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The west coast of Africa, from southern Senegal to
Sierra Leone, is characterised by extensive mangrove
vegetation, interspersed with rice-fields and tidal
flats. Many millions of people live in this area and
depend on its resources - rice, fish, wood etc. The
region is of great biological importance, particularly
since it harbours extensive wetlands that function as
staging sites for Afro-tropical and migrating
Palaearctic birds. Over the past decades, rainfall has
been erratic and the severe droughts in the 1970s
and 1980s impacted on the existing mangrove
stands and rice fields.

A change in land cover over time could also have oc-
curred due to developments in management and the
socio-economical framework. Such change poten-
tially affects people and biodiversity. In this report
we aim to quantify the availability of different wetland
habitats for birds and the changes therein, over the
past 15 to 20 years. Furthermore we investigate the
composition of the bird populations in the different
wetland types and identify the threats to these sys-
tems.
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Foreword

Mangrove ecosystems and the rice plantation zones
are both of high importance for their intrinsic value,
their crucial importance for biodiversity and their
economic value.

In West Africa, the mangrove zone stretching along
the coast from the south of Senegal (Casamance)
through The Gambia, Guinea-Bissau and Guinea as
far as Sierra Leone are strongly threatened by
human exploitation. Behind the mangroves, rice
plantations have been widely established in natural
flood plains and these are also facing difficulties due
to irrational exploitation.

It is consequently important to know better the
ecology of this unique rice and mangrove zone and
to understand their role in supporting local
economies and biodiversity. This improved know-
ledge will enable governments and communities to
plan better to avoid irrevocable losses. It is in this
context that an integrated research programme was
established in 2003 for this zone as a key component
of the West Africa interventions of the International
Biodiversity Policy of the Netherlands.

The mangroves and rice plantation ‘ecoregion’ was
thus identified among three other ecoregions for its
vital importance for millions of people and for bio-
diversity.

Foreword 7

The results of the initial studies carried out between
2003 and 2006 highlight the importance of this zone
as a habitat for biodiversity. They also identify and
document the threats which this habitat faces and
draw up recommendations for policies on settle-
ment, exploitation and rational management.
Wetlands International is dedicated to the wise use
and conservation of wetlands in Africa, and recog-
nizes the vital contribution that the mangrove and
rice zone makes to livelihoods and biodiversity in
this region. We therefore appreciate this technical
and scientific work as an important contribution to
achieving long-term wise use of the natural
resources and rice fields in this coastal zone of West
Africa. | very much hope that this publication will
help to promote this contribution and will ensure
that socio-economic and ecological data are used
when drawing up development plans in this impor-
tant region.

Seydina Issa Sylla
Regional Director for Africa,
Wetlands International
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Summary

Millions of people depend upon the natural
resources in the coastal lowlands of West Africa.
Here, stretching from southern Senegal to Sierra
Leone, a zone exists where mangrove forests are
prominent. To the seaward side, intertidal flats bor-
der the mangroves, while extensive rice-fields are
found in the land beyond. This zone is referred to
as the Rice and Mangrove Ecoregion in this study.
The mangroves serve as habitat for many species of
flora and fauna and have a range of ecological func-
tions. Some of these functions are tangible and
valuable for man. Behind the mangroves, large
areas are used for cultivating rice. People in the
region rely heavily upon the rice produced in these
lowland rice fields. It is a type of rice cultivation
that requires very delicate water management, spe-
cialist techniques and a significant amount of
labour. This is related to the fact that soils in the
ecoregion are sensitive to salinisation and acidifica-
tion. Other important human activities are fisheries,
salt-extraction, oyster harvesting and the collection
of wood. A large part of the lowland rice fields is
kept wet during the dry season in this part of Africa.
Therefore, these rice fields are a habitat for many
wetland related bird species, including migratory
birds.

In this study we aim to identify existing threats to
the ecosystem and give recommendations for sus-
tainable management. Before doing so, we first
quantify the value of the major wetland habitats for
birds. Then, we estimate the changes over the past
twenty years in the extent of the areas of the major
habitats, and we link these developments to mete-
orological data for the same time period. In a par-
allel study to this (Duarte 2006) an attempt is made
to illustrate the value of these wetlands for people.

The successful functioning of wetlands in the Rice
and Mangrove Ecoregion is largely governed by the
balance between fresh and salt water, in conjunc-
tion with the typical characteristics of the soil. On

top of that there is the human influence. Man is
dependent on this ecosystem but is affecting it as
well, for example by interfering with the hydrology.
In the second chapter of this study we therefore
start to summarise the available knowledge on the
socio-economic background, climate, soils, man-
grove forest and rice fields. Following that, we pres-
ent a series of land cover maps for the ecoregion,
produced by remote sensing for the sake of this
study, to quantify the extent of rice fields, man-
groves and other natural vegetation in the low-
lands. These recent land cover maps reflect the
situation in early 2000. This evidence is compared to
existing information derived from maps, literature
and FAO databases, in order to evaluate the devel-
opments over time. The value of the different wet-
land habitats for birds is quantified using data on
bird density, also gathered within the framework of
this study. During the dry seasons of 2003-05 we
established estimates of bird density for each habi-
tat type, by counting birds in a sample of plots with
known surface area and type.

Rainfall is one of the main climatic parameters
affecting plant growth, and rainfall greatly varies
within the ecoregion. Rainfall is abundant in the
south, but limited in the north. Other climatic
parameters vary in accordance with rainfall. Parts of
the 1970's and the early 1980's have been charac-
terised by below-average rainfall, a period known as
the African drought. Particularly in the north of the
ecoregion, the droughts have been very severe.
Currently more favourable rainfall conditions
appear to be prevailing.

The land cover maps that have been produced for
this study are accompanied by measures of quality.
This enabled us to illustrate that the accuracy of
these current land cover maps is poor in the south-
ern part of the ecoregion (Guinea and Sierra Leone),
but quite acceptable for the countries in the north-
ern part (Senegal, The Gambia, Guinea Bissau). The
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causes of this variation in quality are technical and
are discussed in the report. The other available
information on land cover in the past or at present
is generally not at all associated with measures of
quality, and the estimates for the area of rice and
mangrove habitat vary greatly amongst them. For
these reasons it has not been possible in this study
to distinguish subtle trends on an ecoregional scale.
We did, however, not find evidence of large-scale
changes during the study period on the ecoregional
scale, except for a decline in the area of mangrove
in the south of Senegal during the African drought.
On a local scale, changes may have been very impor-
tant, but the methodology has not been applied for
detecting these.

The methods of rice cultivation in the mangrove
swamps generally have not changed over the past
decades. Locally there are all kinds of developments
- examples are the cutting of mangroves for new
rice polders, the construction of larger-scale dams to
prevent salt intrusion, the salinisation and acidifica-
tion of existing fields, the recovery of degraded
land, over-harvesting of wood, oysters or other
resources and the adoption of newer, more sustain-
able harvesting strategies. Some of these develop-
ments are positive, and some are negative. No
specific large-scale threats were observed. General
threats are inappropriate water management,
unsustainable oyster harvesting strategies and
unlimited extraction of wood.

In this study, an extensive, detailed and quite consis-
tent database has been collected on bird densities in
the rice fields. Additional information on the compo-
sition of the bird community has been gathered in
the lowland natural vegetation, the bare upper tidal
areas and the mangroves. The different habitats
harbour overlapping bird communities. Both rice
and natural vegetations have value as bird habitat.
With this data the relative importance of different
vegetation communities and the role of different

abiotic factors in relation to the birds’ habitat
requirements has been substantiated. The ecore-
gion is very important for many Afro-tropical
species, as well as for migrating Palaearctic birds.
The results provide a tool to better describe the
nature of changes of any future modification of
land cover. Throughout West Africa, there is a need
When
planned and implemented carefully, this does not

and a desire to increase rice production.

necessarily have a negative impact on biodiversity in
birds.

Any interference with land use developments in the
ecoregion will require a thorough insight into local
conditions and adequate water management. The
latter aspect can hardly receive sufficient emphasis,
given the sensitivity of the soils to salinisation and
acidification. Increasing the welfare of local popu-
lations, taking into account the natural constraints,
requires the implementation of proper water man-
agement on an appropriate scale, but only after a
careful evaluation of local conditions. It is also very
necessary to provide local populations with the
means to implement the use of alternative sources
of energy. Among other things, it is furthermore
recommended to evaluate more thoroughly the up
and downstream effects of the anti-salt dams, in
terms of biodiversity and economic benefits.









Introduction

1 . 1 The Rice and Mangrove Ecoregion

The west coast of Africa, from the south of Senegal to Sierra Leone is charac-
terised by extensive mangrove vegetation, interspersed with rice fields and tidal
flats. Many millions of people live in this area and depend on its resources; rice,
fish, wood etc. The region is also of great biological importance, particularly
since it harbours extensive wetlands that function as staging sites for Afro-tropi-
cal and migrating Palaearctic birds. The area (see map 1.1) is referred to by a
variety of names, depending on the point of view of the author. In Francophone
literature, for example, it is called ““les Rivieres du Sud”, while Anglophone
traders have been using the name ‘Northern Rivers’ (Cormier-Salem 1999).
Ecologically speaking, it is an entity, as we shall see in the next chapters. We will
refer to this study area as the “Rice and Mangrove Ecoregion”, since it is espe-
cially these components of the ecosystem in which we are interested here. The
study area is defined as the area between 14°30" N and 7°30" N and confined to
the lowlands (altitude < 30m); it includes the estuaries of the Sine-Saloum
(Senegal) in the north and the Scarcies (Sierra Leone) in the south.

The mangrove ecosystem is tightly related to the balance between fresh and salt
water (Bertrand 1999), and thus to rainfall. Over the past decades, rainfall has
been erratic and the severe droughts in the 1970s and 1980s impacted on the
existing mangrove stands and rice fields (Cormier-Salem 1999; Tappan et al.
2004). Other factors, too, influence the land-cover in this region, for example
the availability of labour, and the management of water and soil. In the man-
grove ecoregion, the soils are vulnerable, and management may have strongly
adverse effects on the soil condition (Dent 1984). These factors act in concert
and we hypothesize that there has been a measurable change in land cover
over the past decades, due to the developments over time in each of them. Such
changes potentially affect people and biodiversity, and that explains our inte-
rest.

Landscape impressions.

a) Rice fields alternating with natural vegetation and open water. b) Vegetated tidal
flats with Sesuvium sp. c) Bare uppertidal flat. d) Upland. e) Aquatic vegetation with
Nymphea sp. f) Vegetated tidal flat.
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1 . 2 Scope of the study

In a parallel study to this one, within the framework
of the same project, the value of the wetlands for
people in the Rice and Mangrove Ecoregion is eva-
luated (Duarte 2006). There are many socio-econom-
ic aspects that need to be considered, that are
relevant for the welfare of the local population, and
that may contribute to a sustainable exploitation.
The scope of this study is to quantify the availability
of different wetland habitats for birds and the
changes therein over the past 15-20 years. Also, we
aim to investigate the composition of the bird pop-
ulations in the different wetland types and the
occurrence of threats to these systems.

Bookmark

In the next chapters we will review the main abiotic
and biotic phenomena affecting land cover in the
Rice and Mangrove Ecoregion, with special atten-

tion to the human component. It is essential to pre-
sent background information on these issues before
we proceed with our own aims, methods and
results. In chapter three we will describe our
methodology in collecting information on land cover
developments and bird density counts, our proxi-
mate for biodiversity. Chapter four presents the
results, i.e. a classification of remotely sensed data
for the entire ecoregion, a comparison with existing
maps and data, and a summary of the bird density
counts. In chapter five we will discuss our findings
and identify threats to the ecosystem. We will finish
with a limited set of recommendations, as far as our
biological data will allow us. Wise use of the natural
resources in the ecoregion depends on more than
simply knowledge of the biological component
alone. Recommendations for sustainable manage-
ment need to take into account the economical and
sociological issues that fall beyond the scope of this
study.
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Description of the Rice and
Mangrove Ecoregion

The Rice and Mangrove Ecoregion is a lowland area, with many estuaries and a
multitude of mangrove-fringed channels. Between the uplands and the sea,
there are sand dunes, salt flats and mangrove-vegetated mud flats. Most of the
area is under a tidal influence. People have used, and are still using the area for
multiple purposes, but the main agricultural activity is the cultivation of rice.
They have to operate in a very dynamic environment, within the constraints set
by climate, hydrology, soil and given socio-economic conditions. Birds use differ-
ent habitats according to their requirements, and also have to cope with the
dynamics of these systems. Within a season, the conditions change with seasonal
variations in rainfall and evaporation, while over the years the availability of the
major habitats may not be constant. Here we will review the main abiotic and
biotic phenomena affecting land cover in the Rice and Mangrove Ecoregion,
with special attention to the human component.

Impression of mangrove stands.

a) A dike through the mangrove forest leading to the village of Elia (Guinea Bissau).
b) near Serekunda (The Gambia). c, d) Rhizophora. e) The remains of mangrove trees
that have died during the African drought in the Bintang Bolon (Boudouk, Senegal
2005). f) uppertidal flat with remains of mangrove (Bintang Bolon, The Gambia 2005).
g) Vervet monkeys in the Mangroves.






2 . 1 Historical and socio-economic
background

The history of people and rice-cultivation in the
region is a long one, and might date back more than
two thousand years (Cormier-Salem 1999). Since
then, people have used the mangrove environment
to fish, to harvest salt, cockles and oysters and to
grow rice. With the collection of wood for construc-
tion and fire these are still the major ways in which
the natural resources are exploited. The various pop-
ulations were specialised differently though, and
each inhabited certain parts of the coastal zone. Over
the centuries, there have been major shifts in the re-
lative abundance and presence of varying ethnical
groups.

The recent history is characterised by fast growing
populations, especially in the urban areas. The total
population has tripled between 1960 and 2005,
whereas the urban population has increased seven-
fold (see figure 2.1). It is noteworthy that all of the
larger cities are found in the coastal zone (Cormier-
Salem 1999). Above that, there has been a significant
increase in the demand for rice, given population
growth and dramatic changes in consumption pat-
terns during the past two decades. Increasingly, rice
is becoming the staple diet of urban households. The
growth in consumption has been most substantial in
these rapidly growing cities. In line with this, most
of the countries concerned have adopted enhanced

Human activity.

a) Women preparing oysters harvested that day
(Banjul, The Gambia 2005). b) Return from rice fields
c) Earthen dikes are created and maintained with
manual force in the traditional system, using a special-
ly adapted spade, suitable for this type of soil. The
tool is up to four meters long, strong, and able to cut
the clay. d, g and h) fishermen. e) Harvesting of reed
in what used to be a tidal rice area (Dankunku, The
Gambia 2005). f) Harvest of wood from mangrove
stands (Soma, The Gambia 2005).
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food security as a common policy goal (WARDA
2005), and thus they are aiming at increased rice
production. There is also an increase in the demand
for firewood or construction timber (Diombera
1999). Indeed, as an example, Diombera (1999)
reports on declining stocks of timber in general. He
finds strong decline in the area of mangrove, even
accelerating after 1985, for Guinea-Bissau.

In spite of these growing populations, and increas-
ing demand for rice, a shortage of labour is felt in
the rice-cultivation areas (Cormier-Salem 1999). In
the fifties and sixties Pélissier (1966) noted a rural
exodus of young people, leading to abandonment of
certain rice fields. With the climatic drought in the
1970s and 1980s this phenomenon has only
increased (Cormier-Salem 1999). However, the
rural areas remain home to many people that exploit
the natural resources, as has been done for centuries.
There is a continuous exchange of people and goods
between the cities and the rural areas, and the wel-
fare of all of these people is related to properly func-
tioning ecosystems in the coastal zone.
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Figure 2.1. Human population in Senegal, The
Gambia, Guinea-Bissau, Guinea and Sierra Leone.
(FAOSTAT data, 2006, last accessed May 2006).
Note the logarithmic scale.
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2.2 cim

The climate in the study area, and in West Africa in
general, is determined by a humid air mass origina-
ting from the Atlantic Ocean, and by a dry air mass
from the African continent. Where these two air
masses meet, the Inter-Tropical Convergence Zone
(ITCZ) is found. The seasonality of the West African
climate results from the annual north-south migra-
tion of the ITCZ, due to the yearly positional
changes of the Earth in relation to the sun.The posi-
tion of the sun varies between the Tropic of Cancer
(21 June) and the Tropic of Capricorn (21
December). The air, the soil and the ocean are heated
most when the sun is directly overhead at noon. This
causes a maximal rise of air. The upward-welling air
flows to the north and the south at high altitude and
returns to the earth thousands of kilometres away as
very dry air. This circulation system, known as the
Hadley cell, brings dry air to the Sahel from the
Northeast in the dry season.When the sun, during the
northern summer, is directly above the Sahara,
humid air comes with the monsoon winds from the
Atlantic Ocean in the southeast. This brings rain to
the Sahel, bringing with it the wet season.

The Inter-Tropical Convergence Zone moves north
and south of the equator and usually reaches its
most northerly position in August. Its position
defines the northern limits of possible rainfall in the
Sahel. Rain-bearing clouds are generally situated
150-200 km south of the ITCZ. The ITCZ is the
dominant rain making mechanism all over Africa,
explaining why northern and southern Africa are
dry and central Africa wet. It also explains why it
rains in the Sahel during the northern summer and
rains a half year later in southern Africa.

The main climatic parameters of sunshine, tempera-
ture, precipitation, humidity and evapotranspora-
tion vary, with the annual migration of the ITCZ
(Windmeijer & Andriesse 1993). In general there is

a north-south gradient in the values of these para-
meters. For the purpose of this study we restrict our-
selves to describing patterns of rainfall, since this
will be sufficient to understand the regional and
temporal variation in climatic parameters.

Rainfall

The Rice and Mangrove Ecoregion has a monomodal
rainfall regime, characterised by one single peak in
rainfall during the course of a year. After the start of
the rains, it gradually increases in amount and fre-
quency, reaching its maximum in August/Septem-
ber. To illustrate the variation in annual rainfall in the
study region we present annual data for a selection
of six meteorological stations between 1960 and
2000 (see figure 2.2). A spatial impression is given
in map 2.1. There is a steep gradient in rainfall with
high average values in the south (Conakry: 3800
mm £ 640 ) and rather low values in the north
(Kaolack: 600 mm =+ 161). Note that evaporation is
also higher in the north than in the south (Cormier-
Salem 1999). Periods that can be characterised as
‘wet’ or ‘dry’ occur more or less synchronously in
the region, but the dry periods are somewhat less
apparent in Conakry. For some stations a year may be
characterised as dry, while the other stations had
normal rainfall. Thus, the variation in rainfall is sig-
nificantly correlated between the stations presented
in figure 2.2, but the correlation is not very strong
(r ranges between 0.5 and 0.7). This fits with the
observation by Zwarts et al. (in prep.) that the rain-
fall within the Sahel countries is rather well syn-
chronised along the east-west gradient, but that
there is less synchronisation between the Sahel,
Soudan and Guinea zone.

Map 2.1. Regional variation in rainfall (mm) in the
study area, and geographical position of the six
meteorological stations for which data have been
used to produce figure 2.2 (source: www.fews.net)
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Overall the following pattern in wet and dry years
can be distinguished: Between 1961-67, many sta-
tions experienced above average rainfall. Dry periods
occurred between 1972-73 and 1980-1984. These
periods are referred to as the Sahelian drought. As
described by Zwarts et al. (in prep.). for the Sahel,
there appears to be a recovery in the rainfall over the
last years of the nineties and early 2000. Zwarts ¢t al.
(in prep.) first ascertained that the fluctuations in
the rainfall in the Sahel may be described with one
single rain index, and concluded that for the actual
Sahel zone this is indeed the case. Their result is
given in figure. 2.3. The rainfall is expressed with
respect to the average calculated over the entire 20th
century. Many papers give the anomalies relative to
the 1961-1990 average. Since the average rainfall in
the Sahel, calculated over the entire 20th century is
10% higher than for the period 1961-1990, one has

Fig. 2.3. The annual rainfall in the Sahel (1900-
2005) expressed as percentage departure from the
average calculated over the entire 20th century.
The smooth curve gives the 9-year running mean
(from Zwarts et al. in prep.).
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to move the y-axis 10% downwards to read the data
in Fig. 2.3 as departure from the 1961-1990 aver-
age. Since the Sahelian drought, the rainfall has
gradually improved, but it has not yet returned to
the last pre-drought levels.

River Hydrology and Salinity

Within the region, there is large variation between
estuaries. Some rivers have extensive catchment
areas, such as the Gambia river, while others have
not, such as the Saloum and the Casamance (see
map 1). The rivers in the region are generally short.
Many originate in the nearby Fouta-Djallon moun-
tains, such as the Gambia, the Corubal, and the
Konkouré. Others do not, such as the Sine, the
Saloum and the Casamance. The river flow is corre-
lated to the gradient in rainfall from north to south.
Therefore, there is a lot of difference in the amount
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of fresh water passing by a given location between
northern and southern estuaries and between those
with large and small catchment areas. The dry peri-
od in the early 1980s (see above) has manifested
itself in rising salinity levels, a lowering of the tidal
limits and a movement of the boundary between
fresh and salt water far upstream. In the so-called
‘inverse estuaries’ in particular, the salinity levels
upstream rose very steeply. Inverse estuaries are
characterised by an inverse salinity gradient during
parts of the year. Where in ‘normal’ estuaries the
salinity gradually decreases from the river mouth in
an upstream direction, this is the opposite in an
inverse estuary. It develops when the tidal mixing
and the flow of fresh water are insufficient to com-
pensate for a high rate of evaporation. Examples are
the estuaries of the Saloum and the Casamance, in
the north of the study area. The Bintang Bolon, a
branch of the river Gambia, very likely also has the
conditions to develop an inverse salinity gradient. As
mentioned, these conditions deteriorated during the
years of drought. Flow of fresh water declined, evap-
oration rate increased and as a consequence, salinity
levels went up. This happened especially in the
northern estuaries (north of River Mansoa, see fig-
ure 2.4). As we shall see in the following para-
graphs, it is there that a rapid increase in bare areas
has been observed, at the expense of mangrove ve-
getation (Diop 1990; Diop et al. 1997; Cormier-
Salem 1999).

23 Soils

The properties of the soils in the study area are very
important for our understanding of the system, and
very well described in Dent (1984) and Dent &
Dawson (1999). The major constraints for rice culti-
vation in the mangrove zone are the salinity and the
potential acidity of the soils (Cormier-Salem 1999).
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Figure 2.4 An ecologically significant phenomenon
is the difference between northern & southern
estuaries, and the inward movement of high levels
of salinity with the reduced river flow during
drought. A normal gradient (in the south ) shows
a quick decline in salinity moving upstream.
Northern estuaries are confronted with hyper-
salinity inland (Bertrand 1999).

Soil salinity

The soils may turn saline, when the fresh water sup-
ply is insufficient to wash away the salts that are
present. Salinity hampers the development of plants,
and thus it is of great importance to wash away
excess salt before the growing season. Salts are pre-
sent in the soil because they are of marine origin.
Depending on the type of rice cultivation, they are
still under marine influence. In some types of rice
cultivation, salt water is allowed to enter the fields
after the growing season. We will elaborate upon the
types of rice cultivation and the management of
water below, in paragraph 2.5. For now it is impor-
tant to realise that salinity may affect the harvest of
rice if the levels rise too much during the growing
season. This can happen either by undesired salt
water entering the fields from the estuary, or by ca-
pillary rise from deeper soil layers.

Soil acidity

On the other hand, the soils may turn acid, when
managed improperly. This phenomenon also causes
great physiological stress to plants and hampers or
even prevents crop production. Besides that, the



acids produced may lead to corrosion of steel and
concrete, and the poisoning of fish and livestock.
Generations of people depending on soils with this
characteristic have been impoverished and probably
even poisoned by their own drinking water (Dent &
Dawson 1999). All of this warrants special attention
to the process of soil acidification.

The acidification problem is typical for mangrove
soils and other soils that have accumulated lots of
pyrite. Pyrite, (FeS,), accumulates in waterlogged
soils that are both rich in organic matter and flushed
by dissolved sulphate, usually from sea water. These
soil types are known as ‘potentially acid sulphate
soils’ or ‘acid sulphate soils’. According to Dent &
Dawson (1999) they are the ‘nastiest soils in the
world’. When drained, potentially acid sulphate soils
generate sulphuric acid that leaks into drainage and
floodwaters, dissolves iron and aluminium from soil
minerals, and thus causes the problems described
above. The hazard presented by acid sulphate soils is
magnified by their location - mostly in coastal wet-
lands where development pressures are intense.

Sulphuric acid is produced by the drainage of sul-
phidic mud that accumulates in tidal soils under
mangrove or salt marsh vegetation. Sulphides are
stable under waterlogged conditions, but drainage
or excavation introduces oxygen into these materi-
als. This oxygen oxidizes sulphides into sulphuric
acid. Consequently, the potential acid sulphate soil
becomes an active acid sulphate soil. Under these
conditions natural vegetation is limited, the range of
crops that can be grown is severely restricted, and
yields are low (Dent 1984).

The reported extent of acid sulphate soils for our
study region is in the order of millions of hectares,
and summarised by Dent & Dawson (1999). This
does not imply that problems with acidity will occur
everywhere. The spatial variability is high (Sylla et al.
1996) and one can find locations, for example large
parts of the coastal plain near Kobal in Guinea,
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where soils are not potentially acid (Cormier-Salem
1999).

Given these soil properties, the hydrology is of cru-
cial importance. When the soil is waterlogged or
under a tidal influence, the level of acidity is not
apparent. Under changing hydrological circum-
stances however, the soil may ripen and the acidity
may increase. This process occurs under natural cir-
cumstances, when the soil elevation increases due to
sedimentation, and natural tidal flooding decreases
in frequency. In the landscape, such areas are observed
behind the mangrove formations (Cormier-Salem
1999) as bare or vegetated uppertidal flats or swamps.
We will elaborate on this vegetational succession in
greater detail below, since there are more factors
involved (Bertrand 1999). More importantly, howev-
er, hydrology also changes as a result of human man-
agement. In order to regulate the salinity, and to
cultivate rice, hydrological measures are undertaken
at different spatial scales. These management measures
may have strongly adverse effects on the soil condi-
tion (Dent 1984; Sylla et al. 1996; Cormier-Salem
1999). In paragraph 2.5 we will elaborate upon the
management of water in relation to rice cultivation,
and the soil problems that have arisen in some cases.

2 . 4 Mangroves

Along the coast of West Africa, extensive mangrove
forests occur. Mangroves are the tropical equivalent
of the temperate salt marsh and serve a range of
functions, some of which are very tangible and
valuable for people. Mangroves play a role in coastal
protection, as a source of wood and a habitat for
exploitable animal populations. They are home to
the oyster and to a considerable variety of fish
species. Mangrove forests are a key landscape ele-
ment in the sense that they influence ecological
processes beyond their own borders. The shallow
waters inside the forest are habitat for reproduction

1 Geographical locations of places mentioned in the text are given in map 2.2






of fish that spend a large part of their lives in open
sea. The mangroves provide organic material as a
basis for the food chains in mudflats and shallow
coastal waters. Many bird species that forage in other
coastal habitats, use the mangroves for nesting, shel-
ter, and roosting during the night or high tide.
Worldwide, mangrove forests are under great pres-
sure (Wilkie & Fortuna 2003). There is common
global interest to counteract the observed decline in
the area covered by mangroves.

The main abiotic factors that affect mangroves are
sedimentation, subsoil, river dynamics, type of estu-
ary, influence of the ocean and climate (Cormier-
Salem 1999). In the study region there is a great
diversity in mangrove environments, defined by dif-
ferent combinations of these factors. There are very
sheltered sites, and sites that are very exposed to
wave action. Near the mouths of the rivers there are
sites with quite constant salinity of the water,
whereas upstream of the ‘inverse estuaries’ (see
paragraph 2.2) salinity may rise to levels that trees
can scarcely tolerate. The diversity in tree species is
however limited. There are only nine woody species,
five of which are actually abundant. The structuring
of mangrove populations, in relation to each of the
factors mentioned, is subject of scientific debate
(Bertrand 1999). Some generalisations can howev-
er be made.

Hydrological works at different scales

a) Small earthen ridge (now open to let water pass)
separating ricefields from the mangroves. b) A tradi-
tional opening/valve in an earthen dike, made using a
hollow trunk and fortified with branches. c¢) Another
such traditional valve. d) Upstream part of a valley
blocked with a small concrete dam; this dam is poorly
repaired after being damaged, and the ricefields
behind it suffer from salt intrusion (Kiang West,
Gambia, 2005). e) Functional valve in a ring dike
around a medium-sized polder (ca. 300 ha, Koba-
Katep, Guinea Conakry 2006). f) Dam regulating
waterflow to a river valley (Sinedone, Senegal 2005).
g) New anti-salt dam in the Bintang Bolon near the
border with The Gambia, (Boudouk, Senegal 2005).
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Tidal fluctuation plays an important indirect role in
mangrove distribution. Mangroves generally grow
under tidal conditions. Tidal fluctuation results in a
reduction of plant-competition due to alternating
wet and dry conditions. The tides bring in relatively
clean water and nutrients, while exporting detritus.
Propagules are also transported effectively with the
water. Where evaporation is very high, tidal fluctua-
tion washes excess salts away preventing excessively
high soil salinity concentrations. Mangroves are
found where salinity ranges from 0-90 ppt. Salt
water is not a physical requirement for growth, but
mangrove communities are seldom found in strict
freshwater environments. Mangroves are dynamic
vegetation communities, adapting to changing abi-
otic circumstances. Rivers actively erode stands of
mangroves on the outer sides of all the river bends,
but new stands of mangroves appear on the inner
sides of these same bends where sediment builds up.
However, mangroves are also able to adjust the cir-
cumstances themselves. By slowing down the speed
of water, they trap sediments. The different man-
grove species vary in their ability to induce sedi-
mentation and to trap sulphur. They may thus
modify the habitat for successors in the vegetational
sequence (Bertrand 1999).

The mangrove communities are considered to occu-
py separate topographic sections of the tidal range
(Bertrand 1999). Rhizophora species, the so-called red
mangroves, (R.mangle, R. racemosa) generally occupy the
low-lying seaward side. Stands with Avicennia africana,
black mangroves, are found towards the landward
margin (Cormier-Salem 1999). This is related to
variations in salinity. Some species tolerate a low
range of salinities, while others may tolerate a much
larger range. Rhizophora species are found where soil
salinities range between 60-65 ppt. Avicennia has been
recorded in soil salinities greater than 90 ppt
(http://www.nhmi.org/mangroves/phy.htm). As
has been explained in paragraph 2.2, salinity is great-
ly affected by the balance between river runoff and
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tidal exchange. When river runoff started to decrease
throughout the area during the climatic drought, this
led to a rising of salinity profile upstream (see figure
2.4). In southern estuaries the increasing average
salinity of tidal waters resulted in the replacement of
Rhizophora species by Avicennia, especially higher up in
the intertidal zone. In northern estuaries however,
such as the Saloum and the Casamance, the salinity
levels reached values above the levels tolerated by
most species and several authors report a die back of
mangroves (Diop 1990; Cormier-Salem 1999;
Bertrand 1999), in favour of bare upper tidal areas or
vegetated upper tidal flats. When the rains returned,
there was recolonisation by Avicennia sp. (Dent pers.
comm., Diop et al. 1997).

Behind and within mangrove stands, there are large
upper tidal flats. Some of these flats are vegetated,
but a large part of them is bare. Open areas within
the mangroves are often referred to as ‘tannes’, but
because different authors attach different meanings
to that label, we will not commonly use it in this
paper. Vegetated flats and bare intertidal or upper
tidal areas are naturally part of the landscape. As a
result of continuous sedimentation, natural tidal
flooding is bound to cease over time in the transi-
tion zone towards the upland. These are the inner
margins of the forest. As a consequence, mangroves
are faced with reduced input of nutrients, larger
variations in salinity, water deficit and, potentially,
soil-acidification (see paragraph 2.3 above). Under
these conditions the mangroves naturally die back.
Depending on water availability during the dry sea-

a) Wooden bridge over a tidal gully: In the absence of
dams or proper bridges, access and transport to
remote villages is dangerous and restricted
(Bintimodia, Guinea 2006) b, c) Functional valves in
ring dikes around medium-sized polders (Douprou and
Koba, Guinea 2006) d, e) Large scale anti-salt barrage
constructed in 1987, which appears to have func-
tioned until 2004 (Affiniam, Senegal 2005).
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son, bare or vegetated upper tidal flats are formed.
Characteristic species of the vegetated flats are
Paspalum vaginatum, Scirpus littoralis, Sesuvium portulacastrum
and, under some conditions Sporobolis robustus. When
abundant groundwater seepage balances summer
evaporation, the vegetation may change towards
supertidal freshwater swamps (Bertrand 1999).

2 . 5 Rice culture

Five different rice ‘ ecologies’

Depending on the position in the landscape and the
availability of water, there are several types of rice
cultivation that are prevalent in West Africa
(Andriesse & Fresco 1991; Anonymous 2000). Rice-
culture may be exclusively rain-fed or subject to
water from groundwater flows, irrigation and river-
flooding as well (see figure 2.5). The West African
Rice Development Association (WARDA) distin-
guishes five rice ‘ecologies’: 1) the rain-fed upland
rice, 2) the lowland irrigated rice, 3) the lowland
rain-fed rice, 4) the deepwater floating rice and 5)
the mangrove-swamp rice. Rain-fed upland rice is
planted on the slopes of an undulating landscape,
where no effort is made to supply water and where
there is no natural flooding of the land. Water sup-
ply is restricted to rainfall and the rice is never inun-
dated. Irrigated rice, on the contrary, is supplied
with adequate water throughout the growing sea-
son. It is only possible where a permanent source of
fresh water is available. Outside our study area, for
example, it is found in large areas in the valleys of
the Senegal and the Niger. There, the existence of
large dams (Diama, Markala and Sélingué) allow for
this type of rice cultivation. Within our study area,
it is practised on a limited scale, such as in the plains
of Koba in Guinea (see map 2.2), where water is
derived from a small reservoir. Upstream in The
Gambia, farmers irrigate some 1500 ha of rice with
surface water, primarily derived from the Gambia
River (Verkerk & van Rens 2005). Lowland rain-fed
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rice refers to rice that is cul-
tivated in valley-bottoms,
floodplains or coastal plains
(see figure 2.5). Depending
on the degree of control
over water, these areas are
said to be either managed or

unmanaged. In lowland up;f;re?nf)bes
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to rice plants is principally

provided by rainfall, run-off water, and under-
ground water. The rain-fed lowland rice fields are
usually surrounded by small earthen dikes. The
dikes serve to retain floodwaters, as well as rainwa-
ter, which falls during the growing season. The
deepwater floating rice hardly occurs in our study
area. It refers to rice in areas behind river levees that
are often flooded to large depths (sometimes sever-
al metres). Mangrove swamp rice, to conclude this
description, is rice planted in tidal wetlands. Outside
West Africa, this rice type is referred to as ‘ tidal
rice’. Soils are flooded due to the influence of the
ocean tides and/or the discharge of rivers into the
ocean during periods of high discharge. The man-
grove-swamp rice ecology is characterised by the
alternating presence of fresh and saline water (Bayo
2003).

A special form of rain-fed lowland rice is a ‘modi-
fied tidal rice’ (D. Dent pers. comm.). This occurs
where a tidal influence has been blocked, for
instance because of a salt dam. This type of rice
growing has a freshwater rice ecology, where there
used to be mangrove-swamp rice. Because it is often
developed on former mangrove soil, there is a risk
of acidification (see paragraph 2.2). Modified tidal
rice is therefore only possible where soils are not
potentially acid sulphate (PAS), where drainage is
possible without turning the soil into an acid sul-
phate soil (ASS). In such a situation rice production
may be enhanced by reducing salt stress. There are,
however, also examples where such agro-hydrologi-

Figure 2.5 Landscape elements and physio-hydro-
graphy along a toposequence (from Andriesse and
Fresco (1991)).

cal interventions have failed due to acidification.
This will be discussed in paragraph 2.5.

In this study we are mainly interested in the man-
grove-swamp rice, the lowland irrigated rice, and
the lowland rain-fed rice. These rice-ecologies are
characterised by wet conditions in the dry season
and are thus of importance to wetland-related birds.
In terms of area, irrigated lowland rice is not impor-
tant in this study region, as compared to mangrove-
swamp rice and lowland rain-fed rice (Anonymous
2000; Bayo 2003). In a following paragraph we will
elaborate upon mangrove-swamp rice cultivation in
greater detail.

Mangrove swamp rice

To understand the range of strategies to grow rice in
the mangrove zone, one has to consider the major
ecological constraints. In order of importance they
are 1) the availability of fresh water, 2) the pheno-
mena of salinisation and acidification, 3) the stabil-
ity of the sediments and 4) the predators of rice
(Cormier-Salem 1999). Here, we will outline the
essential aspects.

Rice is sensitive to salt, but salt and salt water are
present everywhere in this zone. To manage the fresh
and salt water there are two principal systems (see
figure 2.6). In its most simple form, the rice fields
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are open, and the rice is flooded by fresh river water
(panel B, figure 2.6). This culture is possible when
the flow of the river is large, bringing so much fresh
water during the growing season that salt water
from the sea does not affect the culture. The fields
are flooded daily, and water management is absent.
Other forms of rice cultivation, prevalent through-
out the region, make use of dikes. The dikes keep the
fresh rain water in and limit the entrance of salt
water during the growing season (panel A, figure
2.6). In traditional systems the dikes are small, but
modern forms have a large ‘ring dike’ that encloses
several hundreds of hectares, and channels to better
manage the water levels (Diop 1990; Cormier-Salem
1999; Bayo 2003).

A good management of water provides optimum
conditions for growth of rice. Rice grows best in a
permanent layer of water. At the same time the farm-
ers have to try to maintain soil productivity, fight
weeds and be able to work on the land during plant-
ing and harvesting. Control over water is essential
for all of this, and we will illustrate that by descri-
bing one of the typical forms of cultivating man-
grove swamp rice in more detail.

Mangrove swamp rice cultivation

Per year there is only one cycle in the rice culture.
Rice is generally transplanted as young plants during
the rainy season, and harvested in the dry season2.
During the non-growing season, salt water is
allowed to enter the rice-fields. Flooding with salt
water prevents acidification (Dent 1984; Cormier-
Salem 1999; Dent & Dawson 1999). According to
the literature, the system of cultivating rice would
not be sustainable in the mangrove zone without
this flooding with salt water, especially not where
soils are potentially acid sulphate. It is necessary to
maintain waterlogged conditions in potentially acid
sulphate soils, as has been explained in paragraph
2.3, otherwise the soil acidity may become exces-
sively high. But even in soils that do not turn acid

under drainage, there are advantages in the sense
that salt water kills weeds and brings in nutrients.
Besides, in some places it is very impractical or even
impossible to prevent salt water from entering the
fields during the non-growing season. At the begin-
ning of the growing season fresh water is used to
wash away the salts that have accumulated, and to
provide water for the plants. To flush the polders,
there are valves in the dikes. In the traditional system
these are made of hollow trunks, modern forms are
made of concrete and steel. Before planting the fields
are prepared using a special spade that is suitable for
working the heavy clay soils (see photo page 33). By
turning the soil and creating small ridges, weeds are
killed, soils are flushed from salts and acids more
quickly, and the fertility of the soil is enhanced. Then,
when excess salts (and acids) have been flushed, the
valves are closed and fresh water is allowed to accu-
mulate in the polder. In practice it is extremely diffi-
cult to find the right balance everywhere between
flushing with fresh water and maintaining sufficient
reserves of water for completing the growing cycle.
This is especially true where water levels are man-
aged over larger areas with some variation in topog-
raphy. The need to store fresh water and the risk of
salt intrusion vary from north to south in the eco
region, and so does the use of dikes and ridges.
Where soils are flushed quickly anyway, there is no
need for ridges. And when the risk of salt intrusion
is low, there is no need for protective dikes. Under
these conditions the rice fields are open as in panel
B, figure 2.6. Large areas of this type are found in the
River Gambia around kilometre point 170, the mid-
dle part of the country, and in certain plains in the
upper parts of estuaries in Guinea and Sierra Leone.

The availability of fresh water is high in Guinea and
Sierra Leone, but low in Senegal, The Gambia and
the northern part of Guinea-Bissau (see paragraph
2.2). Both situations are problematic. The rainfall
conditions are, on the other hand, ideal in the south
of Guinea-Bissau, leading to harvests of circa 2

2 Under some conditions, such as the tidal rice in the Gambia, the rice is planted later.



Earthen dikes are created and maintained with

manual force in the traditional system, using a
specially adapted spade, suitable for this type of
soil. The tool, handled here by Mr. Mario da Silva,
is up to four meters long, strong, and able to cut
the clay.
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tonnes per ha per year (Cormier-Salem 1999). It is
clear that a proper water management requires
dikes, drains and valves. The maintenance of such
structures is complicated and labour-intensive in the
zone, where erosion and sedimentation are power-
ful forces. To complicate things further, the water
should preferably circulate. Circulation of water has
several advantages, amongst which is the reduction
of disease. Finally, the rice growers have to deal with
crabs, fish and birds, as predators of rice. Crabs also
cause damage to the earthen dikes (Cormier-Salem
1999). Rice cultivation in the mangrove zone is a
low-input type of cultivation. The farmers only
rarely have the means to pay for fertilisers or pesti-
cides (Cormier-Salem 1999). Notwithstanding
these difficulties, the local populations have been-
able for centuries to produce rice and they are stil-
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doing so with great skill and knowledge.
Interventions to improve rice production have been
many, but one of the key lessons learned has been to
use that local knowledge carefully (Diop 1990).

Other natural vegetation in the lowlands

On a landscape scale, the areas that are characterised
as rice complexes are in fact a mosaic of different
vegetation communities. Within a rice complex
there are parcels that are either unsuitable for culti-
vation, or which are temporarily uncultivated.
Some of these communities are temporarily fresh
water habitat, e.g. wild rice and aquatic vegetation

(Nymphea, Nunephar). Other communities can be char-
acterised as more or less salt-tolerant. Examples of
the latter are the Cyper vegetations (e.g. Scirpus lit-
toralis), grass stands (Sporobolus robustus, Paspalum vagina-
tum) or communities dominated by Sesuvium
portulacastrum that also occur on upper tidal flats. In
this report we use the term ‘other natural vegetation
inthe lowlands’ to refer to plant communities other
than rice or mangrove vegetation (or riparian for-
est). To summarise, they are low-growing vegetation
types occurring on upper tidal areas, in valleys,
behind dams or within rice-polders.
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Map 2.2. The geographical location of some of the major agro-hydrological works in the eco-region and
other places mentioned in the text. With regard to the agro-hydrological works, note that the overview
is not exhaustive. A small remark is given for each location in the associated table, but for more expla-
nation we refer to the text.
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Overview of agro-hydrological interventions
The policy of each West-African country for the last
decades has been to reduce the dependency on rice
imports and thus to increase the domestic rice pro-
duction. For this purpose a suit of larger dikes and
dams have been built. On the one hand large man-
aged polders (over 1000 ha) have been implement-
ed e.g. in Koba (1950 - 1990), Guinea or Tobor,
Senegal (ILACO 1967, see map 2.2 for the geograph-
ical locations of places mentioned in the text). The
first experiences on large scale in the Casamance, to
improve production by enhanced desalinisation
(ILACO 1967), were negative due to negligence of
the phenomenon of acidification. This occurred
before our study period. Also, large dams have been
erected to regulate the salt water into entire valley
systems. By allowing for salt water to enter during
the non-growing season, one aimed to copy the local
strategy of managing the water. Important examples
are the dams in the Casamance near Affiniam
(1987), which was functioning until 2004, and
Guidel (1983), which failed due to acidification.
Seen on the continental scale, the amount and den-
sity of large dams in the region are limited. In an
overview of dams in Africa by the FAO (aquastat,
www.fao.org/geonetwork) only three dams appear
in our study area, out of 1138 in the continent as a
whole. These are the Banieya Dam and the Kale Dam
in the basin of the Konkouré, Guinea, and the Guma
Dam in Sierra Leone. All three were built in the
1960s. The other dams mentioned above do not
appear in the continental overview.

Smaller examples of agro-hydrological interventions
(< 500 ha), aim at the restoration of agricultural
potential in valleys with hyper-saline soils and can
be found throughout the region, but especially in
the Casamance. Still many of such dams are under
construction, financed by USAID, FAO and the
European Community. The ecological impact of
these hydrological measures has been greatly
dependent upon the scale, the local situation and the
management of the functioning of the dams and

valves. The larger polders and dams in the study
region should be evaluated in economical terms, as
well as in terms of rice production and biodiversity.

2 . 6 The Rice and Mangrove
Ecoregion as habitat for
birds

The coastal wetlands in the study area have great
ornithological importance (de Naurois 1969; Alten-
burg 1987; Altenburg & van der Kamp 1991;
Cormier-Salem 1999; Dodman et al. 2004). In this
paragraph we will elaborate upon the characteristics
of the main habitats, and their seasonality.

Rice fields

The rice cultures are large-scale, predictable fresh
water habitats, where water is available far into the
dry season. The farmers actively strive to keep their
fields submerged in order to obtain the best condi-
tions for the growth of rice. In the fields, birds can
forage and find different sources of food. Food avail-
ability is not constant, but rather changes during the
season both in type and abundance. When the rice
has been seeded it could potentially provide a source
of food for birds, such as the Black-tailed Godwit.
However, in this region farmers usually transplant
older plants in order to prevent this kind of predation,
especially by the abundant crabs. During the growing
season the rice fields contain water, with levels down
to 1m deep. The shallow water and the channels in
between the fields contain small fish and invertebrates
that disappear when the fields dry out before or during
the harvest. These animals are prey for herons, waders
and kingfishers and before the fields dry out, they
become very easy to catch. As the rice matures, the
fields become a habitat for birds that feed on insects
and seeds. Seed-eating birds are a huge problem for
farmers (Quelea sp,. Ploceus sp.), who, or whose children,
in some places have to watch the fields continuously
or they risk significant damage. The first rice is har-



vested in November, but the harvest continues until
deep into the dry season, depending on the local
hydrology. After the harvest, the fields temporarily
are a good feeding habitat for many waders and
herons that search for fish, invertebrates or remaining
rice grains. For the remainder of the dry season, the
fields are either dry and very poor in food availabili-
ty, or tidally submerged with salt water.

Bare uppertidal flats

The bare upper tidal flats provide a very open habi-
tat. The flats are poor in forage availability at the end
of the dry season, because the levels of salinity and
acidity may be extreme. Some birds, such as Spur-
winged Lapwing use these areas for nesting during
this season. However, during the wet season the
flats become moist, the levels of acid and salt go
down, and forage availability increases in the form
of soil-dwelling invertebrates. During that time the
flats are habitat for important numbers of migratory
species associated with salty conditions, such as
common Greenshank, Black-winged Stilt, Bar-tailed
Godwit, Whimbrel and Calidris sp. (Zwarts 1988).

Other natural vegetation in the lowlands

The vegetated flats and the fresh water vegetations
within rice complexes serve similar functions for
birds, as has been described above for the rice fields
and the bare uppertidal flats. As long as water is
available there is potential for feeding on insects,
fish and invertebrates. Depending on the plant com-
munity (think of the grasses) there might also be
seed available for food. However, towards the end of
the dry season water will tend to disappear and food
availability will decline. The deeper water bodies
within rice-complexes, or behind dams, will keep
fresh water for very long periods. These water
bodies are often characterised by aquatic vegetation.
They are important for a great diversity of wetland-
related birds, of which African Jacana and White-
faced Whistling Duck might serve as examples.
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Mangroves

Many bird species that forage in the above-men-
tioned coastal habitats, use the mangroves for nest-
ing, shelter, and roosting. Out of 125 species
observed in the mangroves in a study by Altenburg
& van Spanje (1989) only a relatively small number
of species have been observed often. The available
food for birds consists of insects, fish and crabs. In
line with that, Altenburg & van Spanje list nine
insect eating birds, three mainly fish- and insect-eat-
ing kingfishers and two crab-eating waders for
which they assume that they stay largely within the
mangroves. Examples are the Reed warbler,
Whimbrel and Common Sandpiper. They also list
three other insect-eating species, e.g. the Green Bee-
eater, and the seed-eating Ploceus cucullatus, as occur-
ring ‘very frequently’, but which forage elsewhere as
well to a large extent. Mangroves are considered a
‘key-habitat’ nonetheless for many more birds in the
coastal wetland system, because of the thick cover
and poor accessibility, offering safe res-ting places.

The whole is more than the sum of the parts

Above, we have discussed the value of individual
classes of habitat. It may be clear that the boundary
between these types of wetland is never distinct and
the majority of bird species is not restricted to any
one of them. Some groups of species have not been
mentioned above, because they do not link to any of
the habitats specifically. Think of some of the raptors
of open terrain (Harriers, Kites), fish eating raptors
(African River Eagle, Osprey), or aerial hunters of
insects. There are also many species that are not
specifically wetland-related, but that do occur in con-
siderable numbers, such as pigeons and doves. The
coastal wetlands in the region are a diverse entity.






Methods

In the current study, we aim to quantify the availability of different wetland habi-
tats for birds and the changes in surface kinds that have occurred over the past
15-20 years. We also aim to investigate the composition of the bird populations in
the different wetland types and the occurrence of threats to these systems. To do
so, we use several sources of information. Mainly we rely on field information col-
lected for this purpose during a series of field missions, remotely sensed informa-
tion on current land cover, old maps, and literature. The necessary information
regarding the different methodologies is gathered in the following sections of
this chapter.

3 . 1 Remote Sensing

To estimate the surface of the wetland habitats in which we were interested, a
series of maps were created for early 2000. This was done using remote sensing,
in combination with field surveys. We used Landsat Thematic Mapper images for
the entire region (10 scenes), which were carefully selected for appropriate
moment in time and cloud cover. The aim was to obtain images for two moments
in the rice-growing season, but for only for five out of ten possible scenes, did we
manage to do so (see appendix 2). The images were all cloud free and either refer
to the year 2002 or 2003. The images were transformed into land cover maps
using training sites collected during field surveys in 2004 and 2005. This process
of transforming images into maps is called classification. An image consists of
multiple pixels. In the case of Landsat TM images, these pixels measure approxi-
mately 30 m by 30 m. For each pixel the satellite has recorded values for the
reflection of green, blue, red and infrared light. These are the so-called bands 3,
4, 5 and 6. Different materials reflect light in a different way, and each of the
Landsat Thematic Mapper bands is tailored for detecting different features.
Vegetation, for example, absorbs red light. Band 3 records red light. This band
can be useful for distinguishing between vegetation and soil. Band 6 is a thermal
band, which means it can be used to measure surface temperature. By combin-
ing information from different bands one can distinguish between different land
cover types more or less accurately. However, in order to know which combina-
tion of values refers to which type of land cover, one has to have a set of training
sites. A training site is small area, with known spatial position and for which the

Colleagues in the field

a) Kadiatou Soumah explaining local people about the study. b) Bacar Coma (left)
doing the same. c) Ibrahima Sory Barry, Daan Bos and Mohamed Balla Moussa
Conde. d) Arnold Okoni-Williams, Jodozinho Sa and Kawsu Jammeh. e) Jan van der
Kamp. f) Rob Bijlsma. g) S. Sounounou BAH. h) Rob Bijlsma and Kawsu Jammeh. i, k)
Kadiatou Soumah. j) Hamilton A.B. Monteiro. I) Mamadi 3 Camara.
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land cover is also known. In our case, these data
were collected in the field as will be explained
below.

Ground-truthing

The training sites, to be used for groundtruthing of
the satellite images were collected during December
2004 and between November 2005 and January
2006. Along transects in the study area, we system-
atically noted the habitat present in spatially defined
plots. The transects cover the entire altitudinal gra-
dient. Positions were fixed using a Garmin E-Trek
GPS, with an accuracy of 7m approximately. The
plots range in size from 0.25 to 4.4 ha (mean 2.3 ha
+ 0.2 s.e.) depending on habitat variability. The
main characteristic of the habitat recorded was plant
community, but in addition to that we recorded veg-
etation cover, cover of bare soil and soil moisture in
4 classes. The extra information helps us to under-
stand variation in the reflectance on the images. In
total 430 plots were used for training of the soft-
ware, while 1569 plots were used to quantify the
quality of the end product.

Classification

Our focus was on the lowland areas, i.e. the man-
groves, intertidal areas and coastal plains. The low-
lands were classified into four broad land cover
classes (rice-fields, mangroves, natural vegetation
other than mangrove, and bare areas). We have
delimited our study area from 14° 30’ N to 7° 30’ N
and with a soil level below 30m altitude. To select
areas below 30m altitude, we used a Digital
Elevation Model (DEM) that was derived from radar
images. Afterwards the quality of the images was
assessed using a separate set of training sites
(Congalton 1991; Janssen & van der Wel 1994;
Comber et al. 2005). The quality of land cover maps
may not only vary due to technical reasons, but also
due to other aspects (Comber et al. 2005). These
sources of variation are often ignored, and may

severely affect the results of any analysis. We have
therefore specified the quality of our map in appen-
dix 2 in most of these terms.

The resulting classification was then used to esti-
mate the area of each land cover class. The results
were also compared to existing old maps for the
period early 1980, to estimate change in surface of
each wetland habitat. We will discuss the origin and
quality of these maps in the next paragraph.
Another source of data for the assessment of
changes in land cover was the published and unpub-
lished literature. This includes the FAO statistical
database (http://www.fao.org/), which was used to
obtain independent estimates on harvested area of
rice and rice production in time. We did not distin-
guish between different rice-ecologies and neither
do our other sources of data on the available area of
rice. The class of ‘rice fields’ thus refers to both low-
land rain-fed rice and mangrove swamp rice.

3. 2 Old maps

The estimates of available area per habitat type from
the past were obtained from existing maps. The rea-
son for using existing maps in preference to creating
new classifications based upon old images, is that we
lack proper field information that relates to the old
images. We can safely assume that the producers of
maps at the time had better access to good quality
field information than we have now. The quality of
already existing maps will therefore be greater than
the quality of maps that are produced a posteriori.

The maps found refer to years ranging from 1978 to
1993. None of the maps is supplied with quantita-
tive information on accuracy. For Senegal and the
Gambia we used the vegetation map of Senegal
1982 (Stancioff et al. 1986), kindly supplied by
USGS EROS, South Dakota, USA. The map can be
used to estimate mangrove area, but rice has not



been classified as such on that map. An unpublished
source for The Gambia was derived from the inter-
net (Tyldum unpubl.) and probably refers to 1982.
We also used estimates derived from the recent top-
ographical map for the Gambia 2001 (JICA 2001),
based upon aerial surveys and ground truthing.
Land cover in the lowlands of Guinea-Bissau has
been assessed in 1978 using remote sensing (SCET-
INTERNATIONAL 1978) and was updated in 1993
(Cuq et al. 1996). We were allowed to reprint the
maps with permission from IUBO-CNRS, laboratory
Géomer (LETG UMR 6554). For Guinea the land
cover in the lowlands was assessed in 1987 using
remote sensing (CCE 1990), and we had access to a
paper version of that map.

Assessment of change

Statistical trends in the extent of mangrove vegeta-
tion were calculated per country using a selection of
the available estimates, following and elaborating
upon Wilkie & Fortuna (2003). This was done by
regression analyses of existing reliable data over
time for each country. We selected those data points
that were judged by Wilkie & Fortuna to be reliable,
unless we were able to replace them by estimates
from an even more reliable, primary, source. In addi-
tion we added our estimates from recent maps, pro-
vided that the user accuracy (user accuracy is
defined below, in Chapter 4) was greater than 70%.

3 . 3 Importance for wetland-
related birds

To quantify the importance of the wetlands for birds
we have systematically counted birds in the different
habitats. These data are used to describe the composi-
tion of the bird community, to analyse which factors
are influencing bird density and finally to obtain
insight in the number of birds utilising the Rice and
Mangrove Ecoregion.
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Bird density counts in the lowland habitats

We obtained estimates of bird density by counting
birds relative to a known surface area. These so-called
bird-density counts were performed in four major
classes of habitat, i.e.. 1) the rice-growing areas, 2)
‘natural vegetation in rice areas’ (often fallow lands
and vegetated upper tidal areas, for a description see
2.5), (3) bare upper tidal areas and (4) mangroves.
Each plot counted is considered a sample. For each
plot we recorded information on the stage of the
planting cycle, vegetation structure, and water avail-
ability.

The bird density counts were collected during the dry
season in December 2003, December 2004, January -
February 2005 and November 2005 - January 2006.
In this season both the Afro-tropical and the
Palaearctic migratory species are present. We sampled
plots along transects in the study area. The transects
cover the entire altitudinal gradient within the low-
lands, except for intertidal areas and Rhizophora stands.
The major focus has been on plots within rice-cul-
tures (n = 2679) and ‘natural vegetation in rice areas’
(n = 168), but for comparison some information has
been collected in bare upper tidal areas (n = 85) and
mangroves (n = 64). Rice fields are all those areas in
the lowlands where rice was or has been cultivated in
the current season. The sample of mangroves is biased
towards edges of mangrove areas and accessible
mangrove stands. The other habitats, including the
rice, may also be biased, in the sense that the drier
(i.e. more accessible) areas are over-represented, in
spite of the fact that we continuously tried to select
our plots randomly in the area visited.

The majority of plots has been sampled by a core of
five observers, often assisted by one or two others. A
total of ten observers have assisted in collecting the
field data. Observer groups often changed in compo-
sition during the fieldwork. Some observers have
sampled in the entire region, while the input of oth-
ers remained restricted to one or two countries.
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The size of plots was assessed by measuring length
and width. When the plots were enclosed by small
dikes, the dikes were used as a support to define plot
boundaries. The dikes often do not follow straight
lines and do not meet at right angles. Therefore the
plot boundaries were chosen relative to the dikes, in
such a way that the surface could be estimated reli-
ably. Alternatively, when dikes were absent, birds were
counted along clearly delineated transects. Again, by
measuring the length and width of this plot, the sur-
face-area was estimated. Average plot size was 4200
m2 £103 s.e., but in the rice fields the plots tended to
be a little smaller (3800 m2 £103 s.e.). The observers
tried to count all the birds in the plot. To do so birds
were chased by walking through the plot, while mak-
ing noise, or by throwing clayclumbs. A next plot was

Black-winged Stilt

generally situated at a distance to ensure independent
sampling. For each plot information was collected on
vegetation density (4 classes), vegetation height (4
classes), inundated area (5 classes), and water depth
(8 classes). These parameters are considered ‘ proxi-
mate factors’ which should explain part of the
observed variation in bird assemblies and bird densi-
ties.

We have restricted our observations to ‘wetland-
related species’. Some groups of birds are not rep-
resented in the dataset, which may have been
important in other contexts, for example seed-eat-
ing birds (Finches, Quelea, Prinia, Weavers, Pigeons
and Doves). Raptors are not included because their
abundance and their wide-ranging behaviour are
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such that our method is not suitable to assess densi-
ties accurately. Note, however, that each counting
method has its limitations. Our motivation for
choosing density counts stems from the desire to
obtain detailed, objective, and independent meas-
ures on a per area basis.

Extrapolation to regional numbers

Given the area of rice habitat, and the average density
of birds for these habitats, we extrapolated densities
into numbers for the rice fields in the entire ecore-
gion. The available area of rice habitat was taken from
the classification we made using remote sensing.
Keeping in mind the potential bias towards drier areas
mentioned above, we believe that there is sufficient
agreement between the rice distinguished on the map,

Collared Pratincoles

and the rice-plots for which bird densities have been
calculated, to allow for such an extrapolation.

The area estimate (in hectares) has been multiplied
with the estimated density per species per habitat
(no.ha-1), to obtain a regional estimate for the entire
lowland zone in the study area. Confidence intervals
for these regional estimates were approximated by
propagating the standard errors of the mean for the
density estimates, and multiplying them by 1.96
(Zar 1996). At present we are not able to include an
error estimate, that relates to the estimated area of
each habitat, into this propagated error.
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4 . 1 Current landcover maps on
a regional scale

The results of our image classification for 2002-03
are spatially presented in map 4.1. This map is a
composite of 10 classified Landsat Images. In the
appendices we present the same information on
maps for each country, and give the available maps
for the period 1978-86 from other sources as well.

As has been mentioned in the Methods-section, it is
important to be aware of the quality of the maps
used. Quality of land cover maps may vary for sev-
eral reasons (Comber ¢t al. 2005). Therefore, we
shortly describe the technical aspects of quality,
before we proceed to estimating changes in land
cover in the paragraphs to come. Other aspects of
quality are specified in appendix 2.

Technically speaking, the accuracy of the composite
map presented in 4.1 is rather limited. The accuracy
is measured as the Proportion of Correctly Classified
pixels, or PCC. The overall accuracy is estimated at
58%. So, 58% of the pixels in the composite map
have been correctly classified. However, some units
of land cover can be distinguished better with
Remote Sensing than others. To evaluate the accura-
cy per land cover unit, two measures are relevant,
the user accuracy and the producer accuracy. These
are given in the error matrix in table 4.1. In our
map, for example, the mangrove areas are classified
with a user accuracy of 64% (third row in table
4.1), indicating that 64% of the pixels classified as
mangrove are mangrove in reality The producer
accuracy for mangroves is 74% (third column in
table 4.1), indicating that 74% of the pixels of

(leftpage) Birds.

a) Black-tailed Godwits foraging in the rice fields.
b) Black Heron, Sacred Ibis and Western Reef Egret
resting. c¢) African Spoonbill in the mangroves.
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observed mangrove were also classified as man-
grove. From table 4.1, one can see that mangrove
areas are often confused with bare (often intertidal)
areas, since many pixels that have been observed to
be bare have been classified as mangrove. Rice fields
are classified with a user accuracy of 51 %, and can-
not be distinguished very well from bare areas and
lowland natural vegetation. The error matrices for
each country separately are given in appendix 2.

There is a considerable difference in accuracy of the
classifications between the different scenes of the
Landsat images (see table 4.2). The classification has
been more accurate, and very acceptable in fact, in
Senegal and Gambia with a PCC of 86% and 74%
respectively. On the other hand, the results for
Guinea are very poor, with a PCC of 30% only. For
Sierra Leone, we have not been able to validate our
results. The important point of this section is that
one needs to be careful in using the results for
Guinea and Sierra Leone in quantitative analyses.

Causes of inaccuracy and consequences

Satellite image classifications are never 100% accu-
rate, and there are several reasons for this. General
reasons are found in the fact that communities
resemble each other, at least on an image. Open
stands of mangrove, at high tide, reflect the light
almost like open water bodies. Cultivated rice
resembles wild rice, or other natural grass vegeta-
tion. But rice becomes harvested, and natural vege-
tation does not. By combining images from different
periods in time, e.g. before and after the harvest, one
has more information available to better distinguish
between such communities. When land cover units
occur close together in space, they are inherently
difficult to map precisely. Communities may even
be in the same place at different moments in time.
Because the ground truthing takes places at a differ-
ent moment from when the image was taken, some
error may be introduced. Consider, for example, a
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Table 4.1 The error matrix for the classification presented in map 4.1. Numbers in the matrix represent num-
bers of pixels (sampled as clusters of pixels). For each class the correct % is added. The overall accuracy is
58%. The land cover legend units are explained in appendix 2.

Observed land cover users
accuracy
Classified lowland natural
data bare mangrove vegetation  rice upland water correct %
bare 5903 447 447 77 97 390 80%
mangrove 2568 5779 278 297 30 10 64%
lowland natural
vegetation 652 260 1589 722 151 40 47%
rice 3244 873 1235 6538 779 29 51%
upland 3659 184 3735 13573 24637 63 54%
water 220 232 43 56 143 2558 79%
producers accuracy 36% 74% 22% 31% 95% 83%

Table 4.2 The overall accuracy of the classification
presented in map 4.1 per country PCC = Proportion
of pixels Correctly Classified. An assessment of
quality for Sierra Leone is missing.

Country PCC
Guinea-Bissau 61%
Guinea 30%
Senegal 86%
The Gambia 74%

rice field that has been abandoned for a year. This
source of error can to a large extent be avoided by
making careful field observations.

A specific reason why our results have limited accu-
racy is found in a limited availability of suitable
images for the middle of the dry season for Guinea
and Sierra Leone. In addition to that, we also failed to
obtain ground truthing plots for Sierra Leone.
Together these represent a severe lack of information.
For the interpretation of the maps it is useful to give
one further comment. The map was made to obtain

an overview on a regional scale. This scale is such
that, possibly, local change may not be apparent,
however significant the change at that (local) scale.

4 . 2 The extent of mangroves

Present area and developments over the past
decades

The current extent of mangrove populations is esti-
mated to be 795,000 hectares in our study region
(2002, area south of 14°30" N and north of 7°30" N).
This is about 5.3% of the world’s mangrove area. In
absolute terms, the majority of the mangrove vegeta-
tion in this region is found in Guinea-Bissau (32%)
and Guinea (28%). There are, nonetheless, very exten-
sive tracts in each of the other countries. In figure 4.1
we present our national estimates in relation to previ-
ous data collected by Wilkie & Fortuna (2003).

The area of mangrove in Senegal south of the line
14°30’ N is estimated at 143,000 ha in 2002 (figure
4.1). In 1985 the mangroves covered 171,000 ha in
the whole of Senegal, according to the map by
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Map 4.1. Land cover in the lowlands of the Rice and Mangrove Ecoregion for early 2000,
based upon remote sensing. The Landsat images used date from the years 2002 and 2003.
Detailed representations of the same classification are given in Appendix 1.
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Stancioff et al. (1986), with 98,9% of the area below
the line 14°30’ N. So, in 1985 there was 1900 ha
above the line 14°30” N. Note that in figure 4.1, all
estimates other than those for 2002 refer to the
whole of Senegal. For calculating a trendline we
therefore corrected the 2002 estimate by adding
1900 ha. Between 1985 and 2002, there is an
apparent decline in mangrove area of 0.8 % per year.

Our estimate for the Gambia in 2002 is quite accu-
rate and in line with independent estimates from the
recent topographical map (JICA 2001). Currently,
there is 68,000 ha of mangrove in the Gambia (fig-
ure 4.1), as compared to 59,000 ha according to the
vegetation map from 1985 (Stancioff et al. 1986).
FAO reports from that period, and before, however
indicate much larger stands of mangrove (FAO
1981; Piot etal. 1991). Piot (1991) for example esti-
mates the mangrove area in 1985 at 182,000 ha,
based upon a ground survey. Thus it is uncertain
whether there has been a decline since the early
1980s. In 1993, the area has been estimated at
60,000 ha, using aerial photography in conjunction
with a ground survey (Ludwig & Bojang 1998).This
means that, at least for the last decade, the situation
is stable in terms of surface area.

For Guinea Bissau, the most recent national estimate
of mangrove area is 252,000 ha in 2003 (this study,
figure 4.1).

Figure 4.1 Available estimates of surface area cov-
ered by mangrove vegetation per country. Trend
lines are calculated using a selection of available
reliable estimates (black markers), following Wilkie
& Fortuna (2003). Diamond shaped markers refer
to estimates derived with Remote Sensing in this
study. Data and sources are given in appendix 3.
Note that the estimate for Senegal for 2002 refers
to the area below the line 14°30" N plus 1900 ha to
correct for the fact that all other estimates refer to
the country as a whole. The Sierra Leone estimate
for 2003 is limited to the area north of 7°30" N.



600000

500000 -+

400000

300000 -+

200000 -+

Area harvested (ha)

100000

0

FEFSESLEELL LSS FSLSEELELSF S

Year
1000000
A
750000 |
=
=
c
2
© 500000
=]
o
o
S
o
250000 /'-—
0
1961 1971 1981 1991 2001
Year
—o— Gambia —— Guinea —— Guinea-Bissau

—e— Senegal —=— Sierra Leone
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49



50 Results

The user accuracy of this mangrove estimate is 70%
(appendix 2), which is lower than for Senegal and
the Gambia, which had user accuracies for man-
grove of 84 and 95% respectively, but which is
nonetheless acceptable. The estimate is a little high-
er than previous estimates for 1993 and 1990
(CIRAD-Forét 1992; Cuq et al. 1996). For the early
1980s the estimates that were considered reliable by
Wilkie and Fortuna (2003) range between 230,000
and 299,000 hectares. Given this existing variation
between estimates for a given time frame, it is not
possible to distinguish subtle trends. A large-scale
trend, however, is absent for Guinea Bissau.

We do not have reliable recent estimates for Guinea
and Sierra Leone. The user-accuracy for mangroves in
Guinea in 2002 is 33% (appendix 2). For Sierra Leone
the classification has not been validated. Our estimates
for mangrove area (the open diamond-shaped mark-
ers in figure 4.1) rank among the lower values for
these countries, which suggests that there might have
been some decline since the 1980s. The estimates that
were considered reliable by Wilkie and Fortuna
(2003) range between 260,000 (SECA/CML 1987)
and 296,000 (Saenger & Bellan 1995) for Guinea and
between 156,000 and 171,000 ha for Sierra Leone
(FAO 1979; Laumans 1996).

43 The extent of rice fields in
the mangrove zone

FAO statistics

The developments in rice cultivation in West Africa
are documented by FAO on a per country basis. Not
all of the rice covered with these statistics relates to
mangrove swamp rice or other lowland rice ecolo-
gies, but we may nonetheless use the data to sketch
the general development. FAO statistics refer to
‘paddy rice’. In general, rice is grown in paddies,
flooded parcels of arable land used for growing rice
(http://en.wikipedia.org/).

According to the FAO statistics, Guinea and Sierra
Leone are the major rice producing countries in the
region, with harvested areas that amount to hundreds
of thousands of hectares (figure 4.2, panel A). The
total area of rice harvested in the countries in this
region has declined over the study period 1980-2000.
This is mainly due to a decline in Sierra Leone dur-
ing the last decade. In Guinea there was a strong but
temporary decline in area harvested during the peri-
od 1983-1989. The total area of rice in Senegal is
currently in the order of 85,000 hectares, and has
gone up a little as compared to the 1990s. For Guinea
Bissau the estimates of harvested area of rice are fluc-
tuating around 65,000 ha over the past decade but
the area was considerably larger in the early eighties,
with a maximum recorded value of 143,000 ha in
1982. In the Gambia the harvested area of rice fluc-
tuated around 14,000 ha in the past decade. In the
early eighties there were a few years with lower val-
ues, but during the seventies the harvested area had
been over 20,000 ha. Per hectare, the yield has
increased considerably in Senegal, Guinea-Bissau and
Guinea since 1980, but it diminished in Sierra Leone
(FAO stat, data not shown). For the overall total pro-
duction all this implied a strong increase in Senegal
and Guinea, and a substantial decline in Sierra Leone
(panel B, fig 4.2). Production of rice for the region
currently varies between 1,100 and 2,900 kg.ha-1
(FAOSTAT data, 20086, last accessed May 2006).
Table 4.3 allows us to evaluate the relative contribution
of mangrove swamp rice and other lowland rice eco-
logies, relative to the total area under rice cultivation.
In West Africa as a whole, most of the rice stems from
rain-fed cultures. Mangrove swamp rice covers only
4% of the total rice cultivation area of West Africa,
however, in our study area the area of mangrove
swamp rice is considerable, especially in Guinea-
Bissau and Guinea (Anonymous 2000). In Gambia
and Senegal a large proportion of rice cultivated area
has a rain-fed lowland ecology. The irrigated lowland
cultivation in Senegal is found outside our study
area, in the Senegal valley.



Country Lowland and  Total Area Mangrove
Mangrove- of rice swamp
swamp (1000 ha)
rice early 90’

(1000 ha)

Senegal 75 75 8%

Gambia 16 19 14%

Guinea-Bissau 46 65 49%

Guinea 157 364 13%

Sierra Leone 114 356 3%

Total West Africa 4011 4%

Rain-fed Irrigated Rain-fed Deep-water Year of
lowland lowland upland floating reference
47% 45% 0% 0% 91/93
64% 7% 16% 0% 88

22% 0% 29% 0% 94

25% 5% 47% 10% 91

29% 0% 69% 0% 91/94
31% 12% 44% 9%
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Table 4.3. Rice cultivation in the entire countries of the Rice & Mangrove Ecoregion, the ratio between dif-

ferent rice ecologies (Source: FAO and West African National Agricultural Research System, in (Anonymous
2000). In the second column the cultivated area of Lowland and Mangrove-swamp rice in the early 1990s is
given, calculated from the data in the remainder of the table.

Estimates from landcover maps

In figure 4.3 we summarise the estimates of area
under lowland and mangrove swamp rice as derived
from land cover maps, for the early 80s and early
2000.The maps themselves are presented in map 4.1
and Appendix 4. For comparison we also present the
values for the early 1990s for area under lowland
and mangrove swamp rice that had been calculated
from WARDA & FAO statistics (table 4.3) as well as
the country estimates for harvested area of paddy
rice, irrespective of the rice ecology. Note however
that the latter estimates have a greater geographical
extent, especially for Senegal, Guinea and Sierra
Leone. No data from land cover maps is available for
Senegal and Sierra Leone in the early 1980s.

For Senegal, the area of lowland and mangrove
swamp rice (south of 14°30 N and below 30 meters
altitude) is estimated at 18,000 hectares (figure 4.3).
The user accuracy for this estimate is 55% (see appen-
dix 2). Any reference data is missing. The map by
Stancioff et al. (1986), that had been used for estimat-
ing mangroves in the previous paragraph, is not suit-
able for estimating area of rice. This is because it does
not include rice as a legend unit. All other data avail-

able has a much greater geographical extent. The
majority of rice in Senegal is produced in the Senegal
valley, outside our study area. Thus, we cannot make
inferences about quantitative trends in our study area.

For the Gambia, the recent estimates of lowland and
mangrove swamp rice vary between 23,000 ha
(JICA 2001) and 8,800 ha (this study, see figure
4.3). An unpublished map for 1982 estimates the
area of rice at 11,000 ha (Tyldum 2006). The FAO
estimates fluctuate around 14,000 hectares since
1982, without a clear trend. Given this wide scatter
in the available estimates from existing maps, and
the unknown accuracy of most of the sources, we
cannot distinguish subtle trends. We can however
conclude that a clear trend in area under rice cultiva-
tion over the past 20 years is absent for the Gambia.
For Guinea Bissau, we estimate that an area of
53,000 hectares was under rice cultivation in 2003
(figure 4.3). Both the user and the producer accu-
racy for this estimate are 61% (see appendix 2).The
previous estimates by SCET (1978) and Cuq et al.
(1996) were much higher, with 181,000 ha and
133,000 ha respectively. They considerably exceed
the countrywide estimates by the FAO (figure 4.3).
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For this reason we tend to believe that they should
both be considered overestimates. A large propor-
tion of rice in Guinea Bissau has a lowland ecology
(see table 4.3), and therefore we suggest that the
trend can best be read from the FAO data: a peak in
the area harvested in the early 1980s, a slight
increase towards the mid 1990s but an absence of
any clear trend since then.

The surface area of lowland and mangrove swamp
rice for Guinea in our study area was estimated at
29,000 hectares in 2003 (figure 4.3), albeit with a
low accuracy. The user accuracy of the estimate is
44% and the producer accuracy is 18%. A lot of pix-
els that were observed to be rice in the field, have in
fact been classified as upland. For this reason the
value should be regarded as an underestimate of the
real surface area. Another relevant estimate has been
derived from mapping produced in the middle of
the 1980s (CCE 1990). The potential area of rice
was 78,000 ha, but only 31,000 ha was productive
at the time (Altenburg 1987).

Furthermore, Altenburg (1987) mentions an esti-

Figure 4.3 The surface area of rice fields per coun-
try in the lowlands of the Rice and Mangrove
Ecoregion as derived from landcover maps.
Estimates refer to the area south of 14°30' N and
north of 7°30" N and soil level below 30m altitude.
The black dots are data derived from the landcover
maps presented in appendix 4, the diamonds refer
to the maps produced in this study. Open dots
refer to country estimates for the early 1990s, for
area under lowland and mangrove swamp rice,
that have been calculated from WARDA & FAO
statistics (table 4.3, Anonymous 2000). Purple lines
refer to the country estimates for harvested area
of paddy rice, irrespective of the rice ecology,
which also have been presented in figure 4.2. Note
that the open dots and purple lines refer to areas
with a greater geographical extent, especially for
Senegal and Guinea. Also, note the different scales
of the y-axes for the different panels.



mate of 61,000 ha of rice in the study area before
1960, but this is an unreliable estimate, based upon
an old IGN topographical map. In 1991, in the
country as a whole, there were 47,000 ha of man-
grove swamp rice and another 110,000 ha of rain-
fed lowland and lowland irrigated rice, totalling
157,000 ha in Guinea (table 4.3). Together, these
data are insufficient to disclose any subtle trends. In
our opinion there are neither any indications for
large-scale decline nor increase in lowland and man-
grove swamp rice in the study area.

In Sierra Leone the area of mangrove swamp rice
was estimated at 4,000 ha in 2003 (figure 4.3),
with unknown accuracy. This refers to the area north
of 7°30” N and below 30m altitude. For the coun-
try as a whole, the area of mangrove swamp rice was
estimated at 11,000 ha, together with another
103,000 ha of rain-fed lowland rice, totalling
114,000 ha in 1991794 (table 4.3). Given the lack
of suitable data, it is not possible to make inferences
about quantitative trends in our study area.

Summarising

Summarising the information for all of the countries
in the ecoregion, there is a lack of accurate data for
observing subtle changes in the study area. For
Sierra Leone and Senegal we are unsuccessful in
assessing developments in the area of rice in the zone
of study. For the Gambia, Guinea Bissau and Guinea
we feel sufficiently confident to state that there are
no obvious signs of a large-scale trend in area under
rice cultivation in the lowlands studied.
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4 . 4 Importance for wetland-
related birds

The Rice and Mangrove Ecoregion is home to many
species of birds, be it Palaearctic or Afro-Tropical.
Using the data on bird population densities collect-
ed in this study we will describe the composition of
the bird communities for the different habitats. We
will elaborate upon factors that are associated with
bird density for different groups of species, and
finally we shall combine them with our estimates
for the available areas of rice, natural vegetation in
the lowlands and mangrove that have been assessed
using remote sensing (see paragraph 4.3). Note that
we reserved a space in the ‘method’ section regard-
ing the focus of our study. When we talk about the
importance for birds we rely on density counts in a
few specific habitats and a selection of bird species.

Frequency per major class of habitat

One of the measures that are useful to evaluate the
composition of the bird community in a given habitat
is the frequency of observation. Estimates of density,
measured in small plots, will be sensitive to chance if
the estimate is based on a limited number of encoun-
ters. For that reason we present the encounter frequen-
cy of wetland-related birds in the main habitats
distinguished in figure 4.4. In this figure, data for 34
species are presented. We present the selection of
species that were encountered in the rice fields in
more than 0.5% of the cases. In appendix 5 the com-
plete list of wetland-related species that were encoun-
tered more than just incidentally in our plots is given.

The presence of bird species is clearly linked to habi-
tat. Within rice-fields Yellow Wagtail, Zitting
Cisticola, Squacco Heron, Spur-winged Lapwing,
Cattle Egret, Wood Sandpiper, and Common Sand-
piper were encountered regularly, i.e. in more than
5% of the cases (see figure 4.4). The ‘natural vege-
tation in rice areas’ habitat is characterised by the
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