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ABSTRACT
The yaere is one of the numerous floodplains in the flat area surrounding the Lake
Chad. Each year, flooding arises from overflow of the Logomatia River, when the flow
rate of the Logone River exceeds 1 500 m3/s, and propagates towards the North-West in
the yaere, generally between September and December. The yaere is drained to the North
by the El Beïd River to the Lake Chad, and subjected to an evaporation rate of nearly 2.7
m/year, while the infiltration is negligible due to clayed soils. Fishers (Kotokos,
Musgums), farmers and herders (Peuls, Mbororos, Shuwa Arabs) rely on this yearly flood
for their subsistence. This led to conflicts, for example due to the early arrival of pastoral
nomads in the yaere. Fishing methods change continuously and may lead to overfishing.
For example, the 4 000 channels of various widths dug during the last ten years to
increase fishing efficiency presently connect to the Logomatia several pond clusters,
which constituted previously semi-permanent water bodies. These channel networks
concentrate fish and may have changed the whole hydrologic regime of the yaere.
Hydrology of the yaere depends on the following factors: (i) local rainfall during the
rainy season (nearly 500 mm in this area), (ii) the maximal flow rate of the Logone River
at Bongor, which is reached after the rainy season and is governed by rainfall in the upper
watershed of the Logone, near the Chad CAR boundary, (iii) anthropogenic effects
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resulting partly from land use changes. The build up in 1977 of the Maga dam designed
for water supply to rice paddies, combined to the increased aridity during the 80‟s and
90‟s correspond to a decrease of flooding in the yaere, which has been partly mitigated
during the Waza-Logone project by opening additional channels connecting the Logone
to the yaere and changes of management of the dam gates. However the relative
influences of the Maga dam, of the extensive rice cropping nearby and of climate changes
are still subject of debate. In the yaere region, such as in several floodplains,
anthropogenic, climatic and hydrological effects are intimately linked in complex
processes involving feedbacks for which the elementary mechanisms still need to be
investigated.

INTRODUCTION
The Basin of Lake Chad (LCB) is made up in large part of a stretch of low relief in which
a shallow depression could constitute a temporary flooded area fed by the rains and/or by a
course of water. At the center of the basin, Lake Chad itself can be considered such a flood
zone, as its current maximum depth is not more than 10 meters. The flooding is governed by
climate changes affecting the Sahel since the 50‟s, but also by the successive developments
carried out by man. These flooded areas are subjected to intense evaporation and, due to their
large extent, they contribute notably to the hydrological balance of the region and possibly
provide a retro-action on the monsoon regime and the climate. In these regions, water brings
silt which enriches the soil as well as fish which complete the diet and provide food for
export. The variability of the water resource however, imposes a perpetual adaptation on the
local populations (Fritsh, 1970). The yaere plain in North Cameroon and in the immediate
South of Lake Chad is a temporary flood zone that since the 70‟s saw a series of changes,
then a project dedicated to remedying certain effects related to these changes. This yaere plain
can therefore be considered an emblematic example of the interactions among man, water and
climate. The present chapter is devoted to a presentation of these three aspects, with an
emphasis on their interactions. The geographical and hydrological contexts are covered first,
then a brief history of the different developments is given. The last section is devoted to
human activities and the discussion focuses on the necessary administration for the
interactions among these different activities.

THE STUDY AREA
Geographical Framework
The yaere, broad floodplain in the Fulani language (Seignobos and Tourneux, 2003), is
located South of Lake Chad, between 10° and 12° latitude North over a breadth of some sixty
km on the meridian of 15°E in the part located in Cameroon (Figure 1). With a total surface
of 16 000 km2, it is bordered to the East and North-East by the Logone River and to the
South-West by the Mandara Mountains. The eastern and northern borders, although not
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definite, can be described as the El-Beïd River and the Cameroon-Nigeria border. This plain,
which is an integral part of the Lake Chad Basin, is made up of two main units (Naah, 1990):




the Chadian depression, almost 10 000 km², is characterized by an extreme flatness,
on which the only raised relief to appear are the anthropogenic mounds called the
“Sao mounds”. Its altitude varies from 300 to 287 m, which is only a few meters
higher than the average current level of Lake Chad (281 m);
the piedmont plain (6 000 km²) of the Mandara Mountains corresponds to the spreadzone of the streams, or mayos, originating from the Mandara Mountains; the largest
are the Tsanaga and Boula streams.

A ridge of fossil dunes, stretching from the Nigeria border (Limani) to the Logone River
(Yagoua) separates these two entities over a distance of 170 km. Figure 2 provides a
schematic representation of the structure of the yaere.
Every year, a part of the yaere receives on the one hand local precipitation and water
from the mayos in spate and on the other hand, the overflow from the Logone River. The
flooding crosses the entire plain to its outlet, the El-Beïd at Tildé (cf. Figure 2). As a result,
the part of the plain that is regularly flooded is located North of the dune chain. By extension,
we will henceforth call “yaere” the part of the plain which is subject to flooding.
The vegetation of the yaere is entirely dependent on the intensity of the flooding. The
immediate surrounding areas of the yaere are dominated by secondary treed vegetal
formations like those of Acacia seyal which offer a maximum extension on hydromorphic
soils accompanied by other thorny species or by Piliostigma reticulatum.
In the yaere, herbaceous species are distributed according to the nature of the soil and to
the level and duration of flooding. For example, on sandy soils covered with shallow water,
one encounters Panicum spp., with medium water level and long periods of flooding
Eragrostis barteri dominates; on vertisols with shallow water it would be Echinochloa
obtusiflora, while in contrast a medium level flooding over a long period favours Pennisetum
ramosum and Panicum anabaptistum (Fotius, 2000). In the center of the yaere where flooding
is longer and more regular Oryza, Vetiveria et Echinochloa provide the best pastures.
The tree cover of the protruding mounds of the yaere is heavily marked by anthropism:
Tamarindus indica, Ficus spp., Celtis integrifolia, Faidherbia albida, Acacia sieberiana,
Crataeva adansonii, Hyphaene thebaica, Borassus aethiopum. Local variations in their
relative proportions account for the history of their human settlement.
This zone, periodically flooded, is extremely propitious for wildlife. It offers a refuge for
many migratory bird species from Europe among the 350 species counted. In addition, the
National Waza Park is located here and a large variety and number of mammals thrive
including gazelles, lions, elephants and giraffes is observed there. There are also some sixty
species of fish.
The yaere remains sparsely populated. Areas of less than 10 or even 5 inhabitants/km2 are
predominant. The population density increases somewhat to 10 to 25 inhabitants/km2 in
certain parts of the Logone River banks. Two more or less integrated communities share the
plain during the rainy season and the flooding period, the Kotoko and the Musgum. The latter
are more numerous in the South near their traditional area of habitation. They live on fishing
and agriculture. During the dry season the herders join them. Those who come from the
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surrounding edges of the yaere, the Fulani, the M‟bororo and the Shuwa Arabs must also
provide room for more and more herds coming down from the North-East from Nigeria and
even from Niger. Some, like the Mbororo Uuda‟en sheep-herders, only cross the yaere to get
to Chad.

Figure 1. Location map of the yaere floodplain in North Cameroon.
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Figure 2. Schematic drawing of yaere floodplain and related water fluxes.

Climatic Context
The yaere is located in between two climates, sudano-sahelian in the North and sudanian
in the South, both controlled by the African monsoon and by the movements of the InterTropical Convergence Zone or ITCZ (Naah, 1990). This type of climate is characterized by
two very distinct seasons:




a dry season from October to April: as a result of the southern position of the ITCZ,
this period is dominated by high continental pressure zones and the harmattan wind.
The hot dry air favours intensive evaporation on the plain of rainwater that has
accumulated on the plain during the rainy season;
a rainy season from May to September: the ITCZ returns to the North and masses of
humid air produce precipitation which steadily increases from April-May to JulyAugust when it reaches its maximum.

This climatic variability is represented in Figure 3 which shows the monthly average
rainfall and air temperatures at two extremities of the yaere, N‟Djaména in the North
(12°04N/15°02E) and Maroua in the South (10°35N/14°19E). The data come from the
CRUTS2.1 data bank generated by the Climatic Research Unit (CRU) (Mitchell and Jones,
2005). They correspond to a climate average for the period 1953-2002. This sequence
therefore includes the drought periods of the 70‟s and 80‟s.
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Figure 3. Monthly climatological data at N'Djamena and Maroua: a) precipitation; b) air temperature.
Data were extracted from the CRUTS2.1 database and were averaged over the 1953-2002 period.

The mean annual rainfall at N‟Djamena is 597 mm while for Maroua it is 847 mm. These
values indicate a non-negligible gradient of 250 mm between these two towns 200 km apart.
With regards to seasonality, the distribution of the rains during the year is identical for these
two towns: the maximum is reached in August for N‟Djaména at 206 mm/month and for
Maroua at 244 mm/month.
Concerning the air temperatures, the seasonal variations are similar: they show two
minima, one during winter (January) and the other in the middle of the rainy season (August).
The maximum temperature is reached in April-May, just before the rainy season.
Lastly, evaporation shows some important values. The observations carried out either by
measuring with a pan or by using an evaporimeter at the N‟Djaména and Maroua stations
provide levels between 3 000 mm/year and 2 700 mm/year, but the diversity of measuring
procedures and observation periods does not permit a more precise comparison.

Hydrological Context
The natural process of submersion of the yaere is well known as a result of the work of
several authors (Billon et al., 1966; Bouchardeau, 1967; Benech et al., 1982; Olivry, 1986;
Naah, 1990). It takes place in several steps. At the end of the dry season (April), the clays
which form the essential part of the soils of the plain are deeply cracked to a depth of a meter.
At the beginning of the rainy season, they swell up and become impermeable. Hence, except
at the very local places where limited extension sand lenses exist recharge of the aquifer by
superficial waters is slow (Ngounou Ngatcha, 1993; Ngounou Ngatcha et al., 2007). If the
rains are abundant, the ponds fill up and form the first flooding in the depressions. The
contributions of the water courses from the Mandara Mountains, heavily laden with
suspended matter, arrive afterwards to complete this operation. Afterwards, the overflow of
the Logone River penetrates into the plain through the main floodway, the Logomatia,
parallel to the Logone R. (Figures 1 and 2). These contributions are facilitated by the presence
of numerous fishing channels that have been dug across their banks. These overflows, which
bring the largest mass of water, do not begin in general before the beginning of September.
A sheet of water is thus created which can reach up to 2 meters deep and which covers a
part of the plain for three or four months. During this period, which corresponds to the
beginning of the dry season, water crossing the plain is recycled into the atmosphere by
evaporation. If the volumes of water from the Logone River are large enough, the water
remaining after evaporation will flow into Lake Chad through the main outlet in the North-
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West of the plain, El Beïd at Tildé. When the river begins to ebb, some of the flood waters
return following a backward surge through the fishing channels and the Logomatia.
This operation is illustrated by Figure 4 which shows the system of double spate at El
Beïd. A first spate takes place at the beginning of the rains, due to precipitations and the
contribution of the mayos. The second spate, the largest, corresponds to the arrival at El Beïd
of water originating from the Logone and remaining after evaporation. It should be noted that
the volume in transit in the plain is a function of the maximum flow of the Logone at Bongor
(Olivry, 1986). If this flow is less than or equal to 1 200 m3/s, only the fishing canals and the
depressions of the plain are flooded. If this flow is between 1 200 and 1 500 m3/s, the plain is
largely flooded even though the water will not reach Tildé, the natural outlet. Beyond 1 500
m3/s, the El Beïd flows to Tildé and on into Lake Chad.
On the inter-annual scale, the volumes crossing the yaere and estimated by Naah (1990)
are represented on Figure 5. The contributions of the mayos (0.7 km3/year) and the outflows
at Tildé (0.5 km3/year) are negligible while the contributions of precipitation (6.8 km3/year)
and the Logone River (5.3 km3/year) are globally equilibrated by evaporation (12.3
km3/year). This evaporated volume is comparable to that of 28 km3/year estimated by Gac
(1980) over the whole of the LCB, since the yaere, alone represents 44% of the total
evaporation. These values show the importance played by the yaere in the global balance of
Lake Chad. The volumes cited above correspond to the averages taken during the period
before 1980.

Geomorphological Context
The drainage network in the yaere is not clearly defined and for two main reasons. On the
one hand, the extremely flat relief does not allow water to create a clear hydrographic
network. Water spreads through the plain in several ways according to the local morphology:
in the fishing channels, in the ponds, sometimes connected, in sheets in very flat areas.
Besides, the least obstacle, such as mounds or dykes (the Zilim dyke, for example – see
below), can deviate the course of water over great distances. On the other hand, the flooded
zones are covered with dense herbaceous vegetation growing in the water in which it is
possible to get around only by canoe (cf. Figure 6). This vegetation does not make it easy to
detect where the water lies. Nevertheless, the combined study of the relief with the assistance
of a DEM (Digital Elevation Model) and the use of satellite imagery, already initiated by
Benech et al. (1982) makes it possible to better understand the trajectories of water in the
yaere.
Altimetric data not being available on this region, we have used a DEM to generate the
topographical information that conditions the run of the flooding (Figure 7). The SRTM 3''
(Shuttle Radar Topography Mission) DEM was the outcome of the radar altimeter mission
carried out by the NASA space shuttle in February 2000 (Rabus et al., 2003; Rodriguez et al.,
2005). This DEM, integrated into a Geographical Information System and validated by Le
Coz et al. (2009) on the whole LCB, made it possible to extract the latitudinal and
longitudinal profiles of the study zone.
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Figure 4. Discharge of El Beïd at Tildé over 1978-1979 year (from Olivry, 1986). El Beïd discharge can
be observed only if the maximum discharge of Logone at Bongor station exceeds 1 500 m3/s.

Figure 5. Annual water balance of inputs and outputs in yaere floodplain.

On a South-North axis, the yaere shows a difference in average altitude of 13 m between
the dune chain in the South (altitude: ~ 300 m) and the El Beïd outlet in the North (altitude: ~
287 m), or an average slope of 0.12 m/km. This slope is homogeneous along the length of the
profile and thus imposes a preferential flow towards the North. Figure 8 shows different
profiles of altitude at latitudes 11°N, 11°30'N, 12°N and 12°30'‟N. It can be observed that
moving towards the North, the slope, initially oriented West-East, disappears, then orients
East-West. At 11°N, the flooding remains along the Logomatia. At 11°30'N, a depression in
the Waza Park retains water between 15°E and 14°45'E. Finally, further North, the
combination of South-North and East-West slopes drains runoff towards the El Beïd outlet to
the North-West of the yaere. These results are confirmed by the synthesis of Small Water
Bodies data processed by the Joint Research Center (ISPRA, Italy) from Spot Vegetation tenyear data (Haas et al., 2009). Figure 9 shows for the years 2000-2001 and 2003-2004 the
spatial distribution of the spates. The predominance of runoff in a North-West direction in the
northern part of the yaere, as well as the intrusion of water in the Waza Park is noticeable.
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Figure 6. A view of yaere during the flood period (December 2008). Water is covered with dense
vegetation and travelling in the plain is only possible with pirogue (Photo IRD, 2008).

DEVELOPMENT PROJECTS AND HUMAN INTERVENTIONS
In the floodplain of the Logone River, hydraulic development projects of different size
have been carried out with a view to improving agricultural productivity. Some were put in
place during the humid period, to control excess water, while others were carried out in the
conditions of the current drought, to better manage a resource that has become scarce and
mitigate the negative effects of preceding development projects.

The SEMRY Projects
The Société d‟Expansion et de Modernisation de la Riziculture de Yagoua (SEMRY) is a
government company created in 1954 with the aim of promoting rice production in the
floodplains of the Logone River. In 1970, the production of white rice by the SEMRY
reached 4 100 tonnes, which represents about 30% of national consumption and motivated the
Government of Cameroon to extend the areas cultivated during the course of the SEMRY II
and SEMRY III projects in 1977 and 1978 (Brunet-Jaillet, 1981). Many developments carried
out during the course of the different SEMRY projects have affected the flooding of the yaere
and in particular those of the SEMRY II which specifically concerned the zone of Yagoua.
In effect, the Maga Lake (cf. Figure 10) was supposed to make it possible to supply water
to 7 000 ha of rice paddies which in fine would be reduced to 3 500 ha and to 1 300 ha in
2007. With a capacity of 600 million m3 of water when full, for an area of 39 000 ha, the
water is held back by an earthen dam 27 km long and 3.5 m wide at the crest. This dam is
equipped with a controlled spillway to evacuate the spates that opens onto the bed of the
former mayo, the Vrek mayo, and with 4 water intakes to irrigate by gravity some 7 000 ha of
rice paddies with complete control of the water North of the dam (Brunet-Jailly, 1981). The
spillway for the spates, composed of 10 floodgates with a capacity of 80 m3/s each, was
designed to direct excess water to the plain when the lake is full. Also, during periods of
exploitation, the excess water drained from the rice paddies is directed towards the plain.
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Figure 7. Elevation map of yaere floodplain. Data come from the DEM SRTM 3''.

Figure 8. Elevation profiles in yaere floodplain at different latitudes. The high values for elevation in
the red curve correspond to the Mandara Mountains in the South-West part of the yaere.
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Figure 9. Water presence in yaere over periods (a) 2000-2001; (b) 2003-2004. These maps are annual
composite images of SWB data (Small Water Bodies as defined by Haas et al., 2009). Red pixels
indicate that water or water+vegetation was present at least during one decade in the year. The black
line is the delineation of yaere, the green one is the Waza National Park limit and the blue one
represents the Logone River.

Figure 10. Maga dam and related developments (from Seignobos and Lyebi-Mandjejek, 2000).

The Lake Maga is fed essentially by water from the Tsanaga and Boula mayos which
alone drain 70% of the total volume of water from the Mandara Mountains. It also receives
water from the Logone River by means of a canal built on the bed of the Guerléo mayo, one
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of the floodways of the Logone River. This canal built at Djafga is equipped with floodgates.
In the village of Pouss, the reservoir connects again with the Logone River through an outfall
750 m long. This outfall functions in the direction of Logone-lake or inversely, according to
the level of water in the dam and in the river. It is thus used either as a way for bringing in
water or for evacuating the spate and thus re-directs the overflow of the lake towards the
Logone River. In such a case, water is largely re-directed away from the yaere. The Vrek
mayo, upstream from the dyke, has never played its role as the outlet of the lake towards the
yaere since its canal is always blocked by vegetation.
The Maga dam was associated upstream with building a dyke on the banks of the Logone
River. In effect, with a view to protecting the river people and the rice paddies along the river,
dyking was undertaken between 1950 and 1970 on both sides of the Logone River, over some
50 km upstream of Bongor, in order to control the spates of the river. This work was
continued up to 1979 when it was completed, on the Cameroon side, by the construction of
the hydro-agricultural Maga dam and the 20 final kilometers of dyking between Pouss and
Tékélé, during the SEMRY II project.
These improvements go back to a development period called productivity. SEMRY II
was able to boast good technical results with high yields and a double harvest per year. Very
interventionist, following the fashion at the time, this project was accompanied by a close
supervision of the “planters” and a purchasing monopoly of the harvest with a guaranteed
price. However the rice market could never be controlled and these areas have been under
constant dispute regarding the method of supervision and the rate of the dues to pay for the
maintenance of infrastructures.
The poor sales of SEMRY rice challenged by Asian rice imports led to the abandonment
of double harvesting in 1988. Following the withdrawal of the government, responsibility was
transferred to groups of rice farmers – something that they had never claimed – which, added
with interventions by local traders who were poorly equipped, did not bring the results
expected. In spite of the liberalization of the rice market (in 1991) and successive
restructuring, the SEMRY struggles to emerge from this stagnation.
In 2009, the polemic over the consequences of the Maga retainer dam on the water supply
to the yaere is still not over.

The Attempts to Counter the Partial Drying of the Yaere and the Waza
Logone Project
The construction of the Maga dam, combined with the droughts of the 80‟s caused a
reduction of about 30% of the surface of the yaere flooding resulting in a drop in fishing
revenues as well as lower agricultural yields and a reduction in the quantity of wood used
exclusively for cooking. Pasture lands became less numerous and of poorer quality. The
National Waza Park was not spared and the wildlife, seeking water in a more or less arid
plain, ventured outside the Park with the double effect of intensifying conflicts between the
inhabitants and wildlife and exposing this wildlife to poaching. Several actions of
preservation were undertaken at the national and international levels. In 1983/1984 (during
the great drought), food aid was brought to the people by the Government of Cameroon which
also proceeded, in the framework of the saving of the national parks, to supply the ponds
through the use of tank trucks for a cost estimated at 500 million Francs cfa (~750 000
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Euros). Between 1984 and 1985, assistance from the Commission of the Basin of Lake Chad
made it possible to dig ponds to provide water for animals in the villages and for wild life in
the National Waza Park. Nevertheless, these selective actions would not be enough to durably
overcome the serious ecological disequilibrium which affected the floodplain of the Logone
River.
This inspired from 1988 the implementation of the remedial project called the Waza
Logone by IUCN (International Union for Conservation of Nature) with the approval of the
Cameroon government and essentially with Dutch financing, aiming at re-establishing a
partial flooding of the yaere while maintaining a sufficient supply for the rice farmers around
the Lake Maga as well as avoiding the submersion of their paddies (Evans et al., 2003). The
Waza Logone Project also aimed at supporting development activities of the Waza Park and
included an important social component which aimed to support eco-development in the local
communities.
In 1994 a pilot re-flooding experiment was started by opening the dyke of the Logone
River opposite Petit Goroma, one of the tributaries of the Logomatia, which in July 1994
supplied 20 m3/s to the yaere. This partial restoration of the flooding was very favorably
received by all the inhabitants, which led in 1997 to the supplementary opening of the
Areitekele mayo, another tributary of the Logomatia to provide a supplement of up to 10
m3/s. After the study of the impact on the inhabitants and simulations with an hydrological
model (Evens et al., 2003; Loth, 2004; ACEEN, 2007), the configuration of 1997 was
considered to be satisfactory for all parties and was retained.

The Fishing Channels and the Artificial Ponds
The fishing channels are open trenches more or less winding connecting one or several
ponds or a space (pond, part of the plain) to a course of water, the Logone and the Logomatia,
mainly. Developed by man, they are used to catch the fish that migrate from the bed of the
water course towards the yaere in periods of spate (Figure 11a) or inversely during the ebb
(Figure 11b).

Figure 11. Flood propagation scheme in the yaere: (a) water enters in the plain from Logomatia via the
fishing channels and fills up the pond. When the pond is full, water excess spreads across the plain or
towards other ponds (dashed arrows); (b) at the end of the flood, water flows back to Logomatia in the
fishing channels at whose outlets the nets are installed.
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Plotted out empirically by the fishing communities of the plain, the channels are
ceaselessly deepened and widened following the related decrease in the spate for the last few
decades and its corollary the reduction of flooded surfaces.
If the negative effects of the fishing channels on the dynamics of flooding, fishing
(quality and quantity), and the socio-economic are undeniable, the data on their
characteristics, dimensions, spatial distribution, statistics on their evolution, remain to date
those collected in the field by development organizations working on the plain. This
information, which has yet to be confirmed and extended, indicates that the number of fishing
channels has increased significantly since the 80‟s, at the same time as the drought and the
implementation of SEMRY II. Thus, all the sources are convergent and attest that more than
60% of the existing fishing channels in the plain were built after 1985.

The Zilim Dyke on the Logomatia
In 1984, following the great drought in the area, pastoral resources (water and forage)
became scarce. It was proposed to construct a dyke in order to reserve water for the herders.
This dyke was built by the Ministry of Herding and Animal Production (MINEPIA) with the
financial contribution of the commune of Logone-Birni. This action oriented purely towards
pastoral activities was not subject to a consultation of other actors and users of the water
resource, notably the fishermen, the transporters and the rice farmers.
For twenty years production activities developed considerably. The presence of water
during the dry season made it possible to create a propitious environment for the birds.
The main construction is a dam made up of a mass of clay-silt material in the form of a
trapezoid perpendicularly embedded in the water course and about 200 m long. The
construction has a base of about 10 m and is about 5 m high at the axis of the bed of the water
course. It is a barrier built to create and maintain a body of water and in this way it improves
the availability of water and forage for the animals of the nomadic herders. In time, other uses
were added and this construction contributed to the development of fishing, agriculture and
transport, by the building of connecting canals, which has not failed to generate conflicts up
to 2010.

SOCIAL SITUATIONS AND HUMAN ACTIVITIES
Family Rice-farming in the Yaere – A Recent Activity
In the yaere, the inhabitants have always harvested the wild grasses by a sort of
domestication of the wild harvest, including Oryza barthii, O. longistaminata, the kurhi of the
Musgum. The women gather them with little nets, including in water. Further North, the
Shuwa Arab women use calabashes with handles that they balance near the spikes to gather
the very dehiscent seeds. They also sweep the seeds up on the ground.
The imposition of irrigated rice by the government through the SEMRY projects did not,
at the beginning, inspire the inhabitants, who preferred the red sorghums (Sorghum durra, S.
durra-caudatum). Rice was sold partly to buy red sorghum. Then rice became part of the diet
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of young people and, for a decade, it can be observed that rice is being substituted for red
sorghum as their main food.
Although the SEMRY project still has difficulty in maintaining its instrument of
production, the Musgum persist in cultivating rice. As for those who have emigrated to the
yaere between Lahay, Mazera and Zina, they also need to cultivate rice. This is un-supervised
family rice farming. The latest varieties of high yield rice (SEMRYII/Irad), sabongari, M53…
are avoided by the peasants. In contrast, they have adopted seeds that have more or less
become wild, that came out of the first rice-growing trials at the rice farming station of Pouss
(1951-1954) and called dokol (De Gaulle) and maroua, better adapted to the irregular
flooding. They also attempt, locally, to introduce rainfed rice. This type of rice farming
requires small plots in order to better control the flooding. The farmer sinks pickets at
distances 40 cm apart to which he attaches bundles of grass to slow the circulation of water
wherever it is too strong (Assoualaye, 2006). However, no channels are used to bring in or to
let out water. In spite of experience acquired on the rice fields of the SEMRY projects to
smooth the rice paddies and to control water with the assistance of multiple locks, these
village communities have not adopted a more “hydraulic” attitude. The oversight of the
traditional authorities appears to be insufficiently coercive to impose the setting up of village
rice farms and their management.
Motorized pumps are reserved for the market gardens and are not sought for special
irrigation of rice paddies. Charitable NGOs that support these initiatives have been trying to
develop animal traction since 1995 and grant loans to do so. Some commercial farmers from
Maga rent tractors to work their rice paddies at a cost of 25 000 to 30 000 Francs cfa/ha (400
to 450 Euros/ha), but their activities go no further than Tékélé North of Pouss. Once upon a
time in the yaere, rainfed agriculture was practiced only on the protruding mounds and rice
farming was practiced on the edges of the flooded zones. They compete with another activity,
herding, when the nomads‟ herds take possession of the plain during the dry season following
the receding of the waters.

Nomadic Herding
The yaere during the dry season was opened to herders only since colonial times, around
1920-1925. No resident principality had ever controlled its pastures, not even the Fulani
South of the yaere. During the XIXth century, the sultan of Logone-Birni, frequently a vassal
of Bagirmi, hardly ever received the fellata and Shuwa Arab communities from Bagirmi for
the dry season. In 2010, the largest nomadic movements came from the South from the Fulani
lamidates of the region of Diamaré (Pette, Bogo, Maroua, Mindif…). They are joined by
another wave from the North from the Kotoko cantons, composed of Shuwa Arabs in addition
to a complement of Chadian herders.
Up to the 70's, the great nomadic M‟bororo herders were absent or in a minority. After
this the proportion of herders from Bornu (Nigeria) and even Niger has not ceased to grow.
The M‟bororo Wodaa‟be were first, followed by the Alijam who became predominant before
being overtaken by the Uuda‟en a decade ago.
The entry of herders in the yaere has never taken place in a disorderly way. Each group of
herders that shares the same geographical origin and the same affinities has a gathering place,
a port (jipporde) at the edge of the yaere, a sea of grass that has replaced the body of water.
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The Fulani herders from the region of Petté, Maroua, Dargala, certain M‟bororo and the
Shuwa Arabs of the Diamaré each have their jipporde. They wait there for two or four weeks
to rally their respective herds. Those who are responsible (kaydal) for each group consult and
decide on the day when they will all enter the yaere together in order to avoid the theft of
their animals by the Musgum and the attacks of the wild feline carnivores of the national
Waza Park. An isolated herd would be too vulnerable.
Most of the M‟bororo come into the yaere after this first wave of herders at the end of the
month of January. Each of these groups seeks to acquire a monopoly over the pastures from
the autochthonous Kotoko or Musgum villages.
The first pastoral stake is related to the "bourgoutières" – a zone where "bourgou"
(Echinochloa stagnina) grows, which is highly appreciated by cattle – around the ponds.
After they have been exhausted, setting fire to the yaere gives birth to new pastures of shoots
of Vetiveria nigritana and Hyparrhenia spp. This is a critical period, especially if the fires
were early due to an accident and the new shoots do not grow well. Then the herds are
constrained to leave the yaere earlier than expected for the stubble of the Diamaré.
Around March, the Shuwa Arabs go further North of the Logone-Birni to meet up with
their fellow herders whereas the M‟bororo (Alijam, Keesu, Wodaa‟be…) come down to take
over the pastures of the zones left by the Lake Maga when it empties to supply the rice
paddies of the SEMRY.
The pastoral system of the yaere relies in the Diamaré on the rainy season pastures
(ruumiirde). These are an archipelago of pastoral territories which does not cease to shrink.
Before getting access to them on their return from the yaere, the herders park their herds on
the remains of harvests that they must ceaselessly renegotiate with the local chiefs.
On the yaere, the herders complain of a concentration of herds that has become too dense,
even if the estimations of the government are regularly renewed at around 250 000 head. The
competition among herders is exacerbated. All the users of the yaere, herders included,
denounce a too early arrival in the pastures when the rice has not yet been harvested and the
soil is still waterlogged. However, for these starving herds, it is urgent to find new pastures.
In addition, the fishing channels are incriminated since they multiply ceaselessly and branch
out, compartmentalizing the pastoral space. They hinder the free movement of the animals
which are injured when crossing them. For the herders, these channels harm the
"bourgoutières" around the ponds, which empty rapidly.

Fishing as the Dominant Activity
The major activity of the yaere remains fishing, which does not have the seasonal aspect
of agriculture, nor of herding. It concerns directly the people who inhabit the yaere (Blache et
al., 1962; Arkalie, 2001). By the richness in submerged vegetation, in phanerogams, in seeds
and in the debris of insects produced during the preceding dry season, in larva and in a myriad
of alevins, the yaere offers an exceptional environment for the growth of fish. It is an essential
part in the hydrological configuration of Lake Chad and its tributaries. There is no species of
fish that is native to Lake Chad; it consists of the fish stock common to the Logone River, the
Chari River and the Lake. From this one can understand the importance of the yaere as a
spawning ground and a giant nursery supplying alevins and immature fish to the entire
system.
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Fishing starts with a period of preparation during which the fishing gear is refurbished
before the flooding of the yaere. When the water begins to rise at the end of September the
fishing enclosures are baited and dormant nets are placed in the grass. The receding of the
water is the most important time for fishing with dams of basket nets and channels for the
concentration of fish. The dry season is a dead season for fishing in the yaere. The fishermen
then go out on Lake Chad or the reservoirs in the South of the country. Nevertheless, fishing
is still practised but only on the great collector canals still underwater, the Logomatia and the
Loromé Rivers, as well as on certain persistent ponds (Groeneveld, 1993). The annual fish
production of the yaere was estimated at 12 000 tonnes between 1995 and 2000.
Fishing practiced here is erek or “tuft of grass” fishing, a recent fishing technique that
began in 1993 on the Logomatia. The owner of a canal sets in place on the water surface a sea
of floating grass from the bank, primarily made up of Echinochloa obtusifolia, of E. stagnina
and of Vossia cuspidata, this latter perennial grass being the thickest. Echinochloa is grafted
on the bare patches of the bank and fertilizer is poured on to encourage growth. These
artificial aquatic prairies are perfectly adapted to the fluctuations in the area of water. The
floating grass must nevertheless cover a certain depth of water, which makes it necessary to
develop them from concave banks. The largest prairies reach up to 60 to 100 m long and 30 m
wide. Pickets are then pushed in on the periphery linked by a retainer cord in order to prevent
the tufts of grass from detaching and floating away.
The fish concentrate in this fresh haven. They will be suddenly encircled by a seine net
(taaru) pulled by a canoe from the bank which returns on the same bank and empties the fish
caught in the vegetation. The erek are checked three times during the dry season. This
technique enabled those who practice it to become really wealthy (Evele, 2007). In 2004, the
government attempted without success to ban this type of fishing that was judged destructive,
in the same way as it had tried long before to do for the cast nets, the bottom lines (lines of
multiple fishing hooks) or the seine nets. On their return to the great collectors, the waters
pass through dams of basket nets. Since 1990, the traditional basket nets were abandoned for
malian basket nets (gura), economical gear, light, modular and which proved to be more
productive. The gura is mounted on a structure of flexible wood, rot-proof of Mimosa pigra.
The net meshes are smaller than a finger. Three yards of netting are needed for a basket net of
1.2m high and 0.75m diameter at the base. Three or four openings allow the fish to enter
attracted by the bait of fried rice bran, and prevent them from escaping the net. Batteries of
gura maintained on the ground are arranged in lines reaching several hundreds of meters and
advance progressively with the receding of the waters. Each fisherman has several dozen gura
that are checked every two or four days. The catches are predominantly Tilapia and Clarias.
When the waters recede, another technique is used that has been developing inexorably
for the past two decades and is also potentially more risky, that of the fishing canals. The
yaere has remained for long a very sparsely populated zone. But in the 40‟s and 50‟s, colonies
of Musgum escaped from the rule of the traditional authorities in the sultanates of Pouss and
Guirvidig. They fled to the areas ruled by the Kotoko, reputed at the time to be more liberal.
The Musgum rapidly became more numerous than their hosts. The Kotoko chieftaincies of
Lahay, Mazera and Zina began to have increasing difficulties to make their rights respected
on lands and on the ponds.
Between 1930 and 1940, the Kotoko had opened the first artificial channels as an
alternative to natural weirs. Blache et al. (1962) pointed out in 1955 the “channels dug or
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maintained artificially and barred by means of hurdles, interspersed with basket nets”. All the
informers agree that this type of channel was rare.
The first Musgum to dig fishing channels requested permission from the Sultan of
Logone – Birni and to the chiefs of Zina and Lahay. To bind them, their Musgum village
chiefs (blâma) granted them this authorization, but only to them. Afterwards, the Musgum
blama, whose power is not as highly structured as that of the Kotoko, were unable to prevent
their subjects, the powerful Musgum families, from having a channel. The Kotoko tried to
reassert their control, but they could no longer do so. The Musgum thus “democratized” the
opening of channels. All those who had the means to dig a channel do so without asking
anybody and by 1966-1997, the situation became total anarchy.
The Cameroon Association for Environmental Education (ACEEN) reported in 2006
some 4 000 channels located around the Logomatia and the Loromé. Their progression was as
follows:
1996-2006: 40% of existing canals
1985-1995: 20% of existing canals
1974-1984: 13% of existing canals
There are two types of canals. The channels are dug with a pick from the banks of the
great tributaries-distributaries of the Logone and end up in the ponds and hollows. They
converge to supply the ponds during the period of high water and to empty them at low water
which marks the peak of the fishing season. Other channels, less numerous, connect two
ponds and are oriented in the direction of the receding of the waters, the fish trap being
located at the mouth of the receiving pond.
The channels can be projections of 1.5 – 3 m deep and measuring from a few hundred
meters to more than ten kilometers. Their route is never straight, it winds in order to slow the
water, running between blocks of limestone concretions and slabs of clay. They follow a
slight slope which becomes steeper near their opening on to the collector (Figures 12a and
12b). At this point, the canals can sometimes be only a few dozen meters distant from one
another. They are cleaned out at the end of August and they begin to function by the
beginning of October.

Figure 12. Connection of fishing channels to the Logomatia at two different periods: (a) low water; (b)
high water (Photos ACEEN, 2004).
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«Canal fishing» accounts for a unique technique which in 2010, is practically everywhere
the same, the sukuti technique: a dam of hurdles where a pocket-net is fixed. The dam is
composed of two walls of basketry woven of Andropogon gayanus and a higher hurdle of
Sesbania pachycarpa which allows water through, the whole being supported by a line of
pickets 40 cm apart. A passage is created in the middle to attach the opening of a pocket-net.
Above, a net is stretched between the two pickets to prevent the fish from jumping. The base
of the dam is reinforced with a sill of clay mixed with grass. It follows a slight incline and its
surface is smoothed in order to slide the fish towards the opening of the net. The pocket-net
which is equipped with a one way valve is held by a wooden ring 50 to 90 cm in diameter
fixed to the pickets of the dam by two lateral bars. Its length varies between 5 and 6 m,
sometimes more. The net is held stretched attached by a picket at its end. Placed at the branch
of a channel on the Logomatia, this gear follows the initial section of the slope of the bank.
The sukuti is used fully for five to six weeks. Figure 13 depicts the different fish-traps used in
the yaere.
For the Musgum and the Kotoko, the fishing canals are responsible for recurring tensions
among fishermen (Harkes, 1993). Their owners engage in a war over water. They always dig
more deeply to capture the water of the ponds charged with their stocks of fish. At the ponds
themselves the first to have connected their canals insist on their precedence and build dykes
several hundred meters long in order to better direct water into their own channel.

Figure 13. (Continued)
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Figure 13. Fishing techniques in yaere plain: (a) Malian fish-trap; (b) Musgum farm located at the
intersection of affluent and fishing channels; (c) sukuti fish-trap; (d) sukuti fish-trap (sectional view).

Violent conflicts broke out on this capture of return water. The battle of the Sifra pond in
2007 apparently resulted in around thirty dead. But whether it is collective fishing on the
ponds which turns into a fight or clashes over the sharing of the supply reservoirs for the
canals, these conflicts tend to spread to the entire yaere which has remained to some extent a
zone without rights.
The government authorities tried, at the level of the sub-prefectures and up to the
governor of the province, to ban the fishing canals. During 1995, the government wanted to
impose the filling in of canals less than twenty years old, the others only being tolerated. The
district chiefs of Zina have always claimed, in 2002 and again in 2006, that the digging of the
canals should be subject to authorization in advance… without success.
The debate continues in 2010, the Musgum advancing the argument that the canals,
which constitute the most productive technique of the yaere make it possible to retain the
young fishermen. Each fishing canal brings in between 1 and 5 million Fcfa (about 1 500 to
7 500 Euros). Young fishermen are migrating in increasing numbers to the retainer lakes in
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South Cameroon and even, since 1984, a year when the Logone River did not flood the yaere
at all, to Douala for sea fishing.
A meeting took place in the rural communes to find solutions to this deregulation of
fishing. The conclusion was to abandon the “elimination fishing” and return to the techniques
of traditional fishing but what is traditional fishing in 2010? How to make up for the losses to
the fishermen‟s families, the fish merchants, the boat owners, the fish wholesalers, and the
businessmen?
This situation is all the more a concern as the yaere are part of the vast hydrological
system of the Chari-Lake Chad. What then, in the end, is the role of the fishing canals which
accelerate the filling and emptying of the yaere on the fish stocks? This shortening of the
flooding of the yaere can only be damaging to the vegetation and the growth of the alevins
and of immature fishes. But above all what role will they play in the phenomenon of the
accelerated drying of the ponds and in their sedimentation, which is denounced unanimously
by the inhabitants of the yaere?

DISCUSSION
Comparison of the Impact of the Climate and Human Interventions
Since the mid 70's, river discharges in Northern Cameroon have been severely impacted
by the combined effects of drought and human interventions linked to the rice cropping
project SEMRY II (Sighomnou, 2003). Bouchardeau et al. (1968), Benech et al. (1982) and
Naah (1990) have shown that flooding of the yaere plain mainly depends on overflow of the
lower Logone River, and can therefore been monitored by the discharge difference between
the Bongor (upstream) and the Logone Birni (downstream) gauging stations. Discharge of the
El Beïd River, recorded at the Tildé station, is also indicative of the level of inundation in the
yaere (Figure 14). The flow rate of the Logone is generally lower at Logone-Birni than at
Bongor, which indicates overflow towards the floodplains located on both banks of the river,

Figure 14. Flood discharge of Logone River at Bongor and Logone-Birni stations, and corresponding El
Beïd flow. The arrow ''Maga dam'' indicates the date of dam building. DCC stands for the characteristic
spate discharge, i.e. the flow rate which was at least sustained during ten days.
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Figure 15. Annual water volumes released by Lake Maga to Logone River across the spillway. Before
the dam, the whole volume was flowing towards the yaere floodplain.

i.e. in Chad and in Cameroon. However, during the driest years of 1979, 1984, 1987, and
1992, the flow rates are equal, which indicate that the yaere plain was almost dry. The El Beïd
flow appears to be closely governed by the difference between the stations of Bongor and of
Logone-Birni.
This difference decreased from nearly 1 000 m3/s before 1971 to a mean of 400 m3/s
between 1979 and 1998. During the same period El Beïd was dry except for 1988, which was
a rainy year, and after the first step of remediation of the Waza Logone project in 1994.
However the yaere floodplain constitutes a highly non linear hydrological system, involving
several thresholds such as the overflow of the Logone or of the Lake Maga towards the
Logone (Figure 15)
Moreover, data are scarce in the yaere floodplain, and the drainage network is not clearly
defined there. Modelling efforts such as those reported in Mott MacDonald (1999) and Evans
et al. (2003) could help to differentiate the effects of climatic and anthropogenic changes on
floodplains of the North Cameroon. However the lack of details on their model, which is only
presented in an internal report of the Mott MacDonald consulting agency, prevents largely
any update of their results with new data. SOGREAH (1980), who was in charge of the Maga
dam project, showed that for 1979, a deficient rainfall year, the impact of the dam was weaker
than the consequences of drought. However, such studies should be handled with caution, due
to the lack of data, to the lack of complementary methods, and to political and economic
interests at stake. Reassessment of these results, using up to date hydrological models, based
on an intensive observation campaign and leading to peer reviewed publications could help to
the somewhat controversial discussion of the relative effects of climate and of human
intervention during the build up of the Maga dam and the subsequent remediation projects.
The influence of climate changes these last few decades on the shrinking of the water
resources in the plain is without a doubt (Drijver and Wan Vetter, 1992; Liénou et al., 2003).
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The spates of the Logone have lowered significantly, with consequences on the flooding of
the plain, visible in the runoff at El Beïd (Figure 12).

The Difficult Governance of Floodplains
The recent history of the yaere abounds with diverse developments carried out without
authorization or by the government and serving in general the exclusive interests of a single
group of users.
Government actions implemented from the 50‟s on to promote rice farming have been
presented in the preceding paragraphs. We have seen that these actions came up against the
low prices of imported rice and were followed by disappointing effects on the living
conditions of the people. These development actions, related to the agronomic standards of
their time, did not take into account the interests of the fishermen and the herders.
The MINEPIA, also interested in the potential of the yaere, attempted to improve pastoral
water supply, digging ponds for the dry period and marking out corridors for the herds, but in
the absence of consultation with the other users of the plain. As a result of the nature of
nomadic circuits which change according to the condition of pastures, these developments
had very little effect.
After the first drought of 1973 and its repetition in 1983-1984, the yaere suffered a large
forage deficit in terms of quantity and quality. The herders of the North, the Shuwa Arabs, put
pressure on their locally elected representatives and the MINEPIA. The Ministry undertook
an operation making it possible to maintain water in the yaere South of Logone-Birni during
the dry season. This resulted in the construction in 1985 of the Zilim dyke. Here again, the
opinions of the fishermen, the canoemen and the rice farmers was not sought. The Zilim dyke
represents today a major stake among herders, fishermen and rice farmers, arbitrated
sometimes by the ministries, sometimes by the local government and/or traditional authorities
or by the three at the same time. Presented as a model of conflict management and resource
sharing, the Zilim dyke has caused an avalanche of reports and academic works.
Prins and Mahamat (2005) started to list the chronicle of events that it has raised. The
Zilim dyke, created for the exclusive benefit of the herders, nevertheless favored many
fishing families upstream. In causing a rise in the water level, it has encouraged the digging
and concentration of fishing canals in the left bank, on the edges of the dyke.
The herders denounced this multiplication of canals that breaks up and degrades the
pastures. In 1988, the MINEPIA decided to fill in some one hundred canals between the dyke
and the village of Ngodeni as well as the Oudjo canal on the right bank. The canal had been
maintained to allow the overflow of the Logomatia to drain into the Logone River and its
closing wronged many fishermen. The fishermen thus put pressure on the sub-prefect and the
sultan of Logone Birni in order that the canal be-opened during the fishing season. However
directing water towards the Logone meant that there would be less in the yaere.
In 1991 the canal was closed again. The sultan of Logone Birni imposed that it be open
during a part of the fishing season and this is what took place up to 2002. This same year, the
herders and the MINEPIA returned in force to permanently close the Oudjo canal. The sultan,
already in major conflict with the Musgum, needed the support of the Shuwa Arab herders,
but he feared alienating his own people, the Kotoko fishermen, and also those who had taken
up private rice farming again along the Logone River. The sultan then decided to sell water to
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those who could pay the highest price, but how can one make money from a resource that has
always been free?
They then tried to reposition the Zilim dyke to satisfy the nomads, the rice farmers and
the newcomers, the market gardeners. In 2003, the Oudjo canal was closed again with sacks
of earth and the inhabitants were invited to swear on the Koran to not re-open it. The Zilim
dyke ruptured in 2006 and the Logomatia was deprived of water during the following dry
season. In 2007, a commission implicating “all the actors” sought solutions.
Nevertheless, setting up consultative bodies within feudal social structures and a local
government with few instructions hardly had a chance of succeeding. The dyke was rebuilt
identically.
No matter what, the Zilim dyke, in trapping fish and in preventing them from getting
back to the Logone River, broke their cycle of reproduction and in the end reinforced the
pillaging of the resource, and also could not be written into the annals of some sort of
“Durable Development”.
The inhabitants of the yaere, used to living in this extremely fluctuating milieu would
soften, or even subvert, the changes whether they were of climatic origin or induced by
univocal interventionist actions.
The groups evinced by these developments adapted to new situations. Soon after the Lake
Maga was created, the Musgum threw themselves onto the new body of water to fish, to the
point where the SEMRY project had to call in rice farmers from outside the region and to
intervene to limit fishing on the lake (Seignobos and Raugel, 2000). The Fulani herders, for
their part, rapidly occupied the pastures in the zones left by the lowering of the Maga Lake
waters. They made this an essential stage in their return from the yaere to the South.
As for the Zilim dyke, some of the fishermen upstream immediately profited from it.
Currently the dyke is presented as being satisfactory for all the riverain actors, except of
course the canoemen. Nevertheless, the communities of the hinterland between the Logomatia
and the Logone must adapt to it. What remains is the fishing canals presented by the owners
themselves as a major constraint for the satisfactory operation of the yaere. Not the local
government, nor the rural communes, nor the traditional authorities, nor even the
communities herders, fishermen and rice farmers have shown themselves to be able to find a
solution. However, the hydrological future of the yaere, with its resources of pastures, fish
stocks and irrigated agriculture seems to depend on this solution. Here again the response is
not only technical but also social and political and will require the setting up of structures of
expression for all the users.

CONCLUSION
Evaluation of the impacts of climate changes and human effects on the environment
should be considered as a key factor for people in charge of development policy. This
question is of critical importance in tropical wetlands where human activities and biodiversity
are sensitive to any perturbation. Moreover, mid-term climatic predictions in these areas still
produce scattered results, and a general trend in terms of precipitation or temperature cannot
be assessed. In this context, the yaere floodplain appears as a typical case study, where a
broad vegetal and animal diversity is concentrated (large mammals of the Waza Park,

Water and People in the Yaere Floodplain (North Cameroon)

25

migratory birds, fish nursery), and where people from different ethnic group partially
dependent on this biodiversity for their subsistence
For these reasons, future project for the yaere must carefully take into account all its
components. The authors of this chapter, who come from different scientific communities, do
not intend to provide the solution. But they suggest that this solution will not arise without a
careful monitoring of some parameters on a pluriannual basis, i.e.:





the diversity of vegetal (wild and cultivated) and animal species;
the evolution of the channels dug by man and the assessment of their effects on the
fish stocks and the hydrology of the region; this action should combines field
surveys, observation by remote sensing and hydrological modeling;
the evolution of structures of governance, the integration of government and
traditional structures as well as the awareness of the necessity for a durable
exploitation of the many resources of the yaere plain.

The structures of the Waza Park, located in the center of the plain, the local associations
involved in different projects in relation with populations of the plain as well as the young
University of Maroua currently being created, are likely to provide the basic structures for
such multidisciplinary studies for which significant international financing would be required.
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