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Abstract

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

Résumé

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

Introduction

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

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

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

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

Italy. Most of these have also attempted to
quantify past losses. But despite this wealth
of national and regional information, a full,
pan-Mediterranean overview had yet to be
produced. The closest attempt so far was by
Caessteker (2007). Following Hecker &
Tomas-Vives (1996), he reviewed information
on all Mediterranean countries, but summa-
rized quantitative information only for the 16
best-known ones (out of 27). It was shown
that collectively, the 16 countries harboured
at least 4.5 million hectares of wetlands. How-
ever, this result was hampered by the fact that
figures were not available for several coun-
tries known for their huge wetlands (e.g.
Algeria, Egypt, Libya…), whilst for others the
figures proposed were clearly under-estimates
(e.g. France). As a result, the Mediterranean
picture was still very incomplete.
Beyond inventories, monitoring the surface
area of wetlands is even less developed at the
Mediterranean scale, although good attempts
exist at local scale. Despite improved meth-
ods and tools for remote sensing, and an ever-
increasing quality and availability of satellite
images, translating their results into mean-
ingful and reliable metrics of change for wet-
land habitats – and other ecosystem types –
has proved challenging to date at regional
scale (Walpole et al. 2009).
In this paper, we assess the existing wetlands
in the 27 Mediterranean countries around the
year 2000. We measure it in terms of surface
area and number of wetlands. We also try to
identify the relative importance of artificial vs.
natural wetlands. Whenever possible, we both
update the figures for the 16 countries cov-
ered by Caessteker (2007), and bridge the
gaps for the remaining 11 countries – which
had not yet been completed. Secondly, we
evaluate the changes in wetland extent over
the 20th century. Finally we evaluate the pos-
sible advantage of using CORINE Land-
Cover information for monitoring wetland
extent in the future.
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Material and methods

Area studied

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

Definition of wetlands

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

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

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

Data

A review of published and grey literature and
Internet pages was performed, largely
focussing on bridging the gaps in knowledge
that remained after earlier reviews of existing
Mediterranean (Hecker & Tomas-Vives 1996;
Caessteker 2007) or European (Nivet & Fra-
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Figure 1 – Proportion of wetland coverage, in relation to total country surface area, for Mediterranean countries. Serbia and Kosovo
are presented together, as the latest information available dates back to years when they were united. 
Sources: see Table 1.
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Table 1 – Existing surfaces of wetlands in Mediterranean countries by year 2000 (±10 yr); 1a Europe; 1b North Africa, Middle East and
overall totals. Countries with an existing, comprehensive wetland inventory (or assessment) are indicated with **; countries
with only a preliminary or partial/regional inventory(ies) with a *; national totals in North Africa/Middle East exclude oases,
which are estimated separately.

1. “The Statistical Yearbook of Bosnia-Herzegovina (1983) gives 400,000 ha (i.e. 11% of the country area) as the total surface area covered by wetlands 
in the country. No precision is given on how this estimate was made” (Nivet & Frazier 2004).
2. Under-estimated minimum: data only available for the Rhone watershed, i.e. one-quarter of the country. Wetland extent (in ha.) is for the full country.
3. Includes Montenegro and Kosovo, still united at the time the estimate was produced.
4. Highest figure includes floodplains; lowest figure only strict wetlands outside floodplains.

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



zier 2004) wetland inventories. The review
collected systematically, whenever available,
national data on:
– current surface areas of wetlands in
Mediterranean countries;
– the relative importance of natural vs. artifi-
cial wetlands;

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

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

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

Calculations

Wetland surface area per country

We used the figures from comprehensive
national inventories with reliable totals when
they were available. When this information
did not exist, simple calculations were per-

formed in order to produce estimated ranges.
Figures from the non-comprehensive sources
described above were first corrected for the
inclusion of sometimes large percentages of
non-wetland habitats in the registered sites,
based on published or online site descriptions.
For instance, the Ramsar sites in Algeria,
when corrected using the Department of
Forestry (DGF) figures from 1999, 2001,
2002 and 2004, gave an actual wetland sur-
face area of only 30% of the indicated total
surface area.

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

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

Artificial vs. natural wetlands

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

57ecologia mediterranea – Vol. 38 (2) – 2012

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



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

Change of extent of natural wetlands
over the 20th century

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

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

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

surface (ha) 

Surface 
artificial 

wetlands (ha) 
% artificial wetland 

Sources
  

Albania 96,803 19,449 20% Mima et al. 2003 

Bulgaria 104,750 40,197 38% 
Michev & Profirov 2003; 

Michev  & Stoyneva 2007 

Croatia 390,885 20,050 5% MEPPP 2003 

Cyprus
 

9913
 

320
 

3%
 

Derived from Heath & Evans 
2000 

France ( 4 
départements only : 
Var, Gard, Herault 
and Bouches du 
Rhone) 

174,439

 

72,033

 

41%

 

Gomila & Peyre 2004; 
Bousquet & Willm 2001; 

Anonymous 2006; Biotope 
2004 

Greece
 

202,618
 

58,236
 

29%
 

Zalidis & Mantzavelas 
1995

 
and FAO-STAT 2012

 

Macedonia 59,291 8429 14% 
Micevski 2002; FAO-STAT 

2012 
Portugal 130,943 36,569 28% Farinha & Trindade 1994 

Slovenia 35,409 22,239 63% 
Water Management Institute 

2000 

Spain
 

491,900
 

377,900 77%
 

Casado & Montes 1995; 
Nivet & Frazier 2004; FAO-

STAT 2012 

Turkey 

 

2,062,000

 

493,000

  

24%

 

Ministry of Environment and 
Forestry 2007; M.Ataol/ 
DogaDernegi 2011, pers. 
comm. 

Tunisia 1,269,031 28,479 2.2% Hughes et al. 1994, 1997 
TOTAL 5,027,982 1,176,901 23.4%  

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

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

(average for 2005-2010).

 

Surface of 
Oases (ha) 

Surface of 
ricefields 

(ha) 

Minimum 
n° of 

reservoirs 

Minimum 
surface of 

reservoirs (ha) 
Albania  -  507 17,875 
Bosnia-Herzegovina -  29 ? 
Bulgaria - 6808 2530 39,500 
Croatia -  24 5966 
Cyprus -  29 320 
France ( Medit. 
Watershed only) 

- 19,933 155 15,000 

Greece - 27,653 25 35,824 
Italy - 232,165 145  ? 

Macedonia - 2874 19 6391 
Portugal - 26,356 9 33,969 

Slovenia -  72 2700 

Spain 150 110,858 1024 250,000 
Turkey  - 95,467 500+ 380,000 
Serbia-Montenegro-
Kosovo 

-  ?  ? 

Morocco 80,000 6233 90 80,000 
Algeria  93,000 184 44  ? 
Tunisia 36,000  21 28,479 
Libya 63,000  16 800 
Egypt 50,000 627,985 10 581,000 

Israel & Palestine
 

600 
  for the 
“Middle 
East” 

 

1

 

?

 

Jordan    400 

Lebanon   2 1000 
Syria   142 82,000 
Minimum Total  311,750 1,156,516  5397  1,561,224 

Table 2 – Minimum surfaces and number of some artificial wetland types 
in the Mediterranean.



Results

Surface and number of existing
Mediterranean wetlands

Surface

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

Number

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

Weight of the largest 
Mediterranean wetlands

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

The Nile delta is the largest wetland in the
region, with c. 2.3 million ha (10-14% of all
Mediterranean wetlands). Other large deltas
include the much smaller Guadalquivir (Spain:
165,500 ha), Po-Adige (Italy: 150,000 ha) and
Rhone delta (France: 145,000 ha). The largest
chott in North Africa is Chott El Jerid in
Tunisia, which jointly with Chott el Fedjadj
(very close and often listed together) covers
495,000 ha. In Algeria, Chott Melghir/Chott
Merrouane similarly cover together 275,000
ha, and Chott Ech Chergui c. 150,000 ha.
These chotts seldom fill up completely, so

most of these surfaces remain dry in most
years. In Egypt, the Qattara depression cov-
ers 300,000 ha and the Tawargha sebkha in
Libya c. 230,000 ha. Other very large wet-
lands include the huge reservoir of Lake
Nasser (Egypt: Aswan dam) with 581,000 ha,
and in Turkey the lakes Van (375,500 ha) and
Tuz Gölü, the largest salt lake in central Ana-
tolia (c. 160,000 ha).
Collectively, these 14 wetlands cover 5.3 mil-
lion ha, or 25 to 36% of the 15-22 million ha
of wetlands found in the Mediterranean basin.

Artificial vs. natural wetlands

The 12 countries (or parts of countries) with
sufficient data to assess the relative impor-
tance of artificial vs. natural wetlands repre-
sent over 5 million ha of wetlands in total, i.e.
one quarter of the regional total (Table 3).
Depending on countries, artificial wetlands
represent between 2 and 77% of national
totals. For these 12 countries taken jointly,
c. 23% of their existing wetlands are artificial.
Extrapolating this ratio with caution to the
whole Mediterranean basin, with its 15-22
million ha of wetlands, would suggest the
existence of 3.5 to 5.1 million ha of artificial
wetlands.
Separately, pan-Mediterranean statistics for
the main artificial wetland types (Table 2)
identify c. 75,000 ha of saltpans active in the
Mediterranean in the mid 1990’s (Sadoul et
al. 1998; N. Sadoul, pers. comm.); over
1.1 million ha of ricefields (FAO-STAT 2012);
at least 1.5 million ha of reservoirs (Margat &
Treyer 2004 and national sources cited in
Table 1 – incomplete data1), and c. 312,000 ha
of oases (Toutain et al. 1989). The combined
total, c. 3.1 million ha, is clearly an under-
estimate due to the lack of statistics on reser-
voirs for 7 countries, and of pan-Mediter-
ranean data for all other artificial habitats (e.g.
fish-ponds, sand or gravel pits, waste water
treatment ponds, industrial lakes…). It is
therefore fully compatible with the results that
an extrapolation from a sample of 12 coun-
tries would suggest, i.e. 3.5 to 5.1 million ha
of artificial wetlands. This convergence sug-
gests that approximately one quarter (c. 23%)
of the wetlands in the Mediterranean basin are
artificial wetlands.
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1. Data cover only 20 of 27 Mediterranean countries, and one
of them only partly.



Changes in existing wetlands

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

Wetland loss is not affecting all types of wet-
lands equally. For instance in Spain, there was
60% overall wetland loss between 1800 and
1990, but this ranged from small loss for
mountain and karstic wetlands, to larger
losses for inland saline, coastal, inland fresh-
water and floodplain wetlands (23%, 60%,
68% and 80% respectively) (Casado &
Montes 1995).

Cross-checking with CORINE 
Land-Cover data

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

The CLC maps also allow an estimation of the
main habitat types present in the 16 countries
covered in 2006 (±1 yr) (Figure 3). In addition,
“Meadows” cover an extra 13 million ha, but
the relative proportion of “Wet meadows”
(which are wetlands) and “Dry meadows”
(which are not) among this total is unknown,
as CLC does not separate them. Thus, wet
meadows are potentially one of the most abun-
dant wetland types in Euro-Mediterranean
countries. “Water bodies”, i.e. freshwater lakes
and reservoirs, appear as the second most
prominent wetland type (2.1 million ha) fol-
lowed by ricefields (0.8 million ha), water
courses and inland marshes (almost 0.5 million
ha each). Lagoons, estuaries, salinas etc. cover
smaller extents. CLC figures can be compared
with independent, official statistics for ricefield
surfaces, which are specifically monitored by
the Food and Agricultural Organisation (FAO-
STAT 2012). Based upon this source, average
ricefield cultivated area in 2005-07 was 5164
ha (Bulgaria), 17,418 ha (France), 227,531 ha
(Italy), 2471 ha (Macedonia), 24,746 ha (Por-
tugal), 109,083 ha (Spain) and 92,633 ha
(Turkey). Conversely, CLC produced totals for
the same period that were systematically
higher than national statistics, by factors of 2.8,
2.1, 1.3, 2.1, 2.1, 1.3 and 2.7, respectively.
These results were statistically significant
(Sign test; N=7 countries; p=0.02).
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Figure 2 – Loss of natural wetland area in selected Mediterranean
countries/provinces in (mainly) the 20th century.
Sources as in Table 1, plus Pullan (1988) and Psilovikos (1992). 
Note that (1) some of these losses include conversion from natural
to artificial wetlands, e.g. ricefields, reservoirs…; and (2) although
figures for Spain span almost 200 years, the original source
highlights that the great majority were lost in the 20th century.



Discussion

Mediterranean wetlands: 
1.5% of a global resource

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

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

The apparent discrepancy between the pic-
tures provided by either the number or the
surface area of wetlands results from two
causes. The first one is the degree of com-
pleteness of inventories: still basic and pre-

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

Continuous wetland loss 
during the last century

National inventories and other studies
attempted to quantify past wetland losses over
different time periods in different countries,
with a variety of methods. It is therefore not
yet possible to pool national results into a reli-
able, synthetic figure that encompasses all
losses in the Mediterranean region. However,
existing national or sub-national datasets (Fig-
ure 2) suggest that the region has probably
lost c. 50% of its wetlands during the 20th
century. The Mediterranean basin seems to
have followed the global trend, since world-
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Figure 3 – Main wetland types in 16 Euro-Mediterranean countries in 2006 
(+ 1 yr), calculated from CORINE Land-Cover data. 
(N = 4.3 million ha; source: http://sia.eionet.europa.eu/CLC2006),
excluding meadows (see text).



wide loss over the same period has also been
estimated at 50% (Finlayson & Davidson
1999). Part of these losses includes an unspec-
ified percentage of conversion to artificial
wetland types (reservoirs, ricefields…).

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

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

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

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

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

Importance of artificial wetlands 
in the Mediterranean

Over the 20th century, the creation of many
artificial wetlands took place, partly over for-
mer natural wetlands. These wetlands are

ecologia mediterranea – Vol. 38 (2) – 201262

CHRISTIAN PERENNOU, CORALIE BELTRAME, ANIS GUELMAMI, PERE TOMAS VIVES, PIERRE CAESSTEKER



treated differently in each country, with some
countries listing all artificial wetlands (e.g.
Slovenia, Albania) while others largely omit
them (e.g. Spain; Casado & Montes 1995).
However, this could be circum-vented thanks
to existing, independent statistics on these
man-made habitats. With a necessary caution
due to a European bias in existing data, arti-
ficial wetlands now represent about one quar-
ter of the total surface area of Mediterranean
wetlands. They are principally made of reser-
voirs and ricefields. In some countries (e.g.
Slovenia, Spain) artificial wetlands may now
represent up to 2/3 or 3/4 of the total wetland
area. For instance, in the Ebro Delta (Spain),
210 km2 of the 320 km2 total wetland surface
area are now ricefields. This is a huge con-
version compared to the 300 km2 that were
natural habitats in 1860 (Martinez-Vilalta
1996).

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

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

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

Probably the main limitation of CLC is that it
does not distinguish yet between wet and dry
meadows. In countries like France that have
large extents of both, and where partial data
suggest that wet meadows may actually be the
dominant wetland type (Cizel 2010), the
resulting range in wetland surface area is
extremely broad (by a factor 15; Table 1)
because of an unknown percentage of wet
meadows within the CLC category “Mead-
ows”. Other wetland types are clearly under

or over-estimated by CLC, too. For instance,
France has between 60,000 and 100,000 ha of
peat-bogs (Pôle Relais Tourbières 2011),
rather than the 6,800 ha detected by CLC.
This may be due to the fact that CLC only
maps land-cover patches of a size superior to
25 ha (e.g. SoES 2011): most peat-bogs are
too small to be detected, and/or occur under
tree cover. On the other hand, CLC tends to
over-estimate the areas covered by other wet-
land types like ricefields.

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

Conclusion

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

Wetland losses are even less well-known than
existing wetlands. Nevertheless, data for a
sample of countries suggests that around half
of the wetlands have been lost in the course
of the 20th century. Quantifying these past
losses by using old maps has not been
attempted on a large scale (but see an exam-
ple in Levin et al. 2009). This would proba-
bly prove very valuable for areas like North
Africa, which lost large areas of wetlands 80-
150 years ago. Wetland loss continues nowa-
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days and conservation actions are still deeply
needed. National programmes to monitor
trends in wetland surface area are required in
all countries, even where good national inven-
tories exist. This would provide the necessary
information to confirm whether wetland loss
has slowed or eventually stopped following
conservation actions.
Large-scale land-cover maps such as CLC do
not yet fulfil their promises for monitoring
national wetland areas. But other approaches
combining satellite images over a large sam-
ple of wetlands with other sources of infor-
mation, such as digital elevation models, are
starting to provide potential tools for moni-
toring wetland areas at pan-Mediterranean
scale (Hüttich et al. 2012). An alternative that
remains to be tested regionally would be to
monitor the extent of flooded areas – as a
proxy to wetland extent –, as recently under-
taken by Prigent et al. (2012) at global scale.
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