N
N

N

HAL

open science

Improving the management of the saltmarshes of Hyeres
(Provence, France) using an ecosystem-based approach

P. Astruch, Charles F. Boudouresque, D. Faget, T. Changeux, M. Lasceve, L. Le

Direach, F. Gimondlanteri, L. Massinelli, F. Moussy, N. Angles D’ortoli, et al.

» To cite this version:

P. Astruch, Charles F. Boudouresque, D. Faget, T. Changeux, M. Lasceve, et al.. Improving the management
of the saltmarshes of Hyeres (Provence, France) using an ecosystem-based approach. Vie et Milieu / Life &

Environment, 2020, 70. <hal-03342463)

HAL Id: hal-03342463
https://hal.sorbonne-universite.fr/hal-03342463v1

Submitted on 13 Sep 2021

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Au‘to'flizition
HAL Authorization


https://hal.sorbonne-universite.fr/hal-03342463v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

VIE ET MILIEU - LIFE AND ENVIRONMENT, 2020, 70 (3-4): 253-268

IMPROVING THE MANAGEMENT OF THE SALTMARSHES OF
HYERES (PROVENCE, FRANCE) USING AN ECOSYSTEM-BASED

APPROACH

P.ASTRUCH", C.F. BOUDOURESQUE?, D. FAGET"?, T. CHANGEUX?, M. LASCEVE?,
L.LE DIREACH', F. GIMOND-LANTERI?, L. MASSINELLI', F. MOUSSY,
N.ANGLES D’ORTOLI’, G. MARCHESSAUX?, F. CARLOTTI?, B. BELLONI,

L.GUILLOUX?, M.C. GOMEZ°, M. SIMO*
I GIS Posidonie, OSU Pytheas, Aix-Marseille University, Marseille, France

2 Aix-Marseille University and Toulon University, CNRS, IRD, MIO (Mediterranean Institute of Oceanography), Marseille, France

SALTMARSHES
ECOSYSTEM-BASED APPROACH
MANAGEMENT
MEDITERRANEAN

3 Aix-Marseille University, CNRS, TELEMME, Aix-en-Provence, France
4 Métropole Toulon Provence Méditerranée (TPM), Toulon, France

> BRL ingénierie, Nimes, France

S Port-Cros National Park, Hyéres, France

* Corresponding author: patrick.astruch@univ-amu fr

ABSTRACT. — The management of saltmarshes, the complex ecosystem constituted by coastal
wetlands and lagoons (SME — Saltmarsh Ecosystem), is often centered on the so-called ‘heri-
tage species’ (rare, threatened and charismatic species). This ‘species-centered’ or ‘taxon-cen-
tered” approach, a legacy from the 20" century, is fully understandable in areas where definitely
and critically endangered species occur. However, an ecosystem-based approach, of course
including species and higher taxa, but based upon the whole functioning of the ecosystem, from
primary producers to e.g., detritus feeders and top predators, would present advantages of para-
mount importance. The ecosystem-based approach (EBA) involves the management of the
interactions between functional compartments, and the search for equilibrium according to the
supposed baseline, ecosystem services and management goals. This approach offers a basis for
considering the current global change. A conceptual model of the whole saltmarsh ecosystem,
including lagoon bottom, water body and terrestrial adjacent habitats, has been established. Tak-
ing into account the high diversity of saltmarsh environments physically and biologically as
well, this model is a frame that should be adapted to each case study. Here, the authors focus on
two case studies in Provence (Vieux Salins and Salin des Pesquiers), northwestern Mediterra-
nean. The weaknesses of the traditional species-centered approach and the advantages of an

ecosystem-based approach are highlighted through novel applications.

INTRODUCTION

Saltmarshes are a worldwide ecosystem, the origin
and structure of which vary according to climate (boreal,
temperate, sub-tropical, tropical) (Danin 1981, Ayyad &
El-Ghareeb 1982, Peinado ef al. 1995, Asri & Ghorbanli
1997, Costa et al. 2009, De Wit et al. 2019), precipita-
tion rate and variability over years (Callaway & Sabraw
1994), and tide amplitude (from microtidal, e.g., Medi-
terranean Sea, to megatidal, e.g., Atlantic Ocean) (Long
& Mason 1983, Adam 1990, Vernberg 1993, Mc Owen
et al.2017). A high degree of similarity can be observed
worldwide between saltmarsh ecosystems (Costa et al.
2009, Peinado et al. 2009). In temperate microtidal areas,
saltmarshes are a complex combination of both wetland
and coastal lagoon or estuarian system with evapotrans-
piration deficit (Boutiere 1974, Mesleard et al. 1995,
Duarte et al. 2002); hereafter, we will name the complex
ecosystem they constitute SME (saltmarsh ecosystem).
They play an important role at the interface of continen-

tal-terrestrial ecosystems and coastal marine waters, and
provide a variety of ecosystem services (Nordlund et al.
2016, Himes-Cornell ef al. 2018, Newton ef al. 2018, Sy
et al. 2018, O’Higgins et al. 2019): (i) breeding and nest-
ing area for a large number of migratory waterfowl and
wintering bird species (Furness & Greenwood 1993, Del
Hoyo et al. 1996, Birdlife International 2004, Isenmann
2004, Thorup 2006), (ii) heritage (historical, landscape)
for exploited or non-exploited areas (Borel 1996, Hérault
2010), (iii) sediment retention and trapping (Li & Yang
2000, Wood & Hine 2007), (iv) protection against ero-
sion and submersion (Sharma ef al. 2016, Lo et al. 2017)
of urbanized areas, receptacle of the watersheds (King &
Lester 1995), (v) cleaning of continental pollutants and
contaminants (Fisher & Acreman 2004, Bromberg-Gedan
et al. 2009, Calvo-Cubero 2014, Calvo-Cubero et al.
2014), (vi) nursery habitat for marine fish species (Beck
et al.2001) of high economic and fishery interest (Minel-
lo et al. 2003) such as the seabass Dicentrarchus labrax
(Linnaeus, 1758) and the gilthead bream Sparus aurata
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Linnaeus, 1758, (vii) essential habitat for adult fish such
as the European eel Anguilla anguilla (Linnaeus, 1758)
(Kara & Quignard 2018a, 2019a), (viii) primary produc-
tion by Magnoliophyta, macroalgae and phytoplankton
(Quintana et al. 1998, Curcé et al. 2002, Menéndez 2002,
Quintana & Moreno-Amich 2002), (ix) grazing areas for
cattle (Duncan & D’Herbes 1982, Andresen ef al. 1990),
(x) sites for extensive and intensive aquaculture (Lumare
1983, Boudouresque et al. 2020a), (xi) and an important
carbon sink (Sousa et al. 2017).

Saltmarshes are often ecosystems that have been
more or less artificialized and impacted for centuries
(Bertness et al. 2002, Bromberg-Gedan et al. 2009) and
are exposed to numerous threats (Ganju et al. 2017): (i)
Habitat destruction by urbanization, industry (including
salt production) and agriculture (Andresen et al. 1990,
Mesleard et al. 1995, Tourenq et al. 2001); (ii) eutrophi-
cation (Quintana & Moreno-Amich 2002, Lépez-Flores
et al. 2006, Moseman-Valtierra et al. 2016) including
increased herbivory issues (Holdredge er al. 2008, Alberti
et al. 2011); (iii) global change, including invasive spe-
cies and community shift (Castillo et al. 2000, Occhip-
inti-Ambrogi 2000, Occhipinti-Ambrogi & Savini 2003,
Boudouresque et al. 2005, Bianchi 2007, Occhipinti-
Ambrogi 2007, Boudouresque et al. 2011, Boudouresque
& Verlaque 2012, Bianchi ef al. 2013, Lasceve 2014, Al
Hassan et al. 2016, Boudouresque et al. 2017, Curado
et al. 2018), the rise of sea level (Laborel et al. 1994,
Moseman-Valtierra et al. 2016, Valiela et al. 2018) with
the decline of plant diversity induced by stronger compe-
tition (Noto & Shurin 2017), warming (Boyer et al. 2012,
Monllor et al. 2018), inducing higher evaporation and
consequently higher mean salinity (Mollema et al. 2013),
(iv) use of insecticides against harmful mosquitoes with
potential high impact on non-target fauna (Poulin 2012),
(v) erosion (Lo et al. 2017), (vi) contamination from
human activities in the watershed (Usero et al. 2002).

For those reasons, saltmarshes are ecosystems of high
concern and high heritage value; many international
agreements aim at their protection and sustainable man-
agement (e.g., RAMSAR, Habitat Directive Natura 2000,
92/43/EEC) (Matthews 1993, Evans 2012). However,
the management of saltmarsh ecosystems is heteroge-
neous and varies according to uses (De Wit er al. 2019):
(1) still anthropized areas without conservation goals
(Moomaw et al. 2018), (ii) management including con-
servation within an anthropized or industrialized site:
e.g., Camargue (Tamisier 1991), Tijuana Estuary (South-
ern California, Callaway & Zedler 1998, 2004), Ebro
delta (Romagosa & Pons 2017), (iii) totally protected
areas managed for their conservation (e.g., saltmarshes of
Hyeres; Astruch et al. 2019, De Wit 2020). Furthermore,
management plans with conservation priorities are based
on a species-centered approach. Management goals rather
target the maintenance or the enhancement of ‘biodiver-
sity’ and ‘high-level” species or taxon populations, name-

ly those that are emblematic, rare, aesthetic, charismatic
or threatened (Bougrain-Dubourg & Terrasse 2001, Bour-
geois & Vidal 2005, Bourgeois et al. 2008, Boudouresque
et al. 2020b), to the detriment of ‘ordinary biodiversity’
species and those considered harmful (De la Blanchere
1878, Boudouresque 2014). Biodiversity (Dasmann 1968,
Soulé & Wilcox 1980, Wilson 1988, Boudouresque 2014)
is often seen by managers and stakeholders as equivalent
to the number of species, a high number of species being
erroneously considered as a health index of the ecosys-
tem. Disturbances and stress could in fact be conducive to
an increase in the number of species (Hastwell & Huston
2001, Boudouresque 2014). Although this species-cen-
tered approach has allowed the protection and conserva-
tion of numerous heritage value and key species, it may be
considered as inappropriate for an effective management,
as it does not take into account the ecosystem functioning
(Boudouresque et al. 2020b). Particularly for saltmarshes,
an ecosystem-based approach is needed.

The aim of the present work is to apply the Ecosys-
tem-based approach (EBA) to the saltmarsh ecosystem
(SME), including wetlands and Mediterranean lagoons.
We propose a conceptual model of the SME to understand
its functioning and provide an efficient tool to improve
its management. Here, we focus on the example of the
Hyeres saltmarshes. The development of the EBA and the
conceptual model of the SME were based on analysis of
the literature and the authors’ expert judgment. Original
data were collected within the saltmarshes of Hyeres on
macrophytes, fish assemblages and the plankton commu-
nity to complete the available information.

MATERIAL AND METHODS

The case study of the saltmarshes of Hyeres: The coastal wet-
lands and lagoons along the Bay of Hyeres (Hyeres, Provence,
north-western Mediterranean Sea, France) have been deeply
transformed by human activities since Antiquity. The spread of
the city of Hyeres (formerly named Olbia in Roman times) cov-
ered hundreds of hectares of wetlands, breaking up the ecologi-
cal continuity from the peninsula of Giens to the eastern part of
the bay. Since the Middle Ages, two distinct areas were delim-
ited, Salin des Pesquiers and Vieux Salins (Fig. 1). The first was
a coastal lagoon surrounded by wetland where an important
local fishery was established, providing considerable revenue
(Réveillon 2018). The second, smaller, had been exploited for
salt production since Antiquity, but at an artisanal scale. From
1848 to 1995, these two areas were converted into an inten-
sive salt production zone; they were transformed into a grid of
several dozens of pans (ponds) used to evaporate brine, with a
network of canals to exchange water between the pans, and to
bring in or remove from water between the pans and the sea.
The evaporation ponds and canals have remained in place, even
after salt production was discontinued. In 2001, the whole site
became the property of the Conservatoire de I’Espace Littoral
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et des Rivages Lacustres (CERL) (coastal areas and lake shores
conservation agency) and was managed by the Toulon Provence
Méditerranée (TPM) local authority. During this period, the
management goals and the water management planning were
mainly focused on the historical heritage (salt production) and
the conservation of waterfowl and wintering birds (Audevard
2017). A species-centered approach rather favored the so-called
‘heritage taxa’ (rare, threatened, charismatic). However, man-
agers already identified the low connectivity between the salt-
marshes (SME) and the open sea and related issues impacting
fish assemblages (summer massive mortality, eutrophication)
(Conservatoire du Littoral, Toulon Provence Méditerranée and
Parc national de Port-Cros 2011, CREOCEAN 2011).

The concept of an ecosystem-based approach: The early con-
cept of ‘ecosystem’ in ecology was proposed to understand and
quantify flows (nutrients, carbon) in natural and anthropized
ecosystems in the 1950s and earlier (Tansley 1935, Odum &
Odum 1959, Odum 1998). Since then, saltmarshes, wetlands and
lagoon ecosystems have been extensively studied (e.g., Odum &
Smalley 1959, Tamisier & Boudouresque 1994, Casagranda &
Boudouresque 2007, De Wit ez al. 2019), in part because of the
aforementioned ecological services they fulfill. Since the semi-
nal work of Teal (1962), several studies considering food webs
and interactions between saltmarsh ecosystem functional com-
partments have been published (Nordstrom et al. 2015, Wang
& Brose 2018). Today, the Ecosystem-based approach (EBA)
is highlighted by the Marine Strategy Framework Directive
(MSFD, 2008/56/EC) of the European Union (EU) (Laffoley
et al. 2004, Halpern et al. 2010, Personnic et al. 2014) and is
applied for fishery management worldwide (Turrell 2004, Rice
2005). It is regarded as an effective tool for the assessment and
the management of an ecosystem corresponding to marine and
coastal habitats of European interest (Habitat Directive Natura

2000, 92/43/EEC). In the framework of the MSFD, the EBA has
been applied to four Mediterranean marine ecosystems to assess
their quality: (i) Posidonia oceanica (Linnaeus) Delile seagrass
meadow (Personnic et al. 2014), (ii) the coralligenous ecosys-
tem (Ruitton et al. 2014); algae-dominated shallow rocky reefs
(Thibaut ef al. 2017) and underwater marine caves (Rastorgu-
eff et al. 2015). An index, the Ecosystem-based Quality Index
(EBQI), has been developed and tested to provide a standard
tool for managers and stakeholders (Ruitton ez al. 2017).

Hereafter, the conceptual model of the SME proposed is
based on taxa from Mediterranean microtidal systems. The list-
ed taxa are cited here as examples. The model itself is designed
to be applied to non-Mediterranean SMEs encompassing other
communities. The conceptual model was designed on the basis
of expert judgment and the authors’ knowledge, literature analy-
sis and original data from the present study of the Hyeres salt-
marshes.

RESULTS

A conceptual model of the functioning of the saltmarsh
ecosystem

Here, we propose a comprehensive conceptual model
of the functioning of saltmarsh ecosystems (SME — wet-
land and lagoon). The conceptual model (Fig. 2) corre-
sponds to an optimal functioning of the SME according to
the management plan objectives (here, for the saltmarshes
of Hyeres). There is only one size of arrow. The goal of
this scheme is not to assess the carbon flow between com-
partments (boxes) but to understand the fluxes between
them. The description of the boxes in the conceptual

Vie Milieu, 2020, 70 (3-4)
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model of SME is presented below. The cited taxa corre-
spond to a northwestern Mediterranean context. The spe-
cies or taxa described in the following boxes can belong
to several of them according to trophic guilds.

(Box 1) Submerged Magnoliophyta

This box corresponds to the main aquatic primary pro-
ducers of the ecosystem. These taxa are perennial, with
maximum development between the end of spring and
summer. Species occurrence in saltmarshes is strictly
linked with the water salinity dependent on the connec-
tion with the open sea. Ruppia spiralis (Linnaeus) ex
Dumortier (= R. cirrhosa (Petagna) Grande; Calado &
Duarte 2000, Den Hartog & Kuo 2007, Ito et al. 2017)
can tolerate euryhaline and hyperhaline conditions, from
0 to 106 g/kg (Verhoeven 1979, Mannino et al. 2015);
Stuckenia pectinata (Linnaeus) Borner spreads in brack-
ish or fresh water (Casagranda & Boudouresque 2007);
Zostera noltei Hornemann can tolerate euryhaline condi-
tions but less than R. spiralis; Zostera marina Linnaeus
prefers marine-like conditions (Bernard et al. 2005);
Cymodocea nodosa (Ucria) Asch. is an open sea species,
widespread in the southern part of the Mediterranean, that
can thrive in coastal lagoons (thermophilic, stenohaline)

(Pergent et al. 2014). Two others marine Magnoliophyta
are present in the Mediterranean Sea, Posidonia oceanica
and Halophila stipulacea (Forssk.) Asch.; P. oceanica is
strictly marine (Boudouresque et al. 2012) and H. stipu-
lacea is an invasive Lessepsian species which can occur
in brackish waters (Galil 2006). In this box, only leaves
and stems are considered. Leaf and stem biomass can be
driven by light availability, depth, nutrient availability
and predation pressure. Low biomass or covering can be
linked to inadequate environmental conditions while high
biomass and maximum covering of the meadow could be
explained by a relatively small population of herbivorous
birds (e.g., Anatidae). In both situations, it does not mean
good ecosystem quality, the optimum corresponding to
intermediate abundance (Gayet et al. 2012).

(Box 2) Buried parts of Magnoliophyta in the sediment

Roots and rhizomes are the buried part of the plant.
Their biomass is related to the nutrient availability in the
sediment. Even if the submerged part of the plant biomass
is low, high endogenous biomass indicates a good state of
health of the plant, which is adapted and able to accumu-
late reserves (Verhoeven 1980, Ferrat et al. 2003).

Vie Milieu, 2020, 70 (3-4)
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(Box 3) Other submerged macrophytes

Macroalgae can be abundant primary producers in
SMEs. Most of them are Chlorobionta, mainly indica-
tive of eutrophic conditions (e.g., Ulva spp. Linnaeus,
Chaetomorpha linum (O.F. Miiller) Kiitzing, Cladophora
spp. Kiitzing). The macroalgae assemblages are strictly
linked with water conditions, light availability and eutro-
phication level. Compared to open sea macroalgae com-
munities (e.g., Infralittoral reefs with photophilous mac-
roalgae), the species diversity is lower and is driven by
annual changes of physical-chemical parameters (e.g.,
salinity, dissolved oxygen, temperature) (Pérez-Ruzafa et
al.2008). In lagoons, which present a high connectivity
with the open sea, Rhodobionta and Phaeophyceae can be
more numerous, including perennial species such as Cys-
toseira barbata (Stackhouse) C. Agardh (Orfanidis et al.
2008, Réseau de Suivi Lagunaire 2011).

(Box 4) Plankton

Phytoplankton and zooplankton are key assemblag-
es for the trophic network of the SME (Quintana et al.
1998). They constitute an important food supply for sev-
eral boxes (planktivorous, detritus- and filter-feeders).
Phyto- and zooplankton abundance are strongly cor-
related with a seasonal pattern (Riley & Bumpus 1946,
Talling 2003). Species composition is linked to salinity
and nutrient availability (Masmoudi ef al. 2015). Status
of plankton assemblages is a good indicator of the water
column conditions. A high rate of Chlorophyll a could
result from eutrophic conditions. The size of the organ-
isms is also a good indicator that reflects the aging of the
community. Extreme conditions can lead to the thriving
of a single species (e.g., Artemia salina Linnaeus, 1758 in
hyperhaline conditions: Ollier 1964, Britton and Johnson
1987). Abundance of large individuals corresponds to an
old stable population; abundance of small and young indi-
viduals indicates more unstable conditions. Early stages
of Copepoda (nauplii) or Rotifera can be present in very
high abundance, often corresponding to a rapid shift in
water condition/circulation (Brucet et al. 2005, 2008).

(Box 5) Emerged macrophytes

e.g.,Salicornia s.1. Linnaeus, Spartina Schreb (Molin-
ier 1953, Molinier & Tallon 1970, Aboucaya et al. 2011).
Biomass and specific richness depend on salinity (soil and
water) and water control (flooding persistence) (Garcia
et al. 1993, Asri & Ghorbanli 1997, Curco et al. 2002).
Emerged vegetation (e.g., Spartina alterniflora Loisel
association) is considered as the main primary producer
in the saltmarsh ecosystem (Teal 1962, Marafién 1998,
Noble & Michaud 2016).

(Box 6) Litter

During the life span of aquatic Magnoliophyta, dead
leaves usually shed from the summer. Rhizomes and roots
can be uprooted by storms and herbivorous organisms.
All these remnants constitute the litter. The abundance
of the litter is correlated with the coverage and biomass
of the living meadow. Litter is an important food supply
for detritus-feeders, herbivores and part of the endofauna.
It also can be exported to the banquettes (box 7). Litter
increases when the salinity decreases (Curcé et al. 2002).

(Box 7) Banquettes

Composed of seagrass leaves and macroalgae detritus
drifted onto the shore of the lagoon, banquettes provide
habitat and trophic resources for detritus-feeders and part
of the entomofauna. Thickness, taxonomic composition
and abundance of the banquette are linked to seagrass
meadow vitality and macroalgae abundance and can vary
according to season (Virnstein et al. 1985).

(Box 8) Aquatic endofauna

Mainly represented by Annelida (e.g., Hedistes diversi-
color O.F. Miiller, 1776) and Mollusca (e.g., Cerastoder-
ma glaucum Brugieres, 1789, Ruditapes spp. Chiamenti,
1900), this box is composed of detritus- and filter-feeders.
Abundance of individuals and species diversity are corre-
lated with particle size of the sediment, dissolved oxygen
rate, eutrophication and connection to the open sea (Ollier
1964, Lardicci et al. 1997, Breil 2014).

(Box 9) Detritus-feeders

The abundance of macro-invertebrates such as Gam-
marus spp. Fabricius, 1775, Idotea chelipes (Pallas,
1766), Lekanesphaera hookeri (Leach, 1814), Carcinus
maenas (Linnaeus, 1758) and C. aestuarii Nardo, 1847
can be linked with seagrass biomass (Gravina ef al. 1989,
Casagranda et al. 2006, Ozbek et al. 2012, Breil 2014).
The mudsnail Hydrobia spp. Pennant, 1777 can be very
abundant in saltmarshes and lagoons (Ollier 1964, Barnes
2005). This compartment, despite low biomass, has a
key function, processing macrophyte matter to different
trophic levels through fragmentation, thus accelerating
the decomposition.

(Box 10) Ground endofauna

Mainly represented by Annelida, arachnids, and
insects, it belongs to several trophic guilds (Chauliac
2005, Breil 2014).

Vie Milieu, 2020, 70 (3-4)
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(Box 11) Filter-feeders

This box is often represented by Mollusca such as
Mpytilus galloprovincialis Lamarck, 1819, Ostrea edulis
Linnaeus, 1758, Mya sp. Linnaeus, 1758, Ruditapes spp.,
Cerastoderma spp., Pinna nobilis Linnaeus, 1758, Anne-
lida such as Ficopomatus enigmaticus (Fauvel, 1923),
Sabella spallanzanii (Gmelin, 1791), Ascidiascea such
as Phallusia mammillata (Cuvier, 1815), Botryllus spp.
Gaertner, 1774, Microcosmus sp. Heller, 1878, Ascidiella
aspersa (Miiller, 1776), etc. (e.g., Perthuisot & Guélorget
1983, Gravina et al. 1989, Marchini et al. 2004, Soufi-
Kechaou et al. 2019). Species diversity, abundance and
size of individuals of the filter-feeder box depend on
eutrophication level and food availability (see box 4). A
high biomass could contribute to the eutrophication itself
and leads to anoxic crises (Mayot et al. 2021). Oyster
farming (mainly Magallana gigas (Thunberg, 1793) and
Mytilus galloprovincialis) can contribute significantly to
this box (Vaquer et al. 2000).

(Box 12) Planktivorous species

In coastal Mediterranean lagoon ecosystem and as well
SME, the main taxa representing the Planktivorous box
are Atherina spp. Linnaeus, 1758 (Le Diréach et al. 2013,
2021). This small sedentary teleost can be very abun-
dant and can thrive in a wide range of abiotic conditions.
Atherina boyeri Risso, 1810 spends its entire life cycle
in SME (Maci & Bacet 2010, Kara & Quignard 2018b).
This is a key taxon, which provides food for several
higher trophic levels (e.g., box 15: piscivorous teleosts
and birds) (Kara & Quignard 2018a). Depending upon
the level of connectivity with the open sea, non-sedentary
planktivorous species can also occur, such as the Euro-
pean anchovy Engraulis encrasicolus (Linnaeus, 1758)
(Manzo et al. 2013). The pink flamingo Phoenicopterus
roseus Pallas, 1811 can belong both to this compartment
and to box 14.

(Box 13) Herbivorous species

This box is composed of Anatidae (e.g., Tadorna tador-
na (Linnaeus, 1758), Anas Penelope Linnaeus, 1758) and
other herbivorous birds and the teleost Salpa salpa (Lin-
naeus, 1758). The latter species is the only indigenous
herbivorous teleost in the Mediterranean Sea that can also
be observed in brackish waters (Kara & Quignard 2019b).
Some small crustaceans, terrestrial gastropods and insects
are also to be included in this box (see Casagranda et al.
20006). Finally, the rare southwestern water vole Arvicola
sapidus Miller, 1908, a rodent, and the European hare
Lepus europaeus Pallas, 1778 can occur.

(Box 14) Predators of aquatic invertebrates

(from open water or sediment endofauna) Represent-
ed by: (i) Shoreline birds, most of them being migra-
tors, which use the SME for breeding and nesting (e.g.,
the pied avocet Recurvirostra avosetta Linnaeus, 1758,
the wood sandpiper Tringa glareola (Linnaeus, 1758),
the pink flamingo Phoenicopterus roseus); (ii) winter-
ing birds such as the little stint Calidris minuta (Leisler,
1812) and the Dunlin C. alpina (Linnaeus, 1758) occur
and can be abundant (Audevard 2019); (iii) teleost fishes
(e.g., Anguilla anguilla, Sparus aurata, Soleidae, Mugi-
lidae, etc.) (Kara & Quignard 2019a, b); and (iv) aquatic
turtles, namely the European pond turtle Emys orbicularis
(Linnaeus, 1758), and the red-eared slider turtle Trache-
mys scripta (Thunberg in Schoepff, 1792), even if their
trophic regimes can be more diverse (Lasceve 2014, Per-
rot et al. 2016).

(Box 15) Piscivorous species

Within the SME, piscivorous species are mainly birds:
the lesser great cormorant Phalacrocorax carbo (Lin-
naeus, 1758), Laridae such as the little tern Sternula albi-
frons (Pallas, 1764), and Ardeidae such as the little egret
Egretta garzetta (Linnaeus, 1766) and the grey heron
Ardea cinerea Linnaeus, 1758) (Audevard 2017). The
teleost fish Dicentrarchus labrax is also a piscivorous
species (Haffray et al. 2006, Kara & Quignard 2019a).

(Box 16) Flying entomofauna

This box is highly diversified. Chironomidae and the
mosquitoes Aedes sp. (Meigen, 1818) and Culex sp. (Lin-
naeus, 1758) (Poulin 2012, Roiz ef al. 2015) are among
the most abundant. Species diversity and abundance of
individuals of the flying entomofauna are strongly linked
with landscape and vegetation structure within the salt-
marsh (Chauliac 2005, Roiz et al. 2015; Orthoptera:
Lemonnier-Darcemont 2004; Coleoptera: Ponel 2005;
Lepidoptera: Varenne 2015).

(Box 17) Predators of terrestrial invertebrates

This box is composed of a variety of taxonomic groups:
(i) Some species of Chiroptera use wetlands as shelters
and food resource (Cosson 2005, Flaquer et al. 2009,
Barataud 2012, Naturalia 2015); (ii) Reptilia such as liz-
ards, the threatened Spanish psammodromus Psammo-
dromus hispanicus Fitzinger, 1826, the common wall liz-
ard Podarcis muralis (Laurenti, 1768), the western green
lizard Lacerta bilineata Daudin, 1802 (Joyeux 2005,
2011) and a snake, the Iberian three-toed skink Chalcides
striatus (Cuvier, 1829) (SOPTOM 2017); (iii) frogs, e.g.,
Pelophylax sp. Fitzinger, 1843 and the Mediterranean tree
frog Hyla meridionalis Bottger, 1874 (Joyeux 2005); (iv)
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arachnids (Lycosidae Sundevall, 1833; and (v) Coleoptera
Carabidae Latreille, 1802, e.g., Scarites planus Bonelli,
1813 and Carabus morbillosus Fabricius, 1792.

(Box 18) Omnivorous species

The wild boar Sus scrofa Linnaeus, 1758 is an oppor-
tunist species; it is often considered a pest by farmers,
because of the damage it can cause to crops (Sdez-Royue-
la & Telleria 1986, Schley & Roper 2003, Corbobesse
2008); however, it plays an important role in the func-
tioning of a natural ecosystem (see e.g., Barrios-Garcia
& Ballari 2012, Boudouresque et al. 2020b). The red fox
Vulpes vulpes (Linnaeus, 1758) can be included in this
box. The yellow-legged gull Larus michahellis Naumann,
1840, as an opportunistic species, is considered as omniv-
orous. The coleopter Pimelia muricata Olivier, 1795 is
observed in sandy areas within the saltmarshes. Some fish
species occurring in abundance within the lagoon habitats
can belong to this box, such as Chelon spp. Artedi, 1793
and the flathead grey mullet Mugil cephalus Linnaeus,
1758 (Cardona 2006, Kara & Quignard 2019a).

(Box 19) Migratory birds

This box corresponds to migratory birds including
waterfowl that can be listed in other boxes of the ecosys-
tem (e.g., Herbivorous species, Predators of invertebrates,
etc.). It highlights the inputs and outputs from and to the
SME by avifauna. The maintaining of this compartment is
one of the main goals of the managers of the saltmarshes
of Hyeres (Birdlife International 2004, Audevard 2017,
2019).

(Box 20) High-level predators

This box can be placed both inside and outside the
SME. It includes species that mainly live outside but close
to the SME: (i) mostly raptors such as the western marsh
harrier Circus aeruginosus (Linnaeus, 1758) (Audevard
2017, 2019); and (ii) mammals such as the red fox Vul-
pes vulpes, traditionally considered as harmful (see the
human-centered approach; Boudouresque et al. 2020b),
and the domestic cat Felis silvestris catus (Linnacus,
1758) (Tranchant & Vidal 2003). Some Reptilia belong to
this compartment, such as the Montpellier snake Malpo-
lon monspessulanus (Hermann, 1804) (SOPTOM 2017).

(Boxes 21 and 22) Fishing and Hunting

Human activities that exploit the SME must be con-
sidered for their impact on waterbird and fish populations
(Mathevet & Tamisier 2002, Tamisier et al. 2003), even
when those activities are prohibited (due to illegal fishing
and hunting).

(Box 23) Incoming and outgoing organisms

The SME is an essential habitat for fish juveniles (set-
tlement of post-larvae coming from open sea spawning
areas), and for adults looking for trophic resources, shel-
ter and suitable environmental conditions (Kara & Quig-
nard 2019a, b). Similar ecological functions are provided
for bird populations, mainly waterfowl, which find breed-
ing and nesting areas and trophic resources mainly from
spring to the end of summer. This box highlights some of
the main ecological functions and services of the SME
(Himes-Cornell et al. 2018, O’Higgins et al. 2019).

(Box 24) Grazers

Cattle (cows, sheep and horses) in grazed pastoral areas
can find an important food supply in wetlands (Duncan
& D’Herbes 1982), interacting with other herbivorous
species belonging to the SME (box 13) and structuring
emerged Magnoliophyta communities (box 5). This com-
partment is external to the ecosystem (SME).

Diagnosis on the conservation status of the saltmarshes
of Hyeres

The Ruppia spiralis seagrass meadow within the salt-
marshes of Hyéres presents a good conservation status
(Massinelli ef al. 2017, 2021). Its high mean biomass
reflects the good health of this species, which finds favor-
able conditions for its development. However, Ruppia
spiralis is a halophilous species, the only seagrass species
that can thrive in such a range of salinity (i.e.,0-106 g/kg).
The absence of other expected taxa such as Zostera noltei
can be explained by both unsuitable conditions (e.g., high
salinity, eutrophication) within the saltmarshes and the
decline of its populations at regional scale (northwestern
Mediterranean; Pergent et al. 2014). A number of aquatic
compartments (boxes) of the saltmarshes of Hyeres are
not well connected with the open sea. Fish assemblages
are dominated by sedentary taxa adapted to euryhaline or
halophile conditions (Le Diréach er al. 2021): (i) Atherina
spp., (it) Pomatoschistus spp. Gill, 1863, (ii1) Syngnathus
abaster Risso, 1827 (Kara & Quignard 2018b). When the
connection with the open sea is better established, e.g.,
within the belt channel of Salin des Pesquiers, a higher
species diversity is observed, represented by: Mugilidae
such as Chelon spp., Mugil cephalus, and migratory fish
such as Sparidae (Sparus aurata, Diplodus vulgaris (Geof-
froy Saint-Hilaire, 1817), Sarpa salpa), Dicentrarchus
labrax, Anguilla anguilla (Kara & Quignard 2019a, b).
The occurrence of juvenile individuals from these taxa
can be considered as indicative of that connectivity. It
is not only the lack of connectivity that can impact the
functionality of the lagoon parts of the saltmarsh, but also
inadequate salinity and DO (dissolved oxygen). Salinity
is the main driver of fish assemblage composition (Malo-
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Michele 1979, Alliot et al. 1983, Bodinier et al. 2010),
associated with oxygen (Person-Le Ruyet 1986) and hab-
itat characteristics (Astruch et al. 2020, Massinelli et al.
2021). Salinity is also the main driver of plankton com-
munities. The plankton community can react very fast
after shifts in water condition. Sites well connected with
the open sea show a low abundance of both phyto- and
zooplankton and larger individuals and greater stability
(i.e., older populations). In less well-connected and stable
areas, abundance is higher, particularly for phytoplankton,
mainly represented by small individuals corresponding to
a young population. As shown by Quintana et al. (1998),
flooding episodes induce a dilution of the zooplankton
and increased resources due to phytoplankton bloom. The
saltmarshes of Hyeres host a very high a species diversity
of birds (the cumulative number, over several decades, is
about 300 species), including waterfowl wintering spe-
cies and shorebird species, most of them being of high
heritage value (Audevard 2017,2019). This is one of the
main successes of the first management plan implement-
ed in early 2000s.

The management policy has enabled the inclusion of
the saltmarshes of Hyeres within the Natura 2000 network
(‘Rade d’Hyeres’ FR9301613) as well as the Camargue
and coastal lagoons of the Gulf of Lion. The monitor-
ing of bird populations shows connectivity between the
saltmarshes of Hyeres, the Camargue and Gulf of Lion
lagoons, all considered as nesting and wintering areas and
privileged sites for migrations (Audevard 2019). Within
the saltmarshes of Hyeres, one habitat is considered a
priority habitat of European interest, in the sense of the
EU Habitat Directive: 1150-2 — Mediterranean lagoon.
In addition, about thirty species of plant are of heritage
value, with national or local protection status, highlight-
ing the maintenance of a remarkable species diversity,
despite the considerable transformations to which man
has previously subjected these saltmarshes (Noble &
Michaud 2016).

DISCUSSION AND CONCLUSION

The present work enables us to better understand
the overall functioning of the SME (saltmarsh ecosys-
tem — saltmarsh, including wetland and coastal lagoon)
such as the saltmarshes of Hyeres and their management
through an ecosystem-based approach (EBA). The next
step should be to implement an Ecosystem-based Quality
Index (EBQI) for the SME. The index should be tested
with data provided from a wide range of Mediterranean
SMEs: (i) size (surface area, mean and maximum depth),
(i1) water conditions (salinity, temperature), (ii) connec-
tivity to the open sea, (iii) eutrophication, (iv) gradient of
human pressure other than eutrophication (fishing activi-
ties, non-indigenous species abundance and diversity,
habitat destruction or withdrawal). This approach would

provide the basis for an effective tool for assessment of
the conservation status of Mediterranean SMEs. Obvi-
ously, assessment of the health status of coastal lagoon
and wetland ecosystems is complex and several indices
and methods already exist (Lepareur et al. 2013); most
of these existing indices take into account only part of
the ecosystem (plankton community, endofauna, macro-
phytes, etc.) and were developed to assess the quality of
the water body within the framework of the Water Frame-
work Directive. Further studies are needed to define a
typology of saltmarshes following an EBA, i.e., wetlands
and coastal lagoons, in an Euro-Mediterranean context
(Dyer 1998, Ibaiiez et al. 2002, Almeida 2016), accord-
ing to: (i) the size of the system (including the watershed
basin), (ii) the ratio between wetland and lagoon surface
areas, (iii) the effectiveness of the connectivity with the
open sea. The conceptual model should be adapted for
each category by adjusting the weight of each box with-
out changing its overall structure (e.g., box 2 ‘submerged
Magnoliophyta’ will get a higher weighting for a category
including large Mediterranean lagoons, e.g., Thau lagoon,
southern France). It is a challenging perspective for better
monitoring and management of such habitats of interest.
Despite the lack of innovative indices and typology,
the ecosystem-based approach enables us to highlight
ways to improve the functioning of saltmarshes consid-
ering consequences of the management at the ecosystem
scale. Relative to the initial objectives of the first man-
agement plan for the saltmarshes of Hyeres established
in 2004, centered on waterfowl and saltmarsh landscape
conservation, the results have met the expectations of
the managers. Since 2019, the new management plan
will not exclude these previous aims but will also con-
sider the improvement of the whole ecosystem function-
ing (based on water circulation and connection with the
open sea) together with better access to the sites for the
public and the conservation of heritage landscape. This
is a direct consequence of the application of the ecosys-
tem-based approach. Our analysis underlines the need to
improve (i) the water circulation in selected ponds where
high salinity and low connectivity prevents their use by
teleost fish, of which the juveniles could thrive there;
inappropriate management of water circulation can lead
to the trapping of juvenile fish that cannot escape to join
the open sea adult population (Bruslé & Carbony 1992);
(ii) the water quality along the belt channel is impacted by
contaminated freshwater inputs from adjacent urbanized
areas. In addition, the erosion of the shore and frequent
submersion events have alerted the management team to
the risk of the future ‘marinization’ of the area, in relation
with the current increased rate of sea level rise (Blanfuné
et al. 2016, Dieng et al. 2017). Major transformations
are therefore expected and are of long-term concern in
the future management plan. The former role of fishery,
before the wetland/coastal lagoon system was converted
into salt evaporation ponds, is known in the area (Chau-
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vet 1986, Réveillon 2018). Historical data regarding the
use of the Salin des Pesquiers lagoon as an active fish-
ery proves that the functioning of the site was completely
different from that of today. The functioning of the Salin
des Pesquiers lagoon was close to that of a Mediterranean
lagoon, including permanent connectivity with the open
sea, sometime on both sides of the tombolo (Réveillon
2018). Taking into account global change, sea level rise
and the increase in submersion events, a ‘marinization’ of
the saltmarshes of Hyeres is to be expected. Taking this
‘marinization’ into account constitutes an important chal-
lenge for the new management plan.

The upcoming decisions to be taken by managers will
take into account all the following priorities: (i) Water-
fowl conservation is of major importance not only at local
scale but at regional scale (Audevard 2017); managers
will therefore continue to favor the nesting of birds; but
they will consider water circulation, flooding risk in sur-
rounding urbanized areas and the future submersion of
the north-western ponds of the Salin des Pesquiers (e.g.,
with the destruction of a nesting site of the Kentish plover
Charadrius alexandrinus Linnaeus, 1758). (ii) The aware-
ness of the need to improve the water circulation, and the
connectivity to the open sea, is a key factor for appropri-
ate day-by-day management. (iii) It appears appropriate
to use water management to conserve both the technical
integrity of the site (belt channel, canals, ponds, locks,
etc.) and the ecological functioning (i.e., maintaining
water level for bird nests, water circulation to allow fish
to move in and out of the sites). (iv) Within Vieux Salins,
a nozzle has been dug to improve water circulation with-
out disturbing vehicle access for mosquito control. (v) A
sluice gate will be installed between the poorly connected
North Lagoon (Etang Nord, Salin des Pesquiers) to the
inlet channel, creating a floodgate-like device for trapping
the fish and allowing them to reach the open sea from the
North Lagoon. (vi) Managers aim to improve access for
the public, enhancing the awareness-raising role of the
saltmarshes for the local population and tourists. (vii) The
establishment of a small-scale salt production operation
is planned in the Salin des Pesquiers; the aim is to make
the public aware of the heritage value of the saltmarshes
landscape as exploited salinas. (viii) The dredging of the
belt channel will improve water circulation and qual-
ity and reduce eutrophication, nitrophilous macrophytes
and Ficopomatus enigmaticus spread. (ix) A ‘bourdigue’,
i.e., traditional Mediterranean fixed fishing gear trapping
fish in shallow lagoons and channel systems, should be
installed in the entrance channel of the Salin des Pesqui-
ers; this device should not be used to catch fish from the
saltmarsh but could serve as a tool to raise public aware-
ness regarding a previous use of the site before industrial
salt production (Réveillon 2018). This new management
plan can obviously be described as ‘interventionist’.
Some authors favor a more passive recovery of the salt-
marshes to improve ecosystem services (Almeida et al.

2017, De Wit et al. 2019, De Wit 2020). However, the
configuration of the sites, particularly the Salin des Pes-
quiers, does not allow such passive restoration. Most of
the ponds and channels are down to the mean sea level. A
passive approach from the management team in this con-
text would soon lead to the flooding of the whole site and
the general transformation of the old evaporation ponds
into a coastal lagoon. The choice of the managers is to
control the water circulation and the infrastructure of the
sites to accompany the inevitable changes and to preserve
the SME as far as possible.

The Ecosystem-based Approach applied to SME man-
agement presented here must be considered as a logical
development from current management activities within
the scope of current guidelines (e.g., Marine Strategy
Framework Directive for European Union). Worldwide,
the species-centered approach applied during the 20
and early 21% centuries has allowed the conservation of
heritage, threatened and rare taxa (Boudouresque et al.
2020b) and the maintaining of extensive surface areas
of well-functioning SMEs (De Wit et al. 2019, De Wit
2020). The present approach also takes into account those
high-value taxa, but associated with the ‘ordinary bio-
diversity’ for enhanced consideration of the functioning
of the ecosystem. Of course, the EBA does not rule out
the specific protection and management of some threat-
ened and rare taxa according to the management goals.
The consideration of human activities within the SME
is more consistent with management objectives taking
into account both conservation of fauna and flora and the
preservation of sustainable economic and social activities
such as (i) pastoral activities (Duncan & D’Herbes 1982),
agriculture (e.g., ricefield: Tourenq et al. 2001, Lloret et
al. 2005), (ii) fishing and hunting (although some authors
consider hunting activities as disruptive, highlighting the
need for hunting reserves) (Mathevet & Tamisier 2002,
Tamisier et al., 2003), (iii) salt production (De Wit et al.
2019), and (iv) public access. This approach matches the
socio-ecosystem concept, where the Human is considered
as part of the system and contributes to its functioning,
the impact being considered as not solely negative (Turn-
er et al. 2008, Boudouresque et al. 2020b). Ecosystem
services provided by SME (Himes-Cornell et al. 2018)
are taken into account to highlight the benefits allowed
by a well-functioning ecosystem. Issues regarding global
change and its impact on ecosystem functioning are of
concern worldwide and especially for the SME (Lloret
et al. 2008, De Wit 2011, Green et al. 2017). The EBA
takes into account these issues to understand the impact
of warming, the rise of the sea level, submersion and
the arrival of non-indigenous species in both terrestrial
and aquatic compartments of the ecosystem. Within the
Mediterranean, current monitoring of community shifts
in marine ecosystems has evidenced a decline in the pre-
viously so-called ‘high-value taxa’, threaten by warming
and the spread of invasive species (Francour et al. 1994,

Vie Milieu, 2020, 70 (3-4)



262 P.ASTRUCH ET AL.

Lejeusne et al. 2010). A species-centered approach, based
on an unachievable reference state of the ecosystem (e.g.,
before the industrial revolution), cannot fit with appro-
priate management within the context of global change.
On the other hand, the EBA can assess and monitor the
functioning of the SME taking into account the expected
changes. The rise in sea level (RSL) will contribute to an
increase in marine conditions in the SME, aquatic com-
partments will shift to assemblages more connected with
the open sea with, in some particular cases, a positive
impact for teleost fish species of fishery interest, of which
the juveniles settle in brackish water (e.g., Sparus aura-
ta, Dicentrarchus labrax). The RSL will also increase
erosion of the seashore and submersion, resulting in the
withdrawal of halophytic vegetation and the destruction
of the nesting and breeding habitat essential for water-
fowl. More than ever, the management of the SME, and
particularly the saltmarshes of Hyeres, calls for a compre-
hensive approach to anticipate and accompany the inevi-
table changes.

ACKNOWLEDGEMENTS. — We kindly thank the management
team of Toulon Provence Méditerranée for enabling us to better
understand the complex functioning of the saltmarshes of
Hyeres, all the people involved in the SALSA project during
field activities, the French Water Agency (Agence de I’Eau
Rhone Méditerranée Corse) for financial support, and M Paul, a
native English speaker, for proof-reading the text.

REFERENCES

Aboucaya A, Michaud H, Morvant Y, Crouzet N 2011. Inventai-
re de la flore vasculaire des Anciens Salins d’Hyeres : Salin
des Pesquiers, et Vieux Salins et de la Pinede des Pesquiers.
Sci Rep Port-Cros Nat Park 25: 19-59.

Adam P 1990. Saltmarsh Ecology. Cambridge University Press.
New York.

Al Hassan M, Chaura J, Lépez-Gresa MP, Borsai O, Daniso E,
Donat-Torres MP, Mayoral O, Vicent O, Boscaiu M 2016.
Native-invasive plants vs. halophytes in Mediterranean salt
marshes: stress tolerance mechanisms in two related species.
Front Plant Sci 7: 473.

Alberti J, Cebrian J, Casariego AM, Canepuccia A, Escapa M,
Iribarne O 2011. Effects of nutrient enrichment and crab her-
bivory on a SW Atlantic salt marsh productivity. J Exp Mar
Biol Ecol 405: 99-104.

Alliot E, Pastoureaud A, Thebault H 1983. Influence de la tem-
pérature et de la salinité sur la croissance et la composition
corporelle d’alevins de Dicentrarchus labrax. Aquaculture
31(2-4): 181-194.

Almeida DND 2016. Ecology and dynamics of Mediterranean
saltmarshes in a perspective of habitat management and res-
toration policies: the cases of Alvor and Arade in Portugal.
Doctoral thesis, University of Lisboa, Portugal: 259 p.

Almeida CMR, Oliveira T, Reis I, Gomes CR, Mucha AP 2017.
Bacterial community dynamic associated with autochtho-
nous bioaugmentation for enhanced Cu phytoremediation of
salt-marsh sediments. Mar Environ Res 132: 68-78.

Andresen H, Bakker JP, Brongers M, Heydemann B, Irmler U
1990. Long-term changes to salt marsh communities by cat-
tle grazing. Vegetation 89: 137-148.

Asri Y, Ghorbanli M 1997. The halophilous vegetation of the
Orumieh lake salt marshes, NW Iran. Plant Ecol 132: 155-
170.

Astruch P, Boudouresque CF, Changeux T, Faget D, Lasceve M,
Le Diréach L, Massinelli L, Moussy F 2019. From a species-
centred to an ecosystem-based management approach. A case
study of the saltmarshes of Hyeres (Provence, France). In
Gargiulo C, Zoppi C Eds, International Conference on Inno-
vation in Urban and Regional Planning Academy 2019 —
Planning, nature and ecosystem services. Cagliari (Italy),
24-26 June 2019: 29-38.

Astruch P, Le Diréach L, Schohn T, Belloni B, Lyonnet A, Gou-
jard A, Gudefin A, Dubas R, Frézel A, Foncuberta A, Luc-
chini N, Francois M, Buchet L 2020. JUVABERRE : Etude
de la fonctionnalité écosystémique de nurserie dans 1’étang
de Berre : taches 1 et 2 — Rapport final. Contrat GIS Posido-
nie-ECOCEAN/GIPREB. GIS Posidonie, Marseille, France:
161 p + annexes.

Audevard A 2017. Bilan ornithologique des Salins d’Hyeres
pour ’année 2016. LPO PACA/TPM: 84 p.

Audevard A 2019. Suivi ornithologique des Salins d’Hyeres
(83) — Bilan année 2018. LPO PACA/TPM: 91 p.

Ayyad MA, El-Ghareeb REM 1982. Salt marsh vegetation of
the Western Mediterranean desert of Egypt. Vegetatio 49:
3-19.

Barataud M 2012. Ecologie acoustique des chiroptéres d’Euro-
pe, identification des especes, étude de leurs habitats et com-
portements de chasse. Biotope, Méze, Muséum national
d’Histoire naturelle, Paris (collection Inventaires et biodiver-
sité): 344 p.

Barnes RSK 2005. Interspecific competition and rarity in mud-
snails: feeding interactions between and within Hydrobia
acuta neglecta and sympatric Hydrobia species. Aquat Con-
serv: Mar Freshw Ecosyst 15(5): 485-493.

Barrios-Garcia MN, Ballari SA 2012. Impact of wild boar (Sus
scrofa) in its introduced and native range: a review. Biol
Invasions 14(11): 2283-2300.

Beck MW, Heck KL, Able KW, Childers DL, Eggleston DB,
Gillanders BM, Orth RJ 2001. The identification, conserva-
tion, and management of estuarine and marine nurseries for
fish and invertebrates: a better understanding of the habitats
that serve as nurseries for marine species and the factors that
create site-specific variability in nursery quality will improve
conservation and management of these areas. AIBS Bull
51(8): 633-641.

Bernard G, Bonhomme P, Boudouresque CF 2005. Recovery of
the seagrass Zostera marina in a disturbed Mediterranean
lagoon (Etang de Berre, Bouches-du-Rhone, Southern
France). Hydrobiologia 539(1): 157-161.

Bertness MD, Ewanchuk PJ, Silliman BR 2002. Anthropogenic
modification of New England salt marsh landscapes. Proc
Nat Acad Sci 99(3): 1395-1398.

Bianchi CN 2007. Biodiversity issues for the forthcoming tropi-
cal Mediterranean Sea. Hydrobiologia 580: 7-21.

Bianchi CN, Boudouresque CF, Francour P, Morri C, Parravicini
V, Templado J, Zenetos A 2013. The changing biogeography
of the Mediterranean Sea: from the old frontiers to new gra-
dients. Boll Mus Istit Biol Univ Genova 75: 81-84.

Birdlife International 2004. Birds in Europe. Population esti-
mates, trends and conservation status. Birdlife International,
Cambridge: 374 p.

Vie Milieu, 2020, 70 (3-4)



THE MANAGEMENT OF THE SALTMARSHES OF HYERES: AN ECOSYSTEM-BASED APPROACH 263

Blanfuné A, Boudouresque CF, Thibaut T, Verlaque M 2016.
The sea level rise and the collapse of a Mediterranean eco-
system, the Lithophyllum byssoides algal rim. In Thiébault S,
Moatti JP Eds, The Mediterranean Region Under Climate
Change. A Scientific Update. AllEnvi, IRD éd, Marseille:
285-289.

Bodinier C, Sucré E, Lecurieux-Belfond L, Blondeau-Bidet E,
Charmentier G 2010. Ontogeny of osmoregulation and salin-
ity tolerance in the gilthead sea bream Sparus aurata. Comp
Bioch Physiol Part A: Mol Integr Physiol 157: 220-228.

Borel V 1996. Autour des Salins d’Hyeres vers 1900. Marly-le-
Roi, Ed Champflour: 112 p.

Boudouresque CF 2014. Insights into the diversity of the biodi-
versity concept. Sci Rep Port-Cros Natl Park 28: 65-86.

Boudouresque CF, Verlaque M 2012. An overview of species
introduction and invasion processes in marine and coastal
lagoon habitats. Cah Biol Mar 53(3): 309-317.

Boudouresque CF, Ruitton S, Verlaque M 2005. Large-scale dis-
turbances, regime shift and recovery in littoral systems sub-
ject to biological invasions. In: Velikova V, Chipev N Eds,
Unesco-Roste / BAS Workshop on regime shifts, Varna, Bul-
garia: 85-101.

Boudouresque CF, Klein J, Ruitton S, Verlaque M 2011. Bio-
logical Invasion: The Thau Lagoon, a Japanese biological
island in the Mediterranean Sea. In: Ceccaldi HJ, Dekeyser I,
Girault M, Stora G Eds, Global Change: Mankind-Marine
Environment Interactions. Springer: 151-156.

Boudouresque CF, Bernard G, Bonhomme P, Charbonnel E,
Diviacco G, Meinesz A, Pergent G, Pergent-Martini C, Ruit-
ton S, Tunesi L 2012. Protection and conservation of Posido-
nia oceanica meadows. RAMOGE and RAC/SPA, Tunis:
202 p.

Boudouresque CF, Blanfuné A, Fernandez C, Lejeusne C, Pérez
T, Ruitton S, Thibault D, Thibaut T, Verlaque M 2017.
Marine Biodiversity. Warming vs. biological invasions and
overfishing in the Mediterranean Sea: Take care, ‘One train
can hide another’. MOJ Ecol Environ Sci 2(4): 1-13.

Boudouresque CF, Blanfuné A, Pergent G, Pergent-Martini C,
Perret-Boudouresque M, Thibaut T 2020a. Impacts of marine
and lagoon aquaculture on macrophytes in Mediterranean
benthic ecosystems. Front Mar Sci (in press).

Boudouresque CF, Astruch P, Banaru D, Blanfuné A, Carlotti F,
Faget D, Goujard A, Harmelin-Vivien M, Le Diréach L,
Pagano M, Pasqualini V, Perret-Boudouresque M, Rouanet
E, Ruitton S, Sempéré R, Thibault D, Thibaut T 2020b. Glob-
al change and the management of Mediterranean coastal hab-
itats: a plea for a socio-ecosystem-based approach. In: Cec-
caldi HJ, Hénocque Y, Komatsu T, Pouzet P, Sautour B,
Yoshida J Eds, Evolution of Marine Coastal Ecosystems
under the Pressure of Climate Change, Springer (in press).

Bougrain-Dubourg A, Terrasse M 2001. Vautours. Réintroduc-
tion et conservation dans les Grands Causses. LPO Grands
Causses, Le Bourg: 32 p.

Bourgeois K, Vidal E 2005. Ecologie et conservation d’un
oiseau marin endémique de Méditerranée, Puffinus yelkouan.
Prédation par le chat haret et sélection de 1’habitat de repro-
duction sur les iles d’Hyeres. Sci Rep Port-Cros Natl Park
21: 55-87.

Bourgeois K, Vidal E, Comor V, Legrand J, Dromzée S 2008.
Colony-size selection drives management priorities for yelk-
ouan shearwater populations. J Wildlife Manage 72: 1188-
1193.

Boutiere H 1974. Milieux hyperhalins du complexe lagunaire de
Bages-Sigean, I’étang du Doul. Rapp Comm Int Mer Médit
23(3): 93-94.

Boyer S, Arzul I, Bonnet D 2012. Some like it hot: Paracartia
grani (Copepoda: Calanoida) arrival in the Thau lagoon
(south of France — Mediterranean Sea). Mar Biodivers Rec 5:
1-6.

Breil J 2014. Inventaire des invertébrés aquatiques sur les éco-
systémes aquatiques cotiers et insulaire. Contrat Biodiver-
sity/Marine & Freshwater Biology — Parc national de Port-
Cros 29 p + annexes.

Britton RH, Johnson AR 1987. An ecological account of a Med-
iterranean salina: the Salin de Giraud, Camargue (S. France).
Biol Conserv 42(3): 185-230.

Bromberg-Gedan K, Silliman BR, Bertness MD 2009. Centuries
of human driven change in salt marsh ecosystems. Ann Rev
Mar Sci 1: 117-141.

Brucet S, Boix D, Lépez-Flores R, Badosa A, Moreno-Amich
R, Quintana XD 2005. Zooplankton structure and dynamics
in permanent and temporary Mediterranean salt marshes:
taxon-based and size-based approaches. Arch Hydrobiol
162(4): 535-555.

Brucet S, Compte J, Boix D, Lopez-Flores R, Quintana XD
2008. Feeding of nauplii, copepodites and adults of Cala-
nipeda aquaedulcis (Calanoida) in Mediterranean salt marsh-
es. Mar Ecol Prog Ser 355: 183-191.

Bruslé J, Carbony M 1992. Les lagunes méditerranéennes : des
nurseries favorables aux juvéniles de poissons euryhalins et/
ou des pieges redoutables pour eux ? Analyse critique de la
croissance des populations de Muges de plusieurs étangs
saumatres du Languedoc-Roussillon, au cours de leur pre-
miere année de vie. Vie Milieu 42(2): 193-205.

Calado G, Duarte P 2000. Modelling growth of Ruppia cirrhosa.
Aquat Bot 68: 29-44.

Callaway JC, Zedler JB 1998. Interactions between a salt marsh
native perennial (Salicornia virginica) and an exotic annual
(Polygon monspeliensis) under varied salinity and hydrope-
riod. Wetlands Ecol Manage 5: 179-194.

Callaway JC, Zedler JB 2004. Restoration of urban salt marshes:
Lessons from southern California. Urban Ecosyst 7: 107-
124.

Callaway RM, Sabraw CS 1994. Effects of variable precipita-
tion on the structure and diversity of a California salt marsh
community. J Veg Sci 5: 433-438.

Calvo-Cubero J 2014. Multifunctional experimental assessment
in a newly established Mediterranean restored marsh: Marsh
elevation, carbon accumulation and pollutant concentration
reduction. Dissertation, East Carolina University: 84 p.

Calvo-Cubero J, Ibafiez C, Rovira A, Sharpe PJ, Reyes E 2014.
Changes in nutrient concentration and carbon accumulation
in a Mediterranean restored marsh (Ebro Delta, Spain). Ecol
Eng 71:278-289.

Cardona L 2006. Habitat selection by grey mullets (Osteich-
thyes: Mugilidae) in Mediterranean estuaries: the role of
salinity. Sci Mar 70(3): 443-455.

Casagranda C, Boudouresque CF 2007. Biomass of Ruppia cir-
rhosa and Potamogeton pectinatus in a Mediterranean brack-
ish lagoon, Lake Ichkeul, Tunisia. Fundam Appl Limnol 168:
243-255.

Casagranda C, Dridi MS, Boudouresque CF 2006. Abundance,
population structure and production of macro-invertebrate

shredders in a Mediterranean brackish lagoon, Lake Ichkeul,
Tunisia. Estuar Coast Shelf Sci 66(3-4): 437-446.

Vie Milieu, 2020, 70 (3-4)



264 P.ASTRUCH ET AL.

Castillo JM, Ferndandez-Baco L, Castellanos EM, Luque CJ,
Figueroa ME, Davy AJ 2000. Lower limits of Spartina den-
siflora and S. maritima in a Mediterranean salt marsh deter-
mined by different ecophysiological tolerances. J Ecol 88:
801-812.

Chauliac A 2005. Inventaire des insectes sur les anciens salins
d’Hyeres et des Pesquiers — Note de synthese. OPIE/Proven-
ce-Alpes du Sud 40 p + annexes.

Chauvet C 1986. Exploitation des poissons en milieu lagunaire
méditerranéen : dynamique du peuplement ichtyologique de
la lagune de Tunis et des populations exploitées par des bor-
digues (Muges, Loups, Daurades). Doctoral thesis, Universi-
té de Perpignan: 549 p.

Conservatoire du littoral, Toulon Provence Méditerranée, Parc
National de Port-Cros 2011. Valorisation du potentiel pisci-
cole des Salins en relation avec la rade d’Hyeres: 16 p.

Corbobesse Y 2008. Dossier de demande d’intervention sur une
population de sangliers (site des Vieux Salins) Site des Salins
d’Hyeres-Var. Parc national de Port-Cros — Conservatoire de
I’Espace Littoral — Toulon Provence Méditerranée: 17 p.

Cosson E 2005. Inventaire des Chiropteres du site Natura 2000
“Salins d’Hyeres” fr9301613 et Recommandations de ges-
tion en vue de leur conservation. Groupe Chiropteres de Pro-
vence: 77 p + annexes.

Costa JC, Arsénio P, Monteiro-Henriques T, Neto C, Pereira E,
Almeida T, Izco J 2009. Finding boundaries between Eurosi-
berian and Mediterranean Salt Marshes. J Coast Res, S156,
ICS 2009 (Proceedings): 1340-1344.

CREOCEAN 2011. Salins d’Hyeres — Inventaire des peuple-
ments piscicoles et analyses des résultats. Rapport d’étude.
Contrat d’étude Communauté d’ Agglomération Toulon Pro-
vence Méditerranée et Parc national de Port-Cros: 68 p.

Curado G, Gallego-Tévar B, Figueroa E, Castillo JM 2018.
Effects of removal of alien Spartina densiflora and restora-
tion of native S. maritima on succession and zonation in
European salt marshes. Estuar Coast Shelf Sci 1-10.

Curcé A, Ibaiez C, Day JW, Prat N 2002. Net primary produc-
tion and decomposition of salt marshes of the Ebre Delta
(Catalonia, Spain). Estuaries 25(3): 309-324.

Danin A 1981. The impact of geomorphologic and climatic con-
ditions on the vegetation of salt marshes along the Mediter-
ranean coast of Israel and Sinai. Actas 111 Congr Optima.
Anal Jard Bot Madrid 32(2): 269-275.

Dasmann RF 1968. A Different Kind of Country. New York,
MacMillan Co: i-viii + 276 p.
De La Blanchere H 1878. Les Oiseaux utiles et les Oiseaux nui-

sibles aux Champs — Jardins — Foréts — Plantations — Vignes,
etc. J. Rothschild, Paris: 387 p.

De Wit R 2011. Biodiversity of coastal lagoon ecosystems and
their vulnerability to global change. Ecosyst Biodivers
Intechopen.com 29-40.

De Wit R 2020. Can abandoned Salinas be managed as coastal
lagoons? Vie Milieu 70(3-4): 225-233.

De Wit R, Vincent A, Foulc L, Klesczewski M, Scher O, Loste
C, Thibault M, Poulin B, Ernoul L, Boutron O 2019. Seven-
ty-year chronology of Salinas in southern France: coastal
surfaces managed for salt production and conservation issues
for abandoned sites. J Nat Conserv 49: 95-107.

Del Hoyo J, Elliott A, Sargatal J 1996. Handbook of the Birds of
the World, Vol 3: Hoatzin to Auks. Lynx, Barcelona, Spain:
821 p.

Den Hartog C, Kuo J 2007. Taxonomy and biogeography of sea-
grasses. In: Larkum AWD, Orth RJ, Duarte C Eds, Seagrass-
es: Biology, Ecology and Conservation. Springer Nether-
lands: 1-23.

Dieng HB, Cazenave A, Meyssignac B, Ablain M 2017. New
estimate of the current rate of sea level rise from a sea level
budget approach. Geophys Res Lett 44: 1-8.

Duarte P, Bernardo JM, Costa AM, Macedo F, Calado G, Can-
cela Da Fonseca L 2002. Analysis of coastal lagoon metabo-
lism as a basis for management. Aquat Ecol 36: 3-19.

Duncan P, D’Herbes JM 1982. Chapter 5: The use of domestic
herbivores in the management of wetlands for waterbirds in
the Camargue, France. In: Fog J, Lampio T, Rooth J, Smart
M Eds, Managing Wetlands and Their Birds, A Manual of
Wetland and Waterfowl Management. Proceeding of the
Third Technical Meeting on Western Paleartic Migratory
Bird Management, Munster, Germany, 12-15 October 1982:
51-67.

Dyer KR 1998. The typology of intertidal mudflats. Geol Soc,
Lond, Spec Publ 139(1): 11-24.

Evans D 2012. Building the European Union’s Natura 2000 net-
work. Nat Conserv 1: 11.

Ferrat L, Fernandez C, Pasqualini V, Pergent G, Pergent-Martini
C 2003. Evolution and vitality of seagrasses in a Mediterra-
nean lagoon. J Environ Sci Health, Part A 38(8): 1459-1468.

Fisher J, Acreman MC 2004. Wetland nutrient removal: a review
of the evidence. Hydrol Earth Syst Sci Discuss, Eur Geosci
Union 8(4): 673-685.

Flaquer C, Puig-Montserrat X, Goiti U, Vidal F, Curco A, Russo
D 2009. Habitat selection in Nathusius pipistrelle (Pipistrel-
lus nathusii): the importance of wetlands. Acta Chiropterol
11(1): 149-155.

Francour P, Boudouresque CF, Harmelin JG, Harmelin-Vivien
ML, Quignard JP 1994. Are the Mediterranean waters
becoming warmer? Information from biological indicators.
Mar Pollut Bull 28(9): 523-526.

Furness RW, Greenwood JDD 1993. Birds as Monitors of Envi-
ronmental Change. Chapman & Hall, London: 267-328.

Galil BS 2006. Species factsheet: Halophila stipulacea. Deliv-
ering Alien Invasive Species Inventories for Europe
(DAISIE): 1-3.

Ganju NK, Defne Z, Kirwan ML, Fagherazzi S, D’ Alpaos A,
Carniello L 2017. Spatially integrative metrics reveal hidden
vulnerability of microtidal salt marshes. Nat Comm 8:
14156.

Garcia LV, Maraiién T, Moreno A, Clemente L 1993. Above-
ground biomass and species richness in a Mediterranean salt
marsh. J Veg Sci 4: 417-424.

Gayet G, Croce N, Grillas P, Nourry C, Deschamps C, du Rau
PD 2012. Expected and unexpected effects of waterbirds on
Mediterranean aquatic plants. Aquat Bot 103: 98-105.

Gravina MF, Ardizzone GD, Scaletta F, Chimenz C 1989.
Descriptive analysis and classification of benthic communi-
ties in some Mediterranean coastal lagoons (central Italy).
Mar Ecol 10(2): 141-166.

Green AJ, Alcorlo P, Peeters ET, Morris EP, Espinar JL, Bravo-
Utrera MA, Bustamante J, Diaz-Delgado R, Koelmans AA,
Mateo R, Mooij WM, Rodriguez-Rodriguez M, van Nes EH,
Scheffer M 2017. Creating a safe operating space for wet-
lands in a changing climate. Front Ecol Environ 15(2):
99-107.

Vie Milieu, 2020, 70 (3-4)



THE MANAGEMENT OF THE SALTMARSHES OF HYERES: AN ECOSYSTEM-BASED APPROACH 265

Haffray P, Tsigenopoulos CS, Bonhomme F, Chatain B, Magou-
las A, Rye M, Triantafyllidis A, Triantaphyllidis C 2006.
European sea bass-Dicentrarchus labrax. In Svésand T, Cro-
setti D, Garcia-Vazquez E, Verspoor E Eds, Genetic Impact
of Aquaculture Activities on Native Populations, 6" Frame-
work plan of the European Commission, A European net-
work (EU contract no. RICA-CT-2005-022802). Final scien-
tific report, July 2007: 40-46.

Halpern BS, Lester SE, Mc Leod KL 2010. Placing marine pro-
tected areas onto the ecosystem-based management seascape.
Proc Natl Acad Sci USA 107: 18312-18317.

Hastwell GT, Huston MA 2001. On disturbance and diversity: a
reply to Mackey and Currie. Oikos 92(2): 367-371.

Hérault L 2010. La Construction du Salin moderne. La Trans-
formation des Salins du Midi de la France xvie-xixe. Aix-
en-Provence, PUP: 162 p.

Himes-Cornell A, Pendleton L, Atiyah P 2018. Valuing ecosys-
tem services from blue forests: a systematic review of the
valuation of salt marshes, sea grass beds and mangrove for-
ests. Ecosyst Serv 30: 36-48.

Holdredge C, Bertness MD, Altieri AH 2008. Role of crab her-
bivory in die-off of New England salt marshes. Conserv Biol
23(3): 672-679.

Ibafiez C, Curco A, Day JW, Prat N 2002. Structure and produc-
tivity of microtidal Mediterranean coastal marshes. /n Wein-

stein MP, Kreeger DA Eds, Concepts and Controversies in
Tidal Marsh Ecology. Springer, Dordrecht: 107-136.

Isenmann P 2004. Les Oiseaux de Camargue et leurs Habitats.
Une Histoire de cinquante ans 1954-2004. Ecologie, Buchet
& Chastel, Paris : 300 p.

Ito Y, Ohi-Toma T, Nepi C, Santangelo A, Stinca A, Tanaka N,
Murata J 2017. Towards a better understanding of the Ruppia
maritima complex (Ruppiaceae): notes on the correct appli-
cation and typification of the names R. cirrhosa and R. spira-
lis. Int Ass Plant Taxon 167-171.

Joyeux A 2005. Expertise herpétologique des anciens salins
d’Hyeres (Var, Sud-Est de la France), la cote d’Hyeres et son
archipel, site Natura 2000 FR 9301613. Parc national de
Port-Cros: 42 p + annexes.

Joyeux A 2011. Psammodromes d’Edwards des salins des Pes-
quiers d’Hyeres - Var, Sud-est de la France, Site Natura 2000
FR 9301613, La Cote d’Hyeres et son archipel — Rapport
final: 17 p + annexes.

Kara MH, Quignard JP 2018a. Les poissons des lagunes et des
estuaires de Méditerranée 1: Diversité, bio-écologie et
exploitation. ISTE Group: 286 p.

Kara MH, Quignard JP 2018b. Fishes in Lagoons and Estuaries
in the Mediterranean 2: Sedentary Fish. John Wiley & Sons:
418 p.

Kara MH, Quignard JP 2019a. Fishes in Lagoons and Estuaries
in the Mediterranean 3A: Migratory Fish. John Wiley &
Sons: 326 p.

Kara MH, Quignard JP 2019b. Fishes in Lagoons and Estuaries
in the Mediterranean 3B: Migratory Fish. John Wiley &
Sons: 306 p.

King SE, Lester JN 1995. The Value of Salt Marsh as a Sea
Defense. Mar Pollut Bull 30(3): 180-189.

Laborel J, Morhange C, Lafont R, Le Campion J, Laborel-Deg-
uen F, Sartoretto S 1994. Biological evidence of sea-level
rise during the last 4500 years on the rocky coasts of conti-
nental southwestern France and Corsica. Mar Geol 120: 203-
223.

Laffoley D, Maltby E, Vincent MA, Mee L, Dunn E, Gilliland P,
Hamer JP, Mortimer D, Pound D 2004. The Ecosystem
Approach. Coherent actions for marine and coastal environ-
ments. A report to the UK government. Peterborough. Engl
Nat 1-65.

Lardicci C, Rossi F, Castelli A 1997. Analysis of macrozooben-
thic community structure after severe dystrophic crises in a
Mediterranean coastal lagoon. Mar Pollut Bull 34(7): 536-
547.

Lasceve M 2014. Premiers résultats de I’opération de limitation
de la population de tortues de Floride sur le site des Vieux
Salins, Hyeres (Var, France). Sci Rep Port-Cros Natl Park
28:195-201.

Le Diréach L, Bonhomme P, Brosse L, Girard P, Bodilis P 2013.
Inventaire ichtyologique de I’étang de Berre 2008-2009. In
LAGUN’R - Rencontres Scientifiques autour de 1’étang de
Berre, 14-15 mars 2011, Aix en Provence, Gipreb (eds): 233-
255.

Le Diréach L, Astruch P, Changeux T, Moussy F, Jehl C, Brodu
N, Boursault M, Charpentier M, Gimond-Lantéri F, Harmel-
in-Vivien M, Lasceve M, Lucchini N, Lyonnet A, Roux M,
Schohn T 2020. Favouring exchanges between the sea and
the lagoons: a necessary support to the restoration of the
functional role as fish nursery in the saltmarshes of Hyeres
(Provence, France). Vie Milieu 70(3-4): 243-252.

Lejeusne C, Chevaldonné P, Pergent-Martini C, Boudouresque
CF, Pérez T 2010. Climate change effects on a miniature
ocean: the highly diverse, highly impacted Mediterranean
Sea. Trends Ecol Evol 25(4): 250-260.

Lemonnier-Darcemont M 2004. Etude des peuplements d’Or-
thopteres du site des Vieux Salins d’Hyeres et des Pesquiers
(Hyeres, Var). Groupement d’Etudes Entomologiques Médi-
terranée: 17 p + annexes.

Lepareur F, Bertrand S, Papuga G, Richeux M 2013. Etat de
conservation de I’habitat 1150 “Lagunes cotieres” : méthode
d’évaluation a 1’échelle du site Natura 2000 — Guide d’appli-
cation Version 1. Service du patrimoine naturel, Muséum
national d’Histoire naturelle, Paris: 107 p.

Li H, Yang SL 2000. Trapping effect of tidal marsh vegetation
on suspended sediment, Yangtze Delta. J Coast Res 25(4):
915-924.

Lloret J, Marin A, Marin-Guirao L, Velasco J 2005. Changes in
macrophytes distribution in a hypersaline coastal lagoon
associated with the development of intensively irrigated agri-
culture. Ocean Coast Manage 48(9-10): 828-842.

Lloret J, Marin A, Marin-Guirao L 2008. Is coastal lagoon eutro-
phication likely to be aggravated by global climate change?
Estuar, Coast Shelf Sci 78(2): 403-412.

Lo VB, Bouma TJ, Van Belzen J, Van Colen C, Airoldi L 2017.
Interactive effects of vegetation and sediment properties on
erosion of salt marshes in the Northern Adriatic Sea. Mar
Environ Res 131: 32-42.

Long SP, Mason CF 1983. Saltmarsh Ecology. Blackie & Son
Ltd, Glasgow: 160 p.

Lépez-Flores R, Garcés E, Boix D, Badosa A, Brucet S, Maso
M, Quintana XD 2006. Comparative composition and
dynamics of harmful dinoflagellates in Mediterranean salt
marshes and nearby external marine waters. Harmful Algae
5: 637-648.

Lumare F 1983. Italian valliculture and its future development.
Rapp. Comm. Int. Mer Médit 28(6): 85-89.

Maci S, Basset A 2010. Spatio-temporal patterns of abundance,
size structure and body condition of Atherina boyeri (Pisces:
Atherinidae) in a small non-tidal Mediterranean lagoon.
Estuar Coast Shelf Sci 87(1): 125-134.

Vie Milieu, 2020, 70 (3-4)



266 P.ASTRUCH ET AL.

Malo-Michele M 1979. Réactions cytologiques de 1’axe hypo-
physo-interrénalien de la Saupe, Boops salpa L. (Téléostéen
marin), a la diminution de la salinité, aux injections de métro-
pirone et de réserpine et a un stress neurogene. Gen Comp
Endocrinol 27: 1-8.

Mannino AM, Menéndez M, Obrador B, Sfriso A, Triest L 2015.
The genus Ruppia L. (Ruppiaceae) in the Mediterranean
region; an overview. Aquat Bot 124: 1-9.

Manzo C, Cilenti L, Fabbrocini A, D’Adamo R 2013. Popula-
tion size structure, growth and reproduction of the European
anchovy (Engraulis encrasicolus, L.) in the Lagoon of Lesi-
na (south-western Adriatic Sea, Italy). Transitional Waters
Bull7(2): 41-52.

Marafién T 1998. Soil seed bank and community dynamics in an
annual-dominated Mediterranean salt-marsh. J Veg Sci 9(3):
371-378.

Marchini A, Gauzer K, Occhipinti-Ambrogi A 2004. Spatial and
temporal variability of hard-bottom macrofauna in a dis-
turbed coastal lagoon (Sacca de Goro, Po River Delta, North-
western Adriatic Sea). Mar Pollut Bull 48: 1084-1095.

Masmoudi S, Tastard E, Guermazi W, Caruso A, Morant-
Manceau A, Ayadi H 2015. Salinity gradient and nutrients as
major structuring factors of the phytoplankton communities
in salt marshes. Aquat Ecol 49: 1-19.

Massinelli L, Astruch P, Montagne G, Gimond F, Lasceve M,
Boudouresque CF 2017. Mediterranean lagoon habitat with-
in Hyeres salt marshes (Provence, France): an Ecosystem-
based approach for management. /n: COAST Bordeaux 2017
and French-Japanese Oceanography Symposium. Systemic
and biodiversity evolution of marine coastal ecosystems
under the pressure of climate change, natural and anthropo-
genic local factors. Book of abstracts: 174 p.

Massinelli L, Astruch P, Lasceve M, Boudouresque CF 2020.
Mapping of Ruppia spiralis meadows within the saltmarshes
of Hyeres (Provence, France): a key species for an ecosys-
tem-based approach. Vie Milieu 70(3-4): 235-241.

Mathevet R, Tamisier A 2002. Creation of a nature reserve, its
effects on hunting management and waterfowl distribution in
the Camargue (southern France). Biodivers Conserv 11(3):
509-519.

Matthews GVT 1993. The Ramsar Convention on Wetlands: its
history and development. Gland, Ramsar convention bureau:
88 p.

Mayot N, Faure V, Grisel R, Mahé M 2020. An ecosystemic
approach of an ecological crisis in Berre lagoon. Vie Milieu
70(3-4): 77-82.

Mc Owen C, Weatherdon L, Bochove JW, Sullivan E, Blyth S,
Zockler C, Stanwell-Smith D, Kingston N, Martin C 2017. A
global map of saltmarshes. Biodivers Data J 5.

Menéndez M 2002. Net production of Ruppia cirrhosa in the
Ebro Delta. Aquat Bot 73(2): 107-113.

Mesleard F, Grillas P, Tan Ham L 1995. Restoration of seasonal-
ly-flooded marshes in abandoned ricefields in the Camargue
(southern France) — preliminary results on vegetation and use
by ducks. Ecol Eng 5: 95-106.

Minello TJ, Able KW, Weinstein MP, Hays CG 2003. Salt
marshes as nurseries for nekton: testing hypotheses on densi-
ty, growth and survival through meta-analysis. Mar Ecol
Prog Ser 246: 39-59.

Molinier R 1953. Observations sur la végétation de la presqu’ile
de Giens (Var). Bull Mus Hist Nat Marseille 13: 57-69.

Molinier R, Tallon G 1970. Prodrome des unités phytosociolo-
giques observées en Camargue. Bull Mus Hist Nat Marseille
30: 5-110.

Mollema PN, Antonellini M, Dinelli E, Gabbianelli G, Greggio
N, Stuyfzand PJ 2013. Hydrochemical and physical process-
es influencing salinization and freshening in Mediterranean
low-lying coastal environments. Appl Geochem 34: 207-221.

Monllor M, Soriano P, Llinares JV, Boscaiu M, Estrelles E 2018.
Assessing Effects of Temperature Change on Four Limonium
Species from Threatened Mediterranean Salt-Affected Habi-
tats. Not Bot Horti Agrobot Cluj-Napoca 46(1): 286-291.

Moomaw WR, Chmura GL, Davies GT, Finlayson CM, Middle-
ton BA, Natali SM, Perry JE, Roulet N, Sutton-Grier AE
2018. Wetlands in a changing climate: science, policy and
management. Wetlands 38(2): 183-205.

Moseman-Valtierra S, Levin LA, Martin RM 2016. Anthropo-
genic impacts on nitrogen fixation rates between restored and
natural Mediterranean salt marshes. Mar Ecol 37: 370-379.

Naturalia 2015. Amélioration des connaissances sur les chirop-
teres du site Natura 2000 FR 9301613 “Rade d’Hyeres”.
Contrat Naturalia — Parc national de Port-Cros: 99 p +
annexes.

Newton A, Brito AC, Icely JD, Derolez V, Clara I, Angus S,
Schernewski G, Indcio M, Lillebg AI, Sousa Al, Béjaoui B,
Solidoro C, Tosic M, Cafedo-Argiielles M, Yamamuro M,
Reizopoulou S, Tseng HC, Canu D, Roselli L, Maanan M,
Cristina S, Ruiz-Ferndndez AC, De Lima RF, Kjerfve B,
Rubio-Cisneros N, Pérez-Ruzafa A, Marcos C, Pastres R,
Pranovi F, Snoussi M, Turpie J, Tuchkovenko Y, Dyack B,
Brookes J, Povilanskas R, Khokhlov V 2018. Assessing,
quantifying and valuing the ecosystem services of coastal
lagoons. J Nat Conserv 44: 50-65.

Noble V, Michaud H 2016. Cartographie de la végétation et des
habitats naturels du site Natura 2000 “Rade d’Hyéres”
FR9301613 — Actualisation des cartographies pour I’ile du
Levant, Vieux-Salins, Salins des Pesquiers et tombolo de
Giens, flots de la rade. Conservatoire Botanique National
Méditerranéen — DDTM Var: 172 p + annexes.

Nordlund LM, Koch EW, Barbier EB, Creed JC 2016. Seagrass
ecosystem services and their variability across genera and
geographical regions. PLoS ONE 11(10): e0163091.

Nordstrom MC, Demopoulos AW, Whitcraft CR, Rismondo A,
McMillan P, Gonzalez JP, Levin LA 2015. Food web hetero-
geneity and succession in created saltmarshes. J Appl Ecol
52(5): 1343-1354.

Noto AE, Shurin JB 2017. Early stages of sea-level rise lead to
decreased salt marsh plant diversity through stronger compe-
tition in Mediterranean-climate marshes. PLoS ONE 12(1):
e0169056.

Occhipinti Ambrogi A 2000. Biotic invasions in a Mediterra-
nean lagoon. Biol Invasions 2: 165-176.

Occhipinti-Ambrogi A 2007. Global change and marine com-
munities: alien species and climate change. Mar Pollut Bull
55:342-352.

Occhipinti-Ambrogi A, Savini D 2003. Biological invasions as
a component of global change in stressed marine ecosystems.
Mar Pollut Bull 46: 542-551.

Odum EP 1998. Ecological Vignettes: Ecological Approaches to
Dealing with Human Predicaments Amsterdam, Harwood
Academic Publishers: 269 p.

Odum EP, Odum HT 1959. Fundamentals of Ecology. Philadel-
phia, Saunders: 546 p.

Odum EP, Smalley AE 1959. Comparison of population energy
flow of a herbivorous and a deposit-feeding invertebrate in a
salt marsh ecosystem. Zoology 45: 617-622.

Vie Milieu, 2020, 70 (3-4)



THE MANAGEMENT OF THE SALTMARSHES OF HYERES: AN ECOSYSTEM-BASED APPROACH 267

O’Higgins T, Nogueira AA, Lillebg AI 2019. A simple spatial
typology for assessment of complex coastal ecosystem ser-
vices across multiple scales. Sci Total Environ 649: 1452-
1466.

Ollier J 1964. Contribution a 1’étude écologique des Salins des
Pesquiers et d’autres eaux saumatres de la région d’Hyeres
(Var). Ann. Soc. Sci. Nat. Arch. Toul. Var 16: 139-154.

Orfanidis S, Pinna M, Sabetta L, Stamatis N, Nakou K 2008.
Variation of structural and functional metrics in macrophyte
communities within two habitats of eastern Mediterranean
coastal lagoons: natural versus human effects. Aquat Con-
serv: Mar Freshw Ecosyst 18: S45-S61.

Ozbek M, Kocak C, Acarli D 2012. Reproductive biology of the
Mediterranean green crab Carcinus aestuarii Nardo, 1847
(Crustacea, Brachyura, Portunidae) in Homa Lagoon, Aege-
an Sea, Turkey. Oceanol Hydrobiol Stud 41(4): 77-80.

Peinado M, Alcaraz F, Aguirre JL, Delgadillo J, Alvarez J 1995.
Similarity of zonation within Californian-Baja Californian
and Mediterranean Salt Marshes. Southwest Nat 40(4): 388-
405.

Peinado M, Macias MA, Aguirre JL, Delgadillo J 2009. A phy-
togeographical classification of the North American Pacific
coast based on climate, vegetation and a floristic analysis of
vascular plants. J Bot Article ID 389414: 30 p.

Pérez-Ruzafa A, Hegazi MI, Pérez-Ruzafa IM, Marcos C 2008.
Differences in spatial and seasonal patterns of macrophyte
assemblages between a coastal lagoon and the open sea. Mar
Environ Res 65(4): 291-314.

Pergent G, Bazairi H, Bianchi CN, Boudouresque CF, Buia MC,
Calvo S, Clabaut P, Harmelin-Vivien M, Mateo MA, Monte-
falcone M, Morri C, Orfanidis S, Pergent-Martini C, Sem-
roud R, Serrano O, Thibaut T, Tomasello A, Verlaque M
2014. Climate change and Mediterranean seagrass meadows:
a synopsis for environmental managers. Medit Mar Sci 15(2):
462-473.

Perrot K, Lasceve M, Gomez MC 2016. Estimation de la popu-
lation et localisation des sites de ponte de la cistude d’Europe
(Emys orbicularis) sur les Vieux Salins d’Hyeres (Var, Fran-
ce). Sci Rep Port-Cros Natl Park 30: 179-194.

Person-Le Ruyet J 1986. Les besoins en oxygene des poissons
marins et leur comportement en conditions hypoxiques.
Revue bibliographique. Département ressources vivantes,
IFREMER: 24 p.

Personnic S, Boudouresque CF, Astruch P, Ballesteros E, Blouet
S, Bellan-Santini D, Bonhomme P, Thibault-Botha D, Feun-
teun E, Harmelin-Vivien M, Pergent G, Pergent-Martini C,
Pastor J, Poggiale JC, Renaud F, Thibaut T, Ruitton S 2014.
An ecosystem-based approach to assess the status of a Medi-
terranean ecosystem, the Posidonia oceanica seagrass mead-
ow. PloS ONE 9(6): 1-17 (€98994).

Perthuisot JP, Guélorget O 1983. Le confinement, parametre
essentiel de la dynamique biologique du domaine paralique.
Sci Géol, Bull 30(4): 239-248.

Ponel P 2005. Les Coléopteres des Vieux Salins d’Hyeres (Var).

Institut Méditerranéen d’Ecologie et de Paléoécologie: 49 p
+ annexes.

Poulin B 2012. Indirect effects of bioinsecticides on the nontar-
get fauna: the Camargue experiment calls for future research.
Acta Oecol 44: 28-32.

Quintana XD, Moreno-Amich R 2002. Phytoplankton composi-
tion of Emporda salt marshes, Spain and its response to
freshwater flux regulation. J Coast Res 36:581-590.

Quintana XD, Comin FA, Moreno-Amich R 1998. Nutrient and
plankton dynamics in a Mediterranean salt marsh dominated
by incidents of flooding. Part 2: Response of the zooplankton
community to disturbances. J Plankton Res 20(11): 2109-
2127.

Rastorgueff PA, Bellan-Santini D, Bianchi CN, Bussotti S,
Chevaldonné P, Guidetti P, Harmelin JG, Montefalcone M,
Morri C, Perez T, Ruitton S, Vacelet J, Personnic S 2015. An
ecosystem-based approach to evaluate the ecological quality
of Mediterranean undersea caves. Ecol Indic 54: 137-152.

Réseau de Suivi Lagunaire 2011. Guide de reconnaissance et de
suivi des macrophytes des lagunes du Languedoc-Roussillon.
Ifremer, Cépralmar, Agence de I’Eau RM&C, Région Lan-
guedoc-Roussillon: 148 p.

Réveillon E 2018. Monographie d’une pécherie hyéroise : les
bordigues de la presqu’ile de Giens. Fin XvIi*-premiére moi-
tié du x1x¢ siecle. Rapport de Master 1% année, Université
d’Aix-Marseille-UMR TELEMME-GIS Posidonie: 102 p.

Rice JC 2005. Implementation of the ecosystem approach to
fishery management — asynchronous co-evolution at the
interface between science and policy. Mar Ecol Prog Ser
300: 265-270.

Riley GA, Bumpus DF 1946. Phytoplankton-zooplankton rela-
tionships on Georges Bank. J Mar Res 6(1): 33-47.

Roiz D, Ruiz S, Soriguer R, Figuerola J 2015. Landscape Effects
on the Presence, Abundance and Diversity of Mosquitoes in
Mediterranean Wetlands. PLoS ONE 10(6): e0128112.

Romagosa F, Pons J 2017. Exploring local stakeholders’ percep-
tions of vulnerability and adaptation to climate change in the
Ebro delta. J Coast Conserv 21(1): 223-232.

Ruitton S, Personnic S, Ballesteros E, Bellan-Santini D, Boud-
ouresque CF, Chevaldonné P, Bianchi CN, David R, Féral JP,
Guidetti P, Harmelin JG, Montefalcone M, Morri C, Pergent
G, Pergent-Martini C, Sartoretto S, Tanoue H, Thibaut T,
Vacelet J, Verlaque M 2014. An ecosystem-based approach
to assess the status of the Mediterranean coralligenous habi-
tat. In Bouafif C., Langar H., Ouerghi A Eds, Proceedings of
the 2" Mediterranean Symposium on the Conservation of
Coralligenous and other Calcareous Bio-concretions. RAC/
SPA, Tunis: 153-158.

Ruitton S, Boudouresque CF, Thibaut T, Rastorgueff PA, Per-
sonnic S, Boissery P, Daniel B 2017. Guide méthodologique
pour I’évaluation écosystémique des habitats marins. MIO:
161 p.

Sédez-Royuela C, Telleria JL 1986. The increased population of
the wild boar (Sus scrofa L.) in Europe. Mammal Rev 16 (2):
97-101.

Schley L, Roper TJ 2003. Diet of wild boar Sus scrofa in West-
ern Europe, with particular reference to consumption of agri-
cultural crops. Mammal Rev 33(1): 43-56.

Sharma S, Goff J, Moody RM, Mc Donald A, Byron D, Heck Jr
KL, Powers SP, Ferraro C, Cebrian J 2016. Effects of shore-
line dynamics on saltmarsh vegetation. PLoS ONE 11(7):
1-14 (e0159814).

SOPTOM 2017. Inventaire des reptiles sur les salins d’Hyeres
et influence des mesures de gestion — rapport préliminaire de
synthese. Contrat SOPTOM - Parc national de Port-Cros:
12 p.

Soufi-Kechaou E, Ghanem R, Zaouali J, Ben Souissi J 2019.
Preliminary study of mortality event of Pinna nobilis Lin-
naeus, 1758 in southern Tunisia (central Mediterranean Sea).
In Langar H, Ouerghi A Eds, Proceedings of the 6" Mediter-
ranean Symposium on Marine Vegetation, Antalya, Turkey,
14-15 January 2019, RAC/SPA, Tunis: 131-132.

Vie Milieu, 2020, 70 (3-4)



268 P.ASTRUCH ET AL.

Soulé ME, Wilcox BA 1980. Conservation Biology: an Evolu-
tionary-Ecological Perspective. Sunderland, Massachusetts,
USA, Sinauer Associates: 395 p.

Sousa Al, Santos DB, Ferreira da Silva E, Sousa LP, Cleary
DFR, Soares AMVM, Lillebg AI 2017. ‘Blue Carbon’ and
Nutrient Stocks of Salt Marshes at a Temperate Coastal
Lagoon (Ria de Aveiro, Portugal). Sci Rep 7: 41225.

Sy MM, Rey-Valette H, Simier M, Pasqualini V, Figuieres C, De
Wit R 2018. Identifying consensus on coastal lagoon ecosys-
tem services and conservation priorities for an effective deci-
sion making a Q approach. Ecol Econ 154: 1-13.

Talling JF 2003. Phytoplankton-zooplankton seasonal timing
and the ‘clear-water phase’ in some English lakes. Freshw
Biol 48(1): 39-52.

Tamisier A 1991. The Camargue: in search of a new equilibrium

between man and nature. Landscape Urban Plann 20(1-3):
263-267.

Tamisier A, Boudouresque CF 1994. Aquatic bird populations
as possible indicators of seasonal nutrient flow at Ichkeul
Lake, Tunisia. Hydrobiologia 279-280: 149-156.

Tamisier A, Bechet A, Jarry G, Lefeuvre JC, Le Maho Y 2003.
Effects of hunting disturbance on waterbirds. A review of lit-
erature. Rev Ecol (Fr) 58(4): 435-449.

Tansley AG 1935. The use and abuse of vegetational concepts
and terms. Ecology 16(3): 284-307.

Teal IM 1962. Energy flow in the salt marsh ecosystem of Geor-
gia. Ecology 43(4): 614-624.

Thibaut T, Blanfuné A, Boudouresque CF, Personnic S, Ruitton
R, Ballesteros E, Bellan-Santini D, Bianchi CN, Bussotti S,
Cebrian E, Cheminée A, Culioli JM, Derrien-Courtel S,
Guidetti P, Harmelin-Vivien M, Hereu B, Morri C, Poggiale
JC, Verlaque M 2017. An ecosystem-based approach to
assess the status of Mediterranean algae-dominated shallow
rocky reefs. Mar Pollut Bull 117: 311-329.

Thorup O 2006. Breeding waders in Europe 2000. International
Waders Studies 14. International Waders Study Group, UK:
142 p.

Tourenq C, Bennetts RE, Kowalski H, Vialet E, Lucchesi JL,
Kayser Y, Isenmann P 2001. Are ricefields a good alternative
to natural marshes for waterbird communities in the Camar-
gue, southern France? Biol Conserv 100: 335-343.

Tranchant Y, Vidal E 2003. Régime alimentaire et distribution
du chat haret Felis catus sur 1’ile de Port-Cros (Var, France).
Sci Rep Port-Cros Natl Park 19: 71-85.

Turner RK, Georgiou S, Fisher B 2008. Valuing ecosystem ser-
vices: the case of multi-functional wetlands. London/Ster-
ling, Earthscan: 223 p.

Turrell B 2004. The policy basis of the “Ecosystem Approach”
to fisheries management. Norrkoping, Sweden EuroGOOS
21:1-28.

Usero J, Izquierdo C, Morillo J, Gracia I 2002. Heavy metals in
fish (Solea vulgaris, Anguilla anguilla and Liza aurata) from

salt marshes on the southern Atlantic coast of Spain. Environ
Int 29: 949-956.

Valiela I, Lloret J, Bowyer T, Miner S, Remsen D, Elmstrom E,
Cogswell C, Robert Thieler E 2018. Transient coastal land-
scapes: rising sea level threatens salt marshes. Sci Total Envi-
ron 640-641: 1148-1156.

Vaquer CDA, Lam-Hoai T, Rougier C, Mazouni N, Lautier J,
Collos Y, Le Gall S 2000. Feeding rate of the oyster Cras-
sostrea gigas in a natural planktonic community of the Medi-
terranean Thau Lagoon. Mar Ecol Prog Ser 205: 171-184.

Varenne T 2015. Rapport d’inventaire — faune des lépidopteres
du des Vieux Salins d’Hyeres (Var): 3 p.

Verhoeven JTA 1979. The ecology of Ruppia dominated com-
munities in Western Europe. I. - Distribution of Ruppia rep-
resentatives in relation to their autecology. Aquat Bot 6: 197-
268.

Verhoeven JTA 1980. The ecology of Ruppia-dominated com-
munities in Western Europe. I1I. Aspects of production, con-
sumption and decomposition. Aquat Bot 8: 209-253.

Virnstein RW, Carbonara PA 1985. Seasonal abundance and dis-
tribution of drift algae and seagrasses in the mid-Indian River
Lagoon, Florida. Aquat Bot 23(1): 67-82.

Wang S, Brose U 2018. Biodiversity and ecosystem functioning
in food webs: the vertical diversity hypothesis. Ecol Lett
21(1): 9-20.

Wilson EO 1988. Biodiversity. Washington, National Acade-
mies Press: 538 p.

Wood N, Hine AC 2007. Spatial trends in marsh sediment depo-
sition within a microtidal creek system, Waccasassa Bay,
Florida. J Coast Res 234: 823-833.

Vie Milieu, 2020, 70 (3-4)



