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Abstract 

The lateral migration of fishes was studied during one entire flood cycle (1991) in a typical floodplain 
sector of the Central Delta of Niger at Batamani, Mali. The intensity and temporal course of migrations, 
as well as the species and size composition of migrants, were found to be correlated with the hydrological 
regime (river and floodplain water levels, direction and velocity of water flow in a temporary canal). Four 
different types of migratory patterns were described and their typical representatives indicated. The 
significant role of the river as a spawning site and that of the flood plain as a nursery for most locally 
important fishes was also accentuated. 

Introduction 

The Central Delta of the Niger in Mali represents 
a large-scale ‘aquaticlterrestrial transition zone’ 
(ATTZ) as defined by Junk et al. (1989), with 
remarkable temporal and spatial dynamics and 
with extreme interchange between aquatic and 
terrestrial ecosystems. Its water area fluctuates 
from less than 1000 km’ at the end of dry season 
up to a mean of 12400 km’ (but up to nearly 
36 O00 km2 before ’70) at the culmination of flood 

/+, “ (Poncet, pers. comm.), with the water level fluc- 
tuating within 5-6m, and with floods normally 
lasting almost 6 months. Regularly flooded 
biotopes play an important role in the spawning 
and nursery of fishes, strongly influencing their 
production and exploitation and having a strate- 
gic importance for the nutrition of local inhabit- 
ants. This floodplain function is associated with 
massive lateral migrations offishes exerted in both 

directions between the main channel of the Niger 
and the inundated flood plain, mainly via tempo- 
rary streams (locally called ‘marigots’), changing 
its current direction in the course of the flood 
cycle. 

The aim of the present investigation was to 
determine the types of migration undertaken by 
fish and to identify the environmental mechanism 
associated with the migrations. The results pre- 
sented here are only an outline of our research 
activities on lateral fish migrations, which are a 
part of a multidisciplinary study of fisheries in the 
Central Delta of the Niger River (Bénech et al., 
1992). 

Study area 

Our observations were carried out in the course 
of one entire flood season, from August to 



O 200 400 600m o 10 20 30m 



151 

Tuble 1. Results of experimental fyke net fishings in the canal connecting the river and the flood plain. (Summarized catches during 
entire survey, 15 Aug.-13 Dec. 1991). 

Period Direction of migration 
(direction of 
current in R- tF  (Fyke net 2) F-R (Fyke net 1) 
the canal 

N w, kg N W, kg 

a b a b a b a b 

Increasing flood - 18077 1506 40.98 3.42 9870 987 23.28 2.33 
F 15 aug.-29 Oct. 

(R-t F) 
- 

-1) Decreasing flood 1398 155 8.53 0.95 33118 3680 402.76 44.7s 
30 Oct.-13 Dec. 
( F 4  RI 

All 19475 927 49.51 2.36 42988 2263 426.04 22.42 

a. Overall catch during all fishings. 
b. Catch per one 24-h cycle (C.P.U.E.). 

December 1991, at a site located on the marigot 
connecting the Niger side arm Mayo Ninga with 
the floodplain sector 'Mare de Débaré' near the- 
village of Bataniani (Fig. 1). The study site is a 
relatively large and isolated floodplain sector 
about 70 km downstream of Mopti, with a 70 
hectares of permanent lake. The lake is connected 
to the Niger by a single, short canal (150 m long, 

Table 2. The species predominating in catches by fyke nets. 

R- tF  , 

Species Relative Relative 
abundance biomass 
(70) (%I 

t 

Brycinus leuciscus 33.45 24.0 1 
26.21 9.85 

/-- Barbus spp. 10.55 22.00 
Tilapia sensu lato 4.81 5.51 
Hjjdrocjvius sp. 2.89 5.69 
MiCralestes elongatus 2.50 1.00 
Schilbe intermedius 2.32 5.15 
Polliniynis isidori 2.14 2.49 
Bagnrs (bayud) 2.01 4.50 
Silurunodon auritus 1.80 4.59 

Other species 11.32 15.21 

3-4 m wide), which could be controlled for fish 
migrations with relative easy. The water in this 
marigot flowed from the river towards the flood 
plain (R-tF) during the period 5 August to 
29 October and reversely (F-tR) during the re- 
maining period of the flood season, 30 October 
1991 to 13 December 1991. 

F-tR 

Species Relative Relative 
abundsmce biomass 
( 7,; 1 (%) 

Brycirzris leuciscus 
Siluruiiodoli uuritus 
Pelloriula leanerisis 
Tilapiu sensu lato 
Schilbe interniedius 
Barbus spp. 
Polliniyrus isidori 
Leptocjpris riiloticus 
Heniisyrzodontis iiienibraizuceus 
Physalia pellucida 

Other species 

19.50 
15.53 
8.73 
7.85 
7.16 
6.15 
6.06 
6.02 
4.66 
2.56 

15.78 

3.88 
11.07 
0.78 
6.84 

12.73 
1.23 
1.71 
0.79 

23.62 
0.36 

36.99 

Remark: the species are ordered according to the decreasing frequency. 



llIaterial and methods tions across the canal (R+F and F-R) and 
closing its entire cross sections. served as the basic 

A sjstem of t\\o fyke nets (locally called 'gangui': fiqhing device to record simultaneous11 the two- 
mesh size 8 mm). installed facing opposite direc- way lateral migrations of fishes (Fig. 1 ). These 
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were installed 2 1-times for 24-h cycles between 
16 August and 13 December 1991, at a compa- 
rable lunar phase and emptied every 3 hours. One 
of the fyke nets ( R d F )  was complemented by a 
triangular drift net with fine mesh (mosquito net), 
which was exposed every 2 hours for 20 minutes 
in order to record the passage of fishes in early 
stages of development. All fish were identified, 
measured for SL and weighed; sex and sexual 
maturity of adults were recorded. 

Results 

In the fyke nets catches, 55 taxa of fish were 
identified. In total, during the whole survey, 19475 
specimens (49.51 kg) of fish were captured mi- 
grating towards the flood plain and 42988 
(426.04 kg) migrating in the opposite direction to- 
wards the river (Table 1). 

The characid Brycinus leuciseus was the most 
abundant species migrating from the river towards 
the flood plain (33.45%; Table 2), followed by a 
small-sized clupeid species Pellorzula leonensis and 
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Barbus spp. (26.21 and 10.55%). Similarly, the 
biomass share was highest in these three species. 

B. leuciseus, Siluranodon auritus and P. leonen- 
sis were the most abundant migrants in the op- 
posite F-tR direction, moving from flood plain 
towards the river (19.50, 15.53 and 8.73%). 
However, Henzispodontis merribraitaceus, Scliilbe 
intermedius and S.  auritus dominated the biomass 
(23.62, 12.73 and 11.07%) (Table 2). The highest 
ratio between the biomasses of the fish migrating 
from and towards the flood plain (F--+R/R-+F) 
was found in Mormyms yuine (313113.47 = 902), 
Citlzarinus eitltarus (18968125.94 = 73 I), Auclze- 
noglanis occidentalis (36726153.23 = 690) and 
H. mennbranaceics (100647/260.58 = 386). 

The temporal course of migrations was corre- 
lated in most fishes with the hydrological regime 
(water level, direction and velocity of water cur- 
rent in the marigot) and, to some extent, also with 
the lunar cycle (Fig. 2). Sequential migratory 
waves of different cohorts were observed in some 
species (e.g. B. leuciscus (see Fig. 3) and Labeo 
senegalensis), whereas rather constant migratory 
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Fig. 3. Temporal course of catches of Bvycinzts leztciscus migrating in both directions through the canal connecting the Niger and 
the flood plain. The catches by fyke nets 1 & 2 are indicated in histograms, those by mosquito drift net as linegwphs. The days 
within the full moon phase are indicated in fig. 2. 
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patterns were observed in others ( H .  ~iiei i iblyi i i t i -  

m i s .  .-111cI1eiiod~1iii~ sp. 1. 
In general. four types of migrator! patterns 

could be recognized (Fig. 4): 
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Group 1. Fishes of this group were character- 
ized by intensive migration from the river towards 
the flood plain ( R 4 F )  during the rather long pe- 
riod of rising water level. The migratory activity 
decreased during the flood peak but started again 
in the reversedirection F 4 R  as the water level 
fell. Typical representatives were B. leuciscus, 
S.  intermedius, Tilapia sensu lato, L. senegalensis, 
Lates niIoticus. These migrants included only ju- 
veniles of Labeo and Lates, and both adults and 
juveniles in three other species. 

Group2. These fish species invaded the flood 
plain very early during the inundation process up 
to the beginning of the high water period. The 
return F-t R migration was initiated rather early, 
immediately with the slackening of rise in water 
level and it decreases considerably just after the 
inversion of current. This group consisted mainly 
of small-sized pelagophilous fishes, such as P. le- 
oriei2sis, Micralestes elongatus, Clzelaetliiops bibie 
and also of some commercially important species 
(only juveniles) such as Alestes sp., Bgycirzus nurse 
and Hjdrocyrius sp. Of the two Hj)drocyrzzu spe- 
cies, only H. brevis entered the floodplain. 

Grozp 3. In these fish species, only a flood plain 
to river migration was registered; the river to flood 
plain migration either did not take place or they 
drift undetected as larvae during the beginning of 
the flood (e.g. H. inernbranaceus) or they are per- 
manent residents in flooded biotopes all-year- 
round, (e.g. Brienoniyrus niger, Clarias sp.). 

Group4. This group is composed mainly of 
small-sized fish species that inhabit running 
waters, entering the marigot and the transient 
zone between river and flood plain temporarily, 
but never occupying the internal parts of the flood 
plain. They disappear from this transient zone 
immediately after the water starts to descend 
(Narinocharas occidentalis, Pollirnyrus petiicolus, 
Raiarnas senegalensis, Mochokus niIoticus). 

Discussion 

Spatially, the Central Delta of the Niger repre- 
sents a giant ATTZ (Junk et al., 1989) with re- 
markable temporal dynamics, an extreme inter- 

change between aquatic and terrestrial eco- 
systems and with substantial allochthonous en- 
ergetic and mineral inputs. Its complex function- 
ing seems to be well interpreted by the flood pulse 
concept (Junk et al., 1989, Welcomme et al., 
1989). The seasonal pulsing of flood flowing onto 
the flood plain is the driving force controlling the 
river-floodplain complex. As water inundates the 
flood plain, the flood pulse produces a ‘moving 
littoral ecosystem unit’, which prevents perma- 
nent stagmtion and allows the rapid recycling of 
nutrients and organic matter. This prosperous 
function is stroiigly dependent upon the existence 
and intensity of rains and the strength of floods 
within the vast territory of the upstream catch- 
ment of the Niger. The flood pulse has unfortu- 
nately tended to decrease in recent years or was 
even lacking in some years (‘Sahelian Drought’ in 
1972-1973). This was reflected in the decreased 
rate of fish production (Dansoko etal., 1976; 
Welcomme, 1986; Laé, 1992). The lateral migra- 
tion of fishes represents a fundamental mecha- 
nism that ensures the production of fish within 
the riverine and floodplain ecosystems, this re- 
source being exploitated by traditional local fish- 
eries. Our research corroborates that of a prelimi- 
nary survey carried out in 1990 (Bénech et al., 
1992), but the present study emphasizes the sig- 
nificant competitive and nutritional role of highly 
dominant, small-sized and commercially insignifi- 
cant fish species. 

Our results are comparable with those from 
some other flood plains, especially from the Yaéré 
in North Cameroun (Durand, 1970, 1971; Bénech 
& Quensiére 1983a, b, 1987). The temporal 
course of migrations were found to be strongly 
dependent upon the hydrological cycle and, in 
some extent, exhibited also the biological rhyth- 
mics associated with lunar cycles. We observed a 
massive colonization at the end of the period 
characterized by the rapid flood increase during 
mid-September and the movements in opposite 
direction after the changed direction of water cur- 
rent during last days of October. The intensity of 
the return migration, flood plain-to-river, in some 
species, e.g. B. leuciscus, was considerably influ- 
enced by lunar cycles (Daget, 1952; Ghazai et al., 
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1991). Four types of migratory pattern were dis- 
tinguished. based upon two different nays of 
floodplain colonization: 1 ) Species predonii- 
natitly of little size. belonging to groups 2 and 4: 
they inhabit tlie canal and the transient zone be- 
tween the canal and the floodplain lake: their 
floodplain-to-river migration was completed ini- 
niediatel! after the reversal of current in the mari- 
got had occurred: 3) Species of great size 
(groups 1 and 3 )  invaded dee& into the flood 
plain. where the] rapidlj gren: their return mi- 
gration F-+R started relativel\ late during the pe- 
riod of decreasing flood. 

Although n e  started our sampling on 15 Au- 
gust only. i.e. l(1 days ufter the onset of the flood 
at Batamani. it was still :i long time prior to the 
termination of the reproduction season. liich in 
niost fish species lasts till September (Bénech. 
1990). 4lso notenorthy was the near absence of 
large specimens. except for several tilapias mi- 
grating into the flood plain to spawn. On the con- 
trar!. a considerable colonization of floodplain 
waters by the earliebt jur-enile stages was observed 
already at the beginning of tlie flood (August 1. 
Those fish species. being of greatest interest to 
fishermen. spawned maid! in  the river. Hone\ er. 
the inundated flood plain pro\ ides these species 
\vith juvenile progen!. 

The surprising absence (or \er> low numbers 
onlj 1 of ripe fish migrating ton ards the flood plain 
to spawn suggests that :I considerable portion of 
recruitment in fish populations in the flood plain 
originrites from the main rher. n i th  lar\ Lie and 
young jurwdes entering the flood plriin for nurs- 
eri and growth. as  ell as from fish resident in the 
floodplain lakes. 

Finall>. some imperfections perceived during 
the present survel should be mentioned: ( 1 ) n e  
did not succeed i n  recording the migration of fish 
in the first ten dais  of the flood. a period consid- 
ered important b j  10c;il fisliernien for some spe- 
cies (hlormlridae. Chrior. Tiltipilij: and ( 3 )  the 
fyke net appears to be selectite. n i th  a reduced 
efficiencg for some bpeciec. nlimel! for Cltiriti&\ 
and Tihpiíi. This disad\ antage \vas limited 
partlj b j  the \imult.tneous capture offish bl other 
ni et hod s. 

Despite these imperfections. the sampling 
methods used permitted us to nialie a compre- 
hensive description of the lateral fish migrations 
patterns in relation with hjdrological cycle, par- 
ticulurly the movements directing tom ards the 
flood plain, ;.c. the less studied phase of migrator! 
actil it) so far (\Telcomme. 1979). Contrar! to 
niost other studies de\ oted to lateral migrations. 
the movements of fish nere registered simulta- 
neousl? in both directions during the present sur- 
ve!, including the small-sized species and jur-e- 
niles that are usually ignored by the local 
coniniercial ficher! ;is well b j  scientists 

- 
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