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  5.6  Conclusions

Dams and reservoirs have a significant impact on fis-
heries in the Inner Niger Delta. Various more specific 
lessons can be drawn from the above analysis: 
•  The annual fish production in the Inner Niger 

Delta, recorded since 1966, highly depends on the 
flood of the preceding year.

•  To estimate the annual fish production, the auto-
consumption and the informal, local trade are 
added to the registered trade in Mopti. The esti-
mate of total auto-consumption by the 300,000 
fishermen and the 555,000 non-fishermen in 
the Inner Niger Delta is based on the measured 
daily fish consumption per family, assumed to be 
constant over time. The validity of this implicit 
assumption is uncertain, because it is plausible 
that the daily consumption by local people likely 
varies in relation to the total annual catch and thus 
to the flood level.

•  The annual increase of the rural population 
in the Inner Delta is not the assumed 2% but 
instead limited to 1% (Ministère du Plan 1997). 
Consequently, the auto-consumption and local 
trade have been overestimated for recent years. An 
adjusted fish production is provided based on this 
new information.

•  Despite the gradual increase of the population 
of fishermen in the Delta, the adjusted estimates 
reveal that fish production did not increase over 
the last 27 years. This suggests that the biological 
limit of fish production is reached. Kodio et al. 
(2002) conclude the same as they found that at 
the end of the fish campaign the daily catch of the 
fishermen is only a fraction of the daily catch some 
earlier months. Other studies confirmed that a few 
fish survive the fish campaign in the dry period. 

Fish older than one year have become increasingly 
scarce in the Inner Delta.

•  The close relationship between annual fish trade 
in Mopti and flood level in the preceding year 
allows for the estimation of the average impact of 
Office du Niger and Sélingué on fish trade. Fish 
trade would have been 6% higher without Office 
du Niger and an additional 13% higher without 
Sélingué reservoir. The analysis predicts that fish 
trade would be reduced by another 37% in case of 
the construction of the Fomi Dam. 
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6VEGETATION OF THE LOWER INUN-
DATION ZONE OF THE INNER DELTA 

  6.1 Introduction

At a first glance, the floodplains of the Inner Delta seem to be an undisturbed 

natural ecosystem. The river takes its own course and flooding of the inundation 

zone is hardly hampered by dams, dikes and sluices. The extensive fields of float-

ing grass (“bourgou”) in Lac Debo give the impression of ‘unadulterated nature’. 

Also cultivated rice fields in the Inner Delta seem to be totally natural. In reality, 

however, the human impact in the floodplains is significant. The bourgou fields 

in Lac Debo are planted by local people. Moreover, the vegetation is hugely 

affected by the two million cattle and four million sheep and goat that graze 

on the floodplains after the flood has passed. Also, forests have become scarce 

in the Delta. At present, the Inner Delta is an open landscape with low vegeta-

tion of grass, rice and bourgou. Older people, however, still recall the days that 

extensive forests occupied the higher grounds and several forests were found in 

the lower floodplains. All in all, the current Inner Delta is a semi-natural habitat 

of which the natural resources are heavily exploited by the local population. 

Nevertheless, as shown in Chapter 9, the Inner Delta still attracts millions of 

waterbirds and has a substantial ecological value.

The aim of this chapter is to describe the present vegetation in the Inner Niger 

Delta and give a short description of seasonal variation in green biomass. The 

chapter is based on data from the period 1999-2003. We are particularly inter-

ested in the link between vegetation and flooding in the Inner Delta. Therefore, 

vegetation data will be compared with the digital flooding model (Chapter 3). 

The vegetation map presented in this chapter will be applied in impact analysis 

for livestock (Chapter 7) and for agriculture (Chapter 8) and in the description 

of the ecological values (Chapter 9). Note that two main vegetation types in the 

Inner Delta (i.e. bourgou and rice) are only partly covered in this chapter. More 

detailed descriptions of these vegetation types are provided in chapter 7 and 8.

The structure of Chapter 6 is as follows. In Section 6.2 efforts are made to deter-

mine vegetation patterns. Available sets of information and images are carefully 

analysed and complications are solved through data manipulation. Section 6.3 

describes the main outcome of the analysis and proposes methods to solve cur-

rent problems in the analysis. Conclusions on vegetation patterns in the Inner 

Niger Delta are drawn in section 6.4.

Leo Zwarts
Ion Grigoras
Jenica Hanganu
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    6.2  Quantification of 
vegetation

Data
The scientific community has elaborately described 
the vegetation in the Inner Niger Delta, in which 
Hiernaux played a pioneering role (e.g. Hiernaux 
1982, Hiernaux 1983, Hiernaux et al. 1983, Hiernaux 
& Diarra 1983). More recently, Marie (2000, 2002) 
summarises a substantial amount of work on the 
vegetation of the Inner Delta. Most of the covered 
information is published in (internal) reports with 
a limited distribution. Marie also entered all data in 
a GIS-system, allowing a quantitative analysis (Marie 
2000, 2002), including an atlas with detailed maps. 
His study does not cover the Delta north of Lac Débo 
(L’Erg Niafunké / Delta lacustre).

Marie (2000, 2002) distinguished 27 vegetation 
types, which can be categorized into nine types. As 
shown in Table 6.1, four of these nine main types 
cover 80% of the southern and middle Inner Delta, 
which together measure an area of 16,280 km2.

The different vegetation types show a clear zoning. 
The occurrence of the various plant and tree species 
is determined by the flooding duration and the water 

depth when the flood reaches its peak. Flood level in 
the Inner Delta varies enormously, having been extre-
mely low in the early 1980s and higher in recent 
years, but still far from the level normally reached 
before 1970. As a consequence, the zoning of vege-
tation varies over time. Marie (2002) found that 
the distribution area of cultivated rice has changed 
between 1952, 1975 and 1989 (see also chapter 8). 
Similar findings confirm the zone shift of Echinochloa 
stagnina, locally known as bourgou (Zwarts & Diallo 
2002).

Analysis
Various sources are used as input for the vegeta-
tion analysis. Firstly, eleven topographical maps 
(1:200,000) of the Inner Delta have been scanned 
and entered into a GIS-system. Although the maps 
are nearly 50 years old, they were still extremely use-
ful. Secondly, the vegetation work at this stage made 
use of 44 satellite images (see Table 3.1 and 3.2 for 
more details). The true colour composites were prin-
ted (scale 1:30,000) and used in the field. Thirdly, 
as soon as the digital flooding model was available, 
an elevation map was printed and also taken into the 
field. The fieldwork was performed in January-March 
1999-2003 during five periods of 2 to 4 weeks. A 
GPS was used to pinpoint “training sites”, i.e. areas 
with homogenous vegetation types (see Fig. 6.1). 
Finally, especially to improve our understanding of 
historical patterns, local people were asked to out-
line changes in homogenous vegetation types on the 
topographical maps. For example, local communities 
appeared to be perfectly able to explain when and 
where inundated forests had been removed and 
transformed into rice fields.

The following vegetation types have been distin-
guished:
•  Cyperus articulatus – meadows with short vegetation 
•  bourgou – Echinochloa stagnina, floating grass for-

ming large submerged meadows
•  Grass – Andropogon pseudapricus, Cynodon dactylon, 

Eragrostis barteri, Panicum subalbidum
•  Dideré – Vossia cuspidata, floating grass, often mixed 

with bourgou 
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•  Bourgoutière – mixture of bourgou and dideré
•  Nénuphar - white or purple water lily, often mixed 

with bourgou or wild rice
•  Inundated forest – Acacia kirkii and Ziziphus mau-

ritiana
•  Mimosa pigra – low scrub often found on levees 

along the river 
•  Wild rice – Oryza longistaminata
•  Cultivated rice – Oryza globerrima

Data manipulation
One image (i.e. 8 February 2003; water level 86 
cm) was selected for image processing. The water 
map of 511 cm shown in Fig 3.5 was used to mask 
all areas outside the inundation zone. The vegetation 
classes we intended to distinguish appeared to have 
a different spectral signature. For instance, rice looks 
completely different when green, either harvested or 
burned. Since all these stages can be simultaneously 
found within the Inner Delta, it is difficult to use 
a supervised classification. Hence, an unsupervised 
classification was used, which associates these class 

����������������
��������

������
��

������������������������� ������ ������

��������������� ������ ������

������������������������ ������ ������

������������������������������ ������ �����

Table 6.1. The surface area (km2) covered by four domi-
nant vegetation types in the southern and middle part 
of the Inner Delta, i.e. the area around and south of 
the central lakes. Source: Marie (2000, 2002). 

Fig. 6.1. Visited areas 
with more or less homo-
geneous vegetations 
in the Inner Delta. The 
many hundreds of small 
areas are indicated with 
triangles. Pora in the 
south and Walado-Debo 
in the centre were fre-
quently visited. The used 
underground shows 
the extremely dry Inner 
Delta on 8 July 1985.
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variations to specific vegetation classes. An unsuper-
vised classification with 60 or 100 classes appeared 
to lack precision. The classification of 150 classes 
worked out well.

In order to make the classification as quantitative 
as possible, we calculated for each unsupervised 
category, the relative occurrence of the different 
vegetation types. Some classes came out very clear 
while other categories were less precise. For instance, 
aggregated over all training sites, 96% of class 20 
was found in bourgou sites. Thus, we are certain that 
class 20 can be classified as bourgou. The area label-
led class 20 covers 1,172 km2. For class 19, however, 
a more confusing picture appeared. In the 559 km2 
which is labelled as class 19, we found that 75% was 
bourgou and 16% vetivère. After close examination 
of the map, however, we concluded that class 19 is 
bourgou as well. In other cases, it was impossible 
to assign one vegetation type to a certain class. For 
instance, class 16 (175 km2) and class 17 (372 km2) 
were dominated by bourgou, 23% and 26%, and 
nénuphar, 30% and 24%, respectively. Therefore, 
after studying the distribution of class 16 and 17, we 
decided to classify both classes as a mixture of bour-
gou and nénuphar. In this way, the 150 colour classes 
were merged into to seven vegetation classes:
•  Bourgoutière (bourgou and dideré)
•  Bourgoutière and water lily
•  Grass
•  Wild rice
•  Rice and water lily
•  Cultivated rice
•  Vetivère. 

The identification of certain types of vegetation 
was problematic. For instance, Mimosa scrubs were 
dominant in some of the 150 classes. Yet, when 
linking up these classes as Mimosa, several sites 
where scrubs would never occur were indicated as 
Mimosa scrubs. Similar problems applied to flood 
forests. They could be distinguished, but when the 
classes were joined the existing flood forest, such as 
Akkagoun, Dentaka and Pora, were correctly indica-
ted, but also spots where forest was absent. In fact, 
we had continuously to weigh one error against 
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another and decided not to use Mimosa and flood 
forest as separate classes.

In the future we intend to improve the vegetation 
map by careful stepwise analysis of successive satel-
lite images taken throughout the season. For the 
moment, we attempted to reduce the number of 
errors by (1) joining vegetation types in the Inner 
Delta and by (2) using the digital elevation model to 
correct for evident errors. For that reason, dideré and 
bourgou have been merged as ‘bourgoutière’. Two 
mixed vegetation types have been separately distin-
guished: Nénuphar with bourgoutière and Nénuphar 
with wild rice. Second, we use the digital elevation 
model to correct for evident errors.

The training sites were combined per vegetation 
type and the frequency distribution of the elevation 
was determined for each vegetation type using the 
inclusive model (chapter 3.4). The vegetation of 
Cyperus articulatus is only found low in the inun-
dation zone, while Vetiveria nigritans and forests of 
Acacia are found high in the zone. Dideré, wild rice, 
nénuphar and cultivated rice are mostly distributed 
in between (Fig. 6.2).

On average, the maximal water level at Akka during 
the last 5 years has been 470 cm. Because planted 
bourgou is mostly found at a water level of 0 cm at 
the gauge of Akka, these plants grow at a maximum 

in a water column of 470 cm. Only 20% of wild 
bourgou is found that low. In fact, most bourgou 
grows at 140 – 170 cm at the gauge of Akka and 
thus at a depth of 300 – 330 cm deep. Dideré grows 
as deep as wild rice, at a level of about 300 cm at the 
gauge of Akka and thus at a depth of 1.5 to 2 meter. 
Plots with a mixture of bourgou and dideré are not 
shown in Fig. 4.2, but they are found between wild 
bourgou and dideré. Thus, bourgoutière (being 
bourgou and/or dideré) can be found in a wide 
range from 0 to 300 cm.

The frequency distribution (Fig. 6.2) was used to 
correct for errors made in the classification described 
above. Take for example class 19, classified as bour-
gou, although it was partly vétivere. This error can 
be remedied by classifying class 19 as vétivere if the 
site is found at 350 cm and higher and as bourgou 
at lower elevations. Other corrections included, for 
example, wild rice found at 170 cm and lower was 
considered as grass and grass at 270 cm and higher 
was changed into vétivere. The vegetation map 
(Fig. 6.3 right panel), based on the image of February 
2003, includes all afore-mentioned corrections.
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Fig. 6.2 Cumulative frequency 
distribution (%) of nine vege-
tation types as a function of 
the elevation. Bourgou plant-
ed by local people has been 
separated from wild bourgou. 
Elevation is defined relative 
to the water-level gauge of 
Akka. The maximal water level 
during the last years amount-
ed to 470 cm, on average. 
Thus, cultivated rice (average 
altitude 320 cm) is covered by 
150 cm at a maximum, wild 
rice (average elevation 270 
cm) by 200 cm and wild bour-
gou (average altitude 140 cm) 
by 330 cm.
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The right-side of Fig. 6.3 shows the vegetation map 
that was generated on the basis of the image of 
February 2003, shown on left-side of Fig. 6.3. The 
vegetation map is based on an image taken during 
low water (86 cm in Akka), but at that moment the 
lowest flood plains in Lac Débo were still water-
covered. These areas are later in the season covered by 
the perennial Cyperus esculentus and form extensive 
green fields. Because the map is based on an image of 
February 2003, the cultivated rice has been harvested 
and many stubble fields have been burned. Bourgou 
in Lac Débo and Walado is still present as a floating 
vegetation. In other areas, however, especially more 
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to the south, nearly all bourgou has been harvested 
and heavily grazed. At the latter sites, grass has started 
to grow.

These examples show that a single vegetation type 
may look completely different: vivid green, stubble 
or even burned. A vegetation map based on a spectral 
analysis of a single satellite image is only reflecting 
a part of the reality. By using successive images from 
the same growing season, it should be possible to 
make a more reliable map.

An analysis of the NDVI-values can serve as an 
additional source of information. The NDVI is a 
much used, multispectral index to measure green 
biomass, and is given by the ratio: (near infrared 
– red)/(near infrared + red). The NDVI-values of 
the different vegetation types do not differ much 
from each other, but the seasonal variation appears 
to differ. For instance, de NDVI-values of dideré 
remains constant, while the NDVI of bourgou decli-
nes during receding water. Indeed, dideré remains 
green and bourgou becomes yellow. We did not yet 
use this information to improve the vegetation map, 

Fig. 6.3. True Colour Composite (left) of southern half of Inner Niger Delta (131 x 139 km) on 2 February 2002 and 
the derived vegetation map (right). The left image clearly shows the different green tints for vétivere, rice and bour-
gou. The dark spots in the SE quarter of the scene refer to burned rice fields. Note that the area is still covered by 
water at water level of 360 cm in Akka.

    6.3 Results and discussion
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Fig. 6.4. Seasonal 
variation in the green 
biomass on the flood-
plains of the Inner 
Delta during the crue 
(left) and décrue (right) 
measured by the NDVI-
index, which is a ratio of 
different spectral bands. 
The inset figures show 
the inundated areas on 
the same seven days (see 
Fig 3.5).
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but intend to do this in the future.
The NDVI is an excellent tool to describe the glo-

bal, seasonal and annual variation in green biomass. 
As a first result, Fig. 6.4 shows for the inundation 
area the seasonal variation in green biomass during 
the crue (4 left images) and décrue (3 right ima-
ges), using images between November 1999 and 
July 2001. One problem in the interpretation is that 
biomass below the water surface is not visible and 
ignored in the determination of the NDVI. Therefore, 
the area covered by water for all seven images is pro-
vided as a small inset figure (see Fig 3.5). 

Fig. 6.4 shows how the floodplain in the dry season 
is bare before the rains (July 2001) and turns into a 
green meadow after the first rains (July 2000 and 
August 2001; 85 mm in the fortnight before (Table 
3.1)). The inundated floodplain is covered by a dense 
carpet of floating grasses (October 2000, November 
1999). The green vegetation declines as soon as the 
floodplain is uncovered (February 2001 and March 
2000). Fig. 6.4 shows how the variation in biomass 
is much larger in the northern Delta (with the excep-
tion of Lac Horo and Lac Télé) than in the southern 
Delta. A comparison of the seven pictures also shows 
that the area southwest of Lac Walado, the Plaine 
de Seri, is always green, even in the dry period of 
2000 and 2001. Only during the Great Drought this 
area changed colour. All terrain on the True Colour 
Composite of July 1985 (Fig. 6.1) is red, indicating 
a bare ground without any vegetation.

The vegetation map shown in Fig.6.3 is considered 
to be reliable for bourgou. Errors mainly occur in the 
distribution of grass and of wild and cultivated rice. 
Nevertheless, the distribution of cultivated rice does 
not deviate much from the 1987-map developed by 
Marie (2000, 2002) and reproduced in this report 
as Fig 8.7. The change in the distribution pattern of 
cultivated rice during the 50 years is discussed in 
Chapter 8.

As shown in Table 6.1, Marie (2000) originally 
calculated the area covered by the different vege-
tation types. The vegetation areas generated by our 
approach are presented in Table 6.2. The estimates 
show that rice covers 2,473 km2, bourgoutière 

1,543 km2 and grass 1,105 km2. When we compare 
our estimates with those of Marie (2000), it can be 
seen that both estimates do not deviate much, espe-
cially taking into account that our data concern the 
entire Delta and his data the southern half. Moreover, 
our estimates shown in Table 6.2 do not include the 
inundation zone higher than 360 cm.
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Table 6.2 The total surface (km2) of the different vege-
tation types in the lower inundation zone (< 360 cm; 
see Fig 3.5) in February 2003. Note that the surface 
not only refers to the area shown in Fig 4.3 but to the 
entire Inner Delta.


