 2011). Néanmoins, le terme fut
introduit d s |l es ann®es 1920 par | e d®partement

le terme « écologie urbaine » est depuis utilisé dans différents domaines.

1.2.2 Une définition a ajuster

Pour comprendre | e kaoancepti ldéo®Rawot ogdentu®r e s
termes « écologie » et « urbain » signifient. Le terme « écologie » fut proposé en 1866 par
Ernst Haeckel pour désigner « la science globale des relations des organismes avec le
monde extérieur environnant, dans lequel nous incluons, au sens large, toutes les formes
déexi t.emCeet t € d®f i ni ti on ;r e sbt®c oV algd kel ee sa u jl oau rsdcoi

| es conditions doexi stence des °tres vivants et

entre ces étr es vivants dbébune part, et entre ces °tr
Cependant, d®finie ainsi, | 6®col ogi e est une s¢c¢
limites (Dajoz 2006). Si | 6®col ogi e moderne est devenue

rigoureuse a la fin du 19°™ siécle et a su soOimposer comme une \
(McIntosh 1986), la signification du mot « écologie » a été élargie au cours des derniéres
décennies. En effet, les sciences humaines et sociales se sont appropriées le terme
d décologie » avec de nombreuses applications en planification urbaine, en économie et en

politique.
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Météorologie Systématique
Génétique
Géologie
Physiologie
Hydrologie
Biogéochimie
Ecologie des écosystemes
Ecologie du paysage
Ecologie chimique
Ecologie des communautés
Ecologie des populations
Ecologie comportementale
Ecologie - évolution
Abiotique Biotique

Figure l2 Repr ®sent ation des diff ®r e n tearsposition &st forictos dude | 6 ®c
caract re biotiqgue ou abiotigue Hkensl(1892)r obj et do®t ude

Le milieu urbain est, déune mani re g®nor
(McIntyre et al. 2000). Lesviles sont souvent trait®es-adireamme un ¢
anal ogue anthropique dobéun d §Botkin et Beveridgel 899M.e f or °
Cependant, alors que les biomes « naturels » sont définis sur la base de variables comme la
température, les précipitations, les caractéristigues du sol ou la végétation dominante,
| 6environnement urbain semble °tre d®termi n® u
humai ne. Souvent cbdbest une approche qualitative
simple présence de constructions humaines. Par exemple, le terme « urbanisation » fait
référence a la construction de routes ou a la transformation des zones rurales en zones
résidentielles et industrielles , qui entrainent | 6augment ati on d
| 6accumul ati on de S U b(Mc¢lreyre cee al. 2000)x Pagfaise & ,terme t ¢ .

« urbain » renvoie uniqguement a « bati » (Mcintyre et al. 2000).

Les ®tudes men®es en milieu urbain supposent gl
suffisamment re connu sans avoir besoin dé°tre clairem
caract®ristiques de | 6environnement ur bain S

Malheureusement, ce manque de précision empéche tout simplement de comparer les
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études entre elles. Mais ce constat refléte aussi le fait que les plantes ou les animaux en ville

ont longtemps été étudiés de maniére descriptive. Forman et Godron (1986) ont été les

premiers a distinguer les milieux urbains des autres paysages en les divisant en 5 grands

types en fonction de | O0intensit® de | @drgeds»l uence
vers | es centres urbains. Ce constat a progressi
«gradi ent atidnduMddennell and Pickett 1990). Si les mesures utilisées pour

guantifier ces gradients peuvent étre de différents types (en prenant en compte des
composantes physiques ou démographiques par exemple) et a différents niveaux de

pr ®ci si on, cette d®marche va progressivement per

maniére plus standardisée.

Les écosystémes urbains sont progressivement devenus des sujets légitimes
détudesen ®col ogi e. Cependant , | 6 @dcioslcoigpilei nuer bdaei nleb @
relativement compl exe. l ci, nous d®finissons | 66¢
naturell es, mai s il fréuni tt gdadraduetrr e’s Isécea semnrciets , q wooen
social es et | 6 am®n a@emanet al. 2009),t egui t ouitriel i sent
terminologi es, déautres m®t hodol o®cDermmell @X11).q u i en.
Par exemple, les scientifiques « naturalistes » définissent I'écologie urbaine d'une maniére
similaire a celle de I'écologie générale, mais limitent leurs études au paysage urbain et
urbanisé (Grimm et al. 2000 ; Pickett et al. 2008; Niemala et al. 2009). Ainsi, les écologues
se focalisent sur la distribution des organismes (i.e la biodiversité) et sur les flux de
nutri ments edlesddviwes &cogyst@aniques) (McDonnell 2011). De la méme
maniére, toutes les disciplines associées a | @dfogie présentées en Figure |.2 peuvent étre
appliguées pour étudier les écosystémes urbains. Enfin, si 16 ®c ol ogi e ur baine
discipline en pleine évolution et qui est en passe de devenir une science véritablement inter-
et transdisciplinaire (McDonnell 2011), elle pourrait étre définie comme «|1 6 ®t ude des
modeles spatio-t e mpor el s, de | 6i mpact de | denvironneme
mettant | 6accent sur | 6®tude de |l a biodiversite
services écosystémiques. Les processus socio-économiques et la planification urbaine
influencent profondément et contribuent au développement de | 6 ur banmasae i on
peuvent constituer seul s, |l e noy é&iguresi®) Mut i f i qu
2014).
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Caractéristiques de
I'urbanisation

- modeles spatio-temporels

- drivers et processus dynamiques
- croissance urbaine, etc

/ \

Compréhension fondamentale , . . Connaissances concrétes
des villes vues comme Ecologle urbaine de la conception et du développement
des ecosystemes et des paysages des villes durables

/ \

Impacts de l'urbanisation Urbanisation durable

- conditions environnementales o . L .
- amélioration du bien-étre humain

- biodiversité
- processus écologiques
- services ecosystémiques, etc

- planification/ gestion urbaine durable
- résilience/vulnérabilité urbaine, etc

Figure 1.3 Conceptualisation contemporainede | 6 ®c ol ogi e urbaine LY®It e e Wu ¢
de | 6®cosyst me ville &est Il e r®sultat déinteractions
déurbanisation et | etsemcpaoraecltl®rsi sdu quresc espsats oddur bani
caractére inter-et transdisciplinaire de | 6®col ogie urbain et

pratique.

1.2.3 Ecologie urbaine et disciplines reliées

|l .2.3.a Application des principes de | 6®col ogi e
D6un point de vue ®cologique, |l es villes so
boti es, r®si dentiell es, commerciales ou industr

routes, les voies ferrées, les ponts ou les tunnels, de surfaces imperméabilisées tels que les
trottoirs et |l es parkings, e(Breusteet a.l2p0B)eCeuxdid e s p ac ¢
sont variés et comprennent les espaces verts gérés comme les parcs, les lieux de loisirs, les

cimetieres mais également les jardins privés, les jardins familiaux, les foréts, les ripisylves et

tous | es espaces de nature relictuel s. Cette mo
®t udi ®e sous | 6angl e @Ma2008).®ckHrl ogfi eetd,u Ipa®calgegi
définecomme | 6®t ude de |l a variation spatifférantee des h
échelles (I AL E, association interna)g®dinmtl®r edsdsRec 01 olgd ®
des paysages sous | 6ef f et déinteractions comp
organi sation des structures spatlée au anthropigug.udel | e s

10
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Ainsi, |l es espaces v®g®tali s®s peuvent °dsr e ass
les unes des autres par une matrice de milieux batis et imperméabilisés. Pour comprendre
comment les changements de composition et de configuration engendrés par le paysage
urbain transforment les composantes écologiques, (Flores et al. 1998 ; Zipperer et al. 2000)

ont proposé de se baser sur six principes écologiques (Tableau I.1).

Tableau 1.1 Définition des principes écologiques clés applicables en milieu urbain (adapté de
(Forman 1995 ; Flores et al. 1998 ; Zipperer et al. 2000 ; Wu 2008).

Principe Définition
Contenu l es attributs structurels et fonct
Contexte la position de latac he ddéhabit at dans pagsagpresy

adjacentes ou a proximité et leur interaction

Connectivité  la connexion structurelle, fonctionnelle et effectived 6 un habi t at
doéhabitat ou ddébune matrice

Hétérogénéité la distribution spatiale et temporelle dest a c h e s ddnb un paydaget

Dynamique l es changements structurels et fon
le temps
Hiérarchie | 6 or ganduni®d ifooctionnelles distinctes qui sont liées mais

fonctionnent a deux ou plusieurs échelles.

Ainsionconsid re | es taches dohabitat comme des ®c
une communaut® dobé°tres vivants et Uun environneme

interagissent (le contenu). Ces écosystémes sont inclus dans une matrice paysagere plus

ou moins d®f avorable qui influe sur |l e mouveme
habitat (le contexte) . En fonction de | a capacit® de mouvel
degr® dobespacement entre | es taches ¢adiddeachi t at ,

fonctionnelle (qui lie ou relie des éléments du paysage physiquement connectés ou non).
Cette connectivité est cruciale pour le maintien des populations, en particulier dans un
paysage fragment ®,6h®u®r cpsimdcs thabeesstdd habi t ats et

l es diff®rentes taches dobéhabitat s.dyndmique, lqu s , un
tend " ®voluer (et " sbadapter) sous I 6i mpul s
communaut ®s dobébesp ces dans | eduitesenatyredlemerddunahe per t u

qui ont la capacité de modifier ou accélérer les processus de succession. Les principes

11
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doh®t ®r og®n®i t ® et de dynamiqgue peuvent °tre ¢
0

fonction du pr oc e dashigrarchie) Parl 6eoxne M lued,i el Gh ®t ®r og ®n
consi d®r ®e ° | 6®chell e de l 6habitat ou du con
différentes : | 6h®t ®r og®n®i t® des strates au sein dbéu

sp®ci fique, tandi s q watece UrliaimeRaut@ur de geRnméMe Hal@tat duea | a m

un effet inverse en limitant les processus de colonisation-recolonisation.

1.2.3.b Ecologie des communautés

L'un des principaux modeéles utilisés pour décrire I'assemblage des communautés
végétales est le modele de filtres, dans lequel un pool global ddspéces est limité par
différents filtres biotiques ou abiotiques (Lortie et al. 2004). Sur la base de quatre filtres
sélectifs, Williams et al. (2009) ont développé un cadre conceptuel pour les changements

floristiques en milieu urbain (Figure 1.4).

Espéces indigénes
généralement absentes Espéces exotiques
de la zone étudiée

Espéces indigénes
présentes dans la région

Végétation urbaine

Figure .4 Mod |l e conceptuel des cons®quences de | ur bani
végétales. Les boites blanches repr ®sent kendspedes indigémesl déesp
présentes dans la région, les espéces indigénes initialement absentes et les especes exotiques. Les
boites grises représentent les filtres qui agissent de maniere simultanée : (1) transformation de
I 6 h a ) ftagmeentation paysageére, (3) environnement urbain et (4) préférences humaines. La boite
sombre dans |l aquelle sont ins®r®s les filtres repr ®se

noires représentent le mouvement des espéces a travers les filtres : les fleches pleines barrées par

12



Introduction

deux lignes horizontales représentent les espéces qui ne traversent pas le filtre ; les fleches pointillées
représentent les espéces qui persistent ; les fleches pleines qui sortent du filtre représentent les

espéeces qui apparaissent. Ce modele est adapté de Lortie et al.,(2004) et Williams et et al., (2009).

Les especes végétales dans les zones urbaines proviennent de trois sources : les espéces

indigénes présentes dans la région, les espéces indigénes initialement absentes de la zone

®t udi ®e et qui col oni sent de nouveaux habitats
exotigues introduites par | 6homme -enskrable dekzgs®t at i or
trois souress agpdesp | 6effet de quatre filtres:
fragmentation de l 6habitat, | 6environn.elment ur
transformation et | a fragmentation de | 6habitat
plupar t des ®cosyst mes wurbains tandis que | denvi

humains sont inhérents aux conditions particulieres de chaque ville. Chacun de ces filtres
agit comme une pression de sélection (Cheptou et al. 2008) qui conduit a la perte, a la
persistance ou au gain des especes.

Les quatre filtres doéurbanisatiion fonctionnent d

- la transf or mat:iceleci geet sel téadumeb pat uné perte nette de
certaines esp ces et | 6apparition de comm
nouvelles, dotées de -caractéristiques écologiques et fonctionnelles différentes.
N®anmoi ns, la vuln®rabilit® des babitat, ques d®p e
varie entre les villes et dépend de leur contexte biogéographique.

- la fragmentat: oaveaee Il&®dhfabhadment ati on paysag
deviennent plus petites et plus isolées. Si des espeéces survivent a ces modifications
stucturelles, |l a fragmentation sbdaccompagne el
de liens fonctionnels entres les habitats. E n | 6absence de l i ens,
deviennent alors sensibles a des extinctions locales. Par exemple, les espéces avec
des capacités limitées de dispersion, une faible production de graines, ou sans
banque de graines, tout comme les espéces fortement tributaires du mutualisme,
deviennent plus vulnérables (Pauw 2007). Si ces espéces ne sont pas en mesure de
persister, leur disparition entrainera alors une simplification progressive des
communautés via un appauvrissement en espéces, et | 6apparition dbé
indigénes.

- I 6envi r on n e keecaracténstiqbea paniculieres des milieux urbains (comme
la pollution atmosphérique, le stress hydrique) peuvent avoir un impact sur

| apparition dobéesp c e sgigaes & foocaonnelles a@aptées &i qu e s

13
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ces nouvell es conditions dans de nNnNouveaux h

®gal ement sur | 6apparition et | a d-nasupela.ri ti on

- la « préférence » des humains liée au choix pourunmode dbéam®nagement (

gestion, par exemple : “ travers | 6urbanisation,
apparu comme les parcs, les chaussées, les jardins, les pelouses, les terrains vagues

ou |l es toits v®g®talis®s. L ermenteusn pnsaméls

un

cor

gui ¢

dbesp ces horticol es, parfoi s exotiques,

humaine exerce une pression sélective forte en favorisant certaines especes au

d®t ri ment ddbautres. Gl obal ement cet ecaldsf et

caract®ristiques ®cologiques diff®rentes

et

en

du

Les quatre filtres doéburbanisation fonctionnant s

responsables de | 6apparition ou de.Néanmahs, dpariti

est important de comprendre comment ces filtres agissent pour comprendre le
fonctionnement des écosystemes urbains (McDonnell et Hahs 2009).

1.3 Pourquoi les écosystémes urbains sont-ils originaux ?

.3.1 Gradientd 6ur bani sati on
1.3.1.a Développement du concept

Le concept de gradient a été développé par Gleason en 1917 pour expliquer la distribution

de la végétation en fonction des changements des conditions environnementales. Les

gradients environnementaux peuvent étre liés a des facteurs tels que |l 6altitude,

profondeur, la température, etc. | | s se rr ®f rent soit : un

dans le temps, soit a un ordre conceptuel fondé sur le rang des facteurs environnementaux.

Petit ° petit, |l es chercheurs ont ap pdumieu
urbain (Zipperer et Guntenspergen 2009). Mais dans les années 1990, McDonnell et Pickett
vont plus |l oin et proposent de sdéint®resser
espéeces mais également sur les écosystemes ainsi que, rétroactivement, aux conséquences
de leurs modifications sur la société. lls définissent ainsi le concept de gradient

déurbani sati on f oFRigdr® |.5% quircontient trarscékEments : 1) les aspects

transe:

®

n

de | 6urbanisation, 2) les effets de | 6urbani

les effetssurl 6 ®cosyst me.

o

a m

sat

A | dinverse deemtosmbeerwuwir ognmrnaedme nt a u x (I a),t emp ®r

| urbanisatipars me omlamgee | in®aire (MMeDonsed et
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al. 1993). En effet, le développement des villes dépend a la fois de changements physiques,
biologiques et sociaux qui sont responsables des modifications du paysage. Ces facteurs
environnementaux peuv ent i nteragir entre eux, formant ain

représente le plus souvent de maniere indirecte (McDonnell et al. 1993).

B Effets biotiques et
A Aspects de I'urbanisation environnementaux de C Effets sur les écosystémes

I'urbanisation

1 Caractéristiques structurelles Environnement physico -
de I'environnement urbain chimique

!

2 Caractéristiques biotiques Effets sur les populations
de l'environnement urbain et les communautés

!

Changements sociaux et
comportementaux

Modification de la structure
> | et de la composition spécifique
des ecosystemes

3 | Facteurs socio-économiques | —

Figure ISGEf f et de | durbanisation et i mpacts ®col ogiques
Les fleches indiquent les relations de causalité entre les caractéristiques du milieu urbain, les
processus écologiques et des aspects socio-économiques.

1.31b£Efvaluation de | 6urbanisati on

Un gradient doéurbanisation est d®&fini par des ¢
le climat,| 6 o c c up a tou la polluton, q@ affectent les réponses biotiques et abiotiques
des écosystémes (Pickett et al. 2009). Il est donc important de définir explicitement le
gradient ®t udi ® ° | 6ai de de mesur es approchest i t at i
descriptives comparables il est plus aisé de confronter différents projets de maniére

équivalente (McDonnell and Hahs 2008).

Forman et Godron (1986) d i vi sent |l e paysage urbain en 5 cl a!
de | dinfluence anthropique. I'l's d®crivent ai nsi
reliant les espaces naturels exempts de toute activité humaine aux espaces urbains ou

| 6i nfluence anthropique est la plus forte. Il s
int ®®grer de petits pat clB9s, Bebdsie adiirit le mimeauesubdrbainf ®r e nt «
comme une zone tampon dobéenviron 1 WMkKimneg 002)ar ge a

|l e gradient doéurbanisationpeeut sh&Cetelartd meiter e en (¢
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d o htadbtis naturels est d®t ai |l | ®e e n | Abitdt pap)eest dd hab

celui dont la présence est de plus en plus forte vers le centre urbain :

Habitat bati : bati, surfaces imperméabilisées (routes,etc.)
Végétation gérée : espaces verts des zones résidentielles et commerciales
Végétation rudérale : terrains vagues, terres agricoles abandonnées et espaces non gérés

Végétation naturelle : végétation « d 6 o r b @iiexotques, ni invasives)

De maniére encore plus précise, Clergeau et al. (2011) décrivent 4 secteurs de pression
déurbanisation regroup®s en deux trois secteurs
sur une valeur seuil de surface de végétation. Il précise également que la distinction entre

urbain et périurbain est généralement déterminée par une distance moyenne entre les

habitations inférieures a 200 m. McKinney (2002) propose une classification basée sur la

proportion de surface imperméabilisée (Tableau 1.2).

Tableau .2 Car act ®r i sati on des ni v e aifférentd Oritéerels atnsiraégies on sel

déappr ®ci ati on

Urbanisation

Citation
) Rural Suburbain Urbain
Mc Kinney (2002)  surf. imperméabilisées < 20%  20% < surf. Inperméabilisée  surface imperméabilisée > 50%
< 50%
Périurbain Suburbain Péricentre Centre-ville
Clergeau et al. désignel 6 envi r onne Surface végétalisée < 70% surface surface
(2011) ville végétalisée < végétalisée <
40% 15%
Forman and Zone Zone gérée Suburbain Urbain
naturelle ou cultivée densité de bati faible a densité de bati forte
Godron (1986) modérée
Les donn®es utilis®es pour guanti fier un gradi

différents niveaux de précision. Certaines données, comme la proportion de surfaces baties

ou la densité de population, peuvent étre relativement simples a mesurer et sont souvent

facilement disponibles (Mcintyre et al. 2000). Ces données démographiques, géographiques

ou spatiales fournisse nt des pr ®ci sions sur | e contexte urb
permettent également de comparer des études menées sur des lieux ou a des moments

différents (Mclintyre et al. 2000).
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I32Cons®quences ®col ogiques de | durbanisation

Lébenvironnement urbain diff re des milieux
peuvent étre regroupés en quatre catégories (McDonnell et Hahs 2009) : le changement
déoccupation du sol, I 6al t ®r-ehimiques, la ceaion dar act ®r
nouveaux assemblages biotiques et les modifications des régimes de perturbations (Sukopp
1998).

Les nouvell es f or msobappdraissent lorpgaet de® roned auparavant
ve®g®t al i s®es sont rempl ac®es par de | 6agricultu
des parcs ou des jardins, et que les zones relictuelles dont dépend la végétation indigéne
sont modifiées. Ces modificati ons peuvent entrainer des pert e:
naturel, remplacé par des structures construites dans le centre-ville. Ces modifications
peuvent ®gal ement conduire ° | 6apparition de noc
directement par certains biotes. La plupart du temps, la compaosition paysagére des milieux

urbains se diversifie (Alberti et al. 2001). Néanmoins, cette augmentation de la diversité

paysag re entraine une diminution de la taille d
densi t ® de toutes | es formes dbéoccupation du sol
hétérogéne.

Léurbanisation alt re ®galement | 6environnement
l e sol, |l 6air et | 6eau gqui de Maniéra beaucaup plusifertei mpact
gue dans | es r®gions rurales. Par exempl e, | es
peuvent varier consi d®r abl ement sel on | e typ
| 6i mper mPabilisati on et | a wvédgétaliséas Sekopp 200d)e s gr at
Lusage de v®hicules et | aes pontoaxssi mesgor®abldsede z o n e s

nombreuses sources de pollution comme des concentrations élevées de CO, de NOx, de

m®t aux | ourds et déhydrocarbures aromatiques po
sols. De plus, outre des effets indirects des changemen t s | i ®s " |l 6habitat S
| Gur bani sati on affecte directement |l es esp ces

animales ou végétales, qui contribuent a la formation de nouvelles interactions (Atkinson et
Cameron 1993).

Done mani re g®n®r al e, |l a tendance est au do®cl i
especes non indigenes, ce qui a tendance a favoriser une richesse spécifique relativement
élevée en milieu urbain (Kowarik 2011) et & engendrer un évolution vers une progressive
homogénéisation biotique (similitude accrue de la composition des espéces entre des sites
distincts) (McKinney et Lockwood 1999). Néanmoins, des études ont montré, au contraire,

une plus grande hétérogénéité des espéeces indigénes dans les zones urbaines que dans les
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sites ruraux (Kuhn et Klotz 2006), ce qui indigue que | 6homog®n®
ddbavantage °tre associ ®EImgvistetals2018)etnd pettipasi@tee | oc al «
généralisée (Hahs et McDonnell 2016). Léenvironnement wurbain noéaffe
gains etlesperte s d 6 e $Willlamseesal. 2009) mais agit également comme un filtre pour

les traits écologiques et fonctionnels des végétaux, ce qui affecte directement la survie des

esp ces en milieu urbain. Sur | e m° méldgnrtiahci pe (¢
(2004) ont ®mi s | hypot h se d 6 uneelle selanolggetle®i s at i o
| 6augment ation de |l a similitude fonctionnelle s
par |l a perte doesp ces sp®cialistes et l e gain

perturbations réguliéres des habitats en milieu urbain (compactage des sols avec le
piétinement, remaniement des sols, eutrophisation, élévation du pH) auraient tendance a
favoriser des espéces bisannuelles a stratégie C (compétitive) ou vivace, pollinisées par le
vent, dont la dispersion est réalisée de maniére végétative ou par des graines principalement
dispersées par le vent (Lososova et al. 2006). De plus, ces espéces ont une forte demande

pour la lumiére et les nutriments (Lososova et al. 2006).

Il . 3. 3 -cQeu bgeusbtun c ourbain?dor fl uvi al
I.3.3.a Les corridors, des systéemes fonctionnels

Le terme «corridor» est utilisé
souvent sans définition explicite dans la
littérature (Hess et Fischer 2001). La

Conduit

pr®cision de | a d®finition d®rive dbéun certai
Habitat
nombre de fonctions écologiques : [ 6 h a

. . . ® °
(permanent ou temporaire), conduit ou couloir ‘\/ f E { ﬁ
Filtre

pour la dissémination des espéces, filtre, Py
barriere, source (des individus émanent du ®

. . . , Barriére
corridor) ou puits (les organismes pénétrent .
dans | e corridor, mai s sTurvivent ou
restent pas) (Figure 1.6). “ Source

°
. . ~ . . A Puit
Figure 1.6 Les six rOles possibles joués par les

corridors selon Forman et Godron (1986).

@® Organisme

Dans wun c ontsator ceoissriey au kailleine forme plus une unité géographique

propre séparée del 6 environnement rur allesrmoaridas fluviauxeuwi a g i t
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traversent les villes assurent la seule connexion structurale avec les zones rurales. Les
fonctions doéhabitat et d éHess et rFbaher 2001), santu domcn t ass
pri mordiales et | e maintien de | 0int®grit® du c
préserver le fonctionnement de cet écosysteme et la bi odi versi t® québi l abr
études ont montré que, si un corridor fournit un habitat adapté pour une espéce donnée,
alors il en facilite également la dispersion (Bennett et al. 1994 ; Downes et al. 1997) ;
d 6 aes gue la fonction du corridor est de fournir au moins un passage, sinon un habitat et
un passage (Hess et Fischer 2001). Le continuum formé par les habitats des corridors
fluviaux offre ainsi des voies de circulation etdes| i eux de vie pour bon nol

aquatiques et terrestres.

1.3.3.b Les corridors fluviaux, des écosystémes complexes

A la frontiére entre terre et eau, les corridors fluviaux ne sont pas toujours faciles a définir

pr ®ci s®ment par ce gque |l es ph®nom nes qui soOy
hétérogénéité plus ou moins marquée (Girel 1991). Les corridors fluviaux englobent le cours

d@au e t une partie du paysage terrestre jusquo-
peut étre influencée par des inondations ou des remontées de nappe phréatique (Naiman et

al. 1993 ; Naiman et Decamps 1997). La largeur de la zone riveraine, le fonctionnement de

| 6®cosynvicreeneett | a bi odi (arleayet@l 2014)&6ont liésa kataile e

du cour s ddébeau, - s a position dans I e bassin
caractéristiques géologiques et géomorphologiques. La zone riveraine peut étre intégrée

dans la forét adjacente, par exemple dans les ruisseaux de téte, ou elle peut étre formée

déune bande distincte de v®g®tation dont la | a
régime de perturbation naturelle. La diversité écologique des milieux riverains est maintenue

par un régime de perturbations naturelles (érosion, transport de sédiments, inondation) qui a

lieu a des échelles spatiales et temporelles variées (Naiman et al. 1993). Ce régime de
perturbation détermine une forte hétérogéneéité spatiale qui, a son tour, détermine des

stratégies fonctionnelles diverses des organismes vivants.

Les rivieres sont donc des milieux hétérogenes, dynamiques et mobiles dans l@&space et
dans le temps. La végétation est soumise a des inondations plus ou moins régulieres, a
| 6®r osi on, " | 6abrasi on, et " des p®ri odes de s
ve®g®t ales riveraines sont compos®es dbbesp ces s
écologiques parfois extrémes. Une succession végétale se met en place, ou les espéces qui
se remplacent dans le temps présentent des stratégies particuliéres liées a la fréquence
et/ ou -~ | 61 nt en s Nain@n et Becampsr (1087% regrodpent keg plantes en

grandes cat ®gori es déadaptations fonctionnel |l e
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reproduction : les invader, qui produisent un grand nombre de propagules pour coloniser les
substrats alluviaux ; les endurer, qui repoussent aprés enfouissement ou inondation et dont
la multiplication est principalement végétative ; les resister, qui résistent aux inondations
pendant leur période de croissance ; et les avoider, qui ne survivent pas. En effet, les
caractéristiques de reproduction des plantes riveraines sont un compromis entre la
reproduction sexuée et asexuée, la taille des graines, le calendrier de la dormance, le
moment de la dispersion des graines, les mécanismes de dispersion des graines et la
longévité (Naiman et Decamps 1997). Par exemple, certaines especes comme celles des
genres Populus ou Salix, dispersent leurs graines au moment du retrait des eaux de crue,

sbassurant ainsi une p®pini re humide pour | a (gEe

(@)

esp ces utilisent ®gal ement l e transport par |
fragments végétatifs (Nilsson et al. 1991 ; Johansson et al. 1996 ; Nilsson et al. 2010). Ces

espéces qui colonisent les sédiments fraichement déposés par les inondations sont
principalement des espéces pionniéres, dites a bois tendre appartenant surtout a la famille

des Salicacées (Salix, Populus), voire des Betulacées (Alnus, Betula) (Piégay et al. 2003).

Leur |l ong®vit® d®pend ®troitement de | dintensit(
ne sont pas détruites par une inondation, ces communautés évoluent vers de nouvelles
communautés a bois dur, associant Chéne, Orme et Fréne (Piégay et al. 2003). Cette

succession végétale se superpose a une zonation spatiale : on observe alors en bord des

cours dbéeau des communaut®s dbébesp ces pionni re
stadeint er m®di ai r e, et enfin, en marge de |l a plain
dur.

1.3.3.c Les corridors fluviaux urbains, des écosystémes perturbés

Si certains processus écologiques sont les mémes dans un environnement naturel et dans

un environnemen t anthropi s®, débautres sont directement
des activités humaines. Ainsi, en milieu urbain, les corridors fluviaux sont perturbés par des
aménagements ponctuels ou linéaires. Ces aménagements restreignent la fluctuation de la

|l argeur du Il it du cours dbéeau et suppriment | es
les surfaces inondées, toutes conditions nécessaires pour le maintien de la biodiversité des

systemes riverains.

Les conditions hydrologiques sont donc modifiées ce qui a pour conséquence notamment
doéinciser (®r odiesn cwealrrtsi adalee)u leda Idiétent r ai ner un
la nappe souterraine (Figure 1.7). Les échanges riviere-nappe disparaissent alors, ce qui

di minue | 6humidit® du sol, di minution encore ac
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long des berges. Ces madifications entrainent inévitablement des changements dans la

composition de la communauté végétale riveraine.

AN

Nappe phréatique Riviere a

Figure 1.7 Schéma conceptuel représentant une riviére et sa zone riveraine dans un contexte
« naturel » et dans un contexte urbain, en coupe transversale. Cons®quence de | d&incisi
la riviére sur la profondeur du niveau de la nappe.

l.4. Caractéristiquesdessi t es db6®tauder uche et | 6hydrosyst

- Ziegelwasser

1.4.1 Une armature végétale indissociable de la présence de I@au

Adossée au Rhin, | Eur om®t r opol est fg@nnéStparadebour g
nombreuses rivieres (| 61 | | |l a BruchedoaneciRmMmisn bletdss udu eRhc
canaux artificiels. Cet t e structuration domi n®e par | 6omni pr

totalité des quartiers et des communes, leur conférant a la fois un lien commun et des
identités spécifiques. En dépit des nombreux aménagements des rivieres (aménagements
ponctuels ou linéaires), de la réalisation de canaux et du développement du béti, ce réseau
hydrographiqgue dense et structurant estntel e sup
Plusieurs de ces cours d&au ou trongons de rivieres présentent une bonne qualité
écologique. L e s berges am®nag®es par | 6homme ou <cons

environ 26 km |l e |l ong de 16111, du Rhin Tortu, d

Des massifs forestiers importants liés aux cours d@au occupent la partie amont (les foréts du
Neuhof e t -Gratffénstddeénk ét racah (la forét de la Robertsau) du territoire de
| 6Eur om®t r opol e Sud eet heritagea satureluse gont greffés des espaces
veg®t ali s®s fa-onn®s par | 6homme comme | es par

familiaux. Les lieux les plus connus sont les parcs qui représentent environ 110 ha mais
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| 6espace vert se niche ®gal ement aurrés.ifecds des a
espaces de végétation marquée s'ajoutent également la végétation linéaire (haies, ripisylve)
et la végétation discontinue des bosquets, des arbres isolés, des parterres et des terrasses

végétalisées. Depuis 2008, les produits phytosanitairesnes ont pl us utili s®s po
courant de | 6espace pubdetteévoldtiondées prlateses de gestmcae s ver t
modi fi® | daspect de |l a ville et depui s, la f1
interstices.

1.4.2 Contexte physique et fonctionnement climatique

Le territoire de | 6Eurom®tropole de Strasbo
un faible dénivelé. Les al titudes varient en moyenne de 14C(

| 6Ouest . En effet, c e t géologiquede tadasse plaine alluviale dans
du Rhin qui correspond © | éancien champ doéinond
cours au milieu du 19°™ siécle (Figure 1.8) . 1 est compos® dobéune forte
grossiéres (galets, cailloux, sables) déposées par le Rhin,parl a Bruche et | 8111 01
Il i mons de d®bordement s. Tout au |l ong de |6 re
accumul ® des alluvions sur des ®pai sseur s al |l

| 6 Eur o m®t r alyvions ehénanésggalets, sables riches en calcaire) renferment une
nappe phr®atique doébune puissance consid®rabl e ¢

une profondeur nodéatteignant parfois pas deux m t

Strasbourg

Figure 1.8 Morphologie de la plaine du Rhin adapté de Birtler et Elsass (2006). Zoom sur le secteur
autour de | 6Eurom®tropole de Strasbourg.
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Le territoire de | 6 Eur om®t r opol e b@mre®fSJtcriaeesbddumng cl ir
continental sec (Jongman 1990) fortement marqué par la topographie. D6 une part, | e
rh®nan est Ssitu® plus bas en altitude que | es
ouvert vers | a mer M®diterran®e par | a Trou®e de

peuvent ainsi circuler jusque dans le fossé rhénan. La pluviométrie annuelle est relativement
faible (comprise entre 600 et 800 mm par an) ave
et des précipitations minimales de janvier a avril (Figure 1.9). Les hivers sont froids et les
étés secs et chauds : nhplituale thermique moyenne annuelle est importante (environ 18°C)
et sbdbaccentue en milieu urbain. La plaine doAl ss
massifs des Vosges et de |l a For °t Noire de part
rhéenane des flux dbéair froid provenant dbéautres d
Nord sont en |ien avec | d6orientation du foss® r

est déenviron 2,2 m/ s.

N
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Figure 1.9 Diagramme ombrothermique et distribution des vents. (a) Représentation graphique
des températures moyennes estimées et des quantités de précipitations moyennes mensuelles a
Strasbourg sur la période 1981-2010 (source Météo France, données obtenues via nom-des-
nuages.perso.sfr.fr). (b) Distribution de la fréquence des vents: la longueur des segments est
proportionnel a la fréquence des vitesses dans la direction donnée, basée sur des observations de la
station météo a Strasbourg-Entzheim.
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1.4.3 Caract®ristigqguesde®col ogiques des sites doe

Deux cours dbéeau, | a Br uchei Zegelwdsseh gndétéo s y st n
®t udi ®s dans | eur partie aval l a plus wurbaine
(Figure 1.10) . Ces deux tron-ons de cours dbédeau, aux c

traversent des zones trés diversifiés (jardins familiaux, parcs, voies de communication, voies

ferrées, zones fortement urbanisées, zones industrielles et de loisirs, zones agricoles, etc.).

La Bruche met en relation Strasbourg avec les contreforts vosgiens et le Ried de la Bruche

et | 6hydr osysti Ziegelwdser relie Stragbdung aux foréts et prairies de la
pl aine rh®nane. Sur | e t er majeunat tee milidux humddsur o m®t |
associés de la Bruche sont délimités en ZNIEFF ( Zones Naturelles doélnt®@

Faunistique et Floristique) de type 1. En complément, des ZNIEFF de type 2 désignent des
ensembles plus vastes comme la vallée du Rhin Tortu et celle de la Bruche.
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- Réseau hydrographique

(1) LaBruche

@ @ L'hydrosystéme Rhin Tortu -
Ziegelw asser

N
SKmA

Figurel.Ll0Local i sat i on deasu ssietiens dded Gltéukduer o m®t r opol e de Str
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1.4.3.a La Bruche

La Bruche prend sa source dans le massif du Climont (Vosges). Aprés un parcours
de 75 km, ell e se jette dans |0l 1|l Cesdémierssbourg
siécles, en particulier avec la construction du canal de la Bruche en 1681. La Bruche avait
alors deux bras principaux : le bras le plus au nord a été canalisé tandis que le cours
principal a été reporté plus au sud. La Bruche se caractérise par une dynamique active de
riviere a méandres mobiles™ | a f aveur doéune ddefaipente duipmfiient r s me
long avec des débits compris entre 5 et 12 m® / sec. Le modelé des berges est variable :
pentes douces dans les parties concaves et abruptesavec une hauteur all ant
meétres dans les parties convexes. Les ripisylves linéaires sont fortement soumises aux effets
do®cotone avec des | uxstadepdesseéries aluviaes.dPar sxerdpleflef ®r ent s
stade pionnier est représenté par le Saule fragile, le Saule blanc, et leurs hybrides, le
Peuplier noir (parf oiCe stade accueille égalenient ees géopiyttes n e u x ) .
comme le Sumac de Virginie, le Robinier faux-acacia e t Erablé negundo. Dans cette
formation pionniére, la pression sélective est encore faible et la végétation exotique peut
s 6 e x pr ainsieles draperies lianescentes sont représentées moins par la Clématite
indigéne que par la Vigne vierge et la Renouée du Japon forment de larges fourrés. Les
communautés pionniéres des bancs alluviaux encore existants dans le lit de la Bruche sont
riches en espéces, alors que les mégaphorbiaies plus évoluées sont plus pauvres avec des
espéces dominantes trés abondantes comme la Bal sami ne de | 6HiLesal aya
terrasses hautes moins souvent inondées accueillent des formations a bois dur (Aulne

glutineux, Charme, Cerisier a grappes, Merisier, Erable champétre, Orme).

1.4.3.b LOhydr osiyZedelwasser Rhin Tort u

Le nom de « Rhin tortu » ou « Krumme Rhein » en dialecte alsacien, tient aux nombreux

méandres de cette riviere au cours trés sinueux, « tortu » signifiant tortueux. Le réseau du

Rhin Tortu est complexe : alimenté au Sud pardeux anciens bras du Rhin,
Thumenr hei n, i s6®coule vers | e Nord puis se s
le Fortsrhein, qui se rejoignent pour former le Rhin Tortu. Dans Strasbourg, il se subdivise
donnant l e Zikgtel wasser coul® principal Son | 60Oues
parcours trés sinueux, de plus de 22 km, reste a peu prées identique a celui d'autrefois. La

dynamique fluviale de la riviere est faible et les débits entierement contrdlés sur I'ensemble

du réseau sont au maximumde 7a9m%s.( Pl an Local déUr bani seme de |
Strasbourg 2016). Sur la plus grande partie du linéaire, les berges sont basses, stables et en

matériaux naturels. La ripisylve est généralement peu fournie et de structure arborescente

simplifiée, en particulier en secteur urbain ou sont mélangées des espéces de stades plus ou

moins agés (Aulnes, Peupliers, Frénes, Chéne). Dans certains secteurs, la ripisylve est
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directement liée a des massifs forestiers de types foréts alluviales, caractérisés par la

pr®sence dOAul nes, doOr enaglesblanc all agiles. ° nes, parfoi s

La Bruche et le Rhin Tortu, des éléments structurants de la trame verte et bleue

La Bruche constitue (avec la Souffel) un des rares axes transversaux du
département du Bas-Rhin permettant des liaisons Ouest-Est, des
Vosgesj usqubdau centre de | 6aggl om®r ati on
Tortu est quant & lui un bon élément de corridors linéaires : la ripisylve
est le plus souvent peu large mais continue, associée a des bandes
enher b®es et en | ien avec rmidea.lCesr es mi l
deux rivieres contournent généralement les villages et rencontrent ainsi
rel ati vement peu doéobstacles interromp:
rivulaire. Ces deux corridors participent a la structure globale du
territoire et permettent une mise en réseau des territoires. En effet, ils
traversent des zones identifiés comme réservoirs majeurs de
biodiversité a enjeu national (le massif forestier de Strasbourg-
Neuhof/lllkirch-Graffenstaden reconnue comme Réserve Naturelle
Nationale, RNN) et régional (la plaine inondable de la Bruche est inscrite
dans le Schéma Régional de Cohérence Ecologique, SRCE). Dans ce
contexte, la Bruche a été reconnue corridor écologique majeur en milieu
urbain et le Rhin Tortu est identifi€ comme corridor écologique a enjeu
régional. A ce titre, ils sont inscrits dans la Trame Verte et Bleue de
| 6Eur om®t r op ol diguel.113 Em afet, badou« Gyengdlle 2
» portant engagement national pour l@nvironnement, (1) rappelle que
les corridors fluviaux en tant que structures linéaires participent a la
préservation de la biodiversité en facilitant la circulation des especes, et
(2) intégre l@bjectif de continuité écologique dans les plans locaux
d@urbanisme. La conservation des corridors fluviaux implique donc que
I@space rural, les cours d@au et les zones urbaines demeurent ou

redeviennent lorsque cést possible des espaces de nature fonctionnels.
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-
I L2 Bruche

2 L'hydrosystéme Rhin Tortu
- Ziegelwasser
Eléments constitutifs des continuités
écologiques pour le Crapaud vert
et pour le Hamster commun
Eléments constitutifs des continuités

écologiques
N
3k
3km_ A
Figurel.l1Cart ographie de |l a Trame Verte et Bl eue
Strasbourg et localisation de laBrucheetde | 6 hydrosysti me Rhin Tort

Ziegelwasser. (modifié a partir de ADEUS, 2014 : Source : fond CUS, 2012 ; Région
Alsace SRCE, 2012 ; CUS BD Végétation, 2012 ; BD ZDH CUS 2012 ; DREAL
Alsace ; Ecoscop ; Ecolor ; Odonat)

28



Introduction

.5 Conclusion

A partir des différents concepts et perspectives développées en écologie urbaine,
| 6enjeu de cette th se est do®tudier |l es |liens e
processus ®col ogi ques, en se concentrantLasur | a
comparaison de deux corridors fluviaux avec des paysages ayant une composition et une
configuration similaires, la mise en place de d
3) et a moyen terme (chapitre 4, 5), ainsi que des approches statistiques (exploratoire et
inf®rentielle) et de mod®lisation spatiale ont ¢
sur la biodiversité et a dresser un état des lieux dynamique sur le territoire de

| 6Eur om®t ropol e de Strasbourg.

LOEur om®t rtmgbourgerue doenméun modéle de recherche

Ce travail k| dhématque «eBiodivarsité Urbaine » de la
Zone Atelier Environnementale Urbaine de Strasbourg (ZAEU). Une "zone
atelier " est un dispositif de recherche interdisciplinaire a dimension régionale.
Elle a pour objet |6 t@de et la compréhension des relations entre une société et
son environnement, en lien avec les questions sociétales dntérét national.
Les objectifs de la ZAEU sont d@pprofondir les connaissances recueillies sur
le territoire alsacien et de développer des actions renforgant leur acquisition,
analyse, modélisation et représentation afin de comprendre quels sont les
effets de l@rbanisation sur les éléments des systemes biotiques et abiotiques.

Le sitedelaZAEUs 6 ®t end sur l e territoire de |

o
o' m

N

(aujourdoéhui prolong® ~ | 6ensemble des

=]

Son fonctionnement tourne autour dbactio
groupes interdisciplinaires. En effet, la compréhension du systéme urbain ne
peut pas se faire sans prendre en compte le facteur humain. Il est donc
essentiel que les sciences sociales, comportementales et économiques
participent N | 6ef fort de c oFgpre ®12e nsi on
L 6 ®t eslvdles én tant que systeme écologique présente des opportunités

pour les avancées théoriques en écologie, mais ces avancées ne peuvent étre
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i s®es san

s | 6i nt ®g (Grirhm et al. 2@0@).s

sGerjne e s

de la zone atelier environnementale urbaine est de comprendre comment les

humai

ns i nfl

uencent

| 6®cosyst me

ur-bain a

écologique que les décideurs, les urbanistes et les gestionnaires peuvent

utiliser pour accompagner les politiques publique vers une ville durable.

Contexte environnemental
a large échelle

\/

A

Principes et processus
sociétaux

Occupation du sol

Y

Principes et processus

écologiques

Changements des conditions
écologiques

— ]

A

-

Fi

gure |

12

Sch®ma

>

Changements de perception,
changements des attitudes

conceptuel

pour

|l i nt ®gr at

sociaux dans les milieux urbains selon Grimm et al. 2000. Les boites représentent

les variables et les fleches représentent les interactions et rétroactions.
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Chapitre 1

CHAPITRE 1

Plant ecological traits highlight the effects of landscape
on riparian plant communities along an urban-rural

gradient

Eugénie SCHWOERTZIG, Nicolas POULIN, Laurent HARDION, Michéle TREMOLIERES

(publié en 2016 dans Ecological Indicators 61:568-576 DOI 10.1016/j.ecolind.2015.10.008)
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Chapitre 1

1.1 Contexte

Léburbanisation c¢cr®e un environnement particu
ressources indispensables a la végétation (intensité de la lumiére, disponibilité en eau, pH
du sol...) sont modifiées par rapport aux zones environnantes. Pour une communauté
v®g®t ale donn®e, ces effets peuvent tre appr ®Fr
pose alors la question cruciale de la mesure des effets observés en réponse au
fonctionnement des écosystémes (Ricotta et Moretti 2011).

Pour comprendre | 6effet d ure geday vEgétgtien riveramey lejm s ur |
communaut ®s v®g®tales | e Il ong de |l a Bruche ont
(Figure T1.1) : ces deux indices sont-ils complémentaires pour décrire les changements de
fonctionnalit® | e | saiog? doun gradient doéur bani
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Chapitre 1

1.2 Résumé

Pour comprendre les effets des deux principales composantes du paysage (la

matrice paysagere et le corridor fluvial lui-méme) sur la structure de la végétation, on a

mesur® |l es traits ®col ogi queBeuxdndicenant é@destédsut naut ®
| 6un mesure | a diversit® fonctionnelle ° | 6ai d
compte que les espéeces ayant une préférenceécol ogi que f orte pour |l e tra
cal cul e dordnmunity weiglted gneané ( CWM) , cbest © dire Il a mo

de traits pondérée par les abondances de chaque espéce au sein de la communauté. Pour

répondre aux principales contraintes écologiques des zones riveraines, les traits choisis se

rapportent ° | 6humidit®, ~ |l a disponibilit® en I
Cette partie r®v |l e | d6i mportance du choix de | 06i
Si l 6indice aeegméecthes gl obal ement avec | 6urbani

écologique considéré, on constate que, pour ces mémes traits, le CWM diminue. Ce ne sont
pas non plus |l es m°mes composantes paysag res Q!
Cette compar ai s on me t en l umi re | 6i mportance de | a

composition des communautés et celle de la matrice sur la sélection de nouvelles espéces.
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1.3 Introduction

The expansion of cities leads to a complex mosaic of biological and physical patches
in a matrix of massive and extensive infrastructures (Zipperer et al. 2000).Thi s fAcr eat ed
mano environment s pr e a(icDonaet and Bicketti300),wftea Withcaitr e a s
a clear boundary between urban and natural or semi-natural areas (Clergeau et al. 2006).
Consequently, small vegetated patches including remnant natural areas and novel urban
environments such as parks and gardens have replaced the large agricultural and semi-
natural areas. These patches are often isolated from each other and are under the influence
of a set of selective pressures (Williams et al. 2009). In this context, corridors, such as
riparian corridors, become an interesting tool to mitigate landscape fragmentation and
preserve biodiversity by enhancing flora and fauna dispersals from one area to another
(Hess and Fischer 2001).

Riparian corridors are recognized as biological-ways or greenways (Bryant 2006) for
maintaining and restoring connectivity within urban and peri-urban landscape in conservation
plans. It led to the integration of criteria for landscape connectivity into land use planning.
However, integrating green and blue ways requires a better understanding of urban
ecological processes from the rural to the urban center area. Riparian areas have been
recognized for their high level of biodiversity related to flood regimes and to geomorphic
channel processes (Naiman et al. 1993), but urbanization has led to significant changes in
diversity and species richness of riparian plant communities (Meek et al. 2010). Indeed,
urban riparian corridors are commonly characterized by narrow strips of vegetation alongside
watercourses creating a spatially homogeneous environment. However some species
specific to riparian areas are present at least in at least 50% of the studied urban sites(Oneal
and Rotenberry 2008a) (Oneal and Rotenberry 2008). Urban development can promote an
increase in species richness, most often through the addition of non-native species that
benefit from urban disturbances (Burton et al. 2005; Pennington et al. 2010). This addition

also slows down the establishment of native species (Moffatt et al., 2004).

The study of species communities along riparian corridors firstly focused on the physical
features of corridors such as their width (Spackman and Hughes 1995; Rodewald and
Bakermans 2006) or their soil type (Ives et al. 2011). In addition, urban impacts are usually
studied applying the nAgradient paradi gmo which
ordered in space and dependent on land cover changes (McDonnell and Pickett 1990;
McKinney 2002). Landscape parameters then often focus
land-use classes, distance to nearest road), soil properties or demographic data (Moffatt et
al. 2004; Burton et al. 2005; Hahs and McDonnell 2006; Oneal and Rotenberry 2008;
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Pennington et al. 2010). Indeed, previous experiments showed how landscape linkage
depends on the landscape surrounding (Baum et al. 2004) and how habitat configuration and
matrix structure could interact to facilitate species movement (Fletcher Jr et al. 2014).

To study the impact of urbanized landscape on riparian plant communities, previous studies
standardly used species richness, Shannon diversity index or evenness as testing variables,
revealing taxonomic modifications rather than real functional changes. In fact the range and
the distribution of values within single traits frequently provide the most appropriate
information to analyze the relationships between community structure and ecosystem
processes (Lavorel and Garnier 2002; Lizée et al., 2011). Indeed, the distribution of traits will
better describe the communityds functional
based solely on species richness or on species abundance distributions (Norberg 2004;
Ricotta and Moretti 2011). The concept of plant functional type suggests that species can be
grouped according to common responses to the environment (Lavorel and Garnier 2002). It
also helps to understand how plant species are sorted according to the nature of
environmental gradient (Garnier and Navas 2012). In the present study, changes in plant
functional type were assessed using an indicator value related to moisture change, soll
alteration and light requirement (Landolt et al. 2010), indirectly providing information about
environmental variables (Schaffers and S8kora 2000; Diekmann 2003; Douda 2010).

Many studies focused on broad-scales (Moffatt et al. 2004; Oneal and Rotenberry 2008),
whereas we chose to study the impact of the urban landscape on plant communities along a
riparian corridor on a local scale in order to examine the environmental effect of the urban
dynamic. Based on structural and functional aspects of the corridor, one can assume that
riparian species and their ecological traits distribution is both affected by the structural

features of the corridor, such as width and distance to the nearest natural area, and by the

comp

surrounding landscape, i.e. , the neighboring matri x08essomposi

and Fischer 2001).To test this hypothesis, the emphasis was put on the riparian area along
the Bruche River, within the metropolitan area of Strasbourg (North Eastern France). Specific
objectives were to: (1) test if the function of habitat of the corridor for the riparian species

would rather be affected by the surrounding matrix or by structural features of the corridor,

(2) determine the effects of corridor vs. mat r i x 6 s f e at u rlegedtraitshandc(®) mmu ni t

evaluate the effective contribution of plant ecological types in the understanding of changes

of riparian plant communities in response to urbanization.
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1.4 Materials and methods

1.4.1 Study site

The study was carried out in the metropolita

the North Eastern region of France. Strasbourg and its conurbation occupy an area of 78.26
km? in the floodplain of the Rhine River delimited by the Vosges Mountains on the East and
by the Black Forest Mountains, Germany, on the West. The climate is characterized by
annual precipitation between 600mm and 800mm per year, cold and dry winters and hot
summers. Recent urbanization has developed around an important hydrographical network
composed of the main tributary of the Rhine River, the Ill River and its secondary tributary
the Bruche River and numerous artificial channels. This situation offers a large number of

potential habitats but also potential ways of dispersal.

The study was conducted at a local-scale, focusing onl5 sites located along the Bruche
River in Eastern Strasbourg (Figure 1.2). The Bruche River connects the Vosges Mountains
to Strasbourg along a functional flooding area with geomorphological dynamics. However the
bed of the Bruche River has undergone many adjustments in recent decades as it gets
closer to the city. Its hydrological regime is pluvio-oceanic, i.e high water in winter and low
water in summer, and flooding generally occurs from March to April. The soil is composed of
cobbled to sandy alluvial deposits with siliceous trend. The riparian area is narrow and offers
a continuous forested strip associated to lateral meadows or cultivated areas. The riparian
forested habitat is composed of a post-pioneer vegetation with willows, poplars and alders
under which grows an often exuberant nitrophilous herbaceous flora (Schnitzler et al. 2003).
Study sites were identified along an urban-rural land use gradient using aerial photos taken
in 2007 (IGN 2007). Selected sites are located between the river confluence (near the urban
center) and the limits of the Strasbourg conurbation. In order to keep reproducible

hydrogeomorphological conditions, the sites were selected out of still mobile meanders.
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Legend
| [ | Developed area Cropland area Vegetated area | Riparian area @® Study sites

L4

Figure 1.2 Location of the 15 sites along an urban-rural gradient on the Bruche River

1.4.2 Sampling and floristic data

At each site, three 50mz2 (5 x 10m) quadrats were sampled on each riverbank, i.e. a
total of 90 quadrats, in order to strengthen the sampling. Each quadrat was established at
the limit of high waters, separated from each other by six meters. The entire spontaneous
flora was collected from mid-June to mid-July 2012. Juvenile trees, shrubs and herbaceous
species were taken into account as well as exotics according to Schnitzler et al., (2007).
Each species was assigned a cover abundance. Total species richness and the richness of
exotic species were calculated. As ecological scales provide a valuable tool for habitat
calibration, indicator values of moisture, soil feature and light for each species were gathered
from (Landolt et al. 2010). Indicator value was assigned to species with respect to several
environmental characteristics on the following scale: light requirement (scale 1: deep shade,
to 5: full light), moisture (scale 1: very dry, to 5: flooded, i.e. submerged) and soil reaction
(scale 1. extremely acid, to 5: alkaline, high pH). For each indicator value, two kinds of
community-level trait metrics were measured: the first one was a richness value, the indicator
value of which was equal or higher to 4 (on a scale of 5). Thus, the number of hygrophilous
(RF), alcalinophilous (RR) and heliophilous (RL) species was obtained. The second one took
into account the abundance of the species calculating the average of trait values weighted by
the relative abundance of each species, according to (Garnier and Navas 2012) as followed:

CWM:i'?xi
=1

where here CWM is the community-weighted mean value of a given ecological trait, p; is the

relative abundance of speciesi(i= 1, ) and & is the trait value for species i (Ricotta
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and Moretti 2011). This permitted to summarize the distribution of trait values within a single
ecological trait of a given species assemblage (Kleyer et al. 2012). Three CWM metrics were
thus obtained for each indicator value: CWMF (for moisture value), CWMR (for soil reaction)
and CWML (for light requirement). CWM metrics (CWMF, CWMR and CWML) and richness
metrics (RF, RR and RL) are called trait metrics in the text.

1.4.3 Landscape analysis

Landscape variables were generated using a remote sensing approach. We used
layers from a topographic database (IGN 2008) and a land cover database (CIGAL 2008) in
order to produce a land-cover map around the urbanized section of the Bruche River. Using
ArcGIS® software by ESRI, we extracted existing data of buildings, crops, meadows, forests,
and surface water. All particular green spaces were digitalized by visual interpretation using
orthophotomap (IGN 2007). The remaining areas were finally gathered into a layer of other

areas.

The landscape surrounding (the matrix) of each site was evaluated by landscape variables
calculated in a 500m buffer around each site (Vallet et al. 2008a). Matrix composition was
characterized by measuring land cover areas. All vegetated areas were regrouped into a
vegetation class and were interpreted using FRAGSTAT software v.3 (McGarigal et al. 2002)
in order to extract variables of matrix configuration. Three metrics were first calculated at
class-level: number of patches (density metric), total core area (core area metric) and
cohesion (connectivity metric) (respectively abbreviated NP, TCA and COHESION). At the
landscape-level the Shannon diversity index (SHDI) was secondly calculated integrating all
land-us e <cl ass. Patches were defined using t

software.

In order to characterize the structure of the corridor, the width of the riparian corridor
(WIDTH) and the distance from a natural area (DIST i.e., site furthest from the city center is
the reference site) were measured at each site. All the characteristics are summarized in
Table 1.1.

38



Chapitre 1

Table 1.1 Mean (+ SD) landscape metrics for each level of urbanization.

Levels of urbanization

Variable

Common name Units

Urban
(n=3)

Suburban

(n=3) (n=5)

Peri-urban : grassland

Peri-urban : cropland

(n=4)

Corridor features

DIST Distance meter 7581.6+344.9 5876.7+524.4 1392.3+1589.4 2879.8+1589.4
WIDTH Meanwidth meter 10.0£4.9 39.0+19.2 85.4+45.5 47.1+45.5
Matri xédsconfiguration
SHDI ?hannon'sdwersﬂy information 1.0+0.0 1.2+0.0 0.9+0.1 0.7+0.1
index
NP Number of patches none 399.3+34.2 197.7+78.9 16.6+14.9 26.8+14.9
TCA Total core area hectares 16.2+3.5 26.9+8.0 39.3+8.2 55.7+8.2
COHESION Patch cohesion index none 96.2+0.3 98.1+0.6 99.5+0.2 99.6+0.2
Matrixés composition
TREES Trees percent 13.0+2.4 12.7+2.0 26.1+4.6 25.8+4.6
MIXED Mixed vegetation percent 17.2+4.4 10.8+2.9 2.2+1.2 2.9+1.2
GRASS Grassland percent 6.4+4.7 24.1+£12.3 28.4+10.6 51.1+10.6
CROP Cropland percent 5.91+2.3 23.41£7.0 36.6£10.4 12.1+10.4
BUILD Buildings percent 12.1+1.8 5.9£1.9 0.2+0.3 0.5+£0.3
HYDRO Water area percent 5.8%£1.6 4.7+x1.4 3.4£0.4 4.2+0.4
Other Other land uses percent 39.516.8 18.4+5.3 3.2+1.9 3.5£1.9
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1.4.4 Statistical analysis

Prior to analysis, each landscape explanatory quantitative variable was standardized.
Firstly a principal component analysis (PCA) on the landscape variables was performed to
assess the urban-rural gradient along the Bruche River. This analysis rearranges the data
within an ordination space in order to characterize explicitly the urban environment and to
define the location of this study within the landscape (McDonnell et al. 2009). Then, a
hierarchical ascendant classification based on aggregation criteria was performed to group
all the sites by level of urbanization. To determine the effect of the level of urbanization on
total species richness (R) and trait metrics distribution, mean differences were examined
using one-way analysis of variance (ANOVA) and generalized linear model (GLM) on count
data. However, measurements were taken on 15 sites and on each site 6 quadrats were
sampled. As trait metrics at quadrats on the same site are likely to be more similar to each
other than to values from different sites, the correlation between each quadrat was taken into
account by performing mixed models to take pseudoreplication among data in to
consideration. Then total species richness was compared with the two types of trait metrics

and for each indicator value along the urbanization gradient.

Secondly a model selection procedure was used applying the same landscape variables as
for the PCA in order to identify explanatory variables (i.e., the landscape variables) which
explain trait metrics distribution. As was done previously, a random effect was applied to take
into account the nested structure of the sampling effort (several quadrats per site). Different
kinds of linear mixed effect models (LME) and generalized linear mixed modeling (GLMM)
were fitted, depending on the nature of the variable to explain, in order to identify explanatory
variables which most Il i kel y i nf(Zuureehat 2009). &or
count data, GLMMs with a Poisson distribution were considered. Post-hoc pairwise
comparison tests were performed to check whether there was a bank effect, looking at a
significant (or not) difference between quadrats located on opposing riverbanks. The Akaike
information criterion (AIC) was used to select the optimal random model. All models were

fitted with restricted maximum likelihood estimation (REML).

Normality and homoscedasticity of the residual were assessed using graphical tools. For
generalized linear mixed modeling, overdispersion was detected and improved by correcting
the standard errors with a quasi-GLM mo d e | where the wvariance

the mean and (G t he (duurepae208).on par amet er

ati

S

on

gi

\

The packages O6RVAi deMemoirebd, 0 MASSO, Omul t comp:«

out mixed models with the statistical language R v.2.15.3 (R Development Core Team,
2013).
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1.5 Results

1.5.1 Urbanization gradient and species traits

The PCA (Figure 1.3) performed on the landscape variables revealed two distinct
components which explained 87.8 % of the total inertia among the data. The first component
which explained 69.2 % of the variance dissociated urban and rural components. Number of
patches, built area and landscape heterogeneity were positively associated with the first
component while total core area, cohesion and vegetated area (e.g. TREES, GRASS) had a
negative relationship. The second component explained 18.6 % of the variance and
differentiated crops and grasslands. The PCA summarized information about the position of
sites along the urban-rural gradient and allowed us to distinguish three levels of urbanization
based on landscape characteristics, respectively the urban, the suburban and the peri-urban
level. The urban level was characterized by a significantly higher built surface, more
heterogeneity and lower vegetated area (less than 40%; Table 1). These characteristics
according to the percentage of impervious area (according to McKinney 2002) and the
percentage of vegetation area enabled to distinguish the urban (> 50% impervious; < 40%
vegetation) and the suburban levels (20-50% impervious; 40%-70% vegetation). The peri-
urban level (<20% impervious; >50% vegetation) was characterized by an increase of the
rate of residential development but also either by a high grass cover (>60%) or a high crop

cover (>60%).
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Figure 1.3 Graphical interpretation of the PCA computed on all landscape variables.
Eigenvalues for the first two axes were 6.92 and 1.85, respectively. Sites are constrained by

landscape composition and configuration.

The adjoining land cover affected the total species richness but had no effect on the richness
of invasive species (Figure 1.4). Urban level had significantly more species than peri-urban
and suburban sites did, while no difference among these two latter levels was found (Figure
1.4). There was also no significant difference in community weighted mean (CWM) metrics
whatever ecological indicator was considered along the urbanization gradient up to the urban
level (Figure 1.5). Indeed all CWM metrics were significantly lower at the urban level than at
the suburban and peri-urban levels. CWM metrics were more homaogeneous at the urban
level. Peri-urban and suburban levels had a similar number of alcalinophilous (RR) and
heliophilous (RL) species (Figure 1.5). However, the urban level had a significantly higher
richness for both soil feature and light requirement indicators. In contrast, there was no
significant difference in the number of hygrophilous species (RF) between the three levels
(Figure 1.5).
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Chapitre 1

Figure 1.5 Relations between community weighted-means for moisture (CWMF), light (CWML),
and soil reaction (CWMR) and richness of hygrophilous (RF), heliophilous (RL) and
alcalinophilous (RR) species) and urbanization levels according to PCA. PU = peri-urban ; GR =

grassland ; CR = cropland , SU = suburban, U = urban. Boxplots show median, 25 and 75% quatrtiles,

minimum and maximum, and outliers, respectively. * indicates a significant difference (* PO 0. 0OP5 .

* %

O 0.0P.O *0*.*001). (Note that figures arathoanblygis i | | ustr

(described in the Materials and Methods section) are more complex than those used for this kind of

representation.)

1.5.2 Corridor versus matrix effects on species traits

The residuals of the regressions between the CWM metrics and each of the
explanatory variables used for the fibesto
did not reveal any pattern to reject normal distribution or homogeneity of the variance.

Based on the pairwise comparison tests, the bank effect was rejected for each model (P>
0,05). For each trait metric, and based on the lowest AIC, Table 1.2 indicates the most
parsimonious model. Each model shows the relative importance of corridor and landscape
feature on the variation of the trait metrics. Except for RL, all models include the link with tree
cover. In a general way, models explaining CWM metrics shared some variables
characterizing grass cover and distance to the nearest natural area while no relationship

between richness metrics and landscape variables was observed.

Distance to the nearest natural area and tree cover were the most important variables in
models describing CWM metrics (Table 1.3). Although landscape heterogeneity did not
contribute to variation of all metrics, models showed a significant relationship with CWMF,
CWMR and the number of alcalinophilous species. However none of the models, LME and
GLMM, revealed any significant relationship with land-use variables like grass cover, crop
cover, built areas and hydrological areas. There are fewer landscape variables explaining
richness metrics than was the case with community weighted means (Table 1.4).
Nevertheless, models revealed a strong and significant influence of the built component on
the variation in the number of heliophilous species while only trees had a significant effect on
the number of hygrophilous species (Table 1.4). A significant relationship was found
between the number of alcalinophilous species and landscape heterogeneity and tree cover.
Neither the width of the corridor nor the number of vegetation patches surrounding the sites

explained the variation of any metric.
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Table 1.2 Sets of the bests models which established links between the six traits metrics and the landscape variables in the 15 sites along the
using the Akaikeds i nf or meetoftlencorrdor DISEBr i a
WIDTH and the relative importance of the matrix (SHDI, NP, TCA, COHESION, TREES, MIXED, CROP, GRASS, BUILD, HYDRO).

Bruche River. Be s t model s were selected ( Al

DIST WIDTH SHDI NP TCA COHESION TREES MIXED CROP GRASS BUILD HYDRO
CWMF a a a a a
CWMR a a a a a a
CWML a a a a a a
RF a a
RR a a a
RL a a

Table 1.3.Results of linear mixed models which established links between CWM metrics and variables of corridor and landscape matrix in the 15

sites along the Bruche River. ns not significant. * indicates a significant difference *P O 0. 0P5. 0* *0RO G *G01) .

Intercept DIST SHDI TCA COHESION TREES GRASS CROP BUILD HYDRO
CWMF
Parameter  470.25 -103.98 105.87 597.11 -194.70 -391.39
SE 14.17 31.64 40.13 275.64 85.55 201.92
t-value 33.18 -3.29 2.64 2.17 -2.28 -1.94
p-value 0.00*** 0.01** 0.03* 0.06ns 0.05* 0.08ns
CWML
Parameter  443.80 -88.70 186.52 -168.61 -217.54 -161.56 -172.67
SE 12.96 36.11 117.25 52.22 103.23 76.60 89.03
t-value 34.25 -2.46 1.59 -3.23 -2.11 -2.11 -1.94
p-value 0.00*** 0.04* 0.15ns 0.01* 0.07ns 0.07ns 0.09ns
CWMR
Parameter  470.25 -150.63 98.60 645.16 -237.46 -430.64 35.91
SE 14.04 42.69 40.01 274.70 88.82 201.52 22.32
t-value 33.49 -3.53 2.46 2.35 -2.67 -2.14 1.61
p-value 0.00*** 0.01** 0.04* 0.05* 0.03* 0.07ns 0.15ns
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Table 1.4 Results of linear mixed models which established links betweens peci al i st s 6

metrics and variables of corridor and landscape matrix in the 15 sites along the Bruche River.
ns not significant. *P O 0. OPO. 0* *0RO G .*GO0 1

Intercept SHDI TREES CROP GRASS BUILD HYDRO
RF
Paramete
r 2.18 . -0.39 -0.25
SE 0.13 . 0.13 0.13
t-value 17.08 . -2.96 -1.86
p-value 0.00*** . 0.01* 0.09ns
RL
Paramete
r 5.12 . . . 1.15 2.92
SE 0.56 . . . 0.82 0.82
t-value 9.10 . . . 1.40 3.55
p-value 0.00*** . . . 0.19ns 0.00**
RR
Paramete
r 5.11 -0.94 -1.05 . . . 0.44
SE 0.22 0.34 0.37 . . . 0.25
t-value 23.30 -2.76 -2.82 . . . 1.75
p-value 0.00*** 0.02* 0.02* . . . 0.11ns

1.6 Discussion

1.6.1 Effects of the urbanization gradient on plant ecological type

The urbanization gradient along the Bruche River led to a maodification of the riparian
forest which is progressively replaced by small vegetated strips like private or public gardens.
However, their proximity with some sampling sites did not reveal a significant increase of
ornamental, cultivar or exotic species. These modifications are connected to the increase of
total species richness along the gradient and particularly when approaching the urban center.
According to the literature, such an increase of total richness should be related to an
increase of non-native species (Burton et al. 2005; Meek et al. 2010). However, the number
of exotic taxa along the Bruche River remains weak and constant. This unusual characteristic
was already evidenced by Oneal and Rotenberry (2008), which showed that non-native
species were not particularly associated with an increase in human land use around the

survey point.

Whatever indicator was considered, all metrics remain relatively unchanged in peri-urban

and suburban levels. In the urban level CWM metrics decrease whereas the number of
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alcalinophilous (RR) and heliophilous (RL) species increase. As shown by (Ricotta and
Moretti 2011), functional shifts in mean trait values are mainly associated with a dominant
species with particular traits that was replaced by numerous species with the same dominant
trait. Thus shifts in mean trait values for moisture (CWMF) typically reflect the disappearance
of the most abundant hygrophilous species. This trend is a logical consequence of changes
in hydrology associated with urbanizationthat cr eate o&éhydr ol ogic drough
tables, which alters the vegetation but also soil processes (Groffman et al. 2003). Urban soils
become generally more alkaline than in rural areas (Doichinova et al. 2006), which could
explain the abundance of alcalinophilous species. A high increase in alcalinophilous and
heliophilous species with urban development is linked with a larger amount of species with a
specific trait ratherthanto fAonly oned dominant species. New s
already in place, which enriched the community, and these new species had different
ecological preferences. The urbanization gradient creates environmental filters that mainly

affect water requirement, soil feature and light availability.

Urbanization gradient-may operate simultaneously on the abundance of local species and
impose the recruitment of new co-existing species. In urban areas, riparian plant
communities still remain but no longer dominate, leaving room for species with preferences

for less acidic soil and greater light requirements.

Studying the response of plant ecological type along an urban gradient showed that these
two metrics, including richness and abundance in community, offered two complementary
aspects to understand riparian plant distribution. While CWM metrics summarize shifts in
mean trait values within communities due to environmental selection for ecological traits
(Ricotta and Moretti 2011), the richness metrics can be applied as a key tool to understand

these shifts and analyze the presence of HAspeci a
1.6.2 Impact of corridor versus matrix features

Studies on the movement of organisms like insects (Fletcher Jr et al. 2014), spiders
(Gallé et al. 2011) or plant species (Araujo Calgada et al. 2013) emphasized the importance
of the structure of the matrix. However, knowing the precise effect of each component
remains a delicate task, particularly when dealing with transformed landscapes such as
urban environments. Modeling plant trait distribution helps us to determine the key factor
between corridor features and matrix nature, in the presence or in the abundance of riparian
vegetation. We found strong evidence that the distance from natural areas was negatively
related to CWM metrics. For example, the greater the distance from natural forested areas is,
the more light-demanding species or alcalinophilous species are present. At the same time,

the latter will be less abundant in the community. This is consistent with other studies
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suggesting that the overall plant community seemed relatively unaffected by land use
development and reflected larger scale environmental conditions such as stream order
(Oneal and Rotenberry 2008). Moreover, the significant effect of the distance from natural
areas suggested that plant ecological type in a riparian area is linked with potential source
areas external to the city (Lizée et al. 2012). We also found that CWM metrics were positively
related to forested areas, which were more important than vegetated core area and grass
cover. This result is directly related to the feature of the corridor, as wooded areas are
dominant in riparian corridor of the Bruche River. This is also consistent with the fact that the
habitat is the guarantee of maintaining species which are characteristic of riparian areas and
partly explain why overall plant community composition may remain relatively unchanged
(Oneal and Rotenberry 2008).

Interestingly, matrix variables override the influence of corridor features on a number of
species according to a particular trait. The analyses suggest that built areas tended to be the
best descriptor of the number of heliophilous species. The effect of built areas could be
linked to an increase of the edge influence of the urban landscape on the vegetation of the
riparian corridor, as has been shown on plant composition in Brussels by Godefroid and
Koedam (2007). Indeed, corridor core area declined and the proportion of edge habitats
increased in urban areas. Many studies indicate that the number of exotic and ruderal
species is highest at the edges and tends to decrease inward (Guirado et al., 2006; Ives et
al., 2011). Moreover, edge effects would be more influential in a narrow corridor than in a
wide corridor (Ives et al. 2011). No relationship between any trait metric and corridor width
was observed. The heterogeneity of the landscape along the corridor was identified as being
an important predictor of the number of alcalinophilous species. No direct evidence on this
relationship can be made, however this can be put in relation to atmospheric deposition.
Surprisingly, no relationship between any trait metric and corridor width was observed. This
can reflect an interaction between edge influence and habitat feature (forest cover) that might
have inhibited a significant relationship between trait metrics and corridor width (Ewers et al.
2007). These results highlighted the preponderant effect of corridor features on ecological
diversity and the importance of the matrix on the selection and/or implantation of novel

species.

Thus, this study underlines the importance of riparian corridors as a habitat for plant
communities, which shows the effect of both the fragmentation of the matrix and urbanization

(through building densification).
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1.7 Conclusion

In conclusion, the urban-rural gradient regulates riparian plant community
composition through a species sorting process. The latter is determined by the indicator
value of species in the community. Studying fluvial corridor versus matrix effects on riparian
plant communities along an urban-rural gradient implies that the presence of a vegetated
corridor preserves the characteristic species abundance while the matrix determines the
occurrence of new species. Moreover, the effect of the corridor being wooded seems to
prevail over the effect of its width. In turn, changes in composition and vegetation structure
and traits distribution may vary in response to the structure of the ecosystem (Norberg 2004).
Trait distribution in riparian communities both provides information on the current status as

well as information on their ability to respond to further environmental changes.

Finally, in terms of implications for riparian conservation and management, this study
highlighted that the role of the corridor depends not only on its existence but also on its
location within the landscape, i.e. the size and quality of habitat patches in the corridor
(Dunning et al. 1995). The importance of the proximity of natural areas demonstrates a real
need to preserve a physical connection. However these results suggest also that
conservation priorities should not only focus on corridors as a physical link but should also

take into account that corridor features (i.e., the habitat) and the matrix structure can interact.
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2.1 Contexte

Les mesur es de composition et de di versit®

déburbanisation varient sel on |l es ni veaux déur b
assurément de nouvelles questions (Figure 2.1) : quelles sont les especes concernées par
ces changements ? comment ces espéces sont-elles distribuées le long du gradient ? Pour y
répondre, la composition floristique des rives de la Bruche et celle des rives du Rhin Tortu

ont été comparées, en prenant en compte la composition du paysage et certains parameétres

physico-chimiques du sol.

~ URBAIN

Chapitre 2

Quelle distributio?lj?a w

RURAL

Figure2.1Repr ®s ent ati on du chapitre 2 dans | e sch®ma g®n®@
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2.2 Résumé

Les changements floristiques sont analysés et comparés le long des deux corridors
®t udi ®s . Les relations entre | a v®g®tation et | e
paramétres physico-chimiques du sol (pH, teneur en azote et en carbone, humidi t ®) ddautr
part, ont ®t ® explor®es en identifiant pl usieur
que la distribution des espeéces, surtout celles de la strate herbacée, est globalement
corr ® ®e avec | 6occupation du olsdsdocientdes sitessdu que | e
Rhin Tortui Zi egel wasser des sites de | a Bruche. Le |
communaut ®s ve®g ®t al es forment tout déabord deu
especes issues de la Bruche des espéces du Rhin Tortu - Ziegelwasser. Au fur et & mesure
gue | 6on sb6ébapproche du centre urbain, l es esp ce
rel ati vement homog ne quel que soi't l eur corrid
progressives : les espéces spécifiques des zones riveraines et caractéristiques de chaque
corridor di spar ai ssent sous | 6effet des changer
place ° des communaut ®s Vv®g®t al es homog nes pr

rudérales et ubiquistes.
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2.3 Introduction

Urban planning, governance and globalization forces are driving the new patterns of
contemporary urbanization, shaping the relationship between the urban growth and the
natural environment (Seto et al. 2010). This challenging context requires integrating some
ecological aspects in order to combine sustainable consideration with the effects of the urban
sprawl (Breuste 2004; Cadenasso and Pickett 2008). Indeed, the expansion of urban areas
leads to several changes in the characteristics of a landscape like an increase of patch
fragmentation and diversity and a decrease of patch size (Grimm et al. 2008).

Historically, cities have been preferably located along rivers, which made them naturally rich
in species (e.g. in Baltimore, MD, USA,; in Paris, France; most German cities; Groffman et al.
2003a; Kihn et al. 2004). Stream-side riparian areas form a natural network which could
serve as a framework for mitigating fragmentation and maintaining biodiversity up to the
urban center (Bryant 2006), as also demonstrated across agricultural landscapes by Araujo
Calcada et al. (2013). As riparian corridors are in some cases the only physical link with the
surrounding countryside, they usually serve as important components of ecological networks
within urban and peri-urban landscapes (Parker et al. 2008; Dallimer et al. 2012).

Riparian corridor functioning depends on the nature of disturbances (e.g. flood, channel
migration) and on the ability of the geomorphological processes to adjust to changing
hydrology (Kalliola et al. 1991; Piégay et al. 2003). Riparian areas act also as buffer zones
(Naiman and Decamps 1997) between terrestrial and aquatic systems and also undergo
sharp environmental effects, including the variable flood regimes, the geomorphic channel
processes (Naiman et al. 1993). Corridors included in the urban development are directly
suffering from the impact and the diversity of the anthropogenic land uses (Pouyat et al.
2008; Lepel ov8 and . Byssmamghteninggrivevb8nks2 Wbhar2zation creates
hydrologic change that modifies the soil moisture content and thus the specific redoximorphic
features of the soil (Groffman et al. 2003). Moreover the growth of plants, which are adapted
to these alluvial soil conditions, is greatly favored by regular supplies of nutrients (nitrogen in
particular; Trémoliéres et al. 1998).

The degradation or the loss of riparian habitats progressively leads to the disappearance of
riparian species which are dependent on wet and nutrient-rich habitats along the urban-rural
gradient (Knapp et al. 2009; Pennington et al. 2010). In addition, non-native species are
often prevalent in riparian urban areas (Burton et al. 2005; Maskell et al. 2006; Burton and
Samuelson 2008), promoting an increase in species richness (Burton et al. 2005; Pennington
et al. 2010) but slowing down the establishment of native species (Moffatt et al. 2004).
Sweeney et al. (2004) showed that stream narrowing reduces riparian habitats and

decreases the buffering capacity to pollutants, particularly in topsoil (Doichinova et al. 2006).
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The urban effects such as the decreasing of the corridor width (i.e. the distance between the
stream and adjoining human land use, Ives et al. 2011), the change in the soil properties or
the transformation of the surrounding landscape are often considered to explain the riparian
plant diversity (Burton et al. 2005; Meek et al. 2010; Pennington et al. 2010; Ives et al. 2011).
Although there is a degree of complementary information that can be gained using different
aspects of the urban environment, these factors are often difficult to isolate. The key is
identifying measures that are complementary but relatively independent and that have
minimal redundant information (McDonnell and Hahs 2009). For example, Hahs and
McDonnell (2006) found that the demographic and physical measures of urbanization
represented a distinct aspect of urbanization that was not captured by the landscape metrics,
and vice versa.

The aim of this study was to identify which of the two types of factors, i.e. soil properties (at a
local scale) or land cover (at a larger scale), Ives et al. 2011), best control the riparian plant
distribution along an urban-rural gradient. Studying ecological changes along an urban-rural
interface has the potential to identify critical areas of change and multiple causal factors
related to environmental changes associated with urbanization (Hahs and McDonnell 2006;
McDonnell and Hahs 2008). In order to explore fine-scale environmental determinants of
species assemblages (Aguiar et al. 2013), the emphasis was placed on riparian habitat of
two geomorphologically homogeneous stream sections within the metropolitan area of
Strasbourg (North Eastern France). We focus on one section still subjected to flood up to the
suburban area (the Bruche River) and the second one deprived of flooding as a result of the
control of the water flow (the Rhin Tortu- Ziegelwasser hydrosystem). Comparing these two
riparian corridors would provide additional information about similar anthropogenic influences
(Vallet et al. 2008b). We will address successively the following items: (1) characterizing
plant species assemblages along the urbanization gradient, (2) comparing plant species
responses along two contrasting riparian corridors for a similar set of environmental factors
and (3) analyzing the effect of soil properties versus land cover, on plant community along

the urban-rural gradient.

2.4 Materials and methods

2.4.1 Study area and study sites

The study was carried out in the metropolitan

North Eastern region of France. Strasbourg and its conurbation are located in the geological
space of the Rhine Graben, delimited by the Vosges Mountains on the West and by the
Black Forest Mountains, Germany, on the East. This area consists of a large thickness of

alluvial deposits. It is characterized by a semi-continental dry climate with annual
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precipitation between 600mm and 800mm per year, cold and dry winters and hot summers.
The Strasbourg conurbation occupies an area of 306 km2 and has about 478000 inhabitants.
Recent urbanization has developed around a large hydrographical network composed of the
main tributary of the Rhine River, the Ill River and its secondary tributary the Bruche River
and numerous artificial channels.

The study sites were located along stream sections of the Bruche River (BR) and the Rhin
Tortu (RT)-Ziegelwasser (Z) hydrosystem (RTZ is used in the context of the whole river
section) (Figure 2.2). The Bruche River connects the Vosges to Strasbourg and preserves a
flooding area. This river is characterized by active dynamics of mobile river meander, listing
flow-rates between 5 and 12 m®/sec. Along the Bruche River, soils were sandy loam and
moist and they still collected sandstone deposits brought by floods. The hydrosystem RTZ, a
former side channel of the Rhine that connects Strasbourg to the Rhine, still preserved
forests and wetlands but is disconnected from the Rhine River. This water course is sinuous
and its flow-rate varies between 7 and 9 m*sec. This hydrosystem is a relic of the upper
Rhine Valley system, in which limestone deposits of pebbles and sand were largely
accumulated. The beds of the Bruche River and the hydrosytem RTZ have undergone many
adjustments in recent decades as they get closer to the city. To allow comparison, each
stream section fulfilled several conditions: firstly, they had to connect the surrounding area to
the urban center, secondly, stream-side area had to be composed of at least two strata
(herbaceous and ligneous) and thirdly, the sites were selected out of mobile meanders in
order to fulfill the same constraints on both riverbanks. Thirty sites, 15 along each stream

section, were selected and surveyed.
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Figure 2.2 Land cover of the metropolitan area of Strasbourg and studied sites location.
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2.4.2 Floristic data

Floristic data were sampled using three 50m?2 quadrats (5 x 10m) on each riverbank
of the study sites (Ngr = 90; Nrtz = 90). Each quadrat was established crosswise to the river,
at the limit of high water and six meters separated quadrats from each other. Riparian
vegetation data were collected during the summer months (June-July) of 2011-2012.
Presence and abundance of each taxon were determined, abundance by a visual
interpretation of percentage cover. The plant diversity in each plot was estimated using the
species richness (S), the Shannon diversity index (H pwhich combines species richness with
their relative abundance and t he Si mp s olrDpwhictdgivesenors weighttoi nd e x |
abundant species. The herbaceous stratum and the ligneous stratum were separated. For
each taxa, specific climate indicator of the average light quantity received (L) and soil
indicators, i.e. the average soil moisture during the growth period (F), the content of free H-
ions in the soil (R), and the nutrient content (N) were gathered from Landolt et al. (2010).

Species determined only to genus level were not classified (Appendix 2.1).

2.4.3 Soil data

Soil samples were taken at each riverbank (preferably on the middle of the seconf
guadrat) at a depth of 0-10cm, 10-40cm and 40-80cm using a 6cm diameter coring device.
Soil samples were air dried, and sieved using a 2-mm mesh screen to remove stones and
organic debris. The coarse elements were then weighed. Soil moisture content was
determined by drying samples at 40°C for 72h to determine dry soil weight. Soil active acidity
was measured on a 2:1 water soil mixture. CaCO3 was measured with a Bernard-calcimeter.
Half of the samples of the dried-sieved soils were ground and analyzed for total N and total C
by flash combustion. The second half of the samples was investigated using a rapid and non-
destructive prediction measured by neariinfrared (NIR) spectrometry. Indeed, the NIR
spectra enables to predict some soil chemical properties resulting from vibrations in C-H, O-
H and N-H chemical bonds in the near infrared region (NIR : 780-2500nm ; Cécillon et al.
2009). Total organic carbon (TOC) was measured as the difference between total C and

CaCOg values.

2.4.5 Landscape data

The urban-rural gradient may be defined by physical structure changes such as land
cover types (McDonnell and Pickett 1990). Consequently, land cover was digitalized from a
classification of all the land cover types within the Strasbourg Eurometropole area,
classification developed by the SERTIT (Service

The classification was elaborated from object-oriented image processing, by image

56



Chapitre 2

processing from the pixel, and validated by Assisted Photo-Interpretation by Computer. The

overall geometric accuracy is less than 1m. A 500m buffer around each site was mapped in a

geographical information system (GIS) using ESRI 0 s Arclnf o sof twar e (

Redlands, CA, US). Twelve categories of land cover were identified: Built area, Road,
Unvegetated area (bare soils), Hydro, Crop, Meadow, Grass strip, Wood, Grove, Isolated
tree, Forest and Hedge. The distinction of the vegetated surfaces was performed according

to criteria of si ze, shape and proximity. Thus
AWoodo are bigger than AGroveo (<5ha) and AGrove
2.4.6 Data analysis

Prior to analysis, each landscape variable was standardized. A principal component
analysis (PCA) on landscape variables and a hierarchical ascendant classification based on
aggregation criteria were performed in order to group all the sites by level of urbanization
using R pac k age Rade4d4d i n R environment (version 3.

Computing, Vienna, Austria, http://www.R-project.org/).

Species richness and indices were then analyzed using a two-way analysis of variance
(ANOVA), in which the type of corridor (Bruche River or Rhin Tortu-Ziegelwasser
hydrosystem), the level of urbanization and their interactions were tested. Normality and
homoscedasticity of the residuals were tested using Shapiro-Wilk tests and residual plots
were used to check the equal variance assumption.

In order to investigate the species-environment relationship along the urbanization gradient,
two between-class co-inertia (BCOI) analyses were performed to study the spatial co-
structure between species from each stratum and the environmental variables, i.e. the twelve
land cover categories and the soil properties (Franquet et al. 1995; Dray et al. 2003). Co-
inertia analysis is a non-symmetric approach that perform a simultaneous analysis of two
tables (species x sites; environmental variables x sites) and works on a covariance matrix
instead of a correlation matrix (Dolédec and Chessel 1994). The combination of a co-inertia
analysis and a between-class analysis enables a better integration of the sampling units
(here, three quadrats per riverbank) in order to found an agreement between the between-
unit structure resulting from species and those resulting from environmental variables.
Compositional similitudes among sites were examined using a hierarchical cluster analysis
and a dissimilarity structure. The clustering method used unweighted pair-groups based on a
Euclidian distance. Then the primary clusters were identified using an adaptive branch-
pruning technigue with a minimum cluster size of one. The process of cluster is based on

analyzing the shape of branches of a dendrogram and offers an alternative and more flexible

approachthanthe most common tree cut met hodangfedderer ri ng
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et al. 2008). The hierarchical cluster analysis was conducted using the hclust function (stats

' i brary) and the cluster identification using th

2.5 Results

2.5.1 Floristic composition according to environmental variables

Three levels of urbanization were identified on the basis of land cover according to
the PCA (an urban level, a suburban one and a peri-urban one from urban to rural areas, as
defined in (Schwoertzig et al. 2016b); Figure 2.3). Thus, three groups of sites were clearly
distinctive along the first axis which explains 60.5% of the total inertia. Urban sites on the
right of the plot were associated with impervious surface (Road, Built area, and Unvegetated
area) and small vegetation patches (Grass strip, Hedge, Wood, Grove, Isolated tree). On the
opposite, peri-urban sites were associated with large vegetation areas represented either by
low vegetation (Meadow, Crop) or by high vegetation (Forest). Suburban sites, in a position

between urban and peri-urban sites, had an intermediate position in the plot.

Crop .,
Meadow e
I @
RT12 13
VAN i ~
12
1 <
B9 B10 '
0.0 i RT1
RT10
B8 I
oA A o B11 | A
B7O RT11 O B12 |
|
Hedge B2
O I L Y
Axi o B13 ~ /\ I
_ Axis 1(60.5%) T N B3
' B0 B15 . Road A '
5 I Wood RT3 5
! Isolated tree
I AZ3
1
4 Unvegetated area 4 o,
|
|
Build Az2
A I A
RT6 !
4
|
A ! (O BRUCHE RIVER
RT5 : RHIN TORTU- ZIEGELW. HYDROSYSTEM
|
|
RV - B e e
|
RT8
i |:| SUBURBAN LEVEL
Forest I I:] PERI-URBAN LEVEL

[

=t

Figure 2.3 Principal component analyses (PCA) ordination of riparian sites with significant land
cover variables. First and second principal components explained 60.5% and 14.6% of the total

variability, respectively.

58



Chapitre 2

Among the 307 recorded species, 14 of them are exotics based on the list of exotics in
alluvial areas proposed by Schnitzler et al. (2007). The total richness was slightly higher on
the RTZ hydrosystem than on the Bruche River (221 versus 210 species, respectively). 127
species common to both corridors were recorded and 123 species had more than 3%
frequency and were used in further analysis: only eight of them were exotics (Appendix 2.1).
The tot al richness and the Shannondés iIindex wer €
levels of urbanization (Table 2.1). They increase from rural to urban sites, with a stronger
variation along the Bruche River. With regards to growth-forms (ligneous or herbaceous), the
ri chness and Shannonos i ndex showed t he hi ghe:
herbaceous species (significantly) while no clear tendency appeared for ligneous species.
However the species richness of the ligneous strata differed significantly between corridors
especially at the peri-urban level, while no such difference has been found at the suburban
and urban levels. In a general way, Simpson indices slightly varied with the degree of
urbanization and the type of corridor. Thus, ur
index for the herbaceous species. I n contrast

was significantly different between corridors.
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Table 2.1 Descriptive statistics of diversity indices of riparian vegetation along the two urban

corridors (mean + SE). Two-way analysis of variance results testing the role of the urbanization level

(L.) and the corridor considered (C.) and their interaction (Int.) on different indices for vascular plants. *

pO0. 05, ** pd0.01, *+** pO0.001.
Property Urban level Suburban Peri-urban Two-way
level level ANOVA
All species
Richness (S) BR  53.33£2.40 45.5+7.50 30.20£2.09 C.: F=0.01
RTZ 43.66+£2.61 34 41+1.90 L.: F=6.33**
Int.: F=7.06**
Shannono6sBR 3.80+0.05 3.66+0.19 3.22+0.06 C.: F=0.22
diversity  index RTZ 3.62+0.05 3.38 3.55+0.05 L.: F=6.07**
(HO) Int.: F=5.54*
Si mpson6sBR 0.97+0.001 0.97+0.006 0.95+0.003 C.:F=0.71
diversity index (1- RTZ 0.96+0.001 0.96 0.96+0.001 L.: F=5.95**
D) Int.: F=3.86*
Ligneous species
Richness (S) BR 16.66+0.001 17.5+0.006 7.8+0.003 C.: F=5.69*
RTZ 16.33£0.001 21 17.25+0.001 L: F=15.05***
Int.: F=2.92
Shannono6sBR 296+0.33 2.73+2.50 2.62+0.90 C.: F=5.31*
diversity index RTZ 2.60£1.45 2.93 2.70x£1.77 L.: F=2.07
(HO) Int.: F=1.92
Si mpson6<sBR 0.94+0.006 0.92+0.007 0.91+0.005 C.: F=5.24*
diversity index (1- RTZ 0.91+0.006 0.94 0.92+0.006 L.: F=2.07
D) Int.: F=1.86
Herbaceous species
Richness (S) BR  36.66+1.66 27+10 21.4+1.62 C.: F=2.90
RTZ 26.33+1.83 12 22.75+£2.13 L.: F=4.48**
Int.: F=5.98**
ShannonosBR  3.44+0.05 3.09+0.40 2.89+0.077 C.: F=1.33
diversity index RTZ 3.14+0.06 2.43 2.98+0.09 L.: F=4.25**
(HO) Int.: F=4.72*
Si mpson6sBR 0.96+0.002 0.94+0.02 0.93+0.005 C.: F=0.73
diversity index (1- RTZ  0.95+0.003 0.90 0.94+0.005 L.: F=4.03*
D) Int.: F=3.64*

2.5.2 Relationships between floristic composition, soil characteristics and land cover

Based on the flora composition of each site, the branch-pruning technique identified

four prominent clusters and each of these clusters contained several nodes (Figure 2.4). The

leftmost cluster (A) gathered the majority of BR sites and the second left cluster (B)

contained only RTZ sites, while the two other clusters (C, D) contained both BR and RTZ

sites. The distribution of plant composition matched the distribution of levels of urbanization

based on land cover. The leftmost cluster gathered all BR crop and meadow peri-urban sites,

except one suburban site. The second leftmost cluster got all RTZ forested peri-urban sites
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into a group. The third cluster regrouped all RTZ urban sites and the last cluster gathered the

remaining BR urban sites and all the RTZ crop peri-urban sites.
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Figure 2.4 Cluster dendrogram of the 30 sites (along the Bruche river (BR) and the RhinTortu
(RT) 7 Ziegelwasser (Z) hydrosystem) based on plant assemblages and corresponding land
cover according to the urbanization level: urban, suburban, peri-urban (f=dominated by
forests; c=dominated by croplands; m=dominated by meadows).

Results of between-sites co-inertia analysis are summarized in the projection of sites and
species scores on the first two axes of the BCOI ordination (Figures 2.5 and 2.6) and by the
correlation between site ordination scores and environmental variables (Table 2.2). For
ligneous species, two BCOI analyses were separately performed on intermediate and deep
soil data revealing an RV coefficient of 0.37 and 0.44, respectively. Based on this coefficient,
we chose to only show results obtained with the deep soil data. Axis 1 and axis 2 accounted
for 63.6% and 28.3% of the variation, respectively (Figure 2.5). Soil characteristics were best
correlated to the 1st axis (Table 2.2). CaCOa3 is positively correlated to the 1st axis, while
Moisture was negatively (Table 2.2). BR and RTZ sites are clearly separated on the 1st axis.
Impervious surface represented by Road, Build and Unvegetated area, but also small
vegetated patches (Grass strip, Hedge, Wood, Grove, Isolated tree) are significantly and
positively correlated to the 2nd axis, whereas vegetated areas, forest, crops and meadows
are negatively correlated. (Figure 2.5). At the peri-urban sites, BR and RTZ sites are
separated. However, some species such as Cornus sanguinea and Crataegus monogyna
were common to all sites. Urban sites were characterized by planted species (Acer
pseudoplatanus, Acer platanoides) and some riparian species like Alnus glutinosa,

Sambucus nigra and Fraxinus excelsior. The ligneous composition of BR peri-urban sites
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was characterized by indigenous pioneer species (Salix fragilis or Salix alba) and by an
exotic one, Acer negundo. On the contrary, RT peri-urban sites were dominated by
ubiquitous species such as Corylus avellana but also by a specific alluvial species Prunus
padus.
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Figure 2.5 Biplot of a between sites co-inertia analysis (BCOI) based on the ligneous stratum
representing (a) the sites and (b) the species. The symbols on arrows are illustrative only and
indicate both the level of urbanization and the corridor where the sites come from. Exotic species are
indicated by (*).

The distribution of the herbaceous species was similar to that observed for the ligneous
species with a clear distinction between the Bruche corridor and RTZ sites (Figure 2.6).
BCOI ordination axes 1 and 2 explained 88% and 7.2% of the variation, respectively.
Contrary to what was observed for ligneous species, soil characteristics were not significantly
correlated to any axis (Table 2.2). Impervious surface represented by Road and
Unvegetated areas and small vegetated patches like Grove, Isolated tree and Hedge, were
positively correlated with axis 1, and with axis 2 as well as Build, Grass strip, and Wood. As
observed for the ligneous species, herbaceous species composition was related to
landscape metrics mostly on axis 2. Landscape characteristics appear to represent the main

predictors as they contribute to the both axis and overpass the effect of the soil
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characteristics (Table 2.2). In the same way as for the ligneous stratum, BR and RTZ sites
are clearly distinguishable at the peri-urban level. Ruderal species (Rubus fruticosus, Lolium
perenne, Poa annua, Alliara petiolata, Rubus caesius) correspond to urban sites in both
corridors. In contrast, a luxuriant herbaceous flora composed of nitrophilous species (Urtica
dioica, Galium aparine) and exotics (Impatiens glandulifera) was found in BR peri-urban
sites. RTZ peri-urban sites are characterized by Allium ursinum. Common forest species like
Glechoma hederacea, Galeopsis tetrahit, Carex sylvatica are still present in the most urban

sites.
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Figure 2.6 Biplot of a between sites co-inertia analysis (BCOI) based on herbaceous strata
representing (a) the sites and (b) the species. The symbols on arrows are illustrative only and

indicate both the level of urbanization and the corridor where the sites are from. Exotic species are

indicated by (*).
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Table 2.2 Correlation between landscape metrics, soil parameters and ordination scores of the

herbaceous species and the ligneous species on between class co-inertia axis 1 and axis 2.

Herbaceous stratum Ligneous stratum

Axisl AXis2 Axisl AXxis2
Coarse elements 0.20** -0.09 -0.29%** 0.44**
Moisture -0.33*** -0.37*** -0.88*** -0.04
CaCO; 0.54%** -0.37%x* 0.81*** -0.20**
Total N 0.08 -0.37*** 0.12 0.02
Total C 0.21** -0.40%** 0.67*** -0.06
C/N 0.42** -0.047 0.67*** -0.09
TOC 0.11 -0.27*** 0.1 0.1
Built area 0.67** 0.77%** 0.44x** 0.83***
Road 0.72%** 0.71%** 0.50%** 0.81***
Unvegetated 0.74%% 0.73%% 0.55%% 0.78%%
area
Hydro -0.32%** 0.26*** -0.58*** 0.09
Crop -0.63*** -0.29%** -0.57%** -0.49%**
Meadow -0.42%** 0.30*** -0.56*** 0.29%**
Grass strip 0.56*** 0.82%** 0.36*** 0.85%**
Wood 0.52%** 0.77*** 0.23** 0.78**
Grove 0.74%** 0.71%** 0.52%** 0.79***
Isolated tree 0.72%** 0.73*** 0.52%** 0.80***
Forest -0.46%** -0.60*** -0.36%** -0.53**
Hedge 0.67*** 0.82*** 0.38*** 0.88***

2.5.2 Ecological traits of vegetation

Except for one site, the percentage of light-demanding species (L) was more
important in the urban sites, whereas plants that tolerate low illumination were mostly found
in peri-urban sites and in particular in forested sites (Figure 2.7). For moisture requirement
(F), plants that require moist to wet conditions were present in all the sites (>40%) and the
peri-urban sites contained the highest proportion (>60%). Nevertheless, the peri-urban sites
contained also the highest percentage of plants that tolerate dry to very dry conditions.
Concerning ecological values concerning the free H-ions (R) in the soil and the nutrient
content (N), results were linear meaning that sites that contained one type of plant
necessarily contained less of the other type. No clear difference can be made based on the
level of urbanization: thus, plants that tolerate neutral to alkaline conditions and plants that
tolerate acid to neutral conditions are equally represented whatever the type of corridor, the
same as for plants that grow up in medium to fertile soils and plants of fertile soils. However
a clear distinction exists within peri-urban sites according to the type of corridor: indeed, the
Bruche and the RTZ sites were separated, showing respectively plants that tolerate acid to
neutral conditions and more fertile plants on the one hand and plants that tolerate neutral to

alkaline conditions and which grow up in medium to less fertile conditions on the other hand.
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Figure 2.7 Distribution of the 30 riparian sites, according to the percentage of species related
to the average light quantity received (a), the average soil moisture during the growth period
(b), the content of free H-ions in the soil (c) and the nutrient content (d).

2.6 Discussion

This study provides a precise description of the distribution of the riparian vegetation
according to the level of urbanization (McKinney 2002; Clergeau et al. 2006). We found
distinctive vegetation patterns at a relatively fine scale, showing that species diversity and
composition are ordered along a complex environmental gradient. Although some exotic
species were present, their low proportion did not seem to threaten the regional species pool.
This rather suggested that modi fandperdistemcawereof t he
mostly explained by the habitat availability (Williams et al. 2009). Contrary to many studies,
which indicated a tendency of native species to decline with increasing urbanization

(McKinney 2006), herbaceous species richness and diversity were higher in the urban
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section than in the suburban and peri-urban sections. This increase could be due to the
higher anthropogenic disturbance frequency and the diversity of the land uses which
promotes the installation of numerous ruderal species. By contrast, the relative stability of
species richness and diversity of the ligneous stratum agreed with suspicion about temporal
lags in ligneous response to anthropogenic disturbances associated with present and recent
land-uses (Pennington et al. 2010). In fact, each stratum formed a relatively dense habitat up
to the urban center, suggesting that exotic species failed to grow.

The distribution of riparian species along the gradient of urbanization was related to their
ability to collect water and to survive in low moisture conditions while being light-tolerant.
Thi s process typically oper at ed wdsdodiatedt wvitle
urbanization, such as the bank stabilization and enhancement along the Bruche River and
the control of the water flow along the RTZ hydrosystem, which lead to a lower water table

and thus progressively disadvantage riparian species. At the same time, the pressure of land

us e, which contributes to reduce corridorsb©o

the establishment of novel species. At the peri-urban level, each stratum maintained its own
features according to the river considered. Along the Bruche river, communities were
characterized by pioneer trees that colonized mostly sedimentary deposits such as Salix
fragilis, and the hybrid Salix x rubens, forming a simple stratum under which an exuberant
herbaceous flora grew, composed of nitratophilous and heliophilous species (e.g. Urtica
dioica, Galium aparine) and exotics (e.g. Impatiens glandulifera, Fallopia japonica)
(Schnitzler-Lenoble and Carbiener 2007). It was likely that fluvial disturbance and deposition
provide new germination sites for shade-intolerant and/or non-native species. This
environment conferred low resistance, and it permitted the establishment of exotics ligneous
or lianas such as Acer negundo, Robinia pseudoaccacia or Parthenocissus quinquefolia,
linked to forest edges such as gaps formed by road bridges. On the contrary, the peri-urban
level along the RTZ hydrosystem included an herbaceous stratum of typical forest shade-
tolerant species such as Allium ursinum and Carex sylvatica which cohabit with more
ubiquitous forest species, like Glechoma hederacea, Galeopsis tetrahit, and dominated
shrubs with broad ecological amplitude to the pH (Cornus sanguinea, Corylus avellana).
These latter were forming a thick subcanopy indicative of disturbance reduction, which are
typical of late-successional forest. At the suburban level, the canopy still included some
remnant softwood (Salix fragilis) as a result of either the previous successional stages or the
youth phase of the hardwood ecosystem (Schnitzler 1995). Towards the urban center, the
non-flooded zones increased and gave way to species which do not tolerate summer floods
such as mesophilic species e.g. Cornus mas, Acer pseudoplatanus. The high frequency of
Fraxinus excelsior can be explained by the fine alluvial deposits as a result of embankment

and of the stabilization of the river bed (Guénat et al. 2003). In addition, the presence of
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Hedera helix reflected both the strong dependence with its attractive support, F. excelsior, as
shown by (Schnitzler and Heuzé 2006) and with the nutrient-rich topsoil with coarse
elements (Trémolieres et al. 1988; Carbiener and Schnitzler 1990). In the canopy, F.
excelsior codominated with Alnus glutinosa which is spreading with the stabilization of the
water level since the river has been managed (Schnitzler et al. 1992). Some liana such as
Humulus lupulus, Clematis vitalba still persisted, which shows a similar pattern with former
alluvial forests deprived from floods for less than 50 years (Trémoliéres et al. 1998). On the
contrary, in the herbaceous stratum, ubiquitous species clearly succeeded hydrophilic
species. Indeed, these species (Lolium perenne, Poa annua) also occurred in semi-natural
grasslands that surrounded riparian areas in the peri-urban level, as well as in the suburban
level. The abundance of Rubus fruticosus and Rubus caesius characterized riparian edges
formed by rail bridges and river embankment.

The between-class co-inertia analyses revealed that for this study, the soil properties capture
a different aspect of variability than the land cover categories. The soil properties capture
information on soil patterns associated in particular to hydrologic change, while the land
cover types reflect the composition of the surrounding landscape. One can assume that the
major environmental variables that limit the distribution of terrestrial plants along an
urbanization gradient were the soil water content and the nutrients (Tilman and Lehman
2001). However, in this study, no clear gradient of urbanization has been demonstrated
about the soil 6s characteristics, except
matching with plant distributon. Changes in soil 6s moisture
increasing proportion of impervious surfaces altering the rates and pathways of water
movement into, through and out of ecosystems (Groffman et al. 2003; Paul and Meyer 2008),

S0 it is reasonable to expect a high degree of autocorrelation between land cover types, such

for t

ar e (0]

as roads and built e Meeadl proparties alse refledted diffenrarceésént u r

plan communities between river corridors at the peri-uran level. These differences decreased
with the degree of urbanization. Thus, the composition of the flora, especially ligneous flora,
partly depended on soil characteristics like the carbonate content, whereas the herbaceous
one i s mor e homogeneous, whi ch can be e X
homogeneous in surface than in deep horizon. The topsoil evolved by regular inputs of
organic matter and was less influenced by substratum. Roots of ligneous species were more
directly in contact with alluvial deposits which are much more heterogeneous due to high
variation in grain size distribution. However this marked difference principally occurred at the
peri-urban level.

The land cover types captured the most variability of the urban context. We observed that
plant composition was best explained by land cover type, as demonstrated in several more

or less urbanized areas ( Godefroi d and Koedam 2007 ;
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Minzbergova 2012), such as small vegetated patches including remnant natural areas (e.g.
grass strips, woods, groves, isolated trees, hedges) but also roads and built areas. These
findings, that only described the nature of the landscape around each site, indirectly depict
the impacts of urbanization on the spatial arrangement of habitats and suggest the potential
importance of other factors (e.g. patch size, connectivity) on the species composition. In this
study, the vulnerability of species to urbanization, that may differ as a consequence of habitat
selectivity (Williams et al. 2009), depended on strata. Indeed, the ligneous richness and
diversity were mainly constrained by the type of river, meaning that the ligneous stratum is
primarily determined by the river characteristics in terms of geomorphic characteristics or
water regime. The ligneous stratum was several decades old and likely reflected the
landscape conditions that existed at the time they established but also the geomorphic and
hydrologic characteristics of the corridor. On the contrary, the herbaceous stratum quickly
responded to the short-term effects of urbanization.

The concomitant changes in plant composition and land cover clustering underpinned the
idea that the drivers of flora along an urbanization gradient are mainly related to the
landscape composition. Sites of both corridors retained similar compositional patterns with
the land cover at the peri-urban and the urban levels. At the peri-urban level, two different
clusters gathered either Bruche sites or RTZ sites while no distinction was made between
each type of site at the urban level. This clearly demonstrated that most urban sites are
those with similar floristic composition, as found for other plant communities at a larger scale
(across the entire city) by McKinney (2006). These findings showed that urban sites become
taxonomically homogenized, and the contrasted characteristics of corridors such as soll

properties are decreasing.

2.7 Conclusion

This study sought to determine what the main urbanization effects produced either by
the transformation of the landscape or by the modification of the soil characteristics on
riparian vegetation were. Changes in species richness, diversity and composition along the
gradient of urbanization demonstrated that the riparian community may be altered. However
some hydrophilic species still persisted in urban sites despite the theoreticaleffe ct of fiur ba
droughto. The moisture requirement and some char
the variability between each river, e.g. the presence of Salix fragilis which is linked to neutral
deposits along the Bruche River. However, it did not necessarily constitute an effective
urbanization effect. Indeed, landscape transformation (e.g. vegetated area like meadow or
forest to build area) and landscape fragmentation (e.g. meadow to grass strip) explained a

larger part of the flora distribution for both strata than the soil features. Pressures that
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operated at the landscape level modify the ratios between riparian communities, including
the disappearance of the pioneer stage along the Bruche River, disappearance of the
intermediate stage along the RTZ hydrosystem and occurrence of new communities. Thus
from rural to urban areas, we observed a simplification of succession processes by a
decrease in alluvial, flood-tolerant species, the disappearance of the pioneer species
replaced by ruderal and ubiquitous species. The urban level brought these modifications out
through an array of spatial transformations. Finally, depending on the level of urbanization,
floristic changes can be predicted along an urban-rural gradient. Soil properties, water stress
or fluvial dynamic, which depend on the type of corridor, still remained the main factors of
segregation up to the peri-urban level. Then they were progressively replaced by the
pressure of the urban environment affecting the landscape composition and configuration.
Thus, species, whose ecology and distribution are shaped by the river and its tributaries up
to the peri-urban level progressively gave way to species with broad ecological amplitude at

the urban level.
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2.9 Appendix

Appendix Ecological indices of herbaceous and ligneous species found along the Bruche River
and the Rhin Tortu Ziegelwasser hydrosystem. Native status is native (N) or exotic (E) in France

according to (Schnitzler et al. 2007). Juv=juvenile. Nomenclature follows Hoff, 2015.

Taxon Light Moisture Reaction Nutrient Native
requirement (F) status

Acer campestre L. 3 2.5 3 3 N

Acer campestre juv. L. 3 2.5 3 3 N
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Acer platanoides juv. L.
Acer negundo L.
Acer negundo juv. L.

Acer pseudoplatanus juv.
L.
Acer platanoides L.

Acer pseudoplatanus L.
Aegopodium podagraria L.
Agrostis sp.

Alliaria petiolata (M.Bieb.)

Cavara & Grande
Allium ursinum L.

Alnus glutinosa juv. (L.)
Gaertn.
Alnus glutinosa (L.) Gaertn.

Anemone nemorosa L.
Arctium lappa L.

Arrhenatherum elatius (L.)
P.Beauv.exJ.Presl.
&C.Presl.

Artemisia vulgaris aggr.

Arum maculatum aggr.
Bellis perennis aggr.
Bidens tripartita L.

Brachypodium sylvaticum
(Huds.) P.Beauv.

Bromus sterilis L.
Calystegia sepium (L))
R.Br.

Carex acutiformis Ehrh.

Carpinus betulus L.

Carex sp.

Carex sylvatica Huds.
Chaerophyllum sp
Chaerophyllum temulum L.
Chenopodium album L.

Chenopodium
polyspermum L.
Circaea lutetiana L.

Cirsium sp.

Clematis vitalba L.
Corylus avellana L.
Cornus mas L.

Cornus sanguinea L.
Cornus sanguinea juv. L.

Crataegus laevigata (Poir.)
DC.
Crataegus
Jacq.
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Dactylis glomerata L.
Daucus carota L.

Duchesnea indica

(Andrews) Focke
Elymus caninus (L.) L.

Elymus repens (L.) Gould
Equisetum arvense L.
Euonymus europaeus L.

Eupatorium cannabinum L.

Fagus sylvatica juv. L.
Fagus sylvatica L.
Festuca sp.

Filipendula ulmaria (L.)

Maxim.
Fraxinus excelsior juv.

Fraxinu sexcelsior L.
Galium aparine L.
Galeopsis tetrahit L.
Geranium robertianum L.
Geum urbanum L.
Glechoma hederacea L.
Hedera helix L.
Helianthus tuberosus L.
Humulus lupulus L.

Impatiens
Royle
Impatiens parviflora DC.

Juglans regia juv.L.
Juglans regia L.

Lamium maculatum (L.) L.

Lapsana communis L.
Ligustrum vulgare L.
Lolium perenne L.
Lonicera xylosteum L.

Lysimachia nummularia L.

Lysimachia vulgaris L.
Medicago lupulina L.
Oxalis fontana Bunge
Paris quadrifolia L.

Parthenocissus
quinquefolia (L.) Planch.
Phalaris arundinacea L.

Plantago lanceolata L.
Plantago major L.
Poa annua L.

Poa nemoralis L.

Poa pratensis L.

glandulifera
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Poa trivialis L.
Polygonum aviculare L.

Polygonatum  multiflorum
(L.) All.
Populus nigra L.

Potentilla reptans L.
Prunus avium (L.) L.
Prunella vulgaris L.
Prunus laurocerasus L.
Prunus padus L.
Prunus padus juv.
Prunus spinosa L.
Quercus robur juv. L.
Quercus robur L.
Ribes rubrum L.
Robinia pseudoacacia L.
Rubus caesius L.
Rubus fruticosus aggr.

Rumex hydrolapathum
Huds.
Rumex sp.

Salix alba L.
Salixfragilis L.

Salix x rubens Schrank
Sambucus nigral.
Scrophularia nodosa L.
Solidago canadensis L.
Stachys sylvatica L.
Stellaria holostea L.
Symphytum officinale L.

Taraxacum officinale F.H.
Wiggers.
Trifolium repens L.

Ulmus minor Mill.

Ulmus minor juv. Mill

Urtica dioica L.

Veronica hederifolia aggr.
Veronica persica Poir.
Viburnum lantana L.
Viburnum opulus L.

Vicia sepium L.

Viola reichenbachiana
Jord. Ex Boreau
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CHAPITRE 3

How does the urban stream syndrome shape functional

traits in riparian plants?

Eugénie SCHWOERTZIG, Jean-Nicolas BEISEL, Nicolas POULIN, Michéle TREMOLIERES

(soumis dans Landscape and Urban Planning le 30 Janvier 2016)
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Chapitre 3

3.1 Contexte

Les mesures de la composition et de la diversité fonctionnelle des communautés
végétales ont tendance a refléter davantage les fonctions des écosystémes que les indices
de diversité traditionnelle (Hooper et al. 2005). Pour fournir un lien direct entre les
changements dans la composition des communautés végétales, les données
environnementales et | es traits foteaétémenéeel s do
afin de répondre aux questions (Figure 3.1) : comment la diversité évolue-t-e Il | e | e | ong ¢
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3.2 Résumé

Cbodest | 6ef fet du gradient déurbanisation sur
été plus précisément analysé dans la troisieme partie. Les traits choisis sont liés a la
dispersion, a la persistance, a la distribution, aux stratégies de développement, a la

croissance des espéces et a certains indicateurs du sol. Les espéces ont ensuite été

regroupées en plusieurs groupes fonctionnels le long du gradientd 6 ur bani sati on. Da
®t ude, | Gur bani sation est vue comme un pui ssant
fonctionnelle des communaut®s riveraines. Par e

des especes aux conditions du sol, modifie la dispersion des graines et leur longévité dans la
banque de graines, rendant les communautés plus vulnérables. Néanmoins, certains traits
fonctionnels | i®s sp®cifiquement aux communaut @
urbain. Le changement des groupes fonctionnels a ensuite été comparé avec différents
indices de diversité spécifique (indices de Shannon, indices de Pielou). On a ainsi pu
montrer que la forte diversité spécifique mesurée pour les sites suburbains peut étre

directement associée aux variations de diversité fonctionnelle.
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3.3 Introduction

The impacts of anthropic activity (e.g. habitat fragmentation and/or transformation,
invasion of exotic species) on biodiversity have been the subject of observational (McDonnell
et al. 1993), experimental (Tewksbury et al. 2002) and theoretical (Beier and Noss 1998)
studies for many years. Changes in biodiversity can have a strong influence on ecosystem
processes and modify the resilience of ecosystems to environmental change (Chapin Il et al.
2000; Hooper et al. 2005). Here, we focus on urban environments, an example of intense
human impact that provides an excellent opportunity to study the ecological effects of
anthropic activity on ecosystems (Niemala et al. 2009).

Urbanisation induces changes not only in landscape structure but also in biota, and thus
can be used as an ecological gradient whereby the intensity of urbanisation is considered to
vary with distance from a city centre (McDonnell and Pickett 1990). In using this approach,
urbanisation is considered to be a characteristic suite of disturbances (Sukopp 2004; Walsh
et al. 2005), often thought of as an accumulation of all human influences, such as air and soil
pollution, landscape fragmentation, soil sealing, road density and human population density
(McKinney 2002). This human impact can then be gquantified to explore biological community
structure (Moffatt et al. 2004; Burton et al. 2005; Pennington et al. 2010; Ives et al. 2011), for
example, and compare it between studies. A recent study measured the ecological trait
composition of a given riparian community to analyse patterns along an urban gradient
(Schwoertzig et al. 2016b), thereby highlighting the relevance of plant-trait studies in the
urban environment (Williams et al. 2015). Dziock et al. (2011) relied on multiple species and
traits to detect how species composition changed across the landscape when faced with
environmental constraints. As such, the trait-based approach characterises organisms in
terms of multiple biological attributes that des:c
environment (Wellstein et al. 2011). Species traits may also identify the most sensitive life-
history characteristics and indicate potential causative mechanisms, facilitating the
development of targeted management actions (Verberk et al. 2013). Over the past 20 years,
there has been a progressive emergence of methods using functional traits, including
response to the urban environment (Hahs and Evans 2015). These methods have allowed a
better understanding of plant responses to urbanisation and should now lead to explicit
models that can be linked to biological processes (Williams et al. 2015).

In this study, we sought to assess the relationship between riparian biodiversity and
urban disturbance along an urbanisation gradient. Riparian areas are key landscape
components in maintaining biological connections along dynamic environmental gradients
(Naiman and Decamps 1997) and we believe that they serve as a framework to mitigate

urban sprawl up to the urban centre. In riparian areas, ecological processes are normally
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determined by flood frequency and duration, channel migration and other geomorphological
processes (Naiman et al. 1993; Poff 1997). In an urban context, however, this disturbance
regime is progressively replaced by other environmental constraints (Walsh et al. 2005), a
consistent suite o f effects termed the Mayerletaah (26005).r eam s
Among these constraints, hydrological changes (Groffman et al. 2003) and the composition
and spatial configuration of the landscape matrix (Rodewald and Bakermans 2006) tend to
have the main impact on riparian corridors. Such changes have been linked to shifts in
riparian plant diversity and composition along the urban gradient, and include a decrease in
native species richness and an increase in non-native species richness (Burton et al. 2005;
Pennington et al. 2010). In general, riparian plant communities are composed of specialised
and disturbance-adapted species within a matrix of less-specialised and less-frequently
disturbed species (Naiman and Decamps 1997). Riparian plant community life-trait strategies
can be expected to change with urbanisation (Williams et al. 2009) through the establishment
of species that lack adaptation to specific disturbance types. For example, Burton et al.
(2009), in a study of watersheds under various levels of land-use disturbance, showed that
species adapted to flood-tolerance progressively disappeared.

Under the assumption that the environment determines performance of species
according to their combination of traits, we sought to determine how species life-history traits
and their spatial pattern along an urbanisation gradient could explain riparian species
richness in the transition zone. The study was conducted along two riparian corridors that
connect the surrounding rural area to the urban centre of Strasbourg (France). The following
guestions were addressed: (1) can the functional structure of riparian communities be linked
to an urbanisation gradient, (2) is urban disturbance intensity strong enough to cause local
extinction of species harbouring extreme trait values and (3) can relationships be identified

between diversity, function and urban disturbance?

3.4 Materials and methods

3.4.1 Study site

This study was <carried out in the metropolit:
northeast France). The city has a semi-continental climate (Jongman 1990) with annual
precipitation ranging from 600mm to 800mm and an average maximum temperature of
25.7°C in July and an average minimum temperature of -0.8°C in January. Strasbourg and its
conurbation are characterised by a relatively flat relief. Located in the Rhine Graben
geological region, the area has a thick geological layer of river-deposited gravel/sand

alluvium. Recent urbanisation has developed around an important hydrographical network
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composed of the River Ill, a main tributary of the River Rhine, and its secondary tributary the
River Bruche, along with numerous artificial channels. This not only offers a large number of
potential habitats but also provides numerous potential methods of dispersal. A large number
of these watercourses have been integrated into local planning tools

The study sites were located along two stream sections that have undergone many
adjustments over recent decades as they get closer to the city. To allow comparison, each
stream section had to fulfil several conditions: first, they had to connect the surrounding area
to the urban centre; second, the stream-side had to be formed partly of riparian forest
comprising at least an herbaceous and a ligneous stratum; and third, sites had to be situated
in straight stretches away from mobile meanders. The first stream section was related to the
River Bruche, which connects the Vosges to Strasbourg and has a well-preserved floodplain.
The river is characterised by active, mobile meander dynamics with flow-rates between 5 and
12 m®/sec. The second stream section was in the Rhin Tortu i Ziegelwasser hydrosystem
(henceforth RTZ), a former side-channel of the Rhine that still has well-preserved forests and
wetlands. It has a sinuous water course with flow-rates varying between 7 and 9 m®sec.

Thirty sites, 15 along each stream section, were selected and surveyed.

3.4.2 Vegetation sampling

Three 50 m? (5 x 10m) quadrats were sampled per site on each riverbank of the two
stream sections, representing a total of 90 quadrats per section (Ngrucke = 90 and Ngrtz = 90).
Each quadrat was established at the high-water limit, separated from each other by six
metres. The entire spontaneous flora was collected during the summer months (June-July) of
2011-2012. Juvenile trees, shrubs and herbaceous species included both native and exotic
species, as defined by Schnitzler et al. (2007). Each species was assigned a cover

abundance coefficient by visual interpretation of percentage cover.

3.4.3 Plant species traits

Twenty-seven traits were collected based on the LEDA (Kleyer et al. 2008) and the Flora
Indicativa (Landolt et al. 2010) databases (see Appendix 3.1). The traits were divided into
four groups: (a) ecological (climate and soil) indicators, (b) dispersion, (c) growth and life
strategy and (d) persistence. Traits were selected in order to reflect functional attributes
associated with urban constraints (disturbance, environmental change, dispersion and
interaction with other organisms) (Vallet et al. 2010). Aside from two trait pairs (seed length

and seed width, seed length and terminal velocity), all traits were independent (R2 < 0.7).

3.4.4 Landscape analysis
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The landscape matrix was identified within a 500 m buffer around each of the 30 sites
studied. Thus, emphasis was placed on landscape composition and on the selection of a
suitable set of variables that could be linked to an urban-rural gradient (Hahs and McDonnell
2006). This set of variables was extracted from a GIS database of land-cover types for the
conurbation of Strasbourg. The classification was elaborated from object-oriented image
processing and validated by computer-assisted photo-interpretation. Overall geometric
accuracy was less than 1 m. Twelve land-cover categories were identified: Built, Road,
Unvegetated area (bare soil), Hydro, Crop, Meadow, Grass strip, Wood, Grove, Isolated tree,
Forest and Hedge. Vegetated surfaces were distinguished based on size, shape and
proximity criteria. Thus, AForesto was | a
AiGroved (< 5 ha) and AGroved was | arger t

land-cover types was calculated within ESRI® ArcGIS (version 10.3).

3.4.5 Statistical analysis

Total species richness and Shannon diversity calculations were carried out on each plant
community at the species level.
Relationships between species traits and environmental data were investigated using RLQ
analysis. This three-table ordination method allows for the simultaneous analysis of
environmental characteristics (R-table: environmental data x sites), species traits (Q-table:
species x species traits) and species distribution (L-table: species x sites). RLQ analysis is
an extension of the two-table method for co-inertia analysis (Dolédec et al. 2006) and aims at
finding a co-structure between trait data and environmental data. This co-structure results
from the product of variance of the site scores by the variance of the species scores and by
the squared cross-correlation between the species and site scores mediated by Table L.
Species responses to environmental data and the identification of responsive trait
combinations are then projected onto ordination axes (environmental and species axes). The
RLQ procedure is based on a separate ordination analysis of each table. A correspondence
analysis was performed on the species distribution matrix (L-table) after removing species
whose frequency was less than 3%. This step then weights species by their relative
abundance and weights sites by the presence of plants. The environmental matrix (R-table)
was analysed using principal components analysis. As the species traits were from different
types, the Hill-Smith ordination method was applied in order to take quantitative and
categorical traits into account.
The link between species traits and the normed score of the first two axes of the RLQ
analysis was assessed using Spearman or Pearson rank correlation, depending on whether

the trait was quantitative or qualitative. We subsequently used pairwise Wilcoxon tests to
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calculate pairwise comparisons between group levels, using the Hochberg correction

procedure.

RLQ analysis outputs were used to define functional species groups based on responsive

traits. Euclidian distances between species were computed on the first two RLQ axes.

Primary clusters were identified using an adaptive branch pruning technique based on
Wardodés | inkage method, with a minimum cluster si
analysis of dendrogram branch shape and offers an alternative and more flexible approach

than the most common tree-c ut met hod, i . e . (Landfekder étxlt 2808). Fo® t r e e
each site, species were then summed according to their presence in that cluster in order to

compare the geographic distribution of clusters. Finally, quadratic regression models for

Shannon index were fitted with respect to the first axis of the RLQ analysis.

The packages O6aideHrie a@ut & dwerraem used to carry out

cluster identification with the statistical language R v.3.0.2 (R Core Team, 2013).

3.5 Results

3.5.1 Trait-environment relationships

Co-structure between species traits and environment data was mainly decomposed into
the first two RLQ axes, which explained 75.4 and 18.9% of total variance, respectively. The
first RLQ axis accounted for 87.5% of the variance explained by the first axis of the separate
environmental analysis (R/RLQ) and 78.7% of the potential variation for species traits
(Q/RLQ) (Table 3.1).

Table 3.1 Results of RLQ analysis and comparison with separate analyses of the R-, Q- and L-

tables.
RLQ summary Axis 1 AXis 2
Eigenvalues 9.81 2.45
Covariance 3.13 1.56
Correlation 0.42 0.44
Projected variance Table R 2.51 1.52
Projected variance Table Q 2.91 2.28
Total variance (%) 75.36 18.85
Comparison of separate analyses 2-D space spanned by
axes 1 and 2
R/RLQ (%) 87.5 96.9
Q/RLQ (%) 78.7 74.0
L/RLQ (%) 47.3(corr) 52.5(corr)

Correlations between environmental variables and the first axis of the RLQ analysis were

related to the degree of urbanisation (Table 3.2). The first axis clearly separated all urban
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features and fragmented vegetation on the right side of the factorial plane and crop and
forest on the left side. The second axis showed an ecological gradient related to the height of
vegetation, clearly separating the tree layer from the herbaceous layer.

Table 3.2 Correlation between environmental variables and the RLQ axes. High and/or

significant (p < 0.05) correlation values are highlighted in boldface type.

Attributes RLQ axis 1 RLQ Axis2
Built -0.95 -0.49
Road -0.92 -0.54
Unvegetated

area -0.96 -0.53
Hydro 0.06 -0.43
Crop 0.52 0.06
Meadow 0.29 -0.50
Grass strip -0.80 -0.73
Wood -0.73 -0.65
Grove -0.95 -0.56
Tree -0.95 -0.57
Forest 0.45 0.90
Hedge -0.93 -0.65

Ordination of species along the first axis segregated species along the urbanisation gradient
(Figure 3.2). Forty-nine species were related to urban environment (right side) and 52
species to rural environment (left side). The rural sites were almost exclusively dominated by
flora composed of herbaceous forested-area species (Glechoma hederacea, Galeopsis
tetrahit, Carex sylvatica, Anemone nemorosa, Arum maculatum), riparian or wetland species
(Phalaris arundinacea, Bidens tripartitus, Poa trivialis, Filipendula ulmaria, Populus nigra,
Prunus padus) and some nitrophilous species (Urtica dioica, Gallium aparine). Just a few
pioneer species characteristic of riparian areas remained at the urban level, e.g. the willow
species Salix alba and Salix fragilis. Urban sites were mostly dominated by ruderal weeds of
lawns, fields and abandoned areas (Daucus carota, Aegopodium podagraria, Rubus
fruticosus, Veronica hederifolia, Lapsana communis, Lolium perenne, Arctium lappa,
Taraxacum officinale, Bellis perennis) and species found in woods, hedges or sometimes

river banks (Symphytum officinale, Circea lutetiana, Rumex hydrolapathum).
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Species
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Figure 3.2 Ordination of species along the first axis of the RLQ analysis. (a) Average score
(black point) and standard deviation (horizontal line) for each species. (b) Normed site scores.
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Three of six ecological indicator traits, eight of nine dispersion traits, all growth and life-
strategy traits and five of six persistence and distribution traits were significantly associated
with the first RLQ axis (Table 3.3; Figure 3.3). Of the ecological indicators, urban species
displayed a preference for medium to infertile soil (related mostly to nitrogen and
phosphorous) and moderately dry soil with good aeration, i.e. loose, often gravelly or sandy
soils (in contrast, poor aeration was related to compacted or wet soil; data not shown).
Regarding persistence and distribution traits, species commonly found in forest zones, with
lignified roots and displaying competitive strategies, were mostly found in urban areas. In
contrast, rural riparian areas were characterised by wetland plants and grasses of ruderal
biotopes, open woodlands and productive grasslands. Of the growth and life-strategy traits,
species associated with urban sites mostly had deep roots and were mainly perennials.
Degree of dominance was not constant along the urbanisation gradient and species found at
urban sites were mostly scattered or in small groups. Unlike urban sites, where mainly
perennials were found, rural sites supported all lifespan types. Conversely, aside from long-
term persistent species, urban sites supported all seed-bank types whereas rural sites
supported persistent species only. Reproduction was almost exclusively unisexual and
dioiceous at urban sites, with flowers mostly pollinated by flies (myophillous) and beetles
(cantharophilous). At rural sites, however, pollination was mostly realised by bees and
bumble-bees (melittophilous). In contrast, wind pollination occurred equally in both urban and
rural sites. Seed numbers were relatively low at urban sites (< 10 or between 1,000 and
10,000) compared to rural sites (> 10,000; data not shown). While diaspore dispersal was
mainly through zoochory at urban sites, dispersion methods were more varied at rural sites.
The reverse was true for vegetative dispersal, with urban species propagating with a greater

variety of vegetative parts than rural species.
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Table 3.3 Correlation between ecological and biological traits and the RLQ axes. High and/or
significant (p < 0.05) correlation values are highlighted in boldface type. Non-significant result (p >
0.05): ns. Correlation coefficients are only provided for quantitative data.

Axis 1 AXis 2
Attributes Correlation ratio p-value Correlation ratio  p-value
Ecological indicators
Light 0.14 ns -0.537 ns
Moisture 0.19 0.047 -0.045 0.047
Moisture variability 0.12 ns 0.067 ns
Reaction to pH -0.07 ns 0.039 ns
Nutrient 0.54 < 0.001 -0.580 <0.001
Aeration -0.24 0.015 0.180 0.070
Dispersion
Diaspore dispersal < 0.001 ns
Seed length -0.55 <0.001 0.481 <0.001
Seed width -0.58 <0.001 0.574 <0.001
Terminal velocity 0.18 ns 0.084 ns
Seed releasing height -0.62 < 0.001 0.562 <0.001
Seed number -0.25 0.009 -0.072 ns
Vegetative dispersal <0.001 0.004
Reproduction 0.003 0.002
Pollination agent 0.006 0.038
Growth and life strategy
Plant lifespan < 0.001 <0.001
Age at first flowering 0.20 0.037 -0.206 0.037
Flowering period 0.52 < 0.001 -0.343 <0.001
Soil seed bank < 0.001 <0.001
Root depth -0.48 < 0.001 0.279 0.004
Dominance in situ < 0.001 / /
Persistence and distribution
Woodiness < 0.001 <0.001
Reserve of storage organs <0.001 <0.001
Life strategy < 0.001 <0.001
Canopy height -0.62 < 0.001 0.343 < 0.001
Ecological groups 0.54 < 0.001 -0.595 <0.001
Human influence ns < 0.001
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Figure 3.3 Significant species traits (at p < 0.001) associated with the first axis of the RLQ
analysis. Each attribute is represented by a boxplot. Categorical attributes were compared pairwise
with Wilcoxon U-tests. Letters indicate groups significantly different at p < 0.05 after Hochberg

correction.

3.5.2 Partition of species according to traits and environmental variables

Hierarchical cluster analysis separated five clusters based on the mean position of each

species on RLQ axes 1 and 2 (Figure 3.4). The first axis showed clear opposition between

clusters 4 and 3 for positive values and cluster 1 for negative values, showing the clear effect

of the urbanisation gradient. Though variance was relatively weak along the first axis, all

clusters overlapped slightly at their extremities. Cluster 5 overlapped with the first axis to a

large degree and was positively associated with the second axis. Cluster 2 was situated

centrally with regard to the first axis and was negatively associated with the second axis.

85



Chapitre 3

N =
® da=2
>
<
(@] [ -~
A T <,//
. RLQ axis 1
Uban === === === == - - - - - - s s e s s s s s s - - - - - - == >» Rural

Figure 3.4 Partition of species according to the cluster analysis. Biplot representing species

scores on the first two axes of the RLQ analysis.

and each colour represents the group obtained from the cluster. See Table 4 for a full description of
each cluster.

Each of the clusters was then mapped in order to compare their geographic distribution
(Figure 3.5) and species attributes (Table 3.4). Cluster 1 comprised woody forest plants
occurring at urban sites along the River Bruche and along the whole RTZ hydrosystem.
Unlike cluster 2, cluster 1 species had deeper roots (up to 200 cm deep) that also contributed
to their vegetative dispersion. Cluster 1 species were mainly transient and short-term

persistent.
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Table 3.4 Location and species attributes characterising each cluster (significant at p < 0.001).

Ecological and functional traits

Cluster  Site location , .SO'I Life strategy Dispersion Persistence
indicators
Scattered and in small
groups i perennials 1
1 Urban BR 100 < root depth < '\éle;izﬁg?r%’ ;23;?23361?2? Forest plants (woody) i competitive
and RTZ 200cm i transient to y y ruderals i rhizome tuber
root shoots
present to short-term
persistent
Urban or Meqllum Scattered and in small Meteochory, eindochory and .
. fertile to " T dysochory i tussocks, Forest plants (non-woody) i
2 agricultural infertile groups i perennials i creeping or above-ground competitive ruderals 7 root swellin
BR and RTZ root depth < 100cm P9 oo P g
Fertilised meadow plants, weeds,
In larger groups to larger ruderal and wetland plants (non-
3 All along BR, stands 1 perennials i root woody) i ruderal strategists,
urban RTZ depth < 100cm i long- Autochory, boleochory, competitive ruderals 1 rhizome
term persistent seedbank epichory and myrmecochory tuber and inconspicuous reserve
i above-ground, below organs
ground runners or no Fertilised meadow plants, weeds,
In larger groups to larger vegetative dispersal parts ruderal and wetland plants (non-
All along . 2 N
4 RTZ. urban Fertile tp stands i annuals, root woody) i strgss tolerant ruder'als
éR very fertile depth <100cm 1 long- and competitive ruderals i thick
term persistent seedbank rhizome and inconspicuous reserve
organs
Dominating i perennials Autochory, boleochory, Forest plants (woody) i competitive
5 Forest RTZ Medium (long lived perennials) i epichory and myrmecochory ruderals and stress tolerant
fertile root depth > 100cm i T no vegetative dispersal competitors i thick rhizome and

present seedbank

parts

rhizome tuber
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Figure 3.5 Geographic representation of species clusters according to study site location (a).
Each colour corresponds to the group from the cluster and the size of the point corresponds to the
number of species from each cluster present at each site (b).

Cluster 2 regrouped semi-woody forest plants found at agricultural sites (and some urban
sites) of the RTZ hydrosystem and all along the River Bruche. These forest plants were
mainly CRS and ruderal strategists scattered in small groups, utilising both seed and
vegetative dispersal (e.g. tussocks, above-ground shoots).

Cluster 3 comprised medium-fertilised meadow plants, weeds, ruderal plants and non-woody
(herbaceous) wetland plants found in large stands along the Bruche and at urban sites along
the RTZ hydrosystem. The plants were ruderals, competitive ruderals or CRS strategists that
utilised plant-mediated forces (e.g. through capsule/tissue ejection) to transport seeds. In
addition, some seeds were transported by animals; either by ants, attached to fur or on the
hooves/feet of passing animals. Vegetative reproduction was also used by some species.
Cluster 4 included fertilised meadow plants, weeds, ruderals and non-woody wetland plants
found in large stands along the RTZ hydrosystem and in mainly urban sites along the
Bruche. Again, these were mostly stress-tolerant and competitive ruderals that utilised plant-
mediated forces (e.g. capsule ejection) and wind- or animal-transport (e.g. ants/fur/hooves)

to transport seeds. Cluster 4 species were long-term persistent in the soil seedbank.
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Cluster 5 regrouped woody forest plants that dominated (almost exclusively) forest sites
along the RTZ hydrosystem. Most species were competitive ruderals and stress-tolerant
competitors that only achieve dispersion through seed dispersal via plant-mediated forces
(e.g. capsule ejection) or animal-transport (e.g. ants/fur/hooves).
A relatively strong relationship was observed between urbanisation gradient and
Shannonés Fyure 26).sThis rglatiohship was significantly stronger on intensively
di sturbed sites. The model 6s prediction of spec
unimodal response, with more species occurring at intermediate urbanisation levels
(transition level i R? = 0.49; p < 0.001). A similarly significant pattern was observed for

species richness and Pieloubds evenness (R] = 0.
shown).
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Figure 3.6 Relationship between Shannon index and the urbanisation gradient characterised by
the first axis of the RLQ analysis. The sol i d | ine represents the model 6
linear regression. ***: p < 0.001.
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3.6 Discussion

Our two riparian corridors encompassed a strong urbanisation gradient intimately
associated with landscape-level disturbances resulting in the rearrangement of the
landscape matrix (Hobbs and Huenneke 1996). Particular habitats, such as riparian forest or
large grassland catchments, suffered progressive differential loss due to human preference
(e.g. loss of riparian habitat in favour of fertile, cultivated areas). Remnant habitat patches
(e.g. grass strips, hedges) persisted right up to the urban centre, but were small and isolated
(Williams et al. 2009). The landscape transformation and fragmentation patterns observed
support our a priori classification of sites associated with degree of urbanisation and indicate
disturbances against which we can assess and match biological patterns (i.e. species

composition vs. trait composition).

3.6.1 Impact of urbanisation on functional trait structure

A constant challenge is to identify habitat features in terms of the selective forces
aggregating species based on traits that represent adaptive responses to these selective
forces (Poff 1997). Habitat features at different scales act as filters that influence the

probability that individuals with specific species-traits will be able to persist as members of a

| ocal community. The term 66filterdd provi

eliminate certain traits such that community trait-composition becomes more similar as the
observed scale becomes finer. Our findings demonstrate that urbanisation acts as a strong
filter of functional-trait diversity for plant communities, resulting in distinct patterns across the
urban-to-rural gradient.

In more urbanised sections, wetland species were either absent or scattered, while species
favouring variable habitats (i.e. ruderal biotopes) were abundant. While a few pioneer
species may persist in such habitats, the majority of shrubs were upland species. This
vegetation analysis confirms that a transition occurs in riparian areas, causing shifts in woody
and herbaceous vegetation. Spatial disappearance patterns will be influenced by species life-
history traits, which cause modifications to the functional structure of communities by
removing species with traits that are poorly adapted to the new environment and allowing
colonisation by better-adapted species (Mouillot et al. 2013). As an example, lowering of
water tables caused by wurbanisation result
develop adaptations such as deep rooting in order to access more reliable water supplies
(Walsh et al. 2005). Urban areas are, in fact, subject to a range of environmental effects;
however, the largest part of any environmental change will be directly mediated by
transformation and fragmentation of habitats (Rodewald and Bakermans 2006; Burton et al.
2009; Lizée et al. 2011a). According to Williams et al. (2009), traits such as seed-banks and
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dispersal capacity are amongst the most vulnerable to landscape fragmentation. Indeed,
urbanisation favours plants with dysochorous and endochorous seed dispersal, reflecting
feeding conditions suitable for herbivorous birds and mammals (Albrecht and Haider 2013).
Wind-dispersed species, on the other hand, were not assigned to any particular area,
suggesting that they are potentially less restricted by fragmentation (Knapp et al. 2009). In
comparison, the urbanisation gradient had a clear effect on seed longevity in the soil seed-
bank. While the seed-bank still existed, the seeds had a limited lifespan, making these
species more vulnerable to losses caused by failed recolonisation (Williams et al. 2009).
Finally, the urbanisation gradient strongly modified growth and life-strategy attributes,
persistence and dispersion attributes, and, to a lesser extent, soil indicators. Indeed, we
observed that plant communities in urban areas were mostly tolerant or favoured by high soll
fertility. This confirms the findings of a number of previous studies showing that nutrient-

loving species were more common in urban environments (e.g. Williams et al., 2015).

3.6.2 Riparian community traits decrease but do not disappear completely

Environmental heterogeneity, such as that observed along riparian corridors, provides a
diverse range of resources that can lead to coexistence among competitors (Levin 1992), as
well as various strategists that cannot exist in homogeneous environments. Thus, species
can be grouped according to common environmental responses and/or common effects on
ecosystem processes (Lavorel and Garnier 2002). We took advantage of our trait-based
approach to detect non-uniform patterns, allowing us to identify specific community
differentiation patterns and to detect geographic range. By summarising environmental
variation along a gradient paradigm we showed that trait clusters were ordered in space, (i.e.
that spatial environmental patterns, such as riparian corridors, govern the structure of trait
community patterns) and shaped geographic-range structure. The most urbanised trait
cluster, for example, regrouped species recorded at urban sections of both the River Bruche
and the RTZ hydrosystem. At the intermediate or transition position, one cluster belonged to
a forest habitat that was mainly found at a few sites along the RTZ hydrosystem, while the
second gathered species found consistently at all sites. Clusters related to rural locations
were split roughly between two distinct communities related to the River Bruche and the RTZ
hydrosystem. What was surprising is that while the urban environment caused a decrease in
the species richness of these plant communities, the communities persisted right up to the
urban centre. These observations again highlight that environmental effects drive remnant
habitats, such as riparian corridors, toward a modified community structure with a narrower
suite of traits (Williams et al. 2009). Indeed, along the urbanization gradient, species became

primarily related to upland forest areas with deep root-system Furthermore, perennials were
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mostly competitive-ruderals, meaning that this population has a longer period of vegetative
growth. Consequently, seed production is longer and plant populations are more susceptible
to habitat disturbance during the growing season. Nevertheless, our results also indicate the
ability of riparian corridors to maintain communities in habitats for which vegetation is
determined by the coincidence of moderate intensities of stress and disturbance (e.g. weeds
and meadow plants; Grime 2001), but also wetland plants, especially Salix species.

3.6.3 A humped diversity-disturbance relationship along the urbanisation gradient

A fundamental goal of ecological research is to understand how observed patterns have
been shaped by processes and constraints. We found, for example, that urbanisation can
interact with plant traits via a filtering effect (further advances were gained using
complementary taxonomic and functional approaches). Combining species functional-traits
and diversity is interesting as they can be generalised to similar habitats (Vandewalle et al.
2010). Functional community attributes can be compared across different geographic areas,
even if the compositional and structural-community attributes differ between them. On the
one hand, our results highlight that species diversity shows a hon-monotonic relation with the
urbanisation gradient, with higher diversity in the transition zone. On the other hand, using
the same data, quantitative RLQ analysis discriminated several trait clusters that succeeded
each other along the same gradient. If we merge these results, changes in community
structure along the urbanisation gradient can be linked to a change in the major functional
groups. In our most contrasting observations (i.e. rural vs. urbanised locations), all species in
a particular community belonged to one (few cases only) or two functional groups. In
transitional or intermediate situations, most communities were composed of species that
belonged to three clusters. The humped diversity-disturbance relationship observed showed
structural diversity (species richness, Shannon diversity and evenness) and could be related
to major changes in functional diversity. We then placed this pattern in the context of the
Aintermedi at e di st ({DHp araposed bl YCprmell h(¥988) $od natural
disturbance conditions (note that some theoretical and empirical grounds have recently been
put forward to refute this theory [Fox 2013; but see also Mackey and Currie 2001]). The IDH
states that diversity of competing species is maximised at intermediate frequencies and/or
intensities of disturbance or environmental change. Thus, McKinney, (2008) in a review of
105 studies on the effects of urbanisation on species groups, was able to show that while
species richness tends to be reduced in areas with extreme urbanisation, the effects of
moderate levels of urbanisation (i.e. suburban areas) vary significantly among groups, with
most plant studies (about 65%) indicating increasing species richness with moderate

urbanisation. At least two non-exclusive explanations could underpin the fact that diversity is
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higher at intermediate levels of urban-rural gradient. First, physical perturbation prevents
competitively dominant species excluding other species from the community. Second, there
is a potential trade-o f f bet ween a speciesdO ability
disturbance. A discussion about the respective rules of these processes is beyond the scope
of this article, especially as it is not a study about disturbance in the classical sense but
about anthropogenic perturbation (urbanisation), with several factors that could interact (i.e.
invasiveness, spatial scale, spatial heterogeneity, modification of ecosystem functioning).
Nevertheless, in our study, the concomitant changes in structural and functional attributes of
communities along the urbanisation gradient show a shift from highly competitive sets of
species to more opportunistic and pioneer-type species (including invasive species).

3.7 Conclusion

Understanding ecological process patterns is key to the development of principles for
management (Levin 1992), especially when extending those principles into constantly
changing environments such as urbanised areas. This study demonstrated that riparian plant
community distribution responded to a combination of human disturbance and specific plant
life-history traits. At a relatively fine scale, we found that the process of urbanisation has
profound effects on riparian biodiversity through narrowing of plant traits and the gathering of
species into a single distinct cluster. Such information is very helpful for screening species
and identifying those that may spread up to the urban centre, thereby allowing predictions of
the geographic area most likely to be impacted by a given species (Thuiller et al. 2006). In
this study, both rural and urban site-traits were gathered at an intermediate position, leading
to an increase in diversity indices. Indeed, despite the appearance of urban invaders, some
wetland plants still persisted up to the urban centre, suggesting that disturbance intensity
was not strong enough to cause the extinction of riparian species with specific trait values.
This is even more remarkable, given that urbanisation differs from the classic disturbance
hypothesis in that events rarely provide an opportunity for the system to revert back to a pre-
urban state (Niemala et al. 2009). Overall, the ecological degradation of stream habitat (i.e.
the urban stream syndrome) transforms plant trait distribution, meaning that cities act as

agents of selection and distribution (Williams 2009).
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3.9 Appendix

Appendix 3.1 Plant species traits used in the RLQ analysis to investigate the effects of land-

use changes on vegetation along an urbani rural gradient.

Biological traits Data Description Data type

Ecological indicators

Light 0] Average light quantity received 1. deep shade
(1 fdeep shade 2: shade
3: semi-shade
4: well-lit
5: full light
Moisture @] Average soi l mo 1:verydry
drydo to 5 fAfl oo 2 moderatelydry
3: moderately moist
4: very moist
5: flooded
Moisture variability @] Variability in soil moisture over 1: moisture varies little

the year (1 @va 2:moisturevaries
Avaries strongl moderately
3: moisture varies strongly

Reaction to pH @) Content of free H-ions in the soil  1: extremely acid
(1 fi e xatcri ednde Ityo  2: acid
Aal kal i neod) 3: weakly acid to weakly
neutral
4: neutral to alkaline
5: alkaline
Nutrient O Nutrient content in the soil. 1: very infertile
Mostly nitrogen, often also 2: infertile
phosphorus (1 fi 3:medium
5 Avery fertil e 4:fertile
4: very fertile, very-rich
Aeration 0] Oxygen supply in the soil (1 1: bad aeration
Abad aerationo 2: moderate aeration
aerationo) 3: good aeration
Dispersion
Diaspore dispersal N Diaspore dispersal agency Au: autochory

Bo: boleochory
Dy: dysochory
En: endochory
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Terminal velocity
(ms?)

Seed length

Seed width

Seed release height
Seed number

Vegetative dispersal

Reproduction

Pollination agent

Q
Q
Q
Q
N

N

N

Growth and life strategy

Plant lifespan

Age at first flowering

Flowering period
Soil seed bank

N

N

Q
N

Chapitre 3

Maximum rate of fall in still air

Seed length

Seed width

Estimated release height
Total seed production per
ramet/shoot of species

Propagation by vegetative parts

Indication of reproduction type
and position of male and female
flowers.

Principal agent by which flowers
are pollinated

Length of time a plant exists

Earliest age at which a plant can
flower in the field

Flowering period in months
Type of soil seed banks
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Ep: epichory
Me: meteochry
My: myrmecochory

010

10-100

100-1000

1000-10000
10000-100000

>100000

Ao: above-ground runners
Au: below-ground runners
Bz: bulbs

Ho: tussocks

Kt: creeping shoots

Kv: no vegetative dispersal
parts

Sr: basal lateral shoots
Sw: above-ground shoots
WSs: root shoots

Di: unisexual and dioecious
Mo: unisexual and
monecious

Oa: obligate apomictic
Ve: polysexual

Zw: hermaphroditic and
normal sexual

An: anemogamous

Au: autogamous

Ca: cantharophilous

En: entomogamous

Me: melittophilous

My: myophilous

Ps: psychophilous

Ve: vespidophilous

annuals

perennials

poly-annuals i long lived
perennials)

bi- and poly-annuals
summer annuals

winter annuals

within 1 year

between 1 and 5 years
over 5 years

transient

short-term persistent
long-term persistent
present




Root depth

Dominance in situ O

Persistence and distribution
Woodiness N

Reserve or storage N
organs

Adaptive strategy N

Canopy height Q
Ecological groups @]
Human influenceon O

site conditions
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Depth of root penetration in the

soil

(1 A< 25¢c

Accumulation of individual
plants at the site where they
occur

Occurrence and distribution of
wood along the stem

Vegetative organs, situated
mainly at the base of the shoot
or in below-ground organs.

M
i
s
S

ajor adaptive strategies (c

C
t
t

@@t itiwvefrude
rat e giss fislérante s
rategistso)

Distance between the highest
photosynthetic tissue and the
base of the plant

Rough classification of sites
where the taxa predominantly
grows

Ability of species to tolerate
human impact on growth

condi ti

5

(1 @
co

)

ons
fihemer obi

1: < 25cm

2: 25-50cm
3: 50-100cm
4:100-200cm
5:>200cm

1: scattered
2: scattered or in small
groups

3: in larger groups

4: in larger stands
5:in larger areas,
dominating

woody

semi-woody
non-woody

Rh: thick rhizome

Rk: rhizome tuber

Sk: hypocotyl tuber
Wh: thick lignified main
roots

Whv: root swelling

Zw: bulb

ccc: competitive

rer: ruderal

sss: stress-tolerant
ccr/crr: competitive ruderals
ccs/css: stress-tolerant
competitors

crs: c-r-s strategist

1: forest plants

3: pioneer plants of low
elevations

5: wetland plants

6: unfertilised dry meadow
plants

7: weeds and ruderal plants
8: fertilised meadow plants
1: close to nature

2: moderately close to
nature

3: indifferent

4: moderately hemorobic
5: hemerobic
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CHAPITRE 4

Influence of urbanization on seed dispersal along
riparian corridors
Eugénie SCHWOERTZIG, Jean-Nicolas BEISEL, Nicolas POULIN, Isabelle COMBROUX,

Michele TREMOLIERES

(en préparation)
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4.1 Contexte

Les corridors fluvi aux ont un ritle dohabitat

représentent aussi des sources potentielles de biodiversité pour le milieu environnant. Les
strat®gies de dispersion sont trastarbiologig®ea®, entait
rares sont les études qui mesurent une dispersion réelle. Afin de vérifier si les corridors

fluviaux participent a la dynamique de colonisation de la biodiversité urbaine, un dispositif

expérimental composé de pieges a grainesa ét ® pl ac® ~ divers

long de la Bruche et du Rhin Tortu. Ce dispositif, destiné a collecter le flux de graines
dispersées par le vent, a été installé en marge de chaque corridor pour répondre aux

guestions suivantes (Figure 4.1) : que | est | 6effet de | 6u?deteni

dispersion est-elle efficace ?

URBAIN

Quel effet sur

- -
- -

RURAL | ié

Figure41Repr ®sent ation du chapitre 4 dans | e sch®ma g®n®e
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4.2 Résumé

Léurbanisati on condui t " la fragmentati on,
naturels ce qui réduit la connectivité entre les habitats et impacte la dispersion. Les corridors
fluviaux urbains sont des ®| ®me nt lafragmentatiangete r s c | G

représente des sources potentielles de biodiversité pour les milieux adjacents.

Dans cette étude, la dispersion réelle par le vent le long de la Bruche et du Rhin Tortu a été

®val u®e. Les r®sultats morbdnisatiansurla momhee de grdiness i gni f i
collectées et sur la composition spécifique. Néanmoins, cet effet peut varier selon le corridor

consi d®r ®. D6bune mani re g®n®r al e, |l e nombre de
ur bain qude-orbaimicé quepeut §r® expliqgué par un mouvement des masses

déair particulier 1l e |l ong des corridors fluvi aux
composition spécifique du flux de graines et la végétation en place montre que les corridors

fluviaux peuvent faciliter la dispersion des graines sur de longues distances en créant des

couloirs de dispersion.
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4.3 Introduction

Cities are often considered as the most heterogeneous landscapes (Wu 2010). From
an ecological perspective, cities are unique mosaics of sites which are constructed for
residential, commercial, industrial, and infrastructural purposes, interspersed with green
spaces (Breuste et al. 2008). As a consequence, green spaces within urban areas are more
fragmented than green spaces outside of them (Werner 2011). The composition of urban
plant communities which persist in cities is greatly impacted by human activities (Sukopp
2004). Thus, habitat loss and fragmentation affect connectivity by generating disruption of
ecological processes, such as dispersal or species migration (Bierwagen 2007) that may be
critical for the movement of species (Zipperer et al. 2000). Yet, the dispersal mode is one of
the factors that affects the ability of a plant species to colonize new areas, that is a critical
feature in the maintenance of biological diversity(Howe and Smallwood 1982; Willson and
Traveset 2000).

Cities have often been built along rivers what makes riparian areas real key landscape
components to maintain landscape connectivity (Naiman and Decamps 1997; Wiens 2002)
between the urban center and its surrounding areas. Therefore, riparian areas may also
serve as a source of plant species for colonizing adjacent areas and as a refuge for species
from these adjacent areas (Naiman and Decamps 1997; Hess and Fischer 2001; Bennett
and Saunders 2010). Then, the combination of landscape composition (Dunning et al. 1992)
and adjacency, neighborhood and location results in large variability in the landscape
connectivity (Flores et al. 1998), and consequently affect the ability of a species to disperse
among remnant patches (Dunning et al. 1992; Taylor et al. 1993). The quantity and quality of
seeds in the dispersal are affected not only by the riparian flora but also by the spatial
composition of the landscape elements (Jesus et al. 2012). This greatly influences the
potential of species dispersal and may impact the potential of colonization of new habitats.
The way a patch is actually colonized therefore depends on the ability of species to move
through riparian corridors or a permeable landscape matrix and their adjacent anthropogenic
landscape matrices.

If environmental conditions constrain the availability or efficiency of individual dispersal
vectors, the probability that seeds will be dispersed amongst other patches also depends on
the dispersal attributes of species (Geertsema et al. 2002; Ozinga et al. 2004). In riparian
areas, the seed dispersal is an important ecological process to enhance reproductive
success because riparian areas are frequently disturbed by floods and debris flows that
impact seed germination and plant colonization (Naiman and Decamps 1997). The primary
reproductive characteristics of riparian plants are trade-offs between combinations of sexual

and asexual reproduction, seed size, timing of dormancy, timing of seed dispersal, seed
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dispersal mechanisms, and longevity (Naiman and Decamps 1997). For example, some
riparian pioneer plants, such as Populus sp. or Salix sp., disperse seeds in phase with the
seasonal retreat of floodwaters, ensuring moist seedbeds for successful germination and
plant colonization. Many species use propagule transport by flowing water, a phenomenon
called hydrochory, for dispersal of seeds as well as vegetative fragments to new sites
(Nilsson et al. 1991; Johansson et al. 1996; Naiman and Decamps 1997; Nilsson et al.
2010). Hydrochory is also known as an effective dispersal agent in wind-dispersed tree
species (Saumel and Kowarik 2010), even if dispersal by animals (zoochory) and by wind
(anemochory) remain the most important for them. The mechanism for propagule dispersal
structures riparian flora and may help explain species distribution patterns (Naiman and
Decamps 1997, Schwoertzig et al., submitted). Some external determinants such as the
edge structure determined by adjacent urban land use also influences the number of seed
dispersed by wind (Cutway and Ehrenfeld 2010).

Given their importance in species dispersal, riparian areas have been used in conservation
planning as biological greenways to promote biological connectivity and as a source of
biodiversity for colonizing adjacent areas (Ignatieva et al. 2011). The influence of landscape
structure on seed dispersal, particularly in fragmented areas such as urban environment,
began to be studied (Cutway and Ehrenfeld 2010; Jesus et al. 2012; Knorr and Gottsberger
2012). However, studies examining the effectiveness of dispersal of riparian plants in relation
to landscape structure are still scarce. This study aims to understand the effect of an
urbanization gradient on seed dispersal along two riparian corridors in the metropolitan area
of Strasbourg, France. In this area, recent urbanization continues to be largely developed
around an important hydrologic network composed of tributaries of several rivers and
numerous artificial channels. This situation offers a large number of potential habitats but
also potential ways of dispersion. Because the initial colonization could be primarily
accomplished by wind-dispersed species (ref), we used sticky traps allowing to capture aerial
seeds, that may be mostly anemochorous species. To determine if riparian corridors may be
potential source of biodiversity for adjacent areas, we assessed the impact of urbanization by
studying seed dispersal in three levels of urbanization along riparian corridors. The following
hypotheses were addressed: (1) Urban riparian corridors permit plant biodiversity dynamics
by favouring seed dispersal in the surrounding environment, (2) urbanization affects the
guantity and species composition of seeds, according to the species ecological features, (3)
a positive relationship between vegetation composition and seed dispersal relies on
anemochorous species. Seed dispersal was characterized and compared between each river
corridor according to the number of seeds, the dispersal mode, the life strategy, the longevity

in the seedbank, and the pollination agent. Our global hypothesis presumed that the seed
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dispersal composition will be different according to the level of urbanization and presume that

the difference in dispersal traits probably reflects the environmental constraints.

4.4 Materials and methods

4.4.1 Study area

The study was conducted in the metropolitan

the North Eastern region of France. Strasbourg and its conurbation are characterized by a
relatively flat relief. Located in the Rhine Graben geological region and bordered on the west
by the Vosges, on the east by the Black Forest, the area has a thick geological layer of river-
deposited gravel/sand alluvium. Prevailing winds from South and North are in line with the
orientation of the Rhine Graben. The annual average wind speed is about 2.2 m/s. The
annual rainfall varies from 600mm to 800mm and the average temperature varies from
25.7°C in July and -0.8°C in January (Jongman 1990). Urbanisation has developed around
an important hydrographic network composed of the River lll, a tributary of the River Rhine,
and its secondary tributary the River Bruche, along with numerous artificial channels. This
not only offers a large number of potential habitats but also provides numerous potential
modes of dispersal.

The study sites were located along two stream sections that have undergone many
adjustments over recent decades as they get closer to the city. To allow comparison, each
stream section had to fulfill several conditions: first, they had to connect the surrounding area
to the urban centre; second, the stream-side had to be formed partly of riparian forest
comprising at least an herbaceous and a ligneous stratum; and third, sites had to be situated
in straight stretches away from mobile meanders. The first river stretch was related to the
River Bruche, which connects the Vosges to Strasbourg and has a well-preserved floodplain.
The river is characterised by active, mobile meander dynamics with flow-rates between 5 and
12m¥% sec. The second river stretch waschanneloft he AR
the Rhine that still has well-preserved riparian forests and wetlands. It has a sinuous water
course with flow-rates varying between 7 and 9 m¥sec. Although these two stream sections
are progressively embedded in an urban matrix, they still maintain some native species
originally present in the area (Schwoertzig et al. 2016a). That is why these two watercourses

and their associated riparian areas have been integrated into the local biological greenways.

4.4.2 Study sites

Eight riparian sites were investigated, four per stream section, and allocated to three
levels of urbanization according to the following way: the process of urbanization changes

the landscape, generating more impervious surfaces and artificial structure (Mcintyre et al.
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2000; McDonnell and Hahs 2008). Typically, t he mo st i ntense
conditions occur in the more human-modified areas of cities, which generally corresponds to

t he ur ban center, wi t h decreasing fiur ban effe
(McDonnell and Hahs 2008). The degree of urbanization can be, for example, measured as

the proportion of impervious surfaces. In this study, the spatial context was characterized

within a 500 m buffer around each riparian site (Vallet et al. 2008b) using a land cover map

produced by an automated classification method for urban land use using high resolution

imagery at the scale of 1:2 000 (Eurometropole of Strasbourg©) and a Geographical
Information System (GIS) using ArcGIS® software v.10.2 by Esri. Land cover types

belonging to built and impervious areas, namely built areas, roads and bare soils were

clustered together. These maps showed a gradient of impervious surfaces and artificial

structures that steepens toward the urban center and help to determine three levels of
urbanization according McKinney (2002): urban (> 50 % impervious areas), suburban (20 i

50 % impervious area) and peri-urban (< 20 % impervious area). Two of the eight were urban

(BU, RU), three were suburban (BS1, BS2, RS) and three were peri-urban (BP, RP1, RP1).

Sites BU, BS1, BS2 and BP were located along the Bruche River and sites RU, RS, RP1 and

RPU2 along the Rhin Tortu River (Figure 4.2).
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Strasbourg

FRANCE

Legend
O Study sites

B Urban area
" Croplands
Vegetation

I Hydrological network

Figure 4.2 Site location within the metropolitan area of Strasbourg. BP, BS1, BS2, BP = Bruche
River ; RU, RS, RP1, RP2 = Rhin Tortu River

4.4.3 Sampling design and data classification

In each study site, three transects of 6 seed traps (18 traps per sites, 144 traps in
total) were placed perpendicular to each riparian fringe, outside of the riparian site. This
arrangement was used to increase the sample area and each seed trap was considered as
one sample unit. Traps within a transect were 4 m far from each other and transects were 6
m apart between them. Seed traps were equipped with 4 cellular plastic collectors (100 cm?),
whose surfaces were coated with petroleum jelly, approx. at a height of 1.30 m. Each trap
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was individually identified and seeds were collected monthly during 6 months, from June to
November 2013 and 2014.

Material larger than 1 mm (hereafter just seeds) were sorted, and then counted and identified
to the lowest possible taxonomic level by voucher specimen and following seed identification
references . (Cappers et al.; The James Hutton Institute)

Seeds were classified according to the following ecological features (Landolt et al. 2010): (1)
life strategy (phanerophyte, hemicryptohyte, therophyte); (2) seed longevity (1 to 100 years,
more than 100 years); (3) dispersal mode (meteochorous, self-dispersal, zoochorous); and
(4) pollination agent (anemogamous, autogamous, entomogamous). The seeds identified at
family or genus level were only classified according to life strategy when possible.

To compare the species composition between the collected seeds and the riparian
community, three 50m2 (5 x 10m) quadrats were surveyed per riparian sites. Each quadrat
was established at the high-water limit, separated from each other by six meters. The entire
spontaneous flora was identified during the summer months (June-July). Each species was

assigned a cover abundance coefficient by visual interpretation of percentage cover.

4.4.4 Data analysis

The seed dispersal dataset was first explored using a t test to analyze the difference
between the number of seeds collected along the Bruche River and the Rhin Tortu River.
To model the response of the number of seed dispersed to the level of urbanization (urban,
suburban and peri-urban) and to the type of corridor (Bruche River versus Rhin Tortu River)
which sites are connected to, generalized linear mixed model (GLMM) for count data was
ajusted. In this study, the data are hierarchically structured in the sense that seed traps are
nested within site, that is why we used models with random effects to account for the spatial
dependencies within sites (Bolker et al. 2009). Additionally, the six months of sampling were
employed as a supplementary factor for each site. The presence of many observations with a
value O led us to consider a zero-inflated GLMM that was fitted in glmmADMB package in R
(Bolker et al. 2012). A backward model selection approach using a likelihood ratio test (LRT)
was then used to select which variables should be included in the final model. Finally, a post
hoc comparison with a Tukey correction was made to assess the significance of differences
in seed collected between the levels of urbanization and the type of corridor.
The relationships among seed dispersal communities and riparian communities were
analyzed using a detrended correspondence analysis (DCA) based on presence-absence
data for each species (Hilland Gauch Jr1980). Si mi | ari ti es wusing
calculated to compare similarities between communities and converted into a distance

matrix. Then, clusters were identified using an adaptive branch pruning technique based on
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Warddéds | inkage met hod, with a minimum cluster S i
analysis of dendrogram branch shape and offers an alternative and more flexible approach

than the most common tree-c u t met hod, i . e. (Landfedder étsalt 2008). All6 t r e e
analyses were carried out in R (R Development Core Team 2013).

4.5 Results

4.5.1 Seed dispersal composition

A total of 4424 seeds belonging to 44 taxa (36 species and 8 genera) were
collected. A total of 19 families and 37 genera were found (Appendix 4.1). The most
abundant families were Asteraceae (n=1565 ; 35.3%) and Betulaceae represented by only
two species, Betula pendula (n=1148 ; 25.9%) and Alnus glutinosa (n=117 : 2.5 %). Nineteen
species were present at more than 3% of the seeds in at least one site (Table 4.1). A
significant difference in the numbers of seeds per trap were observed in the two corridors
(Bruche River 34.59 (£ 5.5) and Rhin Tortu River 15.31 (£ 2.9) (t test = 2.02. p = 0.044). A
few species were common along both corridors (e.g. Alnus glutinosa, Betula pendula,
Conyza canadensis, Epilobium sp., Salix sp. Sonchus asper). Some species are only
associated to one site (e. g. Chaerophyllum temulum, Geranium pusillum, Platanus
orientalis), whereas some species are associated to several levels of urbanization (e.g.

Betula pendula, Conyza canadensis, Senecio jacobea).
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Table 4.1 Most abundant species (more than 3% in at least one site) of seeds collected along

the two urban riparian corridors, the Bruche River (BR) and the Rhin Tortu River (RT) and

according to three levels of urbanization (U: urban, S: suburban; P: peri-urban), and the

frequency of species per site. * exotic species, ** species being used for horticulture

Corridor BR BR BR BR RT RT RT RT

Level of urbanization U S2 Si P U S P1L P2 ;ﬁgls
Alnus glutinosa (L.) Gaertn 23 16 449 1.0 85 3.1 117
Betula pendula Roth 735 740 313 03 33 612 646 459 1148
Chaerophyllum temulum L. 4.1 33
Conyza canadensis*(L.) Crong. 18 3.1 88 398 393 6.7 08 81 1119
Epilobium sp 120 52 41 366 04 12 11 54 922
Geranium pusillum L. 5.8 22
Geranium robertianum L. 4.8 8
Hieracium pilosella L. . 05 54 30
Platanus orientalis** L. 57 0.6 30
Poa sp 0.3 . 07 46 183 06 1.1 243 210
Prunella vulgaris L. 5.3 19
Salix sp 09 36 04 79 2.7 31
Scrophularia sp . . 6.1 10
Senecio jacobea L. 116 06 1.1 64
Senecio sp .31 6
Senecio viscosus L. 57 18 7.0 57
Sonchus asper (L.) Hill 1.1 126 114 36 9.2 380
Veronica sp 09 6.8 21
Vicia tetrasperma (L.) Schreb. 0.8 0.8 54 23
Species richness 9 8 11 11 10
Species richness of common
collected taxa (i.e. present at 3 6 4 7 6 6 5

more than 3%)

4.5.2 Level of urbanization versus corridor effect

All collected seeds. The backward model selection process based on comparative LRT

values indicated that the river corridor, the level of urbanization and their interaction were

highly significant. In the final model, the likelihood ratio test indicated that the interaction was
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significant at the 5% level (LRT = 10.74, df = 2, p < 0.001) The post hoc comparison with
Tukey correction indicated that the Bruche River had significantly higher seed dispersal than
the Rhin Tortu River (p < 0.005), while the number of seeds was significantly different in the
peri-urban site compared to the suburban sites, which itself has a significantly different
number of seeds compared to the urban site (p < 0.005 and p < 0.005 for the respective
comparisons). The number of seeds was notably higher in the urban sites than in the
suburban sites along the two riparian corridors (Figure 4.3). The number of seeds in the
traps was three times higher in the peri-urban site than in the urban one of the Bruche River
but at the same (lowest) level than the suburban study site in the Rhin Tortu River.
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Figure 4.3 Mean number of collected seeds (+SE) (per traps) in urban, suburban and peri-urban
sites, according to the River in which they were connected. Letters above the bars indicate
significantdi f f er ence bet ween wurbanization | evels (Tukeyos

p-values < 0.05).
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Life forms. For the O6phanerophyted, Ohemi cryptophyt e
backward selection process ihdvebhted wuhbanbpbati
plus the interaction term should be retained in the final model. Retention of the interaction

term indicated that the relationship between the number of seeds regarding species

functional traits and the exporting corridor was not consistent among the levels of
urbanization. From the post hoc comparisons, the mean number of seeds belonging to
phanerophyte, hemicryptophyte and therophyte species was significantly different between

the three levels of urbanization and between the two corridors (Figure 4.4). The interaction

terms showed that the effect of the Bruche River depends mainly on the urban level for the
phanerophytes (p O 0 .F@yure 4.4a), as well as the effect of the Rhin Tortu River depends

on the urban level for the hemicryptophytes (p O 0 . Bifute;4.4b). On the contrary, the

interaction terms showed that the effect of the Rhin Tortu River depends mainly on the peri-

urban level for the hemicryptophytes and the therophyte (p O 0 . Bigufie;4.4b and 4.4c).
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Figure 4.4 Mean number (x SE) of collected seeds belonging to (a) phanerophytes, (b)
hemi cryptophytes, (c) therophytes-uibamurbawél s 68Iudbw¢
Bruche River and the Rhin Tortu River. Letters above the bars indicate significant difference
bet ween wurbanization | evels (Tukeyds H&lDes« 808} follov

(Note that figures are only illustrative and do not reflect the complexity of the models used for the

analysis)
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Seed dispersa. From t he backward selection proce-ss, t ho
di spersal é models contained the O6corridoré and
post hoc comparisons,t he 6corridordo fact@eO ®ad®0h) ghWwythki gl
number of seeds dispersed by the wind in the Bruche River than in the Rhin Tortu River

(Figure 4.5a). The number of seeds was notably higher in the urban sites than in the

suburban sites along the two riparian corridors (p O 0®;. Figure 4.5a and 4.5b). For the

6wind dispersal & model, the numbuwhansdefthasietbed s was
suburban ones (p O 0 . Bifute;4.5a). The number of self-dispersal seed, as well as the
number of seeds dispersed by animals, was very small. Mor eover, ne
the 61 evel of urbanization6é factor s Figueed5@.x pl ai n
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Figure 4.5 Mean number (+ SE) of collected seeds belonging to (a) meteochorous dispersal (b)
self-di sper sal (N SE) (c) zoochorous disparbahdi hevalrd
along the Bruche River and the Rhin Tortu River. Letters above the bars indicate significant
di fference between urbanization |l evels (Tuhkleeyds HSD t

0.05). (Note that this figure is only illustrative and do not reflect the complexity of the models used for

the analysis).

Seed bank longevity. Fromthebac kwar d sel ecti on prtoecrens sl, o ntgheev ioty
mo d e | contained both o6corridordé and o6l evel of u
Retention of the interaction indicated that the relationship between the number of seeds

regarding seed |l ongevity and the factors 6corridoré
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urbanization. From the post hoc comparisons, the number of seeds was significantly different
(higher for the Bruche River and lower for the Rhin Tortu River) at the peri-urban level

compared to the suburban level (p O 0. 001, r Bigupeeddd) iand ehlerg was no
significant difference in the number oftemseeds a

l ongevityd model, the backwar d s ehlfaetord shauldbepr oc e s s
retained in the final model. However, neither the two corridors nor the levels of urbanization

were significantly different (Figure 4.6b).
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Figure 4.6 Mean number (+ SE) of collected seeds belonging to (a) long term and (b) short term
seed |l ongevity in O6ur bawmrdh andbs ulbav dlasn dalacmrdg oOtpree i Br uch

Rhin Tortu. Letters above the bars indicate significant difference between urbanizationlev el s ( Tukey d s
HSD test following a Poisson GLM model, p-values < 0.05). (Note that figures are only illustrative and

do not reflect the complexity of the models used for the analysis).

4.5.3 Relationship between seed dispersal and plant communities

Eighteen of the 130 species identified in the two sets of samples were found in the two
components of the vegetation. The seed composition included three phanerophytes with two
riparian species (Alnus glutinosa, Salix sp.), one species being used for horticulture
(Platanus orientalis) and one liana (Clematis vitalba). The remaining species were both
hemicryptophytes and therophytes. Five of them were forest plants while the others were
mainly weeds and ruderals. They were both wind- and animal-dispersed seeds. A DCA

ordination was used to examine relationships between the two vegetal components
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(vegetation vs. seed dispersal) (Figure 4.7). Seed samples from all the levels of urbanization
and from both corridors were clearly separated from all vegetation samples on axis 1. Axis 2
separated plant communities of the Bruche River from those of the Rhin Tortu River. These
clusters were confirmed by the cal cul aprunimgn of
technique identifying two prominent clusters (data not shown). The leftmost cluster gathered
the vegetation samples and the rightmost cluster gathered all the seed samples, and there

was no difference between samples from different levels of urbanization.

A Seed samples from Bruche sites
Polmu . .
* Anene QO Vegetation samples from Bruche sites
™ ¢ Aruma Vibla Tripr : A\ Seed samples from Rhin Tortu sites
.Ligvu g”ﬁ‘? @ Vegetation samples from Rhin Tortu sites
+« Rumob
e Ulmmi Robps
Humulu P g‘faq
o —f Euoeus TP Corar
_ sCorsa _Achmi
Ribru .82 Taxba
Hodh * Dauca p
edne : Lacse - ruvu
Aceca . I.-_.raex . *Gerro «Clovi * * Creca o gggj‘g * Gerdi
Cirlu o .COrav gﬁfg\? S1 ; . A|n§|P|a°r *Leohi
7 RP JPoapr  @*Rubfr :
Prula  Alure :
2 Glehes %cramo @®RU ; ARU .o, -
: erpu
O Rubca Pot : *Trire AS1 * Sonas P
otre :
e *Lolpe. ...i..... *Plla ... Pospeppisp.fEma
MNedu | Ramne AS1 Retee,
Jugre + OS1 Ranac : 'ghalbu *Victe
0s2 : 88U o Tarof ARP .Scrs
Prusp e * Ranre : ABU ggg Oxast .
Eopn-I Brasy 5 *Sonol IE)Z%Z? Tmpr Sitar
— _| qupr : : risp
I Impgl o Phaar.Calse OBU : eSal Eriac o *Hiepi
JLysvu prcto «Geuur * ©3SP Chesp e Varsp “SensP
. lof : Matdi o * Versp
Viore » Step Ecpe | F%IZP :
AllpaeroTLYIsE. o« AR atr ersp s Rumcr
ane . Sapof .A g Imo : * Antsy
Chema = /ceps lopr— Chate
N _|[Carbe *Urtdi Viohi
" | e -Bg
rala
Serno *Carpr Verse
. Polav
Bidtr Verch
Poane Poaan
Chepo S6bia
I I | | I I
-2 -1 0 1 2 3 4
DCA1

Figure 4.7 DCA ordination of all the vegetal components, based on presence/absence data.

(See Appendix 2 for the list of acronyms and their meaning)
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4.6 Discussion

Studies devoted to the effectiveness of dispersal according several levels of
urbanization are scarce, particularly when focusing on anemochory, even if changes in
dispersal strategy were commonly investigated in urban plant trait studies (Williams et al.
2005; Knapp et al. 2009; Albrecht and Haider 2013; Williams et al. 2015). Our study
highlighted the i mportance of the O6urbani
seed amount and species composition of anemochorous seed dispersal but we also
identified a clear influence of the corridor on that relationship.

Between the two corridors studied, riparian areas that bounded the Bruche River were mostly
composed of pioneer trees under which an exuberant herbaceous flora grow up, whereas
communities embedded along the Rhin Tortu River were composed of plants belonging
mainly to a mature stage. The Bruche sites, with more open edges, had a much larger
dispersal of seeds along the urbanization gradient than did the Rhin Tortu sites. Moreover,
the relationship between the total number of seeds collected along each corridor was
different according to the level of urbanization. Along the Bruche River, the number of seed
dispersed from the peri-urban site was the highest whereas along the Rhin Tortu the number
of seed dispersed from the same level was low. Besides the degree of openness of
environments, this contrasting result was explained by the presence of two species, Conyza
canadensis and Epilobium sp., whose seed numbers were 40% of total seed rain at the peri-
urban level of the Bruche site. The high proportion of these species, respectively therophyte
and hemicryptohyte, did not yet reflect the association of seed dispersal with the plant
community nearby. We may assume that, without this contribution of seeds coming from
outside the site, the number of seeds collected at the peri-urban site along the Bruche River
would have been lower. The number of seeds dispersed was by far higher in the urban site
than in the suburban site along the Bruche River. Surprisingly, these findings are not in line
with studies that examined plant traits, which found that wind-dispersed species were more
likely to disappear with urbanization (Williams et al. 2005; Knapp et al. 2009; Albrecht and
Haider 2013; Williams et al. 2015). The proximate mechanisms behind this observed effect
(of the experimental work) could be explained by the influence of biophysical and local
conditions drawing air movements between the surrounding buildings and along the rivers,
what influences dispersal. Thus, along the Bruche River, riparian trees act as barrier for the
prevailing wind and also as a corridor for the air mass, which is performing a conduit function
for seed dispersal.

The commonalities between the two corridors at the urban level did not reflect the same
species composition, and this can be explored through the analysis of life forms. The urban

level along the Bruche River was mainly associated with a high proportion of phanerophytes,
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much less than so along the Rhin Tortu River. One phanerophyte, Betula pendula, was found
everywhere and in relatively large part, as found by Pellissier (2006). On the contrary, the
number of seeds found at the urban level along the Rhin Tortu River was mainly associated
with hemicryptophytes and therophytes. A direct link between life forms and seed ecological
assemblages can be suggested. Indeed, there was a clear relationship between
phanerophytes and forest species on one hand, and between hemicryptophytes, therophytes
and meadow and ruderal plants on the other. Such findings showed a similar pattern of
dispersal between the two corridors concerning meadow plants and ruderals with a relatively
low quantity of seeds dispersed whatever the level of urbanization considered.

Riparian areas, as naturally disturbed areas, have often been associated with exotic
invasions in non-urban environment (Naiman and Decamps 1997). However, contrary to
what one might have thought, the urban setting of the sites did not affect the number of
exotic species colonizing adjacent areas (Hess and Fischer 2001). Difference in the amount
of seed collected came solely from differences in number of native seed.

As expected considering our sample design, wind-dispersed seeds were the most numerous
species observed. This result was consistent considering the number of taxa. Once again,
the number of anemochorous in the peri-urban level of the Bruche River was higher than on
the peri-urban level of the Rhin Tortu level and this could be related to the same process that
drives the total number of seeds. Indeed, the high proportion of the exotic Conyza
canadensis, which is anemochorous, largely contributed to this outcome at the peri-urban
level. The number of anemochorous seeds was higher in the urban level than in the
suburban level, and the family Asteraceae and Betulaceae were particularly abundant.
However, this high proportion of anemochorous seeds overall explains the weak association
of seed dispersal with the plant community nearby, and we may assume there was a large
contribution of seeds coming outside the studied sites and indicating long-distance dispersal
along the corridor (Willson and Traveset 2000). The sampling design was not primarily
adapted to zoochorous dispersal, what probably explained the low abundance of zoochorous
species in the traps. Though, the relative low similarity between the seed dispersal and the
plant communities also suggested that plant communities along riparian corridors may use
other kinds of dispersal strategies like zoochory or vegetative propagation. Indeed,
vegetative dispersal can give plants competitive vigour, the ability to exploit patchy resources
and can promote persistence after disturbance (Cornelissen et al. 2003), all traits potentially
useful in urban landscapes (Williams et al. 2015). Another trend found concerning seed
dispersal modes was related to barochorous species. Among the most abundant species,
only three were barochorous and two of them showed no correlation with nearby riparian
site. The third one, Chaerophyllum temulum, could be related to edges and could be

explained by the site proximity (Jesus et al. 2012).
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Once dispersed, the majority of the seed collected have the ability to remain in the soil. Their
persistence seems to depend on the corridor: in fact, the level of urbanization promoted
short-term persistent species along the Rhin Tortu River and long-term persistent species
along the Bruche River. These observations indicated the importance of associating
dispersal traits to persistence capacity. Indeed, Piessens et al. (2005) showed that the ability
to form persistent seed banks increased local persistence in heathland ecosystems and
Ozinga et al. (2004) found that persistent seed banks lowered the local extinction risk of
plants under increased habitat fragmentation. In our case, the persistence could be highly
influenced by local conditions. However, Bekker et al. (1998) suggested that seed mass and
seed shape are two major determinants of the depth distribution of seeds in the soil and
therefore also play a role in the estimation of seed longevity. For example, the formation of a

persistent seed bank could be expected for wind dispersed species (Bakker et al. 1996).

4.7 Conclusion

Our findings suggest that urban riparian corridors support seed dispersal along the
urbanization gradient and indicate that adjacent urban land use influences the number of
seed dispersed and the species composition. The relative variability in seed composition
along the urbanization gradient between the corridors reflected their specific nature but this
study still enable us to evaluate the impact of urbanization. However, the shift between seed
dispersal and plant communities implies that the stationary wind traps also collected seeds
far from the plant in place. Such results indicate that urban riparian corridors may facilitate

seed movement by creating a dispersal corridor far beyond the riparian zone.
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4.9 Appendix

Appendix 1 Taxa (family, genus, species) of seeds collected along the two urban riparian

corridors, the Bruche River and the Rhin Tortu River (Strasbourg, France).

Chapitre 4

Family Species Seeds
Betulaceae Alnus glutinosa (L.) Gaertn. 117
Apiaceae Anthriscus sylvestris (L.) Hoffm. 9
Betulaceae Betula pendula Roth 1148
Apiaceae Chaerophyllum temulum L. 33
Amaranthaceae =~ Chenopodium sp 3
Ranunculaceae Clematis vitalba L. 5
Asteraceae Conyza canadensis (L.) Cronquist 1119
Asteraceae Crepis capillaris (L.) Wallr. 1
Poaceae Dactylis glomerata L. 15
Apiaceae Daucus carota L. 1
Onagraceae Epilobium sp 922
Asteraceae Erigeron acris L. 9
Brassicaceae Erysimum cheiranthoides L.

Geraniaceae Geranium dissectum L. 1
Geraniaceae Geranium pusillum L. 22
Geraniaceae Geranium robertianum L.

Rosaceae Geum urbanum L.

Asteraceae Hieracium pilosella L.

Asteraceae Lactuca serriola L. 43
Asteraceae Lapsana communis L. 5
Asteraceae Leontodon hispidus L. 2
Asteraceae Matricaria discoidea DC. 1
Oxalidaceae Oxalis stricta L. 2
Poaceae Phleum pratense L. 8
Plantaginaceae Plantago lanceolata L. 2
Plantaginaceae Plantago major L. 1
Platanaceae Platanus orientalis L. 30
Poaceae Poa sp 210
Lamiaceae Prunella vulgaris L. 19
Rosaceae Rubus fruticosus L. 1
Polygonaceae Rumex crispus L. 38
Salicaceae Salix sp 31
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Scrophulariaceae Scrophularia sp

Asteraceae Senecio jacobaea L.
Asteraceae Senecio sp

Asteraceae Senecio viscosus L.
Brassicaceae Sinapis arvensis L.
Asteraceae Sonchus asper (L.) Hill
Asteraceae Sonchus oleraceus L.
Asteraceae Taraxacum officinale Weber
Fabaceae Trifolium repens L.
Fabaceae Trifolium sp

Plantaginaceae Veronica sp

Fabaceae Vicia tetrasperma (L.) Shreb.

10
64

57

380

21
23

Appendix 2. List of acronyms and their meaning.

Acronyms Taxon

Aceca Acer campestre L.

Acene Acer negundo L.

Acepl Acer platanoides L.

Aceps Acer pseudoplatanus L.

Achmi Achillea millefolium L.

Ajure Ajuga reptans L.

Allpe Alliaria petiolata (M.Bieb.) Cavara &
Grande

Alngl Alnus glutinosa (L.) Gaertn.

Alopr Alopecurus pratensis L.

Anene Anemone nemorosa L.

Antsy Anthriscus sylvestris (L.) Hoffm.

Arcla Arctium lappa L.

Arcto Arctium tomentosum Mill.

Aruma Arum maculatum aggr.

Betpe Betula pendula Roth

Bidtr Bidens tripartita L.

Brasy Brachypodium  sylvaticum  (Huds.)
P.Beauv.

Calse Calystegia sepium (L.) R.Br.

Carbe Carpinus betulus L.

Cerar Cerastium arvense

Chabu Chaerophyllum bulbosum L.

Chate Chaerophyllum temulum L.

Chema Chelidonium majus L.
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Chesp
Cirlu
Clevi
Conca
Corav
Corsa
Crala
Cramo
Creca
Dactg
Dauca
Elyre
Epihe
Episp
Equpr
Eriac
Erych
Euoeu
Fessp
Fraex
Galap
Galmo
Gerdi
Gerpu
Gerro
Geuur
Glehe
Hedhe
Hersp
Hiepi
Humlu
lleaq
Impgl
Imppa
Jugre
Lacse
Lapco
Leohi
Ligvu
Lolpe
Lysvu
Lytsa
Matdi
Medlu
Oxast
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Chenopodium polyspermum L.
Chenopodium sp.

Circaea lutetiana L.
Clematis vitalba L.

Conyza canadensis (L.) Cronquist
Corylus avellana L.

Cornus sanguinea L.
Crataegus laevigata (Poir.) DC.
Crataegus monogyna Jacq.
Crepis capillaris (L.) Wallr.
Dactylis glomerata L.
Daucus carota L.

Elymus repens (L.) Gould
Epipactis helleborine (L.) Crantz
Epilobium sp

Equisetum pretense Ehrh.
Erigeron acris sp

Erysimum cheiranthoides L.
Euonymus europaeus L.
Festuca sp.

Fraxinus excelsior L.

Galium aparine L.

Galium mollugo L.
Geranium dissectum L
Geranium pusillum L.
Geranium robertianum L.
Geum urbanum L.
Glechoma hederacea L.
Hedera helix L.

Heracleum sphondylium L.
Hieracium pilosella L.
Humulus lupulus L.

llex aquifolium L.

Impatiens glandulifera Royle
Impatiens parviflora DC.
Juglans regia L.

Lactuca serriola L.

Lapsana communis L.
Leontodon hispidus L.
Ligustrum vulgare L.

Lolium perenne L.
Lysimachia vulgaris L.
Lythrum salicaria L.
Matricaria discoidea DC.
Medicago lupulina L.

Oxalis stricta L.
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Phaar
Phirpr
Plala
Plama
Plaor
Poan
Poane
Poapr
Poasp
Poatr
Polav
Polmu
Popni
Potan
Potre
Pruav
Prula
Prupa
Prusp
Pruvu
Quero
Ranac
Ranne
Ranre
Reslu
Ribru
Robsp
Rubca
Rubfr
Ribru
Rumob
Salsp
Sapof
Scrno
Scrsp
Senja
Sensp
Senvi
Silin
Sinar
Sonas
Sonol
Tarof
Taxba
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Parthenocissus guinquefolia
Planch.
Phalaris arundinacea L .

Phleum pratense L.
Plantago lanceolata L.
Plantago major L.
Platanus orientalis L.
Poa annua L.

Poa nemoralis L.

Poa pratensis L.

Poa sp.

Poa trivialis L.
Polygonum aviculare L.

Polygonatum multiflorum (L.) All.

Populus nigra L.
Potentilla anserina L.
Potentilla reptans L.
Prunus avium (L.) L.
Prunus laurocerasus L.
Prunus padus L.
Prunus spinosa L.
Prunella vulgaris L.
Quercus robur L.
Ranunculus acris L.
Ranunculus nemorosus DC.
Ranunculus repens L.
Reseda lutea L.

Ribes rubrum L.
Robinia pseudoacacia L.
Rubus caesius L.
Rubus fruticosus aggr.
Ribes rubrum L.
Rumex obtusifolius L.
Salix sp.

Saponaria officinalis L.
Scrophularia nodosa L.
Scrophularia sp.
Senecio jacobaea L.
Senecio sp.

Senecio viscosus L.
Sium latifolium L.
Sinapis arvensis L.
Sonchus asper (L.) Hill
Sonchis oleraceus L.

Taraxacum officinale F.H. Wiggers.

Taxus baccata L.

(L)



Tilco
Tripr
Trisp
Trire
Ulmmi
Urtdi
Valof
Verch
Verhe
Verse
Versp
Vibla
Victe
Viohi
Viore
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Tilia cordata Mill.

Trifolium pretense L.
Trifolium sp.

Trifolium repens L.

Ulmus minor Mill.

Urtica dioica L.

Valeriana officinalis L.
Veronica chamaedrys L.
Veronica hederifolia aggr.
Veronica serpyllifolia L.
Veronica sp.

Viburnum lantana L.

Vicia tetrasperma (L.) Shreb.
Viola hirta L.

Viola reichenbachiana Jord. Ex Boreau
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4.10 Compléments de résultats

L6®t ude sur | des graines a mis ¢

sur la quantité et la composition de graines dispersées par le vent le long des corridors
fl de I

investigations complémentaires ont été menées afin de préciser le rle de source ou de

a dispersion

uvi aux. N®anmoi ns, | 6ef f et durbanisati on

conduit de dispersion des corridors fluviaux. Les résultats, bien que pertinents, ne sont pas
suffisamment significatifs pour étre généralisés. Cependant, ils permettent de préciser
localement les caractéristiques du flux de dispersion en termes de distance de dispersion
(effet d Gewus effetrcdnduit) (Fogure 4.83.f f et sour ce

et \Y

source)

A 8 métres

saljpw ¢

salpw £t

+ 4+ + +

Figure 4.8 Piege a graines a ailettes et schéma du dispositif expérimental pour la collecte des
de

de la distance a la lisiére de la ripisylve (Om, 4m, 8m, 12m, 16m, 20m) a été mis en place aux trois

grainesdi ss®mi n®es par | e vent en fonction |l 6orientat

ni veaux doéurbanisation

4.10.1. Effet de | 6orientation

Lébobjectif ®t ait de vo®rifier | 6ef f et de Il 6
extérieur) sur le nombre de graines collectées. Les résultats montrent un effet significatif de
|l 6orientation pour | densemble des s-urbamflohge | ong
du Rhin Tortu (Tableau 4.2). Cet effet est indépendant de la distance de la lisiere mais
dépend du niveau dobéburbanisation consid®r ®. Ainsi,

121



Chapitre 4

- le nombre de graines collectées sur les faces « extérieures » est plus grand pour les sites

péri-urbains et pour un site suburbain

- le nombre de graines collectées sur les faces « face au corridor » est plus grand pour un
site suburbain et pour le site urbain. On note également un nombre important de graines

collectées sur la face « aval » pour le site urbain.

La différence entre sites péri-urbains et urbains, et la position intermédiaire des sites
suburbains montrent <c¢lairement que | 6occupation
la dispersion. Les sites péri-urbains sont situés dans un contexte paysager ouvert (prairies,

cultures) qui favorisent la dispersion des graines quel que soit la direction. En milieu urbain,

le réle du corridor est plus marqué ; |l 6orientation des ailettes sur
majoritairement collectés suggérent que les corridors fluviaux exportent des graines vers le

milieu environnant (effet source) mais également que la zone adjacente a la ripisylve est une

zone doé®change de graines entre | damont et | dava

4.10.2. Effet de la distance

Léobjectif ®taidt de vo®rifier | 6ef f eminesie | a ¢
collectées. Les résultats montrent un effet significatif pour les sites urbains, pour un site
suburbain et péri-urbain le long de la Bruche (Tableau 4.2). Cet effet est indépendant de
| 6ori entati on, et une nouvel | eon toasidéré. AinkiRla e n d du

tendance pour les sites urbains et suburbains est différente de celle du site péri-urbain :

- pour les sites urbains et péri-urbains, le nombre de graines est plus grand a 0, 4 et
8m de la ripisylve, puis ce nombre diminue
- pour le site péri-urbain, le nombre de graines augmente avec la distance
Ces r®sultats confirment | es tendances observ®es
les sites péri-ur bai ns. Loeff et source potenti el des <cor

limité a une dizaine de meétres vers le milieu environnant.

122



Chapitre 4

Tableau 4.2 Caractéristiques du flux de graines (moyenne + SE) et ANOVA a deux facteurs pour

tester | 6effet de | 6orientation et de | a di

BU om 4m 8m 12m 16m 20m AROVA a2
Face corridor | 32.5+11.94 | 13.25+5.15 | 10 + 3.46 11.75+3.9 14 + 4.06 Na Sﬂ‘fgﬁﬂo“ F
Amont 13.25+2.86 | 12 + 10 1575+9.8 | 8.25+426 | 7.25+3.47 | Na Transect : F =
Extérieur 55+217 | 4+0.7 3+1.68 45+25 3+1.68 Na ﬁfgg*:

Aval 975+£322 | 325£11 | 55+3.09 19.75+ 14.38 | 19.25+2.17 | Na 0.48ns

BS1 Oom 4m 8m 12m 16m 20m

Face corridor | 5.75+2.52 | 6.25+2.65 | 4.75+3.09 2.75+1.43 1.5+ 0.64 0.25+0.25 Sgei‘gfig” F
Amont 0.5+0.28 0.75 £ 0.47 0.25+0.25 0.5+£0.5 0.75+£0.75 0.25+0.25 Transect : F =
Extérieur 1.75+0.47 | 1+0.4 0.75+0.28 | 0.5+0.28 0.75+0.47 | 05%05 ?,;Eé*,: -

Aval 225+075 | 1.25+0.75 | 1+1.22 2+122 0254025 | 05+028 | 080ns

BS2 Oom 4m 8m 12m 16m 20m

Face corridor | 1.75+1.03 | 025+0.25 | 1.25+0.62 | 1.25+0.25 | 1.75+0.47 | 0.5 +0.28 Srl'%”;";tgg 'F
Amont 15+028 | 15+064 | 3.5%0.86 2+1.35 1+0 45+357 | Transect:F =
Extérieur 275+103 | 425+143 | 475+0.62 |375+094 |3.75+085 | 2.25+1.65 ﬁfsfn,:sz

Aval 075+047 | 025+0.25 |175+175 | 15+0.25 15+0.28 1+057 0.79ns

BP Oom 4am 8m 12m 16m 20m

Face corridor | 4.5+ 1.25 4.5+0.86 11.75+2.39 | 13.5+4.11 24 +3.24 13.25+3.81 (__32.9;;3“0” F
Amont 6.75+1.37 | 9+2.94 30.75+ 12.55 | 33.75+15.28 | 44.25+25.87 | 12.25 + 3.68 | Transect: F =
Extérieur 11.75+1.37 | 21.25+6.15 | 49.5+19.98 | 56.25+38.51 | 46.75+ 17.37 | 19 + 8.43 |ln2:5:2;*:

Aval 4+£1.22 8.25+£249 | 26.75+8.06 | 32.25+6.87 | 445+16.07 | 16 +6.33 0.58ns

RU Oom 4am 8m 12m 16m 20m

Face corridor | 20.57 + 0.57 | 3+ 0.57 4+057 6.66+3.17 | 22.33+19.83 | 5.33+2.4 Srzi.egé?]tsion ‘F
Amont 233£12 | 3+1.73 9+ 264 8.33+3.75 | 12.33+841 | 7.33+3.52 | Transect: F =
Extérieur 1.66+0.33 | 7.66+3.75 | 10+ 3.05 8.66+0.33 | 26.66+24.67 | 7.33 +2.72 |2,;Z3:*F -

Aval 1.66+1.66 | 2.33+0.88 | 3+0.57 333+0.88 | 13+115 233+185 | 017ns

RS Oom am 8m 12m 16m 20m

Face corridor | 2.66+1.33 | 0.33+0.33 | 3.66+2.02 | 1.33+0.88 | 266+176 | 3%115 Sg'egéitsion 'F
Amont 1.33+0.66 | 2+0.27 0.66+033 | 2+057 2.33+033 | 2+057 Transect : F =
Extérieur | 4%0 2+1 3:1 2334088 | 2+057 266145 | 000

Aval 033+033 | 233+133 |333+1.33 |366+1.66 |3%1.73 366+ 166 | L-12ns
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RP1 om am 8m 12m 16m 20m

Face corridor | 0+ 0 1.66+0.33 | 1+0.57 1+0.57 3+152 1.66 + 1.66 Sggﬁéfion 'F
Amont 0.66+0.33 | 1.66+0.88 | 2.33+0.88 | 3+1.15 533+3.38 | 666+12 | Transect:F =
Extérieur 542 466+0.66 | 433+0.88 |566+033 |6.33+266 | 7+152 |lrit7.(?n|:5=

Aval 12.66+0.33 | 12+ 6.08 11.33+348 | 7+1.15 13 +3.78 7.66+0.33 | 1.17ns

RP2 om 4am 8m 12m 16m 20m

Face corridor | 2+ 0 0+0 066+066 |0+0 1+1 0.33 nggéiion F
Amont 1.66+0.33 |00 0.33+0.33 | 0.66+0.33 |[0.66+0.66 | 0.66+0.66 | Transect:F =
Extérieur 0+0 033+033 | 00 00 0331 00 oons _

Aval 0.66+ 0.66 | 1+0 033+0.33 |033+033 |033+033 |033+033 | L1128
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CHAPITRE 5

Comment concevoir des continuités écologiques en

milieu urbain ?

Eugénie SCHWOERTZIG, Adine HECTOR, Stéphanie KAEMPF, Michele TREMOLIERES,

Suzanne BROLLY

(Sciences Eaux & Territoires, [en ligne] 7p.

http://www.set-revue.fr/lcomment-concevoir-des-continuites-ecologiques-en-milieu-urbain)
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5.1 Contexte

Les espaces de nature en ville sont des vect
en milieu urbain. En 2014, la Vile de Strasbourg a initi® un proj
mat ®r i alisation déun tissu naturel urbain (TNU)
existants ° | 6daide de graphes paysagkEgue5i)ond®s s

La modélisation d e r®seaux ®cologiques sbav re un out i

comprendre | es enjeux de | a connectivit® ainsi C
l ong terme |l es politiques dbéam®nagement du terr.i
Figure 5.1 Représentationduchapi t re 5 dans | e sch®ma g®n®r.al déor ga
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