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(doc ou rtf). Passé ce délai, la seconde version sera
considérée comme une nouvelle proposition. Les illus-
trations originales seront jointes a I’envoi. Les épreuves
corrigées doivent étre retournées au secrétariat de la
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Editorial — Editorial

Quel avenir pour la revue scientifique ecologia mediterranea ?

T
P" Thierry DUTOIT En 2015, nous féterons peut-étre les 40 ans de la revue ecologia mediterranea avec
Editeur en chef plus de 65 numéros parus depuis sa création en 1975. Ce journal a eu un impact
Editor-in-Chief indéniable pour valoriser les recherches menées en écologie au niveau du bassin
méditerranéen comme en attestent les milliers de citations de notre revue aujourdhui
visibles aprés une interrogation a partir de n'importe quel portail sur linternet.
Cette revue a également joué un réle indéniable de passerelle entre les deux rives de
la Méditerranée permettant a de nombreux collégues de réaliser leurs premiéres
publications et de nombreux contacts entre chercheurs des rives sud et nord. Le choix
initial d'une revue multilingue (francais, anglais), affiché dés le premier numéro
et maintenu jusqu'a aujourd’hui, a également permis de défendre une édition
scientifique francophone et de rendre ainsi accessibles de nombreux articles aux
conservateurs d'espéces et aux gestionnaires d’espaces naturels. De méme, la ligne
éditoriale a toujours été de permettre la parution d'articles comprenant dimportants
volumes de données afin de les rendre disponibles aux chercheurs du futur mais aussi
pour qu'elles puissent étre recensées dans les bases de données.

Aujourd'hui, ecologia mediterranea connait a nouveau une crise existentielle face a la
baisse du nombre d'articles soumis, consécutivement a la nécessité de publier dans
des revues indexées, exercice sur lequel sont évalués maintenant tous les chercheurs.
Malgré la niche originale qu'elle recouvre (l'écologie méditerranéenne), une
importante mutation de la revue est alors nécessaire pour permettre cette indexation,
incluant notamment la refonte du comité éditorial, une publication essentiellement
en anglais, une ouverture sur l'écologie marine et une nouvelle forme d'édition.

Cest a cette tache que va s'attacher maintenant le comité éditorial de la revue en
espérant proposer a ses lecteurs et abonnés une nouvelle version dés 2014.

En attendant, 2013 verra la publication de deux volumes sous la présente forme
dont un numéro spécial consacré au Genévrier thurifére.

What future for the scientific journal ecologia mediterranea?

In 2015, we will maybe celebrate the 40 years of our scientific journal ecologia
mediterranea. Today, more than 65 issues have been published since its creation in
1975. This scientific journal has had an undeniable impact for scientific researches in
ecology realized in the Mediterranean Basin. This review has also played an undeniable
role as a bridge between the countries around the Mediterranean Sea. For many
colleagues, it has been the first occasion to achieve their first publications and
numerous contacts has been made between researchers from the north and the south of
the Mediterranean Sea. The initial choice of a multilingual journal (French, English)
has been maintained from the first issue until today and has also helped to defend
French scientific publishing. Many papers have also been accessible to plant
conservationists and land managers. Similarly, the editorial line has always been to
allow the publication of articles including large volumes of data in order to make them
available to researchers but also to be included in databases.

Today ecologia mediterranea experiencing again an existential crisis facing the decline
in the number of articles submitted consecutively to the need to publish in indexed
Jjournals, exercise what must be done today by all scientists. Despite the original
editorial niche it covers (Mediterranean ecology), a major transformation of our
scientific journal is now necessary to enable this indexing, including in particular the
revision of the editorial board, publishing all the papers in English, opening the
thematic on marine ecology and a new form of publishing.

It is to this task that the editorial board will now work, hoping to offer to our readers
and subscribers a new version in 2014. Meanwhile, 2013 will see the publication of two
volumes in this form including a special issue devoted to

Juniperus thurifera.
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Typologie des gites propices

au développement larvaire

de Culex pipiens L. 1758 (Diptera-Culicidae),
source de nuisance a Constantine (Algérie)

Typology of favourable biotopes to the larval development

of Culex pipiens L. 1758 (Diptera-Culicidae),
source of nuisance at Constantine (Algeria)

Sélima BERCHI', Amel AOUATI', Kamel LOUADI'

1. Laboratoire de biosystématique et écologie des arthropodes

Résumé

Dans le but de mieux cerner la nuisance que
représente le développement des moustiques a
Constantine, une étude sur la biodiversité culi-
cidienne a été menée sur deux années, d’oc-
tobre 1995 a septembre 1997. Les larves de Culi-
cidae ont été récoltées dans les différents gites
par la méthode «dipping ». Au total, 24190
moustiques appartenant a quatre genres ont
été capturés, dont 24 139 Culex, 47 Culiseta,
3 Anopheles et 1 Uranoteania. Culex pipiens L.
1758 représente 97,5 % de la faune totale. Cette
espéce est la plus fréquente dans les gites
urbains épigés et hypogés ou la pollution d’ori-
gine organique est importante. Ce taux de pol-
lution élevé dans les deux types de gites urbains
serait la cause principale de cette localisation
préférentielle. L'intensité d’émergence est trés
élevée durant la saison estivale aussi bien dans
les gites urbains épigés qu’hypogés ou la végé-
tation est totalement absente. Les données
obtenues a partir des mesures des principaux
parameétres physico-chimiques de I'eau ont per-
mis d’établir une typologie des gites.

C’est dans une perspective de lutte que notre
étude sur I"écologie de la principale nuisance
culicidienne causée par Culex pipiens a Constan-
tine a été entreprise.

Faculté des sciences de la nature et de la vie,
Université Mentouri, 25000 Constantine, Algérie

Auteur correspondant : e-mail : selimaber@yahoo.fr

Abstract

In order to better understand the nuisance that
represents the development of mosquitoes in
Constantine, a biodiversity study Culicidae was
conducted over two years, from October 1995
to September 1997. Culicidae larvae were col-
lected in different biotopes by the dipping
method. A total of 24,190 mosquitoes belong-
ing to four genera were captured, of which
24,139 were Culex, 47 Culiseta, 3 Anopheles,
1 Uranoteania. Culex pipiens L. 1758 represents
97.5% of the total fauna. This species is most
frequent in open and closed urban biotope
were the organic pollution is important. This
high organic load in both urban biotopes types
with regard to others would explain this pref-
erential localization. This emergency intensity
raised more during summer season where veg-
etation is totally absent, Culex pipiens repre-
sented 97.48% of the total fauna. The whole
results obtained from measures of the main
physico-chemical parameters of water, permit-
ted to establish a typology of biotopes. It is in
the context of larval control that our study was
undertaken on the ecology of the principal nui-
sance at Constantine, represented by Culex
pipiens.

Mots clés : gites urbains, gites périurbains,
Constantine (Algérie), parametres
environnementaux.
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Abridged english version

In order to appreciate better the nuisance that
results from mosquitoes breeding in Constan-
tine and its surroundings, a study was carried
on during two years (from October 1995 to
September 1997) to assess their biodiversity.
24,190 mosquitoes belonging to four genera
were captured during the survey. It was found
24,139 Culex, 47 Culiseta, 3 Anopheles and
1 Uranoteania. Culex genus is the most fre-
quent, especially in open and closed urban
biotope. It was followed by Culiseta, more
present in urban biotopes. The high organic
load in both urban biotopes types with regard
to others would explain this observed differ-
ence. This emergency intensity raised more
during summer season. The weak presence of
Anopheles suggests that the biotopes
prospected do not signify cantly contribute to
the development of Anopheles. The whole
results obtained from measures of the main
physico-chemical parameters of water, per-
mitted to establish a typology of biotopes. In
opened and closed per urban biotope vegeta-
tion was completely absent, Culex pipiens
represented 97.5% of the total fauna. This
species was abundant in the urban and per
urban biotopes containing an important
organic pollution, especially in summer. How-
ever, the studied biotopes having a different
hydrological regime, would explain the influ-
ence of one or several factors on variations of
species densities. The multiple regressions
analysis showed that the relation between
Culex pipiens and the parameters: tempera-
ture, DBOS, nitrogen ammoniac and chlorides
were established distinctly. This work showed
that variations of Culex pipiens larval densi-
ties depended on physico-chemical parame-
ters, climatic conditions and also on anthropic
action.

Introduction

Les Culicidae sont responsables de la trans-
mission d’agents pathogenes qu’ils peuvent
inoculer pendant leur repas sanguin. Ils repré-
sentent, de ce fait, un véritable probleme de
santé publique. Parmi ces moustiques, cer-
tains sont source de nuisance difficilement
supportable. C’est le cas de Culex pipiens
Linné, 1758, trés répandu dans le monde. Il
est présent en zones tropicales et tempérées
(Weill et al. 2003).

Selon Rioux et Arnold (1955) et Sinegre et al.
(1976), les larves de Culex pipiens se retrou-
vent dans les gites les plus divers des milieux
urbain et périurbain, plus particulierement
ceux riches en matieres organiques. Culex
pipiens L. est une espece qui se reproduit dans
des habitats naturels et artificiels de diffé-
rentes tailles (Savage & Miller 1995).

Sa capacité a s’adapter a tous les biotopes
(Hassaine 2002 ; Faraj et al. 2006) lui permet
d’étre vecteur de plusieurs agents pathogenes
responsables de maladies infectieuses parfois
mortelles (Guyatt et al. 1999). Selon Savage
et Miller (1995), Culex pipiens est I'un des
principaux vecteurs de 1’encéphalite de Saint-
Louis aux Etats—Unis, il a été€ considéré aussi
comme le principal vecteur du virus West-
Nile en Roumanie (Savage et al. 1999), en
Israél (Samina et al. 1986), aux Etats-Unis
(Plamisano et al. 2005), en Bulgarie et en
République tcheque (Hubalek & Halouzka
2002). Le Maroc a été touché en 1996 (Har-
rack et al. 1997) et en 2003 (Schuffenecker et
al. 2005). En Algérie, le virus West-Nile a
provoqué une épidémie importante dans la
région de Timimoune en 1994, des cas isolés
d’encéphalite chez ’homme avec des cas
mortels sont rapportés par Le Guenno et al.
(1996) et Zientara et al. (2001).

En Algérie, Culex pipiens est le moustique qui
présente le plus d’intérét en raison de son
abondance et sa nuisance réelle dans les zones
urbaines (Berchi 2000). Selon ce méme
auteur, son développement dans certaines
régions est continu pendant toute 1’année.

De nombreux travaux (Roubaud 1929, 1933,
1939) sur les populations de Culex pipiens des
régions tempérées ont été€ entrepris pour exa-
miner les criteres de différenciation morpho-
logique entre les biotypes. En 1933, ce méme
auteur définit ces biotypes d’autogeénes ou
d’anautogenes selon le type de gite larvaire
qu’elles colonisent.

En Afrique du Nord, il n’existe qu'une seule
forme, autogene, sténogame (se reproduisant
en vol), homodyname (sans diapause) et
mammophile (Roubaud 1933, 1939 ; Knight
1951 ; Vermeil 1955 ; Rioux et al. 1965a).

Dans les pays tempérés, les populations de
Culex pipiens qui colonisent les gites épigés
observent une longue période de repos en
hiver. Les femelles entrent en diapause et sont
dites hétérodynames. Les populations de
Culex pipiens, qui colonisent les gites hypo-
gés ou les écarts saisonniers sont générale-
ment faibles, ne connaissent jamais de période
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de repos (Rioux et al. 1965b), et sont dites
homodynames.

En Algérie, les investigations faites sur les
culicidae se rapportent a leur bioécologie dans
le Constantinois (Berchi 2000), a Tlemcen
(Hassaine 2002), dans I’Algérois et Tizi
Ouzou (Lounaci 2003). A Constantine, les
gites urbains épigés et hypogés sont relative-
ment nombreux. Leur présence explique la
nuisance que représente l’espece Culex
pipiens. La caractérisation des biotopes et leur
différenciation dans I’espace et dans le temps
permettent de dégager les conditions favo-
rables pour le développement des moustiques
(Metge 1986 ; Handacq 1995 ; Louah et al.
1995 ; Kerboua & Merniz 1997 ; Mestari
1997). En écologie les interactions sont nom-
breuses et complexes et comme tous les étres
vivants, les insectes culicidés sont rattachés a
leur biotope par différents liens. Les préfé-
rences écologiques de 1’espece Culex pipiens
L. 1758 (Diptera-Culicidae) sont a préciser
car les résultats sur les facteurs abiotiques
pouvant influencer leurs répartitions demeu-
rent parfois contradictoires (Kirkpatrick
1925 ; Gaud 1952 ; Trari 1991 ; Louah et al.
1995 ; El Ouali Lalami er al. 2010). Les
études écologiques sur cette espece en Algé-
rie demeurent encore parcellaires (Handacq &

Boumezzough 1999 ; Hassaine 2002 ; Lou-
naci 2003 ; Bendali 2006) car elles concernent
surtout la systématique, la morphométrie, la
biologie et la lutte chimique (Bendali 1989 ;
Laouabdia-Sellami 1992 ; Rehimi 1993 ; Ben-
dali et al. 2001 ; Boudjelida et al. 2005 ; Ben-
dali 2006).

C’est pourquoi ce travail porte essentielle-
ment sur I’étude des facteurs abiotiques favo-
rables au développement des larves de Culex
pipiens, permettant alors d’identifier les gites
propices a leur pullulation dans la région de
Constantine.

Matériel et méthodes

Présentation de la région d'étude

La wilaya de Constantine (36° 36> N, 06°
62’ E, 660 m) est située au nord-est de 1’Al-
gérie et s’étend sur 2 287 km?. Elle est située
en climat méditerranéen et elle est sous 1’in-
fluence de I’étage bioclimatique semi-aride a
hiver frais. Les étés sont chauds et secs avec
un ensoleillement qui peut atteindre 10 heures
par jour (Anonyme 1988).

Echelle
0 12 Km

Wilaya de Skikda

= Oued Permanent

Figure 1 - Limites administratives de la wilaya de Constantine.
Figure 1 - Administrative borders of the Constantine region.
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Stations d'étude

L’étude a été menée d’octobre 1995 a sep-
tembre 1997. Le choix des gites larvaires a été
fait aprés une premicre prospection. Diffé-
rents types de gites potentiels ont été alors
retenus et ont fait I’objet de collectes de larves
du moustique.

En zone périurbaine de Constantine, nous
avons choisi quatre stations représentatives
des grands types de gites dans lesquels se ren-
contre I’espece Culex pipiens. 11 s’agit d’ Ain-
Smara (36° 16’ N, 3° 60’ E), El-Khroub (37°
17’ N, 6° 35’ E), Didouche Mourad (37° 20’
N, 36° 35’ E) et Zighoud Youcef (36° 55’ N,
6°38’ E) (figure 1).

Le gite d’ Ain-Smara (GP1) est situé en amont
des rejets urbains qui vont se déverser dans
I’oued Rhumel. C’est une retenue d’eau stag-
nante de cet oued. Ce gite est localisé a proxi-
mité d’un atelier de fabrication de parpaings.
Le gite d’El-Khroub (GP2) est un marécage
relativement étendu mais de faible profon-
deur. II se trouve a 10 kilometres de Constan-
tine. Celui-ci est souvent visité par les ani-
maux domestiques. Le gite de Didouche
Mourad (GP3) est situé en aval de 1’oued
Bou-Hadjar a la sortie est de la ville de
Constantine. La retenue d’eau de ce gite est
essentiellement alimentée par 1’oued Bou-
Hadjar qui recoit en permanence des eaux
usées domestiques et industrielles. Le gite de
Zighoud Youcef (GP4) est situé dans une
dépression abritée par un pont en aval de
I’oued Smendou. Il est formé par une retenue
d’eau a courant faible alimentée par 1’oued et
par les eaux pluviales.

En zone urbaine de Constantine, nous avons
prospecté six gites larvaires dont trois épigés
(GE1, GE2, GE3) et trois hypogés (GHI,
GH2, GH3). Le gite GE1 est un fossé a ciel
ouvert situé€ dans un quartier de bidonvilles de
la zone industrielle. Ce gite recoit en perma-
nence les eaux usées domestiques et pluviales
qui se déversent dans 1’oued Rhumel par des
écoulements diffus sous forme de rigoles. Le
gite GE2 est une retenue d’eau située dans la
cité de Boumerzoug ou les habitations sont
spontanées et se développent sans plan d’ur-
banisme. Ce gite, situé€ a proximité de 1’oued
Boumerzoug, est alimenté par les eaux usées
domestiques provenant des canalisations
défectueuses. Le gite GE3 est un bassin d’or-
nementation délaissé mais qui reste alimenté
en eau. Les gites urbains hypogés sont situés
a I’abri de la lumiere. L’ouverture générale-

ment réduite n’est pas d’acces facile. Le gite
GHI1 est une cave au sous-sol d’une vieille
maison du centre-ville, GH2 est un fossé
entierement couvert situé dans la vieille ville
et GH3 est un vide sanitaire situé au bas d’un
rez-de-chaussée d’un immeuble.

Acquisition des données
physico-chimiques et biologiques

Pour chaque gite, 24 campagnes de préleve-
ments ont été réalisées a raison d’un préleve-
ment par mois et par gite.

Afin de caractériser les gites, les mesures des
11 parametres physico-chimiques suivants ont
été effectués selon les protocoles établis par
Rodier (1984): température, conductivité
électrique, pH, oxygeéne dissous (mg.1™"),
matieres en suspension (MEs mg.I'!), azote
ammoniacal (mg.I"! N-NH,), nitrites (mg.1'!
N-NO,), nitrates (mg.I'' N-NO,), demande
biochimique en oxygene sur 5 jours ou DBO
(mg.I'! O,) — correspond a la quantité d’oxy-
gene nécessaire pour oxyder la matiere orga-
nique d’un échantillon d’eau maintenue a
20 °C, a I’obscurité pendant 5 jours — chlo-
rures (mg/l'!) et turbidité de 1’eau (NTU,
Nephelometric Turbidity Unit).

Pour I’échantillonnage des larves de mous-
tiques, nous avons utilisé la méthode de « dip-
ping » (Rioux et al. 1965b ; Subra 1971 ; Cro-
set et al. 1976) ; Coffinet et al. 2009). Cette
méthode consiste a récolter dans plusieurs
endroits du gite et sans répétition une louche
d’eau d’une capacité d’un litre (c). Par cette
méthode, nous avons réalisé une série de 5
prélevements, puis calculé le nombre moyen
(n) de larves par prélevement. Ce nombre est
une estimation de la densité larvaire moyenne
par litre. L’identification a été réalisée a I’aide
des clés d’identification de Rioux (1958) et de
Senevet et Andarreli (1959) qui ont largement
contribué a la connaissance de la faune culi-
cidienne méditerranéenne. Cette identification
est ensuite confirmée au moyen du logiciel sur
les Culicidae d’Afrique méditerranéenne
congu par Brunhes et al. (1999).

Traitement des données

L’ensemble des mesures physico-chimiques,
effectuées dans le milieu aquatique, doit pou-
voir conduire a une appréciation globale de la
qualité de I’eau des gites. Pour cette approche,
nous avons retenu les valeurs enregistrées
mensuellement.
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L’ étude comparative des caractéristiques phy-
sico-chimiques des gites et des densités des
larves de Culex pipiens est basée sur les
moyennes établies sur deux années d’obser-
vations. Dans cette étude, une comparaison
deux a deux entre les différentes moyennes
estimées est réalisée par le test de Newmann-
Keuls. Cette analyse a été effectuée a I’aide
du logiciel stat-itcf (Gouet & Philipeau 1986).

Les facteurs abiotiques de ces biotopes ont
ensuite été étudiés globalement par une ana-
lyse en composante principale, Acp, afin
d’établir une typologie de ces gites. Le choix
de cette analyse se justifie par le fait que les
variables étudiées sont quantitatives (Bou-
roche & Saporta 1994).

A partir de cette Acp, I’ajout des densités pré-
imaginales de Culex pipiens en tant que
variable supplémentaire a permis d’étudier les
relations entre cette espece et les facteurs
abiotiques. Les traitements statistiques et les
représentations graphiques associées ont été
réalisés avec la programmathéque ADE-4
(Chessel & Doledec 1992 ; Thioulouse et al.
1995 ; Thioulouse & Chessel 1997).

Des cartes factorielles F1 x F2 sont réalisées
pour chaque gite en fonction des dates de pré-
levements. A partir de ces cartes ou les
groupes de gites ont été définis par I’ Acp,
nous avons effectué une analyse de la variance
a trois facteurs (années, gites et mois). Les
indices de comparaison de moyennes sont
obtenus avec le test de Newmann-Keuls au
seuil de 5 %.

Enfin, pour examiner I’effet simultané de tous
les parametres physico-chimiques sur la den-
sité de Culex pipiens, nous avons utilisé une
régression linéaire multiple qui permet d’es-
timer 1’effet de chaque facteur sur la densité
lorsque les autres sont présents. Les variables
explicatives ou indépendantes sont les para-
metres abiotiques (X) et la variable expliquée
dépendante (Y) est I’abondance des larves de
Culex pipiens. On peut alors observer |’effet
de chaque parametre sur Culex pipiens et voir
comment réagit I’espece vis-a-vis de tous les
parametres retenus.

Résultats

Les prospections réalisées de 1995 a 1997,
ont permis d’identifier 6 especes de Culicidae.
Elles appartiennent aux deux seules sous-
familles représentées en Algérie, a savoir : les
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Culicinae et les Anophelinae. Ces especes
sont réparties dans quatre genres : le genre
Culex avec 4 especes (Culex pipiens, Culex
hortensis Culex theileri, Culex mimeticus) ;
les genres Culiseta, Anopheles et Uranotae-
nia représentés respectivement par une seule
espece: Culiseta longireolata, Anopheles
maculipennis et Uranotaenia unguiculata.

L’analyse des données physico-chimiques
montre que les pourcentages d’inertie des
trois premiers axes principaux totalisent 59 %
d’information sur la distribution des variables
physico-chimiques et des stations étudiées.
Les axes retenus pour 1’analyse sont ceux
dont les valeurs propres décroissent linéaire-
ment (figure 2a). Les deux premiers axes tota-
lisent 49 % de I’information recueillie et don-
nent une meilleure représentation des pro
jections des parametres physico-chimiques.
La figure 2b montre une grande part de varia-
bilité prise par les deux premiers axes qui
résument respectivement 33 % et 16 % de
I’information totale. [’axe F3 présente un
faible pourcentage d’inertie et n’a pas été
retenu pour les interprétations.

De cet ensemble, il ressort une typologie
générale qui exprime la qualité de I’eau des
gites en fonction des parametres physico-chi-
miques. La corrélation positive entre les des-
cripteurs exprime une pollution d’origine
organique (DBog, N-NH,) et la chlorosité des
eaux avec la premiere composante principale.
La variable corrélée négativement est 1’oxy-
gene dissous. L’axe F1 oppose donc pollution
et forte température a non-pollution et basse
température. Le deuxieme axe est corrélé aux
matieres en suspension (MES) et a la turbidité
caractéristique d’une eau chargée en parti-
cules (figure 2b).

Par ailleurs, les indices de comparaison de
moyennes avec le test de Newmann-Keuls ont
révélé des différences significatives au seuil
de 5 % pour les parametres retenus dans cha-
cun des gites (tableau 1). Ces résultats per-
mettent de dégager 3 groupes de gites repré-
sentés sur les cartes factorielles (figure 3) :
—le premier groupe concerne les gites tres
pollués avec des eaux chlorées : gites forte-
ment turbides (GH1), moyennement tur-
bides (GP3 et GEl) et faiblement turbides
(GH3). Dans ce groupe, les teneurs en oxy-
gene dissous ne sont pas significativement
différentes (tableau 1). En effet, tous les
gites sont mal oxygénés ;
—le deuxieme groupe rassemble les gites
moyennement pollués dont les eaux sont
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fortement turbides (GH2), peu turbides
(GP1) ou rarement turbides (GE2) mais
moyennement oxygénées ;

—enfin le troisiéme groupe est représenté par
des gites propres bien oxygénés (GE3 et
GP2) ou moyennement oxygéné (GP4).

Les résultats de I’analyse des densités de
Culex pipiens, en fonction du gite, par le test
de Newmann-Keuls au seuil de 5 % permet-
tent d’individualiser 5 groupes de gites, par
densités moyennes décroissantes (tableau 1) :
(1) GH1, GH3; (2) GE1, GP3; (3) GE2; (4)

Tableau 1 - Comparaison des moyennes des caractéristiques physico-chimiques et des densités larvaires
moyennes de Culex pipiens par le test de Newmann-Keuls au seuil de 5 %,
obtenues sur une période de deux années dans les gites périurbains et urbains.

Table 1 - Mean comparisons of physico-chemical characteristics and Culex0 pipiens larval densities
by the Newmann-Keuls test (5 %), obtained during 2 years in urban and periurban biotopes.

Densités
T°C Oxygene DBO; N-NH, Chlorures MES moyennes
dissous (mgl' 0, (mg.1™) (mg.I™") (mg.1™h) (individus/
(mg.I™") litre)
Gites
GP1 156d 47 ¢ 38,1d 9,5 cde 2569 ¢ 105,6b  442d
GP2 16,1 cd 720 79¢e 39e 215,1d 265¢ 2,1e
GP3 18,9 be 2,6d 745¢ 398 a 3205b 92,6b 126,1 b
GP4 17,9 bed 57¢ 274 de 9,3 cde 1348 ¢ 744 b 37e
GEl 18 bed 19d 1358b 19 bed 3404 b 1089 b 126,7b
GE2 174 cd 45¢ 648 ¢ 11 cde 158, 7 ¢ 24,1 ¢ 892 ¢
GE3 155d 10a 19.5de 5,8 de 188 ¢ 145c 96e
GH1 203D 1,3d 1725 a 22 be 4482 a 166,7 a 2363 a
GH2 16,8 cd 2,6d 409d 53 de 679 f 161,6 a 509d
GH3 238 a 1,8d 1273 b 237b 314,7b 334c 2103 a

a, b, ¢ : indices de comparaison des moyennes avec le test de Newmann-Keuls au seuil de 5 %. Comparaison colonne par colonne.

3,6

Figure 2 — Cercle de corrélation des densités de Culex pipiens et des
parameétres physico-chimiques selon les axes factoriels 1 et 2
de I"Acp.
a: graphique des valeurs propres. b : carte factorielle des variables
physico-chimiques intervenant dans I'analyse : température ;
C.E = conductivité électrique ; Dsog = demande biochimique en
oxygene ; CI" = chlorures ; N-NH, = azote ammoniacal ;

(b)

Turbidité

AXE 1(33%)

C.pipien = O2dissows

Mes = matiéres en suspension ; N-NO, = nitrites ; N-NO, = nitrates ; O, dissous = oxygéne dissous.
Figure 2 - Circle of correlation between Culex pipiens densities and the physico-chemical parameters

according to factor axis 1 and 2 of the A.C.P.

a: graphic of eigen values. b: factor map of physico-chemical variables : temperature,
C.E. = electrical conducticty; DBO, = biochemical oxygen demand; CI- = chlorures; N-NH, = nitrogen

ammoniac;

M.E.S. = suspended matter; NO, = nitrites; N-NO; = nitrates; O, dissous = dissolved oxygen.
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Tableau 2 — Coefficients de corrélation établis a partir de I'analyse globale, montrant les relations
entre les différents paramétres physico-chimiques et les densités de Culex pipiens.
Table 2 - Coefficients of correlation established from the global analysis, highlighting the relations
between the different physico-chemical parameters and Culex pipiens densities.

T(C) pH CE DBo, O, N-NH, N-NO, N-NO, Mgs Turbidité CI

Culex 0,624 0,239 0,119 0,772 -0,457 0,499 -0,067 -0,278 0,322 0,345 0,592
pipiens ~ ** * N.S. ok o ok N.S. o ok ok ok

d.d.l. > 100 ; *p < 0,05 ; **p < 0,01. N.S = non significatif au seuil de 5%.

GH2, GP1; (5) GE3, GP4, GP2. Le test de  sité larvaire de ’espece. La DBO; est donc le
Newmann-Keuls permet aussi de confirmer parametre le plus important qui favorise la
que les gites urbains hypogés GH1 et GH3,le  prolifération de Culex pipiens.

gite urbain épigé GEI et celui de Didouche  poyr examiner I’effet simultané de tous ces
Mourad (GP3) situé en zone périurbaine  parametres sur la densité de Culex pipiens, la
hébergent les plus fortes densités de Culex régression linéaire multiple a permis d’éva-
pipiens. luer I’effet de chaque facteur sur la densité
lorsque les autres sont présents. Cependant,
La relation entre Culex pipiens etles 11 para-  Jorsque plusieurs paramétres sont interreliés,
metres physico-chimiques est analysée par  geyls ceux qui sont les plus associés a la den-
I’étude globale du milieu (figure 2b). Les cor-  jt¢ de Culex pipiens restent dans le modele.
rélations observées sont résumées dans le  Dang cette analyse, 1’équation de régression
tableau 2. Bien que cette espece soit présente  (raduisant la relation entre les parametres phy-
dans tous les gites, elle manifeste un fort tro-  gjco-chimiques et la densité larvaire est de la
pisme pour les eaux chlorées ou la pollution  forme -
organique est importante. La densit€ larvaire  Densité de Culex pipiens par litre = 6,16
(tableau 2) de Culex pipiens est liée pOSi T (°C) + 27,53 pH+0,95 DB05 +1,10 N—NH4
tivement avec la température (r = 0,624; 0,19 Turbidité + 0,13 CI'— 385,92
p < 0,05). Le coefficient de détermination

(R? = 39 %) explique en pourcentage les
variations de la densité larvaire par celles de
la température. Ce coefficient de détermina-
tion, bien au-dessous de la moyenne, signifie
que la température n’explique pas a elle seule
les variations de densités larvaires de Culex
pipiens (tableau 3). Cette espece serait sou-
mise a [Dinfluence d’autres parametres

Il semble par ailleurs que lorsque ces para-
metres sont réunis, la variation de densité de
I’espece est plus importante. Cette variation
est déterminée par un coefficient R* élevé de
Iordre de 72 %. La statistique de Fischer vaut
55,70 et la probabilité attachée a cette valeur,

(GH1) (GP3) (GE1) (GH3)

physico-chimiques. La régression multiple e %

. N roupe
nous a permis alors d’analyser les parametres 2 -t e A
autres que la température. Si I’on se réfere a §1

I’Acp établie antérieurement (figure 2b),
d’autres €léments contribuent pour rendre
compte de ces variations. En effet, la varia-
tion de densité de Culex pipiens selon les Groupe 2 gi?
teneurs en DBOs, en azote ammoniacal et en

chlorures, est expliquée respectivement par (eHa AR (GE2) j#
60 % (r= 0,772 ; P <0,05), 25 % (r = 0,499 ;
P<0,05)et35 % (r=0,592 ; P <0,05). Cette
variation ne semble pas étre sous I’'influence —ll (GP4) (GE3)
de la turbidité (R? = 12%) ou les MEs a&' )E_ ‘#-_
(R? = 10 %) et encore moins par les teneurs

en nitrates (R> = 8 %) ou le pH (R? = 6 %).
L’oxygene dissous est corrélé avec la densité 3 g 4
de population de facon négative (r = — 0,457 ; >
P < 0,05) ainsi que les nitrates (r = — 0,278 ;
P <0,05) tandis que les nitrites et la conduc-  Figure 3 — Cartes factorielles F1 x F2 regroupées par gites.
tivité ne semblent pas avoir d’effet sur la den-  Figure 3 - Factor maps F1xF2 gathered by biotope.
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si les variations des densités larvaires de
Culex pipiens n’étaient pas liées a I’ensemble
des parametres, est faible (0,01 %). La tem-
pérature jouerait un role important en modi-
fiant les caractéristiques physico-chimiques
de I’eau.

A partir de ces résultats, il ressort que la tem-
pérature joue un rdle important car elle modi-
fie les caractéristiques physico-chimiques de
I’eau particulicrement en été.

Dans notre étude, chacune des stations pré-
sente des gites ol les caractéristiques physico-
chimiques et hydrobiologiques sont diffé-
rentes.

Discussion et conclusion

Les populations préimaginales de Culex
pipiens semblent étre influencées par des fac-
teurs abiotiques comme la température car
dans tous les gites étudiés, les densités lar-
vaires les plus faibles sont observées en hiver
(tableau 3). Ces résultats ne corroborent pas
ceux de Subra (1973). En effet, cet auteur rap-
porte qu’une diminution de la température de
I’eau est a I’origine de I’allongement de la vie
des stades larvaires expliquant ainsi 1’appari-
tion de fortes densités préimaginales. Dans
notre étude, le cycle de développement de

Culex pipiens pendant cette saison est inter-
rompu dans certains gites épigés (Ain-Smara,
Didouche Mourad, EI-Khroub et Zighoud
Youcef) alors qu’il se poursuit dans les gites
urbains hypogés. Cet arrét hivernal de déve-
loppement dans les gites a ciel ouvert a été
observé par plusieurs auteurs (Roubaud
1933 ; Rioux et al. 1965b). Néanmoins, la
présence de larves de Culex pipiens pendant
la saison hivernale de I’année 1996-1997 a
Ain-Smara, a El-Khroub, dans GE1 et GE2
souleéve bien des questions quant a I’influence
de la température sur le cycle de développe-
ment. En effet, les prospections effectuées en
hiver révelent de faibles écarts de température
entre le mois de I’année pendant lequel les
densités sont nulles et le méme mois de I’an-
née suivante ou des larves étaient présentes.
C’est le cas du gite d’ Ain-Smara dans lequel
les larves sont absentes en février 1996 mais
présentes en février 1997 (0,4 ind./1), alors
que les températures sont respectivement de
8,3 °C et 7 °C. Ceci pose le probleme du seuil
selon lequel le cycle de développement lar-
vaire serait effectivement interrompu. Ces
résultats sur la présence de larves de Culex
pipiens en hiver dans des biotopes extérieurs
corroborent les travaux de Dancesco et al.
(1975). Ces auteurs rapportent en effet que la
présence d’une importante végétation dans les
gites tamponne les fluctuations de la tempé-
rature, constituant ainsi des microclimats par-

Tableau 3 - Etude comparative moyenne, minimale et maximale des densités larvaires de Culex pipiens (sur 2 ans)
dans chaque gite.

Table 3 - Comparative study of mean, minimum and maximum of Culex pipiens larval densities obtained during 2 years
in urban and periurban biotopes.

Culex pipiens Densités larvaires/l Densités larvaires/l Moyennes
Gites minima mois | maxima mois
Ain-Smara 8,4 gfg %gg? 11352 ﬁ septe;tlog“te%ggg 52,03
e [0, e | i e |
b 4 e | [
T i Se Ry |
: e dE St |
: I hme i | oo
S enni[ 2 I I
I e e BB | o
R 7] il I
i e | DEmelpy | s
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ticuliers, qui peuvent, dans le cas de Culex
pipiens, favoriser le développement continu
de I’espece ou au moins son maintien dans le
gite pendant la saison froide. Ainsi, une végé-
tation relativement importante en bordure du
gite d’El-Khroub et de Zighoud Youcef peut
expliquer la présence de Culex pipiens toute
I’année ; les bords du gite Ain-Smara présen-
tent également une végétation, mais plus
pauvre. Ceci ne semble pas étre négligeable,
car elle peut permettre le développement
continu de ce moustique en créant un micro-
climat favorable a son développement. Dans
les gites hypogés dont 1’acces est difficile,
I’air est confiné. L’eau de ces gites est alors
maintenue a une température favorable pour
le développement de Culex pipiens. Rioux et
al. (1965b) soulignent que les souches de
Culex pipiens qui colonisent des gites hypo-
gés ou les écarts de température sont faibles,
n’arrétent pas leur développement en hiver.
Inversement, la période estivale est associée a
une importante prolifération de Culex pipiens.
Selon Gaschen (1932), le développement lar-
vaire est plus rapide lorsque la température de
I’eau augmente. L’ évolution larvaire observée
durant cette période est due également a la
nourriture disponible dans les gites (Cléments
1963 in Subra 1971). Par ailleurs, Subra
(1973) souligne qu’en plus de I'influence des
facteurs écologiques sur le développement
larvaire, il y a I’attractivité des femelles gra-
vides vis-a-vis d’un gite pouvant expliquer la
présence des stades larvaires. Selon Subra
(1971), I’oviposition est déterminée par la
structure méme du gite lequel peut étre d’ac-
ces facile pour les femelles.

Concernant I’activité saisonniere de Culex
pipiens, les données bibliographiques sem-
blent contradictoires. En effet, Kirkpatrick
(1925) n’évoque pas de période d’activité lar-
vaire pour cette espece alors que Gaud (1952)
signale une explosion printaniere. Une année
plus tard, ce dernier auteur la considere
automnale. Outre la température, d’autres fac-
teurs abiotiques peuvent influencer I’installa-
tion et le développement préimaginal de
Culex pipiens. Nous avons pu en effet confir-
mer par I’Acp que Culex pipiens affectionne
les eaux polluées dont les taux d’azote ammo-
niacal, de DBO, et des chlorures sont particu-
lierement élevés. Cependant, cette pollution
des eaux ne justifie pas a elle seule sa proli-
fération puisque les densités maximales s’ ob-
servent dans ces milieux lorsque la tempéra-
ture augmente, autrement dit en été. Ainsi,
toute augmentation de la température accélere
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considérablement la vitesse de dégradation de
la matiere organique présente dans I’eau,
entratnant ainsi un déficit en oxygene (Hynes
1970 ; Bremond & Vuichard 1973 ; Leynaud
& Verrel 1980). Cette situation, nous la
retrouvons en été dans les gites pollués ou les
densités larvaires sont d’autant plus impor-
tantes que les taux en DBO sont tres €leves
(> 100 mg. I'Y). La présence de cette espece
dans des eaux particulicrement riches en
matiere organique a été signalée par Rioux
(1958), Benkhalfate-El Hassar (1991), Boual-
lam (1992), Louah et al. (1995) et El Ouali
Lalami er al. (2010).

Pour Macan (1981), tout réchauffement ou
refroidissement du milieu peut perturber le
cycle de développement de plusieurs insectes
aquatiques notamment chez les culicidae
(Kirkpatrick 1925; Gaud 1953 ; El Kaim
1972). De ce fait, la température apparait
comme un élément important pour la survie,
mais aussi pour la prolifération des mous-
tiques. D’autre part, dans une population pré-
imaginale dense, une température basse ralen-
tit la vitesse de croissance des larves et des
nymphes et entraine alors une longévité plus
grande de ces stades qui se traduit par le
maintien de leurs densités a un niveau élevé
(Subra 1971). Ceci peut expliquer les densi-
tés relativement élevées, observées en
automne dans les gites ou la température de
I’eau baisse.

Les variations du pH dans les gites périur-
bains semblent étre sous I'influence des sai-
sons donc de la température. Dans ces gites,
le pH est généralement plus élevé au prin-
temps et parfois méme en €té a El-Khroub et
Zighoud Youcef. Ces deux saisons coincident
avec la période de forte assimilation chloro-
phyllienne de la végétation située en bordure
de ces gites et de la flore aquatique (algues
filamenteuses du genre Spirogira sp.), utili-
sant le gaz carbonique disponible particulie-
rement la journée et faisant augmenter le pH
avec précipitation des carbonates. Les aug-
mentations du pH observées au printemps a
Ain-Smara et Didouche Mourad se traduisent
probablement par un début de dégradation de
la matiere organique, car dans ces gites la
végétation est certes présente mais relative-
ment pauvre. Tout au long de la prospection,
les diminutions de pH observées dans ces
gites peuvent s’expliquer par une charge
moins importante d’éléments nutritifs issus de
la dégradation des matieres organiques avec
pour conséquence une diminution de la pro-
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ductivité primaire. Elles peuvent s’expliquer
aussi par les rejets urbains et industriels. Nos
résultats ne corroborent pas avec ceux de
De Alwis et Munasinghe (1971), ces auteurs
soulignent en effet I’influence du pH sur le
contrdle du développement larvaire, contrai-
rement a nos investigations.

A Pinstar de nos résultats, il semblerait que
des teneurs élevées en matiere organique
constituent un facteur indispensable pour le
développement larvaire de Culex pipiens.
Rioux et al. (1965b) rapportent que de fortes
concentrations en matiere organique dans un
gite favorisent la croissance et la métamor-
phose de Culex pipiens. Pour Benkhalfate-El
Hassar (1991), le role de la matiere organique
doit étre défini avec précision, car elle peut
gtre considérée comme un facteur stimulant le
développement des stades préimaginaux mais,
elle pourrait, selon sa qualité, étre néfaste et
favoriser le parasitisme de certains stades lar-
vaires.

La plupart des travaux sur les gites larvaires
de Culicidae ont amené leurs auteurs a étudier
les caractéristiques physico-chimiques de
I’eau pour identifier les facteurs favorables au
développement des gites. Au Maroc, Trari
(1991) emploie une analyse multidimention-
nelle (analyse en composante principale) pour
définir I'importance de deux parametres dont
I’action sur la répartition des especes culici-
diennes est incontestable. Il s’agit de la sali-
nité et du pH de I’eau. Toutefois, cet auteur
signale la préférence de Culex pipiens pour
les eaux douces alors que Louah (1995)
signale une inclination des larves de cette
espece pour les gites salés. Benkhalfate-El
Hassar (1991) rapporte que la conductivité
peut agir, soit comme facteur limitant lors-
qu’elle est €levée, soit comme facteur stimu-
lant au niveau de I’éclosion.

L’étude des variations des populations de
Culex pipiens par le test de Newmann-Keuls
montre qu’il y a de grands écarts de densités
larvaires entre les gites. Une comparaison des
densités moyennes relevées dans les gites
périurbains met en évidence que celles d’ Ain-
Smara et Didouche Mourad sont respective-
ment 44 fois et 63 fois plus €levées que celles
d’El-Khroub ; 11 fois et 31 fois plus €levées
que celles de Zighoud Youcef (en moyenne
44 individus/l pour le gite Ain-Smara ou
126 individus/l pour Didouche Mourad contre
2 individus/l dans El-Khroub et 4 individus/I
dans Zighoud Youcef). Cette variation est due
au fait que I’eau des gites de Didouche Mou-

rad et d’ Ain-Smara est particulierement pol-
luée par rapport a celle d’El-Khroub et de
Zighoud Youcef. Ces derniers gites se carac-
térisent en effet par une eau relativement
propre et bien oxygénée. Néanmoins,
Didouche Mourad est un gite dont la charge
en matiere organique est beaucoup plus éle-
vée (en moyenne 74,48 mg.1"! O,) que dans
Ain-Smara (en moyenne 38,09 mg.1"! O,). Par
ailleurs, la teneur de 1’eau en ammoniaque,
révélateur d’un milieu anaérobie, est 4 fois
plus élevée dans Didouche Mourad que dans
Ain-Smara (en moyenne 39,78 mg.I"! N-NH,
dans Didouche Mourad contre 9,51 mg.I"!
N-NH, dans Ain-Smara). Cette pollution
organique ainsi que le manque d’oxygene
sont les principales causes d’une pauvreté de
la faune aquatique observée dans ces gites
contrairement a El-Khroub et Zighoud You-
cef qui se caractérisent par une faune plus
riche, récoltée dans une eau de moindre pol-
lution organique. En effet, ’eau de ces gites
moins chargée en matiere organique est plus
oxygénée. Les larves de Culex pipiens trou-
vent alors dans les gites situés a Ain-Smara et
Didouche Mourad, les gites urbains épigés
GEI1, GE2 et dans tous les gites hypogés les
conditions favorables a leur prolifération.
Cette pullulation est particulierement impor-
tante pendant la période estivale et s’effectue
généralement en absence de compétition et de
prédation. D’apres Rioux et al. (1965b), une
eau non polluée au début de la saison seche et
hébergeant une biocénose équilibrée renferme
beaucoup moins de larves de Culex pipiens
que lorsqu’elle devient polluée. Nos observa-
tions concordent avec celles de ces derniers
auteurs qui indiquent que les larves de Culex
sont rencontrées plus fréquemment dans des
eaux riches en matiere organique certes, mais
aussi en ammonium, avec des températures
élevées et une faible conductivité.

Au vu des parametres étudiés, un gite doit
présenter une eau chlorée et polluée (riche en
matiere organique et en azote ammoniacal)
pour permettre a ce moustique un développe-
ment rapide et atteindre par conséquent des
densités élevées. Cette étude est 'une des pre-
mieres tentatives biotypologique dans la
région de Constantine. Elle devrait permettre
d’adapter des moyens de lutte efficaces contre
I’espece Culex pipiens, principale nuisance de
la région.
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Abstract

Seeds germination of Pennisetum dichotomum
was tested for three alternating temperatures
(10, 25, 35 °C) at different hydric potentials (0,
-1, -3,-7,-10 and -16 bar) applied with differ-
ent concentrations of sodium chloride (0-3-6-12
or 159/l of NacCl). The highest germination
parameters (germination rate, germination per-
centage) were obtained with no osmotic poten-
tial (0 bar) under 25°C. Germination rate
decreased progressively with increasing NaCl
dose, and the lower value of this parameter was
reached with 159/l of NaCl. Compared to con-
trol (0g/l of NaCl) P. dichotomum seeds, the rad-
ical length (RL) and the hypocotyl length (HL) of
the NaCl-treated ones were severely decreased
at 12 and 159/l concentrations. In another way,
seedling growth of P. dichotomum was shown
more sensitive than germination seeds to salin-
ity stress.

Introduction

Plant growth and productivity are adversely
affected by various abiotic and biotic stress
factors (Hasegawa et al. 2000). Plants are fre-
quently exposed to many stress conditions
such as low temperature, salt, drought, flood-
ing, heat, oxidative stress and heavy metal

Keywords: germination rate, hydric potential, salt
stress.
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toxicity. Excessive salinity and drought are
the most important environmental factors that
greatly affect plant growth and productivity
worldwide. Osmotic and water stresses cause
pleiotopic effects, and stress tolerance is a
complex and polygenic trait that involves
morphological, physiological, as well as bio-
chemical changes.

P. dichotomum is a fountain grass and an
attractive perennial grass with a densely
clumped growth form and erect stems that
grow 2 to 3 feet high. The small flowers of
P. dichotomum are grouped in pink or purple,
bristly, upright inflorescences 6-15 inches
long. Fruits are small, dry achenes adorned
with long showy bristles. P. dichotomum
plants are constantly confronted with various
biotic and abiotic stress factors such as low or
high temperature, salt, drought, flooding,
heat, oxidative stress and heavy metal toxic-
ity (Tuteja et al. 2010)

Pennisetum dichotomum is a highly aggres-
sive, fire-adapted colonizer that readily out-
competes native plants and rapidly reestab-
lishes after burning. P. dichotomum is a Native
range of Northern Africa. Among important
factors, water availability and temperature
determine whether or not dispersed seeds ger-
minate (Sloan 2009). Under favorable condi-
tions (water, temperature), the seed begins to
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germinate and the embryonic tissues devel-
opment towards a seedling.

One of the most important abiotic factors lim-
iting plant germination and early seedling
stages is water stress brought about by
drought and salinity (Mantovani & Iglesias
2010). However, the presence of salt in the
medium culture cause inhibitory effects on the
seed’s water uptake and retard and/or suppress
germination (Alatar 2011). Salinity and
drought affect the plants in a similar way
reducing water potential (Legocka & Kluk
2005). Water stress acts by decreasing the per-
centage and rate of germination and seedling
growth. The detrimental effects of NaCl on
seeds germination are a consequence of both
a water deficit resulting in osmotic stress and
the effects of excess sodium ions on key bio-
chemical processes. Seed germination and
early seedling growth are critical stages for
the establishment of plant populations under
saline conditions (Srivastava et al. 2000).
Plants differs in their upper limit of salinity
tolerance as the increase in salinity concen-
tration usually delays and reduces seed ger-
mination (Srivastava et al. 2000). The degree
to which salinity affects germination by an
osmotic effect or specific ion toxicity and
whether salt tolerance varies in different
species is still a subject of studies (Pilar ef al.
2011).

The temperature variations have a major
impact on a number of processes which reg-
ulate seed germination, including membrane
permeability and the activity of membrane-
bound as well as cytosolic enzymes (Ajmal
Khan & Gulzar 2003) and its interaction with
the variable soil water content in the surface
layers of the soil. By consequence salinity-
temperature interaction, determines seed
germination pattern in many salt affected
environments. Despite the importance of Pen-
nisetum dichotomum, there is no available
information on its autecology, and most
drought resistant grasses of the Tunisia desert.
The aim of this study is to investigate the
effects of osmotic stress generated by NaCl
and depth with temperature on germination
characteristics (germination period and ger-
mination percentage) and seedling growth of
Pennisetum dichotomum.

Materials and methods

Pennisetum dichotomum 1is a graminous
(Mian 2003) grasses which inflorescence is a
dense, spicate, terminal panicle. This is a use-
ful grazing plant, much browsed by camels
(Mandaville 1990).

Seeds of P. dichotomum were collected dur-
ing April, 2009, from naturally growing
stands in the sandy soil of Mednine- South of
Tunisia. Seeds were separated from inflores-
cences and stored dry at 4°C. During Sep-
tember 2009, stored seeds were sterilized with
0.5% sodium hypochlorite solution for 1 min
and washed twice with distilled water.

Effect of temperature on germination

Seeds were germinated on double-layered
with Whatman No. 1 filter papers placed in
10cm diameter plastic dishes. Seeds were
placed (30 seeds per Petri dishes) in a growth
chamber (26°C/70% relative humidity during
the day, 20°C/90% relative humidity during
the night). The photoperiod was 16 }21 d_alily
with a light irradiance of 150 ymol m . s at
the canopy level. All of the Petri dishes were
kept in dark incubators maintained at room
temperature at four alternating night and day
temperature regime (10, 25 and 35°C) repre-
senting the seasonal common temperatures
prevailing in some selected meteorological
stations in south Tunisia (Mednine: 33° 20’
56.27” N, 10°29* 41.26” E).

Effect of depth

In the nature, every sort is characterized by an
optimal depth of sowing. This optimal depth
depends on intrinsic characteristics of the
semen. The basic rule is to sow a seed in
a depth equal to 2-5 times the diameter
(Seabloom 2007). In the present experiment
six values of depth were tested: 1, 2, 3, 4, 5
and 6 cm.

Effect of water potential
and NaCl doses

Seeds were submitted to germination using
osmotic potentials (0, — 0.2, — 0.4, — 0.6 and
-0.8 MPa) of sodium chloride solutions
according to Murillo-Amador et al. (2002).
Twenty-five seeds were germinated on dou-
ble-layered with Whatman No. 1 filter papers
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placed in 10 cm diameter plastic dishes. The
filter papers were moistened daily with the
five different concentrations of the extracts
used. Control experiments whose filter papers
were moistened with distilled water were set
(30 seeds each). Each experiment was repli-
cated four times. All Petri dishes were kept in
dark incubators maintained at room tempera-
ture at 15/25 °C. Germination was monitored
daily. The germinated seeds were recorded
every day for a period of 14 days after sow-
ing. Seeds were considered germinated when
the radical had protruded 2 mm through the
seed coat. After 14 days of incubation, ger-
mination was expressed as the Final Percent-
age of Germination (FG%) and Rate of Ger-
mination (germination time) (GR) was
calculated by seeds day.

Statistical analysis

Averages of the main effects and their inter-
actions were compared using the revised
Least Significant Difference test (LSD) at
0.05 level of probability (Tukey test).

Results

Germination rate: the percentage of germina-
tion was the lowest at 10 °C (25%). It reached
its maximum at 25 °C (80%) (Fig. 1A). Ger-
mination in the control started on day 10
under 25 °C (Fig. 1B).

The percentage of germination decreased with
the increase of the osmotic potential espe-
cially at —7 bar (Fig. 2). It reached its maxi-
mum at 0 and at —1bar, 100-98% respectively
(Fig. 2A). The delay before germination
severely increased at —7 bar (Fig. 2B). The
germination was influenced by the soil depth
(Fig. 3). Although the lowest depth (1-2cm)
tested was suboptimal (100% of germination
Fig. 3A). In contrast, highest soil depth (5¢cm),
caused germination inhibition and seeds
buried at 6cm showed no emergence (Fig.
3B).

The highest germination rate (98%) was
observed at 0.0g/l NaCl. The lowest germina-
tion rate (22%) occurred under 15g/1 (Fig.
4A). Germination treatment under NaCl 0.0-
3.0 g/l started on day 1 (Fig. 4B).

The Rate of Germination (RG) of P. dichoto-
mum under 12g/1 NaCl was 42% at day -8,
then no radical and no hypocotyl length can
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Figure 1 - Percentage of seed germination

of Pennisetum dichotomum (A)
and germination time (B)
in response to three temperature values.
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Figure 2 - Percentage of seed germination

of Pennisetum dichotomum (A)
and germination time (B)
in response to hydric potential values.
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Figure 3 - Percentage of seed germination of
Pennisetum dichotomum (A) and
germination time (B) in response
to depth values.

be measured (Fig. 4C). Increasing NaCl con-
centration in the growth medium had a highly
significant (p<0.0001) adverse effect on the
mean time germination in P. dichotomum.
Interactions among all the factors (tempera-
ture, salinity, water potential, depth) were sta-
tistically non significant with respect to ger-
mination percentage. Water deficit affected
the germination of seed and the growth of
seedlings negatively. The highest radical
length was recorded in the control treatment
it reached 60.60 mm. The radical length
decreased by increasing osmotic potential of
NaCl. The reduction in the RL at the moder-
ate and highest dose of NaCl (3.0 and 9.0 g/1)
varied between 35.40 and 5.00 mm.

The degree of retardation increased with the
increase of NaCl concentration. The highest
growth appeared in the control treatment
reaching 50.60 mm. The hypocotyl length
severely decreased at 9g/1 of NaCl with a size
of 3.20 mm. No growth of the HL was
obtained of P. dichotomum at 12.0 and 15 g/l
of NaCl (Fig. 4C).
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Figure 4 - Percentage of seed germination of
Pennisetum dichotomum (A), time of
germination (B) and radical and hypocoty!
length (C) in response to NaCl doses.

Discussion

We found significant differences in germina-
tion percentage between incubation tempera-
tures treatments. When seeds were moistened
with deionized water of P. dichotomum the
percentage of germination was at its maxi-
mum around 25°C. These results suggest that
Pennisetum dichotomum is able to germinate
in desert regions between mid-spring and
mid-autumn compared to Pennisetum divisum
which germinated in Sahara at all season
(Akhterand & Arshad 2006). We found P.
dichotomum very sensible to water deficit
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caused by salt present in growth medium. Al
Kkatee (2006) found this specie adapted to
the dry climate of desert zones, temperature
and salinity which are the major factors that
influence its seed germination.

The germination percentage of P. dichoto-
mum showed a net decrease under osmotic
potential stress conditions, germination was
very low at —7.0 bar and no germination
occurred at —10.0 and —16.0 bar.

The reduction of germination rate under salin-
ity stress condition has been described by
numerous authors (Azhdari et al. 2010). The
inhibitory effects of NaCl on seed germina-
tion could be due to its direct affect on the
growth of the embryo (Al Khatee 20006).
Alternatively, NaCl may also increase the
osmotic potential of the media causing
inhibitory effects on seed imbibition (Alman-
souri et al. 2001).

Water deficit, induced by NaCl, reduced sig-
nificantly shoot and root length, especially at
9.0 g/l. When seeds were moistened with 12.0
and 15.0 g/l NaCl for 8 days, the seeds of
P. dichotomum completely we found no ger-
mination. NaCl may be an inhibitory of the
activities of some enzymes that may play crit-
ical roles in seed germination (Saha et al.
2010; Wang et al. 2011). Water uptake
declined rapidly when NaCl solution was
added at high concentrations. The first phase
of water uptake by the seeds involves move-
ment of water into the free space and does not
depend on the osmotic potential of the sur-
rounding solution (Mekhbordoran et al.
2009). The second slower linear phase of
water uptake involves the movement of water
across cell membranes into the cells of the
seeds and is determined by the difference
between the osmotic potential of the seed and
that of the medium (Bewly 1994).

The germination percentage and rate of ger-
mination in the P. dichotomum -treated seeds
decreased with the increase of the osmotic
potential, NaCl concentration and also varied
significantly with temperature treatments.

This result corroborates other studies show-
ing that osmotic stress primarily reduces rate
of germination rather than germination per-
centage. It is assumed that germination rate
and the final seed germination decrease with
the decrease of the water movement into the
seeds during imbibitions. Salinity stress can
affect seed germination through osmotic
effects percentage (Murillo-Amandor et al.
2002).
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Salt induced inhibition of seed germination
could be attributed to osmotic stress or to spe-
cific ion toxicity (Kaya et al. 2005). Germi-
nation percentage also significantly decreased
as the level of salinity of the medium
increased. Jamil et al. (2006, 2007) found that
the mean time to germination of almost all
vegetables species increased with the addition
of NaCl and this increase in was greater in
higher concentration as compared to low con-
centration. The reduction in root and shoot
development may be due to toxic effects of
the NaCl used as well as unbalanced nutrient
uptake by the seedlings. High salinity may
inhibit root and shoot elongation due to slow-
ing down the water uptake by the plant may
be another reason for this decrease (Jamil et
al. 2007). The results of this study showed a
greater reduction of HL and RL in compari-
son to germination phase with the increase of
the osmotic potential with NaCl. In addition,
this work suggested that cell division, which
is a post-germination phenomenon responsi-
ble for seedling elongation and development,
is more sensitive to the NaCl compared to cell
expansion, which drives germination.

Conclusion

The germination and early seedling growth
stages of P. dichotomum, showed different
responses to water stress induced by NaCl.
However, early seedling growth was more
sensitive than germination to water stress
induced by salinity. Results also indicated that
seed germination of P. dichotomum is more
resistant than seedling growth to osmotic
potential indicating that the seeds of the
specie are efficient in osmotic adjustment face
to soluble salts.
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Abstract

Few researches have been carried out on wild
populations of small carnivores involving ani-
mals live trapping. Problems in field data col-
lection make spatial and reproductive dynamics
of these species still not understood. This
research used data about only 14 live trapped
individuals, because of the quoted problems,
nevertheless results showed important and pre-
liminary considerations on this topic. In the
study, genetic microsatellite methodology
applied to natural weasel population produced
data on kinship and dispersal patterns. All the
11 microsatellite analyzed loci were found poly-
morphic, with an average number of alleles per
locus of 5.36; estimated expected heterozygos-
ity He (0.62) is at the highest end of the range
of other Mustela species. No significant devia-
tions from Hardy-Weinberg equilibrium were
found (p=0.05). The analysis of genetic kinship
showed no full siblings and only one parent-off-
spring pair: so only 1.09% of the total possible
pair wise comparisons (91) showed close genetic
kinship. The proportion of related animals from
the sampled population was 14,2%.

Keywords: dispersal, Hardy-Weinberg
equilibrium, heterozygosity, kinship, microsatellite
DNA, weasel.
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Introduction

The weasel (Mustela nivalis, Linnaeus 1766)
is the smallest living carnivore. Its behav-
ioural and ecological traits make it a typical
solitary (non-cooperative) (Sandell 1989)
species, typified by r-selected and oppor-
tunistic life-history strategies (King 1983,
1989). Many ecological features of wild
solitary small carnivores populations are
still unknown (Clutton-Brock 1989) and
microsatellite DNA analyses seems to be the
best tools to investigate ecological traits like
mating systems and dispersal strategies (Sugg
et al. 1996) in such elusive animals.

Many parameters were used to define the
genetic variability of a population: for exam-
ple the proportion of polymorphic loci (Mit-
ton & Raphael 1990) or the number of distinct
alleles (genetic variation or diversity). Here
we used the genetic variance, measured by
mean heterozygosity (H), the proportion of
loci that are heterozygous in an average indi-
vidual. Using H, the amount of genetic vari-
ance carried by a small sample of population
will closely approximate the magnitude of
genetic variance of that population in the
whole (Caughley & Sinclair 1994).

The primary aim of this study was to provide
an example for the usefulness of molecular
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tools in investigating ecological and behav-
ioural patterns in solitary small carnivores.

Material and methods

We studied a weasel population during two
years (from summer 2002 to summer 2004),
in an agricultural area of central Italy, inside
the Regional Natural Reserve of Lungo and
Ripasottile Lakes. Data were collected by live
trapping and genetic analyses on samples of
their hair bulbs. All field works were con-
ducted following the standards and proce-
dures laid down by national legislation and
under the permission of the Natural Reserve
Institution.

Trapping and handling of animals

Weasels were trapped using Edgar wooden
box traps (King & Edgar 1977). Trapping ses-
sions were conducted every month for differ-
ent periods of time and the trapping effort was
variable by year and season; 20 to 50 traps
worked simultaneously during the data col-
lection period, placed throughout a study area
of 9 km?. Trap sites were chosen in the most
suitable habitats (stone walls, ditches and
hedgerows), at variable distance from each
other, usually from 20 m to 50 m. During data
collection, traps were moved over different
locations inside study area, in order to capture
different animals. The traps were baited with
dead house mice (Mus domesticus) and
checked twice a day, once in the morning and
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Figure 1 - Map of the study area with the trap sites locations of 14 trapped weasels
(squares measure 1 km?).
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subsequently 12 hours later. During the cold
season, from November to March, the traps
were disarmed at night.

Captured animals were transferred from the
trap to a sealed transparent plastic box, used
as a pre-anaesthetisation chamber, in which
cotton imbibed with ethyl ether was intro-
duced. Each animal was weighed to evaluate
the exact dose of anaesthetic and intramuscu-
larly injected with ketamine. Anaesthesia
lasted an average of 10 minutes per animal.

During this period some samples of hair bulb
were taken and immediately kept frozen at
— 80 °C and each captured animal was marked
with an individually numbered transponder
tag (Trovan, UK), inserted subcutaneously
between the shoulder blades.

Genetic data

We used 11 polymorphic microsatellites loci,
isolated from other mustelid species (Table 1)
and tested in weasel by Pertoldi et al. (2006)
and Wang et al. (2002).

DNA was extracted from hair samples using
the ChargeSwitch® Forensic DNA Purifica-
tion Kit (Invitrogen, Inc.), validated for DNA
extraction from human hair bulb. DNA ampli-
fication was performed in the following steps:
at 94 °C for 2 min, then 40 cycles of denatu-
ration at 94 °C for 15 s, annealing at 52.5 °C
for 15 s, polymerization at 72 °C for 15 s, and
final polymerization at 72 °C for 10 min.
Annealing temperature for MVI57 locus was
57.5 °C. The forward (F) primer was fluores-
cently labelled with different markers (HEX,
TAMRA, 6-FAM); then PCR products were
analysed by electrophoresis by a DNA AB310
automated sequencer (Applied Biosystems,
Inc.).

Table 1 - Used microsatellite loci and their features.

Allele number and heterozygosity (H) were
calculated using the program GIMLET
v.1.3.3. (Valiere 2002; http://pbil.univ-
lyonl.fr/software/gimlet).

Deviations from Hardy-Weinberg equilibrium
were tested using the program GENEPOP v.4.
(Raymond and Rousset 1995;
http://kimura.univmontp2.fr/~rousset/genepop).
Bonferroni corrections for multiple compar-
isons were used to find critical significance
levels for both locus MLUT20 and MER022
(equivalent to p < 0.05). Finally, genetic kin-
ship among animals was analyzed using the
program KINGROUP v.2.0.8.+ (Konovalov et
al. 2004; http://code.google.com/p/kingroup).
We tested two kinds of first order of related-
ness (primary hypothesis): parent/offspring
and full siblings versus the null hypothesis of
unrelatedness, using the likelihood formulas
of Goodnight and Queller (1999).

Results

During the study, 14 weasels were captured
(11 males and 3 females).

All the 11 analyzed microsatellite loci were
found polymorphic, with a variable number
of alleles (Table 1). The average number of
alleles per locus was 5.36.

Mean observed (Ho) and expected (He) het-
erozygosity for the 11 loci within the studied
population (N=14), were 0.46 and 0.62
respectively (Table 1), ranging from 0.07 to
0.93 for Ho and from 0.07 to 0.85 for He.
After Bonferroni corrections, comparison
between Ho and He for both locus MLUT20
and MERO022 showed p values = 0.05. So no
significant deviations from Hardy-Weinberg

Source species Locus primer name Reference N alleles P value Ho He
Mustela lutreola MLUT20 Cabria et al. 2007 9 0,02* 0,64 0,83
MLUT25 Cabria et al. 2007 2 - 0,07 0,07
MLUT27 Cabria et al. 2007 6 0,83 0,71 0,63
MLUT35 Cabria et al. 2007 10 0,07 0,93 0,85
Meles meles MEL1 Bijlsma et al. 2000 8 0,83 0,71 0,75
Mustela erminea MERO09 Fleming et al. 1999 5 0,11 0,50 0,66
MER022 Fleming et al. 1999 4 0,01* 0,57 0,70
MERO41 Fleming et al. 1999 4 0,17 0,43 0,46
Gulo gulo GGU216 Duffy et al. 1998 4 0,29 0,14 0,64
GGU234 Duffy et al. 1998 5 0,34 0,19 0,76
Mustela vison MVIO57 O'Connell et al.1996 2 1,00 0,19 0,50
* Means that Bonferroni correction was applied.
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equilibrium were found in sampled popula-
tion (p=0.05).

From all captured weasels, only one pair
(1,09%) from the total possible pair wise
comparisons (91) showed close genetic kin-
ship: the animals F2-M5 were certainly con-
stituted by parent/offspring (r=0.4; R=0;
p <0.001). For all others simulated compar-
isons made by KINGROUP program, r values
(relatedness) varied from — 0.48 to 0.59, but
no significant values of R (ratio) were
detected (R=0; p=0.001) linked to r=0.4.

Spatial distribution of capture localities is
shown in Figure 1. The related pair (F2-M5)
trap sites are at a distance of about 100 m.

Discussion

The average number of alleles per locus (5.3)
is in the middle part of the range of other
Mustela species, going from the lowest (1.2)
detected in black footed ferret (Mustela
nigripes) (Wisely et al. 2002) to the highest
(11.7) found in stoat (Mustela erminea)
(Fleming et al., 1999). Instead, estimated He
(0.62) is at the highest end of the range, going
from black footed ferret (0.07) (Wisely et al.,
2002) to the stoat (0.83) (Fleming et al. 1999),
and inside the range found in weasel by Per-
toldi et al. 2006 (0.6-0.73).

The analysis of genetic kinship in sampled
population revealed no full siblings, only one
parent-offspring pair and a low degree of
relatedness.

Combining these genetic results with spatial
distribution of traps we generated hypotheses
regarding pattern of dispersal.

The genetic relatedness of the pair F2-M5
represents a relation between sire and female
offspring. The distance between the capture
sites of the two animals (100 m) was inside
the range of the average home range size cal-
culated for the same population (Magrini et
al. 2009), moreover the absence of siblings
inside the studied population means a spacing
tactic that involves dispersal of the offspring:
these two observations are in agreement with
the hypothesis in which M5 is the father of
F2, but in disagreement with the supposition
in which F2 is the mother of M5 (which
means that M5 didn’t move away from natal
area).

The same absence of siblings between sam-
pled animals (in particular constituted by
males) means the absence of sex biased dis-
persal for female. The other two possibilities
(both sexes dispersal or male dispersal) are in
agreement with the kinship discovered in the
sampled population.

Despite the lack of data about weasels dis-
persal in previous studies, our results are yet
in agreement with data on dispersal strategy
of stoats, for which was detected a pattern of
dispersal not sex biased (Erlinge 1977; King
& McMillan 1982; Debrot & Mermod 1983).

For the evaluation of kinship results we were
not able to use data about age class of animals
because of the difficulty in estimating the age
of living weasels: actually the young reach
sexual maturity in only three months
(Sheffield & King, 1994), so from the end of
the breeding season the generations may
appear to overlap, and despite kits, it is impos-
sible to determine an age class with any con-
fidence (King 2007). Another problem is the
lack of data about females (only three were
captured during the study), that didn’t permit
to clarify prospective sex biased dispersal.

Weasels were described as an r-selected
species (Sandell 1984; Stenseth 1985) with
short life span, high natural mortality in the
first year (75%-90%) (King 1980, 2007;
Sheffield & King 1994; McDonald & Harris
1998) but also rapid production of young and
high population turn-over: so natural popula-
tions suffer great numerical fluctuations that
involve local extinctions and recolonizations
in which a different set of resident animals is
observed every year (King 1983, 1989, 2007).
Even if these ecological and biological traits
seem to converge in an opportunistic philopa-
try strategy (Waser & Jones 1983), data from
this study disprove this hypothesis: the lack
of sibling kinship in the sampled population
can suggest the presence of dispersal strategy,
probably promoted by survival of resident
animals in the second life year.

Also Pertoldi et al. (2006) found a high
genetic variance in wild weasel population,
that does not agree with an high population
turnover and density fluctuations (Caballero
1994).

Genetic structure is strongly influenced by
patterns of individual movement and repro-
duction as stressed by Cutrera et al. (2005):
molecular studies seem the most useful way
to investigate these patterns in very elusive
small carnivore species.
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Les communautés bryophytiques
du lit mineur des gorges de I’Ardeche
comme témoins de sa richesse écosystémique

The bryophytic communities of the low-water bed of the Ardeche
River gorges as witnesses of the richness of its ecosystem

Jaoua CELLE, Vincent HUGONNOT

Pole bryophytes, Conservatoire botanique national du Massif central,

Résumé

L’Ardeche est I'une des rares riviéres préservées
du sud-est de la France. Son régime hydrolo-
gique et la qualité de I'eau témoignent d’un
hydrosystéme fonctionnel. L’étude des groupe-
ments bryophytiques du lit mineur des gorges
de I’Ardéche met en évidence leur lien étroit
avec le fonctionnement hydrologique de cet
écosysteme alluvial. Les processus d’érosion, de
transport et de sédimentation sont clairement a
I'origine de I'ensemble des communautés mus-
cinales. Celles-ci sont toutes conditionnées par
les flux de matiére et d’énergie déployés lors
des crues, a différentes échelles spatiales et tem-
porelles. La conservation de ce patrimoine
exceptionnel dépend donc exclusivement du
maintien des caractéristiques hydrologiques
naturelles de I’Ardeche.

Abstract

The Ardéche River is one of the scarce rivers in
the South-East of France to have been pre-
served. Its hydrologic regime and the quality of
its water bear witness to an alluvial system
which is functional and preserved. The study of
the low-water bed of the Ardéche River gorges
underscores their close link with the hydrologic
working of this alluvial ecosystem. The processes
of erosion, transportation and deposits are obvi-
ously giving birth to all the moss communities.
The latter are conditioned by the flow of mat-
ter and energy at play during floods, on various
time and space scales. Therefore, the conserva-
tion of this unique heritage depends exclusively
on the maintenance of the natural hydrologic
characteristics of the Ardéche River.

Le Bourg, 43230 Chavaniac-Lafayette, France

E-mails : jaoua.celle@cbnmc.fr
vincent.hugonnot@cbnmc.fr

Introduction

Les complexes alluviaux sont constitués
d’une mosaique dynamique d’habitats (aqua-
tiques, bancs de galets, saulaies...) subissant
périodiquement des inondations (Schnitzler-
Lenoble 2007). Ils comptent parmi les plus
riches en flore dans le domaine tempéré
(Ellenberg 1988). Des siecles d’acharnement
a tenter de supprimer les inondations, au
moyen de travaux de corrections, d’endigue-
ment, de stabilisation des berges, ont eu rai-
son, ou ont du moins profondément modifié,
les caractéristiques naturelles de la plupart des
cours d’eau de France, notamment du Rhone
(Bravard & Petts 1996 ; Vivian 1989 ; Poin-
sard 1992). Dans la plupart des rivieres et des
fleuves de France, les transports liquide et
solide, les processus d’érosion/sédimentation,
a ’origine du perpétuel rajeunissement du lit
et des berges, sont treés nettement affaiblis ou
sont totalement annihilés (Antonelli 2002).
Les phénomenes de charriage, de saltation
(charge de fond) et de mise en suspension des
matieres solides sont réduits a 1’extréme dans
nombre de cours d’eau. Dans certains cas tou-
tefois, la sédimentation des €léments fins a
I’origine des dépots de vase est encore active
sur les berges des grands cours d’eau (Anto-
nelli 2002). Les habitats de contact entre I’eau
courante et les foréts peu inondées sont deve-

Mots clés : bryophytes, Ardéche, hydrosysteme,
fonctionnalité, perturbations.
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nus rares ou n’existent plus. Ce comparti-
ment, majoritairement forestier et hautement
dynamique, a le plus souffert des travaux
d’amélioration du régime des cours d’eau.

Dans les habitats naturels ou subissant un fort
impact anthropique, 1’analyse des commu-
nautés bryophytiques présente un intérét cer-
tain dans le diagnostic écosystémique. Cette
approche synécologique a été employée dans
des systemes tourbeux (Hugonnot et al. 2011 ;
Goubet 2007), mais rarement dans des com-
plexes alluviaux (Klein & Vanderpoorten
1997 ; Hugonnot & Celle soumis). Dans les
habitats alluviaux, les bryophytes sont pour-
tant capables de coloniser a peu pres tous les
types de supports, des plus stables jusqu’aux
plus mobiles et, en raison de leur grande spé-
cialisation écologique, présentent donc poten-
tiellement un fort pouvoir indicateur (Werffeli
2004).

Les travaux concernant la flore et la végéta-
tion bryophytiques qui portent sur le Bas-
Vivarais sont rares et se limitent a quelques
publications relativement anciennes de
Dismier (1921, 1922, 1928) et de Philibert
(1880, 1881, 1884, 1894). Deux catalogues
des mousses du bassin du Rhone rédigés par
Debat (1886) et Meyran (1914) fournissent
quelques indications relatives a la basse
Ardeche. La plupart des citations issues de ces
publications sont reprises dans la syntheése de
Sapaly (2000). Plus récemment, Wattez & De
Foucault (2002) ont publié quelques données
floristiques a la suite de prospections effec-
tuées dans la vallée de I’ Ardeche. Malgré ces
différents apports, la bryoflore de la basse val-
lée de 1’Ardeche reste mal connue. La
connaissance relative aux végétations est
encore plus lacunaire.

La riviere Ardeche est pourtant un systeme
aux caractéristiques naturelles préservées
(Bravard 2008) qui peut servir de modele ou
de témoin dans le but de comparer la
végétation bryophytique d’hydrosystemes
hautement anthropisés avec d’autres encore
fonctionnels. Des lors, les communautés
bryophytiques du lit mineur de 1’Ardeche
refletent-elles cette fonctionnalité ? Notre
attention s’est donc portée dans un premier
temps sur les communautés bryophytiques du
lit mineur de I’ Ardeéche dans une optique des-
criptive. L’analyse du déterminisme écolo-
gique des communautés permet ensuite de
relier la présence des communautés avec des
caractéristiques hydrogéomorphologiques et
dynamiques de la riviere dans une optique de

meilleure compréhension du fonctionnement
d’un hydrosystéme non perturbé.

Site d’'étude

Les gorges de 1’ Ardeche sont situées dans le
sud-est du département de I’ Ardeche entre
Vallon-Pont-d’ Arc et Saint-Martin-d’ Ardéche
(figure 1). Une longue phase d’incision a
I’échelle des temps géologique a permis a
I’ Ardeche de former ce canyon méandriforme
d’une trentaine de kilometres de long
(Astrade et al. 2011). Ces gorges, formées par
un long processus d’érosion, entaillent pro-
fondément les calcaires blancs a facies urgo-
nien (Pascal er al. 1989). Les principaux
phénomenes faconnant aujourd’hui la mor-
phologie de ces gorges sont les processus flu-
viatiles (Bravard 1993). La structure générale
des gorges, héritées des phénomenes érosifs
pass€s, comporte des versants concaves for-
més par de hautes parois qualifiées de cirques.
La riviere serpente dans un défilé ou se suc-
cedent une vingtaine de méandres et une quin-
zaine de rapides. Les rapides sont des zones
de turbulence qui se forment la ou I’eau
s’écoule a travers des gradins, lorsque des
débris rocheux sont présents sur le fond du
chenal ou lorsque ce dernier se rétrécit bruta-
lement (Julien 2006).

Alimentée par ses deux principaux affluents,
le Chassezac et la Beaume, I’ Ardeéche pré-
sente un régime torrentiel. En effet, le régime
des précipitations cévenoles s’abattant sur son
bassin versant associé aux fortes pentes des
principaux versants provoque les fortes crues
qui caractérisent I’ Ardeche (Bravard 2008). Si
son débit moyen annuel est modeste
(55 m¥/s), les crues annuelles sont impor-
tantes, en particulier en fin d’été et au début
de ’automne avec des débits de I’ordre de
2000 a 3000 m?/s. Si le cours de I’ Ardeche
a été bien plus haut au x1x¢ siecle (Astrade et
al. 2011) suite a I’apport massif d’alluvions a
la fin du petit age glaciere, les crues dévasta-
trices des siecles passés — plus de 20 m d’élé-
vation du niveau de I’eau dans les gorges en
1827 (De Mardigny 1860) — ont progressive-
ment évacué cette charge alluvionnaire. Bien
que de nos jours ces crues exceptionnelles,
lies a un contexte historique et climatique
particuliers, ne semblent plus envisageables,
les crues annuelles de I’ Ardeche avoisinent
tout de méme les 8 a 10 m d’élévation du
niveau de I’eau.
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Du point de vue de la structure du lit, la
riviere est encaissée dans une banquette cal-
caire avec, au pied des concavités rocheuses,
des zones plus profondes, nommées mouilles
et en face desquelles se forment des bancs de
convexité, constitués par le dépdt de nappes
de galets (Bravard 2008). Lors des crues, les
sédiments grossiers (galets) accumulés dans
les mouilles a I’amont des rapides sont mobi-
lisés et sont redéposés a 1’aval. Les éperons
rocheux forment une barriere dans les
convexités permettant le dépdt et I’édification
de plages de galets de plusieurs metres de
hauteur. Les sédiments fins (alluvions
sableuses) sont généralement transportés par
suspension. Lors des crues, ces alluvions
sableuses, originaires des Cévennes grani-
tiques et métamorphiques, sont déposées dans
les zones a faible courant et lorsque le niveau
d’eau diminue (Jaillet et al. 2008).

Le climat de cette région peut étre qualifié de
subméditerranéen avec un ensoleillement tres
important et une pluviosité annuelle assez
faible (moins de 1 000 mm/an). Les étés sont
chauds avec de longues périodes de séche-
resse (juin a septembre). L’ automne est assez

Les communautés bryophytiques du lit mineur des gorges de I’Ardeche
comme témoins de sa richesse écosystémique

pluvieux et I’hiver est relativement sec et
doux tandis que le printemps est généralement
assez arrosé (Duplan 2008). La mise en place
de stations météo au fond des gorges a permis
de montrer que, sur les dix dernieres années,
certains versants exposés au sud ne connais-
sent jamais de températures négatives (Pey-
ronel comm. pers.).

Le lit mineur des gorges de 1’ Ardeche est

colonisé par une mosaique de végétations tra-

chéophytiques alluviales (Mandin & Des-

coings 2008 ; Choisnet & Le Henaff, a

paraitre) dont les principales sont :

— les herbiers aquatiques enracinés des eaux
courantes relevant du Batrachion fluitantis
Neuhiusl 1959 ;

— les gazons amphibies annuels calcicoles des
berges a Lythrum thymifolia et Juncus bufo-
nius (Radiolion linoidis Pietsch 1971) ;

— les roselieres basses a Eleocharis palustris
des marges du lit alimentées parfois par des
sources ;

— des prairies humides méditerranéennes sur
limons sablo-graveleux, nitrophiles et baso-
philes a Cyperus longus et Paspalum disti-
chum (Paspalo distichi-Agrostion semiver-

TOURNON-SUR-RHONE®

Figure 1 - Carte de localisation des gorges de I'Ardeche.
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ticillatae Br.-Bl. in Br.-Bl., Roussine &
Negre 1952) ;

— différentes formations originales de friches
alluviales basophiles s’installant sur les
bancs d’alluvions, avec Chenopodium mite,
Xanthium italicum, Ptychotis saxifraga et
Glaucium flavum relevant du Chenopodion
rubri (Tiixen ex Poli & J. Tiixen 1960)
Kopecky 1969 ;

— les saulaies alluviales a Saponaria officina-
lis et Salix purpurea (Salicion triandrae
Miiller & Gors 1958) formées de fourrés
bas installés sur les bancs d’alluvions dans
les zones soumises a des crues et des rema-
niements assez réguliers ;

— les aulnaies-frénaies calcicoles des basses
terrasses inondables a Carex pendula et
Fraxinus angustifolia et les frénaies-peu-
pleraies des terrasses moyennement inon-
dables a Populus alba (Fraxino angustifo-
liae-Ulmenion minoris Rivas-Martinez
1975);

— et les végétations a Asplenium trichomanes
subsp. pachyrachis Polypodium cambricum
des falaises et rochers calcaires ombragés
relevant du Polypodion serrati Br.-Bl. in
Br.-Bl., Roussine & Negre 1952.

Les gorges de I’ Ardeche sont également un
site touristique majeur. Ce site est trés appré-
cié des amateurs de canoé et de kayak et des
randonneurs. Il fait I’objet d’une fréquenta-
tion touristique trés importante puisqu’on
recense plus de 200 000 visiteurs par an. Afin
de préserver ce patrimoine naturel exception-
nel, la Réserve naturelle nationale des gorges
de I’Ardeche a été créée en 1980.

Méthodologie

Des inventaires de la flore et des végétations
bryophytiques ont été réalisés le long de I’en-
semble des gorges de I’Ardeche dans le lit
mineur entre 2009 et 2011, avec un recours
aux prospections en cano€ pour les habitats
aquatiques et les berges abruptes. Les coor-
données géographiques des lieux inventoriés
sont déterminées sur le terrain a I’aide d’un
GPS dont la précision est de I’ordre de 10 m.
Des inventaires complémentaires ont été réa-
lisés dans les gorges du Chassezac afin de
pouvoir établir certaines comparaisons
concernant en particulier les communautés
aquatiques.

Les relevés bryosociologiques suivent la
méthode préconisée par la phytosociologie
sigmatiste. L’ensemble des données station-
nelles classiques est relevé (habitat, végéta-
tion trachéophytique, micro-habitats, pente,
hygrométrie, exposition...). Les relevés bryo-
sociologiques ont été réalisés sur des unités
homogenes de végétation, adaptées au cas des
communautés bryophytiques, avec affectation
de coefficients d’abondance-dominance et de
coefficients de sociabilité. L’échelle d’abon-
dance-dominance appliquée est celle propo-
sée par Braun-Blanquet (1921, 1928, 1964),
amendée et complétée suivant Frey & Kiir-
schner (1995) qui proposent I’échelle adaptée
suivante :

+< 1%,
1:1,1-6 %,
2:6,1-12,5 %,
3:12,6-25 %,
4:25,1-50 %,
5:50,1-100 %,

i est utilis€ pour un individu isolé couvrant
moins de 1 %.

La nomenclature employée correspond essen-
tiellement a celle de Hill et al. (2006) pour les
mousses et celle de Ros et al. (2007) pour les
hépatiques. Les végétations bryophytiques
suivent la synnomenclature de Marstaller
(2006).

Résultats:
approche descriptive des
communautés bryophytiques

Les communautés bryophytiques occupent
des micro-habitats qui se succedent sur les
rochers, les placages de limons et les troncs
le long d’une toposéquence dans le lit mineur
des gorges de I’ Ardeche (figure 2). Ces com-
munautés peuvent étre replacées dans 1’archi-
tecture synsystématique de Marstaller (2006)
(figure 3).

Groupements a Fontinalis antipyretica
et £ hypnoides var. duriaei (tableau 1)

Ces deux communautés du Fontinalion anti-
pyreticae W. Koch. 1936 sont assez rares dans
le site et extrémement localisées. Il s’agit de
groupements aquatiques saxicoles, a caractere
pionnier, occupant les bas niveaux topogra-
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Figure 2 — Répartition des communautés bryophytiques du lit mineur le long d'un transect schématique des
gorges de I’Ardéche (1 - Groupements a Fontinalis antipyretica et F. hypnoides var. duriaei ;
2 - Octodiceratetum juliani; 3 - Leptodictyo riparii-Fissidentetum crassipedis ; 4 — Cinclidotetum
danubici; 5 - Cinclidotetum fontinaloidis ; 6 — Groupement a Homalia lusitanica; 7 — Groupement
a Timmiella anomala et Gymnostomum calcareum ; 8 — Syntrichio latifoliae-Leskeetum
polycarpae; 9 - Groupement a Orthotrichum sprucei).

Platyhypnidio-Fontinalietea antipyreticae Phil. 1956
Leptodictyetalia riparii Phil. 1956
* Fontinalion antipyreticae W. Koch. 1936

- Groupements a Fontinalis antipyretica et F. hypnoides var. duriaei

- Octodiceratetum juliani v. Krus. ex v. Hiibschm. 1953

* Cinclidotion fontinaloidis Phil. 1956

- Cinclidotetum danubici Empain 1973
- Cinclidotetum fontinaloidis Gams ex v. Hiibschm. 1953
- Leptodictyo riparii-Fissidentetum crassipedis All. ex Phil. 1956

- Groupement a Homalia lusitanica

Psoretea decipientis Matt. ex Follm. 1974
Barbuletalia unguiculatae v. Hibschm. 1960
* Cephaloziello baumgartneri-Southbyon nigrellae Guerra & Gil 1982

- Groupement a Timmiella anomala et Gymnostomum calcareum

Frullanio dilatatae-Leucodontetea sciuroidis Mohan 1978
Orthotrichetalia Had. in Kl. & Had. 1944
¢ Leskeion polycarpae Barkm. 1958

- Syntrichio latifoliae-Leskeetum polycarpae v. Hiibschm. 1952
«dialytrichietosum mucronatae Barkm. 1958

»Groupement a Orthotrichum sprucei

Figure 3 - Les communautés du lit mineur des gorges de I’Ardéche dans le bryosynsystéme de Marstaller
(2006).
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Tableau 1 - Tableau synthétique des communautés saxicoles du lit mineur des gorges de I’Ardéche.

m @ @) @ 6

Nbr.relevés 8 8 20 10 9

Fontinalis antipyretica Hedw.

Fissidens fontanus (Bach.Pyl.) Steud.

Cinclidotus danubicus Schiffn. & Baumgartner
Cinclidotus riparius (Host ex Brid.) Arn.

Cinclidotus fontinaloides (Hedw.) P.Beauv.
Scorpiurium deflexifolium (Solms) M.Fleisch. & Loeske
Dialytrichia mucronata (Brid.) Broth.

Didymodon nicholsonii Culm.

Orthotrichum cupulatum Hoffm. ex Brid.

Schistidium crassipilum H.H.Blom

Leptodictyum riparium (Hedw.) Warnst.

Fontinalis hypnoides C.Hartm. var. duriaei (Schimp.) Kindb.

Fissidens crassipes Wilson ex Bruch & Schimp. subsp. warnstorfii (M.Fleisch.) Brugg.-Nann. | |

1}
AR

|V

v
v

=S 2<<|<<

(1) Grpt a Fontinalis antipyretica et F. hypnoides var. duriaei ; (2) Octodiceratetum juliani ; (3) Cinclidotetum danubici ;
(4) Cinclidotetum fontinaloidis ; (5) Grpt a Didymodon nicholsonii.

phiques. Ils présentent tous deux une tres
faible tendance rhéophile. Ils se présentent
sous forme de draperies immergées fortement
dominées par Fontinalis hypnoides var.
duriaei, espece parfois accompagnée de Fon-
tinalis antipyretica.

Octodiceratetum juliani v. Krus.
ex v. Hiibschm. 1953 (tableau 1)

Tres rare et tres localisé dans les gorges, ce
groupement aquatique hémisciaphile s’ob-
serve dans les zones calmes, fréquemment
dans les mouilles des berges concaves. Ce
groupement paucispécifique est souvent saxi-
cole. Il est plus rarement €piphyte et se déve-
loppe alors sur les tresses constituées par 1’en-
chevétrement des racines d’ Aulnes riverains.
Il forme des gazons courts pouvant parfois
atteindre de forts recouvrements a des pro-
fondeurs dépassant un metre. Ce groupement
et les précédents se rattachent au Fontinalion
antipyreticae. Cette alliance est relativement
peu représentée dans les gorges de 1’ Ardéche
comparativement aux gorges du Chassezac
(figure 4).

Cinclidotetum danubici Empain 1973
(tableau 1)

Cette association est assez fréquente sur le
site, notamment dans les zones de rapides.
C’est une communauté saxicole, amphibie, a
caractere pionnier, tres rhéophile sur les flancs
rocheux subverticaux exposés aux forts cou-
rants. Association paucispécifique formant

des masses bosselées noiratres dominées par
Cinclidotus danubicus. Le Cinclidotetum
danubici est une association européenne assez
rare (Philippi 2007) qui n’a qu’exceptionnel-
lement été mentionnée en France méditerra-
néenne (Hugonnot 2011). Ce groupement est
tres bien représenté dans les gorges de I’ Ar-
deche alors qu’il est pratiquement absent des
gorges du Chassezac (figure 5).

Cinclidotetum fontinaloidis Gams
ex v. Hiilbschm. 1953 (tableau 1)

Tres fréquente et abondante de facon quasi-
ment continue sur I’ensemble du linéaire des
berges rocheuses étudiées. Communauté saxi-
cole amphibie située topographiquement au-
dessus du Cinclidotetum danubici dans les
zones soumises aux courants forts 2 moyens
et subissant une émersion durant la plus
grande partie de I’année. Cette communauté
paucispécifique se présente sous la forme de
courtes draperies discontinues, formées essen-
tiellement par C. fontinaloides, fréquemment
associée a Scorpiurium deflexifolium qui
forme des facies tres distincts. Sur les revers
de rochers, légerement a I’abri des plus forts
courants, cette communauté s’observe sous
une forme différente avec notamment une fré-
quence importante de Didymodon nicholso-
nii, Dialytrichia fragilifolia et Orthotrichum
cupulatum.
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Leptodictyo riparii-Fissidentetum
crassipedis All. ex Phil. 1956 (tableau 2)

Groupement tres rare, localisé aux abords des
secteurs rudéralisés (aires de bivouac, cam-
ping). Communauté des limons enrichis en
matiere organique retenus par un réseau de
racines, elle est située topographiquement
dans la zone de battement des eaux, dans les
secteurs peu agités. Communauté paucispéci-
fique a faible recouvrement muscinal, formant
des placages laches.

Groupement a Homalia lusitanica
(tableau 2)

Groupement peu fréquent sur le site, 1i€ aux
petites cavités sombres des berges rocheuses.
Cette communauté pionniere limono-saxicole
hypersciaphile se rencontre sur les surplombs
verticaux des cavités rocheuses, sur une tres
fine couche de limons, a des niveaux topo-
graphiques bas, en station confinée. Relative-
ment riche en especes et de structure assez
hétérogene du fait de la diversité des archi-
tectures des especes dominantes.

Les communautés bryophytiques du lit mineur des gorges de I’Ardeche
comme témoins de sa richesse écosystémique

Tableau 2 - Tableau synthétique des communautés limicoles

du lit mineur des gorges de I’Ardéche.

(1 (2

3)

Nbr. relevés| 10 7 10
Leptodictyum riparium (Hedw.) Warnst. \"
Fissidens crassipes Wilson ex Bruch & Schimp. "n{v
Homalia lusitanica Schimp. \"
Scorpiurium deflexifolium (Solms) M.Fleisch. & Loeske 1
Lunularia cruciata (L.) Lindb. V|V
Timmiella anomala (Bruch & Schimp.) Limpr. \"
Gymnostomum calcareum Nees & Hornsch. v
Bryum donianum Grev. | IV |

Fontinalis hypnoides C.Hartm. var. duriaei (Schimp.) Kindb.
Bryum pseudotriquetrum (Hedw.) P.Gaertn., B.Mey & Scherb.
Hygroamblystegium tenax (Hedw.) Jenn.

Rhynchostegiella curviseta (Brid.) Limpr.

Porella platyphylla (L.) Pfeiff.

Trichostomum crispulum Bruch

Eucladium verticillatum (With.) Bruch & Schimp.
Scorpiurium circinatum (Bruch) M.Fleisch. & Loeske
Southbya tophacea (Spruce) Spruce

Didymodon insulanus (De Not.) M.O_Hill

Fossombronia caespitiformis De Not. ex Rabenh.
Fossombronia sp.

Preissia quadrata (Scop.) Mull.Frib.

Reboulia hemisphaerica (L.) Raddi

(1) Leptodictyo riparii-Fissidentetum crassipedis ; (2) Grpt a Homalia lusitanica ; (3) Grpt

a Timmiella anomala et Gymnostomum calcareum.

Figure 4 - Cartes de répartition du Fontinalion antipyreticae dans les gorges de I’Ardéche (a gauche)

et dans les gorges du Chassezac (a droite).

Figure 5 — Cartes de répartition du Cinclidotetum danubici dans les gorges de I’Ardéche (a gauche)

et dans les gorges du Chassezac (a droite).
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Groupement a Timmiella anomala et
Gymnostomum calcareum (tableau 2)

Ce groupement original est peu fréquent sur
le site, apparaissant de maniere ponctuelle sur
des abrupts rocheux recouverts de placages
minces de sables limoneux soumis a des suin-
tements temporaires carbonatés. Communauté
limicole pionniere, formant des gazons denses
et ras composés majoritairement d’acro-
carpes. Elle est formée par Timmiella ano-
mala, fréquemment associée a Lunularia cru-
ciata, Gymnostomum calcareum et Bryum
donianum.

Syntrichio latifoliae-Leskeetum
polycarpae v. Hiibbschm. 1952
(tableau 3)

Ce groupement est assez bien réparti sur le
site au niveau des bancs de galets sur les
berges convexes au sein de la saulaie allu-
viale. Association corticole, alternativement
hygrophile et xérophile temporaire, avec une
forte tendance rhéophile. Forme des gazons
ras assez réguliers et denses pouvant étre
assez discrets (notamment a 1’état sec). Syn-
trichia latifolia et Leskea polycarpa sont deux
especes caractéristiques tres fréquentes, par-
fois accompagnées de Cinclidotus fontina-
loides. La sous-association a Dialytrichia fra-
gilifolia  (dialytrichietosum  mucronatae
Barkm. 1958) est omniprésente sur 1’en-
semble du site. Un groupement a Orthotri-
chum sprucei semble pouvoir étre isol€ sur la
base de caracteres synécologiques et floris-

Tableau 3 - Tableau synthétique des communautés corticoles

du lit mineur des gorges de I'Ardéche.

(1) )

Nbr. relevés| 23 25

Dialytrichia mucronata (Brid.) Broth. vV V
Cinclidotus fontinaloides (Hedw.) P.Beauv. v v
Leskea polycarpa Hedw.
Syntrichia latifolia (Bruch ex Hartm.) Huebener I
Orthotrichum diaphanum Schrad. ex Brid. niv

Orthotrichum sprucei Mont. \L

Scorpiurium deflexifolium (Solms) M.Fleisch. & Loeske ]
Scorpiurium circinatum (Bruch) M.Fleisch. & Loeske |
Orthotrichum cupulatum Hoffm. ex Brid. | |
Hypnum cupressiforme Hedw. |
Syntrichia laevipila Brid. |
Cryphaea heteromalla (Hedw.) D.Mohr
Leptodon smithii (Hedw.) F.Weber & D.Mohr
Orthotrichum acuminatum H.Philib.
Orthotrichum affine Schrad. ex Brid.
Syntrichia papillosa (Wilson) Jur.
Orthotrichum tenellum Bruch ex Brid.

v ol

(1) Syntrichio latifoliae-Leskeetum polycarpae ; (2) Grpt a Orthotrichum sprucei.
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tiques propres. Il se positionne sur les parties
hautes des troncs soumis périodiquement aux
courants les plus violents et se caractérise flo-
ristiquement par la plus grande fréquence
d’Orthotrichum diaphanum et la constance
d’ Orthotrichum sprucei.

Discussion

Richesse bryocénotique globale

L’ensemble des communautés bryophytiques
saxicoles, aquatiques a amphibies est aujour-
d’hui rassemblé dans la classe des Platyhyp-
nidio-Fontinalietea antipyreticae Phil. 1956
(Marstaller 1987). Dans le cadre d’une syn-
thése au niveau européen, Marstaller (2006)
liste 12 associations de cette classe potentiel-
lement présentes dans les gorges de 1’ Ar-
deche. Six groupements ont pu y étre recon-
nus. En outre, la seule association corticole
amphibie décrite en Europe au sein des Frul-
lanio dilatatae-Leucodontetea sciuroidis
Mohan 1978 est bien implantée dans les
gorges de I’ Ardeche et se trouve représentée
localement par plusieurs sous-associations ou
groupements qui témoignent de conditions
écologiques contrastées. Le lit mineur des
gorges de I’ Ardeche, pourtant de faible exten-
sion latérale, est donc le réceptacle d’une
grande richesse bryocénotique. Cette concen-
tration exceptionnelle de bryocénoses spécia-
lisées trouve son origine dans la diversité et
la complexité des composantes structurelles
et hydrologiques des gorges. Le caractére
pionnier de la majorité des communautés
dépend du rajeunissement constant des bryo-
cénoses par des perturbations cycliques
basées principalement sur des processus
d’érosion/sédimentation trés actifs. La
richesse en bryocénoses couplée au caractere
pionnier de ces dernieres est d’ailleurs consi-
dérée par Werffeli (2006) comme attestant
d’une « alluvialité » maximale.

Originalité des groupements
bryophytiques

Le groupement a Timmiella anomala et Gym-
nostomum calcareum peut étre positionné au
sein du Cephaloziello baumgartneri-South-
byon nigrellae Guerra & Gil 1982, alliance
méditerranéenne des protosols calcaires
(Guerra & Gil 1982) (figure 3) mais ne sau-
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rait étre assimilé en 1’état a aucune associa-
tion décrite en Europe. Gymnostomum calca-
reum et Southbya tophacea, deux especes
bien présentes dans nos relevés, sont consi-
dérés par Marstaller (2006) comme des carac-
téristiques d’alliance. Davantage de relevés
sont nécessaires pour asseoir la caractérisa-
tion a la fois floristique et synécologique de
notre groupement afin de statuer définitive-
ment sur sa valeur syntaxonomique.

Le groupement a Homalia lusitanica présente
une originalité floristique et synécologique
qui nous incite a y voir une communauté nou-
velle. Deux communautés bryoptéridophy-
tiques impliquant Homalia lusitanica comme
caractéristique ont ¢&té décrites dans le
domaine méditerranéen mais aucune ne
semble correspondre au groupement des
gorges de I’ Ardeche. Le Homalio lusitanicae-
Trichomanietum speciosi Pérez Latorre et al.
2005 est une association inféodée aux cavités
rocheuses soumises aux embruns et aux suin-
tements dans des ravins de la laurisylve (Perez
Latorre et al. 2005). Le Homalio lusitanicae-
Adiantetum Puglisi 1994 est quant a lui une
association tres hygrophile des parois suin-
tantes, avec une haute fréquence d’especes
telles que Pellia endiviidolia, Eucladium ver-
ticillatum (Puglisi 1994). Bien qu’il possede
des similitudes synécologiques certaines, la
communauté bryophytique observée dans les
gorges de I’ Ardeche ne saurait étre assimilée
a aucune de ces deux associations et doit étre
rattachée au Cinclidotion fontinaloidis
(figure 3).

Ces deux groupements singuliers sont stricte-
ment liés a des cavités creusées au fil du
temps par I’érosion fluviale avec un dépdt
régulier de sédiments fins (sables, limons). IIs
sont donc conditionnés par la géomorpholo-
gie spécifique du lit mineur et les processus
d’alluvionnement. De nombreux groupements
originaux restent vraisemblablement a décrire
dans les systemes alluviaux en Europe occi-
dentale. L’étude de ces communautés a été
jusqu’a aujourd’hui tres largement délaissée
par les bryologues (Hugonnot & Celle a
paraitre).

Paucispécificité des groupements
bryophytiques

Plusieurs communautés identifiées dans les
gorges de 1’Ardéche sont relativement
pauvres en especes, en particulier les groupe-
ments aquatiques comme ’a déja noté Neu-
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mayr (1978) dans d’autres hydrosystémes
européens. Le rattachement des communau-
tés observées aux associations déja décrites
est de ce fait souvent assez délicat par manque
d’especes signalétiques. Par exemple 1’Octo-
diceratetum juliani est caractérisé uniquement
par Fissidens fontanus. Dans nos relevés, Fis-
sidens fontanus est fréquemment asssociée a
Fontinalis hypnoides var. duriaei qui caracté-
rise une autre association (Fontinalietum hyp-
noidis). Le rattachement aux associations cor-
respondantes se base sur une approche
quantitative en 1’absence de données écolo-
giques précises, concernant notamment la
vitesse du courant, la luminosité, ou les carac-
téristiques chimiques de I’eau... A I’avenir,
une approche plus fine des parametres phy-
sico-chimiques est donc a recommander.

Un probleme de méme nature est posé€ par le
groupement a Fontinalis antipyretica et F.
hypnoides var. duriaei. Chacune de ces deux
especes caractérise respectivement le Fonti-
nalietum antipyreticae et le Fontinalietum
hypnoidis. Nos relevés présentent assez fré-
quemment une combinaison de ces deux
taxons rendant le rattachement a 1’une ou
I’autre de ces associations difficiles. Un
second probleme, d’ordre taxonomique, com-
plexifie la situation puisque des formes inter-
médiaires entre Fontinalis antipyretica et
F. hypnoides sont assez fréquemment obser-
vées.

Vitt & Glime (1984) relient I’extréme pauci-
spécificité de ce type de communautés au
nombre relativement peu élevé de bryophytes
strictement aquatiques dans des systémes
d’eau courante. La forte pression de sélection
s’exercant sur ce pool d’especes réduit
conduit a la différenciation de communautés
hyperspécialisées en fonction des multiples
combinaisons des principaux parametres éco-
logiques (durée d’immersion, force du cou-
rant, qualité de I’eau, nature pétrochimique du
substrat...) (Vanderpoorten 2002 ; Tremp et
al. 2012).

Groupements bryophytiques
et régime hydrologique

Les communautés saxicoles aquatiques a
amphibies se structurent dans les gorges de
I’Ardeche selon un gradient de vitesse
moyenne d’écoulement des eaux. Dans les
secteurs les plus agités, les parois et les blocs
calcaires hébergent constamment le Cinclido-
tetum danubici. En Europe, cette association
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est aujourd’hui largement répandue dans les
principaux bassins hydrographiques, mais
dans des habitats presque toujours artificiels,
alors qu’elle est aujourd’hui extrémement rare
dans des systemes naturels (Philippi 1956 ;
Hugonnot 2007, 2010 et 2011). Cette com-
munauté est omniprésente a proximité des dif-
férents rapides le long des gorges, ce qui
contraste singulicrement avec la situation
observée dans d’autres rivieres comme le
Chassezac (Hugonnot 2010). Le régime
hydrologique du Chassezac est aujourd’hui
fortement artificialisé par la présence de
4 barrages hydroé€lectriques (soutien d’étiage
et ététement des crues) installés dans la par-
tie amont de la riviere. De plus la qualité des
eaux du Chassezac est globalement inférieure
a celle de I’ Ardeche, notamment du fait du
moindre renouvellement des masses d’eau et
des sources d’intrants plus nombreuses (Syn-
dicat du Chassezac 2011). Au contraire, I’ Ar-
deche quant a elle ne subit aucune perturba-
tion majeure de son régime hydrologique de
type torrentiel. L’ expression optimale de cette
association rhéophile tres spécialisée
témoigne de la qualité exceptionnelle du sys-
teme hydrologique des gorges de 1’ Ardeche.

A I’inverse, la rareté des communautés des
eaux calmes, relevant du Fontinalion antipy-
reticae (groupement a Fontinalis antipyretica,
groupement a F. hypnoides var. duriaei et
Octodiceratetum juliani), dans les gorges de
I’ Ardeche contraste avec le Chassezac, ou ces
communautés sont omniprésentes. Elles sont

d’autre part particulicrement abondantes dans
des cours d’eau régularisés et chenalisés
comme la vallée du Rhin, du Main... (Mei-
nunger & Schroder 2007 ; Neumayr 1978 ;
Philippi 1993). Ainsi, la rareté des commu-
nautés du Fontinalion antipyreticae dans les
gorges de 1’ Ardeche semble étre un autre indi-
cateur pertinent du fort dynamisme hydrolo-
gique de cette rivicre.

Groupements bryophytiques
et processus d’érosion-transport-
sédimentation

L’érosion, le transport et la sédimentation sont
trois processus clés de la dynamique hydro-
logique des cours d’eau (Dufour 2007). Les
phénomenes cycliques d’érosion sont a 1’ori-
gine d’un rajeunissement des communautés
bryophytiques (figure 6). Au décapage du
substrat succede une recolonisation par les
communautés saxicoles pionnieres comme
celles du Cinclidotion fontinaloidis. Les sédi-
ments fins en suspension se déposent a 1’oc-
casion des périodes de crues. Ce type de sédi-
mentation est a D'origine des dépdts
limono-sableux investis par les différentes
communautés limicoles pionnieres. Le grou-
pement a Didymodon nicholsonii (assimilé ici
au Cinclidotion fontinaloidis) est un des pre-
miers stades de colonisation de ces nouveaux
substrats, dans les secteurs a I’abri des forts
courants. En fonction des diverses conditions
stationnelles, d’autres communautés s’instal-

Figure 6 - Communautés bryophytiques du lit mineur soumises aux perturbations cycliques de
I'hydrosystéme par le régime des crues, a différentes échelles spatiales et temporelles.
Les fleches symbolisent I'intensité en lien avec la fréquence des perturbations.
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lent sur ces placages limoneux. Ainsi, sur les
limons enrichis en matieére organique (souvent
pres des zones rudéralisées), c’est le Lepto-
dictyo riparii-Fissidentetum crassipedis qui
s’installe, tandis que sur les placages limono-
sableux et soumis a des suintements tempo-
raires, c’est le groupement a Timmiella ano-
mala et Gymnostomum calcareum qui se
développe. Dans les cavités assez profondes,
creusées dans les berges, le groupement a
Homalia lusitanica colonise les limons tapis-
sant les parois. La diversification et I’origina-
lité de ces communautés bryophytiques limi-
coles  démontrent I'importance  des
phénomenes actifs de sédimentation a toutes
les échelles.

A une autre échelle spatio-temporelle, les épi-
sodes de crues exceptionnelles (décennales ou
centennales) engendrent le remaniement, le
transport par charriage et le dépot d’alluvions
décimétriques sur les berges convexes de la
riviere (Bravard 2008 ; Astrade et al. 2011).
Les plages de galets ainsi formées accueillent
alors & moyen terme des fourrés arbustifs a
Salix purpurea (Salicion triandrae Miiller &
Gors 1958). La physionomie particuliere des
phanérophytes (morphoses aux troncs mul-
tiples ou troncs courts a branches basses, for-
tement inclinés) témoigne des fortes pertur-
bations naturelles qu’ils subissent dans le lit
mineur. Ainsi, I’alluvionnement régulier de
ces troncs et leur exposition a un fort enso-
leillement permettent I’expression d’une com-
munauté épiphyte originale a Orthotrichum
sprucei (rattachée ici au Syntrichio latifoliae-
Leskeetum polycarpae) dans la partie haute
des troncs. Cette communauté est donc stric-
tement dépendante a la fois de I'installation
des saulaies arbustives suite a des crues
exceptionnelles et du régime saisonnier des
crues.

Conclusion

La richesse bryocénotique des gorges de I’ Ar-
deche témoigne de la diversité et de la com-
plexité des processus alluviaux au sein de cet
hydrosysteme. Les fluctuations du niveau
d’eau, les variations des vitesses des masses
d’eau et les phénomenes d’érosion/sédimen-
tation engendrés par la dynamique alluviale a
des échelles spatiales et temporelles multiples
conditionnent la totalit¢ des communautés
identifiées.
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A grande échelle (petites surfaces), des per-
turbations cycliques fréquentes, d’intensité
faible a moyenne, assurent la régénération des
micro-habitats et I’installation de communau-
tés pionnieres. A petite échelle (grandes sur-
faces correspondant par exemple a un
méandre) des perturbations exceptionnelles,
du point de vue intensité et fréquence, régé-
nerent des habitats trachéophytiques eux-
mémes supports de communautés bryophy-
tiques dont le maintien est conditionné par des
alluvionnements et des submersions réguliers.

Dans un tel hydrosysteéme, toute perturbation
fonctionnelle entrainerait la rupture de ces
équilibres dynamiques et la disparition de ces
communautés bryophytiques strictement
dépendantes. De méme, une diminution de la
qualité de I’eau (eutrophisation, pollution)
aurait des conséquences néfastes sur la plu-
part des communautés aquatiques a amphi-
bies. Ainsi, la conservation de la richesse du
patrimoine bryophytique des gorges de 1’ Ar-
deche dépend exclusivement du maintien de
son régime torrentiel et de la qualité de ses
eaux.

La description et le déterminisme de I’en-
semble de ces communautés présentés dans
les lignes précédentes peuvent faire office
d’état de référence étant donn€ la rareté des
hydrosytémes non perturbés en Europe occi-
dentale. Ainsi 1’étude des bryocénoses
d’autres rivieres plus dégradées permettra
d’établir les fondements d’un diagnostic fonc-
tionnel basé sur la comparaison a la fois quan-
titative et qualitative des groupements bryo-
phytiques.
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Salinity stress affects growth responses
of Cenchrus ciliaris under CO, enrichment

Le stress salin affecte la croissance de Cenchrus ciliaris

sous enrichissement en CO2
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Biology Department, Faculty of Science, UAE University,

Abstract

Salinity stress may affect the response of grass
species to atmospheric CO, enrichment. But the
extent and timing of growth responses in hyper-
arid environments may be different depending
on the specific environmental conditions and
the type of grass species (C3 vs. C4). The aim of
the present study was to assess the extent of
Cenchrus ciliaris L. responses to CO, enrichment
and to evaluate the role of salt stress in affect-
ing such response. Three treatments were
tested; namely ambient, alternating and
enriched CO, concentrations (ACO,, ALCO, and
ECO,, respectively). Shoot length of C. ciliaris
was positively affected by atmospheric CO,
enrichment. The number of inflorescence
increased with the increase of CO, level under
both salt stress and control conditions. Growth
allocation to green blades increased ten times
under salinity stress than under control condi-
tions. Allocation to inflorescence parts was
almost two times higher under control than
under salinity stress. Moreover, root allocation
underwent variations between control and
salinity stress. In short, CO, enrichment did influ-
ence growth responses of C. ciliaris, especially
under salinity tress. Growth allocation was also
influenced toward a more reproductive growth
pattern. Moreover, plants under salt stress may
have responded to the CO, alternation as an
added stress.

Resumé

Le stress salin peut affecter la réponse des
espéces fourragéres suite a l’enrichissement
atmosphérique en CO,. Mais |'étendue des
réponses de croissance dans des environnements
hyperarides peut étre différente en fonction des
conditions environnementales spécifiques et du

Keywords: Growth partitioning, C3 plants,
C4 plants.
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type d’espéces végétal (C3 vs C4). Le but de la
présente étude était d’évaluer I'ampleur des
réponses de Cenchrus ciliaris L. a I'enrichisse-
ment en CO, et d'évaluer le réle du stress salin.
Trois traitements ont été testés, a savoir CO,
ambiant, alternatif et enrichi (ACO2, ALCOZ2 et
ECO2 respectivement). La longueur de C. ciliaris
a été influencée positivement par I’enrichisse-
ment atmosphérique en CO,. Le nombre d’in-
florescence a augmenté avec 'augmentation du
niveau de CO, dans les individus sous stress salin
et les témoins. L'allocation de croissance des
feuilles fraiches a augmenté dix fois sous stress
salin par rapport aux conditions témoins. La
répartition des inflorescences était prés de deux
fois plus élevée chez les témoins qu’en présence
de sel. En outre, I'allocation de ressources a la
croissance des racines a connu des variations
entre le contréle et le stress salin. En somme,
I'enrichissement en CO, a affecté la croissance
de C. ciliaris, en particulier en milieu salin. L’al-
location de croissance a aussi influencé la crois-
sance vers la reproduction. En outre, les plantes
sous stress salin ont réagi a I'alternance de CO,
comme étant un stress supplémentaire.

Introduction

Salinity is a major environmental stress that
reduces plant productivity (Majeed et al.
2010). Land areas affected by salinity are
expected to increase globally (Martinez-Bel-
tran & Manzur 2005). More specifically,
arable land loss because of high salinity in
recent years was reported to reach 30% and
may increase up to 50% by 2050 (Wang et al.
2003). Salinity impacts on plants can be
noticed at the plant level through death and
sharp decline in productivity (Parida & Das
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2005). It also inhibits plants’ access to soil
water by increasing the osmotic strength of
soil solution (The Regional Institute Ltd.
2008). High salinity has a substantial effect
on plants’ major processes such as photosyn-
thesis, protein synthesis and energy and lipid
metabolism (Parida & Das 2005). In addition,
growth and gas exchange properties such as
net photosynthesis and water use efficiency,
which are related to stomatal conductance, are
also affected by high salinity (Koyro 2000).
Salinity stress reduces plants growth because
of the low photosynthesis rate in plants that
are exposed to high salinity, which can
decrease the amount of carbohydrates that are
supplied mainly by photosynthesis and are
needed for cell growth (Parida & Das 2005).
This low photosynthetic rate comes as a result
of salt concentration which has an osmotic
and toxic effect, leading to an inhibition of
plant uptake of some minerals such as N, K,
and Ca (Majeed et al. 2010; Koyro 2006).
Additionally, salinity stress decreases blade
water and osmotic potential (Koyro 2006).
Blades growth is more sensitive to salinity
than root growth (Munns & Termaat 1986).
Whereas for fruits, high salinity shortened the
time of fruit development in some plants and
shortened the fruit life span in others (Mizrahi
1982). Seed germination and dry biomass
production are also negatively affected by
high salinity, but seeds seem to be less inhib-
ited by salinity than growing plant parts
(Ungar 1996). Salinity did not affect seed
recovery after stress (Ungar 1996). But the
extent of plant response to such stress under
enriched CO, conditions requires more inves-
tigations.

Scientists believe that plants’ response to the
enrichment of CO, is mainly manifested
through increasing photosynthesis and
decreasing stomatal density (Ainsworth &
Rogers 2007). While all other effects of CO,
elevation on plants derived from those two
fundamental responses (Ainsworth & Rogers
2007). It is supposed that 95% of plant
species didn’t reach their maximum photo-
synthetic efficiency under ambient CO,, that’s
why the current increase in atmospheric CO,
could stimulate plants’ growth and it is
expected to increase more by the current raise
in atmospheric CO, (Ksiksi & Youssef 2010;
Ziska et al. 2009). Others believe that the
response of plants to elevated CO, will stabi-
lize in the long run because of the photosyn-
thesis acclimation, where plants can’t use
more atmospheric CO, (Barrett & Gifford

1995). Carbon dioxide absorption, however,
depends on photosynthetic pathways (ie: C3
vs. C4).

The difference in responses between C3 and
C4 plants to elevated CO, has been a topic
debated by various scientists. Environmental
stresses that are caused by the elevation of
carbon dioxide worldwide are expected to
ameliorate C4 plants’ response to the elevated
CO, (Leakey 2009). Some studies suggest that
the response of C4 plants growing under ele-
vated CO, is smaller than the response of C3
plants, especially in non-stressed conditions
(Barrett & Gifford 1995; Curtis et al. 1989).
The reason behind the difference is that C4
photosynthesis rate does not increase with the
increase in CO, levels (Wang er al. 2003),
caused by specialized C4 plant mechanisms
(Bowes 1993). The majority of studies on
atmospheric CO, enrichment dealt with C3
plant species, and few studies were on C4
species (Wang et al. 2003). Most of those
studies have focused on weeds and dicotyle-
donous species (Wang et al. 2003). This bias
in studies seems surprising since half of the
world’s grass species possess C4 photosyn-
thesis (Brutnell ez al. 2010). Any change in
C4 species productivity carried out by the
atmospheric CO, enrichment could have a
huge impact on the gross primary productiv-
ity, since the C4 plant contribution is about
21% worldwide (Wand et al. 1999). However
some of those limited studies on photosyn-
thetic activity of C4 species showed that there
is a direct enhancement of atmospheric CO,
increase on C4 species (Wang et al. 2003).

The objectives of the current study are to:
(1) assess the extent of Cenchrus ciliaris L.
responses to CO, enrichment, (2) study the
appropriate environmental conditions for opti-
mal growth, (3) test the morphological
responses to CO, enrichment, and (4) evalu-
ate the role of salt stress in affecting C. cil-
iaris responses to CO, enrichment.

Materials and Methods

The experiment was carried out between
December 2009 and May 2010 within the
United Arab Emirates (UAE) University cam-
pus in Al-Ain city (N 24.19, E 55.62). The
trial was conducted in a greenhouse with con-
trolled temperature, within two plastic cham-
bers (336 x 244 x 22 cm) erected for this trial.
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Figure 1 - Daily variations in A) Temperature, B) Humidity, C) light, and D) CO, concentration
in the two growing chambers over the trial period.

One chamber was left at the greenhouse CO,
conditions (referred to as ambient treatment —
ACO,) where the CO, concentration was
around 500 ppm (Figure 1), and the other
chamber was kept at high concentration of
CO, (referred to as enriched treatment —
ECO,). CO, concentration was kept at around
1000 ppm (Figure 1). The source of CO, was
20-kg CO, canisters. The CO, levels were
monitored using a carbon dioxide monitor and
controller (TONGDY Ltd.). All other condi-
tions were kept similar in both chambers (Fig-
ure 1). Three groups of C. ciliaris plants, were
grown in plastic pots (30 cm in diameter),
exposed to enriched, ambient, or alternating
CO,. The salinity stress sub-group contained
four pots each with 20 planted seeds of C. cil-
iaris. Seeds were planted on 11 February. All
plants were grown within pots from locally
collected seeds.
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Plants that were grown under enriched CO,
conditions were exposed continually to
enriched atmospheric CO, during the whole
trial between 7:00 to 18:00. A third group was
referred to as alternating treatment (ALCO,)
where plants were grown under changing
exposure between ambient and enriched
atmospheric CO,, every two weeks. Plant
under salinity treatment were supplied with
saline water (salinity=2.15 ppt), while the
other plants in the other two treatments were
irrigated with tap water (salinity=0.75 ppt).

Shoot length, number of blades (green/dry),
blade area and inflorescence production were
measured every week throughout the trial
period. The number of stomata was counted
per square area using the epidermal peeling
method. The peeling was done two to three
times for each of three replicates.
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Pigment concentration was measured as an
indicator of the Chlorophyll content (Larsson
et al. 1998) using the following methodology:
5 ml of pure acetone was added to 25 mg of
dry blades sample, where it was kept in 4 °C
temperature and darkness for 24 h, grinded
with a tissue grinder and kept overnight. The
samples were exposed to sonication for 2 min
before it was centrifuged in 4 degrees C, span
at 3000 rpm for 15 min. The extract
absorbance was measured using spectropho-
tometer at 663.2 nm for Chlorophyll-a,
646.8 nm for Chlorophyll-b, and 470 nm for
Carotenoids (Larsson et al. 1998). The chloro-
phyll content (mg.ml!) was calculated using
the formula: Chlorophyll content = A/Ed,
where A is the observed absorbance, E is the

extinction coefficient (=5 mg/ml), and d is the
distance of the light path (=1 cm)

SPSS (Polar Engineering and Consulting
2009) was used to perform ANOVA analysis
to compare the main effects (ambient, alter-
nating and enriched CO,) for each of vari-
ables under study within each date.

Results

Eco-physiological Growth

Shoots of plants grown under salinity stress
for all three treatments followed an inverted
parabolic shape, with ECO, treatment always
higher than the other two treatments (Figure 2).
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Figure 2 - Variations in shoot length of C. ciliaris under various levels of atmospheric CO,; ambient (500 ppm); enriched (1000 ppm)
and alternating between ambient and enriched levels: A) subjected to salinity stress, B) under non stressed condition.
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Figure 3 - Variations in Inflorescence number of C. ciliaris under various levels of atmospheric CO,; ambient (500 ppm); enriched
(1000 ppm) and alternating between ambient and enriched levels: A) subjected to salinity stress, B) under non stressed
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Shoot length increased during the first half of
the experiment to reach around 130, 106, and
79 cm for ECO,, ACO,, and ALCO, treat-
ments; respectively (Figure 2A). On the 31%
of March 2010 ALCO, plants had signifi-
cantly shorter shoots than both ACO, and
ECO, plants (P<0.05). The second half of the
experiment revealed a decreasing pattern in
plants’ shoot length in all three treatments.
Plants under ECO, had significantly longer
shoots than plants under the other two CO,
concentrations on 14, 20 and 28 April
(P<0.05). For the control, all three treatments
had similar shoot length throughout the trial
period (P>0.05).

From the first emerging of inflorescence to
the end of the trial plants under salinity stress
(Figure 3A) had the highest number of inflo-

rescence under ECO,,. Inflorescence appeared
earlier for ECO, and ALCO, than for ACO,,.

For all three treatments, plants under salinity
stress had an increasing trend in the blade area
during the first period of the trial to reach their
peak by the end of March (Figure 4). ECO,
plants had significantly the largest blade area
of all CO, concentrations (P<0.05). Plants
under ECO, had the highest blade area
(130 cm?), followed by plants under ACO,
treatment (110 cm?). The lowest blade area
was recorded for ALCO, plants (80 cm?).
Plants of all three treatments showed a decline
in blade area toward the end of the trial. ECO,
plants had higher average blade area (P<0.05)
when compared to the other two concentra-
tions of CO,. This was true on 7, 14 and 20
April (P<0.05). Control plants under all three
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Figure 4 - Variations in blade area of C. ciliaris under various levels of atmospheric CO,; ambient (500 ppm); enriched (1000 ppm)
and alternating between ambient and enriched levels: A) subjected to salinity stress, B) under non stressed condition.
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Figure 5 - Variations in green blade average number of C. ciliaris under various levels of atmospheric CO,; ambient (500 ppm);
enriched (1000 ppm) and alternating between ambient and enriched levels: A) subjected to salinity stress, B) under non

stressed condition.
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treatments had similar blade areas on most
dates at P>0.05 (Figure 4B). Except on 31
March and 14 and 20 April, ALCO, had the
lowest average blade area at P<0.05.

The dynamics of green blade variations is
summarized in figure 5. Salt stressed plants
for all three treatments underwent an increase
in green blades until the end of the trial. Plants
under both ECO, and ALCO, had the highest
average on 5 May and 12 May (P=0.058). On
20 April, there was a significant difference
between ECO, and ALCO, plants (P=0.097),
and on 28 April at P=0.089. Toward the end
of the experiment ALCO, plants showed a
fluctuating blade area to end up with the low-
est average (ie. 40 blades per plant). For con-
trol plants, ALCO, and ECO, treatments had
higher number of blades on 7 April (P<0.05).

ECO, treatment had the highest average green
blades on 14 April (P<0.05).

Under salinity stress (Figure 6) plants under
ECO, had the highest average number of dry
blades on 20 April (P<0.01). ACO, and
ALCO, plants had a fluctuating average num-
ber of dry blades to end up with 25 and 20
blades per plant; respectively.

The average stomatal density (SD) underwent
an increasing trend until the end of the trial.
No significant differences were observed for
all three treatments for both stressed and con-
trol plants (P>0.05). The average SD for
ECO,, for instance, was about 43 stomata per
um? at the start of the trial and increased up
to around 68 stomata per pm?Z. ECO,, reached
an average of about 53 stomata per um?
under control conditions.
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Figure 6 - Variations in dry blade average number of C. ciliaris under various levels of atmospheric CO,; ambient (500 ppm); enriched
(1000 ppm) and alternating between ambient and enriched levels: A) subjected to salinity stress, B) under non stressed
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Figure 8 - Variations in Chlorophyll-a pigment of C. ciliaris under various levels of atmospheric CO,; ambient (500 ppm); enriched
(1000 ppm) and alternating between ambient and enriched levels: A) subjected to salinity stress, B) under non stressed

condition.

The average Chlorophyll-a content of all
plants under stress conditions (Figure 8A)
decreased from a range of about 4.5 to
6 mg.ml'! at the beginning of the trial down
to around 3 mg.ml! by the end of the trial.
There was no significant difference in Chloro-
phyll-a concentrations between plants under
any of the CO, concentrations (P>0.05). For
the control treatment, Chlorophyll-a gradually
increased at the beginning of the trial to reach
around 5.5 mg.ml'!, then decreased sharply
after the 23 March to reach 3.6 mg/ml,
1.8 mg.ml"! (P<0.05), and 1.1 mg.ml"! for the
ALCO,, ACO,, and ECO, plants; respectively
by the end of the trial.

Growth Partitioning

In this section growth partitioning rates (per-
cent) will be compared — within each CO,
treatment — to assess the different responses
of C. ciliaris to salinity stress under different
CO, concentrations.

Growth allocation to green blades increased
ten times under salinity stress than under con-
trol conditions (32.73% and 3.63%; respec-
tively). Allocation to inflorescence parts were
almost two times higher under control than
under salinity stress (11.19% and 6.49%;
respectively) at P<0.05. Under ECO, concen-
tration, there was a significant differences
between dry blades under salinity stress and
plants under no stress at P<0.05 (Table 1).

Table 1 - Percentage of growth partitioning (Dry Matter) of C. ciliaris. Comparing the plants subjected to salinity stress and plants
that were not subjected to salinity stress under various levels of atmospheric CO,; ambient (500 ppm); enriched (1000 ppm)
and alternating between ambient and enriched levels.

Treatment Plants subjected to salinity stress Plants under controlled condition
Root | Sheath | Inflorescence gl?;:s l];l?’des Root | Sheath | Inflorescence BGll;le(f; glr gd es

Enriched

atmospheric | 3.25% | 47.94% 6.49% 32.73%* | 9.32% | 6.35%* | 62.29%* 11.19%* 3.63% | 16.55%*
CoO,

Ambient

atmospheric 10% | 57.78% 13.14% 14.88% 4.2% 8.63% | 59.13% 10.32% 399% | 16.93%*
CoO,

Alternating

atmospheric 8.77%* | 51.9% 11.44% 20.29%* | 7.6% 5.67% | 52.96% 17.85%* 6.65% | 16.87%*
CO,

* Values are significantly higher at P<0.05
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Root allocation also underwent big variations
between control and salinity stress (6.35% and
3.52%; respectively) at P<0.05.

Under ACO, the effect of salinity stress was
limited (Table 1). Plants under ambient CO,
allocated similar growth rates when compared
to those under control condition, except for
green and dry blades partitioning (P<0.05).
Plants under salt stress allocated and average
of 14.88% to green blades vs. 3.99% in the
control plants (P<0.05). The allocation to dry
blades was 16.93% and 4.2% for plants under
salinity stress and control, respectively
(P<0.05).

For plants under ALCO, treatment, allocation
to roots and green blades were higher under
salt stress (8.77% vs. 5.67%) and (20.29% vs.
6.65%); respectively at P<0.05 (Table 1).
Whereas dry blades and inflorescence alloca-
tions were lower under salt stress than under
control (7.6% vs. 16.87%) and (11.44% vs.
17.85%); respectively at P<0.05.

Discussion

Salinity stress decreased plants growth param-
eters such as blade area and shoot length
(Khodary 2004). In the present trial, shoot
length of C. ciliaris was positively affected by
atmospheric CO, enrichment. The number of
inflorescence increased with the increase of
CO, level under both salt stress and control
conditions. Additionally, the number of inflo-
rescence increased even more under salinity
stress. Enriched atmospheric CO,, however,
did not affect time of inflorescence emer-
gence. Decreasing blades’ surface is the earli-
est response that plants usually undergo under
salinity stress (Parida & Das 2005). This was
the case in our study where CO, enrichment
led to growing larger blades area under
stressed conditions much more than under
control conditions. High atmospheric CO,
increased the number of both dry and green
blades, and the increase was even larger when
high CO, was combined with salinity stress.
This may be attributed to environmental adap-
tations as it has been reported that plants
develop some adaptation mechanisms in order
to exclude salt from their cells (Parida & Das
2005). The increase in the number of dry
blades could be one of the mechanisms that
plants use to exclude salt through storage in
old tissues (Parida & Das 2005). Over all
atmospheric CO, enrichment increased plant

growth and the increase was enhanced under
salinity stress. The increasing atmospheric
CO, had a positive effect on plants under
severe conditions of environmental limita-
tions, such as high salinity (Idso & Idso 1994).
ACO,, however, had mixed effects on plant
growth. It is believed that plants under salt
stress may have responded to the CO, alter-
nation as an added stress.

The stomatal density (SD) of C. ciliaris was
not affected by the salt stress under ECO,,
ALCO, and ACO,. These results do not agree
with that of Teng et al. (2006), who reported
a reduction in SD under enriched condition of
CO,. On the other hand other studies con-
cluded that it is unlikely for the SD to decline
under elevation of atmospheric CO, (Reid et
al. 2003). The results of the present may be a
proof that environmental conditions, not CO,
enrichment, affect SD in C4 grasses such as
C. ciliaris. A survey of more than 120 species
was reported to have concluded that SD
decreased in most cases (Woodward & Kelly
1995).

Growth allocation to green blades increased
under salinity stress than under control condi-
tions. Khodary (2004) has also reported simi-
lar findings. Allocation to inflorescence parts
were almost two times higher under control
than under salinity stress. Moreover, root allo-
cation underwent variations between control
and salinity stress. It could be an indication
that high concentration of CO, encouraged
some biochemical and physiological processes
in the plant to reduce the effect of concen-
trated ions, which increase plant growth
(Majeed et al. 2010). Plants can adapt to salin-
ity stress by sacrificing some old tissues such
as blades and use them as storage compart-
ments (Reid et al. 2003). CO, elevation has a
greater effect on plants under severe condi-
tions of environmental limitations (Mcelrone
et al. 2005).

Conclusion

Salinity stress did influence the response of C.
ciliaris to atmospheric CO, enrichment. Shoot
length and the number of inflorescence, for
instance, were positively affected by atmos-
pheric CO, enrichment. Moreover, growth
allocation to green blades increased ten times
under salinity stress than under control condi-
tions. In brief, CO, enrichment did impact
growth responses of C. ciliaris, and affect
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C. ciliaris toward a more reproductive growth
pattern. Interestingly, alternating CO, may
have acted as an added stress under salinity
stress growth conditions.
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Abstract

We quantified the amount of existing wetlands
in the Mediterranean region as well as their
losses in the past century. An estimated 18.5
+3.5 million ha of wetlands existed in c. 2000,
one quarter of them consisting of artificial wet-
lands, including primarily reservoirs and rice-
fields. Past losses were estimated to represent c.
50% over the 20th century. Land-cover maps
derived from the CORINE Land-Cover system
were also used to test whether they could mon-
itor total surface areas, surfaces by wetland
types, or wetland losses, at the required scale.

Résumé

Nous avons quantifié la surface de zones
humides existant en Méditerranée, ainsi que
leurs pertes au cours du siécle passé. Environ
18,5 millions d’hectares (+ 3,5 millions) exis-
taient vers I’'an 2000, dont environ un quart de
zones humides artificielles, principalement des
réservoirs et des riziéres. Les pertes sont esti-
meées a environ 50 % au cours du xxe siécle. Les
cartes d’occupation du sol tirées de CorinE Land-
Cover ont aussi été utilisées, afin de tester si
elles permettraient de suivre, a I’échelle requise,
la surface totale, la surface par type de zones
humides, et la perte de ces milieux.

Keywords: Mediterranean wetlands, Wetland
surface, Wetland loss, Habitat trends, CORINE
Land-Cover, Artificial wetlands.
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Introduction

Although wetlands are one of the richest
ecosystems in terms of biodiversity, and one
that contributes most to human well-being,
they are also the ecosystem most threatened
by human activities (Millennium Ecosystem
Assessment 2005). Worldwide, many people
depend on wetlands for their basic needs,
especially for water supply. The international
community has acknowledged their impor-
tance: wetlands are the only ecosystem that
benefits from a specific international conven-
tion. The Ramsar Convention on Wetlands of
International Importance was signed in 1971
in order to ensure their protection and wise
use. But since then and despite conservation
actions implemented by governments and
Non-Governemental Organisations, wetlands
have continued to disappear more rapidly than
other ecosystems (Finlayson et al. 1992).
Wetlands are well represented in the Mediter-
ranean region, which is itself a biodiversity
hotspot (Mittermeier et al. 2005; CEPF 2010)
due to a combination of high biodiversity and
high level of threats, especially in coastal
areas (Plan Bleu 2009). Regionally, these
threats are particularly acute, both because of
the rarity and irregularity of freshwater
resources, and because of growing human
pressures affecting them directly or indirectly
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(e.g. Plan Bleu 2009; Mediterranean Wetlands
Observatory 2012). Mediterranean wetlands
are therefore particularly rich but vulnerable
ecosystems.

Despite their importance, Mediterranean wet-
lands (surface area and losses) have never
been reviewed on a regional scale. Quantify-
ing the wetland surface area and trends is
important because this can be a direct meas-
ure to analyse the degree of threat to the
ecosystem (Walpole et al. 2009). In the
absence of better, quantitative data, wetland
area can also be a proxy for wetland ecosys-
tem services (UNEP-WCMC 2011), as there
could be a direct relationship between wet-
land decline and reduction in the services that
they provide.

For these reasons, the trend in wetland area is
a major indicator of the Convention for Bio-
logical Diversity (CBD) (CBD 2006; Walpole
et al 2009). It is also used to measure the suc-
cess of regional strategies for biodiversity,
aimed at implementing the CBD, such as the
European initiative “Streamlining European
Biodiversity Indicators 2010” (EEA 2009a).
The same indicator has been proposed or used
at national (e.g. FOEN 2009) or local levels
(e.g. Popy 2010). Finally, it was recently
adopted as a Priority Indicator by the Mediter-
ranean Wetlands Observatory, a recent initia-
tive to monitor the state and evolution of wet-
lands in the entire Mediterranean basin
(Mediterranean Wetlands Observatory 2012).

Although the issue has received increasing
attention in recent decades, adequate moni-
toring data for this indicator, with consistent
and repeated measures, are still not available
in the Mediterranean Basin. At best, only one-
off situations are described, usually in the
form of wetland inventories. These invento-
ries were promoted in the region by MedWet,
an initiative under the aegis of the Ramsar
Convention that aims at conserving and sus-
tainably managing Mediterranean wetlands,
and which gathers 27 countries. Since its
inception in 1992, this initiative has assisted
the development of methodologies, tools and
frameworks for wetland inventories (e.g.
Costa et al. 1996). Between 1994 and 2009
comprehensive national inventories were pro-
duced for Albania, Bulgaria, Croatia, Greece,
Macedonia, Portugal, Slovenia and Tunisia. In
addition, preliminary inventories or surveys
were launched in Algeria, Cyprus, Libya,
Morocco, Serbia and Turkey, as well as
regional/provincial inventories in France and

Italy. Most of these have also attempted to
quantify past losses. But despite this wealth
of national and regional information, a full,
pan-Mediterranean overview had yet to be
produced. The closest attempt so far was by
Caessteker (2007). Following Hecker &
Tomas-Vives (1996), he reviewed information
on all Mediterranean countries, but summa-
rized quantitative information only for the 16
best-known ones (out of 27). It was shown
that collectively, the 16 countries harboured
at least 4.5 million hectares of wetlands. How-
ever, this result was hampered by the fact that
figures were not available for several coun-
tries known for their huge wetlands (e.g.
Algeria, Egypt, Libya...), whilst for others the
figures proposed were clearly under-estimates
(e.g. France). As a result, the Mediterranean
picture was still very incomplete.

Beyond inventories, monitoring the surface
area of wetlands is even less developed at the
Mediterranean scale, although good attempts
exist at local scale. Despite improved meth-
ods and tools for remote sensing, and an ever-
increasing quality and availability of satellite
images, translating their results into mean-
ingful and reliable metrics of change for wet-
land habitats — and other ecosystem types —
has proved challenging to date at regional
scale (Walpole et al. 2009).

In this paper, we assess the existing wetlands
in the 27 Mediterranean countries around the
year 2000. We measure it in terms of surface
area and number of wetlands. We also try to
identify the relative importance of artificial vs.
natural wetlands. Whenever possible, we both
update the figures for the 16 countries cov-
ered by Caessteker (2007), and bridge the
gaps for the remaining 11 countries — which
had not yet been completed. Secondly, we
evaluate the changes in wetland extent over
the 20th century. Finally we evaluate the pos-
sible advantage of using CORINE Land-
Cover information for monitoring wetland
extent in the future.

ecologia mediterranea — Vol. 38 (2) — 2012



Existing areas and past changes of wetland extent in the Mediterranean region: an overview

Material and methods

Area studied

This study was performed for the 27 Mediter-
ranean countries (Figure 1) corresponding to
the MedWet members, i.e. all 21 countries
that have a Mediterranean coastline plus Bul-
garia, Jordan, Macedonia, Palestine, Portugal
and Serbia/Kosovo. Some large ones, e.g.
Algeria, France, Turkey or Libya have a large
part of their territory lying outside the biocli-
matic Mediterranean region. Wetlands from
these areas are nevertheless incorporated into
all the statistics.

Definition of wetlands

“Wetlands” were understood in the broadest,
Ramsar sense, i.e. encompassing virtually
every aquatic ecosystem except the sea deeper
than 6 meters (Ramsar Secretariat 2008). This
definition therefore includes rivers, large
lakes, reservoirs, ricefields, flooded meadows,
etc. However, we reviewed only figures for
continental, surface wetlands. This excluded

de facto karstic systems and shallow, marine
habitats (outside estuaries), although both are
considered as wetlands in the Ramsar defini-
tion.

Artificial (or human-made) wetlands are
included as one of the three principle types of
wetlands in the Ramsar definition. Artificial
wetlands encompass irrigated or seasonally
flooded agricultural land, saltpans, water stor-
age areas, aquaculture ponds, oases, etc. We
used this classification to distinguish between
“artificial” and “natural” wetlands. However,
it is well understood that in the Mediter-
ranean, due to the long history of human
influence, even the wetlands called “natural”
have virtually all undergone some degree of
human-induced changes.

Data

A review of published and grey literature and
Internet pages was performed, largely
focussing on bridging the gaps in knowledge
that remained after earlier reviews of existing
Mediterranean (Hecker & Tomas-Vives 1996;
Caessteker 2007) or European (Nivet & Fra-
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Figure 1 - Proportion of wetland coverage, in relation to total country surface area, for Mediterranean countries. Serbia and Kosovo
are presented together, as the latest information available dates back to years when they were united.

Sources: see Table 1.
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Table 1 - Existing surfaces of wetlands in Mediterranean countries by year 2000 (+10 yr); 1a Europe; 1b North Africa, Middle East and
overall totals. Countries with an existing, comprehensive wetland inventory (or assessment) are indicated with **; countries
with only a preliminary or partiallregional inventory(ies) with a *; national totals in North Africa/Middle East exclude oases,
which are estimated separately.

CORINE-LC 2006
p surface areas (ha)
a Wetland surface (ha) M|:ln;;;m Sources & method used for figures/ ranges proposed — kil
Estimate Upper | wetlands (additional useful sources within brackets, italics) wetlands | wetlands
(or lower range (excl. wet + all
range limit) limit meadows) | meadows
Albania ** 101,132 792 Mima et al. 2003 updated by Kapanidis (2008) 63,655 106,548
Bosnia- Nivet & Frazier 2004’ ; range reinterpreted based on their
Herzegovina 250,000 500,000 ? sources 37,810 443,028
Bulgaria ** 104,750 109,509 6781 Michev & Stoyneva 2007 120,147 529,512
Croatia ** 390,885 3883 MEPPP 2003 (in Caessteker 2007) 73,753 371,657
Cyprus* 10,000 20,000 7 This study; minimum calculated from Heath & Evans 2000 4047 5215
France * 2,200,000 | 3,000,000 | 58,475° |Cizel 2010 (surface) ; Perennou et al. 2012 (n° of wetlands)| 635,012 | 9,331,177
Greece ** 216,032 410 Zalidis & Mantzavelas 1994, updated by Kapanidis 2008 - -
This study; calculated after N.Baccetti & B. Amadesi (pers.
Italy* 765,000 1,500,000 1515  |comm. July 2010), D'Antoni et al. 2011 and FAO-STAT 2012| 670,821 | 1,096,472
(De Maria 1992)
Kosovo {see Serbia) - 2336 20,109
Macedonia ** 60,000 80,000 44 This study; derived using Micevski 2002 & FAO-STAT 2012| 60,935 263,629
Malta ** 24 24 MEPA 2006 (in Caessteker 2007) 25 25
Monaco ** 10 1 Caessteker 2007
Montenegro | (see Serbia) g 38,424 59,017
Farinha & Trindade 1994; Farinha & Fonseca 2006 (in
Portugal ** 162,462 816 Caessteker 2007) 167,167 209,032
Serbia * 677,200° 499 Yugoslav Federal Republic 1998 (in Nivet & Frazier 2004) | 108,154 266,097
Slovenia ** 35,409° 98,759 3525 Water Management Institute 2000 11,023 127,230
This study; calculated using Casado & Montes 1995, Nivet
Spain* 500,000 1,000,000 1379 & Frazier 2004 and FAO-STAT 2012 562,584 | 1,210,163
This study; derived using Magnin & Yarar 1997, Ministry of
Turkey * 2,062,527 | 3,000,000 135 Environment and Forestry 2007, Karadeniz et al. 2009, 1,784,932 | 3,263,785
M.Ataol /DogaDernegi comm. pers. 2010
4,340,825 | 17,303,593
g:?;;::af 7,535,431 |10,856,013| 79,286 (Greece | (Greece
excl.) excl.)

1. "The Statistical Yearbook of Bosnia-Herzegovina (1983) gives 400,000 ha (i.e. 11% of the country area) as the total surface area covered by wetlands
in the country. No precision is given on how this estimate was made” (Nivet & Frazier 2004).

2. Under-estimated minimum: data only available for the Rhone watershed, i.e. one-quarter of the country. Wetland extent (in ha.) is for the full country.
3. Includes Montenegro and Kosovo, still united at the time the estimate was produced.

4. Highest figure includes floodplains; lowest figure only strict wetlands outside floodplains.

1b Wetland surface (ha)' | Minimum Source or method used for figures (or range) proposed
Estimate Upper n® of B . o
(or lower range |wetlands additional useful sources within brackets, italics
range limit) limit
Morocco * 298,700 185 Kapanidis 2008 (Dakki & El Hamzaoui 1997)
Algeria 1,500,000 | 3,000,000 1475 This study; based on Ramsar site list and DGF 1999, 2001, 2002, 2004
Tunisia ** 1,269,031 254 Hughes et al. 1994, 1997
’ This study; derived using Defos du Rau et al. 2003, Azafzaf et al. 2005, 2006,
Libya 400,000 | 1,000,000 66 Etayed et al. 2007 (also Anonymous 2012)
Egypt 3,500,000 | 4,500,000 13 This study ; derived using Hughes & Hughes (1992)
Israel & Palestine 35,000 100,000 13
This study; derived using Evans 1994, Scott 1995, and recent IBA data online
Jordan 50,000 200,000 14 (http://www.birdlife.org/datazone/site/search#)
Lebanon 1500 4000 8
- This study; derived using Evans 1994, Scott 1995, Murdoch et al. 2004 and
' ' recen ata online (http://www.birdlife.org/datazone/site/search
Syria 200,000 400,000 25 t IBA dat line (nttp:// birdlif P y #)
Sub-Total N Africa +
Middle-East 7,254,231 10,771,731 2013
TOTAL without
oases 14,789,662 |21,627,744| 81,299

TOTAL incl. oases 15,101,412 | 21,939,494

1. Oases are excluded from national totals in Table 1B, as their coverage in national inventories was very heterogeneous between countries.
They are accounted for separately in the grand total using Toutain et al. (1989).
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zier 2004) wetland inventories. The review

collected systematically, whenever available,

national data on:

—current surface areas of wetlands in
Mediterranean countries;

— the relative importance of natural vs. artifi-
cial wetlands;

— absolute losses (or rates of loss) of natural
wetlands over the 20th century, or part of it,
or since the late 19th century, depending on
availability.

The reference period was the year 2000 10
years, i.e. inventory data covering 1990-2010
was used. In a few cases when no other data
was available, a few older data were used. The
review covered national and international wet-
land inventories, previous compilations and
online databases (Table 1), as well as specific
syntheses or official statistics on some wet-
land types: oases (Toutain et al. 1989), rice-
fields (FAO-STAT 2012), dams (Margat
& Treyer 2004) (Table 2). The MedWet
Web Information System (MedWet-WIS;
www.wetlandwis.net), a database designed to
help update wetland inventories, was also
consulted; its contents were summarized by
Kapanidis (2008).

The sources used for each country are pro-
vided in Table 1. Ten countries had compre-
hensive national inventories (or lists), which
provided precise wetland numbers and surface
areas. Seven countries had preliminary or
regional inventories, which helped build reli-
able ranges for surface areas. For the remain-
ing eleven countries, basic data was derived
from several non-comprehensive sources. For
this, we combined data from continental
inventories that cover only the most important
sites in each country (e.g. Hughes & Hughes
1992 for Africa; Scott 1995 for the Middle
East), with data from constantly updated,
online lists of both Ramsar sites (www.
ramsar.org) and IBAs (Important Bird Areas:
Heath & Evans 2000; Evans 1994,
www.birdlife.org). Data from specific surveys
(e.g. Murdoch et al. 2004 for Syria) were also
integrated.

Calculations

Wetland surface area per country

We used the figures from comprehensive
national inventories with reliable totals when
they were available. When this information
did not exist, simple calculations were per-
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formed in order to produce estimated ranges.
Figures from the non-comprehensive sources
described above were first corrected for the
inclusion of sometimes large percentages of
non-wetland habitats in the registered sites,
based on published or online site descriptions.
For instance, the Ramsar sites in Algeria,
when corrected using the Department of
Forestry (DGF) figures from 1999, 2001,
2002 and 2004, gave an actual wetland sur-
face area of only 30% of the indicated total
surface area.

In a second step, and taking the sum of these
corrected surfaces as a national minimum,
ranges were then proposed for each country.
For this, we first assessed from qualitative
information provided in the sources the likely
degree of completeness of these partial lists,
before assigning a conservative range (e.g. [m,
2m], [m, 3m], [m, m+1 million ha]; where m
represents the minimum surface area calcu-
lated from the non-exhaustive sources).
Ranges rather than figures were also proposed
in a few other cases, when several figures
from independent sources existed for one
country, or when published figures were obvi-
ously underestimates (e.g. when some wet-
land types were explicitly omitted). In the
pan-Mediterranean compilation, these ranges
were used in conjunction with the precise fig-
ures existing from well-inventoried countries.

Finally, even in a few relatively well invento-
ried countries (Spain, Italy, Macedonia) some
wetland types were largely omitted, notably
most ricefields. Figures were thus corrected
by adding surfaces for this artificial habitat,
obtained from other sources (FAO-STAT
2012).

Artificial vs. natural wetlands

To assess their relative importance, and as
comprehensive data does not exist for all 27
countries, we used a two-step approach. First,
for all the countries (i.e. 12) where there was
sufficiently detailed information on surface
areas for each of these main wetland types,
we calculated the ratio “Artificial wetlands
surface/Total wetland surface”, for each coun-
try separately and overall (Table 3). Secondly,
in order to check whether this overall ratio
— valid for 12 countries — would be a correct
order of magnitude for the whole Mediter-
ranean, we cross-checked it with separate,
independent sources of data. We used specific
statistics that exist for the whole basin for
some of the main artificial wetland types
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Table 2 - Minimum surfaces and number of some artificial wetland types
in the Mediterranean.

Surface of | Surface of | Minimum Minimum
Oases (ha) | ricefields n° of surface of
(ha) reservoirs | reservoirs (ha)
Albania - 507 17,875
Bosnia-Herzegovina - 29 ?
Bulgaria - 6808 2530 39,500
Croatia - 24 5966
Cyprus - 29 320
E;:?eii,se"geo‘%) 19,933 155 15,000
Greece - 27,653 25 35,824
Italy - 232,165 145 ?
Macedonia - 2874 19 6391
Portugal - 26,356 9 33,969
Slovenia ) 72 2700
Spain 150 110,858 1024 250,000
Turkey - 95,467 500+ 380,000
Serbia-Montenegro- -
Kosovo ? ?
Morocco 80,000 6233 90 80,000
Algeria 93,000 184 44 ?
Tunisia 36,000 21 28,479
Libya 63,000 16 800
Egypt 50,000 627,985 10 581,000
Israel & Palestine 600 1 ?
for the

Jordan “Middie 400
Lebanon Fast 2 1000
Syria 142 82,000
Minimum Total 311,750 1,156,516 5397 1,561,224

Sources: national and continental wetland inventories, as listed in Tables 1 and 3, as well as Margat &
Treyer 2004 for reservoirs, Toutain et al. 1989 for oases and FAO-STAT 2012 for ricefields

(average for 2005-2010).

Table 3 - Proportion of artificial wetlands in 12 Mediterranean countries.
The figures in the 2nd column represent the surface over which
data on the relative share of naturallartificial wetlands is available;
note that it is not necessarily equal to the total surface of wetlands
in the country as provided in Table 1.

Wetland Suface | wartificial Sources
surface (ha) | \yotiands (ha) wetland
Albania 96,803 19,449 20% Mima et al. 2003
. Michev & Profirov 2003;
Bulgaria 104,750 40,197 38% Michev & Stoyneva 2007
Croatia 390,885 20,050 5% MEPPP 2003
Cyprus 9913 320 3% Derived from Heath & Evans
2000
France (4 . .
départements only : Gomila & Peylre 2004; _
Var, Gard, Herault 174,439 72,033 41% Bousquet & Willm 2001;
and Bouches du Anonymous 2006; Biotope
Rhone) 2004
G 202 618 58.236 29% Zalidis & Mantzavelas
reece : : o 1995 and FAO-STAT 2012
. Micevski 2002; FAO-STAT
Macedonia 59,291 8429 14% 2012
Portugal 130,943 36,569 28% Farinha & Trindade 1994
Slovenia 35,409 22,239 63% Water Management Institute
Casado & Montes 1995;
Spain 491,900 377,900 77% Nivet & Frazier 2004; FAO-
STAT 2012
Ministry of Environment and
o, Forestry 2007; M.Ataol/
Turkey 2,062,000 493,000 24% DogaDernegi 2011, pers.
comm.
Tunisia 1,269,031 28,479 2.2% Hughes et al. 1994, 1997
TOTAL 5,027,982 1,176,901 23.4%
58

(Table 2): for salinas, Sadoul et al. (1998) cor-
rected for printing errors (N. Sadoul, pers.
comm. 2010); for oases, Toutain et al. (1989);
and for ricefields the Food and Agriculture
Organisation (FAO) statistics (e.g. FAO-STAT
2012). Similar comprehensive data on
national surfaces of artificial reservoirs could
not be found for all 27 Mediterranean coun-
tries (only for 20), as national and pan-
Mediterranean statistics usually focus on their
storage capacity instead (e.g. Margat & Treyer
2004). The total for all these artificial wetland
types was then compared to the expected arti-
ficial wetland area, then the precise ratio cal-
culated for 12 countries was extrapolated to
the whole Mediterranean basin (27 countries).

Change of extent of natural wetlands
over the 20th century

Recorded changes per country were compared
(in relative terms) to the area of existing wet-
lands. When computing losses, we took into
account the conversion of natural wetlands to
artificial types (e.g. ricefields, dams...) since,
despite being of some ecological value, espe-
cially for waterbirds, these artificial habitats
do not fully compensate the loss of natural
wetlands (e.g. Green et al. 2002).

Cross-checking with land-cover GIS
data: CORINE Land-Cover

We used land-cover data for the northern part
of the Mediterranean region, as a way to
cross-check the information derived from the
literature and Internet survey. The European
Environment Agency (EEA) has been moni-
toring land-cover since 1990 through the
interpretation of satellite images, from which
maps are derived using the CORINE Land-
Cover (CLC) system. We extracted land-use
data from the online database
(http://sia.eionet.europa.eu/CLC2006). Data
were available for 16 countries for 2006, i.e.
the whole area north of the Mediterranean
(including Turkey) except Greece and
Monaco. We considered as “wetlands” the
CLC categories 4 (“Wetlands™) and 5 (“Water
bodies”, excluding subcategory 523 “Open
sea and oceans”), as well as 213 “Ricefields”.
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Results

Surface and number of existing
Mediterranean wetlands

Surface

At the turn of the 21st century (year 2000
+ 10 years), the Mediterranean hosted a min-
imum of 81,000 wetlands, covering between
15 and 22 million hectares (Table 1). This rep-
resents 1.7 to 2.4% of the total area of the
27 countries. This percentage varies between
countries, from <0.5% in Lebanon and Malta,
to 8.2% in Tunisia (Figure 1). About half the
surface area of wetlands was found in the
Northern Mediterranean (incl. Turkey) and
the other half was in North Africa and the
Middle East.

Number

The alternative of using either the number or
the total surface area of wetlands for compar-
ing countries leads to contrasted results
(Table 1). For instance Egypt, which likely
has the largest wetland area of all Mediter-
ranean countries (over 3.5 million ha) would
appear to have only 13 wetlands, whereas e.g.
Slovenia has over 3,500 wetlands, but they
cover less than 100,000 ha. Similarly, France,
where the results of many local, detailed
inventories (down to the level of individual
small pools) were aggregated, apparently har-
bours the majority of Mediterranean wetlands
(>58,000 out of 81,000).

Weight of the largest
Mediterranean wetlands

Based upon existing inventories, the largest
known wetlands (>100,000 ha) are mainly
deltas and large, temporary chotts and
sebkhas of North Africa, as well as some
lakes and reservoirs.

The Nile delta is the largest wetland in the
region, with ¢. 2.3 million ha (10-14% of all
Mediterranean wetlands). Other large deltas
include the much smaller Guadalquivir (Spain:
165,500 ha), Po-Adige (Italy: 150,000 ha) and
Rhone delta (France: 145,000 ha). The largest
chott in North Africa is Chott El Jerid in
Tunisia, which jointly with Chott el Fedjadj
(very close and often listed together) covers
495,000 ha. In Algeria, Chott Melghir/Chott
Merrouane similarly cover together 275,000
ha, and Chott Ech Chergui ¢. 150,000 ha.
These chotts seldom fill up completely, so
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most of these surfaces remain dry in most
years. In Egypt, the Qattara depression cov-
ers 300,000 ha and the Tawargha sebkha in
Libya c. 230,000 ha. Other very large wet-
lands include the huge reservoir of Lake
Nasser (Egypt: Aswan dam) with 581,000 ha,
and in Turkey the lakes Van (375,500 ha) and
Tuz GOl the largest salt lake in central Ana-
tolia (c. 160,000 ha).

Collectively, these 14 wetlands cover 5.3 mil-
lion ha, or 25 to 36% of the 15-22 million ha
of wetlands found in the Mediterranean basin.

Artificial vs. natural wetlands

The 12 countries (or parts of countries) with
sufficient data to assess the relative impor-
tance of artificial vs. natural wetlands repre-
sent over 5 million ha of wetlands in total, i.e.
one quarter of the regional total (Table 3).
Depending on countries, artificial wetlands
represent between 2 and 77% of national
totals. For these 12 countries taken jointly,
¢. 23% of their existing wetlands are artificial.
Extrapolating this ratio with caution to the
whole Mediterranean basin, with its 15-22
million ha of wetlands, would suggest the
existence of 3.5 to 5.1 million ha of artificial
wetlands.

Separately, pan-Mediterranean statistics for
the main artificial wetland types (Table 2)
identify c. 75,000 ha of saltpans active in the
Mediterranean in the mid 1990’s (Sadoul et
al. 1998; N. Sadoul, pers. comm.); over
1.1 million ha of ricefields (FAO-STAT 2012);
at least 1.5 million ha of reservoirs (Margat &
Treyer 2004 and national sources cited in
Table 1 —incomplete data'), and c. 312,000 ha
of oases (Toutain et al. 1989). The combined
total, ¢. 3.1 million ha, is clearly an under-
estimate due to the lack of statistics on reser-
voirs for 7 countries, and of pan-Mediter-
ranean data for all other artificial habitats (e.g.
fish-ponds, sand or gravel pits, waste water
treatment ponds, industrial lakes...). It is
therefore fully compatible with the results that
an extrapolation from a sample of 12 coun-
tries would suggest, i.e. 3.5 to 5.1 million ha
of artificial wetlands. This convergence sug-
gests that approximately one quarter (c. 23%)
of the wetlands in the Mediterranean basin are
artificial wetlands.

1. Data cover only 20 of 27 Mediterranean countries, and one
of them only partly.
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Figure 2 - Loss of natural wetland area in selected Mediterranean
countries/provinces in (mainly) the 20th century.
Sources as in Table 1, plus Pullan (1988) and Psilovikos (1992).
Note that (1) some of these losses include conversion from natural
to artificial wetlands, e.g. ricefields, reservoirs...; and (2) although
figures for Spain span almost 200 years, the original source
highlights that the great majority were lost in the 20th century.

Changes in existing wetlands

At national scale, recorded changes involved
only wetland losses. Figures for such losses
were produced over different periods in dif-
ferent countries (Figure 2), which prevents the
calculation of an overall percentage or total
figure of loss over a given period. In some
countries the “minimum losses” registered
included the conversion of natural to artificial
wetlands, e.g. in Bulgaria the loss includes
23,713 ha of “net loss” in addition to
35,000 ha of losses due to conversions,
largely to reservoirs (Michev & Stoyneva
2007). However; wetland loss was not speci-

fied in most countries.

Wetland loss is not affecting all types of wet-
lands equally. For instance in Spain, there was
60% overall wetland loss between 1800 and
1990, but this ranged from small loss for
mountain and karstic wetlands, to larger
losses for inland saline, coastal, inland fresh-
water and floodplain wetlands (23%, 60%,
68% and 80% respectively) (Casado &

Montes 1995).

60

Cross-checking with CORINE
Land-Cover data

CLC data can be compared with other,
national sources (Table 1a). Overall, CLC pro-
duced a wetland area of 4.3-17.3 million ha for
the 16 countries encompassed, depending on
the inclusion of meadows or not. This range is
much larger than — but compatible with — the
range derived from the literature review (7.3-
10.6 million ha) for the same countries. In
countries like France that have very large
extents of meadows, the resulting range in
wetland surface using CLC is very broad:
between 0.6 and 9.3 million ha. Conversely,
some national ranges produced by both meth-
ods are highly consistent, e.g. in Spain, Turkey,
Albania, Malta, and to a lesser extent Italy.
Still in other countries, where good invento-
ries exist, CLC ranges (without/with mead-
ows) do not overlap the estimated ranges or
figures we produced. Depending on countries,
CLC either over-estimates the extent of wet-
lands (e.g. Bulgaria and possibly Portugal), or
under-estimates them (e.g. Croatia, Cyprus).
The bias is therefore not systematic.

The CLC maps also allow an estimation of the
main habitat types present in the 16 countries
covered in 2006 (x1 yr) (Figure 3). In addition,
“Meadows” cover an extra 13 million ha, but
the relative proportion of “Wet meadows”
(which are wetlands) and “Dry meadows”
(which are not) among this total is unknown,
as CLC does not separate them. Thus, wet
meadows are potentially one of the most abun-
dant wetland types in Euro-Mediterranean
countries. “Water bodies”, i.e. freshwater lakes
and reservoirs, appear as the second most
prominent wetland type (2.1 million ha) fol-
lowed by ricefields (0.8 million ha), water
courses and inland marshes (almost 0.5 million
ha each). Lagoons, estuaries, salinas etc. cover
smaller extents. CLC figures can be compared
with independent, official statistics for ricefield
surfaces, which are specifically monitored by
the Food and Agricultural Organisation (FAO-
STAT 2012). Based upon this source, average
ricefield cultivated area in 2005-07 was 5164
ha (Bulgaria), 17,418 ha (France), 227,531 ha
(Ttaly), 2471 ha (Macedonia), 24,746 ha (Por-
tugal), 109,083 ha (Spain) and 92,633 ha
(Turkey). Conversely, CLC produced totals for
the same period that were systematically
higher than national statistics, by factors of 2.8,
2.1, 1.3, 2.1, 2.1, 1.3 and 2.7, respectively.
These results were statistically significant
(Sign test; N=7 countries; p=0.02).
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Discussion

Mediterranean wetlands:
1.5% of a global resource

Using the worldwide estimates of wetland
surface area from Finlayson & Davidson
(1999) that range from 748-778 million ha
(excluding salt marshes, coastal flats, sea-
grass meadows, karsts, caves and reservoirs)
to 1.2-1.3 billion ha, the Mediterranean basin
hosts approximately 1.5% of the global wet-
lands (18.5 + 3.5 million ha). The total sur-
face area is approximately 4 times higher than
the 4.5 million ha of wetlands recorded by
Caessteker (2007) in his review of the 16 best-
known countries. Wetlands are under-repre-
sented in the Mediterranean region, compared
to global averages: the 27 countries represent
6.6% of all emerged lands on Earth outside
Antarctica, but only 1.5% of the wetlands.
This is partly due to various Mediterranean
countries (North Africa, Middle-East) lying
mainly in desert or semi-desert bioclimates.

Approaches for estimating wetland surfaces
in the Mediterranean are still very crude,
especially for countries that do not have a
detailed national inventory. Even among
countries which have detailed inventories,
methods are not yet rigorously comparable
between countries, especially in terms of what
is included in the “wetland” definition. Some
inventories focus on “natural” wetlands only,
and exclude large lakes, reservoirs and rice-
fields, while others include them systemati-
cally. In other cases only wetlands or ornitho-
logical importance are included. For this
reason, it was important to cross-check, or to
complete if necessary, data from national
inventories with other sources (for example
ricefield surface areas or reservoirs). Despite
the variety of methodologies that exist, we
considered it possible to draw a preliminary,
overall picture, using conservative ranges
where no detailed inventories existed. In order
to reduce these biases, it is likely that future
attempts at monitoring wetland surface area
in the Mediterranean region will increasingly
use results from satellite image analysis, as
was recently done at global scale (Prigent et
al. 2012).

The apparent discrepancy between the pic-
tures provided by either the number or the
surface area of wetlands results from two
causes. The first one is the degree of com-
pleteness of inventories: still basic and pre-
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Figure 3 - Main wetland types in 16 Euro-Mediterranean countries in 2006
(+ 1 yr), calculated from CORINE Land-Cover data.
(N = 4.3 million ha; source: http://sia.eionet.europa.eu/CLC2006),
excluding meadows (see text).

liminary, covering only the largest sites in var-
ious countries, e.g. Egypt, but very detailed in
others, e.g. Slovenia. The second reason is a
highly heterogeneous treatment between
countries of what is counted as “one wetland”
in wetland inventories. For instance the huge
Nile delta is treated as a single wetland in the
African wetland inventory used for Egypt
(Hughes & Hughes 1992), whereas the Rhone
delta (Camargue, France), although 15 times
smaller, has been subdivided into at least 27
wetland units in the detailed regional inven-
tories of southern France, therefore counting
as “27 wetlands”. In conclusion, comparing
countries on the basis of the total number of
wetlands can be misleading due to potentially
strong biases. We suggest that the total sur-
face area, which appears more robust, be used
instead for comparisons.

Continuous wetland loss
during the last century

National inventories and other studies
attempted to quantify past wetland losses over
different time periods in different countries,
with a variety of methods. It is therefore not
yet possible to pool national results into a reli-
able, synthetic figure that encompasses all
losses in the Mediterranean region. However,
existing national or sub-national datasets (Fig-
ure 2) suggest that the region has probably
lost ¢. 50% of its wetlands during the 20th
century. The Mediterranean basin seems to
have followed the global trend, since world-
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wide loss over the same period has also been
estimated at 50% (Finlayson & Davidson
1999). Part of these losses includes an unspec-
ified percentage of conversion to artificial
wetland types (reservoirs, ricefields...).

The loss of some wetland types may be hard
to detect, which may lead to under-estimating
true losses. In the arid areas of North Africa
and the Middle East, large inland temporary
wetlands (e.g. chotts, sebkhas...) do not flood
every year. Even in the absence of any human
impact, they may remain naturally dry for 10-
20 years over most of their surface area. A
reduction in flooding intensity and/or fre-
quency may occur, e.g. through water diver-
sion schemes in the watershed, without land-
use or vegetation changes occuring within the
wetland. So, although parts of the
chott/sebkha may be functionally lost as a
“wetland” through persistent lack of flooding,
this may go undetected for decades. Given the
increasing human pressures on water
resources in the southern and eastern parts of
the Mediterranean (Plan Bleu 2009; Margat
& Treyer 2004), combined with climate
change (Giorgi & Lionello 2008), there is a
potential for the very large wetlands lying in
the arid part of the basin to be particularly
affected. Careful evaluation and quantification
would be required in relevant countries.

Losses of natural wetlands have not been
assessed comprehensively in all countries.
Published figures (or percentages) often refer
only to known losses: the real surfaces lost are
therefore higher. Turkey is likely to be one of
the countries which has lost the most wetlands
in the 20th century, i.e. at least 1.3 million ha
(Magnin & Yarar 1997; Karadeniz et al.
2009). However, similar assessments are lack-
ing in other large countries (e.g. Egypt,
France) where large extents of natural wet-
lands were also lost. For instance in the Nile
delta, apart from the largest lagoons con-
nected to the sea, virtually all natural wetlands
have been turned into agriculture land
(Hughes & Hughes 1992). Similarly in the
Maghreb, large wetland areas were lost dur-
ing colonial times (1850-1930) (e.g. in the
Gharb in Morocco; in the Mitidja plains in
Algeria: Sergent & Sergent 1947; DGF 1999),
but remain undocumented in terms of precise
surface area. Because of their size, small wet-
lands such as temporary pools are often neg-
lected in basic wetland inventories and stud-
ies of wetland losses. But where data exist,
their loss has been very high, often in the

order of 60-90% (e.g. Saber 2006 and Saber
et al. 2008 for Morocco, and Levin et al. 2009
for Israel).

Two main causes drive the disappearance of
Mediterranean  wetlands, often acting
together: the human needs for land and for
water. In the first case, wetlands are inten-
tionally reclaimed for agricultural, residential
or industrial land conversions or for trans-
portation infrastructures. Numerous examples
come from Spain (Casado & Montes 1995),
Greece (Handrinos 1992), Lebanon (Scott
1995), Israel (Hambright & Zohary 1998),
Turkey (Karadeniz et al. 2009). The second
driver, i.e. the need for water, causes over-
abstraction upstream of wetlands or from the
underlying water-table, which leads to their
gradual drying-up. Again, numerous cases
come from Jordan (Al Zu’bi 1996), Turkey
(Dadaser-Celik er al. 2008), Spain (Cirujano
1996) etc. In the past, sanitary reasons were
also an important driver, e.g. for the eradica-
tion of diseases (e.g. Sergent & Sergent 1947;
Hambright & Zohary 1998; Handrinos 1992).
Climate change is likely to become increas-
ingly important driver as it may reduce the
total amount of rainfall and affect its distri-
bution in space and time (IPCC 2007, Giorgi
& Lionello 2008; Plan Bleu 2009; EEA
2009b).

There are quantitative evidences that wetland
losses continue. A recent study on a sample
of 24 wetlands in Morocco showed a decrease
in their area of 25% in 21 years, at the end of
20th century (Green et al. 2002). In Turkey
the Sultansazligi marshes, despite being des-
ignated as a Ramsar site, have virtually dried
out in recent decades, following water
abstraction upstream (Dadaser-Celik et al.
2008), as have other large wetlands in central
Anatolia (Gramond 2002). In Libya recent
studies have shown a loss of 4647 ha (3% of
the existing total) of wetlands of ornithologi-
cal importance in just 5 years, between 2005
and 2010 (Anonymous 2012). Wetland loss is
therefore not a phenomenon restricted to the
distant past: it continues even in the recent
past decades, as also demonstrated at global
scale (Prigent et al. 2012).

Importance of artificial wetlands
in the Mediterranean

Over the 20th century, the creation of many
artificial wetlands took place, partly over for-
mer natural wetlands. These wetlands are
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treated differently in each country, with some
countries listing all artificial wetlands (e.g.
Slovenia, Albania) while others largely omit
them (e.g. Spain; Casado & Montes 1995).
However, this could be circum-vented thanks
to existing, independent statistics on these
man-made habitats. With a necessary caution
due to a European bias in existing data, arti-
ficial wetlands now represent about one quar-
ter of the total surface area of Mediterranean
wetlands. They are principally made of reser-
voirs and ricefields. In some countries (e.g.
Slovenia, Spain) artificial wetlands may now
represent up to 2/3 or 3/4 of the total wetland
area. For instance, in the Ebro Delta (Spain),
210 km? of the 320 km? total wetland surface
area are now ricefields. This is a huge con-
version compared to the 300 km? that were
natural habitats in 1860 (Martinez-Vilalta
1996).

Therefore, when assessing the extent of wet-
lands in a given country, one should carefully
watch for the proportion of these special wet-
land types, which may bias the picture. Some
are of high ecological value, especially for
waterbirds (e.g. Sadoul et al. 1998; Tourenq
2000; Tourenq et al. 2001), but others have
destroyed irreplaceable natural marshes,
floodplains, pools, etc.

CORINE Land-Cover data: still too
limited for monitoring wetlands

Land-cover maps derived from satellite
images are often seen as a promising way to
monitor the existing wetlands. This has been
done successfully on large wetland sites that
have suffered important and rapid losses (e.g.
Gramond 2002; Dadaser-Celik et al. 2008;
Ernoul et al. 2012). However, our compar-
isons between national inventories for Euro-
Mediterranean countries and CLC maps high-
light that the application of the method at
larger scale is still not well established, as can
be illustrated with 3 wetland habitats.

Probably the main limitation of CLC is that it
does not distinguish yet between wet and dry
meadows. In countries like France that have
large extents of both, and where partial data
suggest that wet meadows may actually be the
dominant wetland type (Cizel 2010), the
resulting range in wetland surface area is
extremely broad (by a factor 15; Table 1)
because of an unknown percentage of wet
meadows within the CLC category “Mead-
ows”. Other wetland types are clearly under
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or over-estimated by CLC, too. For instance,
France has between 60,000 and 100,000 ha of
peat-bogs (Pdle Relais Tourbieres 2011),
rather than the 6,800 ha detected by CLC.
This may be due to the fact that CLC only
maps land-cover patches of a size superior to
25 ha (e.g. SoES 2011): most peat-bogs are
too small to be detected, and/or occur under
tree cover. On the other hand, CLC tends to
over-estimate the areas covered by other wet-
land types like ricefields.

Based upon these examples, CLC figures
should be taken cautiously when assessing,
for a given country or the whole northern
Mediterranean region, the main wetland types
and their relative importance. They may pro-
vide a first approximation when no other data
is available, but detailed comparisons within
a few well-inventoried countries would be
required to identify the cause for the variable
and unsystematic discrepancies that exist
between countries (see Table 1). These dif-
ferences may lay either in CLC or in the het-
erogeneity of national inventories.

Conclusion

A first, conservative range for the extent of
wetlands in the pan-Mediterranean region is
now available, synthetising the information
from both well-inventoried countries and
areas without a wetland inventory. Future
improvements will require launching or pub-
lishing wetland inventories in areas with lim-
ited data available such as Algeria, Bosnia-
Herzegovina, Cyprus, Egypt, Israel, Jordan,
Kosovo, Lebanon, Libya, Montenegro,
Morocco, Palestine, Serbia, Syria and Turkey.
In some countries local/regional inventories
exist (e.g. in France, Italy, Spain) but a full
national synthesis, bridging the remaining
gaps and/or the methodological variability, is
still awaited.

Wetland losses are even less well-known than
existing wetlands. Nevertheless, data for a
sample of countries suggests that around half
of the wetlands have been lost in the course
of the 20th century. Quantifying these past
losses by using old maps has not been
attempted on a large scale (but see an exam-
ple in Levin ef al. 2009). This would proba-
bly prove very valuable for areas like North
Africa, which lost large areas of wetlands 80-
150 years ago. Wetland loss continues nowa-
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days and conservation actions are still deeply
needed. National programmes to monitor
trends in wetland surface area are required in
all countries, even where good national inven-
tories exist. This would provide the necessary
information to confirm whether wetland loss
has slowed or eventually stopped following
conservation actions.

Large-scale land-cover maps such as CLC do
not yet fulfil their promises for monitoring
national wetland areas. But other approaches
combining satellite images over a large sam-
ple of wetlands with other sources of infor-
mation, such as digital elevation models, are
starting to provide potential tools for moni-
toring wetland areas at pan-Mediterranean
scale (Hiittich ez al. 2012). An alternative that
remains to be tested regionally would be to
monitor the extent of flooded areas — as a
proxy to wetland extent —, as recently under-
taken by Prigent et al. (2012) at global scale.
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Abstract

Several vegetation communities present in dif-
ferent wadi types are described from newly
sampled regions in the Ahaggar region around
Tamanrasset. The wadi types ranged from rocky
substrates to more gravelly types through to
deep sandy soils. An ordination applying corre-
spondence analysis suggested altitude and soil
substrate as the major ecological gradients at
work. The results of this analysis enabled the
identification of six associations. These are all
described in detail focusing on the floristic list,
their relation to the phytosociological frame-
work proposed by Quézel (1965) and their eco-
logical characteristics. Among the six associa-
tions, two are new: Rhus tripartita-Olea
europaea subsp. laperrinei and Acacia raddiana-
Salvadora persica communities. The former asso-
ciation is found in rocky wadis while the latter
is typical of much larger wadi beds with a com-
pact sandy ground. The four other associations
were confirmed and described in regions not
sampled before. These are Cassia aschrek-Pan-
icum turgidum community — found generally on
sandy-gravelly substrates, Leptadenia pyrotech-
nica-Chrozophora brocchiana community rang-
ing from sandy-silty, sandy to sandy gravelly
ground, the Tamarix aphylla-Farsetia ramosis-
sima community found on wide sandy wadis
and the Tamarix gallica-Desmostachya bipinnata
typical of wadis where the water is close to the
surface. The described plant communities are
discussed in a wider geographical context.

Keywords: desert vegetation, wadi
geomorphology, altitude gradient, soil
characteristics, syntaxonomy, Saharo-Arabian belt.
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Résumé

Plusieurs communautés végétales présentes
dans différents types d’oueds sont décrites a
partir de régions nouvellement échantillonnées
dans la région de I’Ahaggar autour de Taman-
rasset. Ces oueds présentent des substrats qui
varient de rocheux a graveleux et sols sableux
profonds. Une ordination appliquant I'analyse
des correspondances suggére |’altitude et le sol
comme gradients écologiques dominants. Les
résultats de cette analyse ont permis I'identifi-
cation de six associations. Celles-ci sont toutes
décrites en détail en se basant sur la liste floris-
tique, leur relation avec le cadre phytosociolo-
gique proposée par Quézel (1965) et leurs
caractéristiques écologiques. Parmi les six asso-
ciations, deux sont nouvelles: Rhus tripartita-
Olea europaea subsp. laperrinei et Acacia rad-
diana-Salvadora persica. La premiére association
se trouve dans les oueds rocheux, alors que la
seconde est typique des grands lits d’oueds avec
un terrain de sable compact. Les quatre autres
associations ont été confirmées et décrites dans
des régions non échantillonnées auparavant. Il
s’agit de [association Cassia aschrek-Panicum
turgidum qui se développe généralement sur
des substrats sablo-graveleux, [’association
Leptadenia pyrotechnica-Chrozophora broc-
chiana allant du sablo-limoneux, sableux a
sablo-graveleux, I’association Tamarix aphylla-
Farsetia ramosissima rencontrée dans les grands
oueds sablonneux et |'association Tamarix gal-
lica-Desmostachya bipinnata caractéristique des
oueds ou la nappe phréatique est proche de la
surface. Les communautés végétales décrites
sont analysées dans un contexte géographique
plus large.

Mots clés : végétation désertique,
géomorphologie des oueds, gradient altitudinal,
caractéristiques édaphiques, syntaxonomie,
région saharo-arabique.
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Introduction

The most important studies on the flora and
vegetation of the Ahaggar are those of Maire
(1940), Quézel (1954; 1965; 1997) and Barry
et al. (1972; 1981). The Ahaggar has a diver-
sified flora estimated between 350 to 400
species (Maire 1940; Quézel 1965; Quézel
1997) which features several endemics (Olea
europaea subsp. laperrinei (Batt. & Trab.)
Cif., Myrtus nivellei (Batt. & Trab.), Lavan-
dula antineae Maire) and relict trees (Pista-
cia atlantica Desf.). The vegetation in the
Ahaggar is found in valleys, on wadis and
nearby terraces that cut their way through the
mountain massifs and outwash zones where
underground sub-surface water flows are per-
manent.

Phytosociological studies in the Ahaggar
started with the work of Maire (1940) fol-
lowed by in-depth studies undertaken by
Quézel (1954) in the Ahaggar. Later, Quézel
(1965) proposed a global syntaxonomical
framework for the northern, north-western,
central and southern Sahara. Further phyto-
geographical studies, with a particular focus
on the vegetation of the In Salah and Taman-
rasset regions, enabled Barry et al. (1981) to
make a detailed analysis of the plant group-
ings belonging to the Acacia-Panicum deser-
tic savannah.

o

Ahaggaw

Tamanrasset

500 km I

Figure 1 - Geographical localisation of Tamanrasset in the Ahaggar
(Central Sahara).
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More recent contributions to vegetation stud-
ies in the Ahaggar have explored areas of the
range not previously investigated, such as
Halem (1990) who describes the vegetation of
two major wadis in the Tefedest and
Abdelkrim (1992), who identified a new asso-
ciation Pistacia atlantica-Myrtus nivellei in
the Taessa region. Further investigations in
remote, relatively inaccessible sites south of
Tamanrasset enabled Boucheneb (1999) to
describe several plant groupings. Phytosocio-
logical studies of the region have therefore
been sparse and, considering the vast territo-
ries covered by the Ahaggar, plant community
description for the area is far from being com-
plete. The objectives of the present work are
to identify the major ecological gradients
associated with the differentiation of several
wadi plant communities related to different
wadi types and to provide detailed descrip-
tions of vegetation units sampled for the first
time in the Tamanrasset region. The described
plant communities are then put in a wider
geographical context by comparing them with
similar communities in other mountainous
areas of the Saharo-Arabian belt.

Study area and methodology

Geology and geomorphology

The Ahaggar, a vast territory in the centre of
the Sahara, is located 2000 km south from the
Algerian coast (Figure 1). The region covers
450,000 km? of mainly mountainous nature
with two major subareas: a metamorphic and
igneous area in the central part of the Ahag-
gar and the Tassilian shield at the periphery
(Fabre 1976). The central area consists of sig-
nificantly younger rocks than the shield area
and is characterised by several character
regions, of which the most important are the
Attakor culminating at the Mount Tahat with
an altitude of 2918 m, the north-south aligned
Tefedest (highest summit at 2400 m) and the
Amadror, famous for its salt-flats (Lelubre
1952).

This basement complex has undergone sev-
eral sedimentation cycles, the products of
which have been cleared during successive
subsequent erosion cycles. Within such a con-
text, alluvia strewn on wadi beds hold shal-
low sub-surface water flow, which constitutes
the main water resource in this area. The
wadis sampled in the Tamanrasset region

ecologia mediterranea — Vol. 38 (2) — 2012



belong to two major geomorphological habi-
tat types: small wadis that cut their way down
djebel (mountain) slopes and large wadi beds
in valleys at low altitude (800 to 1200 m).

Climatic characteristics

The Ahaggar is under the influence of two cli-
matic regimes: a Mediterranean regime from
the north and a tropical one from the south.
The climate of the study area is characterised
by low and irregular rainfall (Daget & Djel-
louli 1992). The mean annual rainfall calcu-
lated over a period of 63 years was 46.6 mm.
The desertic character of the climate is clearly
illustrated by the ombrothermic diagram (Fig-
ure 2). Temperatures are characterised by very
high daily thermal amplitude, frequently
reaching 35 °C (Dubief 1959). The mean tem-
perature of the hottest month does not exceed
35 °C while mean minimum temperatures can
be as low as — 5 °C in winter.

Sampling strategy

During the sampling period, between 1990
and 1992, 190 relevés were recorded from the
different plant communities of the Tamanras-
set region applying the Braun-Blanquet
method (Gehu & Rivas Martinez 1981). Sam-
pling strategy was based on quadrats recorded
on floristically and geomorphologically
homogeneous sites (Benhouhou ef al. 2003a).
According to topography, quadrat surface has
varied in previous studies in desertic regions
between 100 m? and 1000 m? (Abd El-Ghani
& Amer 2003; Ali et al. 2000; Benhouhou et
al. 2003a; Bornkamm & Kehl 1990;
Brinkmann et al. 2009; Fossati et al. 1998;
Hegazy et al. 1998). For our sampling set, we
chose to use a standard relevé size of 200 m?
as applied in the Ahaggar by Quézel (1954).
Topography, soil texture and altitude were the
main determinants for the choice of sampling
sites: gravelly wadis, sandy wadis, smaller
affluent wadis, outwash zones, mountain
slopes with boulders and crevices. Our sam-
pling sites are located north-east, north-west,
south and south-west of Tamanrasset in the
wadis of the following massifs: Ahléheg,
Adrar Heggueghene, Ti-n-Tourdi, Tahelgha,
Touf Admer and Alemeda (Figure 3).
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Figure 2 - Ombrothermic diagram of Bagnouls and Gaussen
for the Tamanrasset station for the period 1970-2008.

Data analyses

Numerical analysis applying ordination tech-
niques to reduce the complex data set and
seek major ecological gradients responsible
for floristic variation is widely used in stud-
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Figure 3 - Main wadis, sampling sites and localisation of the six identified

plant communities in the region of Tamanrasset.
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Figure 4 - Relevés spread of the whole data set along the first two axis.

ies on desert vegetation (Abd El-Ghani &
Amer 2003; Ali et al. 2000; Anthelme 2007;
Benhouhou et al. 2003b; Dargie & El-Demer-
dash 1991; Shaltout & Mady 1996; Springuel
and Sheded 1991). The numerical analysis
chosen is a correspondence analysis using
ANAPHYTO (Brian 1991). The second stage
of data analysis was the phytosociological
study of the identified plant units via the asso-
ciation tables. These are considered as the
basis for any syntaxonomical analysis. The
only framework valid for the Algerian desert
vegetation is the one proposed by Quézel
(1965) and which has thus been considered in
the present analysis. Among the four existing
classes covering all the habitats encountered
in this vast territory two classes were found:
the Pergulario-Pulicarietea Quézel 1965 and
the Asterisceto-Forsskaoletea Quézel 1965.
We considered perennials to be the most
important component in describing the vege-
tation units and treated annuals as compan-
ions usually characterised by erratic occur-
rence. The latter are of less importance as they
reflect short-lived habitat conditions (Fossati
et al. 1998).

Results

The correspondence analysis applied to the
data matrix (190 relevés and 108 species)
enabled the identification of six floristic
groups (Figure 4). The high eigenvalues for
the first two axes (axis 1: 0.58 and axis 2:
0.45) suggest that two main gradients are at
work. Analysis of the relevés spread along the
first axis clearly indicates that an altitudinal
gradient is responsible for the floristic distri-
bution. Relevés close to the negative part of
the first axis were taken at an altitude that
varies between 1400 and 1600 m while those
at the other end of the first axis were recorded
between 800 to 900 m. Relevés plotted in the
middle of the axis were taken at the interme-
diate altitude of 1200 m. The second axis
shows a textural trend where relevés plotted
towards the negative part of the axis were on
coarse sand mixed with stones and those plot-
ted at the other end had finer sand in their
edaphic profile.

From the 190 quadrats presented in the ordi-
nation, 91 relevé “types” were chosen accord-
ing to their floristic content to illustrate and
discuss the six identified communities.
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The Rhus tripartita and Olea dine, wadi Ouezzene in the Ahléheg massif,
europaea subsp. laperrinei In Ezzebib and Adrar Heggueghne (Figure 3).
community They correspond to the floristic group El

identified by the correspondence analysis
Relevés characterising this association were  (Figure 4). The association is represented by
taken in small massifs in the north and north-  thirteen relevés taken from small rocky wadis
eastern regions of Tamanrasset: wadi Tadda-  that cut their way down djebel slopes, on

Table 1 - The Rhus tripartita-Olea europaea subsp. laperrinei association.

Quadrat number 1 2 3 4 5 6 7 8 9 10 1 12 13

Area (m?) 200 200 200 200 200 200 200 200 200 200 200 200 200

Total cover (%) 10 15 10 5 15 20 15 10 15 20 30 7 15
Altitude (m) 1520 1510 1540 1560 1560 1520 1530 1410 1550 1600 1560 1500 1380
Number of taxa 6 3 12 4 5 9 8 19 16 17 28 16 3
Caracteristics of the association *C
Rhus tripartita + 1 + + + + + + + 2 + 1 . Y
Olea europaea subsp. laperrinei 1 1 1 2 + + + . . . . . + \%
Caracteristics of the Asterisceto-Forsskaoletea et Aervo-Fagonion Quézel 1965

Periploca laevigata + . + . + . + . 1 + + . . Y
Cymbopogon schoenanthus + + 1 1 + + 1 1 . + \%
Fagonia bruguieri + + + + + + 1l
Aerva javanica . . + . . + + + + 1l
Aizoon canariense . . + . . . + + + + 1l
Forsskaolea tenacissima . . . . + + + + . Il
Anabasis articulata + + 1 + 1l
Fagonia longispina + . + + + 1l
Helianthemum hirtum . + + + + 1l
Reseda villosa . . + . . . . + . + . . I
Echium humile . . . . . . . . + . + + . I
Salvia aegyptiaca . . . + . . . . + . . . . Il
Lotus roudairei . . + . . . . . . . + . . I
Monsonia heliotropioides . . . . . . . + . . + . . I
Volutaria leucantha . . . . . . . . . + . I
Astragalus mareoticus . . . . . . . . . . + |
Farsetia aegyptiaca . . . . . . . . . . + I
Asphodelus tenuifolius . . . . . . . + I
Lotus jolyi + |
Asteriscus graveolens . . . . . . + |
Trangressives of the Pergulario-Pulicarietea Quézel 1965

Trichodesma africanum + . + . . + + + + + + \%
Acacia ehrenbergiana . . + . . . + + + 2 + + \%
Pulicaria undulata . . + . . . + + + + + 1 Y
Heliotropium bacciferum + + + + 1l
Pulicaria crispa . . . . . . . . + + I
Maerua crassifolia . . . . . + + I
Senna italica (Cassia aschrek) . . . . . + . I
Acacia tortilis subsp. raddiana + I
Zilla spinosa + I
Pergularia tomentosa + I
Morettia canescens . . . . . . . . . + |
Citrullus colocynthis . . . . . . . . + I
Ziziphus mauritianus . . . . + I
Panicum turgidum . . . . + I
Other species

Euphorbia granulata . . . . . . . . + + + + . 1l
Cleome africanum . . . . . . . + . + + + . 1l
Atractylis aristata . . . . . . . + + + + + . 1l
Solenostemma oleifolium . . . + . + + . . . . . . Il
Ephedra altissima + . . . . . . . . . + . . I
Plantago ciliata . . . . . . . . . . + + . I
Hippocrepis multisiliquosa . . . . . . . . + . + . . I
Additional species: Stipagrostis obtusa + (1), Artemisia judaica + (8), Ficus salicifolia var. teloukat + (12), Lavandula coronopifolia + (7),

Matthiola livida + (10), Paronychia arabica + (10), Pennisetum divisum + (10), Salvia chudaei + (7), Teucrium polium + (6), Typha elephantina + (5).
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rocky substrate with boulders and crevices,
for an altitude varying between 1380 and
1600 m. This association is characterised
physiognomically by Rhus tripartita (Ucria)
Grande and Olea europaea subsp. laperrinei
(Table 1).

On boulders, talus scree and crevices Olea
europaea subsp. laperrinei is dominant.
Species with an average frequency are all
chasmophiles belonging to the Aervo-Fago-
nion Quézel 1965 (Aerva javanica (Burm. F.)
Juss. ex Schult., Aizoon canariense L., Anaba-
sis articulata (Forssk.) Moq., Fagonia
bruguieri DC., F. longispina Batt.,
Forsskaolea tenacissima L., Helianthemum
ruficomum (Viv.) Spreng.) and to the Acacio-
Panicion (Acacia ehrenbergiana Hayne,
Heliotropium bacciferum Forssk., Pulicaria
undulata (L.) C.A. Mey. Trichodesma
africanum (L.) R. Br.).

This association is close to the Olea europaea
subsp. laperrinei-Crambe kralikii Coss. asso-
ciation described by Quézel (1965) at much
higher altitudes (1800 to 2400 m), which is
related to the Lavanduletea antineae Quézel
1965. The absence of characteristic species
belonging to the Lavanduletea antineae
Quézel 1965 such as Lavandula antineae,
Ballota hirsuta Benth., Erigeron trilobus
(Decne.) Boiss., Globularia alypum L.,
Hyparrhenia hirta (L.) Stapf and Crambe kra-
likii, all high altitude species that first appear
at 1800 m, leads us to consider another syn-
taxonomical hierarchy. When considering the
floristic list, our association is best related to
the Aervo-Fagonion, the Aervo-Fagonietalia
and the Asterisceto-Forsskaoletea Quézel
1965. The unique assemblage of chas-
mophiles, confined to rocky terrain for alti-
tudes ranging between 1400 and 1600 m and
described for the first time in the north and
north-eastern regions of Tamanrasset is suffi-
ciently distinctive to require the definition of
a new association — one floristically charac-
terised by Rhus tripartita and Olea europaea
subsp. laperrinei.

The Cassia aschrek and Panicum
turgidum community

This association corresponds to the floristic
group E2 identified by the correspondence
analysis (Figure 4). It is represented by six-
teen relevés taken from wadi beds and nearby
terraces as well as from outwash zones. Soil
substrates varied from sandy-gravelly to

sandy-rocky textures. The altitude at which
the relevés were taken varied between 1000
and 1500 m. This association was observed in
wadi Taddadine, Ouezzene in the Ahléheg
massif, wadi Tit in the Ti-n-Tourdi massif,
wadi Tafirt in the Tahelgha massif and wadi
Tehart, in the Alemeda massif (Figure 3).
According to the physiognomically dominant
plants, this association corresponds to the
Acacia-Panicum desertic savannah first
described by Maire (1940). Vegetation is char-
acterised by the dominance of trees and
shrubs among which the most important ones
are Acacia ehrenbergiana, Acacia tortilis
subsp. raddiana (Savi) Brenan and Maerua
crassifolia Forssk. (Table 2).

Detailed analyses of the floristic composition
of this association showed that the character-
istic species belonging to the Acacio-Panicion
alliance, particularly Acacia ehrenbergiana,
Acacia tortilis subsp. raddiana and Zilla spin-
osa (L.) Prantl, have high frequency scores.
Species characteristic of the Pergulario-Puli-
carietea Quézel 1965 are also well repre-
sented with frequencies as high as I'V. Char-
acteristic species of our association are the
same as those proposed by Quézel (1965) to
define the Cassia aschrek (Senna italica
Mill.) and Panicum turgidum Forssk. com-
munity. Likewise characteristic species of the
Salvia chudaei Batt. & Trab. sub-association
are: Salvia chudaei, Artemisia campestris L.,
Deverra scoparia Coss. & Durieu subsp. sco-
paria and Cymbopogon schoenanthus (L.)
Spreng. Considering the very close similarity
of the characteristic species for the different
units of the phytosociological framework
given for the Acacia-Panicum desertic savan-
nah, the vegetation type documented in
Table 2 corresponds to the association of Cas-
sia aschrek-Panicum turgidum Quézel 1965
and the Salvia chudaei sub-association. Field
observations showed that Deverra scoparia
subsp. scoparia has a much higher frequency
than Salvia chudaei, which strongly supports
proposing Deverra scoparia subsp. scoparia
to characterise the sub-association rather than
Salvia chudaei. The ecological optimum of
Deverra scoparia subsp. scoparia is around
1300 m and has also been observed in the Tas-
sili at similar altitudes (Leredde 1957; Ben-
houhou et al. 2003a).
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Table 2 - The Cassia aschrek-Panicum turgidum association.

Quadrat number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Area (m?) 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
Total cover (%) 40 30 40 20 25 30 20 15 35 10 20 40 20 20 15 40
Altitude (m) 1330 1120 1500 1510 1510 1240 1410 1330 1480 1400 1380 1530 1380 1460 1340 1500
Number of Taxa 23 10 18 25 14 10 19 6 17 18 23 27 11 14 13 13
Caracteristics of the association CP
Senna italica (Cassia aschrek) + + + + + . + . + + . + . + + 3 \Y
Panicum turgidum . + + + . . + + + + + + + + [\
Caracteristics of the sub association of Salvia chudaei Quézel 1965
Deverra scoparia

subsp. scoparia 2 + 1 1 2 1 1 + 2 1 1 + + + + + \Y,
Artemisia campestris + 2 2 1 + 2 1 + 1
Salvia chudaei . . . . . . + . + + . . . + Il
Caracteristics of the Acacio-Panicion Quézel 1965
Zilla spinosa + + . + + + + + . + + + + + + \Y,
Acacia tortilis subsp. raddiana 3 . 3 . . 2 2 + + + + + . + [\
Acacia ehrenbergiana . . . + . . 1 . 2 2 2 . + + 1 I
Maerua crassifolia . . + + I
Ziziphus lotus + . . . 3 |
Caracteristics of the Pergulario-Pulicarietea Quézel 1965
Pulicaria crispa 1 2 + + + + + + + + + . + [\
Trichodesma africanum . . + + + . + . + + + + + + \Y
Pulicaria undulata + + + + + + + + 1l
Heliotropium bacciferum . . . + . . + + + + + 11
Echium humile + + + + + + I
Morettia canescens + + + + I
Citrullus colocynthis + + + I
Centaurea pungens . . . + . . . . . . . . . . . + |
Pennisetum divisum . . . . . . . . . . . + . . + |
Pergularia tomentosa . . . . + . . . . + |
Transgressives of the Asterisceto-Forsskaoletea Quézel 1965
Aerva javanica + + . . . + . . + + + + . + I
Anabasis articulata . . + + . . . . + + + 3 1l
Fagonia bruguieri + . . + . . . . . . . + + . + I
Forsskaolea tenacissima + + + I
Lotus roudairei + + |
Psammophils
Aizoon canariense + + + + + + + 2 + + [\
Cynodon dactylon + + + + + + + + + + 1 \Y
Cleome africanum + + + + + I
Tribulus terrestris + + + + + I
Matthiola livida + + + + + + . 1
Paronychia arabica . . . + + . . . . . + + . . . + 1
Cucumis pustulatus . . + . . . + . + + . Il
Mollugo cerviana + . + . . . + . . . . . . . + I
Asphodelus tenuifolius . . . + + + Il
Hippocrepis multisiliquosa . . . + + + I
Matricaria pubescens + + 2 Il
Euphorbia granulata + . . + + Il
Chasmophils
Cymbopogon schoenanthus . . . . . . . . + + + + . + Il
Reseda villosa . . . + + . . . . . + + . . . + 11l
Rhus tripartita . . + . . . . . 1 + . . . + Il
Ephedra altissima . . + . + . . . + + Il
Periploca laevigata . . . . . . . . + + . . . + Il
Atractylis aristata + + |
Astragalus mareoticus . . . + + |
Helianthemum hirtum . . . + + |
Stipagrostis obtusa . . . . . . . . . . + + |
Salvia aegyptiaca . . + . . . + |
Asteriscus graveolens . . . . . . . . + . . . . . . + |
Additional species: Acacia laeta + (14), Acacia scorpioides 2 (4), Bassia muricata + (11), Calotropis procera + (8), Chrozophora brocchiana + (13),
Cocculus pendulus + (11), Commicarpus stellatus + (7), Desmostachya bipinnata + (8), Fagonia arabica + (12), Fagonia longispina + (11),
Farsetia aegyptiaca + (12), Helianthemum lipii + (10), Indigofera articulata + (14), Lavandula coronopifolia + (14), Nerium oleander + (13),
Phragmites australis + (13), Solanum nigrum + (1), Scirpus holoschoenus + (6), Solenostemma oleifolium + (14), Tamarix gallica + (11),
Tephrosia leptostachya + (9), Ziziphus mauritianus + (10).
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The Acacia tortilis subsp raddiana and
Salvadora persica community

This association corresponds to the floristic
group E5 identified by the correspondence
analysis (Figure 4). It is represented by nine-
teen relevés taken from large wadi beds and
nearby terraces. The soil has a sandy compact
to gravelly-sandy substrate and altitude ranges
between 930 and 1200 m. The association
was observed in wadi Tehart and in wadi
Ti-n-Amzi (Figure 3). The plant community
encountered in these wadis is part of the Aca-
cia-Panicum desertic savannah where Sal-
vadora persica L. is dominant (Table 3).

A detailed analysis of the floristic content of
the relevés makes it clear that this association
is related to the Acacio-Panicion and the Per-
gulario-Pulicarietea Quézel 1965 (Table 3).
However, this association does not compare
to any of the associations described by former
workers in the Ahaggar for the Acacia-Pan-
icum desertic savannah. When comparing the
Cassia aschrek-Panicum turgidum association
with the Acacia tortilis subsp. raddiana-Sal-
vadora persica community, they show differ-

Table 3 — The Acacia tortilis subsp. raddiana-Salvadora persica association.

ent edaphic profile and consequently show a
different species assemblage. The community
described in those particular wadis is charac-
terised by the original and unique assemblage
of Acacia tortilis subsp. raddiana and Sal-
vadora persica. The combination of altitudi-
nal (between 930 and 1250 m), edaphic char-
acteristics (sandy-gravelly substrate) and wadi
geomorphology (large wadi beds) are the
main physical and environmental factors con-
tributing to the development of such a dis-
tinctive association. It is therefore proposed
as a new association identified in the Ti-n-
Amzi and Tehart wadis.

The Leptadenia pyrotechnica and
Chrozophora brocchiana community

This association corresponds to the floristic
group E6 identified by the correspondence
analysis (Figure 4). It is represented by nine-
teen relevés taken from wadi beds, their trib-
utaries and outwash zones of the Amaghal-
ghal and Anefeg wadis, the In-Aha-Guieh
wadi from the Touf Admer massif. Soil varies

Quadrat number
Area (m?)

Total cover (%)
Altitude (m)
Number of Taxa

1 2 3 4 5 6 7
200 200 200 200 200 200 200
20 30 30 30 30 20 30
980 980 980 930 950 1000 950
8 6 13 8 9 8 9

Caracteristics of the association
Acacia tortilis subsp. raddiana 1 2 1 2 2 + 2

Salvadora persica

2 2 2 1 1 1 1

Caracteristics of the Acacio-Panicion Quézel 1965

Zilla spinosa + 1 3 . + . +
Panicum turgidum + + + + + + +
Acacia ehrenbergiana + . + . + 2 +
Senna italica (Cassia aschrek) . . . +

Balanites aegyptiaca

Maerua crassifolia +

Ziziphus lotus . . . . . +
Caracteristics of the Pergulario-Pulicarietea Quézel 1965

Pulicaria crispa + 1 + . 1 +
Leptadenia pyrotechnica + . . . + + 1
Pergularia tomentosa . +

Morettia canescens . +

Heliotropium bacciferum +

Psammophils

Calotropis procera + + + + +
Artemisia judaica +

Tamarix aphylla .

Farsetia ramosissima . +

Chrozophora brocchiana 1

Chasmophils

Aerva javanica + + + + + +
Farsetia aegyptiaca +

Deverra scoparia subsp. scoparia

8 9 10 11 12 13 14
200 200 200 200 200 200 200
35 20 20 20 25 15 20
1000 1075 1090 1150 1200 1080 910
8 6 7 9 12 6 9

CcpP

3 2 2 2 2 + + V
1 1 1 1 + + V
1 + 2 + 2 1 1 V
+ + + I\

. + + 1l

+ + + . I
1 . + + + I
+ Il

|

+ + + + + \Y

2 + 1 2 v
. + + + + I

+ I

|

+ + 1 + v
+ . Il

+ |

|

|

+ + + \Y
. |

+ |
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from sandy-silty, sandy to sandy-gravelly sub-
strates. Altitude ranges between 800 and
1200 m. The plant community which occu-
pies this ecological niche belongs to the Aca-
cia-Panicum desertic savannah where the
dominant species are Acacia tortilis subsp.
raddiana and Leptadenia pyrotechnica
(Forssk.) Decne. with two facies: Chro-
zophora brocchiana (Vis.) Schweinf. and Bal-
anites aegyptiaca (L.) Delile (Table 4).

From the floristic composition, it is quite
straightforward to relate the identified associ-
ation to the Pergulario-Pulicarietea Quézel
1965 and the Acacio-Panicion alliance. With
regard to the association itself, it compares to
the Leptadenia pyrotechnica-Chrozophora
brocchiana association described by Quézel
(1965). Analysis of Table 4 highlights a Bal-

Plant communities in the Tamanrasset region, Ahaggar, Algeria

anites aegyptiaca facies recorded in the
Timghrahine, Emedender and Tabanessift
wadis south-west of Tamanrasset (Figure 3)
and not observed by Quézel (1965). This
species replaces Chrozophora brocchiana
when the water table is deeper and soil tex-
ture becomes sandier. Quézel (1965) provides
relevés from the Tibesti and Borkou regions
only, while our relevés have been taken south
of Tamanrasset. This confirms the northern
geographical extension of the association in
the Ahaggar. With regard to the naming of this
association, and because of the high fre-
quency of Acacia tortilis subsp. raddiana, we
propose to rename it as Acacia tortilis subsp.
raddiana-Leptadenia pyrotechnica associa-
tion. It illustrates far better the physiognomy
of this association in the field.

Table 4 - The Leptadenia pyrotechnica-Chrozophora brocchiana association.

Quadrat number 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19
Area (m?) 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
Total cover (%) 20 15 20 20 15 15 35 15 40 30 20 30 35 35 35 30 25 25 15
Altitude (m) 950 950 950 980 890 900 1080 910 930 1144 1140 1000 830 900 920 1000 1230 1150 920
Number of Taxa 10 8 10 11 7 13 1 7 8 7 7 8 9 11 7 8 13 10 13
Caracteristics of the association CcpP
Acacia tortilis

subsp. raddiana 2 2 + + + + + 1 2 + + + 3 + 2 1 + + + Vv

-
N}
+
+
N
+
+
+
<

Leptadenia pyrotechnica + + + + +
Chrozophora brocchiana 2 2 1 1 + + + + . . . . . . . . . . . Il
Balanites aegyptiaca . . . . . . . . 3 3 2 2 1 3 3 2 2 2 2 %
Caracteristics of the Acacio-Panicion Quézel 1965
Panicum turgidum + + . + 2 +
Zilla spinosa . . + 1 +
Acacia ehrenbergiana + + + + 2
Ziziphus lotus +
Senna italica

(Cassia aschrek) . + . . + . . + . . + .
Maerua crassifolia . . + . . . . . . . . + + . . . . . I
Faidherbia albida . . . . . + . . . . . . . . . . . . |
Caracteristics of the Pergulario-Pulicarietea Quézel 1965
Pulicaria crispa + + + + . + . . + . . . 2 2 + . + + + v
Pergularia tomentosa + + . . . + . . . + . . . + . + + . + Il
Morettia canescens . . + + . . . . . . + . + . . . . . . Il
Pulicaria undulata . 1 . . . . . . . . . + . . . + . . |
Trichodesma africanum . . . . + . . . . . . . . . . . . I
Heliotropium bacciferum . . . . . . . . . . . . . . . . . + I
Transgressives of the Asterisceto-Forsskaoletea Quézel 1965
Aerva javanica 1 1 + . . 1 + + + . + + + + + + + + + V
Fagonia bruguieri . . . + . . + . . + . . . + . . . . . Il
Psammophils
Artemisia campestris . . . . . . . . . . . + . . . . . +
Calotropis procera 1 1 . . . . . . . . . . . . . + .
Paronychia arabica . . . . . . . . . . . . . . . . . . +
Matthiola livida . . . . . . . . . . . . . . . . +
Artemisia judaica . . . . + +
Stipagrostis pungens + +
Chasmophils
Stipagrostis ciliata . . . . . . + . . . . . . . . . . . . I
Stipagrostis obtusa . . . . . + . . . . . . . . . . . . . I
Atractylis aristata . . . . . . . . . . . . . . . . . + . I

+
+ -
+

+ .
- wN o+
o
+
+
+
+ o+ o+ o+
+
+ o+ =+
+
+ =+ +
<

+
+
+
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The Tamarix aphylla and Farsetia
ramosissima community

This association corresponds to the floristic
group E4 identified by the correspondence
analysis (Figure 4). It is represented by fifteen
relevés taken from wadi beds and nearby ter-
races on sandy soils. Altitude shows a small
range of variation between 960 and 980 m.
The association has been sampled in wadi Tin
Amzi and wadi Tamanrasset (Figure 3).

Our association is physiognomically domi-
nated by Tamarix aphylla (L.) H. Karst. with
the main companion species being: Calotro-
pis procera and Leptadenia pyrotechnica
(Table 5). The distinctive characteristic
species of this association are Tamarix
aphylla, Farsetia ramosissima Hochst. and
Launaea mucronata (Forsk.) Muschler. For
the wadis investigated, the second species was
found only once while the third, an annual,
was not encountered.

Table 5 - The Tamarix aphylla and Farsetia ramosissima association.

The study of the floristic content of the
relevés enables us to relate our vegetation unit
to the association of Tamarix aphylla-Farse-
tia ramosissima Quézel 1965. A close analy-
sis of the species list making up the Tamarix
aphylla-Farsetia ramosissima association
shows a complex ecological association.
Psammophilous species such as Tamarix
aphylla, Calotropis procera, Tamarix gallica
L., Leptadenia pyrotechnica and Chrozophora
brocchiana are intermingled with species typ-
ical of the Acacia-Panicum desertic savannah
such as Salvadora persica, Ziziphus lotus (L.)
Dest., Acacia tortilis subsp. raddiana, Acacia
ehrenbergiana and Balanites aegyptiaca.
Such a complex edaphic situation, where
psammophilous and chasmophilous species
occur together, was already reported by
Quézel (1965) for several wadi types in the
Ahaggar. The author did not relate the
Tamarix communities to higher units of the
phytosociological framework because of this

Quadrat number 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15

Area (m?) 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200

Total cover (%) 30 30 25 40 20 20 20 30 25 25 20 15 45 30 20
Altitude (m) 980 870 870 980 980 980 980 990 960 870 980 1460 930 1250 1070
Number of Taxa 12 9 9 2 5 5 8 6 9 8 7 3 17 7 11
Caracteristics of the association cpP
Tamarix aphylla 3 3 3 3 2 2 2 2 2 2 2 + + + + \Y%
Farsetia ramosissima . . . . . + |
Caracteristics of the Pergularieto-Pulicarietea Quézel 1965

Acacia tortilis subsp. raddiana  + 2 1 + 2 + 1 + 3 . IV
Acacia ehrenbergiana + + 1 + + Il
Panicum turgidum . + + + 1 + + Il
Pergularia tomentosa + + + . . Il
Ziziphus lotus 1 + + Il
Acacia albida . 1 I
Balanites aegyptiaca + |
Senna italica (Cassia aschrek) — + I
Psammophils

Leptadenia pyrotechnica + 2 2 . + . + + . + + \%
Calotropis procera + 1 1 + + . + + 4 1 [\
Tamarix gallica + + + . + + . + Il
Salsola baryosma . . 1 + . + 2 + Il
Artemisia campestris + . . . + 1 + + Il
Salvadora persica 2 2 + . . Il
Cleome africana + + . Il
Colocynthis vulagaris + + Il
Calligonum comosum 1 |
Stipagrostis pungens + |
Chasmophils

Zilla spinosa 1 + + 1 + + 1 + + 3 1 + \
Pulicaria crispa + + + 1 + + + Il
Fagonia bruguieri + . . + + 1 1 I
Aerva javanica + + + + Il
Pulicaria undulata + + + . . Il

Additional species: Artemisia judaica 1 (7), Stipagrostis obtusa + (13), Atractylis aristata + (1), Chrozophora brocchiana + (13),
Euphorbia granulata + (13), Farsetia hamiltonii + (15), Helianthemum lipii + (13), Morettia canescens + (13), Moricandia arvensis + (13),
Nucularia perrini + (9), Paronychia capitata + (13), Pituranthos scoparius + (14), Reseda villosa + (13), Tribulus terrestris + (4).
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complex ecological situation and the limited
number of studies on those wadis. However,
we think it is possible to relate them to the
Pergulario-Pulicarietea (Quézel 1965) due to
the presence of several characteristic species
of the Acacia-Panicum desertic savannah. The
sandy nature of these wadis makes it impos-
sible to relate them to the Acacieto-Panicion
Quézel 1954. We thus propose a new alliance
to be defined in future field investigation in
order to describe this complex ecological sit-
uation.

The Tamarix gallica and
Desmostachya bipinnata community

This association corresponds to the floristic
group E3 identified by the correspondence

Plant communities in the Tamanrasset region, Ahaggar, Algeria

analysis (Figure 4). It is represented by four-
teen relevés taken from wadi beds and nearby
terraces on sandy soils. The sampling was
done in wadi Tin Amzi south of Tamanrasset,
at altitudes between 950 and 1280 m (Fig-
ure 3). This plant unit is a shrub community
evolving on sandy grounds, with the water
table close to the surface, and is physiog-
nomically dominated by Tamarix gallica
(Table 6). It relates to the Tamarix gallica-
Desmostachya  bipinnata  association
described by Quézel (1965). The association
described in this study is impoverished, due
to the particularly dry period during the year
of sampling as well as showing a more dis-
turbed aspect as expressed through the abun-
dance of Calotropis procera, which has a fre-
quency of IV, and is well known to increase
in wadis where grazing pressure is high.

Table 6 — The Tamarix gallica-Desmostachya bipinnata association.

Quadrat number 1 2 3
Altitude (m) 1150 1040 960
Cover (%) 40 40 35
Number of Taxa 13 9 4
Caracteristics of the association

Tamarix gallica 3 3 3
Calotropis procera . .
Desmostachya bipinnata . +

Acacia tortilis subsp. raddiana 1 + 2
Panicum turgidum

Acacia scorpioides . .

Acacia ehrenbergiana . +

Cassia italica +

Pergularia tomentosa

Ziziphus lotus

Psammophils

Artemisia campestris 2

Cleome arabica .
Salvadora persica . . 1
Atriplex halimus . 2
Artemisia judaica +

Tamarix aphylla .

Colocynthis vulgaris + .
Salsola baryosma . +
Cistanche phelypaea . +
Euphorbia granulata +

Cynodon dactylon +

Chasmophils

Pulicaria crispa +

Zilla spinosa +

Pulicaria undulata + .
Fagonia bruguieri . +
Pituranthos scoparius +

Morettia canescens

Atractylis aristata

Moricandia arvensis . .
Anabasis articulata . +

4 5 6 7 8 9 10 " 12
960 960 970
35 20 20 25 30 30 20 25 25

5 3 7 " 10 13 12 13 3

Caracteristics of the Pergularieto-Pulicarietea Quézel 1965

+ . + + + + .
. + + 1
+
+ .
+
+
1 + 2 .
. + + +
+ . + .
. +
+ . +
+ + +
. +
1
+ .
. +
+
+ + + 1 + +
+ 1 + + +
+ + + + + +
. + + 1
+ .
+ . +
+ +
+ +

13

1150 1285 1120 1040 1010 1025 1680

60
1

+

14
950
40
5

Additional species: Aerva persica + (7), Boerhavia repens + (1), Helianthemum lippii + (13), Heliotropium bacciferum + (9), Olea europaea subsp.
laperrinei + (13), Paronychia capitata + (11), Scirpus holoschoenus + (1), Salvia chudaei + (13).
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Discussion

The described associations clearly relate to
the altitudinal and edaphic factors at work in
the different wadi types of the Tamanrasset
region. Climatic factors are important in
determining large scale patterns of species
distribution while factors such as topography
and edaphic conditions are more important in
determining vegetation patterns at a smaller
spatial scale (Kadmon & Danin 1999). The
importance of altitude as a major ecological
gradient, which has been shown to affect
species distribution in mountainous regions of
the Saharo-Arabian belt, is an obvious conse-
quence of the correlation between increased
altitude and higher rainfall (Abd El-Ghani
1996; Danin et al. 1975; Deil 1998; Moustafa
& Klopatek 1995). Altitude is thus here con-
sidered as a “proxy” parameter for explaining
rain variation. Several studies in desert
regions highlight the importance of elevation,
topography, soil texture and water availabil-
ity in identifying plant communities and
among others one can mention the desert of
Dubai (Deil & Miiller-Hohenstein 1996), the
desert mountains of Oman (Brinkmann et al.
2009), the desert mountains of Yemen (Deil
& Miiller-Hohenstein 1985), the Negev desert
of Israel (Danin 1999), Sinai in Egypt
(Moustafa & Klopatek 1995; Moustafa &
Zaghloul 1996) and the Eastern Desert of
Egypt (Abd El-Ghani 1998).

When considering the described associations
in the Tamanrasset region in a wider geo-
graphical context, the isolation of the central
Sahara Mountains in the Saharo-Arabian belt
appears to be a strong factor in leading to the
development of distinctive plant communities.
This is particularly clear with our most alti-
colous community, that is: Rhus tripartita-
Olea europaea subsp. laperrinei association.
It is clearly a distinctive association, for which
similar communities in other mountainous
area of the Saharo-Arabian belt are difficult
to find, with the exception of the nearby Air
Mountains, south of the Ahaggar, where com-
mon species such as Rhus tripartita, Rumex
vesicarius L., Senecio spp. and Lavandula
antineae have high frequencies (Anthelme et
al. 2007).

With regard to the Acacia communities, grav-
elly-sandy wadis bear the Acacia-Panicum
desertic savannah which is present with sev-
eral variants throughout the Sahara (Leonard
2001).

The three associations described in the pres-
ent study fit into the Pergulario-Pulicarietea
Quézel 1965, while those in other parts of the
Saharo-Arabian belt are related to the Acaci-
etea tortilis, which is of East Sudanese distri-
bution (Deil & Miiller-Hohenstein 1985).
Dominant species are the same as those found
in our Acacia communities such as: Acacia
tortilis subsp. raddiana, Acacia ehrenber-
giana, Balanites aegyptiaca, Calotropis pro-
cera(Aiton) W.T. Aiton, Leptadenia pyrotech-
nica, Maerua crassifolia, Panicum turgidum
and Zilla spinosa (Abd El-Ghani & Ameur
2003; Ali et al. 2000; Boulos 2008; Shaltout
& Mady 1996; Springuel et al. 1991). Where
relief and substrate are similar, vicarious com-
munities are well represented across the
whole Saharo-Arabian belt. The Cassia
aschrek-Panicum turgidum association resem-
bles several communities. In the Hazeva area
of the Negev Desert, Rudich and Danin
(1978) describe a pseudo-savannah of Acacia
tortilis subsp. raddiana associated with
Haloxylon scoparium Pomel and Anabasis
articulata. In the Eastern and Western Desert
of Egypt Acacia raddiana Savi communities
form well defined associations with Tetraena
coccinea (L.) Beier & Thulin (Abd El-Ghani
et al. 2003; Bornkamm & Kehl 1990; Boulos
2008) and Zilla spinosa (Springuel et al.
1991).

The Acacia tortilis subsp. raddiana-Sal-
vadora persica association is vicarious to the
Acacia ehrenbergiana-Salvadora persica
community found on silty wadis of the
Tihama Mountains in Yemen at altitudes
between 240 and 400 m (Deil & Miiller-
Hohenstein 1985).

With regard to the Leptadenia pyrotechnica-
Chrozophora brocchiana association, a simi-
lar community, the Acacia raddiana subsp.
tortilis-Leptadenia pyrotechnica association,
with the same new name that we propose for
our association, is recorded by Abd El-Ghani
& Amer (2003) from alluvial fans along the
Gulf of Suez in the Sinai desert.

The Tamarix aphylla-Farsetia ramosissima
association found on very large wadi beds is
vicarious to several communities found in
similar ecological conditions of the Saharan-
Arabian belt. The closest vicarious commu-
nity is probably the Acacia raddiana-Tamarix
nilotica found on main channels of large
wadis in the Hazeva area in the Negev where
three trees are dominant: Acacia tortilis
subsp. raddiana, Balanites aegyptiaca and
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Tamarix aphylla (Rudich & Danin 1978).
Other similar communities are the evergreen
Tamarix nilotica-Tamarix aphylla-Salvadora
persica woodland, found on the drainage run-
nels and sandy terraces of larger wadi beds in
the Tihama mountains of Yemen (Deil 1986;
Deil 1998), the Tamarix-Calotropis commu-
nity in wadis of Dubai (Deil & Miiller-Hohen-
stein 1996) and the Tamarix nilotica (Ehrenb.)
Bunge community in the Sinai (Abd El-Ghani
& Amer 2003).

With regard to the Tamarix gallica-
Desmostachya bipinnata association, several
vicarious communities can be compared
across the Saharo-Arabian belt. These are the
Desmostachya-Acacia ehrenbergiana com-
munity in the Tihama mountains in Yemen,
the Saccharum ravennae-Nerium oleander
community in the canyon-like wadis of
the mountains of the eastern United
Arab Emirates and northern Oman, the Sac-
charum  spontaneum-Tamarix  nilotica-
Tamarix aphylla community in the Yemeni
lowlands and in the southern Arabian Penin-
sula, where sandy terraces are stabilized by a
dense, tall layer of Desmostachya bipinnata
and Jatropha curcas shrubs with scattered
Tamarix trees (Deil 1986; Deil & Miiller-
Hohenstein 1996). In the Middle East, a
Desmostachya bipinnata association is
described by Zohary (1973) in the Arava val-
ley in Israel. A similar association, Tamarix
nilotica-Desmostachya bipinnata, is
described by Zahran & Willis (2009) along
the Nile River.

Conclusion

The present study described two new associ-
ations and confirmed the existence of four
others in regions which have not been inves-
tigated before. The phytosociological hierar-
chy proposed by Quézel (1965), unchallenged
in its overall authority as a framework for
describing the vegetation of the Algerian
Sahara, has gaps which haven’t been ade-
quately treated until now. Addressing these
gaps via up-to-date field data should make it
possible to strengthen the proposed frame-
work and describe new associations, new
alliances or rename associations in the light
of objective new field data. Indeed, remote
areas of the vast Ahaggar complex are still
poorly investigated in terms of the distribu-
tion of its plant communities. Detailed

ecologia mediterranea — Vol. 38 (2) — 2012

Plant communities in the Tamanrasset region, Ahaggar, Algeria

description of these communities will provide
a better tool for managing those fragile
resources which are under increasing human
pressure, particularly in the Tamanrasset
region.
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Abstract

Recognized as a meeting point for a variety of
Mediterranean ecosystems, the Akkar-Dunniyeh
area is an acknowledged hub for a large num-
ber of Eastern Mediterranean flora and a shel-
ter for remnants of old growth forests and plant
formations. The area is among the national
hotspots requiring urgent protection, resulting
in the Council of Development and Reconstruc-
tion (CDR) designating it a national park in
2004. Located on the foothills of Mount Mak-
mel in North Lebanon, the area’s highest peaks
have a high percentage of endemism. Anthro-
pogenic activities have altered its vegetation
cover, scarring the archetypal Mediterranean
landscape. This study was part of an interna-
tionally funded development project. Designed
as a stepping-stone to ensure the incorporation
of various land resources conservation values,
past land uses, and management types, the
study aimed at adapting conservation practices
of biodiversity and strategies to include in the
existing social dynamics and cultural identities
of the local communities. The results aug-
mented the park’s importance since this area
showed to shelter more than 400 plant species
and more than 21 endemics with different con-

servation statuses, representing 6.75% of the
total endemics found in Lebanon. Indices of
high diversity were observed, ranging from an
average of 19 to 49 species/400-m?. Gamma
diversity registered high values. Beta diversity
values and forests age structure revealed range
differences in species richness between the var-
ious sub-regions. Indices of similarity ranged
from 1.2% to 28.5%. The vocational map on
habitat conservation and management, and
land use plans revealed a shared vision between
local governances, local communities, practi-
tioners, and scientists. The map defined five
zone categories for land conservation and man-
agement: (1) Conservation and adaptive man-
agement, (2) Remediation, (3) Agro-sylvo-pas-
toral, (4) Farming, and (5) Urban Development.
These groupings include a set of management
practices for each of the proposed categories.

Résumé

Le bassin méditerranéen est considéré comme
zone de trés grande diversité biologique néces-
sitant un réel effort pour la protection des
especes qu'il abrite. Par conséquent, de grandes
surfaces du bassin ont été protégées par la créa-

Keywords: plant diversity, endemism,
forest structure, ecosystem management,
Akkar-Dunniyeh, Lebanon.
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tion de parcs nationaux et des réserves natu-
relles (Myers et al. 2000). Les menaces crois-
santes pour la diversité biologique en Méditer-
ranée orientale ont été un facteur déterminant
pour la création de plusieurs réserves et parcs
naturels dans la région. Depuis le début des
années 1990, le gouvernement libanais a
annoncé la création de treize zones protégées
et a élaboré des plans pour la création de parcs
nationaux (Moke 2012). De plus, le Conseil des
ministres libanais a récemment approuvé le
«Schéma d’aménagement du territoire liba-
nais » (SpATL) élaboré par le Conseil du dévelop-
pement et de la reconstruction en 2004 pour la
création de six parcs nationaux et régionaux,
dont le parc national de la région « Akkar-
Dounnié » (Cbr 2004) qui s'étend approximati-
vement sur une superficie de 22 000 ha. Les pre-
miéres aides financieres consacrées a la
protection de la diversité biologique in situ ont
été assurées en 1996, alors que celles dédiées a
la création de parcs naturels ont été accordées
en 2006. Ces subventions étaient destinées a
financer un projet mis en place en vue de la
création du parc national de la région « Akkar-
Dounnié ». Ledit projet a été financé par la
Direction du développement et de la coopéra-
tion (Dbc) en Suisse et mis en ceuvre par I'orga-
nisation non gouvernementale libanaise Mapa,
en étroite collaboration avec la Société royale
pour la protection de la nature en Jordanie.
Etant donné que cette étude fait partie du pro-
jet du parc national de la région « Akkar-Doun-
nié », elle représente un tremplin vers |"'adop-
tion des valeurs de préservation des terres, des
méthodes antérieures de |'utilisation des sols et
des différentes techniques de gestion existantes,
et vers |'adaptation des pratiques et stratégies
en matiére de protection de la biodiversité aux
identités culturelles et dynamiques sociales des
communautés locales.

La région «Akkar-Dounnié» est considérée
comme lieu de rencontre d'écosystemes médi-
terranéens variés; elle abrite un grand nombre
d'espéces végétales propres a la Méditerranée
orientale ainsi que quelques-unes des dernieres
foréts ancestrales de cédres, de sapins et de
genévriers et bien d’'autres espéces d'arbres.
Situées au pied du mont Makmel au nord du
Liban, les cimes les plus élevées de cette région
abritent une grande variété d’'espéces endé-
miques. Toutefois, les activités anthropiques ont
modifié la composition de la couverture végé-
tale, déformant le paysage archétype de la
région méditerranéenne. Les travaux de
recherche ont porté sur différents aspects de
I"écologie des especes de plantes et sur la struc-
ture des ages des foréts. Des lignes directrices
ont été élaborées pour un programme de
contrble a long terme ainsi que pour des pro-
grammes relatifs a la préservation et la gestion
des terres. Les enquétes de terrain étaient
basées sur un échantillonnage stratifié: 12 pla-
cettes permanentes ont été utilisées pour |'éva-
luation des especes botaniques et 33 placettes
non permanentes ont été choisies sur la base
d'un échantillonnage stratifié aléatoire le long

de transects paralleles pour I'évaluation du pro-
fil démographique de la forét. La disposition des
placettes permanentes de 20 x 20 m était basée
sur plusieurs facteurs tels que I'altitude, la topo-
graphie, I'exposition, la prédominance d’espéeces
d’'arbres et les zones de végétation. Les placettes
permanentes placées en six zones différentes
dans le parc ont été observées a un mois d'in-
tervalle pendant les quatre saisons de I'année
(de mai 2006 a mai 2007). Les placettes non per-
manentes étaient disposées a différents niveaux
d'altitude et couvraient des espéces de végéta-
tion variées, et reposaient sur |I'accessibilité aux
différents sites dans la zone étudiée. Les indices
de diversité alpha, béta et gamma ont été cal-
culés. Les spécimens de plantes prélevés ont été
identifiés au Post Herbarium de I'Université
américaine de Beyrouth (Aus). Les indices de
similitude de Jaccard ont également été calcu-
Iés. La cartographie de la végétation a été éla-
borée a partir de photos aériennes d'une réso-
lution de I'ordre de 2,5 m/pixel, et était basée
sur la couverture végétale, la topographie et les
cartes des roches-meres. La carte relative a I'uti-
lisation et la gestion des terres a été réalisée a
partir de l'inventaire des foréts et sur la base
d'approches participatives englobant toutes les
parties concernées. D'aprés les résultats des
recherches, le parc compte plus de 400 especes
végétales et plus de 21 especes endémiques
dans différents états de conservation, représen-
tant 6,75 % du nombre total des espéces endé-
miques existant au Liban. Des indices de diver-
sité élevés allant de 19 & 49 espéces/400 m? ont
été observés. L'indice de diversité gamma a
atteint des niveaux élevés, et I'indice de diver-
sité béta ainsi que la structure d'age de la forét
ont révélé des différences en termes de la
richesse en espéces entre les différentes sous-
régions. En ce qui concerne les indices de simi-
larité, ils s'étendent de 1,2 % a 28,5 %. La car-
tographie de protection et de gestion des
habitats et les plans relatifs a I'utilisation des
terres ont révélé la présence d’'une vision com-
mune adoptée par les autorités locales, les com-
munautés locales, les praticiens et scientifiques
locaux. Cinq catégories de zones de préserva-
tion et de gestion des terres ont été définies:
(1) préservation et gestion évolutive ; (2) remise
en état des sols; (3) agro-sylvo-pastoralisme;
(4) agriculture; (5) développement urbain. Des
pratiques de gestion diverses et variées sont
incluses dans chacune des catégories proposées.
Le programme de contréle intégré ainsi que le
manuel d’instructions servent a établir les bases
nécessaires pour surveiller la structure et la com-
position forestieres et ont également permis de
désigner un certain nombre d’espéces précises a
surveiller sur une période de dix ans.
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Towards the establishment of a natural park in Eastern Mediterranean forests in Mount Makmel:
Botanical assessment and communities participation practices

Introduction

The structural complexity of Mediterranean
forests, resulting from anthropogenic factors
and past management practices, has rendered
the development of conservation strategy a
critical task, especially since these plant com-
munities are remnants of old vegetation. The
management of Mediterranean forests has
become a key component of many national
and regional conservation strategies.

Although the majority of programs followed in
managing and sustaining the biodiversity of
forests have focused on establishing protected
areas, these alone are insufficient to adequately
conserve species or ecosystems (Lindenmayer
et al. 2006), seeing that the majority of biodi-
versity remains outside protected areas. The
establishment of strict nature reserves, never-
theless, has played a fundamental role in the
majority of global and regional strategies to
mitigate the ongoing loss of natural resources
and biodiversity. The growing recognition that
the dedication of strict reserves cannot solely
achieve conservation objectives, however,
means that these reserves are today often per-
ceived as forming the core of a broader net-
work of protected sites. This network includes
a range of measures, including multiple-use
management zones, conservation incentives,
and controls on private land (Ferrier 2002).
Conversely, in the early stages, biodiversity
protection and management approaches
adopted strict conservation principles. A “cos-
movision” approach (Rios Osorio et al. 2005)
to sustainability through a decades-old evolu-
tionary progression has replaced these princi-
ples. The approach takes into account the
involvement of communities in environmental
protection and management as well as the con-
cept of cultural landscapes given that human
beings are classified as regular members and
citizens of natural ecosystems. This model is a
crucial one since the significance of the long-
term interaction between humans and nature in
Western and Eastern Mediterranean cannot be
ignored; the human-nature relationship has
shaped land use and management plans, and
created spaces in which the built and natural
environment interact. The establishment of
national parks, incorporating various land con-
servation values, land use, and management
types, therefore, could play a significant role
in conserving biodiversity and protecting the
social dynamics and cultural identities of
indigenous communities.
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Given its unique location at the crossroads
between Europe, Asia, and Africa, most schol-
ars consider the Mediterranean Basin as the
cradle of many civilizations, which supported
intensive anthropogenic activities. These activ-
ities have left an imprint on the biological and
physical environment, including species rich-
ness, plant communities, terracing and land-
scape, and forest structure and composition (Di
Pasquale ef al. 2004; Blondel & Aronson 2005;
Blondel et al. 2010). The region has been
shown to be a melting pot for species of vari-
ous origins, and a critical habitat of global
importance for genetic resources (Zohary
1973; Quézel 1985; Heywood 1995; Myers
2000; Blondel & Aronson 2005). It is recog-
nized for its remarkable speciation: more than
half of its plant species are endemics (Medail
& Quézel 1997; Blondel ef al. 2010). The per-
centage of endemic species is especially high,
albeit variable in the Eastern Mediterranean
continental mountain ranges such as Taurus
and Lebanon (Blondel & Aronson 2005).

Lebanon is located on the eastern coastline of
the Mediterranean Sea, and recognized as one
of the region’s mini-hotspots that shelters high
biodiversity richness (Medail & Quezel
1999). Two major climatic zones have been
identified: the Mediterranean zone and the
pre-steppe areas (Zohary 1973; Abi Saleh et
al. 1996). The floristic richness estimates
2,600 plant species with a high percentage of
endemic plant species (12%). This includes
221 broad endemics and 90 narrow endemics
(Khouzami et al. 1996). Lebanon is a geo-
graphically complex and mountainous coun-
try with 73% of its total area consisting of two
mountain ranges: Mount Lebanon and the
Anti-Lebanon mountain chain (De Vaumas
1954). The nature of its highlands in terms of
inaccessibility and the hostile conditions of
the environment at such altitudes has resulted
in the relative restriction of human interven-
tion. In remote mountainous areas, providing
conditions that favor human settlements, one
can find sporadic villages that mostly rely on
agro-pastoral systems while simultaneously
complementing their sources of sustenance by
being highly dependent on biodiversity. In
more extreme cases, agriculture has fully
exploited mountainous areas and man-made
terraces have become part of the natural land-
scape (Sattout & Abboud 2007). According to
estimates, 74% of Lebanon’s surface area was
historically covered with forests (Makdisi
2007); however, today with a deforestation
rate of 0.4% per annum (MOA 2005), recent
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forest assessment reports reveal that approxi-
mately 13.3% of forest cover remains (FAO
2010). At present, laws, ministerial decrees,
and resolutions protect most of the forests in
the country. Lebanon has about 67 protected
sites. Having acquired one or more interna-
tional designation, each is classified and pro-
tected to a varying degree, Biosphere Reserve,
nature reserves, protected forest, protected
natural sites/landscapes, RAMSAR sites,
World Heritage Sites, and Important Bird
Areas. These designations include 13 offi-
cially established nature reserves that fall
under the stewardship of the Ministry of Envi-
ronment (MOE) (MOE 2012). In 2004, the
CDR developed the National Physical Master
Plan of the Lebanese Territories (SDATL).
The Lebanese Council of Ministers recently
approved this master plan (Decree No. 2366-
2/7/2009). The Master Plan designated six
national and regional parks (CDR 2004),
including the national park of the Akkar-Dun-
niyeh area. The significance of the Akkar-
Dunniyeh area is that it extends across a large
surface area, sheltering all the country’s for-
est types. The park hosts a high level of
endemism and shelters important genetic
resources, including three tree species
recorded in critical biogeographical locations
(southernmost limit) on the western slopes of
the Mount Lebanon mountain chain: Cedrus
libani A. Rich. (Zohary 1982) in the Shouf
Biosphere Reserve; Abies cilicica Boiss. (Ali-
zoti et al. 2011) in the Horsh Ehden Nature
Reserve, and Ostrya carpinifolia Scop. in
Jabal Moussa (Mount Moses) Biosphere
Reserve (Deirix et al. 1999).

Classified as “hyper-hot candidate” for the
provision of conservation support, a large por-
tion of the Mediterranean Basin is protected
in parks and reserves (Myers et al. 2000).
Despite the fact that international funding
organizations have supported and imple-
mented global and regional environmental
agreements in developing countries since the
1970s (Sand 1996; Myers et al. 2000), East-
ern Mediterranean countries continue to expe-
rience pressure, regarding the lack of sustain-
able funding mechanisms. In Lebanon, the
foremost support in terms of funding was pro-
vided in mid-1990s to target in situ protection
of biodiversity (UNDP 1997). Since that time,
the government has diligently invested time
and effort toward ensuring best protection and
management practices of nationally and/or
internationally  recognized  biodiversity
hotspots. Close partnerships between the

MOE, Government Appointed Committees
(GACs), Non-governmental Organizations
(NGOs), and the private sectors at times
helped achieve this objective. It is only
recently (in 2006) that natural parks appeared
on the biodiversity protection stage as well as
on the agenda of international funding agen-
cies. Funded by the Swiss Development
Agency (SDC), MADA, an NGO, in close
cooperation with the Royal Society for the
Conservation of Nature, Jordan, initiated and
executed the first project, paving the way
toward the establishment of a national park in
the Akkar-Dunniyeh area. In order to better
serve local governances, NGOs and practi-
tioners, the present study was designed to
gather baseline data and become one of the
major pillars toward establishing the Akkar-
Dunniyeh National Park in the future.

The main objective of this research study was
to assess the floristic richness and forest com-
position and structure in the Akkar-Dunniyeh
area, to develop guidelines for land manage-
ment and conservation plans, and to frame an
integrated monitoring program. This paper
provides an updated plant checklist; alpha,
gamma, and beta diversity indices; demo-
graphic profiles of the forests; conservation
status of endemic plant species, and a land use
and management map of the Akkar-Dunniyeh
national park.

Study site

The study area is located in both the Akkar
and Dunniyeh regions in North Lebanon. The
region has been subjected to rural expansion
and development, and lumbering as well as to
frequent human-induced forest fires. The
national park has different forest types,
including Pinus brutia Ten.; mixed Cedrus
libani A. Rich; Abies cilicica Ant. & Ky.;
Juniperus excelsa Willd. and J. foetidissima
Willd.; Quercus infectoria Oliv.; Quercus cal-
liprinos Webb., and relic stand of Quercus
cerris L. It extends over a large surface area
(22000 ha), embracing four vegetation zones:
Eu-mediterranean, Supra-Mediterranean,
Montane Mediterranean, and Oro-Mediter-
ranean (Abi Saleh & Safi 1988).
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Methods

Species richness

The field survey relied on stratified sampling,
using permanent quadrats (Anderson et al.
1979; De Angelis & Gross 1992; Kent &
Coker 1992; Bucland et al. 2001). The loca-
tions of the 20 x 20 meters quadrats were
defined by taking into account altitude ranges,
topography, exposure, dominance of tree
species, and the different vegetation zones.
The designated permanent quadrats in the six
regions of Jayroun, Qemmamine, Hrar, Mich-
mich and Qammoua (12 quadrats) and in Sir
region (30 quadrats) were visited at one-
month intervals, during the four seasons from
May 2006 to May 2007. In the Sir region,
quadrats of 1 x 1-m? and 2 x 2-m? were sam-
pled in order to cover plant species in the
alpine life zones. The survey forms were
designed to gather data on the abiotic and
biotic parameters, plant names, botanical
characteristics, plant density, using the Domin
Scale of vegetation cover and plant distribu-
tion patterns (patchy, uniformed/mixed, pure
stands). Species richness was measured by
calculating alpha, beta, and gamma diversity
(Mc Cune & Grace 2002). The plants were
identified in the Post Herbarium at the Amer-
ican University of Beirut (AUB), using local
and regional flora (Post & Dinsmore 1963;
Feinburn-Dothan 1978; Greuter et al. 1986;
Mouterde 1966). Jaccard’s similarity indices
were calculated to highlight the importance of
species richness in the different sub-regions
of the study area and to maximize the num-
ber of species represented by the defined
quadrats (Ferrier 2002).

Forest structure and composition

The quadrats were designated following a
random stratified sampling in parallel tran-
sects. The latter covered the different altitude
ranges and vegetation types. The establish-
ment of these quadrats relied on the accessi-
bility of the different sites in the study area.
Data on physical and biotic characteristics
was gathered in 20 x 20 meters quadrats
(Kent & Coker 1992). The total number of
quadrats sampled was 33. The difference in
the number of quadrats within the studied
region depended on its surface area, differ-
ence in site physiography, slope exposure, and
vegetation composition. The 400-m? quadrat
was divided into four quadrants where data on
associated species was recorded. The survey
form was designed to collect data on distur-
bance factors, diameter of trees at breast
height, their basal area, height, shape and sta-
tus, and the composition of vegetation com-
munities (Hart 1998; Hunter 1999).

Vegetation map

The production of the maps was based on 2.5-
meter pixel size aerial photographs (Satellite
Image IKONOS 2006), land cover, topogra-
phy, and mother rock maps (Dubertret 1955;
CDR 2004). The three layers were overlaid on
top of the provided satellite image as auxil-
iary information and information layers on
forest map of 1:50,000 and the derived forest
geographical database of 1:20,000 (MOA
2004). The development of the vegetation
map considered forest composition and den-
sities, and plant communities, which were re-
classified into different vegetation series. The

Table 1 - Permanent and non-permanent quadrats characteristics for biodiversity assessment.

Region Altitude Longitude Latitude Anthropogenic Land Permanent Non-
Ranges Ranges Ranges Activities Cover/Land Quadrat  permanent
(m) Use Quadrat
Jayroun 450 34° 26" 31.1 36 05 57.9 Grazing Garrigue 1 1
625 34° 26" 45.6 36 07 27.9 Lumbering Shrubland
NTFPs collection
Qemmamine 900 34° 25" 06.6 36 07 31.3 Grazing Dense forest 2 4
1000 34°26' 03.8 36 08 19.7 NTFPs collection Garrigue
Hrar 550 34° 25" 09.4 36 07 28.7 Grazing Open forest 2 4
1000 34° 26’ 38.5 36 09 30.0 Dense
Forest/Garrigue
Qabait 450 34° 26" 42 36 06 08.5 Grazing Garrigue 1 1
550 34° 26" 45.6 36 06 13.3 NTFPs collection
Michmich 1500 340 25" 285 36 10184 Grazing Open forest 3 6
1630 34° 26" 33.5 36 12 05.0 Abandoned
agricultural lands
Qammoua 1350 34° 27" 09.1 36 12 25.3 Grazing/Lumbering Open forest 3 17
1825 34°29'7.9 36 1509.8 NTFP collection Recreation ~ Dense forest
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classification of the vegetation cover was
finalized as per the defined vegetation legend
(Abi Saleh et al. 1996). Field trips were per-
formed to validate the delineation and com-
position of the series of vegetation.

Vocational map

The development of the vocational map on
land conservation and management, and land
use was done in two phases. The first phase
involved round-table meetings with experts
while the second phase relied on participatory
approaches. This meant gathering mayors and
representatives of municipalities to discuss
and translate their visions of habitat conser-
vation and management, and land use of the
delimitation of urban sprawl. The delineation
of the different zone categories was based on
the results of the botanical assessments,
including forest composition and structure,
diversity indices, field observations, predic-
tion of the conservation status of endemic and
other important plant species, and map on
land use and land cover.

Results

Plant species richness

Based on the vegetation classification series
performed by Abi Saleh & Safi (1988), the
data collected revealed that the region com-
prises a mosaic of Mediterranean life zones,
sheltering eight Mediterranean vegetation
Series: Mediterranean Series of Q. callipri-
nos; Mediterranean Series of Q. infectoria;
Mediterranean Series of P. brutia-Cupressus
sempervirens L.; Normal Series of Q. infec-
toria; Series of Q. cerris; Montane Mediter-
ranean Series of J. excels; Series of C. libani
— A. cilicica, and Oro-Mediterranean Series
of J. excelsa (Figure 1).

The area revealed itself as a shelter for the
majority of Lebanese flora, thriving at alti-
tudes between 1,200 and 2,000 meters. The
plant checklist included more than 415 plant
species, representing 64 families and 30 tree
species (Annex), including 21 endemics either
to Lebanon (10 species) or to the Eastern
Mediterranean (11 species) (Table 2). The lat-
ter figures represent 11% of the country’s nar-
row endemics and 5% of its broad endemics.
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Figure 1 - Mediterranean vegetation series found in the Akkar-Donnieh region.
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kurnet-es-sauda Eig.; Allium chloranthum
Boiss.; Malus trilobata (Lab.) C. K. Schneid.;
Papaver umbonatum Boiss., and Verbascum
libanoticum Murb. & Thieb. were recently
recorded in the study area when compared
with the location defined by Mouterde (1966).
Asperula libanotica Boiss.; Berberis libanot-
ica Ehren.; Senecio mouterdii Arenes, and
Origanum libanoticum Boiss. recorded the
highest frequency of endemics, ranging
between 18% and 44% (Table 2).

Species richness is high, ranging from the
average of 19 species/400 m? to 49 species/

400 m? (Table 3). These values are high in
comparison with other regions in Lebanon
(Sattout 2007; Sattout 2009). Gamma diver-
sity registered high values in the different
areas.

The beta diversity values showed differences
in the ranges of species richness between the
different sub-regions. The highest difference
in species richness was observed between
Michmich and Qammoua while the lowest
range was between Jayroun and Qemmamine
(Table 4). Low similarity indices ranging from
1.2% to 20.5% were observed in permanent

Table 2 - Frequency, dominance, and distribution of endemic species surveyed in the study area.

Plant Name Frequency Dominance* Distribution
Eastern Mediterranean

Acantholimon antilibanoticum Mout. 2.08 2-3 Patchy
Allium chloranthum Boiss. 2.08 2 Mixed
Astragalus cruentiflorus Boiss. 4.16 2 Patchy
Astragalus dictyocarpus Boiss. 4.16 2 Patchy
Astragalus hermoneus Boiss. 2.08 + Patchy
Aubrietia libanotica Boiss. 2.08 2 Patchy
Berberis libanotica Ehren. 43.75 1-6 Patchy
Galium libanoticum Ehren. 2.08 3 Patchy
Geranium libanoticum Schenk 4.16 3 Uniform/mixed
Papaver umbonatum Boiss. 4.16 2 Patchy
Tulipa aleppensis Boiss. 2.08 2 Patchy
Lebanon

Asperula libanotica Boiss. 18.75 2 Uniform/mixed
Astragalus angulosus DC. 6.25 4 Patchy
Astragalus kurnet-es-sauda Eig. 2.08 + Patchy
Astragalus sofarensis Thieb. 2.08 + Patchy
Cousinia libanotica DC. 2.08 1-3 Uniform/mixed
Helichrysum virgineum DC. 2.08 2 Patchy
Malus trilobata (Lab.) C. K. Schneid. 6.25 6 Mixed
Origanum libanoticum Boiss. 29.16 4 Uniform/mixed
Senecio mouterdei Arenes 16.67 2 Uniform/mixed
Verbascum libanoticum Murb. & Thieb. 2.08 + Mixed

* Domin Scale.

Table 3 - Vegetation zoning and diversity indices of the sub-regions.

Region Vegetation Zone Diversity Indices
Alpha Gamma
Qammoua Mountain Mediterranean 19 52
Michmich Supra-Mediterranean 29 76
Jayroun Supra-Mediterranean 49 49
Hrar Thermo-Mediterranean 30 57
Qemmamine Eu-Mediterranean 32 57

Table 4 - Jaccard’s similarity indices between the regions in permanent quadrats.

Region Jayroun Qemmamine Hrar Michmich Qammoua
Jayroun 1 0.154 0.205 0.033 0.2
Qemmamine 1 0.188 0.09 0.038
Hrar 1 0.127 0.019
Michmich 1 0.041
Qammoua 1
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quadrats while 6.6% and 28.5% for non-per-
manent quadrats. The observed and noted dif-
ferences between the sub-regions reveal a
high dissimilarity in floristic composition,
even in regions with the same forest type. This
dissimilarity makes the region a medley of
various plant associations.

Composition and structure of forests

P. brutia with its associated understorey dom-
inates the Hrar forest community. Q. callipri-
nos mixed with Phillyrea media L. and P. bru-
tia dominate the Jayroun forest while other
tree species are sparsely mixed in the Q. cal-
liprinos population. P. brutia dominates
Qemamine. Q. calliprinos, P. palaestina, Q.
infectoria, Arbutus andrachne, and Styrax
officinalis L. comprise the tree community.
Jayroun is shelter to a mixed forest of P. bru-
tia, Q. calliprinos and Q. infectoria. Encoun-
tered in this region are other scattered tree
species such as Acer syriacum Boiss. &
Gaill., A. andrachne, and Cercis siliquastrum
L. The presence of P. brutia dominates the
area. Q. calliprinos and P. palaestina are
found at a higher frequency mix than Q. infec-
toria, S. officinalis, and A. andrachne. The
tree community in Michmich is mainly com-
posed of mixed populations of A. cilicica, C.
libani; J. drupacea, J. foetidissima, J. excelsa
and J. oxycedrus.; S. officinalis, Acer sp., and
J. oxycedrus. The tree populations are scat-
tered within the mixed community, mainly
slightly differentiated in the different sub-

regions by the dominance of either J. excelsa
or C. libani, or A. cilicica (Figure 2).

The forest structure in the different regions
recorded a variety in terms of demographic
profiles. In Hrar, the age structure revealed the
presence of three age categories of P. brutia
and an equal percentage of non-bearing and
bearing trees was also observed. The results
revealed that the area’s lumbering practices on
juvenile trees have influenced the dominance
of mature trees (Figure 3a).

The Jayroun forest communities showed a
mixture of different age categories for conif-
erous and deciduous tree species. Q. callipri-
nos followed by the presence of P. media
mainly dominate the region while other
species are mixed at an equal frequency. The
presence of all three categories of most of the
tree species thriving in the area reveals the
existence of dynamic processes between the
plant communities growing in this region. The
high dominance of juvenile/young trees of Q.
infectoria and the low dominance of mature
trees expresses the high influence of charcoal
production and grazing practices over hun-
dreds of years (Figure 3b). In the Qem-
mamine Valley, juvenile trees, especially
those of Q. calliprinos, P. palaestina, and S.
officinalis, dominated the population’s age
structure. These young populations reveal the
regular practices of lumbering for either
household use or charcoal production (Figure
3c). At higher altitudes, the dominance of
mature age structures for most of the conifer-
ous tree species (A. cilicica, C. libani, J. foe-
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Figure 2 - Dominance of tree species in the vegetation communities growing in the different regions.
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tidissima, and J. excelsa) and the low domi-
nance of juveniles of these tree species in
Michmich reflect the impact of grazing and
other natural resource harvesting practices
that local communities undertake. Q. cal-
liprinos was observed with a high dominance
of juvenile and juvenile trees, which reveals
anthropogenic activities such as lumbering for
either household use or charcoal production
(Figure 3d).

The Qammoua forest comprises different
types of tree communities. The P. brutia pop-
ulation comprises different age categories.
Tree communities of C. libani and A. cilicica

presented diversity in the demographic struc-
ture (Figure 3e). High frequency of the can-
dle-shaped C. libani trees reveal ancient lum-
bering practices, which reflect the innate
sense of local communities for sustainability.
At the lower altitude, Q. cerris demonstrated
a homogenous demographic structure, record-
ing high dominance of juvenile and mature
trees. The low coverage of juvenile trees calls
for the strict conservation of these remnant
stands, and suggests the need to consider the
seedlings recruitment in future monitoring
program (Figure 3f).
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Figure 3 - Age structure of the tree populations found in the different regions.
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Guidelines for land conservation
and management

The development of the vocational map
revealed that local communities and MADA’s
team of experts have a shared vision on habi-
tat conservation and management, and land
use plans. Participatory approaches imple-
mented with local communities-combined
with historical records on land use-resulted in
the definition of five categories of land con-
servation and management, including a set of
management practices for each of the pro-
posed categories (Figure 4).

(a) Conservation and Adaptive Management
Zone: Application of species and habitat man-
agement devoid of construction or develop-
ment projects. Recreational activities such as
hiking and bird watching will be promoted.
This category covered spots of rich diversity
in Hrar, Jayroun, Michmich, Qemmamine,
and Qammoua.

(b) Remediation Zone: Application of strict
conservation measures for a defined period to

allow for restoration processes. No human
activities or development projects will be
allowed during this period. Meanwhile, a set
of environmental standards to be adopted for
development initiatives will be defined. This
category covered Qammoua and Qem-
mamine; a region with the greatest human
influence.

(c) Agro-sylvo-pastoral Zone: Application of
reforestation activities of native tree species
with economic potential. The management
practices will entail strict control of grazing
and lumbering activities. The execution of any
development project must conform to envi-
ronmental standards. Environmental Impact
Assessment (EIA) and Strategic Environmen-
tal Assessments (SEA) are required prior to
execution. This category gathered lands used
for grazing and lumbering in Hrar, Qem-
mamine, Michmich, and Qammoua.

(d) Farming Zone: Application of sustainable
agriculture practices through the promotion of
organic farming and product certifications.
Authorized construction and development
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projects should abide strictly by the environ-
mental standards. EIA and SEA are required
prior to these activities. This category covered
agricultural lands and terraces in Michmich
and Qammoua.

(e) Urban Development: Adoption of defined
standards for construction and development
projects. Buffer zones will be defined and
delineated between forests and villages.

Framework for an integrated
monitoring program

The integrated monitoring program was
designed taking into account the land conser-
vation and management map, botanical
assessment, and forest structure and compo-
sition, as well as the technical capacity of
local communities. It sets the basis for moni-
toring forest structure and composition. The
program defined a number of selected species
for monitoring such as Cepahalanthera rubra
(L.) Rich., Cephalanthera longiflora (Huds.)
Frisch, Orchis simia Lam., S. mouterdeii, and
Tulipa aleppensis Regel. The manual of the
monitoring program was developed for use as
both a reference document and a tool for local
practitioners (Sattout 2008). A belief in the
local communities’ capacity in parataxonomy
was the starting point for success in this chal-
lenging approach. Local sources who have
built up a non-tangible database of local
names and the natural history of plants and
animals were identified during this study. It is
believed that local sources can be employed
as efficient collectors. The manual introduced
the basic techniques of plant classification and
identification. It provided a general overview
on the plant kingdom, identification criteria,
techniques, and collection of plant specimens.
This manual presented the monitoring con-
cept and adaptive management approach to
help draw a clear picture of future activities
and to seed a sense of ownership over
resources and partnership for future manage-
ment activities in the national park. It inte-
grated detailed information on techniques and
methodologies for data collection on species
richness and forest composition and structure
over a period of 10 years.
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Conclusion

Exemplified as an ecoregion, the Akkar-Dun-
niyeh area shelters a geographically distinct
assemblage of Eastern Mediterranean forest
types, land use categories, and landscapes
shared by a substantial percentage of the
entire flora found in Lebanon as well as a sig-
nificant portion of endemics. The high-value
biological component of this site is rooted in
the critical interactions of its natural and semi-
natural habitats (typical to Lebanon) and
incrusted in the marked topographical relief,
which are essential for the long-term survival
of these species. The variations in human land
use patterns and site-specific histories of
resource management, which often resulted in
overexploitation and resource depletion, have
had a profound impact on living systems. The
revealed ecological diversity in the region
may have contributed to various aspects of
ecosystem stability. These include long-term
stability of productivity and resilience to dis-
turbances, resulting from anthropogenic activ-
ities (Lavorel 1999). Collaborative manage-
ment of natural resources has proven to be the
best way to achieve good practices of biodi-
versity conservation, performed in partnership
with local communities and other relevant
stakeholders. In order to ensure development
of strong technical skills, the adopted
approach paved the way for future imple-
mentation of collaborative management
strategies.

The database built during the first phase of the
project now constitutes the first updated back-
ground information on the ecological profile
of the designated national park of the Akkar-
Dunniyeh area. The botanical assessments on
forest composition and structure have set the
basis for management guidelines and the
development of the integrated monitoring pro-
gram. Nevertheless, keeping up the momen-
tum toward the establishment of the Akkar-
Dunniyeh national park will not be an easy
task in a volatile Lebanese context where the
culture of either local communities or gov-
ernment agencies must be dealt with, bridges
built between various stakeholders, and the
administrative and management framework
for such in-situ conservation systems estab-
lished and strengthened.
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Annex - List of plants found in Akkar-
Donnieh area (2006-2007)

Family: Acanthaceae
Acantholimon antilibanoticum Mout.
Acantholimon libanoticum Boiss.

Family: Sapindaceae
Acer hermoneum Bornm. & Schwer.
Acer syriacum Boiss. & Gaill.

Family: Amaryllidaceae
Ixiolorion tataricum (Pall.) Herb.

Family: Anacardiaceae
Pistaceae palaestina Boiss.

Family: Araceae
Arum sp.

Family: Aristolochiaceae
Aristolochia altissima Desf.

Aristolochia billardieri Jaub. & Spach.

Aristolochia cordata L.
Arrhenatherum palaestinum Boiss.

Family: Asteracea
Achillea millefolium L.
Centaurea iberica Trev.
Achillea biebersteinii Afan
Achillea conferta DC. (Check again)
Achillea falcata L.
Anthemis blancheana Boiss.
Anthemis chia L.

Anthemis cretica L.
Anthemis sp.

Anthemis tinctoria L.

Anthemis tinctoria L. var. discoidea
(All.) Vahl.

Bellis sylvestris Cyrillo.
Bellis perennis L.

Carduus argentatus L.
Carlina involucrata Poiret.

Carlina involucrata Poiret subsp.
Libanotica (Boiss.) Meusel
& Kistner.

Centaurea axilaris var. cana Berget
& Wahlenb

Centaurea calciptrapa L.

Centaurea cheirolopha (Fenzl.)
Wagenitz

Centaurea iberica Trev. var. meryonis
(DC.) Boiss.

Centaurea speciosa Boiss.

Centaurea triumfetti All.

Centaurea cyanoides Berg. & Wah.

Chardinia xeranthimoides Desf.

Cirsium diacantha Labill.

Cirsium lappaceum (M.B.) Fisch var.
hermonis Boiss.

Cousinia libanotica DC.

Crepis reuteriana Boiss.

Crupina crupinastrum (Moris) Vis.
Dittrichia sp.

Doronicum orientale Hoffm.
Echinops polyceras Boiss.
Echinops viscosus DC.
Helichrysum plicatum DC.
Helichrysum virgineum DC.

Helichrysum plicatum DC. subsp.
plicatum

Helichrysum sanguineum (L.) Kostel

Lactuca serriola L.

Lapsana communis L.

Onopordum illyricum L. subsp.
Cardunculus (boiss.) Franco

Fallenis spinosa (L.) Cass.
Phagnalon rupestre (L.) DC.
Ptilostemon chamaepeuce (L.) Less.

Reichardia macrophylla Vis. & Pan i
Rhagadiolus stelaltus (L.) Willd.

Steptorhampus tuberosus (Jacq.)
Grossh.

Scorzonera jacquiniana (W. Koch.)
Boiss.

Scariola orientalis (Boiss.) Sojak.
Scolymus hispanicus L.

Scorzonera cana (C. A. Meyer) Hoffm.
var. alpina (Boiss) Chamb.

Scorzonera capitata

Scorzonera mollis M. Bieb.
Scorzonera rigida Aucher.

Senecio mouterdei Arenes

Serratula pusila (Lab.) Dittrich
Sonchus oleraceus L.

Tanacetum cilicium (Boiss.) Grierson
Taraxacum officinale Wigg.
Tragopogon longirostris L.

Tussilago farfara L.

Urospermum picroides (L.)
F. W. Schmidt

Xeranthemum inapterum (L.) Mill.

Xeranthemum longipapposum Fisch.
& Mey.

Family: Balanophoraceae
Cytinus hypocistis L. ssp. orientalis
Wettst

Family: Berberidaceae
Berberis libanotica Ehren.

Family: Boraginaceae
Anchusa strigosa Labill.
Cynoglossum nerbodense Guss.
Myosotis ramosissima Rochel

Family: Brassicaceae
Aethionema cordifolium DC.
Alyssum murale Waldst. & Kit.
Clypeola jonthlaspi L.
Coluteocarpus vesicarius (L.) R.
Erysimum goniocaulon Boiss.
Erysimum scabrum DC.
Fibigia clypeata (L.) Medik
Fibigia eriocarpa (DC.) Boiss.
Hesperis kotschyana Fenzl.
Aubrietia libanotica Boiss.
Thlaspi microstylum Boiss.

Family: Caesalpiniaceae
Ceratonia siliqua L.
Cercis siliquastrum L.

Family: Campanulaceae
Campanula rapunculus L.
Campanula retrorsa Labill.
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Campanula stricta L.

Michauxia campanuloides 1.’ Her
Podanthum virgatum (Labill.) Boiss.
Specularia pentagonia (L.) A. DC.

Family: Capparaceae
Capparis spinosa L.

Family: Caprifoliaceae
Lonicera nummularifolia Jaub. & Sp.

Family: Caryophyllaceae
Melandrium album (Mill.) Garcke
Agrostema githago L.

Alsine globulosa (Labill.) Halacs.
Alsine meyeri Boiss.

Alsine tenuifolia (L.) Crantz.
Arenaria pubescens D’Urv.
Cerastium anomalum Waldst & Kit.
Cerastium dichotomum L.

Dianthus tripunctatus Sibth. & Sm.

Dianthus orientalis Adan. var. brachyodontus
(Boiss. & Huet.) Borne.

Queria hispanica L.

Silene aegyptica (L.) F.

Silene venosa (Gilib.) Aschers.
Silene italica (L.) Pers.

Silene juncea Sibth. & Smith. var. pallida
Boiss.

Family: Amaranthaceae
Noaea mucronata (Forsk.) Asch
Noaea mucronata Asch var. humilis Boiss.

Nonea caspica G. Don. melanocarpa (Boiss.)
Riedl

Family: Cistaceae

Cistus creticus L.

Fumana arabica (L.) Spach.
Helianthemum nummularium (L.) Mill.

Helianthemum nummularium (L.) Mill subsp.
nummularium

Helianthemum vulgare Gaertner

Family: Convolvulaceae
Convolvulus arvensis L.
Convolvulus cantabrica L.

Family: Crassulaceae

Cotyledon libanotica Labill.

Sedum album L.

Sedum assyriacum Boiss.

Sedum hispanicum L.

Sedum laconicum Boiss. & Heldr.
Sedum palaestinum Boiss.

Sedum teniufolium (Sibth. & Smith) DC.
Umbillicus intermedius Boiss.

Family: Cucurbitaceae
Bryonia multiflora Boiss. & Heldr.

Family: Cupressaceae

Arceuthos drupacea (Labill.) Ant. & Ky.
Juniperus excelsa M.B.

Juniperus foetidissima Willd.

Juniperus oxycedrus L.

Family: Cyperaceae
Carex flacca Schreb.

Family: Dipsacaceae
Cephalaria joppica (Spreng.) Beg.
Morina persica L.

Scabiosa argentea L.
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Scabiosa ochraleuca L.
Scabiosa palaestina L.

Family: Dioscoreaceae
Tamus communis L.

Family: Ericaceae
Arbutus andrachne L.

Family: Euphorbiaceae
Andrachne telephioides L.
Euphorbia macroclada Boiss.

Family: Fabaceae

Astragalus angulosus DC.

Astragalus cruentiflorus Boiss.

Astragalus dictyocarpus Boiss.

Astragalus gummifer Labill.

Astragalus hermoneus Boiss.

Astragalus kurnet-es-sauda Eig.

Astragalus rousseanus Boiss.

Astragalus schizopterus Boiss. (77)

Astragalus sofarensis Thieb.

Calycotome villosa (Poir.) Link

Coronilla emeroides Boiss. & Brun.

Coronilla varia L. subsp. libanotica Boiss.

Ervum lenticula (Schreb.) Alef.

Hymenocarpus circinatus L.

Lathyrus aphaca L.

Lathyrus setifolius L.

Lathyrus variabilis (Boiss. & Ky.) Celak.

Lotus corniculatus L. var. alpinus (Scheich)
Boiss.

Lotus cytisoides L.

Lotus gebelia Vent.

Medicago hispida Gaertn.

Medicago lupulina L.

Medicago orbicularis Bartal.

Medicago sativa L.

Ononis natrix L.

Trifolium arvense L.

Trifolium campestre Schreb.

Trifolium clusii Gordon & Gren.

Trifolium clypeatum L.

Trifolium formosum D’Urv.

Trifolium globosum L.

Trifolium lappaceum L.

Trifolium physodes Stev.

Trifolium pilulare Boiss.

Trifolium purpureum Loisel

Trifolium repens L.

Trifolium resupinatum L.

Trifolium scabrum L.

Trifolium stellatum L.

Trifolium tomentosum L.

Family: Fagaceae

Quercus calliprinos Webb.

Quercus cedrorum (Ky) S. DC.

Quercus cerris L.

Quercus infectoria Oliv.

Quercus ithaburensis (Decne) Boiss. (??)
Quercus libani Oliv.

Family: Ranunculaceae
Corydalis rutifolia Sibth. & Sim.
Corydalis solida (Ehrh.) Swartz.

Family: Gentianaceae
Centaurium pulchellum (Sw.) Druce
Erodium romanum (Burm. F.) L’Her.
Erodium acaule (L.) Bech. & Tell

Erodium cicutarium (L.) L'Her.
Geranium libani Davis
Geranium libanoticum Schenk
Geranium purpureum Vill.

Family: Poaceae

Avena sterilis L.

Aegilops ovata L.

Aegilops peregrina (Hack.) Maire & Weiller.
Aegilops variabilis Eig.
Brachypodium distachyum (L.) Beauv.
Briza maxima L.

Bromus arenarius Labill.

Bromus arvensis L.

Bromus brachystachys Hornung.
Bromus erectus Huds.

Bromus palaestinus Melderis.
Bromus rigidus Roth.

Bromus squarrosus L.

Bromus sterilis L.

Cynosurus echinatus L.

Cynosurus effuses Link.

Dactylis glomerata L.

Festuca ovina L.

Heteranthelium piliferum (Russ.) Hochst.
Hordeum bulbosum L.

Lagurus ovatus L.

Lolium multiflorum Gaud.
Lycochloa avenacea Sam.

Melica angustifolia Bl. & Boiss.
Melica ciliata L.

Oryzopsis holciformis (M.B.) Hack.
Phleum arenarium L.

Phleum montanum C. Koch.

Poa bulbosa L.

Poa persica Trin.

Puccinelia distans (L.) Parl.
Scleropoa rigida (L.) Grisch.

Stipa fontanesii Parl.

Family: Hypericaceae
Hypericum lanuginosum Lam.

Hypericum nanum Poiret var. prostratum
Boiss.

Hypericum perforatum L.
Hypericum thymifolium Banks & Sol

Family: Hydrocharitaceae
Smyrnium olusatrum L.

Family: Iridaceae

Iris sp.

Romulea nivalis (Boiss & Ky.) Klatt

Gladiolus segetum Ker-Gawler

Crocus graveolens Boiss. & Reuter

Crocus aleppicus Baker

Crocus ochraleucus Boiss. & Bl.

Crocus cancellatus Herb. forma
damascenus (Herb.) n. comb.

Crocus cancellatus forma cilicicus (Ky.)
n. comb.

Family: Lamiaceae

Ajuga tridactylis Ging. Ex Ben.
Calamintha vulgaris (L.) Druce

Lamium truncatum Boiss.

Marrubium libanoticum L.

Marrubium vulgare L.

Mentha longifolia (L.) Huds.

Micromeria sp.

Micromeria barbata (Boiss. & Ky.) Boiss.
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Micromeria graeca (L.) Benth.
Micromeria juliana (L.) Benth.
Micromeria nervosa (Desf.) Benth.
Nepeta cilicica Boiss.

Nepeta italica L.

Origanum libanoticum Boiss.
Origanum syriacum (L.) Koch.
Phlomis brachyodon Boiss.
Phlomis chrysophyla Boiss.

Salvia fructicosa Mill.

Salvia grandiflora Etling.

Salvia hierosolymitana Boiss.
Salvia microstegia Boiss. & Bal.
Salvia sclarea L.

Scutellaria brevibracteata Stapf
Scutellaria peregrine L.
Securigera securidaca (L.) Deg & Doerfl.
Sideritis glandulifera Post.
Sideritis perfoliata L.

Stachys cretica Sibth. & Sm.
Stachys distans Benth.

Stachys palaestina L.

Teucrium flavum L.

Teucrium polium L. var. album Fiori
Teucrium stachyophyllum Davis
Teurcium chamaedrys L.

Ziziphora capitata L.

Family: Lilaceae

Allium chloranthum Boiss.

Allium cassium Boiss.

Allium sphaerocephalum L.
Allium subhirsutum L.

Allium ampeloprasum L. var. portorii Gomb.
Asparagus acutifolius L.
Colchicum decainsei Boiss
Colchicum steveni Kunth.
Eremurus spectabilis M.B.
Fritilaria acmopetala Boiss.
Fritilaria crassifolia Boiss.
Fritilaria elwesii Boiss.

Gagea arvensis (Pers.) Dumort
Gagea peduncularis (Presl) Pasc.
Hyacinthus orientalis L.

Lloydia rubroviridis Boiss. & Ky.
Muscari comosum (L.) Mill.
Muscari parviflorum Desf.
Muscari pinardi Boiss.
Ornithogalum billardieri Mout.
Ornithogalum platyphyllum Boiss.
Ruscus aculeatus L.

Smilax aspera L.

Tulipa aleppensis Boiss.

Tulipa aucheriana Baker subsp. Westii

Family: Linaceae

Linum aroanium Boiss. (No Valid)
Linum gallicum L.

Linum mucronatum (No Valid)

Family: Moraceae
Ficus carica L.

Family: Molluginaceae
Telephium imperati L.

Family: Oleaceae
Fraxinus ornus L.
Phillyrea media L.
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Family: Orchidaceae

Cephalanthera rubra (L.) L. C. Rich.
Cephalanthera longiflora (Huds.) Frisch.
Epipactis latifolia (L.) All.

Limodorum abortivum (L.) Sw.

Orchis anatolica Boiss.

Orchis italica Poiret

Orchis morio L.

Orchis tridentate Scop.

Orchis simia Lam.

Family: Orobanchaceae
Orobanche sp.

Family: Paeoniaceae
Paeonia kesrouanensis Thieb.

Family: Papaveraceae
Papaver syriacum Boiss. & Bl.
Papaver umbonatum Boiss.

Family: Paronychiaceae
Herniaria incana Lam.

Family: Pinaceae
Abies cilicica Ant. & Ky.
Cedrus libani A. Rich.
Pinus brutia Ten.

Family: Polypodiaceae

Adiantum capillaris-veneris L.
Athyrium filix-femina (L.) Roth
Cheilanthes pteridioides (Reich.) Christ
Pteridium aquilinum L.

Family: Polygalaceae
Polygala supina Schreb.

Family: Polyganaceae

Rumex patientia L. ssp. orientalis (Bernh.)
Dausch

Family: Primulaceae

Anagallis arvensis L.

Cyclamen coum Mill.

Primula vulgaris Huds.

Primula vulgaris Huds. var. rubra Sm.

Family: Ranunculaceae
Anemone blanda Schott & Ky.
Clematis flammula L.

Ranunculus cuneatus Boiss.
Ranunculus hierosolymitanus Boiss.
Ranunculus scleratus L.

Family: Resedaceae
Reseda alba L.

Family: Rhamanceae
Rhamnus alaternus L.
Rhamnus punctata Boiss.

Family: Rosaceae
Cotoneaster nummularia Fisco. & Mey.
Geum urbanum L.

Poterium gaillardoti Boiss.
Poterium verrucosum Ehrenb.
Prunus prostrata Lab.
Prunus ursina Ky.

Rosa canina L.

Rosa corymbifira

Rosa pulverulenta M. Bieb.
Rubus sanctus Schreb.

Rubus tomentosus Borkh.
Sorbus aria (L.) Crantz.

Family: Rubiaceae

Asperula breviflora Boiss.

Asperula libanotica Boiss.

Asperula stricta Boiss.

Crucianella herbaceae Forsk.

Crucianella latifolia L.

Galium canum Req.

Galium libanoticum Hern.

Galium orientale Boiss.

Galium orientale Boiss. var. alpinum Bornm.
Galium verticillatum Danth.

Galium verum L.

Rubia aucheri Boiss.

Rubia tenuifolia D’ Urv. var. elliptica (Boiss)
Rubia tinctorum L.

Crucianella imbricata Boiss.

Family: Santalaceae
Osyris alba L.

Family: Saxifragaceae
Ribes orientale L.

Family: Scrophulariaceae
Anarrhinum orientale Benth.
Parentucellia latifolia (L.) Caruel.
Verbascum libanoticum Murb. & Thieb.
Veronica cymbalaria Bodard.

Veronica leiocarpa Boiss.

Veronica orientalis Miller

Veronica polifolia Benth.

Veronica syriaca Roem. & Sch.

Family: Selaginaceae
Selaginella denticulata (L.) Spreng

Family: Styracaceae
Styrax officinalis L.

Family: Apiaceae
Bunium pestolazzae Boiss.
Ainsworthia cordata (Jacq.) Boiss.
Bunium elegans Freyn.
Conium maculatum L.
Coriandrum sp.
Daucus broteri Ten.
Daucus setulosus Guss.
Eryngium campestre L.
Eryngium creticum Lam.
Eryngium creticum var. spinulosum Post
Eryngium falcatum Laroche
Eryngium glomeratum Lam.
Lagoecia cuminoides L.
Lecoquia cretica (Lam.) DC.
Orlaya platycarpos (L.) Koch.
Pimpinella peregrina L.
Bupleurum gerardi All.
Scaligeria cretica (D’Urv.) Boiss.
Scandix iberica M.B.
Scandix pecten-veneris L.
Torilis leptophylla Rechb. F.

var. erythrotricha n. comb.
Torilis purpurea (Ten.) Guss
Turgenia latifolia (L.) Hoffm.

Family: Valerianaceae

Centranthus longiflorus Stev.

Valeriana dioscoridis Sibth. & Sm.
Valerianella dactylophylla Boiss. & Hohen.

Family: Violaceae
Viola odorata L.

95



Résumés de theses

Camille ROUMIEUX 2012

Modélisation de la dynamique
saisonniere des éclosions d’Aedes
(Ochlerotatus) caspius (Pallas, 1771)
(Culicidae) en contexte de changement
climatique

168 p.

Thése d’université soutenue le 11 juillet 2012 a I'université
d’Aix-Marseille, Imse, campus Etoile, faculté de Saint-
Jéréme, avenue Escadrille Normandie-Niémen, Case 421,
13397 Marseille cedex 20, France.

Jury — Wolfgang CRAMER (P", université d’ Aix-Marseille, directeur
de recherche CNrRs UMR IMBE, Marseille, France), président. Moha-
med CHAIEB (P', université de Sfax, Tunisie), rapporteur. Florence
FouqQuE (D', HDR, Institut Pasteur de Guadeloupe, France), rappor-
teur. Thomas BALENGHIEN (Df, CIRAD, Montpellier, France), exami-
nateur. Christophe LAGNEAU (directeur recherche et développement
de I’Eip Méditerranée, Montpellier, France), examinateur. Alain SAN-
Doz (P', université d’Aix-Marseille), examinateur. Evelyne FRAN-
QUET (P, université d’Aix-Marseille, UMR IMBE, Aix-Marseille),
directrice. Franck TORRE (maitre de conférences, université d’ Aix-
Marseille, UMR IMBE, Aix-Marseille), codirecteur.

Mots clés : Aedes caspius, bioclimatologie, changement
climatique, cycle de vie, littoral méditerranéen francais,
mares temporaires halomorphes, modéle linéaire généralisé,
usage du sol.

e travail de these étudie I’évolution des éclosions

d’Aedes (Ochlerotatus) caspius (Pallas, 1771) (Culi-
cidae) sur le littoral méditerranéen francais dans un
contexte de changement climatique. Aedes caspius est un
moustique nuisant se développant dans les milieux natu-
rels salés a submersions temporaires dont le cycle de vie
est réglé par un nombre de parametres environnementaux
relativement limités. Nous avons tenté de mieux cerner les
déterminants des dynamiques temporelles actuelle et future
des éclosions d’Aedes caspius a 1’échelle de la zone d’in-
tervention de I’opérateur public frangais de démoustication
(Entente interdépartementale pour la démoustication —
Méditerranée).

L’étude de I’aire de répartition d’Aedes caspius a 1’échelle
du bassin méditerranéen a conduit a définir une enveloppe
bioclimatique potentielle de I’espece. Les anomalies cli-
matiques telles qu’envisagées par les scenarii A2 et B2 du
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GIEC (horizons 2020, 2050 et 2080) entraineraient un €lar-
gissement de I’enveloppe bioclimatique vers le nord et
I’ouest de la France. La dynamique temporelle a donc pu
étre étudiée a partir de la base de données des interventions
quotidiennes de I’EIp, sur la période 2004-2009. A cette
échelle locale (3 105 ha) et tenant compte de la variabilité
météorologique inter- et intra-annuelle sur la période, un
modele logistique binaire d’occurrences d’éclosion a été
développé. Le modele obtenu rapporte que le type d’occu-
pation du sol d’une part, et son interaction avec la tempé-
rature minimale, la photopériode, I’amplitude des tempé-
ratures et a un degré moindre les précipitations et leur
variabilité d’autre part, sont les facteurs principaux expli-
quant la présence d’éclosions de Aedes caspius. Les ano-
malies climatiques ont été appliquées a la séquence de
conditions météorologiques observées sur la période 2004
a 2009. Les projections correspondantes d’occurrences
d’éclosion ont ainsi pu étre obtenues. Les différents scé-
narii montrent un allongement de la période d’activité
annuelle jusqu’a concurrence d’une durée maximale pour
la zone géographique considérée.

Modelling the seasonal dynamics
of Aedes (Ochlerotatus) caspius

(Pallas, 1771) (Culicidae) hatching
in the context of climate change

Keywords: Aedes caspius, bioclimatology, climate change,
life cycle, the French Mediterranean coast, temporary
halomorphic pools, generalized linear model, land use.

his thesis studies the evolution of Aedes (Ochlerotatus)

caspius (Pallas, 1771) (Culicidae) hatching on the
French Mediterranean coast in the context of climate
change. Aedes caspius is a nuisance mosquito developing
in temporarily submerged salty wetlands whose life cycle
is regulated by a relatively limited number of environmen-
tal parameters. We tried to understand the determinants of
current and future temporal dynamics of Aedes caspius
hatching in the intervention area of the Entente interdé-
partementale pour la démoustication Méditerranée (Inter-
departmental Agency for Mosquito Control Mediterranean
— EID). The study of Aedes caspius’distribution area across
the Mediterranean basin has led to the definition of its
potential bioclimatic envelope. The set of climatic anom-
alies such as envisaged by the scenarios A2 and B2 of the
Intergovernmental Panel on Climate Change (IPCC) (pro-
jections for 2020, 2050 and 2080) should lead to an

ecologia mediterranea — Vol. 38 (2) — 2012



enlargement of this bioclimatic envelope towards the north
and west of France. We therefore studied the temporal
dynamics from EID’s daily interventions’ database over the
period 2004-2009. At this local scale (3,105 ha) and tak-
ing into account inter-and intra-annual meteorological vari-
ability, we then developed a binary logistic model of occur-
rences of daily hatching outbreaks. The resulting model
showed that the type of land use, firstly in interaction with
minimum temperature, photoperiod, temperature amplitude
and to a lesser extent precipitation and their variability sec-
ondly, are the main factors explaining the occurence of
Aedes caspius outbreaks. Climate anomalies were applied
to the sequence of weather conditions observed over the
period 2004 to 2009. The corresponding projections of
hatching occurrences and hatching were obtained. Differ-
ent scenarii show an increase in the annual activity period
up to a maximum for the geographical area in question.
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es écosystemes méditerranéens littoraux sont soumis a

divers stress environnementaux naturels (notamment
les stress hydrique et halin) et anthropiques susceptibles de
s’intensifier dans les prochaines décennies dans le contexte
de changements globaux. Ainsi, le fonctionnement des
communautés microbiennes, encore tres peu étudié dans
de tels milieux, semblait important a préciser. L’effet de
I’empreinte littorale sur la transformation de la matiere
organique dans la litiere de pin d’Alep issue des calanques
de Marseille a été estimé ainsi que le potentiel de biodé-
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gradation d’un polluant ubiquiste, 1’anthracene, un hydro-
carbure aromatique polycyclique (HAp). Différentes
approches intégratives in situ, ex situ et in vitro ont été uti-
lis€es en associant plusieurs méthodes permettant d’esti-
mer 1’état fonctionnel du milieu (activités enzymatiques,
respirométrie, diversité fonctionnelle microbienne et évo-
lution chimique de la matiere organique par RMN du solide
du 13C).

Dans le cadre de cette these, en recourant a des approches
in situ via les litter bags, le role primordial de certains fac-
teurs environnementaux, édaphiques et bioclimatiques, ont
pu étre mis en évidence dans la structuration et le fonc-
tionnement microbien, et en conséquence, sur les modali-
tés et les cinétiques des processus de décomposition de la
matiere organique. En particulier il a été possible de mon-
trer que 1’évolution des activités microbiennes était forte-
ment dépendante des saisons. Température et humidité cor-
respondent donc a des facteurs majeurs de structuration
microbienne et influent donc aussi sur la diversité des fonc-
tions assurées par ces communautés et, plus encore, sur les
intensités et les cinétiques des processus enzymatiques qui
concourent collectivement au fonctionnement durable de
I’ensemble de I’écosysteme.

En outre, dans un contexte méditerranéen déja contraint, la
proximité du trait de cote et donc des influences marines
(source d’apport de sels ou de polluants via les embruns)
était supposée constituer une contrainte supplémentaire
comparativement aux milieux continentaux. Les résultats
obtenus infirment cette hypothese. En effet, I’empreinte lit-
torale ne s’accompagne pas au plan microbien de déséqui-
libres fonctionnels. Ce constat suggere que, par leur loca-
lisation et donc la permanence de leur exposition a ce
facteur de stress, s’est opérée sur la durée une sélection de
communautés microbiennes et des fonctions exprimées par
celles-ci. Ainsi, les communautés microbiennes issues de
ces milieux plus contraints apparaissent paradoxalement
plus robustes.

La présence croissante de polluants divers au sein des sols
et des litieres en zone périurbaine comme dans le cas du
littoral marseillais, li€e a une intensification des activités
anthropiques, suscite aujourd’hui de fortes inquiétudes
compte tenu du danger que ces poly-contaminations peu-
vent représenter pour 1’équilibre des écosystemes naturels.
Parmi les différents types de pollutions, nous nous sommes
focalisés sur les pollutions chroniques. Moins spectacu-
laires que des pollutions de type accidentel, elles sont sou-
vent négligées, alors que leurs impacts sur la durée peu-
vent tout aussi gravement nuire a I’intégrité fonctionnelle
des écosystemes. Les HAPs, contaminants atmosphériques
récurrents, correspondent a un ensemble de molécules
toxiques tres diverses dont la faible solubilité dans I’eau
contribue a leur persistance dans I’environnement. Dans ce
cadre, en recourant a des expérimentations ex situ et in
vitro, il a été possible de démontrer clairement un fort
potentiel des communautés microbiennes présentes au sein
des litieres de pin d’Alep en zone littorale pour la décon-
tamination de ces milieux, en utilisant I’anthracéne comme
HaP modele. Nous avons pu en effet montrer, a partir de
nouvelles souches fongiques isolées de ces litieres, que des
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laccases halotolérantes étaient susceptibles d’étre produites
dans de tels milieux et qu’elles étaient également capables
d’oxyder certains HAPs in vitro, pouvant donc contribuer a
la biorémédiation des sols pollués par ces molécules aro-
matiques. En outre, une résistance microbienne importante
a été démontrée puisque les activités enzymatiques ne sont
pas affectées par la présence de ce contaminant, illustrant
I’adaptabilité des communautés microbiennes associées a
la litiere de pin d’ Alep en zone littorale. La minéralisation
enzymatique microbienne des HAPs constitue donc une
voie de décontamination naturelle et contribue globalement
a la restauration de la qualité de ces environnements. Ces
résultats confirment le role des communautés fongiques
productrices d’enzymes lignolytiques (tels que les laccases)
en tant qu’acteurs clés de la détoxification des litieres. Il
est important de noter également 1’effet indirect de 1’in-
duction de I’expression des laccases consécutivement a
I’apport expérimental d’HAP puisque la dégradation des
composés phénoliques naturels a été exacerbée dans ce
contexte. Par ailleurs, certaines des laccases induites par
I’anthracene ont pu étre extraites des liticres de pin d’Alep
et séquencées, ce qui constitue une approche nouvelle dans
I’étude des processus fonctionnels microbiens. Ainsi, des
recherches complémentaires pourraient s’attacher a déve-
lopper des approches méta-protéomiques ciblant spécifi-
quement certaines fonctions enzymatiques en vue de
répondre a divers questionnements complémentaires :
(a) quelles enzymes sont responsables de la dégradation
d’un contaminant et plus en amont quels sont les micro-
organismes qui les produisent ? (b) quels sont les profils
protéiques observables au cours de la dégradation des pol-
luants et en particulier voit-on apparaitre de nouvelles iso-
formes induites aux propriétés nouvelles ? (c) quels sont
les microorganismes capables de survivre et de demeurer
fonctionnellement actifs au sein des sols pollués ?

Par ailleurs, la diversité génétique et enzymatique qui
conduit a une pérennisation des fonctions peut aussi consti-
tuer des « bioressources » potentiellement exploitables dans
le cadre de nouvelles applications biotechnologiques. Le
sol peut étre considéré comme un hot spot de diversité
microbienne, diversité qui n’est pour I’instant que tres par-
tiellement explorée. Un vaste travail d’identification de
nouvelles especes microbiennes ainsi que de nouveaux
genes et fonctionnalités d’intéréts subsiste.
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La restauration écologique a été identifiée comme une
approche permettant notamment de ralentir la perte de bio-
diversité et de maintenir tous les biens et services issus de
cette biodiversité desquels dépend le bien-étre de notre civi-
lisation actuelle. Cette restauration des écosystémes se base
sur des connaissances provenant a la fois de 1’écologie des
communautés et de I’écologie de la restauration. Les objec-
tifs de la these sont donc de comprendre la dynamique
d’une steppe méditerranéenne apres changements d’usage
ainsi que la mise en ceuvre de techniques qui pourraient
étre appliquées a la restauration de cet écosystéme apres
une perturbation anthropique sévere. La thése a pour objet
d’étude la steppe méditerranéenne de la plaine de Crau, et
notamment d’anciennes cultures, pour étudier la recoloni-
sation spontanée apres perturbation et le projet de réhabi-
litation a grande échelle de Cossure pour les expérimenta-
tions sur les techniques de restauration. En ce qui concerne
la dynamique apreés une perturbation anthropique exogene
sévere, nous avons confirmé la faible résilience de la com-
munauté végétale steppique a la fois a moyen (30-40 ans)
et long terme (150 ans), tandis que les parametres du sol et
le taux d’infestation des mycorhizes sont résilients sur le
long terme. En outre, nous avons confirmé le rdle joué par
les trois filtres dans la recolonisation des communautés
végétales. En ce qui concerne la steppe de la Crau, la reco-
lonisation est déterminée d’abord par le filtre abiotique,
puis par le filtre de dispersion et enfin par le filtre biotique.
Compte tenu de la faible résilience de la communauté, nous
avons testé plusieurs techniques de restauration appliquées
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a grande échelle au sein du projet de réhabilitation de Cos-
sure : le semis d’especes nurses, 1’étrépage de sol, le trans-
fert de foin et le transfert de sol. Afin d’évaluer I’efficacité
des techniques de restauration, nous avons développé des
indices pour mesurer « I’intégrité » de la structure de la
communauté permettant de distinguer les abondances infé-
rieures des abondances supérieures par rapport a la com-
munauté de référence. Les meilleurs résultats ont été obte-
nus avec le transfert du sol, suivi par I’étrépage de sol, puis
le semis d’especes nurses et enfin le transfert de foin. Ces
résultats ont toutefois confirmé la difficulté de restaurer
totalement la communauté végétale steppique. Les
recherches menées au sein de cette these montrent que les
connaissances actuelles en matiere de restauration écolo-
gique permettent de restaurer au moins partiellement cer-
taines composantes de cet écosysteme, mais suggerent de
mettre un maximum de moyens pour la conservation in situ
des habitats naturels plutot que de devoir les restaurer apres
qu’ils aient été détruits.

Dynamics and restoration
of a Mediterranea steppe
after changes in land-use
(La Crau, Southern-France)

Keywords: biodiversity, disturbance, ecological engineering,
ecological indicator, former arable field, hay transfer,
Mediterranean rangelands, nurse species seeding, orchard,
Plant community, Plant succession, Rehabilitation, Resilience,
Restoration ecology, Soil transfer, Species diversity, Species-
richness, Topsoil removal.

Restoration ecology is a science at the interface between
theoretical community ecology and ecological restoration.
Community ecology aims at understanding, within an
ecosystem, the interactions between coexisting species and
with their environment while restoration ecology focuses
on ways to assist the recovery of an ecosystem that has
been degraded, damaged or destroyed. This thesis deals
with restoration ecology in a Mediterranean steppe, from
studying spontaneous succession after a large exogenous
disturbance (formerly cultivated fields) to experimenting
large-scale restoration of its plant community after an
intensive cultivation episode (peach orchard). The study
site is the La Crau area in Southeastern France, which has
been shaped by millennia of interactions between the
Mediterranean climate, a characteristic soil disconnected
from the water table, and extensive sheep grazing for more
than 6,000 years. This has led to a species-rich and unique
plant community that lost more than 80% of its area due
to anthropogenic disturbances, mainly cultivations (hay
meadows, arable fields, orchards). Some of these cultiva-
tions are now abandoned and provide an appropriate frame-
work to determine what are the drivers of succession, and
if the plant community spontaneously recovers. These
points are tackled in the first two chapters of the thesis. The
subsequent chapters focus on restoration of one of the
abandoned cultivations. This 357 ha restoration occurs
within the context of the creation of the first French miti-
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gation bank, which raises at least two questions tackled in
the two subsequent chapters: How to restore such an
ecosystem? How to assess this restoration?

Land-use changes and especially intensive cultivation aban-
donment can be used to study vegetation recovery and
community assembly. Theoretical models of plant com-
munity establishment usually describe a regional species
pool that is constrained by three filters: dispersion, abiotic
and biotic. The aim of chapter one was to measure in sec-
ondary succession plant communities the part of variabil-
ity attributable to each filter. This study examined plant
communities after the abandonment of cultivation in a xeric
steppe located in the La Crau area. Forty former arable
fields were selected and characterized by their location on
geological and climatic gradients, and by taking into
account land-uses in their surroundings across time. We
recorded plant species richness and composition, and car-
ried out soil analyses. Former arable fields were compared
with each other and with areas where no abrupt anthro-
pogenic exogenous disturbance was applied. Data were
analyzed with variation partitioning based on redundancy
analyses to assess the relative effect of the filters on all
species, species more common in undisturbed reference
steppe or in former arable fields. The former arable field
vegetation is still different, even 30 years after cultivation
abandonment. The three filters are important in determin-
ing their plant community composition. Nevertheless the
abiotic filter seems to exert the greatest effect, followed by
the dispersion filter and then the biotic filter.

The remaining difference, even after 30 years of abandon-
ment, allows us to question whether the ecosystem is
resilient to exogenous disturbances and if all of its com-
ponents have the same resilience. A growing number of stu-
dies show the advantage of taking into account the inter-
actions between vegetation, soil and mycorrhizae to
understand the organization and dynamics of plant com-
munities. Indeed, these three ecosystem components inter-
act continuously, either positively or negatively, but little
research has focused on the resilience of these interactions.
The objective of the second chapter was therefore to meas-
ure the resilience of these three components after a culti-
vation episode in the La Crau area. We selected a gradient
of crop abandonment: 2 years — 30-40 years — 150 years
and the reference steppe. We surveyed plant communities
characteristics and soil chemical properties and we mea-
sured the mycorrhizal infestation of four species (Brachy-
podium distachyon, Bromus madritensis, Carduus pycno-
cephalus and Carthamus lanatus): two Poaceae, and two
Asteraceae, and in each family, one that shows greater
abundances in undisturbed areas, and one that shows grea-
ter abundances in recently disturbed areas. Our results
show that vegetation and soil properties are permanently
affected by the impact of the cultivation episode. Mycor-
rhizal infestations are also lower after a disturbance regard-
less of the family studied or of the species preference for
areas recently disturbed or not.

When spontaneous succession does not lead to the refer-
ence community trajectories, active ecological restoration
has to be implemented. The Strategic Plan for Biodiversity
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2011-2020 sets as an objective the restoration of 15% of
degraded ecosystems by 2020. This challenge raises at least
two major questions: i) how to restore, and ii) how to meas-
ure restoration success of said ecosystems? Measurement
of restoration success is necessary to assess the achieve-
ment of the objectives and to adjust management with
regard to objectives. Numerous studies are being conducted
to try to work out synthetic indices in order to assess the
ecosystem diversity or integrity in the context of global
change. Nevertheless, at the community level, there is no
index that allows the assessment of community integrity
regarding its restoration or resilience, despite the fact that
a lot of indicators are used such as species richness, Shan-
non diversity, multivariate analyses or similarity indices.
We have therefore developed two new indices explained in
the third chapter, that give new insights into community
states: 1) the first index, named the Community Structure
Integrity Index, measures the proportion of the species
abundance in the reference community represented in the
restored or degraded community, and 2) the second index,
named the Higher Abundance Index, measures the propor-
tion of the species abundance in the restored or degraded
community that is higher than in the reference community.
We illustrated and discussed the use of these new indices
with two examples: a recent restoration (2 years) of a
Mediterranean temporary wetland (Camargue in France)
in order to assess active restoration efficiency, and a
recently disturbed pseudo-steppe plant community (La
Crau area in France) in order to assess natural resilience of
the plant community. The indices provide summarized
information on the success of restoration, or on the
resilience of the plant community, that both appear less
positive than that measured with standard indicators. The
indices also provide additional insights that are useful for
management purposes: the Community Structure Integrity
Index indicates whether the improvement of target species
abundance is needed while the Higher Abundance Index
indicates whether the control of non-target abundance is
needed. These relatively simple indices developed on com-
munity composition and structure can provide a base for
further indices focusing on ecosystem functioning or serv-
ices.

If 15% of the degraded ecosystem have to be restored
before 2020, research on how to restore the defined refer-
ence ecosystem is therefore of primary concern, not only
at a small experimental scale but also at a large applicable
scale. The objectives of the fourth chapter are to know if it
is possible to restore a low productive species-rich ecosys-
tem after intensive cultivation, and to determine which
restoration techniques provide the best restoration result.
Experiments were carried out within a 357ha rehabilitation
project, aiming to recreate an herbaceous sheep-grazed
habitat. We applied on the rehabilitated area i) nurse
species seeding, ii) topsoil removal, iii) hay transfer, and
iv) soil transfer to restore a steppe plant community with
the last French Mediterranean steppe as a reference ecosys-
tem. These four techniques, applied for the first time at a
large scale on a Mediterranean herbaceous ecosystem were
monitored for three years. The rehabilitation makes it pos-
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sible to recover a large area dominated by grasses but with
vegetation very different to that of the steppe. Even if some
target species are successfully transferred with hay, a sig-
nificant increase in the target species number was not
achieved at the end of the third year. Nurse species seed-
ing seems to provide a suitable area for target species col-
onization, but probable competition with grasses has to be
monitored. The best results are obtained with topsoil
removal and soil transfer, which made it possible to recover
the species-richness and partially the composition of the
steppe.

The research conducted for this thesis shows that current
knowledge in ecological restoration makes it possible to
restore at least partially some La Crau ecosystem compo-
nents, but ought to lead us to understand the importance of
in situ conservation of natural habitats as a better alterna-
tive to restore them after they were destroyed.
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Wood, bark and pith structure in trees
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and ecological interpretation
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he anatomical structure of secondary xylem reflects

features that have adapted by following multiple evo-
lutionary pathways. There are numerous solutions to how
wood biological functions are accomplished, but those are
constrained by genetic capacity of each single taxon to
evolve in particular evolutionary trajectories. The diverse
successfully functioning wood anatomies found even in the
same environment where plants with those types of wood
grow are the results of this eco-evolutionary process.
Through comparing taxa differing in habitat in which the
plants grow, we are able to infer how that particular wood
differs from, or is similar to, woods of unrelated species in
the same growth form. This study looks at the anatomical
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at wood, bark and pith anatomy of the woody species grow-
ing on the Island of Cyprus in the eastern Mediterranean
Sea. The goals are to know the suites of anatomical char-
acteristics in each species, to learn which growth forms
exhibit more variability with changing site characteristics,
and to infer the environmental factors responsible, over an
evolutionary time frame, for these relationships.

Original samples for each species were collected during
3 field trips on Cyprus. About 270 species were collected,
and 600 double stained (astra blue and safranin) slides were
prepared for microscopic observation. New lists of anatom-
ical features were developed for the specific needs of this
research, especially for bark and pith anatomies. The
described species represent almost the entire woody flora
of the island. A great number of them have never been
anatomically described before. The codified anatomical
descriptions are a perfect base for wood anatomists inter-
ested to wood structure of single species or the range of
anatomical patterns within the Eastern Mediterranean
region, and also for archaeologist and palaecobotanists who
determine wood remains, and for wood technologist who
compare structures with physical wood properties.

In the ecological wood anatomy analysis we observed wood
diffuse porous structure associated to woody chamaephytes.
We detected semi-ring and ring porous xylems related to
nanophanerophytes and phanerophytes. Rays features seem
to be associate to space filling in wood, and the rays dimen-
sional features seems to be constrained by vessels. In fact,
rays became larger moving from woody chamaephytes to
phanerophytes, and the numbers of rays per millimetre
decrease moving from woody chamaephytes to phanero-
phytes, maybe allowing vessels to be greater in taller growth
forms. Raylessness is clearly associated to woody chamae-
phytes. Rays composition varies from homogeneous in
woody chamaephytes, to heterogeneous in nanophanero-
phytes and phanerophytes. The axial parenchyma was rare
in woody chamaephytes, apotracheal in nanophanerophytes
and mainly paratracheal in phanerophytes. Endemic species
showed absence of axial parenchyma, raylessness, homo-
geneous rays, and did not show association to tension wood.
A predominance of diffuse porous species was been
recorded in dry/hot site, and presence of ring porous species
in wet/cold sites. Diffuse porous structures were associated
to rocky and sandy sites, and semi-ring porous woods to
forest and shrublands habitats. Thick walled fibers species
were associated to moist and ruderal habitats, thin walled
fibers to forest and shrubland species. A clear trend was
observed in fiber wall thickness vs. wood density: greater
in the fiber wall thickness, greater is the wood density.

The bark anatomical features describe sieve tube mor-
phology and distribution, sclerenchyma presence and
arrangement, rays, phellem, phelloderm, crystals, secretory
structures, and appearance under polarized light. Sieve
tubes were typically arranged tangentially in nano-
phanerophytes but not in woody chamaephytes. Bark ray
dilatation was noted in moist site species but lacking in
endemic, shrubland, and forest species. Sclerenchyma
tended to be lacking in woody chamaephytes, and in
endemic and dry site species. The tangential arrangement

ecologia mediterranea — Vol. 38 (2) — 2012

Résumés de théses

of fibers tended to be lacking in woody chamaephytes and
Mediterranean species. The presence of prismatic crystals
was associated with nanophanerophytes and phanero-
phytes, but not with endemic, shrubland, or forest species.
Phloem homogeneity was associated with endemic species.
Phellem homogeneity was associated with climbers,
phanerophytes, and species of moist habitats. The associ-
ation of sclerenchyma with life form suggests a biome-
chanical role, especially for young twigs. The level of
endemism and the species' habitat were strongly linked to
a number of bark features opening new fields of eco-
phyletic and ecophysiological investigation.

Wahbi JAOUADI 2011

Ecologie et dynamique de régénération
de I’Acacia tortilis (Forsk.) Hayne
subsp. raddiana (Savi) Brenan var.
raddiana dans le parc national

de Bouhedma (Tunisie)

180 p.

Thése de doctorat en sciences agronomiques dans la spé-
cialité Génie rural, Eaux et Foréts soutenue le 7 mai 2011 a
I'Institut national agronomique de Tunisie (INAT), 43, av.
Charles Nicolle, Tunis-Mahrajéne 1082, Tunisie.

Jury — Brahim HasNaour (P', université, Institut sylvo-pastoral de
Tabarka, Tunisie), président. Mohamed Larbi KHouJA (directeur de
recherche et chef Laboratoire d’écologie et amélioration sylvo-pas-
torale a I’Institut national de recherches en Génie rural, Eaux et
Foréts (INGREF) de Tunis, Tunisie), directeur de thése. Houcine SBEI
(P', université, Ecole supérieure d’agriculture de Mograne, Tunisie),
rapporteur. Mohamed Sghaier ZAAFOURI (P', université et directeur
de I’Institut supérieur des études technologiques, Béja, Tunisie), rap-
porteur. Zohra LiLi CHABAANE (maitre de conférences a 1’Institut
national agronomique de Tunisie, Tunisie), examinatrice.

Mots clés : Acacia tortilis, dynamique, régénération, aire
d’occupation, télédétection, phénologie, stress osmotique,
stress salin.

Les peuplements d’Acacia tortilis constituent, dans les
zones arides tunisiennes, une entité particuliere et un élé-
ment capital dans I’équilibre et le maintien des écosystémes
arides et désertiques et dans la lutte contre le phénomene
de la désertification. Cette espece a subi de nombreux pro-
blemes surtout de régénération. Une étude sur I’écologie
et la dynamique de régénération d’Acacia tortilis (Forsk.)
Hayne subsp. raddiana (Savi) Brenan var. raddiana dans
le parc national de Bouhedma a été effectuée pour dia-
gnostiquer ces probleémes.

Nous avons commencé par une étude diachronique des
cartes de végétation de 1973, 1985, 1995 et 2008 du parc
national de Bouhedma et ses alentours. Cette étude a per-

101



Résumés de théses

mis d’établir un diagnostic plus complet de 1’évolution
d’Acacia tortilis et son cortege floristique depuis 35 ans.
Quelques indicateurs écologiques ont aussi €té reliés aux
données télédétectées. Puis, nous avons réalisé une étude
de la phénologie de I’espece sur trois années successives.
Ensuite, nous avons caractérisé ses propriétés germinatives
en testant ’inhibition tégumentaire des graines sous I’ef-
fet des différents traitements de scarification. La tempéra-
ture idéale de germination de I’espece a été parallelement
déterminée. Nous avons aussi étudi€ le comportement de
I’espece au stade de germination a I’égard d’un stress
osmotique de plus en plus élevé (de — 2 a — 8 bars) effec-
tué¢ par des concentrations croissantes de polyétylene-
glycol (PEG 6000) et a I’égard d’un stress salin par des
concentrations croissantes de NaCl (de 3 a 22 g.I'").

La carte de végétation établie a partir d’'une photographie
aérienne de 1973 ne couvre que 1’enclos de Bouhedma.
Elle nous montre que la zone protégée ne couvrait que
700 ha. Cette zone est délimitée par une cloture. Au ver-
sant sud de I’enclos s’étend une plaine représentant le siege
de la majeure partie de I’activité humaine. La strate her-
bacée dominée par Stipa tenacissima colonise plusieurs
endroits du parc et la steppe arborée a Acacia tortilis est
tres dégradée a cause des actions anthropiques. L’étude de
la dynamique de la régénération de la steppe arborée a base
d’Acacia tortilis a travers les images satellites, qui couvrent
toute la région de Bouhedma, a permis de conclure que la
superficie des strates herbacées de la région de Bouhedma
dominées par Acacia tortilis est passée d’une superficie de
4413 haen 1985 a 7490 ha en 2008. Cette évolution signi-
ficative est réalisée grace a I’effort déployé par la direction
générale des Foréts pour la conservation des écosystemes
naturels en zones arides et qui s’est traduit essentiellement
par I’extension des zones cloturées du parc, par les essais
de reboisement sur plusieurs années et par la surveillance
continue des agents de gestion du parc. Cependant, I’évo-
lution d’une superficie de 3 077 ha en 23 ans reste insuffi-
sante pour un écosysteme naturel en protection intégrale a

cause des problemes de régénération naturelle de I’espece,
a savoir les problemes d’inhibition tégumentaire et de forte
attaque des graines par les bruchidés.

L’ observation des arbres sous ses différents €tats phénolo-
giques, feuillaison, floraison ou fructification, révele une
forte variation intersite et interannuelle. Les conditions
atmosphériques (la température, 1’évaporation et I’humi-
dit€) permettent d’expliquer, beaucoup plus que I’effet de
la pluviométrie, la variabilité inter-annuelle de la phénolo-
gie d’Acacia tortilis. La variation intersite est expliquée par
les conditions édaphiques du milieu.

Les résultats obtenus a partir de I’étude des caractéristiques
germinatives ont permis de mettre en évidence la présence
de tégument dur chez les graines. L’ immersion des graines
dans I’acide sulfurique pendant une heure a permis d’amé-
liorer la capacité et la vitesse de germination. L’étude de
I’effet de la température sur la germination a montré qu’une
température de 25 °C permet d’améliorer le taux et le temps
moyen de germination. Le comportement germinatif
d’Acacia tortilis en conditions de stress osmotique a mis
en évidence un effet traitement (concentration en PEG) tres
hautement significatif sur le taux et le temps moyen de ger-
mination et il a révél€ que cette espece ne supporte pas la
sécheresse (inhibition totale de la germination a — 8 bars)
au stade de germination. L’étude de I’effet de la salinité sur
la germination a montré un effet concentration en sel tres
hautement significatif sur le taux et le temps moyen de ger-
mination et il a révélé une bonne tolérance de ’espece a la
salinité puisqu’elle réussit a germer dans des concentra-
tions élevées de sel. En effet, a 22 g.1'! le taux de germi-
nation est égal a 21 %.

Ce travail constitue une premiere étape pour suivre la res-
tauration du couvert végétal, grace a des indicateurs éco-
logiques de terrain reli€s aux données télédétectées, la phé-
nologie de I’espece et I’étude de sa propriété germinative.
Comme complément a ce travail, on devrait prendre en
compte les systemes socio-économiques.
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