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The Tour du Valat
Research Centre for the conservation of Meditarranean wetlands

Founded in 1954 by its patron the visionary naturalist Luc Hoffmann, the Tour du Valat is a private
state-approved foundation. Its mission is to “halt the loss and degradation of Mediterranean
wetlands and their natural resources, restore them and promote their rational use”

The Tour du Valat has defined three axes of research:

Understanding for better management : the loss of biodiversity is one of the principal threats
for the 21% century and Mediterranean ecosystems are among the most severely affected by
this erosion. The conservation of species and populations requires better understanding of
demographic processes and their interactions with natural factors and human activities, in the
medium and long term.

Combine human activities with natural heritage : today it has been proven that human activity
represents the most serious threat to wetlands, paradoxically the ecosystem that contributes
the most to the development of humanity. It is therefore by reconciling human activities and
the protection of natural heritage that wetlands can be conserved for greater biodiversity and
the well-being of humanity.

Inform public policy makers : at the present day, information on the state of Mediterranean
wetlands remains fragmentary. As a result it is impossible to share findings at the level of the
whole Mediterranean basin or to agree about foreseeable changes, and therefore about the
solutions to be found and the actions to be taken. So we need to develop a genuine
awareness-raising and decision-making tool for the benefit of both public and private
authorities.

All these programmes are carried out by a scientific team, made up of about thirty specialists in
vegetal ecology, ornithology, aquatic organisms, hydrology, geomatics, socio-economics, geography
and statistics.

Some of the experiments are conducted on the Foundation's 2,600 hectare estate, of which 1,844
hectares are protected as a “Regional Nature Reserve”, which features natural habitats characteristic
of the Camargue, particularly rare and threatened habitats. The fauna and flora are remarkable: 460
species of plants, including about fifteen protected species, and more than 300 species of birds.

The Tour du Valat also takes action throughout the Mediterranean region in collaboration with a wide

range of partners. In particular, it was one of the originator of the MedWet Initiative, in which it is one
of the five Mediterranean wetlands research centres.
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Over the last 50 years, and especially since the adoption of the Ramsar Convention on
Wetlands in 1971, awareness-raising on the importance of these ecosystems has been constantly
increasing. Following the Grado Conference in 1991, the MedWet Initiative was launched with the
primary goal of contributing to the conservation and rational use of Mediterranean wetlands.

This collective action, directed by the Mediterranean Wetlands Committee (MedWet/Com), brings
together:

- 25 governments

- the European Union

- the United Nations Development Programme

- the Barcelona, Bern and Ramsar Conventions

- together with 7 NGOs and international wetlands expertise centres.

In 1997, MedWet became the first regional initiative under the aegis of the Ramsar Convention. Since
then, it has been recognised as a model of regional co-operation, which has inspired many other
initiatives around the world.

MedWet focuses on conservation actions in wetlands and on the promotion of national wetlands

policies. A regional forum is organised to encourage technical experience sharing, and a series of
methodological wetland management tools has also been published.
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| - INTRODUCTION

A - Mediterranean wetlands: still little known habitats that must be conserved

The two million square kilometres covered by the Mediterranean basin are one of the world's

biodiversity hotspots. Species belonging to diverse biogeographical and bioclimatic areas coexist
there. At the same time, there is a high percentage of endemic species, which are unknown in other
parts of the world (for example 52% of the plant species and 64% of the amphibians).
There is a stark contrast between abundance of life teeming in the wetlands and the often arid and
mountainous landscapes in which they are located. The lakes and fresh and salt water marshes in the
Mediterranean basin are not only breeding and wintering sites for millions of birds, they also play a
role as a stopping place for an even larger number of birds that eat and rest there during their annual
migration between Africa and Eurasia. Many mammals also find refuge there, particularly during the
hot and dry summer season. Although the large animals of the area have mostly disappeared (the lion
Panthera leo or the hartebeest Alcelaphus buselaphus), several rare species still survive in certain
large relatively undisturbed deltas (the Spanish lynx, Lynx pardina in Dofiana). The freshwater fish in
the northern-Mediterranean area are also remarkable with 249 endemic taxa, sometimes limited to a
single river or lake.

Mediterranean
wetlands are
home to
exceptional
biodiversity, of
which water
birds are the
most easily
visible
representatives.

© Thomas Galewski

Despite their richness, the Mediterranean wetlands are subject to high anthropogenic
pressures, which increased greatly during the 20" century. The degradations they have suffered and
continue to suffer are generally of two kinds. On the one hand, the resources they can provide are
being over-exploited: water for farming, vegetation — river forests and reed beds — for breeding and
industrial uses, fish and shellfish for food, and birds for game hunting. On the other hand, they have
been seen for centuries as useless and insalubrious habitats (vectors of diseases such as malaria),
leading to their being converted into agricultural or urban areas, or recreational zones for mass
tourism. It is estimated that half of the Mediterranean wetlands have disappeared in the last fifty years,
and those that remain are generally subject to various kinds of degradation and pollution.

Towards an Observatory of Mediterranean wetlands 6



While the strong demographic growth recorded in the area, particularly in the south and the
east, would indicate that theses pressure are set to increase in the next few decades, little information
is available concerning the biodiversity status of these key biotopes. It is true that surveys and
population monitoring are being carried out, at both local (parks and reserves) and global level (winter
water bird censuses of the Mediterranean/Black Sea complex conducted by Wetlands international),
sometimes over several decades. Unfortunately, until the present time, no effort has been made to
sum up the findings in a general report on the evolution of biodiversity in Mediterranean wetlands.
Today, this information is of prime importance for directing future conservation actions.

Urban
development
is a serious
threat for
coastal
wetlands
(Sete, South
of France).

© Sylvie Arques

Towards an Observatory of Mediterranean wetlands 7



B - An indicator for measuring the evolution of biodiversity: the Living Planet Index

Since 1998, the Living Planet Index has been the standard indicator used by the World Wide
Fund for Nature (WWF) to measure the state of conservation of major world ecosystems and their
biodiversity (Loh et al. 2006). The Zoological Society of London (ZSL) provides the project with
methodological support. This index was chosen, in particular, by the Convention on Biological
Diversity (CBD) to measure the progress made to meet its principal objectives: stop the loss of
biodiversity by 2010.

The Living Planet Index is based on the demographic trends of vertebrate populations
monitored from 1970 to the present day, throughout the world. To date (Collen et al. 2008), it gathers
together data collected from more than 4,000 populations — belonging to 241 species of fish, 83
amphibians, 40 reptiles, 811 birds and 302 mammals. Indices are calculated separately for marine,
land and freshwater species, then aggregated to obtain the global biodiversity index. Between 1970
and 2005, the Living Planet Index showed a decline of 27%, suggesting that the CBD objective will not
be attained (Figure 1).

In collaboration with WWF International and the ZSL, we applied this methodology exclusively
to the wetlands of the Mediterranean region. For this first version of the Mediterranean index, it was
possible to create a considerable database, which groups together the monitoring of 1400 populations
— belonging to 237 species of birds, 9 mammals, 12 of amphibians, 8 reptiles, and 35 fish - monitored
in the wetlands of an area that stretches from Morocco to Turkey and includes all of the regions
surrounding the Black Sea (Figure 2). The biogeographical zone of the Black Sea, although not really
part of the Mediterranean region, is taken into consideration because the populations of
Mediterranean and Black Sea birds are often considered to be a single entity (Delany and Scott,
2002). On the other hand, many typically “Mediterranean” species also reproduce in the Black Sea,
sometimes in greater numbers than elsewhere (for example, the slender-billed gull, Larus genei).

Towards an Observatory of Mediterranean wetlands 8
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Figure 1. World Living Planet Index (1970 -2003).

An index was also obtained for each of the three main systems: terrestrial, marine and
freshwater.

[From Loh et al. (2006)1
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© Thomas Galewski

Common shelduck, Karkinitska
bay (the Ukraine)

© Thomas Galewski

European pond terrapin, Ebro
Delta (Spair

Bar-tailed Godwit, western

Mediterranean Greater Flamingo, Larnaca salt

marsh (Cyprus)

© Thomas Galewski
© Thomas Galewski

Figure 2. Examples of some of the populations includ ed in the calculation of the Living Planet Index of Mediterranean wetlands.

The coloured areas indicate the limits of the geographical area investigated, which can be divided into three sub-regions:
- Western Mediterranean (Portugal, Spain, France, Italy, Malta, Morocco, Algeria, Tunisia) in yellow
- Eastern Mediterranean (Slovenia, Croatia, Serbia, Montenegro, Albania, Macedonia, Greece, Turkey, Cyprus, Syria, Israel, Lebanon,
Jordan, Egypt, Libya) in red
- Black Sea (Bulgaria, Rumania, Moldavia, Ukraine, Russia, Georgia) in blue.

10
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Il - METHODOLOGY

A — Data gathering

The data used for calculating the Living Planet Index are those of populations living in the
wetlands in the Mediterranean region, as defined in the introduction. Since the definition of wetlands is
rather vague, we used the one established by the Ramsar Convention in 1971, i.e., “wetlands are
areas of marsh, fen, peatland or water, whether natural or artificial, permanent or temporary, with
water that is static or flowing, fresh, brackish or salt, including areas of marine water the depth of
which at low tide does not exceed six metres”. However, the populations living in land habitats located
near a wetland were also taken into account. This case concerns especially protected areas of which
the major interests are the aquatic habitats, but which also include land areas (for example, the
Camargue Regional Park, the National Park of the Ebro Delta, and the Dofiana National Park). No
selection was made from the data obtained. However, in the case of gregarious waterbirds, which are
extensively monitored, research was focused above all on sites of major importance for them (most
often Ramsar sites).

The data on which the Living Planet Index is based are taken from different sources, such as
scientific journals, scientific reports on protected areas, books and Internet sites of non-governmental
organisations. An initial observation is that most monitoring surveys are published in specialised low-
readership journals. In addition, articles are generally written in the author's national or regional
language, which opens up many possibilities in the Mediterranean region! Secondly, little new,
unpublished data could be incorporated in this initial version of the Living Planet Index for
Mediterranean wetlands. Given the number of amateur and professional naturalists working in the
area, it is however probable that a considerable amount of information could still be potentially useful.
In the future, the creation of a network grouping together the various institutions and associations
taking part in the monitoring of populations will facilitate the exchange of this type of data.

Monitoring
programme of
European
pond terrapin
populations in
the
Camargue.

© B.Poulin
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The data used to establish the Living Plant Index may correspond to total population humbers

or approximate population size: estimates, density measurements, biomass, number of nests, etc.
These populations may occupy a specific site (pond, river or natural park) or a larger geographical
area (administrative region, country). The time series used must be represented by at least two
measurements (generally more), made between 1970 and 2008, in order to determine a trend
between the two points. For a single population, the measurements can come from different sources,
if the methodologies used are comparable. Plants and invertebrates are not taken into account
because too few time series are available.
Every time a time series is entered into the database, several fields of information are completed in
order to be able to calculate sub-indices, enabling more precise interpretation of the global Living
Planet Index (Table 1). It should be noted that the non-indigenous populations or species were
excluded from the analysis.

DATA META-DATA
SPECIES LOCALITY YEAR POPULATION
SIZE
Anas crecca Camargue 1970 26 240 TAXONOMY (class, order, family...)
Anas crecca Camargue 1971 10 170
GEOGRAPHY (locality, country...)
Anas crecca Camargue 1972 31030
ACTIVITY (breeding, over-wintering,
migrations...)
L]
[ ]
: REPRESENTATIVITY (% of Palearctic population
. size)
L]
L]
L]
: SYSTEM (freshwater, terrestrial, marine...)
.
L]
. PROTECTION (level of protection
of the area, presence on list of threatened
species...)
Anas crecca Camargue 2006 25 700 .
HABITAT (lagoon, freshwater lake, salina...)
Anas crecca Camargue 2007 31100

FEEDING (fish eater, insectivorous, vegetarian...)

Table 1. Examples of data fields recorded for each p  opulation in the Living Planet Index database.
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B — Calculation of indices

The Living Planet Index is an index of both abundance and biodiversity. During analysis, the
same weight is given to each species. The index obtained reflects the average demographic trend of
all the species monitored. Thus, a 100% increase in the index means that, on average, the population
of a species doubled during the period considered. Obviously, this is only an average trend, with some
species possibly having declined and others having increased at a rate above or below 100%. When
the trends of several populations are available for the same species, an average of the different trends
is calculated. This last point is potentially problematic in that a small population has the same weight
as a large population in the index calculation. In order to measure this bias, we calculated an index
that only takes into account populations that represent more than 1% of the Western Palearctic
population of the species concerned. The evolution of the index obtained is highly comparable to that
of the reference Living Planet Index (See Appendix page 36).

Before calculating the Living Planet Index, species were distinguished according to
geographical location: Western Mediterranean or Eastern Mediterranean / Black Sea. If the data had
not been grouped in this way, the index would be dominated by western Mediterranean species and
not be representative of overall biodiversity. An index was calculated for each of these two batches of
data. The Living Planet Index of Mediterranean wetlands is the mathematical average of these two
indices. The same methodology was used for calculating the sub-indices, except when there were not
enough data for the Eastern Mediterranean / Black Sea. This applies to the “land system”, “protected
areas”, and “vulnerable and endangered species” indices.

In order to measure the significance of the trends shown by the Living Planet Index and sub-
indices, 95% confidence intervals were calculated by means of a bootstrap resampling method with
10,000 replications. When data concerning the end or less often the beginning of the 1970-2008
period were too sporadic, the curve of the indices was voluntarily truncated in order to present a weak
trend.

For further information on the methodology of the Living Planet Index see Loh et al. (2005).

Towards an Observatory of Mediterranean wetlands 13



[l - ANALYSIS OF THE RESULTS

A - The Living Planet Index of Mediterranean wetlands

A situation that is now more favourable for water birds

The Living Planet Index — for all species combined — of the Mediterranean wetlands shows an
increase of 38% from 1970 to 2002 (Figure 3). This indicates that the species monitored have
increased their population by one third overall. This initial result is therefore good news, suggesting
that the loss of biodiversity has come to a halt.

2,5 — Living Planet Index

95% confidence interval

Index

1,5 7

0,5

1970 1975 1980 1985 1990 1995 2000 2005

Figure 3. Living Planet Index of Mediterranean Wetlands, 1970 -2002

However, this optimistic observation applies essentially to water birds. Most of the monitoring

efforts having been applied to gregarious water birds, which are easier to count, the other groups of
vertebrates (amphibians, reptiles, fish and mammals ) are under-represented in the database upon
which the Living Planet Index is based (Figure 4).
Even though the low number of populations monitored does not allow precise interpretation of recent
evolution at the Mediterranean Basin scale, the biodiversity index of fish, reptiles, amphibians and
mammals suggests a decline, as is observed elsewhere in the world (Stuart et al. 2004). Since birds
seem to be more resistant to anthropogenic pressures, better knowledge of the trends of the other
taxonomic groups is now seen as essential.

As birds represent major social and economic concerns, they have been the first to benefit
from conservation measures. The Birds Directive (1979), applied within the European Union, made it
possible to register a large number of species on the protected species list, bringing an end to
persecution campaigns against fish-eating birds (grebes, herons, cormorants). Likewise, the demand
for more rational hunting practices — no hunting during the pre-breeding migration and nesting periods
— together with the adoption of specific management measures have by and large enabled water bird
populations to be maintained. It's true that, from the 1970s, the increase in scientific knowledge and
the media coverage of environmental problems have totally transformed our perception of nature.
Considered up to then as insalubrious habitats, wetlands have started to be perceived as zones rich in
natural resources that must be managed sustainably (Ramsar Convention, EU Habitats Directive...).

Towards an Observatory of Mediterranean wetlands 14
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The protection of
many water birds
since the 1970s
has enabled the
great cormorant
to re-establish its
breeding and
wintering
populations in the
Mediterranean
region.
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The biodiversity
of very few
Eastern
Mediterranean
sites is subject
to monitoring.
Prespa Lake
(Greece) is one
exception.

© Tour du Valat

Another bias that the index is subject to is the spatial distribution of the data used (Figure 5).
Nearly two-thirds of the data used for the Living Planet Index comes from the north-western part of the
Mediterranean Basin, in particular Spain, France, and Italy. The Maghreb, the north-eastern
Mediterranean and the Black Sea areas account for the remaining third while the south-eastern
Mediterranean region is barely represented in the database. These gaps reflect the difficulty of
accessing data collected in these countries, and also the small number of population monitoring
activities carried out there. For example, there is no regular monitoring of wintering avifauna in the
most important Mediterranean wetland, the Nile Delta (Meininger and Atta, 1994). Yet it is precisely in
these regions that wetlands appear to be the most in danger today, as their conservation is perceived
as secondary in importance by comparison with economic imperatives.

Black Sea (Bulgaria, Rumania, Ukraine)

South -east (Egypt, Cyprus, Israel)

South -west
(Morocco, Algeria, Tunisia)

North -west (Portugal,
Spain, France, Italy,

North -east (Slovenia, Malta)
Croatia, Montenegro,
Albania, Macedonia,

Greece, Turkey)

Figure 5. Geographical source of the data used for the Living Planet Index of Mediterranean wetlands.
Only countries that provided data are indicated.
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B — Reqional disparities

Contrasting trends between the Western Mediterranean and the entire Eastern Mediterranean / Black
Sea area

To refine the overall analysis, indices have been calculated independently for three
Mediterranean sub-regions that differ in terms of their bio-geographical and socio-economic history
(Figure 2). Biodiversity has evolved very differently in the western and eastern parts of the
Mediterranean Basin (Figure 6). Whilst the species tied to wetlands indicate an increase surpassing
150% in the early 21* century in the west, they show a decline of 30 to 40% elsewhere. This negative
trend did not occur at the same time in the two regions: the decrease in the index can be seen from
the early 1980s in the Black Sea, whilst it occurs only from the middle of the 1990s, although very
rapidly, in the Eastern Mediterranean.

3
2.5 Western Mediterranean
— Black Sea
21 — Eastern Mediterranean
x
()
o]
£ 15
I
0,5

1970 1975 1980 1985 1990 1995 2000 2005 2010

Figure 6. Living Planet Indices of the three Mediter ~ ranean sub-regions

These opposing trends between west and east can be found in the indices obtained for three

orders of birds, which form the main contingents of water birds that reproduce and winter in the
Mediterranean region (figure 7). The Charadriiformes —gulls, terns and shorebirds— and Ciconiiformes
— herons, ibises and storks — have experienced a veritable demographic explosion in the Western-
Mediterranean in the past 40 years, with their nesting populations increasing tenfold!
This observation can be explained by the reinforcement of populations of species that have long been
present there (Little Egret Egretta garzetta, Yellow-Legged Gull Larus michahellis) but also and above
all through the massive establishment of species that until recently were limited to the eastern part of
the Mediterranean Basin (Great Egret Ardea alba, Mediterranean Gull Larus melanocephalus).
Although less spectacular, the Anseriformes — swans, geese and ducks — have also experienced an
increase in their index, mainly due to the rapid growth of several, once rarer species (Common
Shelduck Tadorna tadorna, Greylag Goose Anser anser) rather than the development of wintering
duck populations.

Towards an Observatory of Mediterranean wetlands 17
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Figure 7. Living Planet Indices of t he three main groups of water  birds, (A) in the Western Mediterranean,
(B) in the Eastern Mediterranean / Black Sea
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The situation is much less favourable in the Eastern Mediterranean / Black Sea areas, where
a fall in the index ranging from 40 to 70% can be seen for the groups of birds studied. For example,
several species whose strongholds had up to then been in the east of the Mediterranean region saw
their populations considerably reduced at the end of the 20" century: Gull-Billed Tern (Sterna nilotica),
Glossy Ibis (Plegadis falcinellus), Marbled Teal (Marmaronetta angustirostris).

Marbled teal
populations have
been greatly
reduced
throughout its
range, with the
decline continuing
in its Eastern
strongholds
(Turkey).

© Frédéric Veyrunes

How can such differing trends between the west and east of the Mediterranean region be
explained? Some of the countries of the west-Mediterranean having undergone development earlier,
the great drainage operations of the wetlands there took place prior to the 1980s. Later, realisation of
the value of these habitats, together with an effective protection of the last natural areas, allowed a
partial recovery of the animal populations that were probably at their minimal level in 1970. But it's
also plausible that the west-Mediterranean region has become more favourable to the establishment
of these new species. The banning of some particularly dangerous pesticides (DDT) in the 1970s in
the more developed countries probably helped the return of species situated at the top of the food
chain. However, the increase in populations of opportunistic species such as herons and gulls is not
necessarily synonymous with a better state of conservation of the natural habitat. These birds have
also been able to take advantage of the eutrophication of aquatic habitats, making them more
productive (herons) and/or the appearance of new resources of human origin, such as trawl discards

(gulls).

On the other hand, the decline observed in the Eastern Mediterranean / Black Sea complex
can be connected to the more recent economic development of this region. Combined with strong
human demographic growth, this results in increasingly drastic pressure on water resources. For
example, freshwater consumption in the principal countries of the south-eastern Mediterranean region
— Libya, Egypt, Israel, and Jordan — exceeds renewable resources (Wackernagel et al. 2006; Blue
Plan 2005). The rapid development of agriculture, manufacturing industry and tourism is leading to the
disappearance and deterioration of many wetlands, and the regression of the species that depend on
them. There is no lack of examples of ecological disasters. The complete draining of the largest
freshwater lake in Greece (Lake Karla), since 1960s, transformed into a vast agricultural plain,
deprived more than 430,000 water birds of their wintering area.

Finally, the negative trend observed in the eastern part of the study zone is all the more
worrying, as this region is home to most of the breeding populations of many species of water birds, to
the extent that a decrease in these populations could not be compensated by the growth rate recorded
in the western part of the Mediterranean basin (Figure 8).

Towards an Observatory of Mediterranean wetlands 19
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B Eastern Mediterranean/Black Sea

rranean/Black Sea populations of four

Glossy ibis
populations are
increasing in the
west of the
Mediterranean
Basin.
Nevertheless, the
vast majority of
the overall
population is still
confined to the
east of the
region, where
populations are
in decline.
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C — Evolution of systems and habitats

A worrying situation regarding terrestrial communities and ecotones

Most Mediterranean wetlands are coastal, and form an interface between the marine and
terrestrial systems. The complexity of the habitats created allows for the coexistence of a high
diversity of species with various ecological requirements. For example, certain pelagic species
regularly frequent the coastal lagoons and marshes during part of their biological cycle. This is the
case of nesting gulls and terns, and many fish in their juvenile stages (gilthead sea bream, Sparus
auratus, and sea bass, Dicentrarchus labrax). Other species frequent habitats that are usually
uncovered, but which form part of the wetland and sometimes play an essential role in the landscape,
the functioning of ecosystems and the ecology of species: riverine woodland, saline grasslands with
salicornia, alluvial meadows. The adult forms of many amphibians are an example of this. It would
therefore be an error to reduce the biodiversity of wetlands only to freshwater communities and those
submerged over long periods.

The gilthead
bream is a
common
marine fish
species in
Mediterranean
coastal
lagoons.

© Jean E. ROCHE

Marine and brackish water species have increased the most since 1970 (Figure 9). Their
index has been stabilised at a high level since the late 1980s. Seabirds show the most positive trend,
above all gulls (Audouin's gull, Larus audouinii, yellow-legged gull, L. michahellis, lesser black-backed
gull, L. fuscus, and great black-headed gull, L. ichtyaetus). The development of intensive fishing in
the Mediterranean Sea over the past decades has provided considerable additional food resources for
these piscivorous species, in particular because fish that cannot be sold are thrown back into the sea
(Oro et al. 2004). However, such management of halieutic resources is not sustainable in the medium
term; reductions in fishing quotas will very probably lead to a significant drop in the populations of
these bird species. The nesting populations of certain species characteristic of coastal lagoons and
intertidal mud flats have also increased, such as the common shelduck (Tadorna tadorna), oyster
catcher (Haematopus ostralegus), and greater flamingo (Phoenicopterus roseus). In this case, the
acquisition of a protected status or specific conservation actions have enabled the expansion of
populations that used to be very low in numbers due to direct anthropogenic pressures. Data
concerning organisms others than birds are rare. It is well-known that the use of beaches by tourists,
overfishing and the disturbance of hydraulic exchanges between the sea and the coastal lagoons has
a negative impact on the diversity of marine fish and, for example, sea turtles.

Towards an Observatory of Mediterranean wetlands 21
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Figure 9. Living Planet Indices for the three main systems : freshwater, marine (including saline coastal
habitats) and terrestrial.

A single system was chosen for each species, the system on which the species is most dependent in the
Mediterranean region.

The index of freshwater species also increased during the same period of time, but less
significantly, reflecting the contrasting evolution of the Western Mediterranean and the Eastern
Mediterranean/Black Sea complex (see page 17 — Chapter « Regional disparities »).

Species of colonial water birds, herons, ibises, spoonbills, cormorants, and pelicans have increased
locally, mainly in the western part of the Mediterranean region. Highly sensitive to disturbance, these
species have taken advantage of measures such as the monitoring of colonies or the development of
safe artificial nesting sites (rafts, islets, tree planting) (Perennou et al. 1996). Shooting bans and
environmental education have also reduced the pressure on certain species, at least locally.

In addition, despite the damage incurred by part of the aquatic fauna, the introduction of exotic
species in Mediterranean rivers and marshes has generally been advantageous to piscivorous birds.
For example, in a few decades, the Louisiana red swamp crayfish (Procambarus clarkii), the
pumpkinseed sunfish (Lepomis gibbosus), and the topmouth gudgeon (Pseudorasbora parva) have
become very important prey for herons, storks and cormorants (Peris et al. 1994).

Finally, while many wetlands have been disappearing, territorial development in these areas has also
resulted in the creation of new artificial wetlands, which are managed for agricultural or aquacultural
activities: embankments, rice fields and fish farming ponds. Generally home to scarcer biodiversity
than equivalent natural areas, they are nonetheless interesting surrogate habitats for certain
opportunistic species. These artificial habitats help reduce the hydro-climatic risks that are
characteristic of the Mediterranean region. This is particularly true of rice fields, on which a significant
proportion of Mediterranean heron populations depend (Fasola et al. 1996).

There is too little currently available data to have a clear picture of recent changes in
populations of amphibians and freshwater fish. However it is known that the introduction of exotic fish
and shellfish, deterioration of water quality and habitat fragmentation — all scourges of Mediterranean
wetlands — have negative effects on these sensitive species (Brana et al. 1996; Lehniten et al. 1999).
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Most herons
make massive
use of rice fields.
These artificial
habitats now play
an important role
in the
conservation of
the Squacco
heron .
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The terrestrial species index does not follow the positive trend found for marine and
freshwater species, indeed there appears to be a decrease in biodiversity (Figure 9). Ground birds,
like the other terrestrial taxonomic groups, show a rather worrying evolution in their diversity. Steppe
species are in decline (for example the calandra lark Melanocorypha calandra) together with species
until now characteristic of cultivated countryside (shrikes Lanius spp). It is true that wetland protection
measures are mainly limited to water bodies, neglecting surrounding land habitats.

A primary cause of biodiversity loss is the disappearance of natural habitats: riverine
woodlands, alluvial meadows, saline grasslands, etc. Despite an increase in protected areas, the
surface area occupied by natural habitats in the Camargue was halved between 1942 and 1984
(Tamisier, 1990), a trend which continues today at a slower pace. Grassland and sansouire
(Salicornia grassland) are the habitats that have regressed the most, having been replaced by agro-
industrial land uses. Elsewhere in the Mediterranean region, the expansion of urban habitats is a
major factor in the disappearance of natural land areas.

A second cause of reduced biodiversity, common to all developed countries, is the
intensification of agriculture. The resulting loss of refuge zones (hedge clearance) and food resources
(insect and seeds of non-crop plants) has led to the decline of many species that were previously
common in cultivated areas.

Species suited
to terrestrial
habitats, such
as this
woodchat
shrike , appear
to have declined
since the 1970s.

© Frédéric Veyrunes
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D - Evolution of biodiversity in the context of climate warming

Towards the tropicalisation of the Mediterranean region?

Wetlands are directly threatened by the current climate change. The expected reduction in
precipitation together with prolonged droughts and the rise in sea levels could lead to the
disappearance of many of them. Increased temperatures could also cause a transformation of
Mediterranean communities. Paleotropical species, whose range includes the Mediterranean basin but
is mainly centred on the hot regions of the planet (fan-tailed warbler Cisticola juncidis, black-winged
stilt Himantopus himantopus), have increased greatly since the 1970s (Figure 10). It is difficult to
relate this growth to climate warming because several other factors may be involved. However, there
is undoubtedly a northward expansion of the ranges of many species (Cetti's warbler Cettia cetti),
even beyond the Mediterranean zone (Huntley et al. 2008).

Another change can be observed regarding long-distance migratory birds, which usually

spend the winter in sub-Saharan Africa after breeding in the Palearctic. Populations of these species
wintering in the Mediterranean region, and therefore not crossing the Sahara have increased
significantly since 1970 (Figure 10). However, overall populations of these long-distance migratory
species do not show a positive trend, the index of their nesting or migratory stopover populations not
having increased over the same period. For example, some partial migrators have become
sedentarised (little egret Egretta garzetta), whilst some populations of central or northern Europe now
winter in the Mediterranean, which had previously only been a rest area on their migratory path (little
ringed plover Charadrius dubius, Caspian Tern Sterna caspia).
These populations have benefited from winters that are generally milder, but experienced drastic
drops in their populations during exceptionally cold spells (for example the winters of 1985 and 86 in
the Camargue).The appearance of food resources available all year (household waste dumps,
Louisiana red swamp crayfish Procambarus clarkii) may also have favoured the over-wintering of
certain species (European white stork Ciconia ciconia). These results suggest that the importance of
Mediterranean wetlands could increase in the future, especially if the deterioration of Sahelian African
aguatic ecosystems continues at its current pace.
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Climate warming
or the
appearance of
new resources?
Whatever the
reason the white
stork is an
increasingly
common sight in
Mediterranean
wetlands during
the winter.
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E - Effect of conservation measures

A second chance for species in danger

The International Ramsar Convention (1971), the MedWet Initiative (1991), the Barcelona
Convention (1976) and its protocol on specially protected areas and biological diversity (1999), and
the Agreement on the Conservation of African-Eurasian Migratory Water birds (AEWA, 1999) have all
been effective driving forces in identifying and protecting wetlands of major importance in the
Mediterranean. Here as well, protecting the important sites is easier in certain advantaged countries,
which are broadly equipped with protection policies for natural areas (France, Italy, Spain), than in the
majority of countries of the east and south of the Mediterranean region. Even though the level of
protection can vary considerably among different wetlands, vertebrate communities are clearly
benefiting from the change in status of their habitats. For example, the indices obtained independently
for protected and unprotected sites do not show the same trend, as the biodiversity of the latter is not
increasing (Figure 11). The establishment of lists of threatened species that should benefit from
priority actions for their conservation has also visibly had a positive impact on their dynamics.
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Figure 11. Living Planet Index for protect ed and non protected wetlands and species registere don
endangered species lists at the European scale.
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Figure 11 shows an index calculated solely for the populations belonging to species classified
as vulnerable or in danger of extinction on the red list of the IUCN or the SPEC (Species of European
Concern) list of Birdlife. We can see that the decline of these species reversed from 1980. Their index
now shows an increase higher than that of the Living Planet Index, all species combined (Figure 3).
The species considered endangered benefit more often than not from specific conservation actions
that result, among other things, in the restoration of favourable ecological conditions and in
reintroduction operations (Majorcan Midwife Toad Alytes muletensis, Crested Coot Fulica cristata,
Purple Swamphen Porphyrio porphyrio) The situation is undoubtedly much more of a problem for the
freshwater fish endemic to the Mediterranean Basin, which, in addition to having to deal with the
deterioration of their habitat (pollution, drainage, construction of hydraulic dams), are faced with the
introduction of a growing number of species of non-native fish that are potential competitors or
predators. It is within this group that we note the extinction of seven endemic species over the last few
decades.

The purple gallinule is
restricted to a few
wetlands in Morocco,
Spain, Sardinia, Turkey
and Algeria. As a result
of reintroduction
operations, the species
is gradually
repopulating regions
from which it
disappeared more than
a century ago
(Catalonia, South of
France).

© Thomas Galewski

Towards an Observatory of Mediterranean wetlands 27



ZOOM-IN ON THE CAMARGUE (France)

Before flowing into the
sea on the north shore of the
Mediterranean, the Rhéne forms
a huge 140,000-hectare delta, the
Camargue. It's a wetland of
international significance, whose
fauna and flora benefit from many
monitoring programmes, some of
which date back more than 50
years. The abundance of data
available today concerning the
Camargue makes it possible to
folow and understand the
evolution of biodiversity at a local
level.

© Sylvie Arques

The “Camargue” Living Planet Index shows a globally positive trend, with a 65% increase in the index
from 1970 to 2007 (Figure 12). This result ties in with the positive dynamic observed throughout the
western region of the Mediterranean Basin. However, a finer analysis, produced in function of major
types of ecosystems or groups of species, makes it possible to examine more carefully and qualify the
biodiversity trend in the Camargue.
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Figure 12. Living Planet Index of the Cam argue (South of France)
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A — Increase in freshwater populations

The species using the Camargue’s freshwater aquatic habitats are mainly linked to marshes of
fluvio-lacustrine origin and some to the artificially flooded habitats that have partially replaced them
(rice fields, irrigation canals). These
are the species that are experiencing
the strongest expansion, nearly 100%
over a 37-year period (figure 13). The

origin of their dynamism can partially The freshwater
be found in the increase of surface marshes of the
area of the protected wetlands in the Camargue are
Camargue and in their protective of international
management, together with the importance for
adoption of water and hunting the Gadwall.

management of the marshes. In order
to keep the habitats attractive for
waterfowl, most of the hunting
marshes are intensively managed and
kept flooded all year. © Thomas Galewski

The maintenance of abundant and stable resources over time has benefited some of the animal
communities, especially water birds. Thus, despite significant catches (estimated at 150,000 ducks
and coots each year), the Camargue remains a wintering area of foremost importance for these birds,
with populations that fluctuate, but are apparently stable in the long term (Figure 14). Ciconiiforme
populations, especially herons, have sharply increased, perhaps helped by the appearance of a new
and very abundant food resource: the Louisiana red swamp crayfish. But this evolution has probably
contributed to reducing the uniqueness of the Camargue marshes, notably by affecting the populations
of species adapted to summer drought, though with little impact on the overall index.
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Figure 13. Living Planet Index of the Camargue’s fre  shwater/brackish wetlands
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B — Recent conservation problems for the laguno-marine Camarque

After continuing at a high level since the middle of the 1970s, the index for the Camargue

brackish habitat (lagoonal and saline meres) is currently decreasing (Figure 13). An example of the
difficulties encountered by the communities inhabiting these habitats is illustrated by nesting Laro-
Limicolae. These birds (gulls, terns and waders) are a major feature of the whole laguno-marine
Camargue during the breeding season. They form large multi-species colonies on the islets of lagoons
and salinas. Their index shows that the positive dynamics characterising this group in the second half
of the 20" century have reversed recently.
Initially from 1953 to 1973, the expansion of the salinas created new food and reproduction zones that
favoured the Laro-Limicolae populations. Furthermore, immigration from the Black Sea may have also
played a role in the colonisation of the region by two hitherto rare species: the Mediterranean Gull
Larus melanocephalus and the Slender-Billed Gull Larus genei. The dyking up of the salinas has
nevertheless led to a stabilisation of the habitat and blocked the process of renewing small islets,
making them gradually less favourable for breeding. This stabilisation of the habitat has favoured the
Yellow-Legged Gull, a large predatory species, which tends to prevent other species of Laro-Limicolae
from settling. These latter have thus been forced to occupy poorer quality sites (dykes and even
recently freshwater marshes), which are more accessible to land predators. After a long period of poor
breeding success, the populations of Laro-Limicolae as a whole — with the exception of the Yellow-
Legged Gull - are thus now on the decrease.

Once rare, the
Yellow-Legged
Gull underwent a
steep increase in
population during
the 20" century,
to the extent that it
now represents a
threat to several
species of colonial
water birds.

© Thomas Galewski
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C — Unknown trends for terrestrial communities

Faced with the abundance of aquatic species, terrestrial communities have been relatively

little monitored in the Camargue. It is above all land nesting birds that are regularly counted in several
protected zones, without our being sure that these local trends reflect those of the whole region. The
fact that a rather stable index (Figure 14) has been obtained must therefore be interpreted with
caution. This stability could nevertheless reflect the existence of a contrasting trend between open
habitats (saline scrub, grasslands, dry agricultural lands) and closed habitats (woodlands, bushy
areas). The destruction of the original biotopes and the intensification of agriculture, which have
speeded up over recent decades, have reduced the carrying capacity for a whole range of avifauna
that was once characteristic of the Camargue.
On the other hand, after having been reduced to negligible surface areas, woodland is now in a growth
phrase in the Camargue. The consequences of these changes in land-use can now be seen by direct
comparison of the lists of breeding species from the 1970s and the 2000s. Some open habitat
species, namely macro-insectivore species and those associated with low-intensive cultivated
countryside, have disappeared (such as the Common Scops Owl Otus scops and Lesser Grey Shrike
Lanius minor). On the other hand, forest species or those taking advantage of changes in agricultural
production have found favourable conditions for settlement (such as the Wood Pigeon Columba
palumbus and the Common Buzzard Buteo buteo).
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Figure 14. Living Planet Index of four Camargue bird communities
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D — Populations sensitive to climatic variations

A drop in the Camargue Living Planet Index can be seen from the mid-1980s to 1993. This
apparent drop in biodiversity could be due to various causes, but mainly of climatic origin. For
example, the index of freshwater wetlands is in net decline between 1985 and 1988, as is the
Ciconiiforme index. These decreases coincide with a series of harsh winters, marked especially by
cold snaps on a scale unusual in the south of Europe in January-February 1985 and 1987. Sedentary
Mediterranean-type species were especially affected by the periods of prolonged frost, because their
food resources were made inaccessible. Several years were required for populations to recover to
equivalent levels to those of the period prior to these cold snaps (Cattle Egret Bubulcus ibis).

Concerning the index for brackish wetlands, there was a significant decline between 1988 and
1993. This evolution can be found in the fish population of the Vaccarés pond (Figure 15), the
cornerstone of the Camargue laguno-marine system. The exceptional rise in water level of the Rhéne
in autumn 1993, followed by wet winters (1994-1997), led to a very significant rise in the water level of
the lake, as well as a significant drop in salinity. This situation lasted several years, particularly due to
considerable agricultural wastewater discharges. These unusual conditions benefited the growth of the
Vaccares fish population, in particular numerous freshwater species, thus explaining the increase in
the index during those years. However, more precise analysis shows that the species non-native to
the Camargue — all of which are freshwater species — responded very strongly to this modification of
the habitat.
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Figure 15. Living Planet Index on the fishin  the Vaccares pond (Camargue)
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E — Living Planet Index : a tool for local management ?

Analysis of the evolution of Camargue vertebrate populations over the last 40 years shows the

extent to which they are sensitive to variations in land-use by man and to abrupt climatic variations.

The recent setting up of nhew monitoring programmes — on amphibians, bats and land birds,
whose data can be included in an indictor such as the Living Planet Index — will enable us to go even

further in the analysis and interpretation of trends.

However, it’s important that these efforts continue in the long term and deal with the entire
delta, including the unprotected areas, which are subject to greater anthropogenic pressures.

© Jean E. Roché

Fishing in the Vaccares.

The drop in salinity of the
Vaccares pond has furthered the
establishment of largely non-
native freshwater fish.
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IV — GENERAL CONCLUSION AND FUTURE PROSPECTS

By adopting the Living Planet Index methodology, developed by the WWF and the ZSL, for the
first time we have at our disposal an objective tool for measuring biodiversity trends in Mediterranean
wetlands. Among the numerous results obtained, the most important is perhaps the confirmation that
the situation is continuing to worsen in the Eastern Mediterranean / Black Sea. This observation is
troubling: populations of many species are now concentrated there and the residual area occupied by
Western Mediterranean wetlands would not be able to absorb any future emigration. Admittedly, some
groups of species — above all gulls and herons - have greatly increased in humbers over recent
decades, and are perhaps more abundant today than ever before. However, this does not reflect an
improvement in the quality of habitats, but rather an increase in resources of human origin or the
appearance of exotic species-prey, which benefit certain opportunistic species. The improvement in
the Western Mediterranean index is nonetheless a reason for optimism. The protection of the last
remaining great wetlands, together with conservation actions specifically aimed at saving the most
endangered species, have improved the deeply worrying situation faced by biodiversity in this region
during the 1970s. It is now necessary to extend conservation efforts to the transition zones between
aquatic and terrestrial ecosystems. Victims of intensive farming and urbanisation, these habitats
continue to be lost.

In order to monitor and understand changes in Mediterranean biodiversity in the context of the
global changes on the horizon, long-term monitoring of populations must be continued and further
developed. This first version of a Living Planet Index of Mediterranean wetlands provides an initial
assessment of these needs. The first observation is there is too little accessible data from the eastern
and southern parts of the Mediterranean region. Yet, it is there that the situation seems to be the most
critical today. The development of biodiversity monitoring, accompanied by the centralisation and
publication of results must be a priority for all the countries involved, so that an assessment of the
state of conservation of wetlands can be drawn up at any time. The second observation is that the
monitoring of populations concerns essentially birds, to the detriment of other classes of vertebrates.
Yet, as we have seen, birds seem to adapt rather well to the transformation of their biotopes, and are
not always good indicators of the qualitative evolution of their habitats. The counting of other
organisms — amphibians or fish — in closer contact with the aquatic habitat should thus be reinforced.

With its simple methodology, the Living Planet Index has proved an efficient tool for measuring
the state of conservation of a natural area rapidly and on a continual basis, from the global to a very
local level such as that of a park or reserve (see the example of the Camargue). In addition to
visualising the results of conservation efforts that have already been provided, this index demonstrates
the heterogeneousness of the available information, which makes it possible to orient new monitoring
programmes. Despite their possible limits or biases, such tools are indispensable for informing the
general public and decision-makers about changes in biodiversity. To conclude, it could well be
advantageous to base the activities of the Observatory of Mediterranean wetlands and the local
observatories on a set of integrated indicators such as the Living Planet Index.

Amphibians are better indicators
than birds to measure the state of
health of wetlands. More monitoring
programmes should be developped.

© T. Galewski
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VI - APPENDIX

3
2,5 . .
— Index (all populations included)
) — Index (only when population size > 1% of Palearctic population)
X
Q
©
c
- 15
1
0,5
1980 1985 1990 1995 2000

1970 1975

Appendix. Living Planet Index of populations superio r to 1% of the Palearctic population size.

Towards an Observatory of Mediterranean wetlands

36



