
at SciVerse ScienceDirect

Applied Geography 42 (2013) 133e139
Contents lists available
Applied Geography

journal homepage: www.elsevier .com/locate/apgeog
Three centuries of land cover changes in the largest French Atlantic
wetland provide new insights for wetland conservation

Laurent Godet a,*, Alain Thomas b

aCNRS, Laboratoire LETG-Nantes-Géolittomer, UMR 6554 LETG, Université de Nantes, 44312 Nantes Cedex 3, France
b 11, Rue Marcel Lebois, Moricq, 85750 Angles, France
Keywords:
Land cover
Map
Wetland
Grassland
Conservation
Marais Poitevin
* Corresponding author. Tel.: þ33 (2) 53487654.
E-mail address: Laurent.Godet@univ-nantes.fr (L. G

0143-6228/$ e see front matter � 2013 Elsevier Ltd.
http://dx.doi.org/10.1016/j.apgeog.2013.05.011
a b s t r a c t

Grassland to cropland conversion has been a major land cover change in wetlands during recent decades.
Many conservation strategies have therefore focused on the protection or restoration of grasslands
considered the remnant fragments of nature in wetlands before agricultural development. Through the
example of the largest French Atlantic wetland (the Marais Poitevin) and using high-resolution historical
records documenting landscape changes since the beginning of the 18th century, we propose the first
long-term analysis of a wetland conversion at a large spatial scale. We demonstrate that, although the
last land cover changes corresponded to significant grassland to cropland conversions, the mid-20th
century was characterized by an exceptional grassland cover (90% of the area). We also show that cur-
rent surface areas covered by grasslands are similar to those of the 18th and 19th centuries, and that
grassland to cropland conversion followed a massive decline in the most natural habitats of the wetland
such as marshes, salt-marshes and other marine habitats. From a long-term perspective, grassland to
cropland conversion is rather a recent change and grasslands can be viewed as the result of agricultural
development in this wetland rather than pristine habitats. In contrast, marshes, salt-marshes and other
marine habitats can be considered the remnant fragments of nature of conservation interest, although
they are neglected in current conservation plans. We discuss the problem of the time-span and the
reference state to be considered when analyzing land cover changes and assessing wetland conservation
issues at large spatial scales.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Coastal wetlands are sometimes considered the last remaining
areas to maintain littoral biodiversity (Wolanski, Brinson, Cahoon &
Perillo, 2009). In these ecosystems, the conversion of grasslands to
croplands has been a worldwide phenomenon during recent de-
cades (Liu et al., 2005; Rashford, Walker & Bastian, 2010;
Rounsevell, Ewert, Reginster, Leemans & Carter, 2005; Schleupner &
Link, 2008; Stephens et al., 2008) even though many protected
species are considered dependent on grasslands. For instance, they
are habitats of importance for 81 of the 278 bird species designated
as being Species of European Conservation Concern while for 79 of
them, grasslands are considered their preferred habitats (Tucker &
Evans, 1997). Consequently, the conservation, restoration and
management of grasslands have been at the forefront of many
odet).
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conservation programs (see Cramer & Hobbs, 2007; Török, Vida,
Deák, Lengyel & Tóthmérész, 2011).

However, focusing on these recent land cover changes in wet-
landsmay hide other conservation issues that would be revealed by
long-term analyses. In fact, many land cover change studies have
concentrated on either very long-term periods (e.g. the Holocene)
using paleoecological methods or rather short-term periods (e.g.
recent decades) using remote-sensing methods. In Europe, a few
studies have assessed land cover changes over the last centuries,
during historical times, but these have often concerned areas of
rather small spatial extent (e.g. Cousins, 2001; Gustavsson,
Lenartsson & Emanuelsson, 2007; Johansson et al., 2008; Petit &
Lambin, 2002; Skalo�s et al., 2011 studied areas of ca. 616 ha;
800 ha; 2250 ha; 1600 ha; and 11,300 ha, respectively) or patchy
habitats over larger areas (e.g. wet heathland complexes over
79,700 ha for Cristofoli, Monty & Mahy, 2010). Other studies have
modeled land cover or land use changes at continental scale and
over several centuries, but with a coarse spatial resolution (e.g.
Ramankutty & Foley, 1999). To our knowledge, there have been no
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land cover change studies of large European wetlands, over several
centuries and at a high spatial resolution.

In this study, we selected the Marais Poitevin (MP), which is the
largest French Atlantic wetland and among the largest in Western
Europe, as a study site. In this area, 34% of the grasslands were
converted into arable fields from 1973 to 1990 (Duncan et al., 1999).
In 1996, these ecological degradations were estimated to be so
serious that the MP was the only area in France to lose its label of
Regional Natural Park. In 1999, France was convicted by the Euro-
pean Court of Justice for failure “to adopt special measures necessary
for the conservation of bird habitats in the Marais Poitevin” and “to
take the appropriate steps to avoid deterioration of those habitats”
(Case C-96/98, Commission v. France). To date, the MP is also one of
the only European wetlands of such a spatial extent to be excluded
from the RAMSAR network (despite there being a large spatial
concentration of RAMSAR sites in Western Europe e see Frazier,
1999). Consequently, one of the challenges of local conservation-
ists was to cope with intensive agriculture achieved through
drainage and to promote the conservation or restoration of grass-
lands. In 1976, the first National Natural Reserve of the MP was
created in 207 ha of grassland in Saint-Denis-du-Payré (see Fig. 1
for the location of this village). In 1992, subsidies for drainage
were stopped (CIEPP,1994) and newoneswere proposed to farmers
to maintain semi-natural grasslands through the Structural Funds
of the European Union (Duncan et al., 1999). Today, most of the
grasslands of the MP are included in a Natura 2000 site of more
than 68,000 ha, while 26,000 ha of grasslands benefit from agri-
environmental measures (Giret, 2011). The subsidies to farmers
implementing agri-environmental measures on grasslands range
from 150 to 279 V/ha/year, while subsidies to convert croplands
into grasslands reach 340 V/ha/year (Giret, 2011). Through the
action of a new structure replacing the former Regional Natural
Park (the “Parc Interrégional du Marais Poitevin” (PIMP)), and with
subsidies from the State, Regions, Departments, and Europe, the
restoration of ca. 600 ha of grasslands has been achieved since the
end of the 1990s (Giret, 2011). Nowadays, grasslands are viewed by
conservationists as the remaining natural fragments of the MP
before its disturbance, and conservation measures aim to recover a
Fig. 1. Location of
“reference state” preceding agricultural intensification. The aim of
this work was to assess if the analysis of long-term land cover
changes of wetlands may highlight new conservation issues in
comparison with studies focusing only on recent decades. To do so,
we selected the MP because it is an archetype of the recent agri-
cultural changes affecting wetlands. In this paper, we present an
analysis of land cover change from the year 1705e2008 based on
high-resolution historical documents and covering the whole area.
Materials and methods

Study area

The Marais Poitevin (MP) is the largest Atlantic wetland in
France. It overlaps three administrative departments (Vendée
(66.5% of the area), Charente-Maritime (25.5%), and Deux-Sèvres
(8.0%) e Fig. 1). In this paper, an official perimeter of the MP was
used (Forum des Marais Atlantiques & Conservatoire du Forum des
Marais atlantiques Conservatoire du Littoral, 1999), to which the
whole Baie de l’Aiguillon was added (Fig. 1). The total area
considered in this work thus encompasses 102,234 ha.
Image data

Four batches of image data were used to assess land cover
change over the whole MP.

The oldest maps used were 7 made by the French engineer of
King Louis XIV, Claude Masse (1652e1737). The scales of six maps
are approximately 1:28,000, and one map at a 100,000 scale was
used to complete the extreme northern part of the MP (Fig. 2).
These maps were made in 1705 (see Suire, 2011 for a detailed
description). The collection of the original sheets is stored in the
Military Archive in Vincennes (Service Historique de la Défense).
The main surface elements mapped were croplands, grasslands,
wooded areas, salinas, dunes, marshes, salt-marshes, and marine
areas; the main occasional elements were buildings; the main
linear elements were roads, rivers and channels.
the study site.



Fig. 2. Original documents used. Left column: overview of each original document in the same area (7.5 � 3.5 km) of the Marais Poitevin. Right column: areas covered by each
original document. In 1705, maps 1 to 6 were at a 1:28,000 scale, and map 7 was at approximately a 1:100,00 scale. Map 7 was only used for the northern part of the Marais Poitevin
that was not included in maps 1 to 6. Red areas correspond to those where no land cover information is available. In 1820, 10 maps were available at a 1:40,000 scale and covered all
the area. In 1950, the 431 aerial photographs were at a 1:26,000 scale and covered all the area; here the 99 mosaics of aerial photographs of 5 � 5 km are represented. In 2008,
Formosat-2 and Spot-5 images covered all the area, like the aerial photographs. Here, the coverage of the satellite images and the 99 mosaics of aerial photographs of 5 � 5 km are
represented.(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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The second batch of maps used consisted of 10 made by the
French Army, which are known in France as the “Carte d’Etat-Ma-
jor” and have a scale of 1:40,000 (Fig. 2). Although the reception
date reported on themaps is 1846, by combining the earliest date of
the field survey of these maps in France (the first map of this series
dates back to 1818) and the elements reported on the map (dikes
dated 1822 are not present), we estimated that the survey corre-
sponds to approximately 1820 (between 1818 and 1822). All these
maps are now freely available on the Internet (www.geoportail.fr).
The main surface elements mapped were croplands, grasslands,
wooded areas, salinas, dunes, marshes, salt-marshes, and marine
areas; the main occasional elements were buildings; the main
linear elements were roads, rivers and channels.

A total of 431 panchromatic aerial photographs of the French
Aerial Survey of 1950 were used as the third set of data (Fig. 2). The
photographs were taken in May 1950 and correspond to a spatial
scale of 1:26,000. All these maps are freely available on the Internet
(www.geoportail.fr).

For the last period, a 2008 land cover map of the MP was used
(PIMP - unpublished data) constructed from a combination of

http://www.geoportail.fr
http://www.geoportail.fr
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satellite images (SPOT-5 images of summer 2008 (4 channels, pixel of
10 m), and FORMSAT-2 images of winter 2008 (4 channels, pixel of
8 m)), 2006 and 2007 aerial photographs, and completed with a
vectorial database (see below) (Fig. 2). Themapped elements used in
this study were croplands, grasslands, wooded areas, and surfaces
under water.

Image data processing

The 1705mapswere scanned at 400 dpi. The 1820maps and 1950
aerial photographs had already been scanned at a high resolution by
the French Institute ofGeography (IGN).UsingGeomaticav.9�, all the
old maps and aerial photographs were georeferenced and orthor-
ectified, after mosaicing the aerial photographs in 99 different 5 � 5
km mosaics. Ground control points for georeferencing were taken
from both the orthorectified 1:25,000 map and the 2007 and 2008
orthophotographs of the IGN (IGN-Scan 25�, IGN-BD-ORTHO�).
Those points that remained unchanged between the dates (e.g.
channel intersections, corner of historical buildings) were selected.

Concerning the 2008 map, after the satellite images were
georeferenced and orthorectified, a multi-temporal automated
supervised classification was carried out. The PIMP completed the
map obtained by a field survey in September 2008, with other in-
formation derived from photo-interpretation of the 2006 and 2007
orthophotographs, and with a vectorial database of the IGN (IGN-
BD-TOPO�) which includes all buildings, roads, and the hydro-
graphic network in a vectorial format.

Mapping process and classification

All the georeferenced maps and georeferenced photographs
were included in the Geographic Information System (GIS) ESRI-
Arcview 3.1�. All surface elements on the georeferenced old maps
were vectorized, using the same 1:1000 zoom scale for all docu-
ments. Photo-interpretation of the 1950 aerial photographs and
vectorization were also performed using the same zoom scale. The
2008 map was directly imported into the GIS.

For all documents, only the following 8 elements were vector-
ized: croplands, grasslands, woodlands, salinas, marshes, salt-
marshes, marine areas and unidentified objects. Rivers and chan-
nels were omitted because they were not all reported on the 1820
maps, and the narrowest channels were sometimes hardly
detectable on the 1950 aerial photographs, especially in wooded
areas. Other land cover units that were represented by only a few
patches of less than 1 ha were omitted, as well as occasional ele-
ments (e.g. buildings) and roads.

In this paper, we have adopted a broad definition of grasslands,
including all grassy areas in this category: i.e. not only hay
meadows, pastures, and artificial grasslands but also grass strips
along waterways and fallow land. All ploughed land is considered
cropland. Wooded areas include all areas dominated by trees,
except hedgerows and wooded littoral dunes. Marshes include
areas under water almost all yearlong and dominated by aquatic
vegetation. Salinas are areas of salt production, even if they are
abandoned. Salt-marshes correspond to the upper intertidal area
dominated by halophilous vegetation. Marine areas correspond to
both intertidal areas without vegetation and subtidal areas.
Appendix 1 provides the details of all the habitats present in the
Marais Poitevin (according to the EUNIS typology) and their cor-
respondence with the land-cover types we mapped.

Changes in the six main types of land cover from 1705 to 2008

Because the maps of 1705 did not cover all the MP (Fig. 2), the
changes in the 6 main types of land cover (grasslands, croplands,
marshes, woodlands, salt-marshes, and marine areas) were
assessed as a percentage of the area mapped at each date, but not in
absolute areas.

Results

There were two major land cover changes from 1705 to 1820
(Fig. 3). The first was the marked decrease in marsh areas which fell
from 24.8% to 7.4% (Fig. 4). The second was a massive land recla-
mation that led to a reconversion of salt-marshes and marine areas
into croplands or grasslands. The area covered by salt-marshes fell
from 4.2 to 1.9% of the total while marine areas dropped from 10.6
to 5.6% (Fig. 4).

From 1820 to 1950, almost the only phenomenon was a huge
increase in grasslands which covered 90.2% of the total area of the
MP in 1950, replacing other land cover types (Fig. 3). As a conse-
quence, the last marshes almost totally disappeared (from 7.4% in
1820 to 0.2% in 1950 - Fig. 4).

Finally, from 1950 to 2008, the main phenomenon was the con-
version of grasslands into croplands, the former declining from
90.2% to 41.9% and the latter increasing from 1.7% to 48.8% (Fig. 4). In
addition, a large sector of woodland located north of l’Ile-d’Elle (see
Fig. 1 for location) in the middle of the MP was deforested (Fig. 3).

Discussion

Grasslands cannot be considered the remnant fragments of a
pristine landscape

The first main result of this study is that grassland to cropland
conversion is important but is a very recent phenomenon of the
second half of the 20th century. 1950 was an exceptional period
during the last three centuries, when grasslands dominated the
area: before and after this date, the extent of grasslands was much
lower. The second main result is that some of the most natural
habitats of the MP almost disappeared (marshes) or sharply
decreased (salt-marshes, marine areas).

The exceptional increase in grasslands and decrease in crop-
lands in the MP from the end of the 19th century to the 1950s has
already been reported in the literature, though neither has been
quantified nor mapped at the scale of the whole MP. From 1840 to
1925, around Chaillé-les-Marais (see Fig. 1 for location), Billaud
(1984) estimated that grasslands increased from 6954 ha to
10,389 ha while croplands decreased from 7856 ha to 1197 ha.
These changes have different explanations. The first one is de-
mographic because, contrary to grasslands, croplands require a
large labor force. The rural population increased from the begin-
ning to the second half of the 19th century, declined until the 1950s,
then increased from that period to today. Dupâquier (1989) esti-
mated that the rural population peak in France was in 1846 in
Charente-Maritime, in 1891 in Deux-Sèvres, and in 1896 in Vendée.
The second explanation is a massive division of land ownership
during the second half of the 19th century in the MP: large farms
dominated by croplands until themid-19th century were converted
into a system of small farms of a few hectares each at the end of the
same century (Billaud, 1984). The third explanation is the cereal
crisis at the end of the 19th century (Billaud, 1984). Finally, grass-
lands enabled the development of a new production system at the
end of the 19th century: while cattle rearing in the grasslands
essentially concerned meat production before 1900, the first dairy
cooperatives of the MP were created in 1891 and 1892, starting a
new activity of milk production dependent on grasslands (Billaud,
1984).

Some of the main features of land cover changes we detected for
the MP have been reported elsewhere in France and Western
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Fig. 4. Relative areas covered by each type of land cover from 1705 to 2008. After a
rather diversified landscape in 1705 and 1820, grasslands covered almost all the area in
1950, while a combination of croplands and grasslands with small woodlands char-
acterize the current landscape. Salinas, which cover areas too small to be legible here,
are not presented.

Fig. 3. Land cover change in the Marais Poitevin from 1705 to 2008. The grasslands
present in 2008 can be considered the remnant fragments of the grasslands in 1950,
but not of those of the 18th and 19th centuries. Both grasslands and croplands have
replaced the most natural habitats of the area (marshes, salt-marshes and marine
habitats) leading to a general landscape homogenization over three centuries.
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Europe. Between the end of the 19th century and the first half of the
20th century, there was a large increase in grasslands in France
(Huyghe, 2008). For instance, in Normandy (France), the extent of
grasslands increased from 20% of the total area of the Cotentin
peninsula around 1820 to 97% in 1934 (Godefroy, 1995), and in the
U.K., there were more grasslands at the end of the 1930’s than in
1867 (Lazenby & Down, 1982). The disappearance or marked
decline of the most natural habitats of the MP is also in accordance
with land cover change in many other European coastal areas.
Goeldner-Gianella (2007) estimated that 15,000 km2 of coastal
areas have been reclaimed in Western Europe since the 11th cen-
tury, leading to a conversion of natural or semi-natural coastal
habitats into farmland.

Therefore, from a conservation perspective, the protection and
restoration of grasslands in the MP, and probably in many other
littoral areas, corresponds to a strategy aimed at recovering a
landscape of the 1950s, but not older. Grasslands can be viewed as a
modification of natural habitats, rather than the remnant frag-
ments of nature. Over the last centuries, these changes have led to a
general landscape homogenization, as the mixture of six main
habitats has now been replaced by a combination of grasslands and
croplands, with small patches of wooded areas.
A first assessment of land cover change in a large European wetland
over 300 years: value and limitations of such analyses

To our knowledge, this study is the first to assess land cover
changes in a wetland over three centuries and at such a spatial
extent and resolution. This lack of studies is due to both the scarcity
of accurate historical mapping documents and the time required to
perform such studies at a large spatial scale. Large areas require the
acquisition of many historical documents, sometimes heteroge-
neous in their quality and the period they cover and often archived
in different places with restricted access. Several historical docu-
ments reporting information on land cover also suffer from inac-
curacy and their geometrical deformation is too great for them to
be used. For example, in our study, we deliberately excluded seven
sets of maps of different periods (1648, 1682, 1741, 1750, 1752, 1762,
1782) because their spatial coverage was too small (<50% of the
MP), their geometrical inaccuracy after georeferencing and
orthorectificationwas too great, or their land cover information too
imprecise. The 1705 maps of Claude Masse, as well as the 1820
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maps, are therefore exceptional and the latter have been used
recently for several historical mapping studies (e.g. Descroix &
Gautier, 2002; Dupouey et al., 2007; Etienne et al., 2013).

Nevertheless, when using such documents, caution is required
to interpret land cover changes:

i) Because land cover information did not cover the whole area
in 1705, an absolute estimation of land cover types is not al-
ways possible, and only the proportion of each of these land
cover types in the area mapped can be assessed.

ii) Land cover types are categorical variables, but there is no
exact information on their nature and quality at each date. For
example, grasslands of the 18th century may have been
different from current ones in terms of their fauna and flora.
Maps of different dates may thus induce a biased view of real
ecological changes.

iii) Though very tempting, intersecting the different land cover
shapes between each successive map to identify land cover
sequences may lead to misinterpretation for at least two
reasons. First, in this study, there are only four different dates
to analyze land cover changes over 300 years, so many po-
tential land cover changes between each date would be
omitted. Second, despite the high quality of the maps, they
have different geodetic accuracies, thus the quality of their
georeferencing and their orthorectification can be unequal
and land cover changes at the scale of each parcel may
therefore correspond to artifacts.

The reference state dilemma from a nature conservation perspective

Land cover does not change linearly over time. The latest
changes, though massive and rapid like in this study, can be
preceded by inverse trends thus the evaluation of conservation
issues depends on the time-span considered. Godet et al. (2008)
showed that eelgrass beds, previously considered “healthy habi-
tats” because they had expanded in north-western France during
recent decades, were actually slowly recovering the areas they
had lost in the 1920s after a worldwide disease. Similarly,
although forests have been rapidly expanding in Western Europe
since the 19th century, this increase follows massive deforesta-
tion in the previous centuries (see Cinotti, 1996; for France).
Therefore, taking into account only the most recent decades is
sometimes too restrictive but is often done, partly because in-
formation on this period is easily available and partly because it
corresponds to an idealized situation of the last generations we
are still in contact with.

In coastal areas, because human activities are the main sour-
ces of land cover change over the last centuries, a relevant
reference state to study land cover changes would be the period
preceding human settlement, or at least the main land planning
and significant agricultural developments. In the MP, the first
marsh draining dates back to the Middle Ages (Clouzot, 1904;
Sarrazin, 1985), followed by considerable draining in the 17th and
18th centuries (Suire, 2006). However, the reference state
considered is often determined by the availability of historical
maps. Though numerous in Europe, these historical documents
often have a military or planning purpose, and are therefore
either following human planning or concomitant with it and
many of them cannot be used for land cover due to their quality.
The objective is therefore to find a compromise between the age
and the accuracy of historical maps. In Western Europe, it is
assumed that the first accurate maps that can be used to assess
land cover changes over a large scale and with a high spatial
resolution date from the end of the 17th century or the beginning
of the 18th century.
Using both short-term and long-term land cover change studies:
implications for conservation

Short-term and long-term studies are complementary when
setting conservation goals but reveal different conservation issues.
Short-term studies may highlight conservation urgencies, whereas
long-term studies may highlight upstream conservation needs
(habitats still widespread in the present may undergo long-term
decline and must be conserved before they disappear) and non-
linear changes over time.

From a short-term historical perspective (recent decades), cur-
rent grasslands can be viewed as areas saved from cropland
expansion and they have a conservation value. Thus, the conser-
vation measures implemented in the MP or other coastal wetlands
to save grasslands from cropland conversion can be justified. In fact,
those developed in the 1960s and 1970s in the MP have probably
slowed cropland development. Nevertheless, historical studies
enable at least two new implications for conservation to be
proposed.

The first is to no longer consider grasslands homogeneous. The
contrasting land cover history of each grassland may imply
different conservation strategies. The first type concerns those that
have been grasslands since 1705. They probably have the highest
conservation stakes, because the temporal continuity of habitats
tends to promote specific species assemblages and often species
considered patrimonial, as demonstrated in forests (Hermy &
Verheyen, 2007). Moreover, in the current context of massive
turnover and land cover changes, such constant habitats over time
are becoming increasingly scarce. The second type of grassland is
those that have been cultivated once or more in the last centuries,
which may have the lowest conservation stakes. Such “young”
habitats are the most widespread and often have more ordinary
species or assemblages (Hermy & Verheyen, 2007). The third type
of grassland is those that replaced the most natural habitats of the
MP (marshes, salt-marshes, and marine areas). For these, a pro-
active management, aimed at restoring the former habitats, could
be envisaged. A large part of these grasslands corresponds to land
reclamation in the southwestern part of theMP (around the Baie de
l’Aiguillon) which replaced salt-marshes and marine areas. They
could be good candidates for “depolderization”, also called
“managed realignment” (i.e. returning these areas to the sea), like
several other areas along European shores in recent years (see
Goeldner-Gianella, 2007).

The second implication for conservation is to consider that
marshes, salt-marshes and even marine areas have a high conser-
vation value, as they can be viewed as the remnant fragments of the
wetlands before the considerable land management of the 17th
century (and even of the Middle Ages). The restoration or conser-
vation of these habitats could be viewed as a new conservation
challenge in this wetland and in other coastal areas. A first step took
place in the MP with the creation of two National Natural Reserves
in 1996 and 1999 in the Baie de l’Aiguillon, encompassing the salt-
marshes, intertidal and shallow subtidal areas.

Conclusions

Though very important in the Marais Poitevin, grassland to
cropland conversion is a very recent phenomenon of the second
half of the 20th century. This major land cover change led to a clear
focus of conservation strategies on grasslands, considered the
remnant fragments of nature of the area. However, over the last
three centuries, we have found that grasslands dominated the area
only in 1950, so that conserving or restoring grasslands corre-
sponds to a restoration of a landscape of the end of the Second
World War. Beyond these recent changes, we have also
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demonstrated that there was a disappearance of - or at least a
strong decline in - the most natural habitats of the area: marshes,
salt-marshes and other marine habitats. Conserving or restoring
such habitats in this area, and in other wetlands, may be a new
conservation perspective that takes into account the long-term
history of wetlands.
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