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Abstract

Wetlands are key habitats connected physically and socially with processes occurring over a much wider territory. The biotic connection
through dispersal mechanisms among wetlands is of primary importance to wetland management and policies. However, traditional wetland
conservation approaches are based on the preservation of isolated sites considered to be of special importance (typically owing to their
importance for concentrations of migratory waterbirds). Research linking local species richness and bird migration suggests that the effect
of wetland loss on regional diversity might be much larger than what would be expected from direct habitat loss. Since the biotic connection
among wetlands serviced by waterbirds appears to be more efficient within a limited range, the distribution of wetlands in space is a key
aspect determining wetland connectedness even in the absence of direct hydrologic links. Protected areas should thus be defined with regard
to waterfowl movements and waterbird migration as functional processes contributing to aquatic species migration and local species
richness. This calls for a regional approach to wetland management within a continental context. This paper aims at defining an operational
view of the dispersion function of wetlands and its implication for conservation policies. For this purpose, we examined the conservation
policies of the Ramsar Convention (the international treaty that protects wetlands) and the European Union (as an example of relevant
continental level policy-making) from the viewpoint of bird-mediated dispersal of aquatic organisms. We propose nine specific avenues for
the inclusion of bird-mediated dispersal in the policy documents examined. Non-governmental organisations and other organisations
working in waterbird conservation should also recognise the importance of their policies for aquatic biodiversity at broader levels and avoid
compartmentalising their conservation activities. © 2002 Éditions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. Introduction

Wetlands are key habitats connected physically and
socially with processes over a much wider territory. In the
past, wetlands were regarded as unhealthy land to be
reclaimed for the benefit of mankind. Wetland destruction
by human intervention commenced long ago and has
accelerated in recent times. As a consequence, wetlands are
among the most degraded of all ecosystems. The relatively
recent acceptance of the socio-economic and ecological
importance of wetlands in developed countries has not yet
succeeded in reversing this trend.

Wetlands were the first major ecosystem to be protected
by an international treaty. During the 1960s, European
scientists and conservationists recognised the need for such
a treaty. The main motivation was to stop the decline of
waterfowl populations which was then linked to habitat loss.
Similar efforts to preserve wetlands had also been going on
for some time in North America (Moser et al., 1993). After
several years of international discussions, the text of the
Convention on Wetlands of International Importance espe-
cially as Waterfowl Habitat (Ramsar, Iran, 1971) was finally
approved (Matthews, 1993; Ramsar Convention Bureau,
1996). The convention entered into force in 1975, and by 22
November 2001, a total of 130 States had become Contract-
ing Parties, having declared 1108 sites as Wetlands of
International Importance (http://ramsar.org/sitelist.doc).* Corresponding author.
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In this paper we consider ‘wetlands’ to be defined as in
the Article 1 (1) of the Ramsar Convention, i.e., “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 marine waters, the depth
of which at low tide does not exceed six meters” . This
definition suits our discussion below, although we focus on
continental wetlands more than marine waters. The same
definition has also been adopted by the European Commis-
sion, which groups the wetlands in Europe broadly as
marine and coastal wetlands, estuaries and deltas, rivers and
floodplains, lakes, freshwater marshes, peatlands and man-
made wetlands (CEC, 1995).

From its original focus on wetlands as a habitat for
waterfowl, the Ramsar Convention has developed into an
international instrument dealing with wetlands from a
broader point of view. In particular, since its association
with the Convention on Biological Diversity, both bodies
are working together on issues of common importance such
as impact assessment, inland waters and alien species
(Klaphake et al., 2001). In spite of this progressive attitude
and numerous achievements since 1975, conservation ef-
forts on the ground have to some extent been marred by the
original exclusive focus on special sites, mainly selected by
the number of birds in these particular sites. However, the
Ramsar Convention has strengthened its focus on fish and
other aquatic organisms and communities in recent decades
(see http://www.ramsar.org/key_criteria for full details of
Ramsar criteria). Extending wetland protection to the whole
catchment area and beyond proves to be a difficult endeav-
our. Even when dealing with highly protected wetlands,
powers and interests outside the sphere of conservation
make this task extremely difficult (Amezaga and Santama-
ría, 2000).

In this paper we review recent evidence supporting the
need for wetlands policies that go beyond identification and
conservation of individual wetland sites. The biotic connec-
tion between wetlands maintained by dispersal mechanisms,
above all bird-mediated dispersal, appears to have a more
important role in sustaining diversity of freshwater organ-
isms than is assumed by current management practices and
conservation policies. The same evidence points towards the
need to focus on a rich distribution of wetlands in space as
much as on maintaining quality sites. This need could
become more important in the face of global change and an
increase of non-native species invasions. We examine the
significance for international wetland protection and, in
particular, the development of European environmental
policies as an example of continental policy-making.

2. Wetland connectedness

Wetlands are not isolated spaces but, on the contrary,
dynamic, complex habitats with biotic and abiotic connec-
tions all around. Shaped by natural processes and social

practices, they should be conserved by what Ramsar calls
wise use, the sustainable utilisation for the benefit of
mankind in a way compatible with the maintenance of the
natural properties of the ecosystem (Davis, 1993).

Among the abiotic connections, those related to the flow
and quality of water are, perhaps, the most important ones.
Hydrological conditions determine the seasonal fluctuations
in the rainfall or inundation patterns, which is particularly
important in Mediterranean wetlands (Salathé, 1993). As
water depth, flow and intensity define the characteristic flora
and fauna (Jordan et al., 1998; Snodgrass et al., 2000;
Baldwin et al., 2001; Frederick and Ogden, 2001; Graves,
2001; Timms and Boulton, 2001), wetlands can be ex-
tremely sensitive to hydraulic interventions in other parts of
the catchment affecting surface or groundwater flow
(Salathé, 1993; Suso and Llamas, 1993; Syphard and
García, 2001; Chimney and Goforth, 2001). Similarly,
changes in water composition and pollution from distant
sources can affect severely the viability of wetlands (Ciru-
jano et al., 1996; Chimney and Goforth, 2001). In general,
a wetland is dependant on the conditions of the landscape
that surrounds it.

The term biotic connections refers to the movements of
the biota present in wetlands. Aquatic species such as fish or
shrimps, dragonflies, livestock and their herders, small
rodents and, above all, migratory waterbirds act as visitor
species increasing the diversity of animals that inhabit
wetlands (Hails, 1997). However, many aquatic plants and
invertebrates lack the mobility to travel directly by their
own means from one catchment to another. Since aquatic
habitats are ecological islands surrounded by terrestrial
environment, the dispersal potential of their biota is likely to
influence the composition and functioning of their ecosys-
tem. Potential effects of dispersal include changes in genetic
diversity within populations, genetic structure among popu-
lations, distribution of species, colonisation/extinction ef-
fects on local community composition, and the rates of
spread of new and alien species.

3. The importance of bird-mediated dispersal

Many aquatic organisms rely on the passive transport of
resting stages for their dispersal (Figuerola and Green,
2002; De Meester et al., 2002). The high dispersal capacity
of aquatic organisms is supported by evidence such as the
rapid colonisation of new habitats (De Meester et al., 2002),
the widespread distribution of aquatic species (Santamaría,
2002), the widespread occurrence of specific genetic lin-
eages in organisms, the rapid spread of exotic species and
the observation that dispersal does not limit community
composition in isolated ponds (De Meester et al., 2002).
Significant potential for dispersal is indicated by the recov-
ery of viable propagules from vectors such as wind, water,
aquatic insects and waterbirds (Charalambidou and San-
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tamaría, 2002; Figuerola and Green, 2002; Green et al.,
2002a; Santamaría, 2002).

Waterbirds appear to be a particularly significant vector,
due to their abundance, widespread distribution, the high
number and frequency of their movements among lakes and
their tendency to show long-distance movements (Green et
al., 2002). Evidence for the occurrence and importance of
waterbird-mediated dispersal has been reviewed in this
volume (De Meester et al., 2002; Santamaría, 2002; Green
et al., 2002a; Charalambidou and Santamaría, 2002;
Clausen et al., 2002) and elsewhere (Figuerola and Green,
2002), although significant constraints to its potential effects
on colonisation (Clausen et al., 2002; Green et al., 2002a),
distribution (Santamaría, 2002), community composition
(Hobæk et al., 2002) and gene flow (De Meester et al.,
2002) have also been pointed out. Although small resting
eggs and seeds with adhesive structures may be transported
externally, internal transport in the digestive tract seems to
be the most significant mode of long-distance dispersal,
particularly for large propagules (Figuerola and Green,
2002; Charalambidou and Santamaría, 2002).

There seems to be general agreement that passive trans-
port is likely to decrease in importance as distances get
larger. Waterbird-mediated transport is likely to take place
on a fairly regular basis over distances ranging from tens to
hundreds of kilometers (Charalambidou and Santamaría,
2002), particularly during moult migrations (Clausen et al.,
2002) and during winter (Figuerola and Green, 2002; Green
et al., 2002a). Transport over larger distances might take
place during autumn and spring migrations; while its
frequency is likely to be extremely low (Charalambidou and
Santamaría, 2002; Clausen et al., 2002; Green et al., 2002a),
it might result in quite significant transport due to the
enormous numbers of birds undertaking such migrations
every year (Scott and Rose, 1996; Rose and Scott, 1997).

The high dispersal capacity of aquatic organisms is
probably the underlying process of a commonly observed
phenomenon, i.e., the quick colonisation of ‘empty’ aquatic
habitats (newly formed waterbodies, restored wetlands and
wetlands recovering from perturbations; De Meester et al.,
2002). Its effect on the genetic structure of, and gene flow
among, populations in older and more stable habitats seems
rather limited (De Meester et al., 2002; Santamaría, 2002),
particularly for organisms with clonal growth (since early
establishing of clones tend to result in strong priority
effects; De Meester et al., 2002). An extreme case is
provided by cyclical parthenogetic organisms, where the
combination of priority effects and local adaptation seems to
constrain effectively gene flow among neighbouring popu-
lations (De Meester et al., 2002). It is important to note,
however, that given the low levels of genotypic variation
that characterise many clonal aquatic organisms, especially
macrophytes (Santamaría, 2002), low rates of effective
migration may result in significant contributions to the
maintenance of within-population genotypic diversity.

4. Influence of wetland loss on bird-mediated
connectivity

Over recent decades, the total area of well-conserved
aquatic habitats has been changing at an increasing rate as a
result of man-made habitat loss (desiccation, river regula-
tion and canalisation) and habitat deterioration (pollution,
acid rain, eutrophication). Approximately two thirds of all
European wetlands have been lost since the beginning of the
last century (CEC, 1995). High rates of current habitat loss
have been reported for the intertidal and coastal areas of
Britain (Davidson et al., 1991) and the United States
(Gosselink and Aumann, 1980). It is believed that overall
more than half of the world’s wetlands may have been
destroyed in the last century (Ramsar Convention Bureau,
1996). Many countries have developed policies that actively
promote the disappearance of wetlands, mainly through
drainage for development and inadequate agricultural prac-
tices (Green et al., 2002b). In Europe, the effect of the
Ramsar Convention and the development of more co-
ordinated European policies has had some influence on the
course of events. However, this frequently only applies to
the protected areas themselves. In most of the countries, the
total number of wetlands is still decreasing (Finlayson et al.,
1992; Groombridge et al., 1998).

The loss of suitable habitats also has consequences for
migratory waterbirds, as it may affect wintering and breed-
ing grounds as well as stop-over habitats. Gradual loss of
both wintering and breeding habitats results in increasing
rates of population decline of migrants (Sutherland, 1996,
1998a). Loss of stop-over habitats results in a concentration
of the migratory waterbirds in the few remaining ones
which are in good state of conservation, and in increased
mortality during migration when the carrying capacity of
the remaining wetlands is exceeded.

The problem could be exacerbated by the effect of
climatic change. The migratory birds most threatened by
climate change are likely to be shorebirds, ducks and geese
(WWF, 1997). Sea-level increase threatens highly valuable
coastal areas (Wash and North Norfolk coast, UK; Wadden
Sea, the Netherlands, Germany and Denmark; Danube
Delta, Romania), and trends towards a drier climate in the
Mediterranean basin may eliminate up to 85% of the
remaining wetlands (including strategic wetlands like the
Coto Doñana, Spain and the Camargue, France). Changes in
seasonal dynamics of prey organisms and food plants will
influence migratory birds through changing their food
resources, while habitat loss would also damage the breed-
ing grounds in the Arctic tundra. There is substantial
evidence that climatic change would result in a major
distortion of present migratory routes, changes in timing
and/or in diet of the waterbirds, and even in a strong
decrease in the number of migrants (WWF, 1997; Suther-
land, 1998b).

The bean goose (Anser fabalis) and greylag goose
(A. anser), for example, have shortened their migratory
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routes in the last few decades (‘short stopping’ ), switching
their winter quarters from southern Europe to central
Europe (see Madsen, 1991 and Persson and Urdiales, 1995
for A. fabalis; and Nilsson and Persson, 1993, 1994 for
A. anser). Krivenko (1990) also reported major changes in
the wintering habits of many Russian waterfowl species,
which he related to climatic changes over the last centuries.
Other changes in migratory behaviour are reviewed by
Sutherland (1998b).

The impact of different human activities has also modi-
fied the diet of several migratory species, with the majority
of individuals (hundreds of thousands) of some species now
feeding in crops and grassland instead of on aquatic
organisms. Some of the better known examples, including
swans (Cygnus cygnus, C. colombianus bewickii), geese
(Anser fabalis, A. brachyrhynchus, A. albifrons, A. anser,
Branta bernicla, B. canadensis and B. leucopsis) and ducks
(Anas penelope, A. platyrhynchos), cause important crop
damage every year (Madsen, 1991b). As a matter of fact
changes in winter food supply owing to agricultural prac-
tices are partly responsible for the ‘short stopping’ in geese
reported above.

5. Effect of decreased connectivity on wetland biota

Decrease and change in waterbird migration and diet has
consequences not only for the diversity of birds, but also for
the diversity of aquatic organisms that rely on bird dispersal.
Although wind, flowing water and fish contribute to local
transport (i.e., within river catchments), waterbirds are the
most important (natural) dispersal vehicle between river
catchments and isolated waterbodies (see above). Unfortu-
nately, wetland loss and deterioration has probably already
caused a severe reduction in local dispersal, since distances
and degree of isolation among wetlands increase through
habitat loss.

Since the diversity of aquatic communities depends on
the equilibrium between species immigration and local
extinction (Cox and Moore, 1993; Colinvaux and Steinitz,
1979; Dodson, 1992), changes in the abundance of wetlands
and waterbird abundance, mobility and long-distance migra-
tion may be expected to have a major impact on the local
diversity of aquatic organisms. The effects of wetland loss
on regional diversity is thus expected to be much larger than
what would be expected from direct habitat loss per se.
These effects could include decreases in local and regional
genetic variation, distributional ranges of species, and local
species richness. Given that the presence of seed and
resting-egg banks may represent a safety net that moderates
some of these changes (De Meester et al., 2002), it is
expected that the changes outlined above may only become
apparent with some delay.

The effect of reduced dispersal will be particularly
critical in the wetlands that already suffer decreased species

richness. These include wetlands under anthropic stress (due
to, e.g., drainage, pollution or eutrophication) and those
recovering from it, and above all wetlands in extreme
climates such as semiarid areas (due to reduced connectiv-
ity) and boreal climatic areas (due to their lower species and
genotypic diversity). The latter are among those ecosystems
that will be most affected by climatic changes, and the effect
of the dis-adjustment of species–environment interactions
on the aquatic communities is likely to be stronger since the
inflow of new genotypes will be limited by reduced rates of
migration.

Wetland policy should also take species invasions into
account. Invasion by non-native species is becoming a
general problem to virtually all ecosystems and at all
continents (IUCN, 1997; Brundu et al., 2001). The problem
seems however particularly serious in the aquatic environ-
ment, due to the high dispersal capability of many aquatic
organisms and the ease with which they become established
over large geographic ranges (De Meester et al., 2002;
Santamaría, 2002). As a consequence, examples of exten-
sive invasions by aquatic organisms abound in the literature
(e.g., Groombridge et al., 1998; see also http://plants.ifas.
ufl.edu for extensive information about aquatic plant inva-
sions in North America). The current trend is likely to
worsen due to widespread disturbance of environment–spe-
cies relationships, caused by anthropogenic effects, climatic
warming and nitrogen deposition. It is thus likely that
species invasions will become a major global disturbance to
ecosystem composition and function in the coming decades.
Studies that demonstrate that community composition is
regulated by competition rather than dispersal suggest that
the best way to prevent species invasions is by making sure
that existing ecosystems maintain a healthy representation
of native species, and newly formed ecosystems are quickly
re-colonised by assemblages of local species. Paradoxically,
although efficient dispersal may not be readily apparent in
undisturbed ecosystems (e.g., owing to priority effects), it
may be the key to prevent the perturbation of such ecosys-
tems and their invasion by alien species.

6. Implications of dispersion for wetlands policy

The emphasis in wetland conservation has always been
on the preservation of special sites. These sites are largely
managed as isolated units. The importance of wetlands for
biodiversity is defined in terms of the diversity of species in
the protected spaces and, mainly, in terms of the number of
seasonal migrant birds stopping over (Hails, 1997). How-
ever, the above evidence shows a more complex picture.
Birds are not only important per se. They also fulfil a very
important functional role as being the main vector main-
taining a biotic connection between catchments for aquatic
plants and invertebrates.
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The biotic connection among wetlands serviced by wa-
terird appears to be more efficient within a limited range.
This means that the distribution of wetlands in space is a
very important consideration at regional level. Thus, an area
rich in wetlands will promote local species richness. The
appropriate scale for analysing adequacy of spatial distribu-
tion patterns should be determined by how waterbirds use
wetlands in a region. Dispersion will have different effects
and importance in different regions. Regional species pools
can be expected to depend very strongly on the number of
wetlands in north and south Europe because these areas are
more sensitive to climate change and to changes in migra-
tion patterns. It should, however, also be mentioned that the
distance between stopping-over places is of crucial impor-
tance. Bird-dispersal maintains a long-distance link at the
continental scale. There are different degrees of spatial
connectivity determined by the different bird migration
routes (Lurz et al., 2002).

The important message is that wetland protection should
take into account waterbird movements and bird migration
as a functional process contributing to aquatic species
migration and local species richness. From this point of
view, increasing connectivity in critical areas by stopping
wetland loss and introducing constructed wetlands (not
replacing natural sites) appears ever more important. This
functional role requires regional frameworks of manage-
ment of both protected and non-protected wetlands linked to
waterbird movement patterns. The concept of wetlands of
international importance should take explicitly into account
the existence of continental dispersion processes.

7. Conservation biology and wetlands: evolution
of approaches

In conservation biology as a science, there is consider-
able debate about the relative virtues of conserving indi-
vidual species (likened to the actors in a play), the ecosys-
tem (the theatre) or ecological processes (the plot). There is
currently no consensus about the priorities amongst these
options (Simberloff, 1998), but there has been a clear
historical shift in emphasis over recent decades from con-
servation of species towards ecosystems and later towards
ecological processes within them. Indeed this trend has been
closely linked to the emergence of conservation biology as
a discipline from more ‘species centric’ disciplines such as
wildlife management (Meffe and Carrol, 1994). These
historical trends are clearly visible in the development of the
wetland conservation movement, in which the early empha-
sis was placed on waterbirds (especially wildfowl, i.e., the
Anatidae and coots of interest to hunters) followed by a later
shift to wetland ecosystems. Thus, one of the leading
non-governmental organisations (NGOs) in the field was the
International Wildfowl Research Bureau founded in 1948,

which changed its name to the International Waterfowl and
Wetlands Research Bureau in 1987, and finally became
Wetlands International in 1996. Likewise, the Wildfowl
Trust founded in 1946 became the Wildfowl and Wetlands
Trust in 1989. There has been a clear trend amongst such
NGOs to broaden the scope of the ‘species’ to be conserved
from wildfowl to all waterbirds and then to all aquatic
organisms. In recent years, there has been a growing
emphasis on the functions of wetlands (i.e., on some of the
ecological processes) in the conservation movement, which
is clearly visible in the evolution of Ramsar criteria and
other documents over the years (see below). However, the
role of bird-mediated dispersal in maintaining aquatic biodi-
versity at other levels has so far been completely ignored by
these organisations, as have many other ecological pro-
cesses with little direct relevance to human use of wetlands.

8. The Ramsar Convention

The Ramsar Convention (see http://www.ramsar.org/
key_conv_e.htm for the full text) is the central element of
global wetland policy. Its backbone is the list of wetlands of
international importance (the Ramsar List). Each contract-
ing party to the Convention must designate at least one site
that meets the Ramsar criteria and ensure the maintenance
of the ecological character of each Ramsar site. There is
very detailed guidance on how to identify wetlands of
international importance (see http://www.ramsar.org/
key_criteria). The first group of criteria is about sites
containing representative, rare or unique wetland types. The
second group is about conserving biological diversity.
Among the latter there are criteria based on species and
ecological communities and specific criteria based on water-
birds and fish. The criterion 3 (species and ecological
communities) refers to wetlands supporting populations of
plant and/or animal species important for maintaining
the biological diversity of a particular biogeographic
region. The recommended interpretation of this crite-
rion (http://www.ramsar.org/key_guide_list_e.htm#v) gives
greatest conservation value to hotspots or places maintain-
ing rare species. It would be convenient that this criterion
would also be interpreted in a wider sense supporting the
maintenance of networks of small wetlands in critical
regions, as important landscape components for maintaining
biological diversity. Similarly, the specific criteria on water-
birds (5 and 6) refer to total number of birds and percentage
of individuals of one species. A new criterion could be
introduced referring specifically to chains of wetlands
supporting the functional role of bird-dispersal at continen-
tal level.

The Convention goes beyond the protection of special
sites. Contracting parties commit themselves to include
wetland conservation within their national land-use plan-
ning, so as to promote the wise use of all wetlands within
the territory. Article 3 says that planning should promote the
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conservation of listed wetlands “and as far as possible the
wise use of wetlands in their territory” . Article 4.1 asks to
promote conservation by establishing nature reserves on
wetlands “whether they are included in the List or not” .
These provisions should facilitate the approach proposed in
this article in the countries that have signed the Ramsar
Convention.

However, while the establishment of a list of protected
sites is a relatively straightforward activity, the implemen-
tation of territory-wide policies is much more problematic.
The Ramsar Convention has been encouraging the adoption
of National Wetland Policies. Resolution VII.6 of the San
José Conference of the Contracting Parties (1999) provides
guidelines for developing and implementing these policies
(http://www.ramsar.org/key_res_vii.06e.htm). At the time of
the conference, 12 countries had reported the adoption of
national policies and another 33 had taken steps in that
direction. The guidance is quite clear regarding the need to
co-ordinate wetland protection “with land, soil, water, air,
wildlife conservation and economic development policies in
order to secure the wise use of the nation’s wetlands” .
Within this framework, it should be possible to include
provisions for the strategic analysis of wetlands patterns in
relation to the role of waterbirds in the dispersion of aquatic
organisms at regional and continental levels. It remains to
be seen to what extent all other policy makers, especially
those involved in development issues, will take wetlands
policies into account.

The implementation of international agreements on bio-
logical diversity may provide the necessary motivation for
cross-sectoral co-ordination. The key role of wetlands in
biological diversity has been acknowledged by the estab-
lishment of Joint Work Plans between Ramsar and the
Convention on Biological Diversity (see http://www.
ramsar.org/index_mou.htm). A very positive outcome of this
collaboration is the River Basin Initiative (Ramsar/CBD) on
integrating biological diversity, wetland and river basin
management. The regional approach proposed in this paper
should be implemented at the level of river basin manage-
ment plans. However, plans should be drawn at a larger
scale allowing the analysis of interbasin connectivity. Reso-
lution VII.18 of the San José Conference gives guidelines
for integrating wetland conservation and wise use into river
basin management (http://www.ramsar.org/key_res_vii.
18e.htm). Section J includes guidelines for the protection
and restoration of wetlands and their biodiversity. Guideline
J1 recommends the “assessment of the status of wetlands
and their biodiversity in each river basin and, where
indicated, undertake the actions needed to provide better
protection measures” . We suggest that a new guideline
should be added to the Section J requiring that, in assessing
the status of wetlands in each river basin, their role in
supporting bird-mediated dispersal should also be consid-
ered, taking into account biotic transfer mechanisms be-
tween river basins (especially by waterbirds).

9. Wetlands and European Union environmental policy

The European Union can be taken as an example of
continental policy making involving multiple states. We can
distinguish two strands in European Union wetland policy:
the implementation of international agreements signed by
the Member States and the environmental legislation con-
tained in the acquis communitaire.

All member states of the European Union are signatories
to the Ramsar Convention and the European region holds
62% of the Ramsar Sites and 1/3 of the Contracting Parties.
As a whole Europe has a global leadership role in support-
ing the Convention. A recent European regional meeting of
the contracting parties acknowledged that the relationship
between the EU legal framework and the Ramsar
obligations needs to be explored in more detail
(http://www.ramsar.org/mtg_reg_europe2001_report.htm).

The European Commission Communication on the Wise
Use and Conservation of Wetlands (CEC, 1995) made an
explicit reference to this relationship. The communication
also signals the interconnectedness of different wetlands as
an important fact. It states that “wetlands should not be
considered in isolation but as forming a global interconnect-
ing network, often between distant areas” and that “…wet-
lands serve as dispersal and migration corridors and step-
ping stones for many species. This favours the colonisation
of new habitats and genetic exchange to maintain viable fish
and waterfowl population” . Bird-mediated dispersal of
aquatic organisms other than fish and waterfowl is a new
dimension to be added to this framework. The communica-
tion mentions specific actions towards policy integration,
recommending the development of a strong Community
wetland policy, providing policy guidelines and asking for
their inclusion in the European Spatial Development Per-
spective.

The key European policies related to wetlands are nature
conservation, water and land use. To this list we can add the
recent European Biodiversity Strategy and the related Ac-
tion Plans. Nature conservation is based on two Directives:
the Birds Directive (Council Directive 79/409/EEC) and the
Habitats Directive (Council Directive 92/43/EEC). The
latter highlights several wetland habitats as conservation
priorities. The most important element of the conservation
policy is the establishment by the year 2004 of Natura 2000,
a network composed of the Special Protection Areas for
wild birds and the Special Areas of Conservation for natural
habitats and threatened fauna and flora. Wetlands form a
large group of the sites of Natura 2000. The aim of Natura
2000 is to contribute towards ensuring biodiversity through
conservation of protected sites. The Article 3 (1) of the
Habitats Directive states that Natura 2000 is “a coherent
European ecological network of special areas of conserva-
tion” . The Member States are encouraged to improve the
ecological coherence by maintaining and developing appro-
priate landscape features. Thus, Article 10 says that “Mem-
ber States shall endeavour, where they consider it necessary,
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in their land use planning and development policies … to
encourage the features of the landscape which are important
for wild fauna and flora. Such features are those which, by
virtue of … their function as stepping stones (such as ponds
or small woods), are essential for the migration, dispersal
and genetic exchange of wild species” . This is completely
coherent with the requirements of bird-mediated dispersal.
However, while the designation of special sites is quite clear
and compulsory (European Commission, 2000), the Article
10 is left to the judgement of the Member States. This is not
very promising taking into account the reluctance to imple-
ment these Directives by several Member States (Krämer,
1998; and COM(2001) 162 final on Biodiversity Action
Plan, see below). The stated aim of ecological coherence
reinforces the view of the Communication on Wetlands
(CEC, 1995) that the widest possible classification and
designation of wetlands be applied. The findings reported in
this paper strongly support both wide classification and
development of landscape features.

The Convention on Biological Diversity (CBD) was
signed by the Community and all the Member States in
1992. The Council Decision 93/626/EEC concerning the
conclusion of the CBD declares that States are responsible
for the conservation of their biological diversity. The
Commission has developed a European Community Diver-
sity Strategy (Communication COM(98) 42 final). One of
the themes of the strategy is the conservation and sustain-
able use of biological diversity implemented through Biodi-
versity Action Plans in the areas of conservation of natural
resources, agriculture, fisheries and development and eco-
nomic co-operation. The Action Plan for the Conservation
of Natural Resources (Communication COM(2001) 162
final) is the more relevant for our purposes. It states clearly
that “as the preservation of biodiversity requires actions not
only within designated areas but also across the whole
territory, the Action Plan also has a focus on land use related
environmental initiatives… and the integration of biodiver-
sity in other sectors” . Point 3 of the Plan is about reversing
the current trends of biodiversity loss related to manage-
ment of water, soil, forest and wetlands. Here is where a
specific mention to the loss by discontinuity of bird-
mediated dispersal should be introduced.

The Plan relies heavily on the new Water Framework
Directive (WFD; Directive 2000/60/EC) for the conserva-
tion and sustainable use of biodiversity at river basin level.
Biodiversity is the central indicator used by the WFD to
define what constitutes high and good ecological status.
Member States shall aim to achieve good surface water
status at the latest 15 years after the date of entry into force
of this Directive. Some functional parameters are used as
indicators of status, but the dominant ones are structural
indicators in terms of categories of organisms. Four trophic
layers are identified: phytoplankton, macroalgae and an-
giosperms, benthic invertebrate fauna and fish fauna. One
Action of the Biodiversity Plan is to ensure that the River
Basin Management Plans required by the WFD reflect

biodiversity concerns by, amongst others, “establishing a
string of aquatic ecosystems with restored or improved
ecosystem function, which may function as aquatic ecologi-
cal corridor” . It also asks for detailed information to have a
better understanding of hydrological and ecological interac-
tion between wetlands, the riverine zone and the aquatic
ecosystem in a river basin. There is a conspicuous absence
of references to the role of dispersal mechanisms in the
maintenance of diversity of aquatic ecosystems in this part
of the Action Plan. The actions should include the need to
perform functional analyses of bird-mediated dispersal
within and between river basins.

One of the essential problems of implementing EU
environmental policies encompassing the whole territory is
that land use policies are determined by Member States. The
European Spatial Development Perspective (ESDP, Euro-
pean Commission, 1999) produced by the Ministers respon-
sible for Spatial Planning in the Member States has been the
first attempt to establish common objectives and concepts
for the future development of the territory. Within the ESDP,
there is an acknowledgement of the need to avoid the
isolation of protected areas with a broader land use policy.
It is also mentioned that the conservation and development
of biodiversity requires the successful development of
European ecological networks. Section 2.4.1 specifically
refers to the loss of biological diversity and natural areas.
This section should include the notion of the functional role
of bird-mediated dispersal in maintaining diversity.

10. Value of flyway management plans

For some time, there has been considerable interest in the
co-ordination of conservation measures for migratory
waterbird populations (especially for the Anatidae exploited
for hunting along the whole migratory flyway; Moser et al.,
1993). Thus, in 1986 the North American Waterfowl Man-
agement Plan came into operation. Since then there have
been moves to develop agreements for all types of migra-
tory birds under the Convention of Migratory Species
(CMS, or Bonn Convention), and the African–Eurasian
Migratory Waterbird Agreement came into force on 1
November 1999, covering 172 species of birds (see
http://www.unep-wcmc.org/AEWA/eng/intro.htm). Simi-
larly, an Asia–Pacific Migratory Waterbird Conservation
Strategyhasrecentlybeenlaunched(seehttp://www.ea.gov.au/
water/wetlands/mwp/2001-2005/index.html).

These agreements have been developed from a ‘species
conservation’ perspective, recognising the need to co-
ordinate conservation of declining migratory species be-
tween different range countries. The emphasis placed on
conservation of waterbirds above other aquatic organisms or
ecological processes is partly due to an anthropogenic,
emotional response (i.e., humans tend to prefer large, warm
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blooded organisms to small, cold blooded ones) and has
been heavily criticised for this reason (Herrera, 1989;
Montes, 1995). However, the role of such migratory birds in
dispersion ironically provides a strong need for such ‘fl y-
way management’ agreements, and a good reason why
non-ornithologists should value them. Unfortunately, the
‘waterbird lobby’ has so far not recognised the importance
of the role of their focal species in aquatic dispersion
processes (e.g., there is no mention of this issue in the texts
of the above agreements).

Many species of waterbirds have undergone major popu-
lation declines and are under threat of global extinction
(BirdLife International, 2000). These include species like
the marbled teal (Marmaronetta angustrostris) with migra-
tory movements different to more abundant, sympatric bird
species and whose declines have likely had serious conse-
quences for dispersion of other organisms (Green et al.,
2002a). There exist numerous single species conservation
plans for such species, yet these documents pay no attention
to the importance of such species in maintaining popula-
tions of other aquatic organisms (Heredia et al., 1996;
Schäffer and Gallo-Orsi, 2001). Furthermore, in many cases
these plans do not have an operational level equivalent to
that of the corresponding migratory flyways. For example,
there are international plans whose scope is limited to
European countries, even for species like ferruginous duck
(Aythya nyroca) that migrate outside Europe (Schäffer and
Gallo-Orsi, 2001). The use of such political boundaries to
define limits of conservation actions for species migrating
outside them ignores the significance of the role of birds in
dispersing organisms and in wetland processes in general.
The fragmentation of wetland conservation organisations
along taxonomic lines (e.g., the existence of influential
ornithocentric lobbies such as BirdLife International, or
IUCN specialist groups for each taxonomic group) is
probably one reason for their lack of attention to dispersal
processes.

11. Conclusions

Research linking local species richness and bird migra-
tion supports the introduction of a new dimension in
wetland policy. The biotic connection among wetlands
serviced by waterfowl appears to be more efficient within a
limited range. This means that the distribution of wetlands
in space is a very important consideration at regional level.
Protected areas should be defined with regard to waterfowl
movements and waterbird migration as functional processes
contributing to aquatic species migration and local species
richness. Species-oriented conservation programmes focus-
sing on waterbird species (e.g., action plans) should operate
at a migratory flyway level and should pay attention to the
role of these species in dispersion of other aquatic organ-
isms.

In this paper we propose specific avenues for the inclu-
sion of bird-mediated dispersal in policy documents of the
Ramsar Convention and the European Union. These in-
clude: (1) Introducing new criteria for identification of
wetlands of international importance (Ramsar list), referring
specifically to the functional role of bird-dispersal at conti-
nental level. (2) Including provisions for the strategic
analysis of wetlands patterns in relation to the role of
waterbirds as dispersal agents at regional and continental
levels in Ramsar guidelines for developing and implement-
ing National Wetland Policies. (3) Adding a new guideline
to the River Basin Initiative (Ramsar + Convention on
Biological Diversity) requiring that, in assessing the status
of wetlands in each river basin, their role in supporting
bird-mediated dispersal (particularly biotic transfer mecha-
nisms between river basins) is considered. (4) Adding
dispersal of aquatic organism other than fish and waterfowl
to the explicit reference to wetlands as “dispersal and
migration corridors and stepping stones” in the policy
framework proposed by the European Commission Com-
munication on the Wise Use and Conservation of Wetlands.
(5) Making clear and compulsory guidelines for Article 10
of the Habitats Directive, aimed at encouraging the features
of the landscape which are essential for the migration,
dispersal and genetic exchange of wild species. (6) Intro-
ducing a specific mention to the loss of biodiversity by
discontinuity of bird-mediated dispersal in the Biodiversity
Action Plan for the Conservation of Natural Resources
(European Community). (7) Adding a reference to the
functional role of dispersal mechanisms in the maintenance
of diversity of aquatic ecosystems to the Action of the
Biodiversity Plan aimed at ensuring that the River Basin
Management Plans required by the Water Framework Direc-
tive reflect biodiversity concerns. (8) Including the func-
tional role of bird-mediated dispersal in the section on loss
of diversity of the European Spatial Development Perspec-
tive. (9) Acknowledging the role of migratory birds in
dispersion to flyway management agreements. Likewise,
NGOs and other organisations working in waterbird conser-
vation should recognise the importance of their policies for
aquatic biodiversity at other, broader levels, and be cautious
of over compartmentalising their conservation activities.

Acknowledgements

Critical comments by M. Klaassen and two anonymous
referees are gratefully acknowledged. Funding by European
Project ‘LAKES: Long distance dispersal of aquatic key
species’ (European Commission, ENV4-CT97-0585) is also
acknowledged. This is publication 2955 of the Centre for
Limnology of the Netherlands Institute of Ecology (NIOO-
KNAW) and publication 274 of the Centre for Wetland
Ecology.

220 J.M. Amezaga et al. / Acta Oecologica 23 (2002) 213–222



References

Amezaga, J.M., Santamaría, L., 2000. Wetland connectedness and policy
fragmentation: steps towards a sustainable European wetland policy.
Phys. Chem. Earth (B) 25, 635–640.

Baldwin, A.H., Egnotovich, M.S., Clarke, E., 2001. Hydrologic change and
vegetation of tidal freshwater marshes: Field, greenhouse, and seed-
bank experiments. Wetlands 21, 519–531.

BirdLife International, 2000. Threatened Birds of the World. Lynx Edicions
and BirdLife International, Barcelona and Cambridge.

Brundu, G., Brock, J., Camarda, I., Child, L., Wade, M., 2001. Plant
Invasions. Species Ecology and Ecosystem Management. Backhuys,
Leiden.

CEC, 1995. Wise Use and Conservation of Wetlands, COM (95) 18 a Final.
Office for Official Publications of the European Communities, Luxem-
bourg.

Charalambidou, I., Santamaría, L., 2002. Waterbirds as endozoochorous
dispersers of aquatic organisms: a review of experimental evidence.
Acta Oecol. (this volume).

Chimney, M.J., Goforth, G., 2001. Environmental impacts to the Ever-
glades ecosystem: a historical perspective and restoration strategies.
Water Sci. Technol. 44, 93–100.

Cirujano, S., Casado, C., Bernués, M., Camargo, J.A., 1996. Ecological
study of Las Tablas de Daimiel National Park (Ciudad Real, Central
Spain): Differences in water physico-chemistry and vegetation between
1974 and 1989. Biol. Cons. 75, 211–215.

Clausen, P., Nolet, B.A., Fox, A.D., Klaassen, M., 2002. Long-distance
endozoochorous dispersal of submerged macrophyte seeds by migratory
waterbirds in Northern Europe – a critical review of possibilities and
limitations. Acta Oecol. (this volume).

Colinvaux, P., Steinitz, M., 1979. Species richness and area in Galapagos
and Andean lakes: equilibrium phytoplankton communities and a
paradox of the zooplankton. Limnoplankton Diversity in Ecuador.
pp. 697–711.

Cox, C.B., Moore, P.D., 1993. Biogeography: an ecological and evolution-
ary approach. Blackwell, London.

Davidson, N.C., Loffoley, D.D., Doody, J.P., Way, L.S., Gordon, J.,
Key, R., 1991. Nature Conservation and estuaries in Great Britain.
Nature Conservancy Council.

Davis, T.J., 1993. Towards the Wise Use of Wetlands, Wise Use Project.
Ramsar Convention Bureau, Gland, Switzerland.

De Meester, L., Gómez, A., Okamura, B., Schwenk, K., 2002. The
Monopolization Hypothesis and the dispersal-gene flow paradox in
aquatic organisms. Acta Oecol. (this volume).

Dodson, S., 1992. Predicting crustacean zooplankton species richness.
Limnol. Oceanogr. 37, 848–856.

European Commission, 1999. European Spatial Development Perspective.
Towards Balanced and Sustainable Development of the Territory of the
European Union. Office for Official Publications of the European
Communities, Luxembourg.

European Commission, 2000. Managing Natura 2000 Sites: The provisions
of Article 6 of the Habitats Directive 92/43/EEC. Office for Official
Publications of the European Communities, Luxembourg.

Figuerola, J., Green, A.J., 2002. Dispersal of aquatic organisms by
waterbirds: a review of past research and priorities for future studies.
Freshwater Biol. 47, 483–494.

Finlayson, C.M., Hollis, G.E., Davis, T.J., 1992. Managing Mediterranean
wetlands and their birds. Proc. Symp., Grado, Italy 1991, IWRB Spec.
Publs, No. 20.

Frederick, P.C., Ogden, J.C., 2001. Pulsed breeding of long-legged wading
birds and the importance of infrequent severe drought conditions in the
Florida Everglades. Wetlands 21, 484–491.

Gosselink, J.G., Aumann, R.H., 1980. Wetland Inventories: wetland losses
along the United States. Coas. Zeit. Geomorph. (NF Suppl. 34),
173–187.

Graves, G.R., 2001. Factors governing the distribution of Swainson’s
warbler along a hydrological gradient in great dismal swamp. Auk 118,
650–664.

Green, A.J., Figuerola, J., Sánchez, M.I., 2002. Implications of waterbird
ecology for the dispersal of aquatic organisms. Acta Oecol. (this
volume).

Green, A.J., El Hamzaoui, M., El Agbani, M.A., Franchimont, J., 2002. The
conservation status of Moroccan wetlands with particular reference to
waterbirds and to changes since 1978. Biol. Cons. 104, 71–82.

Groombridge, B., Jenkins, M., 1998. Freshwater Biodiversity: a Prelimi-
nary Global Assessment. World Conservation Monitoring Centre. World
Conservation Press, Cambridge, UK.

Hails, A.J., 1997. Wetlands, Biodiversity and the Ramsar Convention: The
Role of the Convention on Wetlands in the Conservation and Wise Use
of Biodiversity. Ramsar Convention Bureau, Gland, Switzerland.

Heredia, B., Rose, L., Painter, M., 1996. Globally threatened birds in
Europe, Action plans. Council of Europe Publishing, Strasbourg.

Herrera, C.M., 1989. Sobre el vicio del tamaño y la práctica de la
conservación. Quercus, 43–48.

Hobæk, A., Manca, M., Andersen, T., 2002. Factors influencing species
richness in lacustrine zooplankton. Acta Oecol. (this volume).

IUCN, 1997. Conserving vitality and diversity. In: Clayton, D., Rubec, A.,
Lee, G.O. (Eds.), Proceedings of the World Conservation Congress
Workshop on Alien Invasive Species. Canadian Wildlife Service.
Environment Canada, Ottawa.

Jordan, F., Babbitt, K.J., McIvor, C.C., 1998. Seasonal variation in habitat
use by marsh fishes. Ecology of Freshwater Fish 7, 159–166.

Klaphake, A., Scheuman, W., Schliep, R., 2001. Biodiversity and Interna-
tional Water Policy. Institute for Management in Environmental Plan-
ning, Berlin.

Krämer, L., 1998. E.C. Treaty and Environmental Law. 3rd Edition. Sweet
& Maxwell, London.

Krivenko, V.G., 1990. Effect of climate on the dynamics of waterfowl
number and their ranges. Managing Waterfowl, IWRB Special Publi-
cation, 12, pp. 182–187.

Lurz, P.W.W., Shirley, M.D.F., Rushton, S.P., Sanderson, R.A., 2002.
Modelling the consequences of duck migration patterns on the genetic
diversity of aquatic organisms: a first step towards a predictive tool for
wetland management. Acta Oecol. (this volume).

Madsen, J., 1991a. Status and trends of goose populations in the Western
Palearctic in thes. Ardea 79, 113–122.

Madsen, J., 1991b. Waterfowl causing damage to agricultural crops in
Europe: current status and habitat use. In: van Roomen, M., Mad-
sen, J. (Eds.), Waterfowl and Agriculture: Review and Future Perspec-
tive of the Crop Damage Conflict in Europe. IWRB Special Publication
No. 21, pp. 21–36.

Matthews, G.V.T., 1993. The Ramsar Convention on Wetlands: its History
and Development. Ramsar Convention Bureau, Gland, Switzerland.

Meffe, G.K., Carroll, C.R., 1994. Principles of Conservation Biology.
Sinauer Associates, Sunderland.

Montes, C., 1995. Los humedales españoles protegidos. Conservación vs.
confusión. El Agua, Monográfico El Campo, BBV. pp. 101–128.

Moser, M., Prentice, R.C., van Vessem, J., 1993. Waterfowl and wetland
conservation in the 1990s – a global perspective. Proc. IWRB Sympo-
sium, St Petersburg Beach, Florida, 12–19 November 1992. IWRB
Spec. Publ. 26, Slimbridge.

Nilsson, L., Persson, H., 1993. Variation in survival in an increasing
population of the greylag goose Anser anser in Scania, southern
Sweden. Ornis Svecica 3, 137–146.

Nilsson, L., Persson, H., 1994. Factors affecting the breeding performance
of a marked greylag goose Anser anser population in south Sweden.
Wildfowl 45, 33–48.

Persson, H., Urdiales, C., 1995. The disappearance of the tundra bean
goose Anser fabalis rossicus from the Iberian peninsula. IWRB Goose
Research Group Bulletin 6, 17–19.

Ramsar Convention Bureau, 1996. Wetlands and Biological Diversity:
Cooperation between The Convention of Wetlands of International

J.M. Amezaga et al. / Acta Oecologica 23 (2002) 213–222 221



Importance especially as Waterfowl Habitat (Ramsar, Iran,1971) and
The Convention on Biological Diversity, Document
UNEP/CBD/COP/3/Inf.21.

Rose, P.M., Scott, D.A., 1997. Waterfowl Population Estimates. Wetlands
International Publication 44. Wetlands International, Wageningen.

Salathé, T., 1993. Towards integrated management of coastal wetlands of
Mediterranean type. In: Davis, T.J. (Ed.), Towards the wise use of
wetlands. Wise use project. Ramsar Convention Bureau, Gland, Swit-
zerland. Davis, T.J. (Ed.), Towards the wise use of wetlands. Wise use
project. Ramsar Convention Bureau, Gland, Switzerland. Electronic
edition available at: http://iucn.org/themes/ramsar/lib_wise_4.htm.

Santamaría, L., 2002. Why are most aquatic plants broadly distributed?
Dispersal, clonal growth and small-scale heterogeneity in a stressful
environment. Acta Oecol. (this volume).

Schäffer, N., Gallo-Orsi, H., 2001. European Union action plans for eight
priority bird species. European Commission.

Scott, D.A., Rose, P., 1996. Atlas of Anatidae populations in Africa and
Western Eurasia. Wetlands International Publication 41. Wetlands
International, Wageningen.

Simberloff, D., 1998. Flagships, umbrellas, and keystones: is single-species
management passé in the landscape era? Biol. Cons. 83, 247–257.

Snodgrass, J.W., Komoroski, M.J., Bryan, A.L., Burger, J., 2000. Relations
among isolated wetland size, hydroperiod, and amphibian species

richness: Implications for wetlands regulations. Conserv. Biol. 83,
414–419.

Suso, J., Llamas, M.R., 1993. Influence of groundwater development on
the Doñana National Park ecosystems (Spain). J. Hydrol. 141,
239–269.

Sutherland, W.J., 1996. Predicting the consequences of habitat loss for
migratory populations. Proc. R. Soc. Lond. B 263, 1325–1327.

Sutherland, W.J., 1998a. The effect of local change in habitat quality on
populations of migratory species. J. Anim. Ecol. 35, 418–421.

Sutherland, W.J., 1998b. Evidence for flexibility and constraint in migra-
tion systems. J. Avian Biol. 29, 441–446.

Syphard, A.D., Garcia, M.W., 2001. Human- and beaver-induced wetland
changes in the Chickahominy River watershed fromto1994. Wetlands
21, 342–353.

Timms, B.V., Boulton, A.J., 2001. Typology of arid-zone floodplain
wetlands of the Paroo River (inland Australia) and the influence of water
regime, turbidity, and salinity on their aquatic invertebrate assemblages.
Archiv Hydrobiol. 153, 1–27.

WWF, 1997. Climate Change Threats to Migratory Birds. Available
at: http://panda.org/resources/publications/climate/migration/migration.
html.

222 J.M. Amezaga et al. / Acta Oecologica 23 (2002) 213–222


	Biotic wetland connectivityMsupporting a new approach for wetland policy
	Introduction
	Wetland connectedness
	The importance of bird-mediated dispersal
	Influence of wetland loss on bird-mediated connectivity
	Effect of decreased connectivity on wetland biota
	Implications of dispersion for wetlands policy
	Conservation biology and wetlands: evolution of approaches
	The Ramsar Convention
	Wetlands and European Union environmental policy
	Value of flyway management plans
	Conclusions
	Acknowledgmements
	References


