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I. Summary and Conclusions 

This report concerns inland fisheries along the
 

bank of the Senegal. River, where some 2,600 fishermen
Mauritanian 
work. (The 2,362 fishermen counted in the 1977 census seem to 

represent a partial count.) The main characteristics of inland
 

fisheries are that:
 

Potential catches depend upon ecological conditions
a) 

and particularly on rainfall and fluctuate from one
 

year to another. A 600,000 hectare floodplain stretches 

from Bakel to Daganatanother 400,000 hectares of salty 

soil constitute the floodplain below Rosso. Mauritania 

owns the third of the floodplain which lies on the 

right bank of the river in the valley proper and in
 

the 	Delta.
 

The irregularity of the flow of the river varies
 

significantly from year to year. This is due to the
 

irregularity of rainfall in the Foula-Djalon in Guinea
 

and can affect the area flooded which may vary from
 
to 600,000
20,000 ha. over a period of about 20 days 


ha. over a period of about 129 days. The flow of watIr
 

m Is in 1972 and 1,241 m Is
varies between I and 5 (230 


in 1974).
 

Furthermore, the water is tetraionic, a sulphorous,
 

achloric and has a very low mineral content, especially
 

in Ca. One consequence of the chemical characteristics
 

of the water is its low productivity. 

b) 	 There appear to be an adequate number of fishermen;. 

they seem to be competent and well-equipped. Actual 
i 

catches equal potential catches and sometimes over­

fishing occurs.
 

The 	 "shore seine" is the' most commonly used type 

of fishing equipment and is a sign of advanced technical
 

indicates that the
ability. Indeed, the use of this net 


owner is able to take calculated risks and has access
 

to substantial financial resources; 	it also requires
 
the team captain who
leadership qualities on the part of 


directs the group of fishermen who use this seine net.
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River fishing is a semi-capitalistic enterprise
 

involving the owner of the equipment and the team
 
captain.
 

River fishing is also characterized by a signi­

ficant level of competence on the part of the fishermen
 
and an absence of financial bottlenecks; the overall
 

number of canoes (1,100 on the Mauritanian bank) appears
 

to be adequate.
 

Production is stimulated by a constant level of
 

fairly high monetized demand.
 

.)	Demand in the River:Valley alone is high enough to
 

absorb the entire 'volume of :production'withodt;being
 
sdtited.-

There is a high level of demand for fish because
 

fish plays a central role in the food habits of the
 

Senegal River Valley: fish is normally eaten 6 days a
 

week. Effective demand on the Mauritanian bank varies,
 

between 7,000 and 9,000 tons a year, This demand is
 

distributed in linear fashion along the river and
 

corresponds to the extent of distribution.
 

On the other hand, the price of fish is elastic
 

and varies according to supply and demand gonditions.
 

The value of production can reach 200 x 10 UM/year.
 

Given these demand conditions there is a
 

tendency to overfish and there is often a lack of fish
 

in regional markets in years of unfavorable hydraulic
 

conditions.
 

d) The hydraulic development projects in-the Senegal
 
Upset the natural order; -ftsh:production
River basin wil 


in the Upper Delta and-at KaediI!ll be ncreae
 

(Diama and Gorgol pro'ects) butwill be decreased
 
taken to correct
.elsewhere unless positive steps are 


The retention and barrier dams (Manantali, Galougo,
 

Gourbassi and Diama) will increase fish resources up­

stream and diminish thim downstream. However, the
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creation of Natural Development Units (N.D.U.'s) in the
 
high water bed, which will make irrigated agriculture
 
possible, will reduce potential catches in the river.
 
Thus, each hectare of land that is taken away from the
 
areathat is naturally rcached by the flood means that
 
60 kg loss of fish.
 

Without an adequate policy, production, employ­
ment and income will decrease.
 

e) 	Such a policy would shift inland fisheries from a
 
natural to a controlled milieu. A comparison of
 
potential production and demand shows that in order
 
to improve the situation and re-establish an equilibrium
 
of production and demand without an immediate ecological
 
catastrophe would involve two types of policies:
 

-- Protection of the natural fish population
 
and elimination of the risks of disequilibrium
 
in the ecosystem.
 

-- Intensification of artificial production.
 

f) 	Measures to'be taken in thd context of a new policy
 
on inland fisheries should focus on ways to protect
 
natural stocks of fish and:to rationalize production.
 

There must also be positive action in view of
 
strengthening the supervision and administration of
 
inland fisheries as well as to undertake research and
 
training.
 

Ways of rationalizing fishing include the use
 
of certain types of boats (in order to stop deforestation),
 
-restricting the use of "shore seine" nets to certain
 
seasons of the year as well as regulating the size
 
of the mesh. Furthermore, it is desirable to stock
 
natural ponds with fish and to use irrigated fields for
 
pisciculture.
 

g) 	A development plan for natural ponds provides for
 
stocking one pond between 1980 and 1990 and two more
 
between 1990 and the year 200 The creation of Natural
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Units (irrigated agricultural projects)
Development 1990580 ha. between 1980 and
will involve improving 

and the year 2000.
and 3,500 ha. between 1990 

Foreword
 

and the 
Because of the extreme aridity of the climate 

prevent any significant amount of 
permeability of the soils which 

run-off and therefore the formation 
of many permanent bodies of still
 

or running water, inland fishing 
is limited to the southern part 

of
 

Mauritania.
 

Thus, inland fisheries in Mauritania are all located: 

River itself; 
--	 essentially on the Senegal 

in several residual but normally permanent 
ponds 

including 

* the pond at Kankossa, on the Karakoro, 
a tributary of
 

the Senegal, and
 

the lake of Aleg, which is not connected 
to any
 

o 

larger body of water.
 

objectives, a lack of time and 
Because of its limited 

will not treat fishing in the
this reportadequate documentation, 

more important fisheries on the Senegal. River
 

residual ponds. The far 

are therefore the subject: of this study. 

2. Methodolop
 

Fishing involves exploiting the 
natural environment. Its 

basic problem is reduced, in the 
final analysis, to harmonizing three 

inter-related factors:
 

or the tonnage produced by the ecosystem;
 -- otentiali 

or 	the tonnage actually extuac'ted by fishing; 
- prodaction, 

the needs
the tonnage required to satisfy--	 demand, or 


of consumers.
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A comparison of the three factors leads to a diagnosis
 

which can take the following forms:
 

-- potential production : under-exploitation of the 
stock 

: balanced exploitation 

: over-exploitation 

- production demand : over-supply of markets 

: adequate supply of markets
 

: under-supply of markets.
 

The first factor is an ecological one, the second is both
 

one and the third is a purely anthropic
an ecological and an anthropic 

one.
 

3. Potentials
 

3.1 Research on Potentials 

"Potentials" is an exclussively ecological problem, a 

function of a group of parameters which fall into 2 broad categories: 

abiotic factors on one hand and biotic factor on the other hand. 

Certain parameters are by nature quite obvious: for example,
 

the amount of land that is flooded, the physical and chemical basis 
of
 

the trophic chain as well as the level of eco-biological equilibrium.
 
with, however,Other parameters are less evident. All will be dealt 

of a natural resource 	presupposesbecause sound balanced management 
an understanding of the deepest factors which condition its ultimate
 

potentials.
 

Abiotic Environment: 	 geographyj climate, geology, hydrometry
 

organic chemistry.
 
Biotic Environment:
 
Biotic Environment: vegetation, Ichthyobiology.
 

3.2 The Abiotic Environment 

The Senegal is the second longest river in West Africa. It 

is both the western-most aad northern-most river as well. Its 

bassin covers + 340,000 km between 10 degrees and 18 degrees north 
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latitude and longitudes 7 and 12 west 
of Greenwich. Its maximum length 

in the Fouta Djalon and its mouth 
is 1,800 km between its sources 

at Saint-Louis, Senegal. 

the
 
The Senegal is actually made up of 3 large rivers: 


Bafing, the Bakoye-Baoule and the Faleme. 
The Senegal River proper
 

of the first two at Bafoulabe,,
begins at the confluence 

a number of factors among which length
Although there is 


and width play a major role, it is possible to distinguish 3 main
 

parts of the river valley:
 

the Upper Valley, upstream from Kayes on 
the Senegal


-


and upstream from Gourbassi on the Faleme.
 

the Middle Valley, between these places and 
Dagana/Rosso.


-

the Lower Valley, erroneously called the 
Delta, which
 

-

lies below Dagana/Rosso.
 

The Middle and Lower Valleys aye the only 
parts of concern
 

to Mauritania. Nevertheless, it is in these areas that fishing is
 

a major activity. For particular reasons 
the'river has a wide flood
 

.plain in these areas:
 

below Bakel-Dembancane can
 - 600,000 ha. of soft soil 


be flooded;
 

400,000 ha. of salty soil below Rosso can 
be flooded.
 

-

The river forms the boundary between Senegal and Mauritania
 

in these two valley areas,and 1/3 of the total floodplain, which lies
 

the river, belongs to Mauritania.
 on the northern bank of 


- Down to Bakel, the Senegal has no high water bed and
 

the flood waters remain confined in a single 
mean water
 

to 12 meters at low water. The
 bed whose banks rise 10 


river is about 400 meters wide at that point.
 

- Beginning at a point downstream from Bakel 
(more .or 

there are considered to be three and 
less at Dembancane), 


even four essential parts of the river: the "Valley", the
 

"Delta" and lakes "Guiers" and "Rkiz." 



1 I* .. ' L- ".JI L.J1- II I'./IM 

/iAURITANIA
 

,- / DU BASSIN DU 
 FLEUVE SENEGAL 

~ I THE SENEGAL RIVER BASIN
.. -.. -.-
. '.: .. 
 .
 

" S'E N E ...A .. - . ........ ..... .-. .
.; - H E E A I E A I
 ...... ..... .......... .. .....
...... 


.5. Scale
•.. 
 .........
 

' . v.-v-1 ...
,-,. -/>.,G.v ;:-.= i­. ..-. M A-L.I~~~~~~~~~~.. -. .,.......v.v.v..-.....-'. ca
v ....... ..- . .. v....-.. ........... .....
 

... * :j Upper.
 

4;L I 

"-----"-------------.------..--..--
•,--.- * I,-I 
.. . ..
 tf
Portuguese )IVOT " .'-<< u < ' .. . -,... .
 

ye'" '.ea .... . , 

' ' 
, . ,. .. - .-
5 " -.'LN ".'..
• I. :"R::-::::'
 
~UINEA
 

SIERRA ' 

ATLANTIC 
 LEONE 1 

OCEAN 
N 

/ ~.NJ IVORY COAST 
 rj 
: " 't I"A "" 



-- 

-8-


The "Valley": The Senegal changes form completely at
 

Dembanc~an its slope becomes almost imperceptible and 

it meanders widely; the valley widens out to 10 to 25 

km. Of course the mean water bed remains hemmed in by 

strong high banks but beyond these banks lie hollows
 

cut through by the remains of former bends like small
 

inland deltas. Th1e river sends out winding side-channels,
 

some of which are as large as the main river bed itself;
 

such as the Doue, which, together with the Senegal, 
floodplainsurrounds the Island of Mortil; the whole 

covers some 600,000 ha. The river has a tortuous horizontal
 

profile because of the permanent backwaters but it is
 

possible to establish an acceptable description of the
 

river by following its meanwater bed lying below banks
 

that are permanently above the high water mark. The river's
 

profile is as follows:
 

-- the river bed itself, which lies far below steep banks 

'at low water, 

dune-levees along the river which may be submerged
 

in places at times of very high water (fonde),
 

annually flooded depressions (oualo), which are fed
 

by intermittent backwaters (ti , which usually 

center around a permanent of a semi-permanent pond 

(vindou), 

The slope of the plateau, which is never flooded (dieri).
 

At low water the main river bed is criss-crossed by fordable
 

sills as far as Boghe, some 400 km0 upstream from the mouth. Fifty­

three of these sills have been identified as far as the falls of
 

the Felou.
 

"Delta": The Valley narrows sharply at Richard-Toll-
The 

Dagana and then widens out again. The river sends out backwaters or
 

side-channels which are all re-absorbed before the ocean, giving this
 

area the appearance of a "false delta". This area is especially flat
 

but the classical elements of the river's horizontal profile are
 

still discernible there.
 

Most of the soils in this region are salty (which is its
 

peculiarity) as far as a point a bit upstream from Dagana. The Delta
 

covers 400,000 ha.
 

"Lake Guiers" and "Lake Rkiz" : Two large stretches of 

the head of the delta: Lake Guiers, on the left (Senegalese)
water lie at 

bank and Lake Rkiz on the right (Mauritanian) bank.
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Lake Guiers is an elongated depression occupying the 
!lower part of the fossil Ferlo River. It covers a maximum surface of 
30,000 ha. and is about 80 km. long. Hydraulically, the lake is fed 
only from the Senegal River to which it is connected by a winding 
channel, the Taweyo The Tawey is thus a conveyance of water, rather 
than a tributary. Under normal conditions it brings water from the 
river to the lake at times of high water and it partially empties 
the lake into the river at times of low water. 

Lake Rkiz is the counterpart of Lake Guiers on the right
 
bank. Its natural hydraulic is similar although it has four channels
 
leading out of it.
 

The geology of the basin is identical to that of the rest
 
of West Africa; in the Upper Valley, the only area with sufficient 
rainfall to cause erosion, the geological make-up is essentially un­
soluble rocks. As a result, the waters of-the Senegal seem to have 
a low mineral content and their regime has little contrast. 

-The Senegal River basin lies within the tropical zone of
 
the Northern Hemisphere, between 10 apd 18 degrees of latitude,
 
between the tropical and Saharan regions. It is therefore completely
 
swept by the Intertropical Weather Front (I.W.F0 )
 

Two factors govern its climate: the apparent movement of
 
the sun and the movements of great air masses,
 

These last factors play a dominant role inthe weather of
 
the area which can be brizA2ly described as follows:
 

1) 	There are three types of air masses that determine the
 
different periods of weather:
 

the trade wind: this windblows from the north-west
 
brings cool air and relative humidity; it brings in
 
the cool season.
 

- the harmattan : this wind blows from the east and 
brings heat and dryness; it brings in the hoti-dry 
season; 

- the monsoon : this wind blows from the south-west 
and brings both heat and rain; it brings in the hot­
rainy season. 
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one 
2) 	 The relative proportions of these seasons vary from 

location to another: 

-	 the farther west one goes, the more the trade wind 
the cool season;

dominates the harmattan and the longer 

farthest reach: the sub-Canarian climate of Saint Louis.
 

the monsoonone goes, the more 
-	 the farther south 

the rainy season;
dominates the harmattan and the longer 

farthest reach: sub-equatorial climate of the Ivory
 

Coast.
 

3) Because of its geographical position, 
Africa's cl imate
 

is hot in all regions. Therefore, 
the essential climatic
 

of 	the climate 
rainfall. The main dimensions 
parameter is 


are as follows:
 

in 	 all partsone rainy season per year
- there is only 

of 	the Senegal River basin;
 

- rainfall varies considerably from 
south (2,000 mm) to
 

north (250 mm)); 

it 	is
 
- rainfall varies considerably from year to year; 


increasingly regular from south to 
north, corresponding
 

rainfall;to 	the diminishing average 

- the floodplain of the Senegal receives 
an irregular
 

to 	300 at the
 
rainfall that varies from 650 mim upstream 


of 	 the river.mouth 

is 	essential to understanding
of 	irr gularit
This notion 
ais 	 better understood via concept

the problems of the Sahel and 
the flow of water.

derived from hydrobiology: 

The flow of water in the Senegal is of a tropical kind:
 

it 	has a single annual seasoon of high 
water and a high rate cf flow;
 

June/July and October/November.occurs betweenthis season 

are clearly marked starting
These general characteristics 

the Faleme. Theseof the Senegal and 
at Bakel, at the confluence 


are 
entirely dependent on rainfall in the Fouta Djalon 
characteristics 

a typical. allochtone river.

and Lower Senegal
the Middlewhich make 
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The extremes in the water-flow chart are striking: low-water 
levels are particularly evident - - the flow stops altogether in some 
years in the valley.
 

This is a result of the rock conditions of the 
Upper Valley and of course, of rainfall conditions,
 

This rate of flow remains steady in volume in the Valley 
and the Delta, but the force of the ilood waters diminishes on the one 
hand and is slightly delayed on tha other. 

Irregularity from year to year is considerable and is 
directly caused by irregular3rains in the Fouta Djalon: the range 
(260 mI/s in 1972 to 1,241 m /s in 1924). Furthermore, it seems that 
these water flow and rainfall deficits are periodic phenomena in the 
Sahel: 1860/ - 1890/1891 - 1910/1917 - 1970/1979. 

The most basic characteristics of the Middle and Lower
 
reaches of the river is, of course, their potential flooding of highs 
water bed of 600,000 ha. of soft soil between Bakel/Dembancane and
 
Dagaria, and of 400,000 ha. of salty soils in the Delta. The hydraulic
 
irregularity affects the extent of flooded land in the valley, which
 
varies between 20,000 ha. for abouc 20 days to 600,000 ha. for about
 
120 days.
 

Flooding is a complex phenomenon in the high water bed of
 
the river because of its complex relief. Two factors must be mentioned:
 

- on the one hand, the depressions remain dry as long as 
the flood does not reach the lowest point of the backwaters 
which feed them, which is why there-is little flooding 
in years of hydraulic deficit; 

- on the other hand, when the water recedes, each 
depression goes through three critical stages: emergence 
of the surrounding bank, individualization of the pond(s) 
that remain (s) and hydric independence of the ponds. The 
permanence of these residual ponds depends upon their 
depth at the time they become hydrically independent. 
Because of the rate of evaporation in the region, a 
pond must be more than 3 meters to remain permanent 
and there are few of these in the Senegal Valley. 
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Annual Cyclica. Movement of the ITrter-Tropical Weather Front 

in the Senegal River Basin 
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Evolution of the Flood of 1969 in the Valley and the 

Delta of the Senegal River 

H IGN 

FLOOD 

1969 
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1 BAKEL 
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10 6 -6 BOGHE 

5-/ --- ' 

7 PODOR 

5 8 DAGANA 

8 9 RICHARD-TOLL 

10 10 ROSSO 

15 31 "5 31 15 30 15 31 15 30 15 31 

JUL A IG SEP OCT NOV DEC 

EVO''JTIO.N DE LA CRUE 1969 DANS LA VALLEE ET LE DELTA OU SENEGAL 
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- The ratio of areas still inundated in periods of low 
water (the mean water bed of the river plus permanent 
ponds) and those inundated during the flood is 11%. 

It must be mentioned that the flow during low water is so
 
reduced as to produce non-inundated areas the most important of which
 
are at Boghe, Cascas, and Dioulde-Diabe, in the downstream reaches.
 

The most important characteristics of the Delta besides
 
the flooding of salty soils is the intrusion of salt water into the
 
mean water bed during low water, which is firstly function of the
 
flow of water and secondly a function of the time when the intrusion
 
of salt water itself occurs once the flood waters have receded. This
 
phenomenon therefore varies from year to year and its general charac­
teristics are as follows:
 

- maximum length reached .140 to 210 km, 

duration :8 to 10 months,
 

period :10/01 - 11/30 td 07/.10 - 08/15. 

The overall range (maxima and minima) of water temperature,
 
which are influenced by air temperatures, lies between 16 and 33
 
degrees C. The annual average is 21 degrees C. The average of 25
 
degrees is exceeded during a period of 7 1/2 months a year (April
 
through November), whereas temperatures below 20 degrees are rarely
 
registered (January). It is important to note that the period of
 
maximum temperatures coincides almost exactly with the period when
 
the high water bed is flooded, except in late November and early
 
December.
 

The flow couitains little in the way of solid particles: The
 
Valley is not, therefore,"the gift of the Senegal" as Egypt was "the
 
-ift of the Nile" at least until the building of the Aswan Dam
 

The hydrochemical nature of the water is different in the
 
Valley from the Delta:
 

In areas of the Valley, where there is fresh water year­
round, the water in tetraionic, achloric and asulphurous; it therefore
 
has a very low mineral content in general and a low calcium content
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SENEGAL RIVER - Average Annual Flow -- Changes in Average flow over 5 years 
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and SO 4. This is a result of the
in particular, lacking C I 

environmental conditions in the UJpper Valley (geology, rainfall and 

'he river water is consequently not very productive.
vegetation). 


together over
In the Delta, all types of water can come 

time and space as a result of the intrusion of salt water during 

low water. At high water, the water is typical river water, that is, 
as far as the ocean. Duringtetraionic and of low mineral content, 


low water, there is a gradient of decreasing salt content going
 

sea water being of course hexaionic and
from down to upstream, the 


highly mineralized and the fresh water being tetraionic.
 

- Thus, the unfavorable factors are: 

a very variable flooded area from one year to another, 

river water of low productive value,
 

low water temperatures when the winter trade wind blows.
 

- One very favorable factor, on the other hand, is the 

coincidence of high water with high temperatures.
 

3.3 The Biotic Environment
 

The Senegal River basin includes three vegetation zones
 

: in thanwhich are determined by rainfall Guinean, the south (more 

1,000 rmn of rain); Sudanese as far as Bakel (1,000 to 500 umO ; and 

Sahelian from that point on downstream. 

Sahelian bio-climate, there areAlthough the Valley has a 

other intervening factors, particularly the soil. which is closely
 

linked to relief and the extent and duration of submersion. In the
 

Delta, however, the predominance of salty soils determines the 

presence of certain associations of vegetal species.
 

A transect of areas permanently above water lying in the 

bed that is series associated vegetationmean water shows there a of 

groups, either perennial. or annual:
 

The three permanently inundated groups as well as the 

first group is exposed at low water are not influenced by the nature 

of the salinity of the soils. The dominant factors are depth and
 

length of submersion. Associations in which Ceratophylum Pistia, 

Nymphaea and Echinochloa dominate can be found in descending order of
 

submersion.
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Lower Reach of the River
 

Variations in Tonic balance in time and space
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Synoptic Graph showing the Cycle of the Main Abiotic Parameters
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this limit, types'of associated vegetation vary
Beyond 

heavy, light or salty soils. The 
according to whether there are 

consequences are:
 

- in light soils : yp, Chrysopog° 

- in heavy soils : Orysa, Acacia nilotica 

in salty soils :'Phramites, Sorobolus.
 -


of the highest waters soils with
 In areas above the reach 

- light soils by virtue of the pedological
salt content ­little or no 


thorn scrub steppe of the regional Sahel in 
.catena - - nourish the 	 supportsoilsand Balanites dominate. Salty
whichAcacia seyal,. raddiana 

Tamarix in monophytic formation.
 

Some of these groupings are perennial: the gonakier groves, 

roves, for example; other groupings are annual: echinochloaie
 
the typha 
 are significantrice paddies. The former, which
groupLngs and the 

not exist unless there is 
their diverse possible uses, do

because of 	 a result of hydrometric 
sufficient rainfall before flooding takes 

place. As 
the echinochloaie grouping has 

and the regional climjte,conditions ke uers between 1966 
only once in the Valley and t-aice T 

appeared 
bv the ecological irregularit.

-and 1972. This condition is reinforced 

from year to year. 

not all of these 
In terms of their usefulness 	 to man, 


same value.
of vegetation have theassociated groups 

oryzaie, sporobolaie- - echinochloaie,- The herbza:ous groups 
a certain influence on the abiotic
 and Vetivercaie exert 


(1969) finds that they reduce 	the 
milieu: MICHAEL 

flow of water and slow down the spread 

of the flood. RIJKS 

(1972)- notes a somewhat reduced thermal range in rice 

paddies.
 

the most important plants in the domain of - these are 
provide food (directly or periphy­

pisciculture" they 
tonically), shelter (especially to the young) and places 

for reproduction (Gymnarchus, fleterotis, 
Polypterus). 
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- this vegetation constitutes excellent natural grazing 
areas for large terrestrial harbivores, especially at 
low water when the Sahelian praries have dried up. As a 
result, there is a transformation of the vegetal uiomass
 
brought about at high water by the fertilizing effect
 
of the feces.
 

Unlike other river basins, the fauna of the Senegal have 
not been studied to any significant extent. There are thus several 
obscure points. However, the essential factors are known; 113 fresh 
water species have been definitely identified. The law of Arrhenius 
predicts 121, meaning that 8 species are yet to be discovered. The 
least explored areas are along the Upper Senegal, immdediately above 
the Felou and the Gouina Falls, as well as the lower reaches of the 
Bakoye and the Bafing. One can assume that the additional 8 species 
that are presumed to exist are to found here. The lack of knowledge 
of local fauna is significant in thqt the 'large regulatory dams to 
be buiIt on the river are to be constructed in this region : Manantali, 
Galougo and Gourbassi. It is certain that'a precise knowledge of fish
 
life in the areas immediately upstream from the future dam sites is
 
a prerequisite to any policy of developing fishing resources.
 

There are different groupings of associated fish species
 
which correspond to the different ecological conditions of the
 
river: there are mainly Sudanese species in the middle reach of the
 
river and mainly Guinean species in the upper reaches. There is only
 
one species which is unique to the Senegal: Tilapia zillii (GERVAIS,
 
1848). The large species exist only in the wide downstream reaches
 
of the river: large Mormvridae, Characidae, Citharindae, Bagridae,
 
Heterotis,Cymanarchus and Labeo are the comwmonest. 

The fauna in the middle reaches of the river are 
homogenous between the end of the salt waeer near the mouth and the 
FYlou falls or the Gourbassi rapids. 

Lastly, the Delta is penetrated by euryphalines and even 
euhalins which are of course limited to the mean water bed at low water. 

Pisciculture development is principally determined by the
 
following biological parameters : migration, reproduction, growth
 
and survival.
 



-25­

as follows:seasonal inigr'ations can be summarized 

- Fresh Water Speci..es 

( Q 700 in3/s),Just before the intrunion of salt water 
the Lower Delta, is entirelyof the river, inclulingthe whole length 
quite probable that thiswater fish. It is eveninhabited by fresh 

part of the continentalout into the ocean upon thephenomenon extends 
the fresh wate'r from the river. The fresh 

shelf that is influenced by 
migrationi lastinga long longitudinal anadromouswater fresh then begin 

of low water. 'Tis migrat:i.on is only partially
during the entire.period 

sizeabe ichthyomasssalt: water because a
determined by the intrusion of 

the salt water front.,moves too km upstream from 

affected this migratory
k&l. the fresh water species are by 

way. The andspecies which make 
movement but in a doublyaredifferentiated: Alses, M.rmyridae, Schilbeidae
the lo-ige..t migrations 


u Dis-riida
chbodu, abeo 
t r pecles" Ctr d sh aer-large spncimeus of certain sp i C.tharrinus, 

that the range of. fr water 
and Lates. It is therefore quite evident 

place to another between theonespecies s noticeably different from 
of the Middle Valley during low water. 

.Upper Delta and the end 

to these movements
Certain shallows seem to be barriers 

by any species.
and the sills at Dioulde-Diabe cannot be traversed 

of the fish.limit the anadromous movement
These conditions therefore 

of average hydrological conditions,Furthermore, in years 
biomass, originating in the 

at least, the ma-imtum ichthyological 
this point. The arrival of the flood 

Delta, does not appear to reach 
permanenit side-c.hannels of the high

almost always inundates the major 
may be. Of course,no matter what the hydrological conditionswater bed Delta 

some fresh water fish go back downstream towards the Lower 

flood water., but the greater part of the mnaxi.rnum biomass 
with the 

towards the major backwaters 
a lateral "flowing" migrationundertakes 

the inundated floodplain
where it remains until it is able to reach 

proper.
 

which is to
The fresh water ichthyological population 

bed closely
be found in a determined portion of the high water 

bed at low 
resembles the population to he found in the mean water 

of fish at low water between 
water. Furthermore, the concentration 

http:migrat:i.on


Fresh Water Fish in the Senegal River
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the salty part downstream and the shallows upstream means that the
 
maximum high water biomass in the high water bed is to be found from
 
Podor to Cascas.
 

The fish remain on the plain as long as-the water continues
 
to rise. When the current reverses, the migratory movement reverses
 
as well and the fish return tofor the most part, the mean water bed
 
(lateral "ebbing" migration).
 

Once they have arrived in the mean water bed the fishbegin a catadromous migration that takes them to the mouth of the 
river and beyond, from where they will again depart on an anadromous
 
migration as part of their annual cycle. 
This phenomemnon of catadromous
 
migration at the beginning of receding water seems 
to be more a process

of being passively swept along rather than a willful migratory

movement, especially for the smaller specimens, It has been noticed

that the best swimmers are the first to stop their movement down the 
valley whether this is due to their'size or to other factors. This
 
great ;sweeping along of the fish by the current is in fact the
 
mechanism by which the whole zone locateddownstream from Bokheul and
 
as far as the mouth of the river is re-stocked with fresh water
 
fish. This 
is bow the delta ponds in ;articular are re-stocked.
 

On the whole, these movements are comparable to those of

the fish in the Central Delta of the Niger, as described by J. DAGET
 
(1960). The main features of this phenomenon in the two river complexes
 
can be summarized as follows:
 

- longitudinal anadromous migrations at low water;
 

- latera flowing migrations as flood waters rise; 

- lateral ebbing migrations as flood waters recede;
 

- longitudinal catadromous migrations at the beginning
 
of low water.
 

The migratory movements of fish in the large river basins
of West Africa seem to be determined by the annual flow of water. 

In the Senegal, however, there are certain special features 
of considerable importance: the space available for the fresh water 
fish is limited: downstream, by the salt water (the change-over 
to dominance by euryphalins begins at 10% salinity); upstream, by
underwater sills, especially at Cascas and Dioulde-Diabe. At low 
water, the area available to the fish progressively shrinks as the 
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is reduced even ,'ile the temperature of the water
flow of water 

salt water is felt even
rises. Tie influence of the sills and t.le 

after the period of low water because even in high water, the fish 

bed, located beside the mean water
prefer to live in tOe high water 

bed, where they live at low water. The Lower Valley therefore seems 
low and high water 

to be a favored place for fre.sh water fish both at 
is limited bywater the availabilit.y of spacestages. During bigh 

bed. It is near Boghe
t|:. relatively sui l. extension of the high water 

water bed reaches its widest extent. Nevertheless,that the high 
Life is only about 100,000 ha. out 

the maxi.mum area acces;ible to fish 
600,000 ha. in the Valley, not ccuntingareaof a potentially flooded of 

in the Delta before any development work takes 
the 400,000 ha. available 

of the receding waters (catadromous migration)
place. The sweeping motion 

area where salinity
is the means of re-stocking the fish roserves in the 

water by bringing
exceeded 10% during the previous period of receding 

recently hatched upstream. However, this sweeping motion of 
in alevins 
the receding waters has been identified only in certain years and will 

be discussed further on. 

Euryphaline Fish 

All euryphahln saccies have an ana].ogous migratory behavior, 
linkedby different stimuli, is always

which, although it: may be caused 

-to the flow of water. During periods of receding and low water there 

from the mouth of the river to beyond 
are slow aiiadromous iigration 

at an unknown place
the Debi. At the beginning of high waters, they live 

the flood spreads out in 
on the cont i nental shef or in areas where 

PJRIZER and P. LESSENT,
the Gandio area (a pseudo--Iagoonal complex) 

1.972) 

Reproduc tion 

- The Fre'4h WaterU eeJes 

of rising water;1h1 snawnIn season is during the riod 
tHie hli water period for cert in species

it may contjnuLe dUrtng 
isving); iA: ceases wit:h the turn-around or fallin,(segmented 

.sh back to the mean water bed.
of I-lie flood watercs J:!h takes thie 


is delayed too ione, as is the

If this falling away of the flood 


the drop .n temperature will
caseIn certain years in Lake Cuters, 
inevitably lead to a shrinking of the 5oonads. 
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The beginnin of aturation seems, at first sight, to be 

caused by rilng teperaf-u71 ich reach a satisfactory level, 

varyhI on s tanoth ii or May.roM-,iI 'c~ ~ 

For certain secies with segmented egg-laying babits, 
for nest­such as Heterotis and C mnarclust heavy rains are necessary 

ne .lan. Such rains come during the rainy season and 

must reach a ci-rtain intensity. 

All fresh water _species are able to spawn somewhere in 

but production takes place malny in the 6ide-channelsthe river,
Ss tage ~or later on t-he floodplain. 

in the ear-ly stages of inundation. FurtLhermwwrb.ecause of the 

migratin temain biomass of mature breedLng-aged fish is -located 

in the virci.nity of Pndor at Cascas n addtion, certain "river" fish 

from and ioghedo spawn only upstream Podor mainly between P o dor and 

(Cascas). 

canbe said that the upperart of theIn conclwsio2, it 
Lower Valley--sof- to].-irtance to fish life in the 

Delta. th-fe Lower Delta and the Lake Rkaz. 

It must be noted that there is a concentration of mature 
channels of thebreeding fish locatcd and even spawning in the side 

high water bed of the river during rising waters which means that 

because they are in such a restrictedthe fish. are easily caught 
to had region.area. Maximum accessibility is be in the Podor--Cascas 

This accessibility is even greater when one considers that the fish 

spend more time in the side channels when the hydraulic activity 

of the water is weak, O'.ic the flood plain is covered by water the 

because bot:h adults and alevinsfish are much harder to catch 

disperse into a much greater volume and area of water.
 

3.5 Euimphaline Fish: Reproduction 

Certain species which make annual anadromous migration 

at low water reproduce in the river: Ethmalosa, Pellonulla, Ti]apia 

heudoloti and f,u.ineen;is in particular. 

The spawning season stretches from January/February to 

July/August, with. a net maximum in May/June. This season is quite 

the fresh water species, as it is independentdifferent from that of 


on salinity, 5 to 15Z appearing to be optimal for Ethmalosa.
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Generally speaking, as far as the Delta and the euryphaline

fish are increased, Senegal has a bio-ecological link with a region,

probably a coastal-marine one, in which the euryphaline fish winter
 
(REIZER, 1971). Fishing activities on the continental shelf therefore
 
depend on the spawning grounds of the lower Delta at least in the
 
case of certain species.
 

Growth and Survival of the Young
 

Conclusions:
 

- Qualifications the bony structures of all specimens

and particularly Citharinus citharus (GEOFFROY SAINT-

HILAIRE, 1809) have annuli that lend themselves to the
 
study of growth.
 

- Time factors: growth is discontinous, ceasing for 
a time both in the river and in Lake Guiers, and corres­
ponds to the appearance of an-annulus. This annulis becomes
 
evident in the cold 
season, between December Ist and March
 
31st and is significant;mainly, if not exclusively,
 
during high water.
 

- Spatial factors : growth is 10 to 15% greater in Lake
 
Guiers (and therefore in Lake Rkiz) as in the river. 

- Causal factors : the annual cessation ofgrowth is 
mainly determined by the droping of the water level;
 
growth begi,,& again when thermal conditions are right.
 
The intensity of new growth is closely linked with the
 
extent of 
the annual flood. :Growth can be negligible
 
in years of hydric deficits, particularly in the river.
 

Growth varies considerably from one year to
 
another among fresh water species in the Middle and
 
Lower Senegal Valley, particularly in the river itself0

Individualgrowth is directly influenced by the conditions
 
of the flood (extent and duration) and may be nil during 
years of hydric deficits (1968,1972, 1973). The same
 
phenomenon exists in Lake Guiers 
but is less pronounced.
 

It has also been noticed that the fry do not 
survive in years of hydric deficits (1968, 1972, 1973)
 
among all species. This was the case in 1970 and 1971
 
among "fragile" species such as Citharinus sp.
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- The following hypotheses may explain these phenomena: 

. lack of food available to fry because of insufficient
 
minerHalization of the water which come exclusively from
 
organic wastes and particularly from the feces of
 
domestic animals;
 

. major daily variations of limerimetric heights during
 
years of unfavorable hydraulic conditions. Fish eggs
 
are then exposed and dried out, as are the larvae and
 
the fry.
 

Overall Consequence: the annual replenishing of the eco­
system is due mainly to the yearlings and does not take place in certain
 
years.
 

Euryphaline Fish
 

The most determining ecological parameter that has appeared
 
is salinity: it has a major influence of movement and on reproduction.
 
Paradckxically, the name of this category of fish means that they have
 
a high tolerance of salt water. Althoigh euryphaline fish tolerate
 
salt they do move about seeking ideal sa1ine conditions. It must also
 
be mentioned that all euryphaline species have a comparable behavior
 
in the area of reproduction: their spawning season is the same for all
 
of them although certain species are of continental origin - - Tilapia,
 
Chrysichtys - - while others are of marine origin. The former's beha­
vior is in all ways like that of the euryphalo-fluvial marine species
 
and thus completely unlike the continental species which live only
 
in fresh water. There is thus a perfect adaptation to the milieu.
 

These species are readily available to fishing in the
 
Senegal because of the relative concentration of the biomass in a
 
maximum area of approximately 5,000 ha (10 km x 0.5 km) and in a
 
iolume of water whose depth is not more than 5 to 10 meters. The danger
 
of this theoretical accessibility is worsened by the fact that this
 
.!omassincludes young maturing or full-grown specimens and is reduced
 

by the fact that many species (the euryphalines) reproduce in the
 
ocean. Given the differences between the fluvio-estuary and the coastal­
marine environments, it is eury-fluvial species that theoretically
 
run the greatest risks of being over-fished. Restrictive measures
 
to protect the stocks of these species must therefore be taken in
 
the river rather than in the ocean.
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Potential catches of euryphaline species vary within
 
rather narrow margins from one year to another, because of the intru­

sion of salt water into the river and because of the fishes' behavior
 
patterns.
 

Fresh Water Fish
 

The most determining parameters among fresh water species
 

are the flow of water and the temperature.
 

The flow of water acts upon.
 

- longitudinal movements by means of salt content and 

sills, lateral movements by means of flooding as of
 
the high water bed;
 

- reproduction by inducing the annual cessation, by opening 
the high water bed to young adults and to fry, 

- growth, whose rapidity is governed by the flow of water. 

Temperature influences reproduction and growth in that it
 

is responsible for stimulating the annual renewal of these activities
 
which are so important to fishing.
 

The essential parameters of high water and high temperatures 
are the basis of fishing potential in spite of the particularly un­
favorable factor of low mineral content of the water in the river.
 

The entire fresh water fishing potential of the Middle and
 

Lower Senegal therefore depends on the duration of the annual flood 
of the high water bed, in other words, on the type of flood. Because 
the Senegal depends upon rainfall in the Fouta Djalon and therefore 

upon the annual movement of the Inter-Tropical Weather Front, potential 

river fishing depends on the same factors. 

Thus, in general terms at least, the eco-biological dynamics 
of the Middle and Lower Senegal are similar in the area of fresh 

water species to those of other large fluctuating tropical river 
complexes: the Kafue, Lake Chad, the Benue and particularly the Middle 
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The Chart on the next page."gives a general. schematic representation ofNiger. 
the general dynamics of the river, but it must be seen as applicable 

to the Middle Senegal under average conditions only. 

In comparison 	 with these other great complexes, the 
more limitd context. its most importantSenegal exists in a much 

limiting factors are:
 

- - spatially: 

a mean water bed limited by salt "waterat one end and 

by sills at the other; 

a high water bed limited by the relative narrowness of 

the Valley between the estuary and the upstream 
sills;
 

- - time-wise: 
the annual flood lasts but 2 to 3 ronths at nxst, in 

the whole Valley, whereas the Central Delta of the Niger 
6 of flux of water­benefits from months flooding as the 

moves from Mopti to Dire; 

year to year irregularity: the hydric dynamics of 
the Senegal are the most irregular of any north-equatorial 
river. 

It must nlw,;ays be reienwhered that the Senegal is a medium, 

northern Sahel.ian coastal' river. 

In these circumstances, potential fresh water fishing is : 

limited by - - the mineral content of the water, 

- - the amount of space actually available, 

- -	 annival of favorable conditions,the effective duration 

- - characterized by wide variations from one year 

to another: they can be almost nil in some years 

of hydric ,Jeicitswhich are often serious and long­
morelasting; the,_s, periods follow a cycle of or less 

25 years. However, given the rich variety of fish 

(79 species), a prompt bio3.cgical recovery can be 

expected after th.e ycars of scatrcity. 
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Biotic and Abiotic Factors of tile
Schematic Presentation 'Iiowing Principal 

Flow: Fresh Water Fish, AverageSenegal River During Average Year 

S(expr&ssed in French terms) 
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The primary conclusion to be drawn from these data is that 

in the Middle and Lower Senegal are
otentials in fresh water fishing 

durationntirely and exclusively determined by the extent and the 


f flooding in the high water bed.
 

to estimate fresh water fish productionIt has been possible 
to be more: or less 60 kg/ihundated hectare each year.

in the floodplain 
a year.lis would yield potential catches of about 25,000 tons 

However, the key factor to be considered is the variations 
that is actually flooded, and this is

In the area of the floodplain 
!ntirely dependent on hydric conditions which in turn are 

dependent
 

in the Fouta Djalono As a result, potential catches in this
)n rainfall 
.each of the river vary.tremendously" 2,000 to 40,000 tons a year,
 

1/3 of which is in Mauritania.
 

It can be said that the Inter-Tropical Weather Front is what
 

regulates the hydric cycle. If this front is subject to 25-year cycles,
 

then fishing potential in the Senegal also corresponds to such cycles. 

Basic Corollary Remark 

The 1980 potential is at its minimum since the flow has
 

been below normal since 1968.
 

i 394 m 3/second 1968' 

765 m between 1903 and 1980)
1969 

542
1970 

593
1971 

260 ( recordy 1903 - 1980 period)1972 
3611973 
760 (= between 1903 and 1980)1974 

602
1975 


1976 
 470
 
324
1977 

523
1978 

301
1979 

578
1980 


Conclusion: 2 average and 11 below-average floods in the 1903-1980 
period.
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Another characteristico of the oystnim being cons3idered: the
theoretical accessibility of the fresh water fish to fishing. 

- Qualitative accessibility : adult s-paci.mens are preferred,

maturing specimens dominate in the mean water bed and 
spawning specimens are particularly available in the
 
side- channels. 

- Spatial accessibility 

at low water : because of the salt water intrusion and 
because of the upstream sills;
 

at times of rising flood waters: because of lateral 
migrations via side channels theof river. 

- Times of accessibility:. 

maximum accessibility ir during the month of August in 
the side channels; 

accessibility is facilihnteU durin years of poor floodi, ­
because of t, factors, time that spawning-To the'increased 
aged fish spend in the side'channels and a -reater proba­
bility that they will be caught because of the restricted 
area they live; the probable success of spa,;ning is also 
a factor. 

The human context tust: be ,t d in ordecr to see whether
the people living aLong thnr river .re awre of the limita:tions which
have been described above and whetier :ir not ticy hav. taken any steps
to regulate fishing to protect the stock of fish 'n view of insuring 
the long-term possibility of income earning. 

The fragility of tha ecosystem froin or' year to another
is further complicated by the annual growth cycle of the fish them­
,..elves; the critical periods for the ichthyological biomass within 
the annual cycle are
 

- - maximum when the flood waters recede, exposing the 
floodplain" and bringing the fish back to the mean 
water bed; reproduction and growth cease and it is 
probable that the period of greatest mortality begins; 
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the time when growth
- minimum at: low water, between 

and maturation of the young fry starts up again and the 

the next period of flooding. [t would notbeginning of 
du-ring low

be surprisilng if the bioiiass were cosLant 
1) because mortality

water (more of le:is May I to July 
thI renewed growth of the fish.

would be made up for 

assume an
Thiese remarks are speculative and of course 

absence of hunin intervention. 

4. Analysis of P.odction 

group parameters of which
Production is conditioned by a of 

most important are the following:the 

- Potential production (see above) 

- Demand: to be discussed below. 

, 

- General. geographical. anthroplogy (political., administrati v e 

fishing techniques.ethnic aspects), supervision,social and 

to iith any precision
Production is a difficult topic treat 

is double disperIsion of human and 
the river context there abecause in 

geographical factors.
 

River basin is divided among four political
The Senegal 

entities:
 

53% (approx.)155,000 Km (approx.)Mali 

26%75,000 " Mauritania 

11%31,000 " Guinea 


10%28,000 " " Senegal. 

the Faleme, the Senegal.its confluence withDownstream from 
the Islamic Republic of Iauritania anld Senegal.

becomes the boundary between 
these two nations with 

The floodplain is therefore divided between 
borderon the Mauritanian shore. The 

about 1/3 of the floodplain lying 

of the mean water bed.


itself is actually the right bank 



4.1 

- 42 -

The floodplain is divided among the following adminiotrative
 

regions and departments in Senegal and Mauritania:
 

Departments bordering
Country R 


on the river: Name and
 

Capital administrative center
Name 


Senegal Fleuve 	 Saint-Louis Dagana
 

Podor
 

Matam
 

Bakel
Senegal Oriental Tabacounda 


Keur Macene
Rosso
Mauritania VIth (Trarza) 


Aleg Boghe
Vth (Brakna) 


M'Bagne
 

Bababe
 
Maghama
IVth (Gorgol) Kaedi 


Selibaby SelibabyXthe (Guidimaka) 

the Valley.* =Located outside of 

The Traditional Fisheries Service
 

responsi-On the national level, inland fishing has been the 

bility of several different branches of the government, which explains 

its present lack of organization. 

Ist Before 1975, inland fishing was art integral part of
 

the Service des Eaux et Forets (nowadays, Service 

Protection de la Nature (Environmental Protection
 

Service). This service was supposed to: 

a) 	 Organize and supervise the fishermen along the 

river and around the ponds, backwaters and lakes, 

count fishing eqdipment and boats.
 

b) 	 Draw up regulations for inland fishing and enforce 

them. 
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c) 	Protect the fisheries while controlling forestry
 
potential.
 

d) 	 Keep production statistics. 

e) 	Take any other technical and administrative measure
 
that might contribute to increasing the profitability
 
of 	 the sub-sector and improving the standard of living 
of 	fishermen.
 

2nd 	Between 1975 and March 1980 this sub-sector was 
transferred to the management of the Ministry of the 
Economy and Finances.At this level, it was represented 
by the Section Head of Traditional Fisheries, who was 
without any logistical or technical support. 

3rd Beginning in March, 1980 a ministerial reorganization
 
took place.'The Fishdries Department was upgraded and
 
became the Ministry of Fisheries and Maritime Economy.
 
The Fisheries Department remained as before with its
 
two sections (see Diagram 1.1). 

The Department composed of:
 

a) 	The Traditional Fisheries Service, with a Service
 
Head and an Assistant Head who are concerned with
 
the following two sub-sectors: 

- Traditional (inland) fresh water fishing, which is 
located mainly on the Senegal River and various 
bodies of water situated in the south-eastern 
part 	of the country. 

- Traditional maritime fishing. This is located 
along the Mauritanian coast from N'Diago to 
Nouadhibou, including numerous Imraguen fishing 
camps. Fishing is done either far off-shore in 
canoes of Senegalese origin, or on the shore with nets 
and fishing lines by the Imraguen. Within the last
 
ten years, boats of Spanish origin (launches)
 
have been used.
 

http:Finances.At


ORGANIZATION CHAkRT OF MINISTRY OF FISHERIES ANUD MARITIME ECONOMY 

§ MINISTER
 

GENER-LL SECRETARY 

TRFSLATION SERVICE .NNCIAL -AG-NT OFFICE 
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S INDUSTRIA 'FISHERIES OFFICE 

TY!TOD I OFFICEmI 
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b) The Commercial Fisheries Service with its Service
 
Head, five couaselors and an economist, according 
to the latest organizational chart of the Ministry
 
of Fisheries and Maritime Economy in effect since
 
March 3, 1980.
 

These changes show the concern of the Mauritanian Government
 

for giving an increasingly important role to traditional fishing in
 

particular. Nevertheless, there is still a lack of supervision.
 

At present, the Service is represented by its Head, an
 

Assistant Head and two.UNDP experts, two Japanese experts in Nouakchott 
and three in Nouadhibou. They are all concerned with traditional 
marine fisheries.
 

In Mauritaniainland fisheries are attached to the same 

ministry as marine fisheries. In reality, however, there is no official 

support for the sector because there are no qualified cadres available. 

The censuses of 1972/73 indicated that there were some
 
10,400 river fishermen of which about 2,700 worked from the Mauritanian
 
bank between Rosso and the mouth of the Faleme.
 

These fishermen are organized in seining teams and have 

therefore founded professional and exclusive cooperatives (approx. 

400 teams of 7 to 30 workers, or 3,700) plus professional and semi­
professional individuals (approx. 6,700). 7,700 of the total work 
on the upper Delta (above Debi) or in the Valley proper; 2,600 are 
on the Mauritanian bank. in addition, there are about a hundred 
fishermen working in Guidimaka. 

The most common method of fishing is by using the shore 
seine. The number of seine net owners counted by the Fleuve Region's
 
Eaux et Forets Service indicated that their number has been unchanged
 
for a generation (last count made in 1974). About a hundred teams of
 
approximately 10 workers each are active on the Mauritanian bank. 
Their mode of operation is semi-capitalistic: owner of the fishing
 
equipment may or may not be the team captain.
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The importance of seine fishing is worth a closer look. 

that the owner of the net accepts certain risks and thatIt implies 
it. It implies certain leadershiphe has the financial means to maintain 

the fishing team's captain. The very extensivequalities on the part of 
use of the seine net is an indication of the prevailin , level of 

technology.
 

or and materialWithout logistical personnel financial 

means, the Head of the Traditional Fisheries Service himsel.f can niot 
figurative as
adequately carry out his work. The Service is still as 


it was in the past. 

is up to the
its role is nevertheless very important, since 	 it 

and train the fishermen.Service to plan and to organize, supervise 
is supposed to make available information on

In addition, the Service 
the traditional fisheries, draw up regulations to be approved and 

apply them. The Service must also coordinates a].l projects and acivi­

sector. It must oversee the fisheries, theties concerning this 
and select 

management,of cooperatives, keep statistics on produtirion 

people to train as future fishermen. 

In order to do this, the service must have a complete. 
it requires adequate 'technii.al and administrativestaff at its disposal.: 


means as well as fini-ncial autonomy.
 

It is advisable to upgrade this Service to become a
 

Department of Traditional Fisheries in order to give the sub-sector
 

has been neglected by the authorities,
the attention it requires. It 

who are primarily concerned with comercial, marine fishing.
 

If the goal oF the government is to assure a supply of fish 
sub-sectorto the nation from traditional fisheries and to link this 

long term, it is advisablewith commercial fishing in the mvdium and 
attention on it because it nICr has no administrativeto focus particular 

normal operatingor technical infrostxuct:ure capable of giving it even a 

capability.
 

Ile other types of equipment (for individual use) are as 

follows in decreasing order of: popularity: the 	fix sleeping net
 
hook liae
dormant), multiple fishing

(araignee of filet millant 
French when it haswithout bait (diolinke, in Poular) p a.gre,in 

bait on the hooks)-. T-he draglet J; occa7sio nally and only used in
 

Poular areas. The casting net (epervier) is used mainly to catch bait
 

for the multiple hook fishing lines, except at Saint-Louis. Dams,
 
regional nets are gradually disappearing.harpoons and traditional 


It must be noted that all of these types of equipment are modern
 

http:technii.al
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(synthetic fibers are used) and they are well maintained. This is a
 
,further sign of advanced technical ability.
 

All of these facts indicate:
 

- the fishermen's competence in technical ability and
 
knowledge of the fish; 

-
 the high quality of the equipment;
 

- the absence of financial bottlenecks (especially the loans 
given in certain years by the BNDS (Banque Nationale pour

le Developpement du Senegal) which were paid back in two
 
years (3 years, had been originally planned), and the
 
funds were then re-invested elsewhere). 

Above Saint Louis, wooden canoes from Cassamance (Senegal)
 
are used. There are about 3,500 of them of which about 1,000 are based
 
on the Mauritanian bank. Given the number of seine fishermen, there
 
are plenty :of canoes available. There.are.no limiting factors in this
 
domain.
 

Production is virtually at its maximum possible level given

the continuous high level of demand; 
as will be seen later, however,
 
production surpasses the reproductive capacity of the fish in years
 
of inadequate flooding,
 

Example : 1968 : 35,000 tons (after 10 years in which Q M ) 
1973 : 14,000 tons (after 5 years in which Q m ) 
1980 : 3,000 tons (est.,-after 13 years in which Q ) 

On the Mauritanian bank, production was probably equal to
.1'3 of total production minus that of Lake Guiers and the Lower Delta:
 

1968 : 10,400 tons
 

1973 : 3,700 tons
 

1980 : 800 tons (est.) 

This production is doubly dispersed: it is the work of
 
10,400 fishermen (including 2,700 Mauritanians) who bring in catches
 
daily along 2,000 km. of river between Saint-Louis and the Faleme. At
 
first sight, this may appear to be a disadvantge, but a closer look
 
will show that this is actually an advantage, given the characteristics
 
of demand.
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This production is entirely monetizedo 
Barter no longer
 

exists in. the Valley. 

4.2 Fishin Areas in Mauritania 

and 
Fresh water fishing is practiced in the Senegal River 

far Boghe a series of 
the Koundi Backwater, which stretches as as with 

up after the rainy season (see Figure 1.1) 
ponds that gradually dry 

- The Gorgol, Karakoro and Grigi. 

fish when they are
and ponds which contain- Various lakes 


sufficiently full.
 

They are spread over several 	regions, 
particularly:
 

Trarza - N'Diago, Aftout es-Saheli, M'Boyo, Dieuk and Lake 

RYiz, closed to fishing. 

Ketchi.The Lake of Aleg, Dar-el-Barka,OuedBrakna -

Gorgol - Paliba Pond. 

Ajar and
ponds of Kaigossa, Toya, Tanaha,

Assaba - The 

Lebkheir.
 

of the 
Hodh Gharbi - Oued Tamchakett, to mention only some 

o-ws, the others having been 	 filled 
most important 
witl sand. 

850 km. of river and 3,000
This represents approximately 

plain (Lake RKiz being temporarily closed 
square kilometers of flood 

to fishing).,
 

of Demand (uman Factor Problems)
5. Analysis 

Demand is entirely dependent 	 on population factors: food 

income, etc.)
habits and living conditions 	 (housing, 

the Mauritanian portion of 
The total population living in 

1981).
the river Valley is estimated to be 136,000 (RAMS, 
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Schematic Diagram of-Seine Fishing
 

Months,- i4*I .,No. of 

1 O .I 1 	 1 Month41 8 9 

Lower Delta
 

IUpper 	Delta ' I 1,t:i I 
. t 	

) '
*. i"' I Ii 

[Lake Guiers 	 ' t i 
, I ,l ' I i/.,, I 

• YI 	 ' I ,. ,, ,~

Taway 	 .I 	 i I 
Valley 	mean water ,- ---bed "---- i,I I '1 I I 	 -I r 1-•I 

* ,/ I i I I ;, I 
Perm. indep. pond -- , 	 ­

1 I -j - - "I 

egend: 	The thickness of the lines indicates the intensity of effort:
 
required in particular fishing seasons.
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Fish plays a central role in the local diet: it is normally
 
eaten 6 days a week. Food habits are determined by the following
 
parameters:
 

- ethnic-cultural preferences. Moors eat almost no fish
 
at all.
 

- socio-professional categories:
 

.	 the fishermen eat the most fish
 

.	 the Peulh herders eat little fish
 

- potential production given the time and space factors. 

" 	minimum consumption is 120 gr. per capita daily in
 
Guid imaka
 

" 	Poulars consume 150 gr. per capita daily and Wolofs
 
consume 200 gr. per capita daily; these figures were
 
established by the MISOES study of 1958-59. 

- minimum consumption corresponds, of course, with periods
 
of unfavorable ecological conditions.
 

As a result of all of these factors, demand on the Mauritanian
 
bank was as follows in 1980:
 

- more or less 6,800 tons, if geo-cultural distortions
 
are taken into account;
 

- more or less 9,000 tons if the Wolof level of consumption
 
is used to calculate demand (which appears to be what
 
people would like to consume).
 

Demand is distributed in linear fashion along the river and
 
'n "lateral proximity", corresponding to the distance which fish
 
':an be transported for marketing, Fish is 'easily obtainable in this
 
area. Furthermore, the para-urban population is spread out fairly
 
evenly, allowing the seine fishermen to market their catches continuously,
 
The main centers of high monetary income are located approximately every
 
100 km: Saint-Louis, Rosso-Richard-Toll-Dagana, Podor, Boghe, Kaedi,
 
Matam, Bakel-Gouraye, to mention only the most important places.
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As a result:
 

fish is a commodity with economic elasticity: its price varies 
fordirectly with the distortion of supply arid demand; 

example:
 

Favorable ecological conditions 1966-68 :25/5(0 Fr CFA/kg (3/6 tMI)
 

ecological conditions 1970-72 : 50/100 Fr CFA/kg (6/13 UM)
Unfavorable 


Very poor ecological conditions 1980 : 400 Fr CFA/kg (80 UM)
 

The overall monetary value, including the f~shermen's own
 

about 200 x 10 UM/year or I x
 coysumption is relatively unchanging : 
remains steady, allowing them to 

10 Fr CFA. Thie fishermen's income 
in of unfavor.ble 

renew their equipment annually, except periods very 

their consumption is nearly equal to"
ecological conditions when own 

catch sizes.
 

The fact that producers 	 and counsumers live close" to one 

be consumed within a half day of 
another means that fresh fish can 

a form of dried or fermented and dried fishhas
being caught. Guedj, 

at all in years of bad
become rare in recent years and is not made 

ecological conditions. 

6. Policy Guidelines for the Future 

leads to the
A comparison of Potential/Production/Demnand 

following conclusion : 

There is a tendency to over-fish which reduces the stock of
 

fish in the river and le ids to an under-su y of fish 6n the martet;
 
these Years of unfavor­

tis situation .i-s71 Te-morte sri'ous -during 

7blehyd7Tlc ditiUns. 

Given these conditions, it is not reasonable to propose 

policy guidelines whose 	goal. it would be to satisfy 
demand by increasing
 
without consideringin a controlled environment, evenfishing potential 


the impact of planned development projects in the river basin. The 
that they would be able 

fishermen's level of technical ability is such 

to switch to a different mode of production, provided that the inno­

adapted to present social conditions. An
 
vitions in production were 

form of reduced recurring socio-economic extra advantage in the 

costs i.s also possible.
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This policy is as folloWs: 

of the fishermen and of consumersprotecting the int.erest 
in the region while ensuring full employment and a decent 

income to the fishermen and a desirable product at a 

reasonable price to the consumers; 

- eliminating regional disparitics in production, 

income and employment; 

protecting the ecosystem against the danger of over-fishing
-

by:
 

" taking general mensures to protect natural stocks of 

wild fish; 

devising techniques of intensifying potential and
" 

production in the over-fished areas; such techniques
 

should be adapted to the socio-economic context.
 

Recommendations-Guidelines for Improvements 

As just mentioned, two types of measures must be taken:
 

and
 - steps to protect the natural stock of wild fish, 

steps to intensify artificial production.
-


But before considering the details of this problem, it is
 

the eventual effects on the fish enrironment resulting
worth studying 
from the improvements that are projected or partial;y implemented
 

in the basin of the Senegal River. 

It must be remembered that at the present time the Mauritanian
 

Senegal River fisheries are over-fished and that it is justified
 

here and now from an ecological, economic and social point 
of view
 

to go ahead with plans to intensify artificial fish production.
 

It must also be remembered that in this case, controlling
 

the environment means creating ponds that can be filled and emptied,
 

which is at least the usual practice. It cannot be forgotten 
that
 

there are several envirormental factors that will work against such
 

the topography in particular, the availability of water and
ponds: 

procedure in fish ponds is therefore inadequate
evaporation. The usual 


a priori.
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Special Note - - Use of 	 the Flood in 

Iefore going on to study the foreseeable impact of developing 

river fisheries in Mauritania, the problem rest be situated in the over­

all context of current conditions of time and space in the high water 

bed before consequences can be ideitified. 

(especiallyIn its overall context, rvral. life in the Valley 

the Middle Valley) is based on three types of economic activities: 
forestry, to a lesseragriculture, fishing, livestock raisingand 

degree.
 

The floodplain area is successively occupied during an annual 

cycle by three socio-professional groups: 

- during the flood July-December : 	 fishing Specialized Poulars 

- period of receding Dec.-April : 	 reces- Poulars, Haratins, 
Sional, sedentary Peulhswaters 
agri­
culture 

- at low water April-July : herding Peulhs, Poulars, 
(trans- Iaratins 
himunt 

and seden­
tary) 

These three activities are practiced by three specialized 

and culturally different ethnic groups. 

system is evidence of a remarkable level of organizationThis 
and shows that the basic concern of these men was to integrate them­

reminiscent of a kind of environmentalselves with their milieu. This is 

climax. (Voluntary social regulations used to regulate the Populati-n 

ring to tHie potential offered by the environment.) However, this acc 

dynamic is not a perfect one, to be sure,
 

The entire behavior of the 	inhabitants of the Valley 
the river the climate, It istherefore depends upon the 	rhythm of and 

one harvest a year and productiontrue that at present there is only 
less able to meet needs with each passing year. This situationis lcss and 

25 to 30 years:is due to a climatic cycle 	 that affects West Africa every 
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Schematic Presentation showing use of the Floodplain
 

(expressed in French terms)
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flooding is inadequate, most of
the 	monsoon fails to reach the basin, 

the high water bed remains exposed, the fish do not spawn, recessional 
at the end

agriculture is not possible and there is no pasture land 

of the dry season. 

Tie re onal diet is balanccd and well-sutpj)lied with 	animal 
duringof serTous deicdti l gratns each yearaprotein but wlth ris 

iore 	wid ly spaced periods.the 	dry season and at other 

As a result of this analysis it is possible to speak of 

both an ecological and a human "environemntl clinmx". The overall 

dynamic mechanism of the floodplain of the Senegal indicates a certain 

In fact, the Valley inhabitant uses
harmony between man and nature. 

Instead of
his 	natural environment without modifying it very much. 

and 	herding are based 
dominating it, he adts himself to it : fishing 

been modified while agriculture is 
on a natural system whch has never 

to replacing certain associated natural
limited to clearing land and 
uses with single .ourpose cultivated species.

species oftvarious 

The three dominant economic activities of the primary 

sector are mutually enriching. 

- Fishing, which is inseparably linked to the system 

of hydric phases, brings sediment and dissolves and
 
is providedactivates ul.tra-dry animal manure, which 

through natural grazing associations.
 

agri­
- Agriculture supports herding and fishing through 

fodder material which iscultural residues, including 
the 	hydric system or consumedeither re-integrated into 

by grazing animals.
 

- Herding enriches agriculture and fishing by adding large 

quantities of manure to the hydrosystem. 

to are courseThe 	elements of greatest interest fishing of 

and, to a certain extent, agricultural residues that
animal manure 
have not been consumed by animals.
 

parameters:Fish production is regulated by these three basic 

though its water is chemically poor, the flood covers
inundation, even 
a high water bed 6f 600,000 ha. fertilized by 350 kg 	of animal manure 

per 	hectare, under conditions of high temperature.
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As mentioned earlier, three weeks of submission are essentially
 

to the survival of fry as well as for better crops. The basic reason
 

is the minimum time required to properlycould be 	that three weeks 
the animal manure left behind by the regional herd, on whichdissolve 


the enrichment of the soil and the water depend.
 

Recessiomnl agriculture has. a slight tende.'cy to upset the 
the flood
natural environmental balance; under natural condition,, 


(except areas oi over-grazed
waters inundate vegetation-covered soil 

effect of strippil % aayechinochloaie), but agriculture has the 

the time 	 the flood comes, the soil is vii tually bare.vegetation and by 
and aThere is therefore nothing to hold back the flow of the waff .r 

reduction of direct vegetal food resources, of periphyton and of re­

production biotopes and shelter for fry results.
 

Herding and agriculture have led to the disappearance of
 

wild animals, including the hippopotamus. It is true that even the 

best domestic animals produing large quantities of feces do not equal 

the hippopotamus as a means of transforming terrestrial material and 

adding it to the hydric system. 

In closing, the system seems nearly ideal for the fishermen,
 

given the ecological circumstances.
 

6.2 Projections to the Year 2000 

Philosophical Basis
 

At the risks or over-simplifying, it is possible to define 

2 types of "cultural" reactions of man to his environemnt (to the 

promptings of his milieu). 

- Either he desires to integrate with a minimum of change, 
which implies a major corollary: 

since the resources of the natural milieu are limited, 

the number of persons who can live off them is limited. 

There must therefore be drasti-. deamographic control. 

- Or he 	seeks to change his milieu, which implies modifying 

it to suit human purposes. The number of people who can 
be supported by the environment is thereby increased and 

the need for demographic control is postponed. 
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for whateverfirst solution is difficult to applyThe 
resources fluctuate;the milieu and its availabler ason because 

have to be kept at a minimum and 
p :rmanent human population would 

seasonal 
e ctra population would be allowable only during periods of 

the Peulh follows such 
o ter-production. The transhumiant lifestyle of 

in that they use surplus (hut temporary) resources available 
a pattern 

the Ferlo (Senegal).
d iring rainy season in the Sahel or in 

long adopted the option
The people oF the Valley have since 

to survive given the 
cE modifying their milieu, which is the only way 

water thirty years.cjclical deficits or every 

is modern response to 
The development of the river basin a 

the deficits of the regional hydric ecology. 

Outline of the Development Projects 

The overall plan of improvements designed to 
control water
 

(ownstream is the following: 

tributaries: -- Retention dams on each of the three basic 

the Bafing" Manantali on 

on the Senegal-Bakoye" Galougo 


the Faleme
. Gourbassi'on 

dam in. the Delta 
-- Anti-salt water barrier 

-- Dam on the Gorgol 

of high water bed in the Valley and the 
-- Improvements the 

Delta.
 

a Dam on the Karakoropossibly 

Potential and ProductionirectsoImpact of these De 

to
 
a general rule, the creation of retention dams 

leads

As 


new lake
 
an increase in fish resources upstream in the 
-
as a resul t of the twin factor of 

" running water that becomes still 

" an increase of submerged land., 
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- a decrease of fish resources downstream as a result of 

the twin factors of 

an overall reduction of the flow of water which is di­

minished by the amount lost through evaportaion from the
 

lake behind the dam 

.	 a drop in the amount of matter in suspension, which is
 

an important factor in the life-cycle of fish.
 

This rule is applicable to the Senegal River.
 

-	 The upstream dams will lead to 

" an increase in production which will be of benefit 
to Mali (more or less 11,200 t) and Senegal (more or less
 

700 t)
 

" reduced production downstream to the detriment of Senegal
 

(more or less 1,400 t) and Mauritania (more or less
 
600 t). 

- The dam in the Delta will also lead to 

• an increase upstream, dependig upon: thearea flooded.
 

Several hypotheses are worth considering:
 

- an increase of 500 tons of fish in Mauritania (1,000 in 

Senegal) in the waters of the Senegal River itself 

- flooding of the Aftout es Sahel, 4,250 tons in 

Mauritania 

-	 restoration of RKiz as a lake, increase of 850 tons. 

A 	further comment must be made about Lake RKiz. It is
 

used in a radically different way from Lake Guiers, its companion lake 

on the left bank: whereas Lake Guiers is used as. a fresh water reservoir 

to allow irrigated agriculture (at Richard-Toll), recessional crops, 

livestock herding and fishing, RKiz is used only for agriculture and 
it is a meager form of recessional farming at that. This is certainly 
an error .) 

. a decrease downstream, entirely to the detriment of 
Senegal.
 

The dam at Foum Gleita, on the Gorgol, will inundate to
 

16,000 ha upstream form the gorge of the Oua-Oua mountains.
 
-

This area - - which is entirely useful given the ecological 
conditions - - could produce 16,000 ha x 50 to 60 kg/ha 
= 	800 to 960 tons/year. 
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Improvements in the high water bed of the river consists of
 
dividing it up into "pseudo-polders" of Natural Development Units
 
which would be used for irrigated crops. Water would not be brought
 
in unless it were needed by the plants. Natural flooding of oualo lands
 
would then come to an end.
 

It has been already mentioned that the fishing potential
 
of the Valley and the Delta depends exclusively on the rype of inun­
dation of the floodplain. It *ias already been stated as well that the
 
floodplain is capable of producing 60 kg/ha fish/ha, when inundated.
 

As a result, for every hectare of high water bed that is
 
put above the 'reach of natural flooding, there is a-60 kg. loss of
 
fish to river fisheri'es as a whole. .
 

The projected development projeqts - - dams, high water
 
bed -.- will not be completed for several more decades.
 

The most realistic time-table that can be foreseen is
 
shown on the following page for the period of 1980 to 2000 (RAMS, 1981).
 

The figure used to express the impact of the Manantali
 
Dam was derived in the' following way:
 

The Manantali Dam is to back up the waters of the Bafing 

and therefore stop most of its useful floodwaters, which account for
 
5/9 of the flood of the Senegal at Bakel. Its influence on the down­
stream fisheries is thus estimated to be 5/9 of the 600 tons, or about
 
350 tons.
 

The figures bel6w show that the:potential/production ratio
 
will vary depending upon the hypotheses used, particularly for the
 
Aftout es Sahel and RKiz. (It is worth repeating that the high technical
 
,!umpetence of the river fishermen enables production to keep up
 
with potential)
 

4 

- 1980 : 6,740 tons
 

- 1990 : 6 570 to 11,670 tons 

- 2000 : 4,4604o 9,560 tons 
A 

The drop in tonnage is of codrse due to the progression
 
of irrigated agricultural development projects in the high water bed.
 

There is a certain geographic distortion of potential and
 
production that does not appear in the figures; that is, 
there are 2
 
areas that appear to be in an advantageous position: the Upper Delta
 
on one hand and Kaedi on the other, because of the lakes to be created 
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that will be in an increasingly disadvantageous
there. The areas 

which are between

position are Leqoeiba (Podor), Boghe, M'Bagne the 

the Gorgot, and Sive (!iatan) , aghaina , and Gouraye, which
Delta and 
ire upstream rrom the .on[luence of -hc Gorgol. 

6.3 Policy Guidelines 

of data relative to potential-productionThe combination 

and demand leads to different conclusions under 
the 8 scenarios envisioned; 

see table below. 

Of particular importance is the flooding of the Aftout
 

of RKiz as a lake. In 1990, results -were 
es Sahel and the restitution 

positive in only 2 out of 8 scenarios. In 
the year 2000, however, all
 

scenarios are negative.
 

a result, unless there is an adequate policy for
! As 

not been the case, as- will be

assisting river fisheries ('which has 

seen later in describing the NDU's), production, employment and income 
all the worsegradually decline. It isderived from this sector will 

that this is an insidious process.
 

that will create a structure
one 


which will coordinate potential and production to 
meet demand.
 

Vie best policy to apply is 


Note on the Future Use of the Floodplain
 

The overall development of the Senegal River basin will
 

bring about a profound change in the spatial use of the floodplain :
 

a permanent specialized use (agriculture) in
 it will be given over to 


the place of a cyclical use (under natural conditions) 
combining agri­

culture, herding and fishing.
 

This .is likely to lead to a paradox. 

- At present the regional population's 	nutritional 

intake
 

* is characterized by a temporary annual deficit in
 

volume during the agricultural interseason, which
 

may be prolonged during the dry years which come 

every 25 to 30 years, 

* but the local diet is nevertheless rich in animal
 

proteins 	which are essentially supplied by'fish, 
the river, butparticularly amoing people living along 

supplemented by off-Lake from tie regional herds 

( especially milk). 
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- The projects to develop irrigated agriculture will then 

" regularize production and provide the means to gradually 
raise it; 

" however, there will be a corresponding drop in the 

production oF fish and animals, which means that 
the local diet will have sufficient cereals intake 

but a lack of protein. 

- aproblem ofThe development projects will ia oefcot replace 
temporary under-nouris--ent with a -problem of rmanent 

mialnutri tion, 

7. Recommendations 

General Conclusions 

By bringing together data relating to the three elements 

of the parameters that condition fishing this basic problem is solved 

in the following way: 

- Under natural conditions, that is, before the completion 

of tHie planned development projects in the river basin, 
there is a tendenc to over-fish and deplete the'stocks 

o--fish in the river, leading to an under-SupplY Of fish 

on tMe narke t. 

This situation is particularly serious in years 

of significant hydc'ic deficits given a constant if not 

growing demand and a level of production, which, un­

hampered by incompetence or inadeqvate equipment, far 

over-reaches the potential. 

:-reas wi.th the- Potential will decline in certain 
completion of the variou,; dnvelopmeiit projects but will 

grow in other areas, which will upset thc former geograph­

ically balanced distribution mechanism. In adidition, 
demand will continue to grow with the increase in popula­

tion. There will then be a growin-g gap between limited 

and constant potential and production and rising demand. 

Another aspect of the problem, first treated in 

the two conditions under "current situation in 1980" and 
"projections to the year 2000", is the question of 

using the floodplain. 
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-Under "traditional" conditions, .e environmental 
functioning of the floodplain system of the Senegal 
River integrates three important rural activities :
 

agriculture, herding (and forestry, to a degree) by
 

means of specialized social groups. The high water bed
 

is thus successively given over to these three activi­
ties, resulting in a balanced nutritional intake for the
 

people along the river, although lacking in cereals
 

during the agricultural inter-season or periodic
 
droughts in the Sahelian weather cycle. There is therefore
 

.a problem of general periodic L..der-nutrition.
 

Policies
 

Whether it be in the area of inland fisheries or in any 
other kind of production, the basic concern of the policy-makers bears
 

on three factors, which can be sunmnarized as follows: on the one hand,
 
to assure the producers (fishermen) a satisfactory standard of living,
 
full employment, and' in doing so, offset migratory tnrdencies( in Foular
 

and Soninke areas these tendencies are very strong); on the other hand,
 

to protect the interest of consumers by providing a desired level of 
protein intake at a reasonable price while taking into account population
 

growth; finally, the policy-makers must be concerned about not over-.
 
exploiting the ecosystem.
 

Before going on, it must be mentioned that because fish 
is a staple in the daily diet and is eaten fresh, it will be recessary
 

to respect the need for a daily supply. This will have to be done
 
given (and even in spite of) the characteristics of the ecosystem.
 

By followi-ag this rule, it --ill be possible to avoid 
upsetting the food habits of the people living in the Middle and 
Lower Valley.
 

There are three critical factors in protecting the
 

interests of the fishermen: 

- to ensure full employment as professionals, especially
 
by eliminating seasonal unemployment and disguised under­
employment;
 

- to assure them of a decent income : as seen earlier,
 
40,000 UM/year in 1980 prices is an acceptable average.
 

- to offset the regional disparities in this income.
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Protecting consumer interests requires that
 

- desired daily intake of fish protein be available; it
 
is in the order of 200 gr/day per capita, or 72 kg/year
 
per capita;
 

- this intake be affordable : 20 UM/kg at 1980 prices 
seems to be an adequate selling price; 

- the rise in demand resulting from population growth

be taken into account (1% a year in current socio­
economic conditions, including a 2.7% annual emigration
 
rate, which may change in the coming decade, especially

after the irrigated agricultural projects get under way, 
transforming the Valley); 

- regional disparities be eliminated (ie. the Upper versus
 
the Lower Valley), at least in normal years. 

* The need to harmonize both producers' and consumers'
 
interest in a highly perishable good that must be consumed fresh
 
requires that production must take pldce in areas immediately adjacent
 
to areas of consumption. Expensive transportation systems are therefore 
useless.
 

If the principle of a constant daily supply is accepted,

the ecosystem must be able to sustain a steady volume of fishing, However,
 
no matter what is done, the Senegal remains a typical Sahelian river
 
in its middle and lower reaches and its flow and fishing potential are
 
subject to wide fluctuations from one year to another. This fact is
 
a menace to any effort to maintain a constant level of production in
 
fishing. 
 In addition, even in years of favorable hydraulic conditions, 
production tends to outstrip potential. It must therefore be accepted 
a priori that the ecosystem can not beconle significantly more productive
vithout major intervention. Indeed, precautions are necessary to preventover-fishing under natural conditions.
 

Given these conditions, two types of measures must be
 
taken to improve the situation and to re-establish an equilibrium

between production and demand without risking an ecological disaster
 
in the short or medium terms:
 

- protection of the natural stock of fish in order 
to overcome risks of disequilibrium in the ecosystem;
 



- intensification of artificial production: this is 
both 3n immediate commrcial necessity as well as 
an economic JustiVication of Kici.,it:i.es to be 

created in order to make up for at lest periodic deficits 
il fiSii.Ig potential. 

The need to overcome regional disparities requires inten­
sifying production at certain locations before others (Middle and Upper 
Valley). The problem of protecting the stock of fish is, on the other 
hand, a regional problem affecting the Valley as a whole. 

In coir.i u.p;ion, a nolicy to iprove river fisheries 

should be as follows:
 

protecting the interests of both fishermen and consumers 
in the region by assuring fill employment and a der-ept 
income to the former and an adequate supply of fish at 
reasonable prices to the 'atter. 

- elimination of regional disparities in 
production, income and employment. 

At the same time the ecosystem must be protected from 
the danger of over-exploitation by: 

- taking general. measures to conserve the natural fish 
population; 

-conceptualizing techniques specially designed to increase 
supply in over-fishe-d areas; 

-valorizing exportable tonnage from under-exploited areas. 

7.1 Guidelines 

Principles 

Faced with such a complex situation, the environmentalist 
in charge of improving the milieu must logically enumerate the cons­
traints limiting the rational, development of the milieu and establish 
priorities to overcome thorm. 

http:fiSii.Ig
http:Kici.,it:i.es
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As seen in the preceding chapter, there are two types of 
they are economicallymeasures to be taken to reach the desired goals anid 


justified. lhese measures are: 

- licies to protect the natural, supply of fish; 

- policies to intensif_ artificial production; 

These policies must be applicable, which means that they 

should be:
 

- sidle and comprehensive by the fishermen and by supervisory 

persopnel on all levels; 

they must be consonant- psychologicalacceptable: that is, 
wi-th the trends o socilM--evolvtion; if not, they must 

produce the Least amount of friction possible in the minds 

of the local people and with their habits. Whatever the 

case may be, no policy of limiting or banning should be 

the awareness and preferably theestablished without 
participation of the fishermen or at least a large tajority 

of them. 

There are two types of rules or policies, according to the
 

areas to which they apply:
 

general ones, which concern all of the fishermen;
-


- particular ones, which are of concern only to certain
 

groups of fishermen in different areas. This implies a
 

need for an "environmental. subdivision plan" similar
 

to one used in forest management. The environmental sub­

divisions for fisheries must have abiotic, biotic and
 

anthropic homogeneity,
 

Management Subdivisions
 

Each "subdivision" must be.based on an environmental division
 

of the river while at the same time being connected with the administrative
 

division of the region. This could be the following:
 

- Delta : the area are below Leqceiba 	 centered around 
Rosso (Trarza) 

- Lower Valley : Leqceiba to M'Bagne 	 centered around Boghe
 
(Brakna)
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- Middle Valley : M'Bagne to Wompou Centered around Kaedi 
(Gorgol) 

- Upper Valley : above Wompou centered Gouraye 
(Guidimaka)
 

Therefore, even after development, the zones thus defined 
will remain sufficiently homogenous, with Rosso being in charge of the 
water held back by the Mako-Diama dam and Kaedi being in charge of 
the lake to be created at Foum Gleita. 

General Guidelines
 

The broad analytical perspective of this study shows that 
general policies should focus on:
 

- supervision, in the widest sense; 

- rationalization of fishing as an economic activity. 

Supevvis ion
 

No matter what proposals may be presented by an environ­
mentalist following a study of the natural milieu, it is indispen­
sible to be able to count on the availability of competent and
 
effective supervisory personnel.
 

If fishing is under-developed, the civil servants in charge 
of supervising fisheries must act as catalysts, suggesting new methcds 
and encouraging people co enter fishing in order to bring production 
up to a level that is compatible with the ecosystem. 

If there is a problem of over-fishing, the civil servants 
in charge of fisheries must see that the rules limiting or banning
 
fishing are obeyed. 

In the case of the Middle and the Lower Senegal, which are 
.over-fished, there is an urgent need for a specialized administration 
exclusively concerned with fisheries. Because of the planned irrigate 
agricultural development, and the fragility of the ecosystem, new 
techniques of intensifying production must be applied. Because of thesr
 
complex factors, the supervisory personnel must be as well-trained as
 
possible, in order to give priority to imaginate leadership.
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It is logical that these civil servants should be posted 
:in well-defined locations in order to reinforce the concept of 
environmental subdivisions. 

Finally, since fishing in the Senegal River is in effect 
an international affair, some kind of consulting body to take charge 
of harmonizing the laws on both bankr of the river concerning fishing and 

to favor contacts between representatives of Mauritania and Senegal. 

This chapter is therefore divided into the following sections:
 

- administration, strictly speaking,
 

- consulting body for inland fisheries in the Senegal River
 
basin,
 

, research,
 

- professional training.
 

Administration
 

The study of the existing administrative body responsible for
 
inland fisheries has already pointed out a certain number of problems.
 
These must not be forgotten because they are barriers to effective
 
supervision.
 

- There is absolutely no supervision or support for river 

fishing in Mauritania; 

- Supervision and support are ineffective in Senegal. 

Given such unfavorable factors, it appears that the first 
measures to be taken are to: 

- create a true service, exclusively specialized 
in and devoted to the rational development of inland 
fisheries both in Mauritania and in Senegal; 

- structure the 2 services in :order to make the adminis­
trative boundaries match the boundaries of the envi­
ronmental subdivisions as much as possible;
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- give particular attention to the languages spoken by 
the civil servants posted in the fisheries service in
 

Mauritania and Senegal;
 

- create a coordinating body to link the two services.
 

In applying these principles to Mauritania, the fisheries
 

service to be created should be structured as follows:
 

- an inter-regional Division of Inland Fisheries, based 
in Kaedi and responsible for overseeing all inland waters 

in Mauritania; 

- four regional Inland Fisheries Sectors, preferably 
based in the regional capitals when they are on the 

banks of the Senegal River or in other large towns in 
cases in which the regional capitals are not on the 
river;
 

- since the Lower Delta is of marginal interest to Mauri­

tania, there is no reason not to include to two deltp 
zones in the same management subdivision. 

The organizational chart of the management subdivisioons
 
in Mauritania i as follows:
 

The Organization of the Fisheries Sectors:in Mauritania
 

Inland Fisheries Location of Sector Region & Predominant 
Sectors Administrative Capital Local 

. ..Centers . Language 

Upper and Lower Delta Rosso Trarza Woi f 

Lower Valley Boghe Brakna Poular 
(Aleg) 

Middle Valley Kaedi Gorgol Poular 

Upper Valley Gouraye Guidimaka Soninke 
•(Selibaby).
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In order to improve its effectivenss, the Inland Fisheries
 
.Service of Mauritania should, in addition:
 

- separate itself from the present administrative 
aparatus of Marine Fisheries. In a country like 
Mauritania where marine fisheries are essential and 
constitute a major economic activity, inland fisheries 
are by all evidence neglected: their 7,000 tons a year 
are far outweighed by the 1,200,000 tons brought in to 
the Mauritanian coast. The Inland Fisheries Service would 
do well to collaborate closely with the Agricultural 
Extension Service and the Environmental Protection 
Service;
 

- Because the Senegal River is in fact an international
 
boundary, the Mauritanian Inland Fisheries Service
 
should cultivate close and.continuous relations with
 
its Senegalese counterpart;
 

- The Service's agents will be placed in the major towns
 
along the river:
 

- Kaedi coqld be the headqarters of th. Service;
 

- Rosso (Upper elta), Boghe (Lower Valley), Middle
 
Valley) and Gouraye (Upper Valley) would be the
 
headquarters of 4 environmentally homogenous fisheries
 
oectors.
 

The equipment of these two hierarchical levels would be
 
as indicated below:
 

- Inter-Regional Division: - I heavy all-terrain car,
 

station wagon body,
 

- I inhabitable launch (Arcachon type) 
stationed in Boghe or Bababe. 

- Sector headquarters - 1 light all-terrain car, 

- I fast launch that draws little 
water (type TPEI-AN2, improved
 
model if a synthetic hulled
 
motorized canoe is unavailable).
 



- 71 -

BasinConsultingCo mittee for Inland Fisheries in the Senegal 

One of the most urgent measures to take after organizing 
a

the two national inland fisheries 	services is to concieve of supra­

which needed overcome the
national administrative structure is to 

from international nature of the inlanddifficulties stenming the 

fisheries on the Senegal River. 

Borrowing from similar experiences elsewhere, it seems 

of creating an International. Consulting
that the best solution consists 

the River.Committee 	for Inland Fisheries in Senegal Basin. 

The role of this committee would. be: 

- to first proceed with harmonizing the laws of both 

countries concerning inland f-sheries; 

- to then 	encourage meetings among the admiiristrators of 

the services concerned in order to facilitate theeach of 

enforcement of the laws;
 

serve as permanent intermediary between the regional 

research and administrative services; 
to 

- and promote policy of extension and diffusion of 

methods and techniques recommended by the Research Service. 
to 	 a 

could be made up as follows:This comintte 

- Permanent Secretary;
 

Core Committee, to meet once a month successively in -

its members (no distinctioneach of the Sector Ileadquaters; 


of nationality) would be:
 

* the Permanent Secreatry
 

I* the Inter-Regional Division [lead : Senegal 


1Mauritania 

o all of the Sector Heads in both countries 10 

Total 13 members
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General Committee, to meet at least oiue a year, made up of:
 

. the Core Committee 
 13
 

* the parent ministries of the Inland
 
Fisheries Service of Senegal and
 

2
Mauritania 


* The General-Director of Hydraulics,
 
Forestry and Hunting (Senegal) 1
 

* 	the General-Director in charge of 
Inland Fisheries in Mauritania I 

, Directors of Fisheries (Senegal and
 
2Mauritania) 


1* 	the Director of the Research Service 

* 	Assistant Director (s) of the Research 
1Service 


Minimum total _ 21 members 

The Research Service
 

For a time, 1966-1974, Senegal was able to benefit from
 
one at
having a truly specialized service. Mauritania has never had 


all.
 

Nevertheless, the sector is an important one, particularly
 

from the social point of view. Furthermore, if agreements in this
 

domain were made with Senegal, Mauritania could specialize its service 

in certain areas of research such as the integration of pisciculture 

in the Natural Development Units, the management of the resources of 

Lakes RKiz, from Gleita and the Aftouto 

Because of its central position in the Valley and its
 

"intellectual infrastructure", Kaedi appears to be the likeliest
 

site for establishing the Research Service.
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As far as the personnel go, the staff should include
 

- an expert (an expatriate at first, later to be replaced

by a Mauritanian);
 

- an associate expert; 

-
 2 technicians with specialized technical Baccalaureate
 
degrees;
 

- junior staff: 2 employees, 6 driver-workers, etc.
 

In order to insure that the experts improve their work, they
will remain in constant contact with he Trainiug project (see below).
 

Training
 

Given the already high level of technical competence of the
regional fishermen, the problems of training are essentially on the
level of the supervisory personnel; there is no need for vocational
 
training per se.
 

Ideally, the specialized civil servants from Mauritania
should be on the 
same level as their counterparts from Senegal; the
 necessary contacts between the two groups would thereby be improved.
That means that the technicians must have 'a certain level of higher
education (Baccalaureate plus 2 years).
 

However, in this domain, Mauritania is starting.from scratch.
 

There are two ways for the country to build up well­
performing cadre of specialists:
 

- To train each one for a specific position to be held for
his entire career; the only technical progress being a

result of experience; socio-professional promotion would
 
be almost nil;
 

- To allow individuals 
to go back to school after working

for a certain amount of time; this would allow the motivated
diploma-holders to attain a higher level of competence

which would give them access to the next higher job

category. The advantages of this "other" system are the
motivation of the workers in question and the possibility

of upward career mobility, enabling the workers to refine
and improve their experience especially once they become
 
aware of the limits of their knowledge. This system, however.,

would have to be reserved for a motivated elite.
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This principle should guide policy-making:
 

In a society which aspires to evolve - - and a society which 

seeks to develop itself is necessarily an evolving one, training ins­

titutions should be adapted to needs by allowing for permanent training 

mobility through increasedof individuals and their upward social 


technical ability. 

Furthermore, the training of technical agents must be provided
 

at the lowest possible cost, which means using existing infrastructure
 

pospible. It is thus proposed that the National Agricultural
as much as 

Kaedi be used as follows:

Training and Extension School (ENFVA) in 

- A dozen lower secondary diploma (BEPC) - holders, 

preferably from fishing backgrounds, should be recruited
 

and trained at this sc.ool; they should be able to
 

take courses in fishing and fish raising in inland waters
 

in the place of certain other technical courses that have
 

little to do with fishing.
 

- The students should be supervised by a qualified exper 

(doctoral level) with substantial experience who would be 

posted at the school for 'a'4-year period: 3 years of 

course work and one year of field work. 

At the end of this program, the graduates should be posted
-

as follows:
 

. 5 in the specialized fisheries administration (Rosso,
 

Boghe, Kaedi (2) and Gouraye;
 

. 1 in the field service (see below);
 

o 2 in the research service, 

Later on, after 3 or 4 years of practice, these technicians
-

would be sent in turn to a post-secondary technical school
 

where they could acquire an under-graduate-level training
 

that would allow them to perform more competently once new
 

needs emerge from the completion of the development projects
 

on the river.
 

Rationalization of Fisheries
 

There are two scenarios to be considered: first of all, the
 

present situation (before the development projects) and secondly,
 

the situation after the development projects are completed.
 

7.2 
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The Present Situation 

In general terms, in the Middle and Lower Valley, the situation
of fishing is such that it is not an absence of capital limiting

production. It is always possible for a fisherman, no matter how poor
he is, to find the 2,000 UM necessary to make a "diolinke" and to 
use
it as an initial investment, later allowing him to acquire more sophis­
ticated equipment.
 

The areas of interest in rationalizing fishing include
 

- the boats (for fishing and for supervision purposes); 

- equipment.(how they are used in time and space, plus
 
their physical dimensions).
 

It is true that theboats used by the fishermenof the'limiting factors are not onein this sub-sector in terms of production, butmore will be said on the subject further on. 

Senegal and Mauritania are losing their forest not only in
the region being studied bit in all areas.. Therefore, any policy thatallows the use of wooden boats, 
even if constructedas in Saint-Louis,
contributes to further deforestation; this applies to far-offCasamance, which has become the source of wood for fishing canoes since
the appropriated trees in the Senegal River Valley have long since
 
vanished.
 

Furthermore, wooden canoes cost more and more because the
appropriate trees for making them are becoming scarcer and scarcer and
farther and farther 
away from the areas where the canoes are used.
As a concrete example, a Casamance or a Saint-Louis-style canoe
cost 4,000 UM a meter (exterior measurements) in 1980. Therefore, a
6-meter canoe cost 24,000 UiM and a 10-meter canoe 40,000 UM.
 
The annual amortization costs are therefore increased,
 

reducing the fishermen's income.
 

In the area of boats, there are two main goals:
 

-
 to slow down the process of d~forestation of the Sudano-

Sahelian region; 

- to reduce the annual amortization costs therebyand raise-­
the fishermen's income. 
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The criteria applicable to the fishermen's canoes are val
 
:for the supervisor's boats as well, with the possible exception of
 
the Division head who may use a heavier type of boat. The Arcachon­
type of fishing smack would do very well. Because of navigability
problems elesewhere, the boat should be based in Boghe or, at the 
farthest, Bababe. 

The Sector Heads, on the other hand, require a medium­
weight boat with some kind of housing and storage space on board bu 
yet drawing little water in order to cross the underwater sills at 
low water.
 

As part Of the research service activities in Senegal, a
 
successful experimental boat was built at the Public Works Departme

Industrial Naval Yard in Saint-Louis.:The boat was based on the TPE
 
AN2 model.
 

Theboat proved to be ve ; satisfactory and it drew only
about 18 cii when loaded. It also had a cabin with a bunk. This boa 
could be further improved if it were made-of a lighter modern mater 
such as fiberglass. should have a out-orIt motor (either in-board 
of the Z-drive type). 

Coincidentally, the fisheries administration is not the 
only governmental body that will require water transportation. Ther 
is easily a need for 40 boats to be used by other services that nee 
to used the river at low water: the gendarmerie (rural police), th
 
health, customs, forestry and game services, etc. 

Both Mauritanian and Senegalese administrators would do
 
well to consider this issue and take actign without delay. 

Earlier, it was Ptated that spawning took place in August
the "tchiali" (channels) connecting the mean water bed and the floo 

It is in this season that the shore seine net, one of 
the most effective types of fishing equipment ever devised, is used
 
intensively.
 

It has been found that as a result of migrations (at firs 
iingitudinal, then lateral flowing ones) and the shallow sills, tha 
the largest concentration of adult specimens is to be found in the 
waters of the Podor area (Boghe, Cascas, Dioulde-Diabe), in the 
Balerou marshes. Studies have also shown that the replenishing of th.
 
regions dowstream (the Lower Valley, the Upper and Lower Delta, Lake 
Guiers and RKiz) potentially depends entirely or largely on the Pod, 
r:egion. 
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It has also been found that seine fishing in August is 
particularly intensep when hydrological conditions are particularly 
poor and ecological conditions are harmful for fishing potential.
 

- It is evident, therefore, that one of the first measures 

to be taken, given the need to protect the spawning grounds and 

the dangers of the over-fishing that is already taking place, is 

to ban the use of the seine net in these vital areas. In view of the 

need to be simple in formulating directives, it must be stipulated t 

use of the shore seine and all dragnets for individual
 

or group use is strictly forbidden outside of the mean 
water bed of the Senegal river and its main backwater, 
the Koundi. 

In order to reinforce the impact of this regulati 
a second ban must be applied because the seine is used 
at low water and fishermen may be allowed to extend
 
their fishing season for 15 days to one month in the
 

mean water bed.
 

- the use of the shore seine and all dragnets for indivic 
or group use is forbidden in all areas between the lot 
of August and the 31st of October each year. 

One can well imagine the need to weight the seine between 
the 15th of August and the 15th of October, which gives the 
fishermen plenty of time for any required repairs.
 

A further restrictive measure which usually has positive
 
results is to establish a minimum size of the mesh of sleeping,
 
floating, dragged and thrown nets.
 

In order to be effective, these regulations should derive
 
from pre-determined bio-technical bases. In theory, in a complex 
biocenology, it is possible to identify the basic principle that
 

determinewhether a.fish can be caught after having been able to
 
spawn. In other words, the mesh must be large enough to let go a 
maximum if not all immature specimens. In the Middle and Lower
 

Senegal, however, there is a variety of nearly 150 fresh and bracki
 
water species and a compromise is necessary to avoid releasing adul
 

specimens of the smaller species and catching immature specimens of
 
certain large species (especially Citharinus).The fishermen's
 
income must also be protected.
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Based on experimental fishing carried out between 1966 and
 
73 on the Senegalese bank, certain data were collected concerning
 
the minimum sizes corresponding to sexual maturity; it appears that
 
the minmum acceptable mesh size is 30 to 40 mm from knot to knot 
(French measurements).
 

Furthermore, between 1967 and 1972, the best catches in 

terms of weigth were brought in with mesh. of 

- 30 mm in the Upper Delta 

- 40 mm in the Lower Delta 

- 50 mm in Lake Guiers. 

Given these results, the recommended mesh sizes are 50 
mm in Lake Guiers, 40 mm in the Lower Delta and 30 mm in other areas. 

The Senegalese authorities have established 2 types of 
lower limits of mesh size: 30 mm on the river, 50 mm in Lake Guiers. 
Reducing the lower limit now authorized by law on Lake Guiers has 
more advantages than drawbacks. 

- this simplifies the rules;
 

- nets with mesh measuring 30 to 40 mm are the only ones 
capable of catching the small species which sometimes 
swarm in the lake: Gnathomenus, Brienomyrus, Alestes, 
Schilbe, Eutropius, Synodontis of various sorts; 

- it has been discovered that the lake fishermen adjust 
their mesh to catch the species they want, usually the 
larger ones, for economic reasons; 

- by harmonizing legislation, there is every possibility
 
for river fishermen to migrate to the shores of Lake
 
Guiers and in the future to RKiz and the Aftout without
 
having to modify their equipment0
 

Consequently, the following rule is reocmmended:
 

- the use of nets whose mesh ipeasures less than 30 mm 
from knot to knot is forbidden in all bodies of water
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of the Senegal River basin whether the nets be sleeping,

dragged, floating or thrown; the same applies to all
 
kinds of hoop nets and dams used to catch fish.
 

The psychological aspect of these bans and limitations
 
must not be overlooked. They have already been tested several tim s
by means of opinion surveys carried out among the fishermen. In mst
 
cases, the professional fishermen 
were in agreement with the bans
 
on condition that all fishermen obey them.
 

After the Completion of the Development Projects
 

The fishing potential of each of the four zones will ch.Lnge:
 

the Delta: potential will increase as a result of tho- water 
held back the the Maka dam; potential will 
diminish because of the NDU's. 

- Lower Valley potential catches will diminish becauve 
of the NDU'so 

Middle Valley : increase lecause of the new lake on ihe 
Gorgol, decrease because of the NDU's. 

- Upper Valley : little change., 

See particular policy recommendations regarding the sittations
 
described above.
 

Restriction and bans on certain types of equipment, places

and times will continue to be applied.
 

Increasing Fishing Potential 

One fundamental principle of development is to 
use appropriate
L,.chnologies for at least minimum effectiveness not only in dealing

with the environment but also dealing withhuman beings.
 

Two options are possible depending on whether the situation

is prior to or following the completion of the NDU's and other
 
development projects. 

Prior to Development: Development of fishing in Natural "beli".
 

In the first part of this report it was stated that the 
flood­plain of the Middle reach of the Senegal included about 600,000 ha,
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Although it is complex, the lateral profile of the valley
 
is essentially bounded by lapds permanently above the high water mark 
(dieri) followed by oualo land, the river bank proper and the mean
 
water bed.
 

There are two major types of catchment ponds lying in the
 
center of certain oualo lands : a) the "1vindou" and b) the "tiangol" 
types. 

The fish life.of these ponds was studied as part of UNDP pro­
ject SF/AFR-REG 61-11/Fl (AGL). Contained in the study is paragraph 
1 "La production piscicole dans les cuvettes de la Vallee", in volume 
II of the published results of the study (REIZER et al., 1972); the 
details of the findings can be found therein. 

One of the important conclusions of the study was that 
certain "beli" could be developed as fish-breeding ponds in order 
to intensif-yfish production, assuming that a minimum number of steps 
was taken to overcome certain limitations. 

It was discovered that in effect potential fish production'
 
in the ponds was, under normal conditions largely dependent on factors
 
other than the area under water and its intrinsic biogenic capacity. Th ;e
 
factors are the following:
 

- Water:ghortages at the end of the dy season7 


This could mean a complete drying up of the pond, 
especially if it is of the "vindou" type. The consequences 
are of course significant for U possibilities of pisci­
culture. First of all, fish cannot live there permanently. 
In addition, it has been discovered that the diminishing 
area under water as well as the increasing shallowness of 
the pond at a time when rising temperature bring on a new
 
growth cycle in other milieux prevents the fish remaining
 
in what is left of the pond from responding to the growth
 
stimulus of the hot season.
 

It has been noticed as well that the most productive 
areas are the ones that are the first to be exposed by 
receding water: shallow areas where there is always adequat
 
vegetation, especially the gonakaie, which produces a 
significant biomass of exogenous food.
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Thus the perennial nature of the ponds is a key
 
factor in their potential usefulness to fish breeding.
 
Whether or not they are perennial depends on their depth
 
at. the time the pond becomes hydrically independent with
 
the high water bed.
 

Because of climatic conditions in the Sahel,
 
evaporation is rapid a:.d in order to be permanent, once
 
the hill of its "tiangol"(channel) connecting it with
 
the river emerges-and cuts of the flow of water into the
 
pond, the pond must be at least 3 meters deep. 2 of thes
 
meters will eventually evaporate, leaving one meter of
 
water behind, which is enough for the residual fish
 
population to live in perfect health.
 

-Date of Floodin
 

The date wheniflooding occurs has two kinds of 
influence: first of all an early flood could retard 
tle effects of evaporation in the residual pond left by 
the flood of the previqus year; finally, and most' import 
it has been found that!the fish tend to enter the "tchia 
(feeder channels) as soon 4s possible. The biomass of 
fish in a pond is thus determined by this factor. 

Reproduction takes place in August. If spawning-ag 
fish are to be put into the pond before the spawning per 
the pond must absolutely be flooded as soon as possible. 
The reduced biomass of Vindou Edi is due to the fact 
when the flood reached the pond (second week of August, 
1971), the spawning-age fish had mostly left the mean
 
water bed. Furthermore, at the time of the disastrously
 
low flood of 1972, the few fish that made their way into
 

oti"an~ol thethe Dialol " which:feeds Vindou Edi had 
empty gonads.
 

- Date of hydric independence 

Ponds become independent once the sills of their
 
feeder "tian ols" emerge. If this happens at a late date
 
the evaporation effect of the dry season is retarded;
 
if it happens early, it reduces the fishes' chances of
 
returning to the mean water bed because it appears that
 
feeling the inversion of the flood is what determines
 
the return migration. 
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" Geographical Location
 

the migration phenomena toBecause of linked the
 

sills, the ponds that are closest to the area downstream
 

from Bababe (Dioulde-Diabe) are better stocked with 

adult fish. Those which are very far downstream, such 

as Vindou Gani, opposite Gae, tend to be stocked'more
 

by the sweep of the flood, bringing in fry from upstream, 

Water*Temperature
 

The temperature is too low for 3 months to allow
 

for continuous growth.
 

-Concentrarion of dissolved matter 

The water in the ponds is the same as that in tne
 

river: it is low in minerals and lacks sulfates and is
 

just as oligotropic.
 

- Improper fishing practices 

As mentioned earlier, the intensity of fishing in
 

the "tchilal" is such that in some instances the fish 

are unable to reach the ponds, particularly adult specimens. 

(Vindou Edi, 1972). 

Not: only that, but pond fishing is practiced until
 

there are few if any fish left. The residual biomass at
 

low water even in permanent bodies of water is very sparse.
 

Certain ones of these limiting factors can be 

overcome, as shown by Lhe in-depth study of Vindod Edi: 
water shortage, date of flooding, date of hydric independence,
 

residual biomass, oligotropic qualities of the water,
 

improper fishing practices.
 

On the other hand, nothing can be done about the
 

location of the pond or about the temperrcure.
 

These are the basic steps in developing the ponds: 

a) to ass.ure the permanence of the pond by 

-building a dam at the confluence of the tiangol channel
 

and the river, 

- eventually rectifying the feeder canal.
 



VINDOU EDI - Changes in Flooding over Tire
 

Aft. impovement
Under Natural Conditions 


mHIf.L 0(without a damn) (with 3 damn) 

Water level . Water level. 

, N Average te / 61, ION Avezage 

S.. ,~ .0.o,.oAugust Ii' OIAMEL c..... 0I..August I OIAI.EL 

Dais11,.- avc===== = 0....:.h. 

7.7 
.5-,. 

......... .... .. .......................... . ..... . ... 5.¢. -..-..-,:'-.-.... t.. ':. -..... 

avrga ILapnpgn 

4ater level -W Wter levelp~-'-­
verage date Sp 15average rda ep 1 

I Sf tI 0 . , ...... ; . . . . . . . . .... .. . . .q 0. ~ 

Water leveN11 . Water leve -c 

e a
 

Wate levl.-­
avere date * / 



- 85 ­

b) to increase the biogenic value of the water by 

- building a dam to retard the retreat of the water, 

- adding food and mineral fertilizers to the water, 

- raising ducks (to provide organic fertilizer), 

c) to favor the existence of a large fish biomass by 

- creating a dam (to be closed when the water reaches 
its -highest level) 

- placing barriers in the channel to prevent the fish 

from leaving during the ebb of the flood 

- banning fishing in the tiangol 

d) to assure sustained daily production through a general 
organization of the fishery.
 

It must be noted that this kind of improvement cannot 
be applied a priori to any pond. The large backwaters, such as Guissel, 
Hallo or Baol will always be difficult to improve and efforts to develop 
them may not always pay off: 

- because natural production in them is hig'; 

- because a large portion of the fertilizer added to them 
would be lost during the flood mainly because of the 
usual inversion of the current (on the other hand, all 
of the fertilizer remains in the "beli" because it will 
never be emptied after being improve); 

- because maintaining a body of water at the level of 
the highest floods would at most double the maximum
 
surface, whereas damming the beli could, on the average 
quadruple the surface.
 

"The Vindou" type of pond seems to be ideal for the kind 
of development being proposed (CoREIZER et al, 1972). 

In order to analyze the impact of such localized improve­
ments on the fishing potential of the Lower and Middle Valley, the 
example of Vindou Edi on the Senegalese bank is cited, particularly 
because of itv hydraulicl functioning. 
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This program would most of all allow for an inter-annual
 
(possibly
regularization of production. It may well be that pumping water 


'y windmills) will be a viable way of maintaining the water level.
 

A well-chosen vindou could answer these questions if 

properly developed as an experimental pond. 

Even without the benefit of a feasibility study (which
 

should certainly be done), it seems aprior , that 3 beli could be
 

used for such a project.in Mauritania, whidh would raise- the total
 

productive surface to nearly 5,000 ha., capable of producing some
 

2,500 tons a year.
 

The development plan should call for
 

* 1 pond to be developed between 1981 and 1990
 

* 2 additional pond between 1990 and the year 2000. 

The "field service" brigade, placed at first unde. the 

responsibility of the research institute and later under the adminid­

tration, should be in charge of carrying out the development of the
 

pondB and of supervising them later, once thc, become productive. 

This field service brigade would consist of
 

* 1 specialized technician 

* 6 workers : masons, laborers, etc. 

Thei ponds would be chosen in relation to their adaptability 

to development on the one hand and their eventual integration on the 

other; market needs would also play a determining role. 

It is difficult to estimate costs because each vindou is 

a spedial case. Of course the ones chosen will be those that can be 

developed at the lowest cost, 

There is no example in Mauritania to be studied, so 

Vindou Edi on the Senegalese bank can serve as an example. 

The work to be done consists essentially in raising the 

height of the natural dike and in installing ducts, floodgates, 
grills and dams.
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In terms of 1980 prices, the basic cost of developing

:this vindou would be 10 million UM for 1,000 ha., or roughly 6,250
 
UM/ha.
 

In very general terms, the cost of developing a single
2,000 ha. vindou between 1980 and 1990 would amount to 12,500 x 106
 
UM. The cost of the 2 additional beli (3,000 ha.) to be developed

between 1990 and the year 
2000 comes to 18,750 x 106 UM.
 

The recurring costs are to cover to the distribution offertilizers (S04 and the maintenanceP205) and general of the dikes

and the hydraulic equipment and artificial feeding, if necessary.

The costs will be approximately 2,500 UM/year. 

The basic calculations are as follows: 

- weight of yield/ha./ear 0.5 t 

- gross income/ha/year 500.0 kg. x 20 UM/kg. 10,0,00 M-1 

- recurring costs/ha./yeir 2,500 um 

- net income/ha./year 7,500 U111 

- number of fishing jobs/ha. 0.2 (= 5ha./fisherman) 

After Development Projects are Completed: Fisheries
 
development in the NDU's
 

The impact of development prdjects in the basin and parti­larly in the high water bed( in the form of Natural Development Units)

on regional fisheries has been studied frdm 
the angle of tonnage, em­
'Toyment and income.
 

It is not a subject of immediate concern because theirrigated agricultural projects will be developed slowly* however,

it cannot be ignored altogether: the productive capacity will diminish
 
slowly and insidiously over time,
 

In any event the experts involved in the irrigation projectsmust be made aware of the problem of declining catches in the river 
as well as of the possibility of intensifying pisciculture in the
 
context of the irrigation projects. Each NDU is 
a special case and
 
must be studied separately. 
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The fo]lowing principle must underly strategies of
 
:development of pisciculture.
 

AssLuming a natural level of production of 60 kg/ha./year 
and 2,400 kg./ha./year in conditions of semi-intensive productivity, 
it will be necessary to systematically substitute 1 ha. of fish pond 
for each 40 ha. of area taken out of natural fish production. 

The recommenied economic activity, given environmental 
conditions, is that of fishing-pisciculture in large un-drainable 
pond3. This activity is a definite possibility, 

In fact, it has been noticed that the space utilization 
plans in one of the NDU's contains areas labelled "Unuseable" located: 

- in high areas where light soils and the elevation 
do not lend. themselves to irrigation; 

- in low areas where the heavier soils and the low level
 
prevent drainage.
 

It seems that these two types of zones could be used for
 
two, if not three traditional occupations:
 

High Ground
 

The higher zones are sandy and non-irrigable because of
 
the high filtration capacity of the soil. Nevertheless, the permanent
 
water table is not very far below the surface because of the irrigated 
rice fields lying in areas of medium elevation.
 

These higher zones could be planted with trees, possibly 
with species requiring a fair amount of water, but of greater value 
and rapidity of growth than Sahelian species (for example, species 
from the southern Sudanese areas): the available ground water would 
make up for the lack of raiLnfall° The luxuriance of Faidherbe Park at 
Richard-Toll is due to the "suspended" water table of the Tawey, which 
provides moisture for healthy specimens of cailcedrat tress, to
 
mrntion Lut one species, 

Forestry could thereby becomb a useful activity, 

There is no reason to exclude the forests as grazing 
grounds during the 4 driest months of the year as long as goats and 
•nost sheep are kept out. Atsuming a minimum amount of discipline, the 
forest would not suffer from the grazing. This, it is recognized, requires
 

the consent and agreement of the Peuhl herders.
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If this type of forest seems to be endangered by grazing
 

animals, it could be the site of mixed game ranching. The major large
 

species that could be raised there include elk, oryx, ostriches, 
etc.
 

The livestock would get back at least some of what it
 

will lose as 	a result of the development projects, especially when there 

is nothing to prevent certain areas now used for grain cultivation 
from
 

and being used to
being kept free of large-scale tertiary development 

for 
grow second annual forage crop. These sites could be feed lots 

and would be 	a service for the transhumant
cattle before they are sold 
herders in the valley. 

Low-ling Ground 

have irregular topography, heavyThe low-lying zones an 

soils and are impossible to drain. They are often the 
sites of former
 

natural ponds.
 

them into large permanentIt is herein proposed to make 

ponds to be stocked with selected species of fish as the basis of 

combined pisciculture-fisheries. The ponds would also 
serve to acclikna­

tize these species of fish which are generally from a 
different milieu.
 

In addition to that, there is the further advantage 
of having less land
 

exposed to wind erosion.
 

This type of 	"medium technoloy" has the advantage of 

very similar if not identical to those
requiring skills that are 

no difference
already possessed by the river fishermen; there is really 

between fishing in the river in its natural state and fishing 
in ponds
 

that are partially hydraulically controlled.
 

Going from extensive (more or less 200 kg/ha./year) 
to
 

semi-intensive (1,000 to 2,000 kg./ha./year) production through
 

feeding the fish, adding fertilizer to establish a mineral balance
 

in the water and through raising ducks would come about 
gradually
 

with changes in regional demand and in the fishermen's 
ability to
 

become fish raisers.
 

The jobs and the income of 10,000 Senegalese and
 

Mauritanian river fishermen would thus be saved and the 
cultural trauma
 

of change would be reduced to a tolerable level. In addition, this
 

could be an excellent way of moving gradually towards more 
sophisticated
 

raising fish in cages and in irrigation
modes of pisciculture such as 


canals,,
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The application of these guidelines in an additional 
:concrete example (the NTU of Nianga, on the Senegalese bank) shows that
 
of the 1,000 ha. of the "experimental irrigation area" 200 (20%) are 
on high ground and 80 (Q%) on lowlying ground. It would not be wishful 
thinking, therefore, to ima.gine a restoration of pre-development 
production in forestry, herding and fishing, thus limiting the negative
 
impact on the regional nutritional situation and the cultural behavior
 

of the human groups involved.
 

- Thus, irrigated agriculture can be seen as a replacement
 
for recessional farming. 

- Pisciculture can then replace fishing. 

- Semi-intensive forestry for productive purposes can then
 

replace extensive use of natural. forests. 

- The use of feed-lotshin transhumant or sedentary herding, 
can replace extensive transhumant herding. 

As in the case of factoring the development costs of a beli,
 
estimating the development costs of a:NDUis difficult because each
 
one is a special case.
 

The work consists mainly of building dikes and costs are
 
very variable, as shown by these OMVS estimates (1976):
 

Dagana 15,000 Fr. CFA/hao
 

Boghe 44,000
 

Nianga 60,000
 

Matam 136,000
 

Salde-Walde 222,500
 

In the case of the NDU of Nianga, a small irrigated farming
 
area, costs were estimated to be 171,428 Fr CFA/ha. in 1974; however,
 

this area has particularly favorable conditions.
 



- 92 -

Pond area Cost.of Ponds
Whole area
Whole area Pond.area Costof Ponds
.NDU 


9 x 106 UM 4,000 ha 320

Boghe 2,300 ha 180 ha 16 x 10 UM
 

7,000 580 28
160 8
Koundi VIII 2,000 ha 


14,000 1,120

M I Bagne 1,500 120 6 58
 

8,500 680 34
120 6
Koundi III 1,5000 


10,000 800 40
 
Maghama 


580 29 43,500 3,480 174
 
Totals 7,300 


It is not unusual to produce 4 tons/ha./year in African fishponds, but
 

it would be prudent and realistic to base production calculations on 
a productitiVity
 

rate of 1.5 tons/ha./year in Mauritania. This would be more 
in keeping with imediate
 

production possibilities.
 

Raising production could be brought about by well-established methods
 

such as:
 

- feeding the fish artificially, particulalry with rice by products;-


S04 and P205) in order to
 - adding fertilizers to the water (such as 


re-establish the mineral balance;
 

- associated duck raising.
 

The main-point is not to aim for maximum productivity from the 
start
 

but to gradually acquire the technical means to raise it gradually.
 

are for to the aditional water to compensate for
Recurring costs 

evaporation, for fertilizer (S04 and P205), equipment maintenance and eventually
 

for fish food.
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These costs are estimated to be 2200 U /hL. /ycar, of whi-:, 
..20,000 UM are for water at the rate of I UI/m 

The basic costs would then be the follc-;in-.r 

. weight of catches /ha./year 1.5 t 

. gross income/ha./year 1,000 kg x 20 i;'f/kz 
30 000 UN
 

* recurring costs/ha./year 22,500 UN 

. net income/ha./year 7,500 Ul 

. number of fishing jobs/ha. 0.2 (-- 5 ha/fish rm,. 

Specific Guidelines
 

As the title suggests, guidL±i'. will. var:y ?ccw ing to 

admini's trative division. 

- Trarza: 

Attention must be given to Lt.'o important is-ues in tiiL 
immediate future:
 

- thepresent anarchic PLuse ,xike RKiz; 

- the development possilbilities of th bb:s backwat. 
of the right bank of the Senegal River. 

In the future, attention must be given mainly to the lakes 
to be created from the construction of the Maka-Diaia dam: 

* the water of the Senegal River 

* the Aftout es Sahel. 

- In Brakna 

In the immediate future, the low-lying areas must be 
recovered and integrated in tho NI)U's cf Boghe ari3 M'B'tni. 
Avendouwill be located for development. 
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- In Gorgol 

the potential ofA preliminary study must be done on 

the lake to be created by the Foum Gleita dam on the
 

Gorgol
 

Eventually, the focus will shift to creating NDU's in the 

Maghama area. 

- In Guidimaka 

Identification of 2 beli to be developed. 
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Appendix A
 

Cost Analysis of
 

Production in, Inland
 

Fisheries
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Working'Assumptions
 

canoe, nets (used from the bank) (large, medium, small) if
Capital ­
borrowed at an interest rate of 10 or 20%.
 

Salary (assuming 2 kg. a day per person)
 

in
 

Kind (assuming 5 kg. a day per person)
 

Eetimate of Production: based on a good, average and 
bad year, assuming
 

use of each type of equipment twice a day during 
the fishing
 

season or the year.
 

Results; see Table 4.
 

Average Prices at Different Times of the Year
 

The Iric
 
Prices vary according to production and the season. 
 for
 

of fish can go from 20 to 35 UM for a pile of 
small fish to 70U 


medium-sized fish of 500 grams, depending on the 
species; from 40 to 55
 

UM per priece or per kilogram, depending on whether 
the fish is sold in
 

In hard times the price can double.
Rosso, Boghe or Kaedi. 


Means of Transport and Cost
 

After being caught, the fish are transported on 
the heads of
 

porters or by bicycle to nearby villages. Before the drought, they
 

were carried by truck to Senegal and Mali and. 
by canoe to Kaves (Mali'
 

fisl
 
during the rainy season. Transportation costs of marketing (sea) 


A Peugeot 404 canvas-bacl
 in the interior of the country vary greatly. 


pickup truck capable of carrying one ton of cargo 
is expensive to ren 

to send fish from Nouakchott to Rosso, Boghe or Kaedi. 

Principal Markets
 

The principal markets are: Rosso, Boghe, Bababe, 
M'Bagne,
 

Kaedi, M'Bout, Dar el Barka, Maghama, Selibaby, Gouraye, 
Ould Yenge,
 

Kankossa, Kiffa, Magta Lahjar, Boutilimit, Aioun el 
Atrouss and Nemao
 

Unfortunately, the absence of any statistics makes 
it
 

impossible to give any figures on the relative distribution of 
fish
 

among these markets.
 



Table 1
 

Average Yield of Various Types of Fishing Implements Per Fishing Season
 

(RAMS Estimates)
 

Average Yield 
 Own Consump[tion "ish 
 Marketed Price 
 Months of
per Year or 60% 20 UM use per
40% 

Season 


per Kg. Year
 

Coubol 
 28.00 tons 
 16.80 + 
 11.20 + 224,000 5 months
 
Goubol 
 44.40 tons 
 26.88 + 
 17.92 + 358,400 
 4 months
 
Goubol 
 50.40 tons 
 30.24 + 
 20.16 + 604,000 3 months
 

Sleeping.Net
 
(Dragged) 15.00 tons 
 9.00 + 6.00 + 
 120,000 5 months
 

Sleeping Net
(Stationary) 
 10.50 + X 5 
 6.30-'-+ .
 4.20 + 84,000 
 7 months
 
Casting Net 
 " 5L1 tons 3.06 + 
 " 2.04 + 40,800 12 months
 
Diolinke line 
 3300 + x 3 
 17.80 + 
 13.20 + 264,000 
 12 months
 

Total 
 1,171.81 tons 
 101.08 
 74.72 + 1,6969000
 

Author's estimates, based on data gathered in the field on gross yield per type of equipment by year
or by fishing season in %o 

its tributaries, 


These kinds of equipment are in common use everywhere along the river and
One fisherman might own two to five kinds of equipment such as a 50 meter goubolo
a stationary sleeping net and a diolinkeo
 

http:1,171.81
http:Sleeping.Net


Table 2
 

Pverage Selling Prices of Fishing Equipment AMS Estimate)
 

Price in
 
Name Type Length Width Priyes
Ouguiyas
 

Goubol (shore use) Encircling 50 meters 5 meters 20,000 UM
 

Goubol (shore use) Encircling 150 meters 10 meters 40,000 UM
 

Goubol (shore use) Encircling 300 meters 15 meters 60,000 UM
 

Fele Fele net Dragged 60 meters 5 meters 15,000 UM
 

Net Stationary 8 meters 2.5 meters 6,000 UM
 

Net Casting 2 meters 2 meters 5,000 UM 

(diameter)
 

Diolinke Line with 150 meters 3,200 UM
 
1,000 hooks
 

Based on conversations with the fishermen between Rosso and Kaedi concerning the buying price or cost
 
price of equipment frol 1968 to 1930. Average prices have been calculated, which depend on the season,
 
on supply and demand. We have taken into account the devaluation of the ouguiya in favor of the CFA
 
Franc (10 to 20%). The equipment has been purchased in Saint Louis or Dakar since the secession of
 
ILuritanian from the Franc Zone.
 

00 



Table 3 

Factors in the Cost of Production of Fishing Equipment in the 
River and its Tributaries (RAMS Estimates) -

Average Price Life of Equip. Maint. Manpower Yield Periods of Use

Material Used Type 
 Costs
 

Canoe Casamance 33,OOOUM 15 yrs. after 5 1 990 kg. HW/RW 12 mos.
 
-- years 

Coubol net Shore use 20,000 um 
 3 yrs. 10% 10 - 18 100 kg.x HW/ RW 5 mos. 

4 days 
Goubol net Shor:e use 40,000 UM 3 yrs. 10% 20 - 25 200 kg.x HW/RW 4 mos. 

4 days 
Goubol Shore use 60,000 UNI 3 yrs. 10% 30 - 40 300 kgx HW/RW 3 mos.
 

4 days
 
Sleeping net Dragged 15,000 UM 2 yrs. 10% 1 
 100 kg.x HW/RW 5 mos.
 

1 day
 
Sleeping net Sationary 6,00 UM 2 yrs. 20% 1 50 kg.x RW 7 mos.
 

1 day
 
Casting net 5,00 UM 4 yrs. 5% 1 7 kg.x 
 HW/RW 12 mos.
 

...... ... .... 2.days
 
Multiple hook line Diolinke 3,200 UM 2 yrs. 20% 1 
 45 kg.x HW/RW 12 mos. 

2 days 
Based on information gathered from fishermen and authorities along the river and its tributaries. Prices are an average
of costs of equipment in Dakar and Nouakchott. Taking into account the life of the material and maintenance costs, 
yields for the periods of use have been calculated. 

One must bear in mind that in a family there may be one or two canoes for 5 to 7 fishermen. The canoes usually belong,
however, to the head of the family. They are used by family members without payment, either for fishing or for transporting 
merchandise. 

RW = periods of low of receding water ( = dry seasons, October to June). 

I~ 
%0 



Table 4 

_k.,alysis of Pr-oduction Costs in Traditional Inland Fishing 

Kind of
 
Capital .. Annual Capital Costs Manpower SalariesEquipment 


Life of Buying Price Yearly at 10% at 20%,! Number of Days of use at 2 kg/ at 5 kg/
 
each year day day
Equipment maint. Employees 


costs (UM)
 

-

Canoe 15 years 33,000 2,200 4,328 7,058 


28,483 50 50 180,000 450,000
Large net 3 years 60,000 6,000 24,127 


18,989 20 120 96.,000 240,000
Medium net 3 years 40,000 4,000 16,085 


9,494 10 150 60,000 150,000
Small net 3 years 20,000 2,0OO 8,042 


336,000 840,000
14,200 52,582 64,024 


Analysis of the cost of production of equipment in the inland fishing sector.
 

Large net at 2 kg/day : 90 days x 50 employees x 2 x 20 = 180,000 UM.
 
= 


5 kg/day : 90 days x 50 employees x 5 x 20 450,000 UM
 

Med. net at 2 kg/day :120 days x 20 employees x 2 x 20 = 96,000 Ul
 

5 kg/day :120 days x 20 employees x 5 x 20 = 240,000 UM
 

Small net at 2 kg/day :150 days x 10 employees x 2 x 20 = 60,000 UM
 
= 


at 5 kg/day :150 days x 10 employees z 5 x 20 150,000 UM
 

2 kg/day = 336,000 UM
 

Total 5 kg/day = 840,000 UM
 

00 
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Table 5 

Calculati6n Of Income 

Large Net Average Net Small Net 

Selling price per kg. = 20 UM or 
20,000 UM per tons of fresh fish = 

UM 

2,464,000 

MI 

1,100,000 

UM 

400,000 

Total cost, at 2 kg. per day in 
wages if borrowed capital = 10% - 402,782 402 782 402,782 

Net income if daily wage = 2 kg. 
per person and capital is borrowed 
at 10% = 2,061,218 697,218 2,782 

Total costs at. 2 kg-.. per- day for....' 
wages if the costs of capital is 
borrowed at 20% = 414,224 414,224 414,224 

Net income if daily wage is 2 kg. 
per person and capital is borrowed­
at rate of 20% = 2,049,776 685,776 14,224 

Total cost at 5 kg. per day in 
wages if capital is borrowed at 10% 906,782 906,782 906,782 

Net income if daily wage is 5 kg. 
per person and capital is borrowed 
at 10% = 1,557,218 193,218 506,782 

Total cost at 5 kg. per day in wages
if capital is borrowed at 20% 918,224 918,224 918,224 

Net incone if daily wages is 5 kg. 
per persoa and capital is borrowed 
at rate of 20% - 1,545,776 181,776 518,224 
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CalcUlation of Production 

By studying the size of pre-drought catches in wet, average 
ind dry years, one finds that a fishermen using the goubol (seine 
For shore use) of large, medium and small size with maximum, average 
ind small catches, obtains the following results: 

Table 6 

Calculation of Production 

Wet Year Average Year Dry Year
 

Large net 50.4 tons 20 tons 5 tons 

Medium net 44.8 tons 20 tons 7 tons
 

Small net 28.0 tons 15 tons 8 tons
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By paying wages of 2 kg. or 5 kg. per day and per person,
 
a fishermen is able to enjoy a very comfortable income in wet years,
 
d good income in average years but he loses in all cases with a small
 
net.
 

-At'present one--of these-is usable because of_.the low water
 
level, unless the meshes are made smaller. This however, would
 
decimate the fish.
 

It ',eems clear that, assuming control of water resources,
 
only intensive fish raising will help make up for the losses to be
 
caused by the large development projects planned for the Senegal River.
 
The standard of living of the people will be improved by bringing in
 
sea fish.
 

Table 7
 

Average:Annual Production in Good Years in
 
S. IKilograms and Monetary Value
 

Type 6f Equipment Average Annual Production Value in UM
 

Large Net 50,400 kilograms 604,800
 

Medium Net 44,800 kilograms 358,400
 

Small Net 28,000 kilograms 224,000
 

Total 123,200 kilograms 1,187,200
 

Average number of fishermen : 4,000 

Source: RAMS, 1980
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Table 8 

Breakdo._:of:Averag Producton.Costs by Type of 

Fishing Implement in UM 

Average.Maintenance .Costs 

Canoe 

Large Net : 

Medium Net : 

Small Net : 

Other 

Total 


Average Investment Cost
 

Cost of the canoe 

Cost of large net 


Cost of me4ai net 


Cost of small net 


Other 


Total 


Other Costs'
 

Other items in
 
Total Cost 


Total 


2,200 

6,000 

4,000 

2,000 

1,400 

15,600 

(%) 

16% 

7,100 

28,500 

19,OOO 

9,500 

6,400.. 

70,500 

74% 

8,600 10% 

94,700 
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Appendix B
 

The Possibilities 

of 

Combining Piscicul ture
 

with Rice GrOwing
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Pisciculture must also take into account the needs of rice,
 
and rice-growing, whcih have their own requirements.
 

in the Middle Valley it seems that:
 

- rice cultivatic is to become mechanized. Harvesting must 
therefore be done in a dry and absolutely flat field: it 
is impossible a priori to keep young fish in basins that 
are part of the river fields while waiting for the second 
crop, which Would give them time to reach marketable size. A 

further problem is that only fairly large fish are sold
 
in the region and selling 80 gram tilapia, as in Indonesia,
 
is out of the question except in times of crisis. In any
 
event, even if the fish recovered from the stress of
 
emptying the pond once it were filled again, the lowered
 
temperature would prevent any new growth from ocurring.
 

- Rice is not transplanted but is sown directly in the
 
paddy. The paddy then becomes a kind of monophytic "lawn"
 
that is so dense that the fish have no room in it. In the
 
Delta, they could live only in the peripheral canals..Thds
 
the productive water area is much less than the area given
 
over to rice-growing.
 

- For various growing reasons, rice is sown fairly early in
 
June. Under natural conditions, however, the fish spawn
 
in August. Thus the date when the fry appear does not
 
correspond with the rainy season crops because they
 
appear two months after the paddies are flooded andone
 
month. before the paddies are emptied.
 

- Last of all, from the human point of view, the combination
 
of rice-growing and pisciculture is even obviously more
 
complex than rice-growing by itself. Furthermore, it is
 
not certain that the necessary technology is appropriate
 
at the present time0
 

A comparison of the requirements of rice on the one hand
 
and fish on the other leads to the conclusion that combined rice­
growing and pisciculture will not be a viable activity, strictly
 
speaking, in the ,MiddleValley for a long time.
 

As an example it is well to keep in mind that "natural pro­

duction" in the rice fields of the Delta is only 15 to 30 kg./ha.
 
in irrigated fields and contains only 20% fish of saleable size, which
 
comes to 3 to 6 kgo/irrigated field.
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If pisiciculture appears to be the ensemble of techniques

for fish raising, adding irrigated rice-growing to this enterprise

implies adding the necessary techniques for this crop.
 

The fact that mai. of the 600,000 ha. of irrigable land onthe floodplain of the Senegal River is to be used for growing rice inevi­
tably leads many to think about adding pisciculture to rice-growing
in imitation of the techniques practiced in the Far East. This appears

all the more urgent when it is perceived that the production of
"natural" fish will decline significantly as development of the high
water bed proceeds apace, thus reducing jobs and income for the region's
fishermen.
 

Combining rice growing with,pisciculture is sometimes proposed

a little too glibly as a remedy for the growing gap between supply
 
and demand for fish.
 

A closer look reveals thaL techniques used in the Far East
 are difficult if not impossible to apply in the Senegal River Valley. 

The eco-icthyology of the Middle Valley has already been 
extensively discussed but these are its basic characteristics:
 

"a single spawning season each year, regulated by
 

. hydrology (wh:7.h is controllable)
 

.
 temperature (which is not controllable).
 

As a result, fry are available only during a limited
 
period each year, which is a particularly limiting

factor if one wishes to obtain them in the wild.
 
Furthermore, not all species are suitable or even
 
acceptable in combined tice-growing and pisciculture;

it is almost impossible to sort out fry of the 80
 
different fish species in the Middle reach of the
 
river. Finally, the ichthian biomass is dispersed
 
over a gigantic area during the spawning season. 
Raising fingerlings does not seem to be a better so­
lution because it requires building special ponds or 
basins of dubious profitability because of the brief 
period during which they may be used. 

- an annqal growth cycle interrupted by 

" hydrological factors 
(which are controllable)
 

" temperature (which is not controllable).
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this breaksinundated plain,When expressed in terms of the 
80% is rice paddies (= 400,000 ha.)

down as 500,000 ha.of which 

= t/year at minimum levels of production" x 3 kg 1,200 

2,400 t/year at maximum levels of production.
" x 6 kg ­

much more realistic - at least in
It consequently appears 

the beginning, to redistribute the land according 
to permanent types
 

of specialized use: 

of the NDU's," forestry and herding in the higher parts 

" agriculture in the middle areas, 

in the low-lying areas." piscisulture 
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Appendix C 

The Integrated Development
 

Project at Pailba,
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The integrated Development Project-at Paliba
 

this pro-
Funded by CARITAS Mauritanie (a Catholic agency), 


ject is planning to create irrigated fields around Paliba pond, 
in the
 

Department of Maghana (Gorgol). With a surface of 65 hectares, 
this
 

pond is permanent because its link wit the river is generally broken
 

around the 15th of April. In order to control the water, a channel
 

could be deepened to create a permanent link and the flow of 
water
 

could be controlled by a floodgate.
 

project, which began iii 1980, is connected with
 1This 


organizing farmers, growing irrigated crops, planting various 
kinds
 

of vegetables, and with pisciculture.
 

In addition, the project is concerned with problems
 

the irrigated fields, with animal traction, improvement of
linked to 

traditional crops, herding and social work.
 

the head of te project, it will cover the
According to 

inhabitants


whole department of Maghama, with a population of 10,000 

distributed in this way: 

Maghama 8,000 inh., located 9 km. from the pond
 

Gourel Dieri 700 inh., located 5 km " " " 

Dao 1,000 inh., located 13 km " " 

Tilionde 300 inho, located 2 km from the pond.
 

In its first phase, thn project will involve the creation
 

of 90 hectares of village rice paddies for the villages 
of Paliba,
 

Dao and Taga. The 90 hectares are to be divided in the 
following way:
 

40 ha. for 65 heads of households
Paliba : 

Dao and Taga: 50 ha. respectively for 80 and 50 heads of 

households 0 

The fish raising part of the project will begin in its
 

In order to ensure a rational use of the pond, the

second phase0 

fish raising activities shouLd be undertaken in the following 

way:
 

a) create a permanent link between the pond and the river
 

by digging a feeder channel which can be closed off in
 

times of low water;
 



b) stock the pond and regulate fishing in it;
 

c) build fish ponds all around the pond in places appropri;

for filling and emptying them. They can also be located
 
not far from irrigated fields;
 

d) construct one or two fish breeding ponds to supply

fingerlings to the pond, the river and the fish ponds.

It will be simple to feed agricultural residue to the
 
fish. In order to ensure a balanced use of the pond in
 
combination with agriculture, the stocking of the fish

ponds should be planned, and species native to the same 
ecological zone should be introduced. This will insure
 
the availability of fish all year round. In addition,

the creation of a marketing organization or a cooperati,

would facilitate the marketing of agricultural produce

and fish after setting aside the quantity intended for
 
the farmer-fishermens' own consumption. 

Finally, it will be possible to raise Barbary ducks around 
and the fish ponds.
 

The management of the fish ponds could be the responsibili
,erative composed of farmers and fishermen (who are in effect 
people), or heads of sufficiently motivated families able, w.
 
on, to obtain credit. 

The group of farmer/fishermen is to be organized and 
:d either by local technical and administrative authorities 
:dit organizations. 
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