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1. Context 

Coastal lagoons are common ecosystems in the Mediterranean, and these systems are particularly 

common along the coast of the Gulf of Lions and on the east coast of Corsica. European 

recommendations and directives including Integrated Coastal Zone Management (IGZM) and the Water 

Framework (WFD) and Habitat Directives (HD) have induced a major socio-environmental change for 

these coastal zones. These areas have suffered from severe eutrophication during several decades, 

particularly since the 1960’s. The WFD makes the objective of recovery of good ecological status a legal 

rule for the member states with obligation for results. This way it has initiated public policy aiming at 

reducing the nutrient inputs into coastal systems. In France it is applied through the elaboration of 
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specific regional and local schemes called SDAGE and SAGE, respectively. Nevertheless, during the 30-

40 years of their eutrophication history, the lagoons have accumulated large amounts of nitrogen (N) 

and phosphorus (P) and stocked these particularly in their sediments.  These sedimentary stocks will 

delay the ecological restauration of the lagoons (Ouisse et al., 2013)1. Hence, it appears of essential 

importance to combine the reduction of the nutrient input with additional measures, in the domain of 

the eco-engineering, in order to accelerate return to good ecological status. During our first study (De 

Wit et al., in press in Aquatic Conservation) we introduced the terms of “active” and “passive” 

restoration. Hence passive restoration corresponds to reducing the nutrient loading to the lagoon 

without additional measures. This will induce a spontaneous development in the ecosystem 

(oligotrophication) with a more or less long trajectory towards the objective of good ecological status. 

In contrast, for active restoration, the reduction of nutrient loading that is always an essential part, will 

be combined with additional measures in the ecosystem (Fig. 1) 

 

Figure 1: Scheme of the concept of ecosystem trajectories used for management aiming a return to 

good ecological conditions (WFD). This scheme is compatible with the concepts of restoration ecology 

(Clewell & Aronson, 2007). 

The WFD imposes a legal framework for the member states and proposes a method that is compatible 

with the concepts of restoration ecology (Clewell & Aronson, 2007). Hence, the WFD calls for the 

identification of a reference state, which corresponds to the ecosystem state before it was impacted by 

human activities. The WFD describes the “Ecosystem State” by attributing a quality assessment based 

on the structure and the functioning the aquatic ecosystems. Therefore, a classification system 

comprising five quality classes (high, good, moderate, poor, and bad) must be developed on the basis 

of an Ecological Quality Ratio (EQR), which is defined as the ratio between reference and observed 

values of the relevant biological quality elements. In addition, monitoring programmes need to be 
                                                           
1 Literature- citations listed on pages 17-18 
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implemented to follow the ecosystem trajectories over time. The reference state is characterised by the 

adjective “high” and corresponds to the historical status used in restoration ecology. The member states 

are obliged to prevent the degradation of the aquatic ecosystems that are actually in a high or good 

quality status. Good ecological status corresponds to a system that has a small difference with respect 

to reference conditions. The member states have to engage in a recovery of good or high ecological 

status for the degraded ecosystems. This implies the development of roadmaps for water-basin based 

management where one specifies the objectives for the ecosystem trajectories in line with the practice 

used for ecological restoration. 

 

Figure 2 : Differences and convergence between the approach followed according the WFD and the 

participatory approach that will be used in this study based on Matrix of capacities 

Beside the legal obligation for the ecological restoration of coastal lagoon ecosystems, this study will 

focus on the perceptions by the local populations and study the benefits for humans associated with 

each of the different ecosystem states observed along the trajectories (cf Fig. 1). To study the benefits 

for humans we will adopt the concept of ecosystem services (ES) using the classification scheme of 

Haines-Youngand Potschin (2013). A semi-quantitative method, i.e. Matrix of capacities will be used, as 

this method is particularly well adapted for participative approaches. This way, it will be possible to 

involve local populations in the process of the ecological restoration of the coastal lagoons and to 

collectively develop management schemes for coastal lagoons that are compatible with the ICZM 

objectives. This participatory approach is complementary to the legal approach (WFD) that may be a bit 

technocratic in practice. Thus, the participatory approach based on the Matrrix of capacities will equally 

be used to collectively define “Desired States” for the lagoon ecosystems based on the perceptions and 

expectations of the local populations. These “Desired States” will be compared with the high and good 

quality status defined for the lagoons according the WFD criteria (Fig. 2). The different “Desired States”, 

i.e. those defined by the local population and those requested according the WFD criteria, will be 

studied by experts (focus group) for their realism and probabilities of achieving them in the future. This 

will be based on a combination of current ecological knowledge and expert judgment. Such an analysis 

should also take into account if the “Desired States” are comparable with IPCC predictions (downscaled 

to the local level) for global change and should particularly consider their potential vulnerability towards 
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sea level rise (De Wit, 2011, Anthony et al., 2009). If the experts judge that the “Desired States” are not 

realistically attainable, they will be asked to describe an attainable ecosystem state that is closest to the 

“Desired States” (Fig. 2). Hence, the focus group can help to develop a methodology that can 

complement the more technocratic approach of the WFD and put the issues of ecological restoration in 

the focus of the democratic debate. Hence, the role of the experts is more advisory rather than 

normative. 

2. Objectives 

In this study, Ecosystem Services (ES) and Ecological Integrity (EI) are used as a means to assess the 

benefits of ecological restoration of coastal lagoons for human societies. It is our aim to establish a strong 

link between ecological and societal benefits of ecological restoration while developing a method that 

allows to establish a ecological restoration plan based both on the needs and desires of humans as well 

as to satisfy the legal obligation (WFD) to achieve good ecological status for coastal lagoons.  

The notion of ES highlights the importance of ecological systems and biodiversity for humanity and 

establishes a link between both entities (Centre d'Analyse Stratégique (CAS), 2009 ; Lele et al., 2014). 

SE will be classified according the Common International Classification of Ecosystem Services (CICES, 

Haines-Young & Potschin, 2013) and considered as contributions of ecosystems to human well being 

The concept of ES is highly anthropocentric (MEA, 2005), which represent its strength, and its weakness 

at the same time particularly when considering the issue of conserving biodiversity (Norgaard, 2010). 

Moreover, many papers highlight that the identification of ES will be very useful for developing plans 

for the sustainable and equitable management and exploitation of natural resources (Jacobs et al., 

2014). 

While the concept of ES has been introduced as a support in the area of nature conservation, it has been 

quickly enlarged in scope and is now used in all different policies that have a link with the conservation 

of biodiversity (Marie et al., 2012; Haines-Young and Potschin, 2013). It appears important to combine 

the concepts of ES and EI for assessing the functionalities and conservation status of ecosystems. Using 

both concepts together is becoming more and more common in the scientific literature (de Groot et al., 

2010; Portman, 2013), particularly due to increasing awareness that the conservation of ecosystems 

and their functionalities is urgently needed (Marie et al., 2012; Haines-Young and Potschin, 2010). 

Ecological Integrity has been recognised by Müller and Burkhard (2007) as a prerequisite for the delivery 

of ES to human beings and thus enlarges the original purely anthropocentric approach. Barkmann et al. 

(2001) define EI as the support and long-term maintenance of the structures and functions that are the 

prerequisite for the capacity of self-organization of the ecosystems. Hence, EI is more or less equivalent 

to the supporting services used in other studies including the MEA (2005, Burkhard et al., 2009 ; Stoll et 

al., 2014). 

EI is often incorporated in the Matrices of capacities in order to map the EI and ES at the landscape level 

(Stoll et al., 2014). This approach has been useful for describing the relationships between biodiversity, 

ecosystem functioning and delivery of ES (Haines-Young & Potschin, 2013; Kandziora et al., 2013). The 

concept of EI will also be used by the focus group to judge the pertinence of the ecosystem trajectories 

(cf. De Wit et al., in press) and the realism of the “Desired States” particularly in the context of global 

change. 

This approach will be confronted with the approach that ensues from the WFD and that includes (i) the 

definition of a reference state, (ii) the use of indicators that are used in a monitoring program to asses 
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and follow the ecological status, (iii) a roadmap for the recovery of good ecological status for degraded 

ecosystems (cf. Figs. 1 and 2).  

This comparison will allow to address the following questions: 

1) Which are the convergences and differences between “good ecological status” requested by the WFD 

and the “Desired State” according the perceptions and wishes of the local populations? Possible 

differences will be analyzed particularly concerning uses of lagoons and possible uses of lagoons. In the 

latter case is it possible to envision and propose solutions that allow to reconcile the different uses with 

the objective of achieving and maintaining a good water quality and biodiversity conservation? 

2) Are the “Desired States” (Good ecological staus according WFD and the desired states defined by the 

local populations) realistically achievable in a context of global change? This will be studied by both 

using current ecological knowledge as well as expert judgment. In case if these states realistically cannot 

be achieved, can an attainable state be described that is closest to the “Desired States”? 

3) Which is the ecological integrity for these different states (cf. Figs. 1 and 2) in terms of self-

organization? Will this EI allow the ecosystem to follow a trajectory towards the desired state, is such a 

state attainable and is it resilient in the long term in a context of global change? 

Choice of study sites: 

The coastal lagoons of the Palavas complex (site of OHM-Littoral méditerranéen) are on a trajectory of 

ecological restoration since 2006, when the WWTP of the Montpellier agglomeration – MAERA- has 

been renovated and its effluents have been discharged since directly into the sea (12 km off-shore from 

Palavas) and no longer directly impact the lagoons. This resulted in a reduction of the nutrient loading 

into these lagoons of about 70 % for N and 60 % for P. In contrast for Biguglia lagoon (Corsica) and 

despite the fact that a SAGE has been adopted for its watershed, this lagoon is susceptible to continuing 

eutrophication due to strong urban developments south of Bastia. 

3. Méthodology 

1) Synthesis of information obtained from literature studies 

The first step in this study will be to compile the existing literature and the PhD student should 

familiarize himself with all the different concepts and methods that are being used. Several points need 

to be addressed before starting the practical part of this study: 

- Check the different definitions and concept used including definitions for ES, typology and classification 

of ES, EI, the link between quality assessment and ecological functions in coastal lagoons etc. 

-Define a working method in detail. Therefore it is important to review the results obtained with the 

method based on matrix of capacities to design a detailed working plan for a participative approach 

based on this technique which is pertinent for the targeted public (face to face interviews, workshops, 

meetings, questionnaires, etc.) 

-Elaborate the toolbox for this method for example the list of ecosystem services of coastal lagoons and 

the identities that can be identified within the lagoon. The latter should include (i) a list of habitats and 

(ii) a list of functional subsystems. This should be prepared for a didactic presentation for the local 

populations, either in the form of a matrix or as a feedback form. 

2) Assessments of the ecological status of lagoons that undergo ecological restoration 



6 

Within the frame of the WFD monitoring programs of coastal lagoons have been implemented in South 

France by the Water agency (l'Agence de l'Eau Rhône-Méditerranée & Corse) and Ifremer (Labo  

Environnement Ressources LER-LR). The biological descriptors used comprise phytoplankton, 

macrophytes and benthic macrofauna. Their interpretation in terms of quality assessments together 

with the chemical descriptors for water quality has been intercalibrated with the other Mediterranean 

member states of the EU.  

The existing information will be compiled and confronted with the knowledge and expertise of the 

different stakeholders that are involved in ecological restoration of coastal lagoons in these regions. 

3) Assessment of the different ecosystem services and ecological integrity o the different states during 

the trajectories of ecological restoration 

A detailed list of all the ES and their (monetary) valuation would be needed for determining the total 

economic value of the different ecosystem states. This requires that all data are available at the different 

spatial and temporal scales (Hou et al., 2013; Geijzendorffer & Roche, 2013; Geijzendorffer & Roche, 

2014). This is often not feasible in practice due to lack of existing data, lack of time and finances to 

collect the required data. Moreover, an assessment of total economic value of ecosytems is 

controversial in itself (Norgaard, 2010), it also has the drawback that it needs to be calculated from an 

aggregation of results issued from different valuation methods. 

Therefore, in this study a different approach will be used that has proven its usefulness in many recent 

studies ((e.g. Stoll et al., 2014; Palomo et al., 2013; Vihervaara et al., 2010; Burkhard et al., 2009). The 

evaluation of ES by using a matrix of capacities is based on using semi-quantitatiive indicators and allows 

to link the habitats and ES directly to expert judgment and the beneficiaries of the services. Involvement 

of experts is common in studies for conservation, ecology and biophysical assessment (Jacobs et al., 

2014). Moreover, this working method is highly compatible with a participative approach allowing to 

improve the involvement of the local populations and adapt the practice of ecological restoration to 

their needs. Several matrices will be constructed for the different territories and will include the 

different stages along the restoration trajectory. The following issues will be analyzed in detail: 

-study of the SE delivered by the systems in their current (degraded state) as a description of the current 

“supply” of SE. Experts will fill in matrices of capacities with scientists and local stakeholders for the 

different entities that have been identified within the lagoon ecosystems. 

-study of the demand for the socio-ecosystem through analyses of the requested ES, particularly by the 

local populations (including all users of lagoons). This will give rise of the formulation of “Desired States” 

that the stakeholders define for these ecosystems. 

-study of the ES of the transient states of the ecosystem as a function of known restoration trajectories 

and using case studies. 

-study of a potentially attainable state based on the different “Desired States” and reviewed by scientific 

based concertation and ecological potential of the sites. 

4. Dissimination of results 

The results of this study will be communicated to the communities and administrations involved in ICZM, 

both at the local level as well as at the national level (e.g. GIZC seminars co-organized by DATAR). To 

manage the lagoons of the Palavas complex, the townships have founded an intercommunal syndicate 

the Syndicat Mixte des Etangs Littoraux (SIEL), a structure that is also in charge as an operator for the 
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Natura 2000. In Corsica, Biguglia lagoon is owned by the Department Haut Corse, who manages it as a 

nature reserve. The Communauté des communes Marana-Golo will also be invited as this structure is 

responsible for the management of the watershed of Biguglia. Both study sites are also Ramsar sites 

(Biguglia since 1991, Lagoons of the Palavas complex since 2008). For dissemination and participatory 

approaches this project will also collaborate with the Pôle Relais Méditerranéennes, a structure for 

coordination and science-management transfer founded by the Ministry of Ecology in the frame of a 

national program for wetland conservation. This Pôle publishes electronic newsletters (La lettre des 

lagunes, http://www.pole-lagunes.org/actualites/lettre-des-lagunes) and organizes seminars and 

meetings on a regular basis which can be used as support for the dissimination of project advancement 

and results to coastal lagoon managers. 
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