
conclusions   153

or 10,4%, less. The irrigation of Office du Niger, 
lowers the rice production in the Inner Delta by 
4300 tonnes, or 4.9%. The Fomi dam would have a 
very large impact: minus 34,500 tonnes or 40% of 
the present average production in the Inner Delta.
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9ECOLOGICAL VALUES 
OF THE INNER NIGER DELTA

  9.1 Introduction

Since time immemorial livestock dominates the floodplain of the Inner Niger 

Delta. Wild grazers like antelopes have virtually disappeared together with lions 

and elephants. The intensive human exploitation through fishing, grazing and 

the use of other natural resources leaves no room for these wild animals, though 

some hippos and manatees are still dwelling in the deeper parts of the Niger. 

Notwithstanding this loss of African wildlife and transformation of a natural 

floodplain, the Inner Niger Delta still can be considered as a hotspot of biodi-

versity in the Sahel. Its large concentrations of waterbirds and breeding colonies 

of herons and cormorants have been one of the main reasons for the Malian 

government to assign the entire Inner Niger Delta as International Important 

Wetland under the Ramsar Convention (on February 1st, 2004). With 4,1 million 

ha it is by now one of the largest Ramsar Sites in the world (www.ramsar.org).

The few floodplains in the Sahel (Fig. 2.1) are renowned for their ecological 

values. These values are strongly related to the hydrological regime (Welcomme 

1986, this study) and between floodplains show many similarities. In short we 

can recognise a flood-driven annual cycle of aquatic vegetations with species 

such as Nymphaea and Utricularia  ssp. and floating ‘meadows’ with Echinochloa 

stagnina, Vossia cuspidata and Oryza spp., a high fish biodiversity, dwindling 

populations of ungulates, reptiles and other fauna and, last but not least, a rich 

birdlife (cf. Lot 2004, Peeters 2003, Carmouze et al. 1983, Wymenga et al. 2002). 

It is remarkable also that since long flood forests have almost disappeared in 

Sahelian floodplains (Drijver & Marchand 1985).

In this Chapter we evaluate the ecological values of the Inner Niger Delta, focus-

ing on the ornithological importance of the area (Section 9.2). In Section 9.3 we 

investigate if and how this value, in particular the size of water bird populations, 

is influenced by the flooding cycle and water levels. The poorly developed fauna 

(vertebrates other than avifauna) is dealt with in Section 9.4. Invertebrates are 

not taken into consideration: apart from a study on the benthic fauna in Lac 

Debo (Zwarts et al. 1999) the knowledge of other groups of organisms is limited 

(but see Dumont 1986 for zooplankton). Conclusions are drawn in Section 9.5. As 

background we first give a short view on the ecological aspects of a floodplain.

Jan van der Kamp
Bouba Fofana
Eddy Wymenga



Floodplains as ecological environment 
Sahelian floodplains form a rather extreme environ-
ment. In the Inner Delta the annual variation in water 
level amounts to 4-5 m and permanent water bodies 
are scarce. From June to November the Inner Delta 
changes from a near-desert environment during low 
water (étiage) into a vast wetland with few dry pla-
ces at the height of the flood (crue) (Fig. 9.1). These 
extremes demand intricate adaptations of plants and 
animals or, alternatively, migration during periods of 
environmental stress. Flooding imposes significant 
environmental constraints to plants (non-motile!) 
and barely motile animals such as molluscs. During 
flooding this concerns in particular the hypoxic soil 

fauna on the lowest banks of the floodplain mainly 
consists of three species of molluscs with a high 
biomass. They constitute an essential food resource 
for many waterbirds during the décrue. Despite the 
fact that nearly all molluscs are consumed by fish 
and birds, or die when the banks are exposed, their 
reproductive system enables them to recolonise the 
banks each year during flooding (Zwarts et al. 1999, 
van der Kamp et al. 2002a). Several fish species in 
the Niger river system are specifically adapted to the 
low rate of dissolved oxygen, in some cases through 
lung-like branchia or the ability to swallow oxygen 
on the surface. Their reproduction depends on the 
flood cycle: spawning occurs as soon as the delta is 
flooded (Welcomme 1986, Lévêque & Paugy 1999). 

Flooding in the Inner Niger Delta is hardly ham-
pered by dikes or other infrastructures, this in con-
trast to the Senegal Delta and the Logone floodplain 
(cf. Lot 2004, Scholte et al. 1996, Peeters 2003). 
The Inner Delta, however, can not be considered 
as a natural, unaffected ecosystem, as during the 
décrue the entire floodplain is intensively exploited 
through fishing and livestock grazing. Following the 
receding water the Inner Delta is invaded by herds 
of a few million domestic animals which graze on 
the exposed pastures. In Chapter 7 the total grazing 
pressure is calculated at 26 ton/km2. The manure of 

these herds, which equals up to 12 kg N/ha (1 Live 
Standard Unit = 250 kg, which produces 912.5 kg 
dry matter with 1.28% N, from Masson et al. 2002) 
forms an important nutrient source in the system. 
This concerns the primary production (Arfi 2002a) 
as well as the floating meadows – bourgoutières – which 
are a key habitat in the floodplain-ecosystem. The 
habitat plays a basic role in the (nutrient) cycle of 
growth and grazing but also functions as a nursery 
for fish fry and as feeding habitat for piscivorous 
birds (Bacalbasa-Dobovrici 1971 cited in Welcomme 
1986). This essential ecological role in the pro-
duction of the floodplain makes clear that also the 
economical significance of bourgou should not be 
underestimated.

Another habitat - flood forests of Acacia kirkii – was 
once an important natural habitat in the Inner Delta 
(e.g. Guichard 1947) but since long has nearly vani-
shed and been replaced by rice- or bourgou-fields. 
The few remaining forests are of paramount impor-
tance as roosting and breeding habitats for birds. 
Other important bird habitats are the low banks in 
the central Delta (Debo complex) with high densi-
ties of molluscs (Fig 9.2). Except for birds and fish, 
biodiversity in the Inner Delta is relatively modest as 
a consequence of the extreme environmental condi-
tions, (over-)exploitation and - for large mammals 

conditions and the low rate of dissolved oxygen 
in the water. Aquatic plants, helophytes and many 
fish species are highly adapted to these constraints 
(Keddy 2002). Especially in the Sahelian floodplains 
the hot dry season is another stress factor requiring 
survival strategies.
Adaptations to life in a floodplain are conspicuous in 
the Inner Niger Delta. Floating grasses like Bourgou 
Echinochloa stagnina and Wild Rice Oryza longistaminata 
start growing at the onset of the flood and have a 
growth rate of 3-5 cm a day, enough to keep up with 
the rising water level. Each plant community has an 
optimal position in the inundation zone, related to 
the duration of flooding (Chapter 6). The benthic 
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Fig. 9.1. Three stages in the flood cycle, respectively rise and peak of the flood (crue: July-November), retreat during 
December-April (décrue) and lowest water level in May-June (étiage) before the onset of the rainy season. In the 
box on the right an indication is given of major human activities and important ecological processes. Altered after 
Drijver & van Wetten (1994).

Fig. 9.2. Foraging habitat for birds in the central part of the Inner Delta (source: Wymenga et al. 2002). 

• Retreat of fish and other aquatic organism to the river 
bed 

• Decomposition and mineralisation of manure and remai-
ning biomass

• Concentration of Afrotropical waterbirds near remaining 
water bodies

• Flooding, annual variation in maximum 
• Planting bourgou, also rice at limited scale
• Growth of bourgou and wild rice
• Spawning of fish and growth of fry on floodplain
• Colonisation of lower banks by molluscs
• Breeding of herons and other waterbirds
• Limited harvest of bourgou through cutting

• Fishing as soon as décrue sets in; at the end of the 
décrue fish concentrations heavily fished in remaining 
water bodies

• Grazing of bourgou pastures 
• Concentration of birds, Palearctic birds migrate to 

northern breeding grounds 
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    9.2 Bird species, 
numbers and distribution

As a consequence of the available habitats the avi-
fauna of the Inner Delta primarily consists of wetland 
species. In total 111 species of waterbirds (wetland-
related species excluded) have been recorded by Van 
der Kamp et al. (2002b, 2005), of which 43 occur in 
small to large numbers and 68 have been observed 
rarely or irregularly during 1998-2004. The avifauna 
comprises species which are piscivorous (herons, 
cormorants, terns), benthivorous and omnivorous 
(waders, ibises) and insectivorous (some plover 
species, wagtails), besides a few seed-eating spe-
cies (mainly ducks). This means, that waterbirds 
are involved in most links of the food web in the 
floodplain. 

In this Section we show the huge international 
ornithological importance of the Inner Delta and the 
way the flooding cycle determines the availability 
of habitats and numbers of birds. The information 
is based on the monitoring of waterbirds during 
this study (van der Kamp et al. 2005) and the data 
gathered during 1998-2002 by Van der Kamp et al. 
(2002a-c). The regular monitoring concerns roost 
counts of colonial waterbirds and terrestrial counts 
of the concentrations of waterbirds in the central 
part of the Inner Delta. This census area – the Debo 
complex – covers 460 km2 and comprises Lac Debo, 
Walado Debo and Lac Korientzé. This area was cho-
sen because waterbirds from a large area tend to 
concentrate in this low-lying area during the décrue. 
Information from this area may act as a barometer 
for an important part of the Inner Delta. 

This approach, however, does not cover the entire 
Delta and is in particular reliable for birds which are 
gregarious and do not conceal themselves in densely-
vegetated habitats. Non-gregarious and diffusely dis-

tributed birds are easily underestimated. Therefore, 
from 2002 onwards additional density counts of 
birds were performed (Appendix 8; van der Kamp 
et al. 2005). An assessment of bird densities per 
vegetation type – by which units of homogeneous 
vegetation types are counted – gives the opportunity 
to determine the significance of different vegetation 
types and make an estimation of the total bird popu-
lation in the Inner Delta. Although this method does 
not cover all birds or meets all constraints mentioned 
above, it is a systematic way to link these data to 
habitat availability. 

9.2.1 Breeding waterbirds

Colonial waterbirds
Breeding colonies of large wading birds in the Inner 
Delta are situated in flood forests of Acacia kirkii, of 
which the impenetrable crowns and large needles 
provide excellent protection against predators, espe-
cially in combination with water underneath. In the 
last decades 13-17 species of large wading birds were 
found breeding in flood forest colonies (Table 9.1). 
In addition three other colonial species of waterbirds 
occur: Whiskered Tern Chlidonias hybridus, considered 
a non-breeding bird in West-Africa by Borrow & 
Demey (2001), is found breeding in the Debo area 
since 1991 in scattered colonies (200-250 pairs). 
Also a small colony of Little Tern Sterna albifrons is 
present (van der Kamp et al. 2002c). Finally, Abdim’s 
Stork Ciconia abdimii is breeding in small colonies in 
trees in some villages around the Inner Delta. 

Table 9.1. shows estimates of the number of breed-
ing pairs of large wading birds in the Inner Delta. 
They breed in two large colonies which are located 
in the flood forests of Akkagoun and Dentaka, in the 
central part of the Inner Delta around Lac Debo (Fig 
9.3; van der Kamp et al. 2002c). On initiative of the 
IUCN the colonies are being protected since 1987 
in collaboration with the local people (IUCN 1989, 
Beintema et al. 2002). Despite this protection, fre-
quent disturbance or exploitation takes place, in par-

Many fish species in 
the Inner Niger Delta 
are adapted to live in a 
riverine floodplain envi-
ronment with often low-
oxygen and turbid water. 
One species – Protopterus 
annectens - can even sur-
vive a period of drought 
by retracting in a self 
made cocoon in the mud. 
Important morphological 
adaptations concern the 
way of oxygen intake 
(e.g. breathing from the 
surface), the development 
of small tentacles and 
electric organs (sensors) 
facilitating feeding and 
localisation. Electric or-
gans also may be used for 
defence. For more infor-
mation see: Quensière et 
al. (1994) and Lévêque & 
Paugy (1999).

Adapted to live in a floodplain environment

Box 9.1

- also exploitation in the past. Once a rich mammal 
fauna existed in the Inner Delta with gazelles and 
other ungulates. Today most of these species are on 
the verge of extinction (Kingdon 1997, Section 9.4). 
Therefore, this Chapter on ecological values concen-
trates mainly on birdlife.

Bird species, numbers and distribution   159
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ticular in Akagoun. Besides Akkagoun and Dentaka 
only a few scattered fragments of forests are present 
(Fig. 9.3.), whilst formerly (1940-1950) more than 
20 forest with breeding colonies existed (Skinner 
et al. 1987). These fragments now serve as essential 
roost sites for non-breeding and immature wading 
birds, which enables them to exploit the entire Inner 
Delta as a whole. Also, these sites are very important 
as favourable locations for potential forest regenera-
tion (Beintema et al. 2002). 

Large breeding colonies of Afrotropical waterbirds 
are very scarce in West-Africa. The colonies in the 
Inner Niger Delta are amongst the largest in the 
region. The colony in the forest of Dentaka is prob-
ably by far the largest in West-Africa if not the larg-
est in Africa (cf. Turner 2000). According to Hafner 
(2002) exceptionally large-sized colonies seem to 
indicate a shortage of nesting possibilities, which 
in the case of the Inner Niger Delta is supported by 
the demise of forests (Fig. 9.3) and slightly declining 
numbers (Table 9.1). 

To assess the ornithological significance of an area 
for waterbirds the criteria of the Ramsar Convention 
on International Important Wetlands can be used. 
When an area regularly holds >1% of a well-defined 
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Table 9.1. Estimated number of breeding pairs of colonial waterbirds in the Inner Niger Delta during four episodes 
in the last decades. The estimate of 1986-87 is based on Skinner et al. (1987). The figures for 1994/96 only cover 
Dentaka; this forest however represents the major part of the population in the Inner Delta. Source: van der Kamp 
et al. (2002c) complemented with recent provisional estimates. + = present but numbers unknown, ? = insufficient 
data for a reliable estimate.

Fig. 9.3. Location of flood forests and breeding colonies in the Inner Delta in 2000-2004. At present two large bree-
ding colonies exists in the (protected) flood forests of Akkagoun and Dentaka, whilst the other (fragments) of flood 
forests (resp. Pora, Niasso, Gourao, Bouna) are important roost sites for cormorants, herons and ibises (non-breeding 
adults, juveniles). Also former colony sites are shown (after Skinner et al. 1987).

Bird species, numbers and distribution   161



162   Ecological values of the Inner Niger Delta

flyway population of a species, this area is conside-
red as internationally important (www.ramsar.org). 
Comparison with the 1%-criteria for total populati-
ons (Table 9.2) shows, that Cattle Egret, Long-tailed 
Cormorant Phalacrocorax africanus, Great Egret Casmerodius 
alba, Intermediate Egret Egretta intermedia and Little 
Egret Egretta garzetta easily exceed the 1%-criteria. 
For the Long-tailed Cormorant and the Cattle Egret 
the breeding numbers in the Inner Delta represent 
a large part of the breeding numbers in Sahelian 
floodplains. The colonies in the Inner Niger Delta 
therefore are of paramount international importance. 
The fact that only two large flood forests in the Inner 
Delta remain urges forest regeneration. Today this 
challenge is undertaken as a joint effort by Wetlands 
International and IUCN.

Other important breeding waterbirds
Within the Inner Delta a wide array of other 
Afrotropical waterbirds is breeding of which we 
only mention the most important species; for a full 
account we refer to Lamarche (1981) and addition-
ally Wymenga et al. (2002). For a lot of waterbirds, 
other than colonial waterbirds, information on 
breeding is very scarce. For example, species like 
White-faced Whistling Duck Dendrocygna viduata, Spur-
winged Goose Plectropterus gambensis and African Pygmy 
Goose Nettapus auritus are thought to reproduce in the 
Inner Delta, but hard data are lacking. During the 
dry season relatively high numbers of these birds 
concentrate in the Debo complex, but undoubtedly 
also breeding birds from a wider part of the Sahel 
are involved. At least for the Spur-winged Goose the 
Inner Delta seems a very important area, exceeding 
9 times the 1%-criterium during the étiage in June 
(see Table 9.3). 

Other groups of waterbirds with several species 
breeding in the Inner Delta are gallinules and jacanas 
(for example Lesser Moorhen Gallinula angulata, Allen’s 
Gallinule Porphyrio alleni, Purple Swamphen Porphyrio 
porphyrio, African Jacana Actophilornis africana), Lesser 
Jacana Microparra capensis and waders (for example 
Senegal Thick-knee Burhinus senegalensis, Egyptian Plover 
Pluvianus aegyptius, Spur-winged Lapwing Vanellus spinosus 

and Kittlitz’s Plover Charadrius pecuarius). The relative 
importance of these populations in the Inner Delta is 
unknown. The near-threatened Black-crowned Crane 
Balearica pavonina still breeds in the region of Toguéré-
Koumbé. It concerns a small population of c. 25 pairs 
at maximum. Also in the Inner Delta this species suf-
fers persecution as juveniles are collected and sold 
for keeping at home (Kone & Fofana 2001).

Besides waterbirds sensu stricto several typical African 
wetland species can be encountered such as some 
raptors (African Fish Eagle Haliaeetus vocifer, Black-
shouldered Kite Elanus caeruleus), Marsh Owl Asio capen-
sis and Pied Kingfisher Ceryle rudis. Passerines worth 
mentioning are Yellow-crowned Bishop Euplectes afer 
(frequent, typical wetland bird) and the Red-shoul-
dered Widowbird Euplectes axillaris. 

9.2.2.  Staging and 
migrating waterbirds

Being one of the major floodplains in the Sahel, the 
Inner Niger Delta serves as a key staging and forag-
ing area for Afrotropical waterbirds and Palearctic 
migrants throughout the year, the latter visiting the 
area during the non-breeding season. This function 
extends to all parts of the Inner Delta with (shallow) 
water and otherwise wet conditions. Quantitative 
information on the dynamics of staging waterbirds 
is available for the central part of the Inner Delta. In 
this Section we want to clarify the function of this 
key area and show how waterbird numbers depend 
on water level. Using density counts we also want to 
show the relative significance of various main habi-
tats in the Inner Delta. The combined results are used 
to explain the international significance of the Inner 
Niger Delta.

Dynamics of waterbirds in the Debo area
The change of waterbird numbers in the central 
lake area, the Debo complex, reveals a cyclic pattern, 
for Afrotropical and Palearctic waterbirds, although 
these patterns are not synchronous (Fig. 9.4). The 
Palearctic waterbirds show a distinct peak just before 
the departure to the breeding grounds in the north. 
After the boreal breeding season there is a small peak 
in August but during the peak of the flood there are, 
compared to the maxima in February and March, 
hardly any Palearctic birds in the central part of the 
Inner Delta. The latter also applies to Afrotropical 
waterbirds, of which the pattern in the central part of 
the Inner Delta is complementary to the flood cycle. 

Obviously these patterns are linked to the flood 
cycle as shown when the number of staging water-
birds is plotted as a function of the inundated surface 
(Fig. 9.5). At high water levels the low presence of 
staging waterbirds is simply a result of deep water 
(up to 4-5 m), unsuitable for feeding and resting. 
Caspian Terns Sterna caspia for example, enter the Debo 
complex as soon as the water level at Akka drops 
below 300 cm, i.e. when the first sand banks emerge 

on which they can rest when they not feeding. 
The relationship between waterbird numbers and 

flood level explains also why waterbirds from a 
larger area concentrate in the Debo complex during 
the décrue. This contraction is caused by the limited 
surface of wet habitats in the Inner Delta at low water 
levels. Although the Debo complex comprises about 
2% of the entire floodplain area, 70% of all water in 
the Inner Delta is found within this area at a water 
level of 0 cm, and it still covers about 20% as long as 
the water level is less than 300 cm (Fig. 9.6). Its low-
lying position within the Inner Delta also explains 
why most waterbirds are found in the central lakes 

Fig. 9.4. Number of strict Palearctic and Afrotropical 
waterbirds in the central part of the Inner Delta (Lac 
Debo, Walado Debo, Lac Korientzé) from August 1998 
to May 2001 (van der Kamp et al. 2002b). In both 
diagrams also the flood cycle is shown. Data from 
waterbirds of mixed population are not included (see 
Table 9.3).

Black-crowned Crane
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when there is hardly any water remaining: when 
there is not much water left in the central lakes, there 
is no water elsewhere in the Inner Delta, beside the 
stagnant water in some permanent lakes (cf. Fig. 3.5). 
Since bird numbers are more or less stable at water 
levels below 200 cm (Akka gauge), this suggests that 
all waterbirds from the southern and central Delta 
concentrate in this area.

The availability of water, however, does not seem 
to be the only reason why the Debo complex attracts 

so many birds. While the presence of Afrotropical 
waterbirds fits nicely to the change in inundated 
surface (Fig. 9.5A), Palearctic waterbirds show a 
different pattern. They already tend to concentrate 
in this area – mostly at water levels from < 200 cm 
– when Afrotropical waterbirds are still at other wet 
places in the Inner Delta (or even a wider region) 
(Fig. 9.6). 

A logical explanation would be, that feeding con-
ditions in the area are above-average, as the presence 
of waterbirds in wetlands usually shows a strong 
relationship with available and exploitable food 
resources (e.g. Zwarts 1996, van Eerden 1997). If 
this were also true for the central lakes, it can only be 
tested when information is available on the relative 
distribution of food resources within the Inner Delta 
and the exploitability of these resources for birds. 
Unfortunately, this information is not available. 

From the work of Zwarts et al. (2002), however, 
it can be deduced that the Debo complex is rich in 
food, in particular benthic fauna. This fauna consists 
mostly of two bivalves - Corbicula fluminalis, Caelatura 
aegyptica – and one snail Cleopatra bulinoides. Zwarts et al. 
showed, that the biomass of these bivalves is strongly 
related to the duration of flooding and the highest 
biomass is found below a height of 200 cm relative 
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Fig. 9.5. Number of staging waterbirds in the central 
part of the Inner Delta (see Appendix 8 for delinea-
tion) as a function of the percentage of the area which 
is inundated. The area attracts massively waterbirds 
beneath a water level at Akka of 200 cm; the highest 
number of Afrotropical waterbirds is present during 
the ’étiage’ when the rest of the Inner Delta is nearly 
dry. Most Palearctic waterbirds have by then migrated 
to the breeding grounds.
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Fig. 9.6. Proportion (%) of the inundated surface area 
of the Inner Niger Delta found in the central part of 
the Inner Delta as a function of the water level at 
Akka. See Appendix 8 for delineation of the area.

to the Akka-gauge. The benthic fauna is a principal 
food resource for waders, ibises and other waterbirds 
(Zwarts et al. 2002). As soon as the low banks around 
the lakes become exposed bivalves and snails are 
massively consumed, or die when flood recedes. This 
means that a vital population of benthic fauna only 
can survive when a part of the population survives 
the décrue and étiage in permanent water bodies, and 
the duration of flooding suffices to recolonise low 
banks after flooding. From the water maps in Fig. 3.5 
it is clear, that within the Inner Delta the low-lying 
Debo complex is the only area of some scale where 
this is the case.

From the other principal food resource - fish - we 
have less information. During the décrue fish retreats 
from the floodplain to the river bed (Bénech et al. 
1994). This evidently leads to high fish densities in 
the remaining water bodies, which are then heavily 
exploited by fishermen (Chapter 5) and also attract 
large concentrations of birds. In the next Section we 
show that also the presence of shallow bourgou – as 
a key foraging habitat for birds –contributes signifi-
cantly to the function of the Debo complex.

Densities of waterbirds in different vegetation 
types
The preceding analysis gives an insight into the role 
of the Debo complex within the Inner Delta. It does 
not throw any light yet on the rest of the Inner Delta 
nor on the presence of dispersed species which 
occupy well-vegetated habitats. Hence, from 2002 
onwards density-counts have been instigated, i.e. 
counts of all (water)birds in small sampling plots of 
known size. Up to 2004 613 plots have been sam-
pled; the plots were not selected randomly but stra-
tified according to habitat presence. In Appendix 8 
technical details and results per species are presented 
(see also Van der Kamp et al. 2005). In this Section we 
use the data to analyse the relative significance and 
utilisation of main habitat types for waterbirds. 

Waterbirds are not evenly distributed over the 
Inner Delta. We already showed that the Debo com-
plex attracts a lot of birds, but also within other parts 
of the Inner Delta one type of habitat is much more 

favoured by birds than another. Though the explana-
tory factors probably are related to feeding condi-
tions, in this study we only quantify the differences 
as a first step in analysing bird distribution. Using 
the results of Chapter 6, the vegetation types were 
lumped into 14 categories in which bird densities 
were assessed, which afterwards were joined to 6 
habitat types. 

Fig. 9.7 shows the mean density for four groups 
of waterbirds. It appears that overall density is very 
high in habitats with stagnant water (present in some 
northern lakes) whilst the density in wild rice is very 
low. Overall, waders and passerines reach the highest 
densities. For passerines, in particular the Palearctic 
Yellow Wagtail Motacilla flava and Sedge Warbler 
Acrocephalus schoenabaenus contribute to these high den-
sities (Appendix 8). The mean density per habitat, 
however, is not very illuminating since the variation 
in bird densities is large and mainly explained by 
water depth in the plots. 
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Fig. 9.7. Mean density (n per 100 ha) of groups of 
waterbirds in main vegetation types in the Inner Niger 
Delta. See Appendix 8 for details.
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The water depth in each of the plots was routinely 
measured and with these data the mean bird densit-
ies can be calculated per water depth interval for 
each habitat type (Appendix 8). As an example, in 
Fig. 9.8 these data are presented for cultivated rice 
and bourgou fields respectively. It is obvious that dry 
and deep water habitat types are the least attractive, 
while habitats with humid and shallow conditions 
hold the highest densities. Also, there is a marked 
difference between cultivated rice and bourgou 
fields. In cultivated rice humid conditions have a 
high density, which is largely explained by foraging 
Cattle Egret Bubulcus ibis and Ruff Philomachus pugnax. 
In bourgou fields the shallows are more attractive. 
In particular bourgou with 40-80 cm of water is 
frequented by herons. Herons can forage in these 
habitats because they can walk on the floating stems. 
The buoyancy of bourgou is larger than, for instance, 
of wild rice, but feeding opportunities also depend 
on the compactness of the vegetation and the weight 
of the species involved. For instance, Squacco Herons 
Ardeola ralloides already start to feed in bourgou fields 
with a depth of 80 cm, while the heavier Great Egrets 
Egretta alba arrive when the water is less deep.

With the aid of the flooding model in Chapter 3
we can investigate the distribution of favourable 
combinations of habitats and water depths at different 
flood levels. In Appendix 8 the distribution of water 
depth–intervals per habitat type has been calculated 
for five different flood levels. Because cultivated rice 
can be found relatively high in the inundation zone, 
at a flood level of 250 cm (Akka), the rice stands dry 
already and thus is not attractive to waterbirds. At the 
same time, still a significant proportion of bourgou 
fields and wild rice is humid or has a shallow water 
depth. From Fig. 9.7 we know that wild rice has only 
very low bird densities. So at low flood levels (< 250 
cm) the optimal foraging habitats for waterbirds are 
being represented by shallow bourgou fields and 
humid and shallow grasslands (cf. Table A8.2). This 
undoubtedly is related to favourable feeding condi-
tions: the abundant benthic fauna in grasslands and 
probably a high fish density in shallow bourgou 
fields. If we keep in mind that at low flood levels 

(< 200 cm) extensive shallow bourgou and grass-
lands are only found around the central lakes 
(Chapter 6) and that vegetation types of stagnant 
water are confined to some northern lakes, it is all 
the more clear that the Debo complex plays a key role 
for waterbirds in the Inner Niger Delta. 

An important question is how the birds react on 
the decreasing availability of suitable (=wet) habitats 
during the décrue. One would expect an increase in 
bird densities provided that no significant numbers 
of birds leave the area. Unfortunately, sample size up 
to now is too small. As an alternative to see whether 
densities increase, in Appendix 8 a comparison is 
made between the counted bird numbers in the  
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Fig. 9.8. Mean density (N per 100 ha) of groups of 
waterbirds in six different intervals of water depth in 
bourgou fields and cultivated rice in the Inner Niger 
Delta. See Appendix 8 for details.

Table 9.2. Number of herons and waders counted in Lac Debo, Walado Debo and Lac Korientzé between November 
and March averaged over four years (460 km2, 1998-1999 until 2001-2002) and split for five flood levels (Akka, cm). 
Numbers counted are compared to estimates derived from sampling plots. The two lower lines give the ratio bet-
ween the number counted and the number derived from the samples. Summarised data from Table A8.4.

Debo census area (460 km2) and the estimates on 
the basis of plot counts. Table 9.2 summarises the 
figures for waders and herons. It is clear that there 
are (many) more birds in the area at lower flood 
levels, both in the actual counts and in figures based 
on sampling plots. As we used in the estimates the 
same densities for all flood levels, one may conclude 
that bird densities increase indeed as the available 
wetland habitats decrease. The variation in the ratio 
actual counts: estimates in Table 9.2 reveals, that there 
is still a large gap between both and more data are 
needed to arrive at sound estimates.

International ornithological importance of 
the Inner Delta
Through monthly counts during the period 1998-
2001 and additional monitoring during vital 
moments in the year we obtained a good impression 
of the ornithological significance of the central lakes 
in the Inner Delta. We also know now that water-
birds congregated here during low water represent 
the major part of all waterbirds of the southern and 
central Delta. 

In Table 9.3 the maximum number of a selection 
of waterbirds in the Inner Niger Delta is presented 
and compared to the 1%-criteria for International 
Important Wetlands (Ramsar Convention; Delaney 
& Scott 2002). No less than 28 species exceed this 

criterion while for 10 species more than 10% of 
the population can be present in this area. For spe-
cies like Long-tailed Cormorant Phalacrocorax africanus, 
Glossy Ibis Plegadis falcinellus, Kittlitz’s Plover Charadrius 
pecuarius, Gull-billed Tern Sterna nilotica and Caspian 
Tern Sterna caspia this part of the delta serves as a key 
area for a substantial part of the population. Also 
Purple Heron Ardea purpurea and Collared Pratincole 
Glareola pratincola concentrate in large numbers here, 
but it is not quite clear which criterion should be 
applied; probably for these species a mixed popula-
tion of Palearctic and African origin is present. From 
Table 9.3 it can be concluded, that the Debo complex 
is of prime international importance for many water-
bird populations. 

To get an idea of the total population of wetland-
related bird species present in the Inner Niger Delta 
in Appendix 8 mean bird densities are calculated in 
combination with the flooding model (Chapter 3) 
and the vegetation map (Chapter 6). Though a sound 
estimation on species level is still hampered by the 
small sample size (Table A8.3, details in Appendix 
8), it is likely, that the Inner Delta harbours 3 to 4 
million waterbirds including a number of wetland-
related passerines. Despite shortcomings, the analysis 
shows that the Inner Delta is of huge importance 
to some species which are grossly underestimated 
in the regular monitoring activities. This applies 
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Table 9.3. Maxima of a selection of waterbirds in Lac Debo, Walado Debo and Lac Korientzé in the central part of 
the Inner Niger Delta in 1998-2004. Maximum numbers of Long-tailed Cormorant and African Darters are based on 
roost counts. Source: van der Kamp et al. (2002b, 2005). The figures are compared to the 1%-criterium as presented 
by Delany & Scott (2002; for Egretta alba/intermedia and Philomachus pugnax: Fishpool & Evans 2001, Circus aerugi-
nosus: Hagemeijer & Blair 1997). The last column denotes the biogeographical population on which these criteria are 
based: Af  = Africa,  Subsah = Africa south of the Sahara, Eur = Europe, MerN = Black Sea, Med= Mediterranean; n 
north, e east, s south, o west, c central. In case of doubt two populations and criteria are mentioned.

especially to widely dispersed species like Wood 
Sandpiper Tringa glareola, Yellow Wagtail Motacilla flava 
and Sedge Warbler Acrocephalus schoenobaenus. 

When considering the ornithological importance 
of the Inner Delta, in addition to the above men-
tioned values the following remarks should be kept 
in mind:
•  Beyond the Debo complex the Inner Delta has 

several other areas with large concentrations of 
birds (Girard & Thal 1999-2001, van der Kamp 
et al. 2002b). Basically these areas hold water at 
low water levels, in particular Plaine de Séri and 
the lakes in the north. However, the areas in the 
south can also hold large concentrations of birds, 
especially at the peak of the crue. For instance, van 
der Kamp et al. (2002c) counted 10,500 roosting 
Black-crowned Night Herons at the forest rem-
nants of Pora and Koumbé-Niasso. In particular 
the northern lakes are important for waterbirds 
at the end of the décrue, because of the retention 
of water (Lac Horo and Lac Télé). Although we 
only carried out some terrestrial counts, Table 
9.4 makes clear that this area holds internation-
ally important waterbird numbers. This concerns 
species which are less numerous in the southern 
and central part of the Inner Delta: White-faced 
Whistling Duck Dendrocygna viduata, European 
Shoveler Anas clypeata, Ferruginous Duck Aythya 
nyroca and Common Moorhen Gallinula chloropus. 
The latter – an Afrotropical population – profits 

from the abundant aquatic vegetation developed 
in the wake of water retention. The northern lakes 
in the Inner Delta are a prime staging area for the 
endangered Ferruginous Duck, with a maximum 
of >14,000 individuals in 2001 (Trolliet 2003). 

•  The aerial surveys of Girard & Thal (1999-2001), 
which covered the entire Delta, are reliable for 
relatively large and easy recognisable birds. Their 
counts revealed huge numbers of Garganey Anas 
querquedula, White-faced Whistling Duck and Ruff 
Philomachus pugnax. This concerns hundreds of thou-
sands of birds which apparently disperse over the 
Inner Delta. In particular during low floods the 
Inner Delta serves as a refuge for a large part of the 
waterbirds which frequent the Sahel. For instance 
in 1987 - a year with a low flood maximum - 
aerial surveys of the IUCN (1989) yielded almost 
900,000 Garganeys and 180,000 Ruffs.

•  The Delta is an important staging site for several 
rare species. For a full account we refer to Van 
der Kamp et al. (2002b). Worth mentioning are 
Black-crowned Crane Balearica pavonina, Ferruginous 
Duck, Pallid Harrier Circus macrourus and Great 
Snipe Gallinago media, all of which are near-threat-
ened or vulnerable species according to the 
list of Threatened Birds of the World (Birdlife 
International 2000). At least the population of 
Ferruginous Duck may be of overriding impor-
tance for the preservation of these species (Trolliet 
2003).
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Table 9.4. Maximum number of a selection of waterbirds in Lac Télé, Fati and Horo in early March 2003. These data 
are compared with the 1%-criterium; further explanation see Table 9.3. Note the number of Ferruginous ducks 
Aythya nyroca which is a near-threatened species according to the list of Threatened birds of the World (Birdlife 
International 2000).
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    9.3 Explanatory factors 
on population level 

The size of a population in general is determined by 
mortality and natality. Both key factors are determined 
by different environmental circumstances. Mortality 
of adult birds is a key factor in the population size 
of many waterbirds, as has been shown for instance 
by Hitchcock & Gratto-Trevor (1997). Hence, the 
environmental conditions in the Inner Niger Delta 
may play a role in determining the population size 
of waterbirds, depending largely on this area (e.g. 
Table 9.3). In this Section we show this relationship 
by linking variation in population sizes to maximum 
flood levels, the latter used as an overall indicator of 
feeding conditions. First we approach this question 
from the side of recruitment (some examples of 

Afrotropical birds), then from the side of mortality 
(examples of Palearctic birds).

Recruitment in relation to flood maxima
The reproductive success of a species depends partly 
on the availability of nesting sites (a key requirement 
in colonial waterbirds) but especially on the quality of 
the surrounding feeding habitats. Therefore it seems 
plausible that the breeding success of birds nesting 
in the Inner Delta is influenced by the inundated 
surface. These wet conditions not only refer to the 
maximum crue level, but also to the amount of rain-
fall, as in years with a high crue there is higher pre-
cipitation and vice versa (Fig. 2.6). The data of some 
Afrotropical species can be used to look for the sug-
gested relationship. One of these is the Spur-winged 
Goose, of which the change in numbers in the Débo 
complex in June indeed are related with the inunda-
ted surface area during the preceding crue (Fig. 9.9). 
This, however, is an indirect relationship and we do 
not have information on reproductive success or on 
the extent of immigration from a wider region. On 
the other hand, a direct relationship can be shown for 

the Kittlitz’s Plover. Fig. 9.10 shows the annual repro-
duction of this species as a function of the inundated 
surface area in the preceding breeding period. At least 
for this species natality is evidently determined by 
preceding flood performance and rainfall.
It is plausible that similar relationships exist for 
colonial waterbirds (cf. Hafner & Fasola 1992). 
Unfortunately, the data in table 9.1 are not suitable 
for such an analysis. However, we can use roost 
counts of African Darters performed in several years 
in January-February, directly following the breeding 
season and thus revealing the breeding performance 
for that particular year. The annual change of the 
population size of Darters indeed shows a relation-
ship with the extent of the inundated area (Fig. 
9.11). The year 2004 forms an outlier, probably 
because of  considerable disturbance in the breeding 
colony resulting in a poor production and a drop 
in numbers. Disturbance or exploitation frequently 
occurs in the breeding colonies in the Inner Niger 
Delta. Scholte (in prep.) shows how colony protec-
tion was crucial in the recovery of the Black-headed 
Heron Ardea melanocephala in the partly rehabilitated 
Waza Logone floodplain. In the Inner Niger Delta 

the limited number of breeding sites in combination 
with the disturbance at these sites may have a signifi-
cant impact on the population size of colonial water-
birds, and may therefore obscure a direct relation 
with flood performance (feeding conditions).
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Fig. 9.9. Number of Spur-winged geese Plectropterus 
gambensis in June in the central part of the Inner Niger 
Delta in relation to crue maxium during the preceding 
flood. Data from 1998-2004.
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Fig. 9.10. Percentage of juvenile birds in June-concen-
trations of Kittlitz’s Plover Charadrius pecuarius in the 
Debo complex, in relation to the flood maximum in the 
preceding breeding period. Data from 1999-2004. 
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ermen. Also, the birds are forced to concentrate in 
these spots, being the only sites where they can still 
feed. This results in higher densities and sometimes 
big concentrations, as shown in the previous Section. 
By tradition birds are caught with hook lines and 
nets (Kone et al. 2002), especially Caspian Terns 
with hook lines. Captured birds are either used for 

auto-consumption or sold on the market. During 
three décrue seasons in 1998-2004 the commercial 
supply was monitored. When these figures are plot-
ted against the maximum flood in the same year it 
seems that low flood levels correspond to higher 
levels of exploitation (Fig. 9.13). This is in line with 
the experience of local fishermen and observations 
on the Mopti market in years that exploitation was 
not quantified (pers. comment B. Kone, Wetlands 
International). The conclusion must be, that low 
flood levels force the waterbirds to concentrate in 
the few remaining spots in the Inner Delta. There 
they are confronted with heavy human competi-
tion for the same food resources (particularly fish) 
and increased risks of being caught. Lower flood 
levels therefore make waterbirds more vulnerable to 
human exploitation.

A last example of how low flood levels can cause 
higher mortality because of poor feeding conditions 
is presented in Fig. 9.14. It concerns Ruffs preparing 
for migration to the northern breeding grounds in 

Mortality in relation to flood maximum
Under natural circumstances mortality in a popu-
lation predominantly occurs outside the breeding 
season, viz. in the Sahel in the dry and hot season. 
Actual mortality depends on various factors, but in 
general feeding conditions – availability and exploi-
tability of food – play a major role. Additionally, in 
some cases, direct mortality also plays a part through 
heavy exploitation.

Assuming that feeding conditions in the Sahel are 
related to the amount of rainfall and the (maximum) 
flood level, it can be expected that Sahelian droughts 
cause a high mortality. Indeed, for a number of 
Palearctic migrant species a relationship between 
Sahelian rainfall, flood levels and population trends 
in the European breeding quarters have been record-
ed. Examples are Purple Heron (den Held 1981, 
Cavé 1983), Sand Martin Riparia riparia (Szép 1995) 
and several passerines (e.g. Wammes et al. 1993). In 
particular the Sahelian droughts of the 1970s and 
1980s have caused serious declines in the popula-
tion size of some migrant European birds species, 
although recuperation has occurred since (cf. Peach 

et al. 1991 for Acrocephalus schoenobaenus, Marchant 1992 
for trans-Saharan migrants, Baillie & Peach 1992 for 
Sylvia communis). 

In the framework of a study in progress on the 
relationship between Sahelian rainfall, river discharge 
and population trends of migrating birds the data of 
the Sahelian floodplains will be analysed thoroughly. 
In the present report we confine ourselves to data 
gathered in the Inner Niger Delta, of which only for 
a few species long-term data are available. One of 
the migratory species which is present in relatively 
large numbers in the Inner Niger Delta (>50% of 
the known population, Table 9.3) is the Caspian 
Tern. It largely concerns the North-European breed-
ing population, as evident from recoveries of ringed 
birds (Staav 2001, Wymenga et al. 2002). In Fig. 9.12 
the annual change of the wintering population in the 
Debo complex is plotted against the maximum flood 
level. A relationship is indicated but for the lower 
range of flood levels we have limited data. However, 
it may signify higher mortality at low floods. 

Apart from feeding conditions this higher mortal-
ity may also be partly explained by a higher exploi-
tation, thus direct mortality through catches. At low 
floods the area with shallow water is limited and 
such locations are heavily exploited by local fish-
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Fig. 9.11. Annual change of the size of the total popu-
lation of the piscivorous African Darter Anhinga rufa 
in the central part of the Inner Niger Delta as a func-
tion of the maximal inundated area during the flood 
involved. Data from the floods of 1986-87, 1994-95, 
1998-99 to 2003-04

February-March. Normally their weight increases 
strongly in the period January-March because of the 
storage of fat. In March 1985, one of the years of 
severe drought, more than 10.000 Ruffs were seen 
on the dry floodplains and even in villages, trying 
to get some food (Altenburg et al. 1986). A number 
of females was caught and Fig. 9.14 shows that their 
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Fig. 9.12. Annual change in population size of the pisci-
vorous Caspian Tern Sterna caspia in the Debo complex 
as a function of the maximal flood level during the 
flood peak. Data from the crues of 1986-87, 1994-95, 
1998-99 to 2003-04.

Fig. 9.13. Number of waterbirds sold at the main mar-
kets in the central Inner Niger Delta in three décrue-sea-
sons (1998-1999, 1999-2000, 2003-2004) plotted against 
the maximum flood level. Note that the figure for the 
flood of 505 cm (2003-2004) is too low because of the 
limited number of markets which could be visited.
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weight was far below the lean weight (lean weight = 
basic weight without fat). For these birds migration 
must have been out of the question and probably 
most of these birds died under these extreme condi-
tions. It also suggests, that at very low floods the tim-
ing of migration of Palearctic waterbirds in relation 
to pre-migratory fattening and departure may fall 
out of line with the short time during which food 
resources are available in the Debo area. This makes 
them and probably other Paleactic migrants under 
similar stress vulnerable to lowering of flood levels.
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Fig. 9.14. Weights of Ruff Philomachus pugnax in the 
Inner Niger Delta, January 1989, March 2001 and March 
1985, a record drought year. Weights expressed as the 
proportional difference compared with the correspon-
ding lean weight, by which the percentage is an indica-
tion for fat storage (cf. Zwarts et al. 1990). 

    9.4  Other important 
ecological values 

Apart from the rich birdlife in the Inner Niger Delta 
the floodplain also accommodates other important 
ecological values. In general, it must be stressed that 
the presence of natural floodplain habitats such as 
the bourgoutières, oryzaies and flood forests is of great 
ecological value. Though dominant plant species are 
not under threat, their habitats are under pressure 
in other Sahelian floodplains due to hydrological 
barriers such as dams and dikes. For instance in the 
Senegal Delta natural habitats are largely replaced by 
unnatural habitats and overgrown by invasive spe-
cies like Pistia stratiotes and Typha australis (e.g. Peeters 
2003).

Daget (1954), Lowe-McConnell (1985), Laë 
(1992, 2003) and Quensière (1994) already elabora-
ted on the fish fauna in the Upper Niger Basin. In the 
entire Upper Basin 130 different species were found, 
but relatively few species are endemic because the 
Niger River in former times was linked to the Chad 
and Nile systems at various times (Lowe-McConnell 
1985). Some of the known endemic fish species are 
Syndodontis gobroni and a cichlid, Gobiocichla wonderi. 

Reptiles
The vast floodplain and river basin provide habitat 
for Nile Crocodile Crocodylus niloticus, Nile Monitor 
lizard Varanus niloticus and African Rock Python Python 
sebae. In the Inner Niger Delta the Nile Crocodile is 
on the edge of extinction. Nile Monitor lizard and 
python are facing heavy human pressure (Wymenga 
et al. 2002). Compared with protected areas in the 
Senegal Delta the density of Nile Monitors lizards in 
the Inner Delta is low (own observations, cf. Peeters 
2003). 

Mammals
A mixture of Sahelian species is present in the Inner 
Delta are (Kingdon 1997): Warthogs Phacochoerus afri-
canus, Libyan Striped Weasel Ictonyx libyca, Side-striped 
Jackal Canis adustus, Patas Monkey Erythrocebus patas, 
Sand Fox Vulpes pallida and African Wild Cat Felis silvestris 
(AMD 1999, Happold 1987, Wymenga et al. 2002). 
Several species, still indicated by Kingdon (1997) 
for this region, seem to have vanished, but accurate 
information on the status of Clawless Otter Aonyx 
capensis, Spotted-neck Otter Lutra maculicollis, African 
Civet Civetticutus civetta, Caracal Felis caracal, Serval Felis 
serval, Striped Hyena Hyaena hyaena and Spotted Hyena 
Crocuta crocuta is not available. During intensive (terrest-
rial) field work from 1998-2004 none of these spe-
cies was recorded. A small population of African 
Elephants Loxodonta africana still lives east of the Inner 
Delta; the animals migrate between Burkina Faso and 
south-eastern Mali (Shumway 1999). 

Other mammal species are closely linked to wet 
habitats in the Inner Delta. Hippos Hippopotamus 
amphibius are present in the central and southern 
delta with an estimated population of 40-60 indivi-
duals (Wymenga et al. 2002). West African Manatees 
Trichechus senegalensis are still present but in very low 
numbers. Antelope populations have been seriously 
reduced by droughts in the past, bushmeat trade and 
competition with grazing livestock. Once Buffon’s 
Kob Kobus kob kob was abundant in the Inner Delta, 
but is no longer present. This also seems the case for 
Roan Antelope Hippotragus equinus, Dorcas Gazelle Gazella 
dorcas and Dama Gazelle Gazella dama. Small populati-
ons of the Red-fronted Gazelle Gazella rufifrons are 
believed to be still present, though little information 
is available (Wymenga et al. 2002, Kingdon 1997). 

In general, it can be concluded that the popula-
tions of all larger mammal and reptile species have 
been greatly reduced by human population pressure, 
and the remaining populations are under threat. Low 
floods force wetland-related mammals and reptiles 
into the few remaining wet spots to survive. This 
makes them – and especially species like the West-
African Manatee - very vulnerable to exploitation.
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    9.5  Conclusions

The evaluation of the ecological values of the Inner 
Niger Delta and the analysis of the impact of varying 
flood levels on these values can be summarised as 
follows:
•  The Inner Niger Delta is a hotspot of biodiversity, 

with a rich fish- and birdlife, and modest popula-
tions of other species groups. Apart from fish and 
birds intensive human exploitation leaves little 
room for large African mammals and other ter-
restrial and aquatic wildlife

•  The Delta accommodates two of the largest known 
breeding colonies of herons and cormorants in 
Africa and very large concentrations of staging 
Palearctic and Afrotropical waterbirds. According 
to density counts of waterbirds in various habitats 
the Inner Delta harbours 3 to 4 million waterbirds. 
For several waterbird species the Inner Delta serves 
as a key area for a substantial part of the popula-
tion. The environmental conditions in the Inner 
Delta play a major role in determining population 
size of these waterbirds

•  The central lakes in the Inner Delta – the Debo 
complex – play a key role in the ornithological 
value of the Inner Delta. This low-lying area not 
only offers humid and shallow habitats during 
low floods when nearly the entire Delta is dry, but 
also has good feeding conditions for waterbirds in 
the form of shallow bourgou fields and grasslands 
with a high biomass of benthic fauna

•  The (maximum) flood level in the Inner Niger 
Delta is one of the qualifying factors which deter-
mines recruitment and mortality in Afrotropical 
and Palearctic waterbird population

•  At lower flood levels waterbirds, and other species 
groups like aquatic living mammals and reptiles, 

are forced to concentrate at the few remaining 
wet spots in the Inner Delta, which leads to high 
feeding densities, large concentrations and comp-
etition with local people. Under such circumstan-
ces waterbirds and other fauna are susceptible to 
human exploitation. It can be concluded that in the 
present situation, especially during low floods, the 
ecological values of the Inner Delta are at stake.

African Fish Eagle


