Chapter 3. The broad picture of Pan-Mediterranean wetlands  

3.1. Wetlands as Socio-Ecological Systems

3.1.1. What is a Social-Ecological system?

Gallopin (1991) defined social-ecological system as a system that includes societal (human) and ecological (biophysical) subsystems in mutual interaction. Both social and ecological systems contain structures that interact interdependently and each may contain interactive subsystems as well (Vandewalle et al., 2008). The social components may be the individuals, organized groups, or societies at large. Institutions guide interactions with the ecosystem, and determine how humans manipulate ecological systems to receive goods and services for their benefit (Fig. 1).
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Figure 3.1. Conceptual diagram of elements of a social-ecological system. 
Social systems comprised of individuals, groups, networks and institutions (rules, regulations and procedures) intervene to obtain services from ecosystems. Social system develops individual actions (fishing, hunting, agriculture, etc.) as well as local or global interventions (development projects, or conservation and restoration projects), which modify ecosystems. (Modified from Resilience Alliance, 2007).
The scale issue is at the core of the SES analysis. As shown in Fig. 1, social and ecological systems function and interaction at different nested spatial and temporal scales.  Regarding spatial scales, for example, aquatic species are a part of a local wetland, which also is part of a larger watershed basin. Similarly institutions may be considered hierarchically, as nested set of systems from local level (local organizations or local rules), national (national organizations and national laws), to the international (Ostrom, 1990). Regarding time scale, there are historical records about how ecosystems and human societies are interlinked across present and future.

SES are thus complex multi-scale systems, in which each scale can be characterised by components and processes with time rates related to specific orders of magnitude, spanning from fast localised processes to large processes occurring at larger scales (Holling et al., 2002). For instance, ecosystem services such as food production are dependent on the growth of annual plants and the panning of agricultural seasons, but also on biogeochemical processes and social driving forces occurring at rates of decades or centuries.  Sound analysis of SES needs also to take into account processes stemming from cross-scale interactions.

3.1.2. Why is important to account for SES? 

With the Age of the Enlightenment the separation of nature and society became a foundational principle of Western thought (Davidson-Hunt and Berkes, 2003). Nevertheless, human influence in nature has increased in such an extent since the industrial revolution that today many ecosystems con not be understood if social dynamics are not taken into account. The omnipresence of human impact in nature lead Paul Krutzen (FECHA) to coin the notion of the anthropogene, in reference to the present era, in which human impact has displaced geological processes as the main driving forces in our planet. 

As a consequence, the human-nature dichotomy has proved to be inadequate for analysing sustainability problems, characterised by phenomena that usually occur at the interface between nature and society.  The SES concept emphasizes the ‘humans-in-nature’ approach (Berkes and Folke 1998).  It aims to analyse social and ecological dynamics that can not be successfully captured from the human-nature dichotomy, such as those related to ecosystem services and their management. 

There is an increasing amount of studies on the relationships between ecosystem and social systems, aiming to identify and characterise interactions existing between people, biodiversity and ecosystems (Anderies at al., 2004, Liu et al., 2007). However the social-ecological system perspective has been rarely used in studies for the Mediterranean basin.

This seems to be a paradox, since Mediterranean landscapes provide an excellent study area for applying the SES concept due to their historical background. Resource use and transformation is so ancient in this region that Naveh and Lieberman (1993) suggested that there are no strictly natural landscapes in the Mediterranean Basin, arguing that it is more accurate to talk about cultural landscapes. In fact, it is known that Mediterranean landscapes reflect today more than eight millennia of an agricultural-forestry-pastoral way of life (Grove and Rackham, 2003; Butzer, 2005). Furthermore, the fact that biodiversity hotspots have been able to emerge within highly humanized landscapes providing diverse ecosystem services, witnesses a successful long term nature-society co-evolutionary process in the Mediterranean basin (Gómez-Baggethun et al., to be published).

For example, dealing with uncertainty related to droughts, floods and other disturbance entailed the need of searching for water reserves and the employment of techniques to extract, transfer and use the available local water. In fact, first settlements of Mediterranean culture were located close to the main river basins and the groundwater reserves (Llamas, 1989). The use of irrigation techniques was already usual 6 000 BP in Mesopotamia by the exploitation of rivers, and the use of annual floods (Bazza, 2006). The ancient Sumerian know-how about irrigation techniques were used and improved by Romans to supply great Roman urbs and termas. After that, Muslim civilization of Al-Andalus constructed Mediterranean xero-gardens like La Alhambra and complex systems of groundwater use by channels, cultivation terraces, etc. at the arroyos (Ramblas), and surface water use at the floodplains of streams and rivers (Vegas). Decentralized institutions like medieval Water Court (Valencia, E Spain) were created to avoid social problems in the distribution of water from channels.

Our objective here is to integrate SES into the wetlands accounting approach and to understand why this concept it is important for the biodiversity conservation within Mediterranean Wetlands. 

3.1.3. SES characteristics 

When combined within integrated models, social-ecological systems exhibit novel behaviours that would not be expected from isolated social and ecological systems. One of the most important attributes of SES is that both subsystems, ecosystem and social system, are interlinked and therefore, need to sustain each other through adaptive feedbacks (Gatzweiler and Hagedorn, 2002). SES exhibit non-linear dynamics with thresholds, feedback loops, time lags, resilience, heterogeneity, and surprises (Liu et al., 2007).  Sound analysis of to capture these complex dynamics entails to describe not only social and ecological characteristics, but also others that emerge from coupled social-ecological dynamics:

- Social characteristics can be described by socio-economic indicators such as employment, age and gender distribution, main economic sectors, administrative boundaries, stakeholders, organisations, etc.

- Natural characteristics aims to describe ecosystem functioning and structure, which entails identifying ecosystem types, species, ecosystem functions and natural disturbance regime.

- Characteristics resulting from coupled social-ecological dynamics such as lad-use covers, ecosystem services, human-induced environmental impact, institutions and social-ecological resilience.

Methodology to define and characterize SES for Mediterranean wetlands

Although the SES concept is being increasingly used, there is a scarcity of literature addressing how to operationalise this concept, especially concerning how to characterise socio-ecological boundaries.
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3.2.  Three scales, three pictures of the Mediterranean Wetlands
Accounts are established for Mediterranean Wetlands socio-ecological systems (SES) at different geographical scales: the macro, meso and micro. When the analytical concept of SES is the same at any scales, its implementation may differ according to data availability and needs for comparisons. Three scales and three methodologies for mapping SES are used in the Mediterranean wetland accounts case study. 

3.2.1.  The Pan-Mediterranean map (including Atlantic and Black Sea neighbourhoods) frames the broad question as specific macro-assessments and aggregates relevant to that scale. An example of specific macro assessment is that of wetlands and bird flu. 
Wetlands and Bird Flu Prevention

“Wetland depletion has direct implications for migrating wild birds. Wetland habitat worldwide continues to decline, primarily due to agricultural expansion and urban development, resulting in fewer staging areas for migrating birds. In these situations, remaining wet areas associated with rice paddies and farm ponds would be expected to be increasingly attractive to wild birds that lack sufficient natural habitat during staging, nesting and migration activities.” 

David J. Rapport et al. Avian Influenza and the Environment: An Ecohealth Perspective, report to UNEP/DEWA, 2006  http://www.unep.org/dewa/products/publications/2006/
In “Bird Migration Routes and Risk for Pathogen Dispersion into Western Mediterranean Wetlands” (Jourdain E. et al. Emerging Infectious Diseases Journal Volume 13, Number 3–March 2007 - http://www.cdc.gov/eid/content/13/3/365.htm). A correlated effect is highlighted: the concentration of migratory birds in the remaining wetlands increases the risks of cross contamination. Bird Flu and Nile Virus are given as examples of serious threats. Threats to human and ecosystem health in this case cannot be disentangled.

As explained by Rapport, wetlands supply a “regulation” ecosystem service essential for limiting present and future risk of birdflu pandemic. This service can be measured and valued according to insurance practices, taking into account population exposed, risk factors and unitary costs of treatment. The availability of this service in due course depends on the appropriate amount of healthy wetlands maintained and restored. Necessary additional costs for this maintenance and restoration can be computed accordingly and accounted as allowances for depreciation which should be imputed to the opportunity cost of other wetland areas use. The map below produced by Wetlands International and FAO, shows up that Mediterranean and Black Sea are at the core of a main global flyway for migratory birds.
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The global character of the bird flu problem requires a direct approach at the macro scale, the so-called Black Sea/Mediterranean flyway being the relevant context in that case. Accounts will balance maintenance and restoration costs with the foreseen risks – and costs – of pandemic.

Other issues are common to the sea basin. They are in particular the population migratory flows described as “littoralisation” by UNEP/Blue Plan. The process is driven in particular by tourism in  summer period concentrated towards areas of interest; more than 30% of world tourism is attracted by the Mediterranean region, 80% of which by the European countries (Spain, Southern Italy and France, Greece). The Blue Plan foresees for 2025 an average of 200/250 millions visitors per year. Tourism creates seasonal (when tourists come) as well as permanent stress (buildings, infrastructures and the people taking care of them in the low season). This is a threat for the quality of the natural landscapes (to which wetlands contribute) which attract tourists to-day.

Another example directly linked to wetlands services is food provision, in particular fish and shellfish. 
Mediterranean Wetlands and Proteins

“On the north African coast fish and shellfish are an important source of protein for many people. In some parts of the Mediterranean, fishing for own consumption and for sale at local markets and restaurants is still a common practice. 

Mullet, sea bream, sea bass and eel are all flagship fish species of Mediterranean wetlands. Mullet larvae need the sheltered areas of coastal lagoons, where they feed on weed, invertebrates and rich sediments found on the bottom of the lagoon, to grow into adults. It might take a young mullet as long as three years until it leaves the protected environment of the lagoon for the open sea. 

Domestic livestock are grazed on marshes that provide high quality grazing, even during the driest summer months. The Camargue delta, on the Mediterranean coast of France supports approximately 8.000 horses and cattle...” 

Source: MedWet, the Mediterranean initiative of the Ramsar Convention

http://www.medwet.org/medwetnew/en/04.RESOURCE/04.1.wetlandfacts01.html 

Coastal lagoons, estuaries and delta are productive systems for fish and shellfish, both for the needs of local people and commercial production. They are however fragile systems because of the nutriments concentration which makes them productive. In France, for example, the Bouzigues oysters from the lagoon of Thau are famous all over the country. From time to time in summer however, problems may happen in relation to water conditions under the name of “malaigue” (“sick water” in the occitan regional language) which results from the combination of climatic conditions (temperature, no wind) and high concentrations in nutriments and creates hypoxia, a loss in dissolved oxygen lethal for oysters, as well as other shellfish and fish which are one of the pillars of local economy. Since the 1980s, efforts have been done to purify waste water in particular from tourists, numerous in summer in the region but concerns remain and management of the water streams between the sea and the lagoon ecosystem is now considered. In Amvrakikos, Greece, a national park, a similar event. “In the evening of 17 February 2008 […] some 600 900 tons of fish on three fish farms in the area died of asphyxia within a short space of time (two hours) owing to lack of oxygen, which, according to the local Directorate of Fisheries, was caused by rising strata of anoxic water.” (Source: written question by MEP Arnaoutakis to the Commission – 5 March 2008). Pollution is as well an important cause of the drop in fish catches (in particular high value sturgeons) in the Danube delta. In several other places, the development of commercial farming of fish and the pollution that it generates has lead, or is currently leading to drawbacks, not only at local people's economy and nature conservation, but at the commercial activity itself.

Comprehensive accounts of the multiple services – not only the commercial ones – supplied by the wetlands will highlight the appropriate trade offs.  A second assessment based on accounts of ecosystem integrity will allow accounting for the costs of preventing biodiversity loss.

A test map for framing ecosystem accounts

A first attempt of producing a map of wetland SES at the Pan-Mediterranean scale has been carried out with GlobCover2005 version-1 submitted for evaluation by ESA, the European Space Agency. This first test – necessary in the absence of an alternate map which could have been used – will be improved in July with GlobCover2005 v2 and repeated at the end of the year with another version adapted by the EEA to its own European Corine Land Cover (CLC) map on which the development of land and ecosystem accounts is currently based. 

The first test map combines therefore 3 types of information: Ramsar sites in the 10 km coastal strip as mapped by Wetlands International (center of sites, no boundaries yet), SES (Ramsar and non-Ramsar, with boundaries) produced automatically for Europe's Mediterranean with CLC, and sites extracted from the first classification of GlobCover. 
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Sources: ESA/GlobCover2005, Wetlands International/Ramsar, EEA/CLC

Figure 3.2 Test map of SES wetlands for the Mediterranean and Black Sea. 

An example of the information provided at medium scale by satellite imagery can be found on the website where Globcover products are disseminated:
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Source: http://postel.mediasfrance.org/breve.php3?id_breve=21
Figure 3.3 Identification of coastal wetland socio-ecosystem in the Nile Delta, Egypt
Lake Menzaleh is not designated to the Ramsar Convention; Lake Burullus is, but its map is not available in the database. In both cases, medium resolution satellite imagery is a fast solution for setting the scene at the continental/ global scale, with a sufficient detail for starting monitoring and – in combination with other data, accounting for ecosystems.
Additional details can be supplied by high resolution satellites. This is the purpose of the GlobWetlands programme of the European Space Agency where high to very high resolution satellite images add-up to the mapping of wetlands. The frequency of satellite images acquisition allows monitoring seasonal dynamics, all the more as radar images get rid of clouds issues. Last, analysis of images gives important information of land and water biomass, eutrophication, turbidity/sediments, all kind of data very useful for ecosystem accounting.
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Source: Courtesy ESA/DUE/GlobWetlands
Figure 3.4 GlobWetlands: Lake Burullus, a Ramsar site, Egypt 

3.2.2.  Map of European Mediterranean SES wetlands with CORINE land cover

CORINE land cover is the name of the European map produced so far for 1990 (circa), 2000 and being updated for 2006 for more than 35 countries. Land accounts are implemented in Europe with CLC (EEA 2006) and accounts of terrestrial ecosystems are developed upon that pattern. Maps of stocks and change are gridded at 1 hectare and 1 km2. Therefore, CLC is the appropriate data infrastructure for accounting at the meso scale.

For being able to accounting for the whole set of socio-ecosystem wetlands of the European Mediterranean area in the absence of an individual map of each of them, an automatic mapping of each of them has been attempted. This mapping respects the main characteristics of SES and combines a core areas composed of wetlands as defined in the CLC nomenclature with associated areas which should be considered altogether (included village, irrigated area connected to wetlands, dunes separating wetlands from the sea...). 
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Figure 3.5 Methodology for mapping SES wetlands for accounting 

If not in every cases at the level of individual sites, the results are acceptable at least for statistical accounting for coastal regions.  Socio-ecosystems have no crisp boundaries, any mapping is a proxy even at the local scale. They can be mapped as administrative entities, groups of municipalities, hydro-morphological systems… The important matter is that these boundaries match correctly to the system which is analyzed; that they surround the typical land cover units and are the core area for the main socio-ecological functions. Accepting fuzzy boundaries for SES means that areas in the periphery may belong as well to some extent to other SES – e.g. the irrigated crops associated to Doñana core area of wetlands. The GIS will be used in this case to avoid double counts. 
Of course, the coarse modeling used to at this early stage accounting has just the advantage of allowing a quick start and produce short term accounts. A quality assessment of the map is currently done with MedWet experts. Progressively, modeled boundaries will be substituted with more precise boundaries mapped upon improved data. 
Examples of SES maps produced from CLC:
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Figure 3.6: Map of SES Wetlands for the North-East and North-West Mediterranean
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Figure 3.7: Map of SES Wetlands, details for the North Adriatic
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Figure 3.8: Map of SES Wetlands, details for the North Aegean

3.2.3. Maps of the 4 case studies 

When coming to the local level, wetland socio-ecosystems may need to be re-mapped for analytical purpose as well as on account of data availability. Some socio-economic data are detailed only by municipalities, other data from sampling are relevant only for the statistical population sampled, as a whole. One progress is expected with the development of gridded statistics, essential at the macro and meso scales for integrating economic, social and ecological dimensions; grids can be helpful at the local level as it will be shown in Chapters 4 and 5.
Maps of the 4 case studies have been considered therefore on several grounds:

· clusters of municipalities;

· perimeter of a national or regional park/ reserve;

· hydro-geo-morphological units.
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[image: image12.png]Figure 15 Chlorophyll content over Lake Burullus, Egypt
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