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Use of Rice Fields by Birds in West Africa

EDDY WYMENGA™* AND LEO ZWARTS
Altenburg & Wymenga Ecological Consultants, P.O. Box 32, 9269 ZR Feanwalden, Netherlands
*Corresponding author; E-mail: e.wymenga@altwym.nl

Abstract.—Rice fields in West Africa comprise mangrove swamp rice and rain-fed rice cultivations along the
coast, rice fields in floodplains and river valleys, and inland irrigated cultivations. All these rice systems constitute
important habitats for African and migratory Palaearctic waterbirds. Density counts reveal the presence of about 16
wetland-related birds per ha during the northern winter if the habitat is still damp or covered by water; this declines
to about four birds/ha if the fields are dry. The coastal rice fields (South Senegal-Guinea-Conakry) harbour 1.17
million wetland-related birds during the northern winter, and the inland rice fields of Office du Niger (Mali) con-
tain 730,000. In former floodplain areas, the high bird numbers in rice fields offer, to some degree, an ecological
compensation for the loss of floodplains. In the Inner Niger Delta, for example, the construction of the Selingue
Dam and the Office du Niger irrigation scheme resulted on average in the loss of 12% of the wintering waterbirds.
However, the ecological loss is larger than these numbers suggest because most bird species in irrigated rice fields
are common, while rare and endangered species are concentrated in the remaining West African floodplains that
have not been converted to cultivated rice fields. Received 1 August 2008, accepted 6 January 2010.
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African rice (Oryza glaberrima) was domes- in the coastal mangrove zone in 2000-2005.
ticated from wild rice (Oryza barthii) some Earlier estimates from the region were high-
2,500 years ago, in what is today the Inner Ni- er but combined both cultivated and fallow
ger Delta, Mali. However, Asian rice (Oryza sa- fields. Van der Kamp et al. (2008) estimated
ttva) has gradually replaced the local species that in the Casamance area of Senegal in
in Africa, although crop failures in the Sahel 2007 about half of the total rice extent was
occur more often in Asian rice. Africa hosts actually in cultivation. During our own field
about 4% of the world’s total area of rice cul-  work in the region in the 1980s we did not at-
tivation, with over 90,000 km® planted in 2007  tempt to quantify how much of the land lay
(International Rice Research Institute 2009). fallow or was abandoned, but we estimate
The largest area of cultivated rice is in Nigeria  that it was less than a quarter. Local declines
(30,000 km?). Other major producers, in de- in the exploited area may also have oc-
creasing order of rice area, are Madagascar, curred. In contrast to the overall increase of
Guinea, Egypt, Tanzania, Sierra Leone, Dem- rice cultivation in Africa, the area of rice in
ocratic Republic of the Congo, Mali, Cote the coastal zone of southern Senegal and
d’Ivoire, Mozambique, Ghana, Liberia, Ugan- Guinea Bissau in the 1980s was probably
da, Chad, Senegal and Guinea Bissau. Small twice as large as in the early 2000s. As else-
areas (<500 km?) of rice are planted in various  where in Africa, people are leaving the coun-
other countries. Rice cultivation throughout tryside in favour of cities, and rural depopu-
Africa has more than tripled in surface area lation (e.g. in the northern half of the Inner
since 1961, with major increases in Nigeria, Niger Delta; Zwarts and Kone 2005a), to-
Tanzania, Congo, Ghana and Uganda. Signif- gether with political instability since the ear-
icant expansions of rice fields have occurred ly 1980s, reduced the labour force and culti-
in sub-Saharan countries where Palaearctic vation in many coastal rice regions (Cormier-
migrant waterbirds spend the northern win-  Salem 1999).

ter, and where the availability of wetlands Here, we quantify the use of rice fields by
could be critical for the survival of these mi- waterbirds in West Africa, based on the sam-
grants. pling of bird densities in rice fields in Mali,

For coastal West Africa, Bos et al. (2006) Senegal, Guinea and Guinea-Bissau in 2004-
estimated 1,128 km? of active rice cultivation  2006. The increasing demand for rice culti-
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vations in West Africa justifies the question
regarding to what extent rice fields function
as a substitute for natural wetlands, in partic-
ular the natural floodplains that are re-
placed by rice cultivations. The original data
on which this review is based are from Wy-
menga el al. (2005), Bos et al. (2006) and
Zwarts et al. (2009).

FARMING PRACTICES

In West Africa (Fig. 1), farming practices
differ depending on the availability of fresh
water. Mangrove swamp rice, in the tidal
zone, and lowland rain-fed rice cultivations
are found along the coast from southern
Senegal to the south where rainfall is abun-
dant. To the north, with less and more un-
predictable rainfall, rice is grown in flood-
plains and river valleys. In the valleys, flood
recession cultures are practised. Large irriga-
tion schemes have been set up in inland de-
pressions and drained floodplains. The an-
nual production of these different rice farm-
ing systems varies, depending on manage-
ment and physical constraints. In coastal
West Africa the annual yield amounts to 1-2
t/ha, compared with 4-6 t/ha in the inland
irrigated areas where rice is grown on a larg-
er scale. While the costs of traditional rice
growing are limited to manpower, the costs
of the modern irrigation systems are high,
due to the construction and maintenance of
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Figure 1. Bird density in rice fields was measured in five
areas: the coastal rice fields between Gambia and Guin-
ea, the rice fields on the floodplains of the Inner Niger
Delta, and in the irrigated rice fields in the Senegal Delta,
near Lake Selingue, and in the area of Office du Niger.

the irrigation schemes. These costs, however,
are partly hidden because the infrastructure
for large-scale irrigated rice is heavily subsi-
dised. Nevertheless, rice imported from Asia
is cheaper than locally grown rice, and Sahel
countries safeguard their own farmers
through import taxes, with the aim of achiev-
ing food-security and keeping countries self-
supporting. The large-scale irrigation
schemes in West Africa, constructed in the
second half of the 20" century, often have
been detrimental to natural floodplains. The
large irrigation scheme of Office du Niger in
Mali annually takes so much water that the
flooded area of the Inner Niger Delta, just
downstream, is reduced by some 300 km®.
Floodplains in the Logone Valley, Came-
roon, and the Senegal Delta have been em-
banked and converted into irrigated land.
Although much natural wetland habitat has
been lost due to water diversions, irrigated
areas and reservoirs might be considered ar-
tificial wetlands, offering some compensa-
tion for the loss of floodplains. Small-scale ir-
rigation schemes that reclaimed the coastal
mangrove belt between Gambia and Sierra
Leone store the rainwater in embanked ar-
eas, and farmers have to control salt- and
freshwater levels, as well as soil acidity and sa-
linity.

On the floodplains, farmers use a rice va-
riety that is well adapted to grow during ris-
ing water associated with seasonal flooding.
The plants can grow 3-4 cm a day and thus
keep up with the rising water level during
the flood. The stems may eventually be 5 m
tall, and after about three months of flood-
ing, the rice can be harvested during reced-
ing water. Much can go awry in such a sys-
tem. If there is no rain before the flood, the
seed does not germinate before the area is
covered by water. If there has been sufficient
rain for rice to sprout, the rice still needs wa-
ter to grow, meaning that the flood must ar-
rive within two weeks of the last rains. If the
flood is low, the yield will be poor. If there
has been enough rain, but the flood is high-
er than expected, production will be low. If
the growing of rice has been successful, the
ripening grain must be protected later on
against seed-eating birds. Production of
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65,000 t of rice is necessary to feed all
800,000 people in the Inner Niger Delta, but
this level was not reached in four years be-
tween 1987 and 2002 (Zwarts and Kone
2005b). To enhance rice production, dykes
and sluices have been built to stem the re-
ceding water, but floods were not as high as
anticipated in most years and the embanked
areas were only partly flooded between 1970
and 2005. The total surface area cultivated
for rice in the Inner Niger Delta has in-
creased from 160 km? in 1920 to 3,400 km?
around 1990, of which 140 km® is actively ir-
rigated (Zwarts and Kone 2005b).

Along the coast, rice polders are located
in the tidal marshes and were reclaimed
from mangrove habitat in the zone from
Gambia to Sierra Leone. Rice is grown be-
tween August and January, but natural suc-
cession results in dense vegetation in the
rainy season from May to October. Prior to
planting, the vegetation is cleared from the
fields and deposited on small dams sur-
rounding the parcels. A part of the sod is
used to improve the dams, and the remain-
der turned on the spot. The ditches are
deepened and the mud is laid down on the
ridges. As a result the ground is completely
bare before the rice is planted. Subsequently
ditches may need to be deepened and ridges
reconstructed. Rice farmers use seedbeds to
germinate the rice seed, and this prevents
seed predation, e.g. by Black-tailed Godwits
(Limosa limosa). Rice fields are encircled by
low dams, some 30-50 cm wide. Abandoned
rice fields in the tidal zone may transform
back into mangrove or change into bare
sand- and mudflats. Abandoned rice fields in
the rain-fed zone above the high tide line
may convert into shallow backwaters.

Irrigated rice needs a lot of water, there-
fore rice growing is an anomaly in the Sahel,
where the climate is more suited to drought-
resistant and heat-tolerant millet and sor-
ghum, which have been grown there for cen-
turies. Nevertheless, rice has become the sta-
ple food of people in the Sahel. The Office
du Niger in Mali, the largest irrigation
scheme in West Africa (740 km®), annually
produces 333,000 t of rice (data from 2001;
Wymenga et al. 2005), which constitutes 40%

of the country’s rice production. The region
is the rice granary of Mali with a more or less
secured production, independent of rainfall
and river flow, where 250,000 people make a
living (Bonneval et al. 2002). The cost of this
production is the extraction of water from
the Niger River, reducing flows to the Inner
Niger Delta and limiting profitable rice culti-
vation on the floodplains. Independent of
the river discharge, Office du Niger takes 2.5
km® of water per year, which is equivalent to
6% of the annual flow in a wet year (1995)
and as much as 16% in a dry year (1990).
Due to upstream irrigation, the risk of crop
failure in the Inner Niger Delta has in-
creased, especially in dry years. The cultivat-
ed rice zone of Office du Niger has expand-
ed, on average, by 2.3% annually between
1983 and 2001. Water use has remained sta-
ble over this period, but yields have trebled
to 6 t/ha. Water use has declined from
45,000 1/kg rice in the mid-1980s to less than
10,000 1/kg in 2000. The development plan
launched by Office du Niger in 1998 envisag-
es a further expansion of at least 140-400 km®
of irrigated rice fields by 2020 (Keita et al.
2002). Irrigation schemes are normally char-
acterized by rectangular fields and straight
canals, diverting water into smaller canals,
and finally into irrigation ditches among rice
parcels. However, the Office du Niger uses
former river branches to direct water to the
various irrigation schemes. These river
branches have been turned into permanent
wetlands, mainly covered by cattail (7ypha
australis) vegetation of varying density. Cat-
tail also abounds along canals and ditches,
while the shallow water is covered by water
lilies (Nympheasp.), Water Fern (Azolla africa-
na), Knotweed (Polygonum senegalense) and
recent invaders such as Water Hyacinth
(Lichhornia crassipes) since the early 1990s
and Kariba Weed (Salvinia molesta) since the
late 1990s. The overall impression of this ir-
rigation scheme is therefore more “natural”
than that of many other schemes.

METHODS

Between 2002 and 2006, birds were studied in vari-
ous regions of rice cultivation in West Africa: 1) the In-
ner Niger Delta; 2) the Office du Niger irrigation
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scheme (Wymenga et al. 2005); 3) the Selingue irriga-
tion scheme in Mali (van der Kamp et al. 2005); 4) the
Senegal Delta (Zwarts et al. 2009); and 5) in coastal rice
fields in Gambia, southern Senegal, Guinea-Bissau and
Guinea (Bos et al. 2006). To estimate bird numbers in
rice fields we performed density counts, i.e. accurate
bird counts in small plots of known size.

Only 6% of the rice field plots that we censused in
the floodplains were dry in November, but the propor-
tion gradually increased to 35% in January and 62% in
February. This trend was similar in the coastal zone, al-
though less marked: 6% in November, 16% in Decem-
ber, 32% in January and 38% in February. No such
trend was visible in irrigated fields: between November
and February 50% of the plots were dry (but only 24%
in July). Deep water is rare in rice fields: less than 1% of
the plots had depths greater than 80 cm, and only 3%
had depths between 40-80 cm.

For logistical reasons we used stratified sampling,
covering the series of dry to deeply inundated and bare
to densely vegetated rice fields. Plot area averaged 2.99
ha, and was measured with a calibrated laser beam in an
adapted binocular, calculated from GPS-readings, and
wherever possible checked by foot. We recorded habitat
type, vegetation height, vegetation density and water
depth for each plot on pre-printed forms, and also the
date, local time and coordinates. All wetland-related
birds were counted as accurately as possible by walking
through the plots while flushing birds. Distances be-
tween plots were large enough to avoid double counts.
Altogether, 4,701 density counts have been conducted
between November and February, with another 317
counts in irrigated rice fields during July. Census meth-
ods and stratification are described in more detail by
Zwarts et al. (2009).

BIRD USE

Compared to floodplains and irrigated
rice fields, coastal rice fields have lower bird
densities but higher bird diversity (Table 1).
Coastal rice fields are interspersed with fal-
low land, and adjoined by mangroves, vege-
tated upper tidal flats and ponds with aquat-
ic vegetation. The mix of habitats attracts
many more species (e.g. Sedge Warbler Acro-
cephalus schoenobaenus) than those typical of
rice fields proper. Moreover, rice fields are
used as high tide roosts by birds that feed on
tidal flats during low tide (e.g. Whimbrel Nu-
menius phaeopus, Curlew Sandpiper Calidris
Jerruginea); conversely, mangroves function
as breeding and roosting sites for birds that
feed in rice fields (e.g. Little Egret Egretta
garzetta, African Spoonbill Platalea alba).

The densities given in Table 1 may be
used to estimate the total numbers of birds
present in the three rice field types. The irri-
gated rice fields in the Inner Niger Delta
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measure 140 km?, and those on the flood-
plains 2,000 km* (Fig. 1). Given these multi-
pliers, we estimate that the total number of
Western Yellow Wagtails (Motacilla flava) in-
habiting these rice fields varies between
460,000 when dry and 60,000 when wet. This
difference between wet and dry conditions is
much larger for the other species (Table 1).
Given the gradual decline in the surface area
of wet rice fields from 94% in November to
36% in February, a decline of bird numbers
present on rice fields is to be expected. This
is the reason why, in the dry season, water-
birds get progressively concentrated in bour-
gou fields, floating grassfields of Echinochloa
stagnina and Vossia cuspidata, which remain
covered by water for much longer than rice
fields. The total numbers of birds calculated
to be present in the 680 km® of irrigated rice
fields in and around the Office du Niger and
in the 1,120 km?of coastal rice fields amount
to 0.73 and 1.16 million birds respectively
(Table 2). These figures should be read with
caution, however, as the density estimates are
often associated with large standard errors
(Table 1); hence, extrapolated population
estimates will have broad confidence inter-
vals associated with them. Our estimate of
76,000 Black-tailed Godwits, for example, is
based on observations of birds in only 20
plots, with 99% of counts devoid of godwits.
Estimates based on density counts are likely
to be much more precise for species such as
Western Yellow Wagtail that were scattered
widely across the area, and which have more
precise estimates of mean density (i.e. small-
er standard errors).

When rice fields successively dry out in
the course of the northern winter, Palaearc-
tic waterbirds concentrate in the remaining
wet areas before returning to the northern
breeding grounds. For instance, densities of
Western Cattle Egrets (Bubulcus ibis) and
Squacco Herons (Ardeola ralloides) doubled
between November and February. On the
other hand, most Wood Sandpipers (7ringa
glareola) left the rice fields in the course of
their wintering period. The density of West-
ern Yellow Wagtails, however, remained sim-
ilar in wet rice fields between November and
February.
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Table 2. Estimated total numbers of wetland-related birds present in the rice fields of Office du Niger and other
irrigated rice schemes in the immediate surroundings (surface area: 680 km®) and in coastal rice fields (surface ar-
ea: 1120 km®) in November-February. Estimates are based on extrapolations of mean densities from sampled areas
to the entire area of rice within a region.

Office du Niger Coastal rice
Number of counts 716 3,051
Reed Cormorant Microcarbo africanus 2,927
Grey Heron Ardea cinerea 702 14,605
Black-headed Heron Ardea melanocephala 6,003
Purple Heron Ardea purpurea 4,839
Western Great Egret Ardea alba 17,632
Intermediate Egret Egretta intermedia 5,806 2,033
Little Egret Fgretta garzetta 2,019 56,961
Western Cattle Egret Bubulcus ibis 84,295 149,257
Squacco Heron Ardeola ralloides 4,903 65,547
Striated Heron Butorides striata 20,012
Hamerkop Scopus umbretta 121 8,731
African Sacred Ibis Threskiornis aethiopicus 445
White-faced Whistling Duck Dendrocygna viduata 9,775
African Jacana Actophilornis africanus 15,490
Lesser Jacana Microparra capensis 506
Black-winged Stilt Himantopus himantopus 12,189 15,913
Collared Pratincole Glareola pratincola 7,163 1,527
Greater Painted Snipe Rostratula benghalensis 1,404
Spur-winged Lapwing Vanellus spinosus 87,336 70,684
African Wattled Lapwing Vanellus senegallus 43,684
White-crowned Lapwing Vanellus albiceps 3,746
Common Ringed Plover Charadrius hiaticula 4,270
Little Ringed Plover Charadrius dubius 1,632
Spotted Redshank Tringa erythropus 8,140
Marsh Sandpiper Tringa stagnatilis 1,336
Common Greenshank Tringa nebularia 1,137 26,109
Green Sandpiper Tringa ochropus 171 5,951
Wood Sandpiper Tringa glareola 82,082 53,105
Common Sandpiper Actitis hypoleucos 32,676
Common Snipe Gallinago gallinago 2,058 21,369
Little Stint Calidris minuta 2,198 855
Ruff Philomachus pugnax 189 19,382
Black-tailed Godwit Limosa limosa 76,008
Pied Kingfisher Ceryle rudis 7,961
Western Yellow Wagtail Motacilla flava 398,082 247,708
Red-throated Pipit Anthus cervinus 844
Plain-backed Pipit Anthus leucophrys 11,684
Yellow-throated Longclaw Macronyx croceus 5,552
Sedge Warbler Acrocephalus schoenobaenus 25,531
Savi’s Warbler Locustella luscinioides 901
Bluethroat Luscinia svecica 931
Crested Lark Galerida cristata 27,155 3,000
Zitting Cisticola Cisticola juncidis 9,933 100,047
Prinia spp. 3,222 230
TOTAL 732,019 1,168,382

The concentration of waterbirds in the the end of the dry season. The density of Af-
few remaining waterlogged areas can also be  rican Jacanas (Actophilornis africanus), for in-
illustrated by comparing irrigated rice fields stance, was 25 times higher in July than in
in November-February with those in July, at winter (2.2 vs. 0.09 birds/ha). For most
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waterbirds, irrigated rice fields are among
the very few wetland habitats available in the
Sahel at the end of the dry season.

SIGNIFICANCE FOR BIRDS

The high bird numbers in wet rice fields
may indeed suggest an ecological compensa-
tion for the loss of floodplain wetlands; how-
ever, such a conclusion should be interpret-
ed with caution. Most bird species in irrigat-
ed rice fields belong to common species,
such as Western Cattle Egret, Spur-winged
Lapwing (Vanellus spinosus) and Wood Sand-
piper. Rare and endangered species, such as
Glossy Ibis (Plegadis falcinellus), Purple Her-
on (Ardea purpurea), Garganey (Anas querg-
uedula) and Ruff (Philomachus pugnax),
which are common in West African flood-
plain areas, are rare in cultivated rice fields
(Wymenga et al. 2005; Table 2). Floodplain
loss also affects a much wider range of bird
species. In the Inner Niger Delta, for exam-
ple, the construction of the Selingue Dam
and the Office du Niger irrigation scheme
resulted in the loss of 12% of the wintering
waterbirds. If the proposed Fomi Dam
comes into existence this loss is expected to
grow to 44%. The newly created, irrigation
zones have compensated for only a tiny frac-
tion of these losses (Wymenga et al. 2005:
217).

The extent of West African mangroves
has not declined much in recent decades, ex-
ceptin southern Senegal during the drought
in the 1980s (Bos et al. 2006), but mangrove
rice and tidal rice seem to be in decline, al-
though trends differ throughout the region
(e.g. Cormier-Salem 1999). The bird num-
bers estimated for the coastal rice fields (Ta-
ble 2) are based upon a surface area of 1,120
km®, which is probably half of the area avail-
able in the early 1980s. Large losses of avail-
able rice habitat would have dire conse-
quences for migratory birds wintering in
sub-Saharan coastal rice fields, such as West
European Black-tailed Godwits (Zwarts et al.
2009). African species may suffer as well, for
example Black Crowned Cranes (Balearica
pavonina), which are still present in relatively
large numbers (Beilfuss et al. 2007).
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Apart from vegetation type, water level
was the most important variable explaining
variation in bird densities (Fig. 2). For exam-
ple, herons and Little Egrets prefer a water
depth of at least 20 cm, and Western Cattle
Egrets avoid rice fields with more than 40 cm
of water (Fig. 2A). Sedge Warblers were
found in rice fields with shallow water, which
is also the preferred habitat of Western Yel-
low Wagtails, but the latter species can also
be observed in dry fields and in rice standing
in deep water (Fig. 2B). Shorebirds typically
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Figure 2. Average bird density of (A) herons and egrets
and (B) passerines as a function of water depth in rice
fields. Data collected in November-February 2002-2006,
combined for floodplains, irrigation schemes and costal
rice fields in Mali, Senegal, Guinea-Bissau and Guinea.
Other herons: Black-headed Heron Ardea melanocephala
(0.05/ha), Intermediate Egret Egretta intermedia (0.05/
ha), Striated Heron Butorides striata (0.13/ha),
Hamerkop Scopus umbretta (0.06/ha). Other passerines:
Red-throated Pipit Anthus cervinus, Savi’s Warbler Locus-
tella luscinioides, Bluethroat Luscinia svecica and Prinia
spp- (all 0.01/ha), and Yellow-throated Longclaw Macr-
onyx croceus (0.03 /ha).
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reached their highest densities (4-6 birds/
ha) in shallow water.

The density of waterbirds averaged elev-
en birds/ha in wet coastal rice fields, but
only half as many in dry rice fields (Table 1).
Such densities are in the same order of mag-
nitude as those from floodplains and irrigat-
ed rice fields. The species composition was
about the same in the various types of rice
field, but densities varied relative to the pres-
ence or absence of water and the type of rice
field. The most ubiquitous species across all
types of rice field was the Western Yellow
Wagtail. In coastal and irrigated rice fields,
Western Yellow Wagtails were common in
wet habitats, but scarce when rice fields had
dried out. On the floodplains, however,
Western Yellow Wagtails were common in
dry rice fields as well. Here, the flies accom-
panying grazing cattle that use the fields af-
ter the harvest offer plenty of food for insec-
tivores.

LITERATURE CITED

Beilfuss, R. D., T. Dodman and E. K. Urban. 2007. The
status of cranes in Africa in 2005. Ostrich 78: 175-184.

Bonneval, P., M. Kuper and J.-P. Tonneau. 2002. L.’Office
du Niger, grenier a riz du Mali: Succes économiques,
transitions culturelles et politiques de développe-
ment. Karthala, Paris, France.

Bos, D., I. Grigoras and A. Ndiaye. 2006. Land cover and
avian biodiversity in rice fields and mangroves of West
Africa. A&W-report 824, Altenburg & Wymenga eco-
logical consultants/Wetlands International, Dakar,
Senegal/Veenwouden, Netherlands.

Cormier-Salem, M.-C. 1999. Riviéres du Sud. Institut de
Recherche pour le Développement, Paris, France.

'WATERBIRDS

International Rice Research Institute. 2009. IRRI World
Rice Statistics (WRS). http://beta.irri.org/solu-
tions/index.php?option=com_content&task=view&
id=250, accessed 22 May 2009.

Keita, N., J.-F. Bélieres and S. Sidibé. 2002. Extension de
la zone aménagée de I’Office du Niger: exploitation
rationnelle et durable des resources naturelles au ser-
vice d’'un enjeu national de développement. Pages
917-928 in Gestion Intégrée des Ressources Naturel-
les en Zones Inondables Tropicales (D. Orange, R.
Arfi, M. Kuper, P. Morand and Y. Poncet, Eds.). Sémi-
naire International (Bamako, 20-23 Juin 2000). IRD,
Paris, France.

van der Kamp, ., B. Fofana and E. Wymenga. 2005. Sé-
lingué reservoir. Pages 179-187 in The Niger, a Life-
line (L. Zwarts, P. van Beukering, B. Kone and E.
Wymenga, Eds.). Rijkswaterstaat/IVM/Wetlands In-
ternational /Altenburg & Wymenga Ecological Con-
sultants, Lelystad, Netherlands.

van der Kamp, J., D. Kleijn, I. Ndiaye, S. I. Sylla and
L. Zwarts. 2008. Rice farming and Black-tailed
Godwits in the Casamance, Senegal. Altenburg &
Wymenga Ecological Consultants, Veenwouden,
Netherlands.

Wymenga E., J. van der Kamp and B. Fofana. 2005. The
irrigation zone of Office du Niger. Pages 189-209 in
The Niger, a Lifeline (L. Zwarts, P. van Beukering, B.
Kone and E. Wymenga, Eds.). Rijkswaterstaat/IVM/
Wetlands International/Altenburg & Wymenga Eco-
logical Consultants, Lelystad, Netherlands.

Zwarts L. and B. Kone. 2005a. People in the inner Niger
Delta. Pages 79-86 in The Niger, a Lifeline (L. Zwarts,
P. van Beukering, B. Kone and E. Wymenga, Eds.).
Rijkswaterstaat/IVM/Wetlands International/Alten-
burg & Wymenga Ecological Consultants, Lelystad,
Netherlands.

Zwarts L. and B. Kone. 2005b. Rice production in the in-
ner Niger Delta. Pages 137-153 in The Niger, a Life-
line (L. Zwarts, P. van Beukering, B. Kone and E.
Wymenga, Eds.). Rijkswaterstaat/IVM/Wetlands In-
ternational /Altenburg & Wymenga Ecological Con-
sultants, Lelystad, Netherlands.

Zwarts, L., R. G. Bijlsma, J. van der Kamp and E. Wymen-
ga. 2009. Living on the Edge: Wetlands and Birds in
a Changing Sahel. KNNV Publishing, Zeist, Nether-
lands.



