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Abstract

Freshwater Shrimps are important food resources consumed and very harvested in Cote d’Ivoire. The present
study is the first one of the kind in Cavally River. It was conducted for understanding better the eating habits
of breeding shrimps. It consists of studing the diet of three numerically majority species Macrobrachuim
vollenhovenii, M. macrobrachion and M. dux. The harvests were realized monthly with dip nets. The study of
the diet concerned 130 specimens of Macrobrachium vollenhovenii, 77 specimens of Macrobrachium
macrobrachion and 133 specimens of Macrobrachium dux. Stomach content analysis revealed that the
vacuity coefficient (CV) was weak. It value is 40 % for M. vollenhovenii, 48.05 % for M. macrobrachion and
41.35 % for M. dux. This situation could be explained by the availability of food resources in shrimp habitats.
According to the feed index (FI), the diet of the three species consisted mainly of animal debris. This fraction
was respectively dominated by insects with a feed index (%FI) of 65.85 %, 60.45 % and 45.98 % for these
species. The present study confirms that these three species are omnivorous but from carnivorous tendency.
They have variable resources but with a preference for insects. The differences observed between the present
study and the previous authors one reveal that these species are opportunistic. Their adaptation to the

environment could therefore promote their culturability in the breeding environment.

*Cortesponding Author: Toto Kouamé D<] kouametoto@gmail.com
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Introduction

The breeding of Caridae has mainly concerned
Macrobrachium rosenbergii, which is a giant
commercial species. T the control of the breeding
depends on a good knowledge of the biology and the
ecology of the species of breeding. Several studies
have been conducted in this direction in Africa and
particularly in Céte d’Ivoire (Ville, 1970, 1971, 1972;
Corredor, 1979; Powell, 1980, 1982; Léveéque et al.,
1983; Etim & Sankaré, 1998; Gooré Bi, 1992, 1998;
Gooré Bi et al., 2001, 2002, 2004; Kouton, 2004;
N'Zi, 2007; N'Zi et al., 2004, 2008; Konan, 2009;
Djiriéoulou, 2017; Djiriéoulou et al., 2014, 2017). The
freshwater species Macrobrachium vollenhovenil,
Macrobrachium macrobrachion and
Macrobrachium dux are typical of West Africa.
Breeding of the first two has been suggested by
various authors (Odum & Oradiwe, 1996; Marioghae,
1982; Gooré Bi 1998; Kouton, 2004). However, their

diet is not sufficiently known because of the

variability of their prey observed in the literature at
the mention of their feed ecology. Gooré Bi (1998) has
focused mainly on the feeding habits of these species
on the Bia River in Cote d’Ivoire. A more in-depth and
diversified study taking into account other basins in
Cote d’Ivoire such as Cavally would allow a better
understanding of the feed ecology of these species.

This study, on the Cavally River, is a first in Cote
d’Ivoire. It was conducted for understanding better

the eating habits of breeding shrimps.

Materials and methods

Study area

The Cavally is a River in West Africa running from
north of Mont Nimba in Guinea at an altitude of 600
m, through Cote d'Ivoire, to Zwedru in Liberia, and
back to the border with Coéte d'Ivoire. It forms the
southern two-thirds of the international boundary

between Liberia and Coéte d'Ivoire (Girard, 1974).
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Fig. 1. Stations sampled (e) and mining zone "Ity" (m) in the upper Cavally River (Cote d’Ivoire) from September

2015 to August 2016.
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Long of 700 km, it catchment area is 30 600 km2. The
Ivorian part of the Cavally River is 515 km long with a

catchment area of 15000 km?.

Four sampling stations were selected on the Cavally
River and its tributaries on both sides of the
industrial and mining zone "Ity": one station Z1
(7°05'43.0""N-8°06'28.4"") is an upstream; one station
Z2 6052'33.52""N-8°06'29.21"W) an intermediate
stream and two stations [Z3 (7°05'43.0"N-
8°06'28.4'") is an upstream; one station Z2
(6°52'33.52"'N-8°06'29.21"'W) an  intermediate

stream and two stations [Z3 (6°50'30.12"'N-
8206'59.03""W) and Z4 (6°40'22.1"'N-8°16'18.9"W)]
in downstream (Fig.1). The Choice of stations were
made to measure impact of the “Ity” gold mine
operation on

shrimps population and the

environment of the area.

Shrimp sampling and identification

Shrimps were sampled monthly from September 2015
to August 2016 using a dip net (25 cm opening
diameter and 2 mm mesh size). Fishing is done by

one person according Djiriéoulou (2017).

The dip net is immersed in water and then removed
after a period of time sufficient to optimize shrimp
capture. At each site, the same catch effort (15 min of
fishing) was applied. Shrimps captured were
conserved into formaldehyde 10% and transported to
the laboratory for identification and dissection.
Shrimps were identified according Monod (1980),
Powell (1982), Gooré Bi et al. (2002) and Konan

(20009) identification keys.

Stomach contents analysis

In the laboratory, each specimen of M. vollenhovenii,
M. macrobrachion and M. dux was measured to the
nearest cm for the standard length (LS) and weighed
to the nearest 0.01 g using a top loading DENVER
balance SI-4002 and dissected to remove the

stomach.

Each stomach was slit opened and its contents were
sorted, counted under a binocular microscope
Olympus CX21. All prey items were weighed to the
nearest 0.001 g with Satorius balance (model TE153S)
and identified to the lowest taxonomic according to
Needham (1962), Brown (1994), Durand and Leveque
(1981) and Dejoux et al. (1981).

Data analysis

For this study, several methods and index were used
to determine diet of the shrimps. Vacuity coefficient
(CV) to evaluate feeding intensity according to
Hureau (1970) as follows: CV = (Nev / Nt) x 100;
Where Nev = number of empty stomachs; Nt = total

number of stomachs examined.

Intestinal coefficient (IC) according Paugy (1994)
characterizes the different trophic groups: IC = Li/Ls;
Where Li = length of the intestine; LS = standard
length of the shrimp. Paugy (1994) defines the
following limits: IC < 0.85 corresponds to the
itchyophagous; 0.32 < IC < 2.18 = insectivorous; 0.8
< IC < 3.01 = omnivorous diet; 4.71 < IC < 6.78 =

phytophagous; 10 < IC < 17 = limivorous.

Correct occurrence percentage (Fc) (Rosecchi and
Nouaze, 1987) defined as follows: Fe= (Fi / yFi) x 100
with Fi = Ni/Nt; where Ni = stomachs which
contained prey i and Nt = total number of non-empty

stomachs.

Point method coupled with the food index according
to Odum and Oradiwe (1996) is established as
follows: FI = [(%Fc x %P) / TNS)] x 100; Where % Fc
= percentage of occurrence; % P = percentage of
points; TNS = Total number of stomachs. According
to Lauzanne (1975), prey were classified as secondary
prey when 0 < FI < 10 %; important prey when 10% <
FI < 25%; essential prey when 25% < FI < 50% and

dominant prey when FI > 50%.

The community index of Jaccard (Sj) (Douglas, 1984)
is expressed as follows:
Sj = ¢/ (a+b-c) with: a: the total number of prey

categories in the diet of species X; b: the total number
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of prey categories in the diet of species Y; c: the total
number of prey categories common to species X and
Y. Subsequently, according to Douglas (1984),
similarity is observed when Sj > 0.7; it is average if
0.5 < Sj < 0.7 and is weak when Sj < 0.5.

Food similarity between Macrobrachium
vollenhovenii, M. macrobrachion and M. dux species
was evaluated by calculating the Jaccard community
index (Sj) for these two-by-two species. The Mann-
Whitney U test was used to compare the average
coefficients of these three

intestinal shrimp

populations at p < 0.5.

Results and discussion

Food characterization of the three shrimp species
Three shrimp species are submitted to this study (Fig.
2). For these three species, the calculated values of
the average intestinal coefficients (IC) are
Macrobrachium dux, M. macrobrachion and M.
vollenhovenii respectively of 0.95, 0.9 and 0.93. This
translates that the gut of these animals is almost the
same size with the whole body. In addition, the
Mann-Whitney U test used to compare the IC of these
three shrimp populations has not given significant

difference at p < 0.5.

Table 1. Composition of the diet and classification of preys obtained in the stomach contents of Macrobrachium

vollenhovenii. Number of stomachs (N) containing item i; Frequency of occurrence (Fc); Points Percentage (%P);

Food index (FI); Food appreciation (FA); Secondary prey (PS); Essential prey (PE) and Dominant prey (PD).

Types of prey N %Fc %P %FI FA
Vegetable debris

Fibers 77 33 10.5 25.55 PE
Fibrils 1 0.4 4.04 0.12 PS
Phytoplankton 1 0.4 6.07 0.18 PS
Animal debris

Insects 66 28.5 25.5 53.55 PD
Fishes 12 5 23.5 8.6 PS
Molluscs 1 0.4 2.02 0.06 PS
Annelids 7 3 10.9 2.39 PS
Plathyhelminthes 3 1.3 13.4 1.25 PS
Others 64 28 4.04 8.3 PS
Total

Vegetable debris 79 34 20.6 25.85 PE
Animal debris 89 38 75.3 65.85 PD
Others 64 28 4.04 8.3 PS

These results are consistent with the works of Gooré
Bi (1998) on Bia River, which respectively obtained
the intestinal ratio values 0.77 for Macrobrachium
vollenhovenii and 0.78 for M. macrobrachion.
Besides, according to Paugy (1994) -classification,
these species can be classified as invertivores (0.32 <

IC < 2.18) or omnivorous (0.8 < IC < 3.01).

This prediction of the diet as defined by Paugy (1994)
is therefore different from the results obtained in this
study and does not apply to the shrimp species
studied.

According to N'Da (2015), the information provided
by the IC should therefore be confirmed by the
analysis of stomach contents, which remains the

best approach for characterizing the diet of species.
The qualitative analysis of stomach contents indicates
that the food spectrum of these crustaceans consists
in general of animal and plant organisms (Fig. 3). But
we often distinguish the presence of a weak

proportion of sand in their stomachs.

In Macrobrachium vollenhovenii, the vegetable
fraction is consisted of plant debris subdivided into 3
types of prey. There are fibers, fibrils and
phytoplankton.
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The animal fraction is composed of 5 types of prey
defined as: insects, fishes, molluscs, annelids and
platyhelminths. In Macrobrachium macrobrachion,
the vegetable fraction was observed and only
consisted of fibers. As for the animal fraction, it was

consisted of insects, fishes, molluscs and annelids.

Finally, for the Macrobrachium dux species, the
analysis of the stomach contents also revealed the
presence of 4 types of prey for the vegetable fraction.
There are fibers, fibrils, fruits and phytoplanktons.
Preys of animal origin are consisted of 5 items which
scales, annelids and

are insects, crustaceans,

platyhelminths.

Table 2. Composition of the diet and classification of prey obtained in the stomach contents of Macrobrachium

macrobrachion. Number of stomachs (N) containing item i; Frequency of occurrence (Fc); Points Percentage

(%P); Food index (FI); Food appreciation (FA); Secondary prey (PS); Important prey(PI); Essential prey (PE) and

Dominant prey (PD).
Types of prey N %Fc %P %F1 FA
Vegetable debris
Fibers 37 34 17.62 27.8 PE
Animal debris
Insects 35 32 39.62 58.86 PD
Fishes 1 1 12.58 0.59 PS
Molluscs 1 1 9.43 0.42 PS
Annelids 1 1 12.58 0.58 PS
Others 34 31 8.17 11.75 PI
Total
Vegetable debris 37 34 17.62 27.8 PE
Animal debris 38 35 74.21 60.45 PD
Others 34 31 8.17 11.75 PI

Some representatives of these organisms could be
identified until the species. For example, the species
Pila africana (Physidae) and Planorbis gibbonsis
(Planorbidae) have been identified in molluscs;
Calamyzas sp. (Calamyzidae) is a polychete annelid;
Caobangia abbotti (Caobangiidae) was found in

insects. In addition, other prey organisms such as

cysts and bacteria were observed but numerically very
low in all three species. For these latter types of prey
only the qualitative study was considered in this
study. In view of the foregoing, it can undoubtedly be
said that the shrimp species submitted to this study

have an omnivorous diet.

Table 3. Composition of the diet and classification of prey obtained in the stomach contents of Macrobrachium

dux. Number of stomachs (N) containing item i; Frequency of occurrence (Fc); Points Percentage (%P); Food

index (FI); Food appreciation (FA); Secondary prey (PS); Important prey(PI); Essential prey (PE) and Dominant

prey (PD).
Types of prey N %Fc %P %F1 FA
Vegetable debris
Fibers 73 32 15.77 38.18 PE
Fibrils s 19 8 8.3 5.02 PS
Fruits 1 0.4 4.15 0.12 PS
Phytoplanktons 2 1 1.66 0.12 PS
Animal debris
Insects 66 29 19.51 42.85 PE
Scales 2 0.8 14.52 0.83 PS
Crustaceans 1 0.4 6.22 0.18 PS
Annelids 5 2 12.03 1.77 PS
Plathyhelminthes 1 0.4 12.45 0.35 PS
OTHERS 26 5.39 10.58 PI
Total
Vegetable debris 95 41.4 29.88 43.44 PE
Animal debris 75 32.6 64.73 45.98 PE
Others 58 26 5.39 10.58 PI
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The results confirm those of Odum and Oradiwe
(1996), Marioghae (1982), Gooré Bi (1998) and those
of Kouton (2004). According to these authors, the
simultaneous presence of animal and plant prey in
the stomachs of these shrimps testifies to their
belonging to animals having an omnivorous diet.
Then, the absence of previous species in their works
may be due to the size of the sampling as noted by
Madrid et al. (1997) and Petry et al. (2003), the way
to catch and conserve shrimps (Marioghae, 1982), the
timing (night or day) of shrimps harvest (Gooré Bi,
1998; Kouton, 2004). But may also be due to habitat

variability (Kouamélan et al., 2003).

Macrobrachium macrobrachion

Macrobrachium dux

Fig. 2. Species of shrimp caught in the Cavally River

for food ecology.

From a quantitative point of view, the value of the
Jaccard community index for measuring food
similarity between Macrobrachium vollenhovenii and

M. macrobrachion is Sj = 0.88 > 0.7.

This indicates that these two species have similar
eating habits. This similarity of the diet was noted by
Gooré Bi (1998) on the Bia River. According to this
author, the two species, from the prey point of view,

have the same diet.

The Jaccard community index for measuring food
similarity between Macrobrachium dux and M.
vollenhovenii on the one hand and between M. dux
and M. macrobrachion on the other hand is
respectively Sj = 0.58 > 0.5 and Sj = 0.45 < 0.5. These
results show that the similarity is average for the first
pair of species but weak for the second. In natural or
controlled environments, apart from any
phenomenon of predation or mutual cannibalism,
these species may compete in the event of a scarcity of
food resources. Such phenomena of cannibalism have
been mentioned in previous studies by various
authors including Marioghae (1982) and Gooré Bi
(1998). In another sense, food similarity coupled with
an omnivorous diet could facilitate the breeding of
these species in controlled environments. The
breeding possibilities of M. vollenhovenii and M.
macrobrachion have been reported by Gooré Bi

(1998), Kouton (2004) and Boghué (2015).

In general, the void coefficient (CV) calculated for all
three species in this study is low. Its value is 40% for
Macrobrachium  vollenhovenii, 48.05 % for
Macrobrachium macrobrachion and 41.35 % for
Macrobrachium dux. These results reflect an increase
in trophic activity generally in the study area. This
situation could be explained by the availability of food
resources at any time of the year related to a humid
mountain climate of the study area. However, these
values are relatively higher than those indicated by
Gooré Bi (1998) which were 17 to 37 %. As the study
environment is more and more anthropised, the
increase in the value of the void coefficient may be
due to the stress conditions that the animals are
confronted. The same cases of stress conditions was
reported by Kouamélan et al. (2003), Yao et al.
(2005) and (Aboua, 2012) during their works.
However, these values are relatively lower than those

reported by Kouton (2004), which ranged from 48 to
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72 % in adult shrimp. Furthermore, Gooré Bi (1998)
and Kouton (2004) had shown that the trophic
activity of these three shrimp species is more intense

at night and weak during the day.

Fig. 3. Organisms prey collected in the stomach
contents. A: Annelid; B: Planorbis gibbonsis
(Planorbidae); C: proximochorate cyst; D: Crustacean
debris; E: Fibers; F: microscopic fruit; G: sand
Plathyhelminthe; I: Pila africana
(Physidae); J: Beetle juvenile from the family of
Bruchidae; K: fish skeleton; L: Fibrill; M: Piece of
Phytoplankton of the

crystal; H:

genus Closterium; N:

Indeterminated prey.

Concerning the quantitative analysis, the composition
of the diet and the classification of preys observed in
the stomach contents of M. vollenhovenii are shown
(Table 1). The plant debris found in 79 stomachs have
an occurrence frequency of 34 %. The percentage of
relative points is 20.6 % and the resulting dietary
index is 25.85 %. As a result, food classification based
on index percentages of the feed index (IA) shows
that fibers dominated by plant debris (N = 77, % Fc =
33, %P = 10.5 and % FI = 22.55) are essential foods
for the species. As for animal debris, they were found
in 89 stomachs and correspond to a percentage of
occurrence of 38 %. The relative percentage of points
is 75.3 % and the feed index is 65.85%. The food
classification based on index percentages of the food
index (IA) indicates that the animal fraction
dominated by insects (N = 66, %, Fc = 28.5, %P =
25.5 and %FI = 53.55) is a dominant prey for the
species. As far as foods are concerned whose
identification was not possible, they were found in 64
stomachs with an occurrence frequency of 28 %. The
corresponding percentage of points is 4.04 % and the
food index is 8.3 %. That makes it possible to classify
this unidentified fraction in secondary foods. These
results differ from those obtained by Gooré Bi (1998)

on Bia River.

According to the author, in this species, there are no
important prey or dominant prey but essential prey
and secondary. In the present study, the above values
obtained from the feed index show that
Macrobrachium vollenhovenii certainly feeds on a
large quantity of plant material but has a preference
for preys of animal origin. This species is therefore
omnivorous but with a carnivorous tendency feeding

on more accessible prey such as insects.

In Macrobrachium macrobrachion, the composition
of the diet and the classification of prey observed in
the stomach contents have been noted (Table 2). The
plant debris was found in 37 stomachs, which allowed
to estimate a frequency of appearance of 34%. The
percentage of relative points is 17.62 % and the
resulting dietary index is 27.8%. However, food

classification based on index percentages of the feed
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index (IA) shows that the plant debris represented by
the fibers (N = 37, % Fc = 34, %P = 17.62 and % FI =

27.8) are essential foods for the species.

Concerning animal debris, they were contained in 38
stomachs, which corresponds to 35 % occurrence. The
relative percentage of points is 74.21 % and the feed
index is 60.45 %. The food classification based on
index percentages of the feed index (IA) indicates that
the animal fraction dominated by insects (N = 35, %
Fi = 32, %P = 39.62 % and % FI = 58.86) constitutes
dominant preys for the species. For foods that could
not be identified, they were stored in 34 stomachs
with an occurrence rate of 31%. The corresponding
percentage of points is 8.17 % and the feed index is
11.75 %. That makes it possible to classify this
unidentified fraction in foods important for the
species. These results once again place the animal
fraction first in front of the vegetables one and
confirm the food similarity between M. vollenhovenii
and M. macrobrachion. These results are differents
from those of Gooré Bi (1998) and Kouton (2004)
according to which vegetable materials (plant debris
and fibers) would be the most abundant constituents
in the stomachs of these animals. In addition, the
results of Gooré Bi (1998) showed that there are no
important and  preferential prey in M.
macrobrachion, however, there are secondary preys
and dominant preys. The results of this study show
that there are dominant, essential, important and

secondary preys in this species.

In Macrobrachium dux, the detection of plant debris
in 95 stomachs has given the occurrence frequency of
41.4 %. The percentage of points awarded to this
vegetable fraction is 29.88 % and the food index is
43.44 % (Table 3).

Thus, referring to the classification of foods based on
the percentages of the feed index (FI), we have noted
that the plant debris represented by the fibers (N =
73, % Fi = 32, %P = 15.77 and % FI = 38.18)
constituted essential foods for the species. The animal
debris, contained in the 75 stomachs, corresponds to

a percentage of occurrences of 32.6 %.

The percentage of points is 64.73% and the food index
is 45.98%. The food classification according to the
percentages of the feed index (FI) indicates that the
insects dominated animal fraction (N = 66, % Fc = 29,
%P = 19.51 and % FI = 42.85) which constitutes
essential prey for the species. Foods, whose nature
was undefined, were kept in 58 stomachs, with a
frequency of occurrence of 26 %. The corresponding
percentage of points is 5.39 % and the food index is
10.58 %. That makes it possible to classify this

unidentified fraction in important foods.

These results are differents from those of Kouton
(2004) who showed that plant debris was the most
abundant constituents in the stomachs of these
shrimps. Discrepancies sometimes observed between
the present study and previous studies could be
explained by: the choice of equipment and the study
methods used, the choice of the study environment
(marked by the abiotic and biotic factors conditioning

the food ecology).

Conclusion
The study of the diet was devoted to three numerically
majority species. These are Macrobrachium
vollenhovenii, M. macrobrachion and M. dux. In the
present in addition to the

study, ecological

importance of these shrimps, Macrobrachium
vollenhovenii, M. macrobrachion are of particular
interest because they are giant species and have an
economic interest. They have therefore been the
subject of a careful study on Cavally River in order to
expand the available data on the ecology of shrimps in
Coéte  d'Ivoire. This study revealed that
Macrobrachium species are omnivorous but have a
carnivorous tendency. In view of these results, the
culturability of these shrimps is high whereas they are

omnivorous.

Acknowledgements

This work was carried out as part of a research project
entitled "Contribution to the knowledge of fish
biodiversity in Cavally at Ity department of Zouan-

Hounien".

149| Kouaméet al.



J. Bio. & Env. Sci. | 2018

This work benefited from a support in logistics of the
promoters. The authors thank all the people who

participated to its realization.

References

Aboua BRD. 2012. Développement d’'un indice
d’intégrité biotique piscicole pour la préservation de
la biodiversité du fleuve Bandama. Thése de Doctorat,
Université Félix Houphouét-Boigny, Abidjan, Cote
d’TIvoire, p. 227.

Boguhé H. 2015. Biologie de la reproduction et
exploitation de deux especes de crevette du Genre
Macrobrachium : M. vollenhovenii (Herklots, 1857)
et M. macrobrachion (Herklots, 1851) du fleuve
Bandama (Cote D’Ivoire). Theése de doctorat de
I'Université Félix Houphouét-Boigny de Cocody.
Abidjan, Cote d’Ivoire, p 216.

Brown DS. 1994. Freshwater snails of Africa and
their medical importance. Taylor and Francis Ltd,

London, p.608.

Corredor L. 1979. Identification, distribution et
apercus écologiques des crevettes d’eau douce de Cote
d’Ivoire. Rapport DEA Océanographie Biologique,
Paris 6, p.37.

Dejoux C, Elouard JM, Forge P, Maslin JL.

1981. Catalogue iconographique des insectes
aquatiques de Cote d’Ivoire. Rapport ORSTOM, 42,

p-178.

Didier J. 1997. Indice biotique d’intégrité piscicole
pour évaluer la qualité écologique des écosystémes
lotiques. Thése de Doctorat és sciences, Facultés
Universitaires Notre-Dame de la paix, Belgique, p

313.

Djiriéoulou KC. 2017. Peuplements des crevettes
des hydrosystemes de marais et fluvio-lagunaires du
Sud- Est de la Céte d’Ivoire :

croissance des populations. Thése de Doctorat,

diversité, structure et

Université Félix Houphouét-Boigny de Cocody,
Abidjan, Céte d’'Ivoire, p 150.

Djiriéoulou KC, Bamba M, Konan KM, N’Zi
KG, Gooré Bi G, Koné T. 2017. Peuplement de la
faune de crevettes de la Forét des Marais Tanoé-Ehy
(Sud-Est de la Cote d’Ivoire). Journal of Applied
Biosciences 112, 11100-11110.

https://dx.doi.org/10.4314/jab.v112i1.15

Djiriéoulou KC, Konan KM, Koné T, Bamba M,
Gooré Bi G, Koné 1. 2014. Shrimp Assemblages in
Relation to Environmental Characteristics of Four
Shallow Rivers in South East Cote d’Ivoire. Turkish
Journal of Fisheries and Aquatic Sciences 14, 651-658.

http://doi.org/10.4194/1303-2712-v14_3_07

Douglas MF. 1984. Diets of four sympathic species of
Etheostoma (Pisces: Percidae) from Southern India:
interspecific and intraspecific multiple comparisons.

Environment Biology of Fish 11, 113-120.

Durand JR, Lévéque C. 1981. Flore et faune
aquatiques de I’Afrique sahelo-soudanienne. Tome 2.
ORSTOM, Paris, France, p 391-873.

Etim L, Sankaré Y. 1998. Growth and mortality,
recruitment and yield of freshwater

Herklots, 1857

shrimp,
Macrobrachium  vollenhovenii
(Crustacea, Palaemonidae) in the Faye reservoir, Cote

d’Ivoire, West Africa. Fisheries Research 38, 211-223.

Girard G. 1974. Données fragmentaires sur les

régimes hydrologiques en Cote d'Ivoire, p. 22.

N

Gooré Bi G. 1992. Contribution a l’étude de
I’écologie des crevettes du genre Macrobrachium
(Décapode, Palaemonidae) des cours d’eau de Cote

d’Ivoire. DEA, Université Nationale de Cote d’Ivoire,

p. 50.

N

Gooré Bi G. 1998. Contribution a I'étude des
crevettes d’eau douce de Cote d’Ivoire : systématique,
biologie et analyse socioéconomique de la péche de
Macrobrachium vollenhovenii (Herklots 1857) et de
M. macrobrachion (Herklots 1851) (Crustacea
Decapoda, Palaemonidae) du bassin de la Bia. Thése
de Doctorat 3e cycle, Université de Cocody-Abidjan,

Cote d’'Ivoire, p 145.

150| Kouaméet al.



J. Bio. & Env. Sci. | 2018

Gooré Bi G, Gouréne G, N'douba V, N'Guessan
KJ. 2001. Rythme d’activité et rythme alimentaire de
deux especes de crevettes deau douce ouest
africains : cas de la riviere Bia (Cote d’Ivoire).
Sciences et Technologies, Sciences naturelles et

agronomie 25 (2), 17-24.

Gooré Bi G, Gouréne G, N'Douba V, N'Guessan
KJ. 2004. Stratégie de reproduction de deux especes
d’eau douce  Macrobrachium
(Herklots 1857) et de M.

macrobrachion (Herklots 1851) de la riviere Bia (Cote

de crevettes

vollenhovenii

d’Ivoire). Revue Internationale Sciences de la vie et de

la terre 4, 116-127.

Gooré Bi G, Kouassi NJ, Thys Van Den
Audenaerde FED.

d’identification et peuplement des crevettes (Caridae)

2002. Criteres pratiques
de la riviére Bia (Cote d’Ivoire). Bulletin de I'Institut
fondamental d'Afrique noire Cheikh Anta Diop,

Dakar, Sénégal, p 163-186.

Hureau JC. 1970. Biologie comparée de quelques
poissons antarctiques (Nototheniidae). Bulletin de

I'Institut Océanographique de Monaco 68, 1-244.

Konan KM. 2009. Diversité morphologique et
génétique des crevettes des genres Atya Leach, 1816
et Macrobrachium Bate, 1868 de Cote d’Ivoire. Thése
de doctorat de L’Universit¢é d’Abobo-Adjamé,

Abidjan, Cote d’Ivoire, p.171.

Kouamélan EP, Teugels GG, N'Douba V, Gooré
Bi G, Koné T. 2003. Fish diversity and its
relationships with environmental variables in a West

African basin. Hydrobiologia 505, 139-146.

Kouton MD.

Exploitation des crevettes d’eau douce dans la basse

2004. Diversité, Ecologie et

vallée de 'Ouémé : cas de la commune d’Adjohoun au

Bénin. Thése pour lobtention du Dipléme

d’Ingénieur Agronome. Université D’Abomey-Calavi,

Benin, p 111.

Lagardeére PJ. 1973. Distribution des décapodes
dans le sud du golfe de Gascogne. Revue des Travaux

de I'Institut des Péches maritimes 37 (1), 77-95.

Lauzane L. 1975. Régime alimentaire d’ hydrocynus
forskalii (Pisces, Characidae) dans le lac Tchad et ses
tributaires. Cahiers ORSTOM Série Hydrobiologie 9

(2), 105-121.

Lauzane L. 1977. Aspects qualitatifs et quantitatifs
de l'alimentation des poissons du lac Thad. Theése
Université Paris VI, ORSTOM, p 284.

Lévéque C, Dejoux C, Iltis A. 1983. Limnologie du
fleuve Bandama, Co6te d'Ivoire. Hydrobiologia 100,

113-141.

Madrid J, Sanchez P, Ruiz AA. 1997. Diversity
and abundance of a tropical fishery on the pacific
shelf of Michoacan, Mexico. Estuarine Coastal and

Shelf Science 45, 485-495.

Mahyao AG, Koffi C, N°'Gouan KC, Chia YV.
2014. Péche et commercialisation des crevettes d’eau
douce du fleuve Bandama en Coéte d’Ivoire.

Tropicultura 32(2), 95-102.

Marioghae IE. 1982. Notes on biology and
distribution of Macrobrachium vollenhovenii and
Macrobrachium macrobrachion in the Lagos lagoon
(Crutacean, Decapoda, and Palaemonidae). Nigeria
institute of oceanography and marine Research,

Lagos, Nigeria 96(3), p.507.

March JG, Pringle CM, Townsend MJ, Wilson
Al. 2002. Effects of freshwater shrimp assemblages
on benthic communities along an altitudinal gradient

of a tropical island stream. Freshwater Biology 47

(3), 377-390.

Monod T. 1980. Décapodes. In : Durand, J. R. &
Lévéque, C. (éds.). Flore et faune aquatiques de
IAfrique sahélo-soudanienne. ORSTOM, Paris 44

(1), 369-389.

151| Kouaméet al.



J. Bio. & Env. Sci. | 2018

Mori M, Sartor P, Biagi F. 2000. Diet of adult
females of Parapenaeus longirostris (Crustacea,
Decapoda) in the northern tyrrhenian sea (western
mediterranean). Atti Societa toscana Scienze naturali,

Memorie, p 7-10.

N’Da AS. 2015.

peuplement ichtyologique et relations trophiques

Biodiversité, structure du
d’'un bassin du Nord de la Coéte d’Ivoire : cas de la
riviere Bagoé. Thése de Doctorat, Université Félix

Houphouét-Boigny, Abidjan, Cote d'Ivoire, p 198.

N’Zi KG.

peuplements de crevettes d’eaux douces de Cote

2007. Diversité biologique des

d’Ivoire en relations avec les variables
environnementales du milieu. Thése de Doctorat,

Université de Cocody-Abidjan, Cote d’Ivoire, p 178.

N’Zi KG, Gooré Bi G, N'Douba V, Koné T,
Kouamélan EP, Ollivier F. 2004. Diversité
biologique des crevettes d’un petit bassin cotier ouest
africain, riviere Mé, Cote d’Ivoire en relation avec les
variables environnementales. Sciences et Techniques,

Sciences naturelles et agronomie 27(1 et 2), 17-27.

N’Zi KG, Gooré BG, Kouamélan EP, Koné T,
N’Douba V, Ollivier F. 2008. Influence des facteurs
environnementaux sur la répartition spatiale des
crevettes dans un petit bassin ouest africain: riviere

Boubo (Cote d’Ivoire). Tropicultura 26(1), 17-23.

Needham R. 1962. A guide to study of freshwater
biology. San-Francisco Holden Day, Inc., p 105.

Odum O, Oradiwe U. 1996. Some aspects the
biology of Macrobrachium macrobrachion (Herklots,
1851) in the Ethiope River, Nigeria (Crustacea:
Decapoda Palaemonidae). Journal African Zoology, p

53-60.

Paugy D. 1994. Ecologie des poissons tropicaux d’'un
cours d’eau temporaire (Baoulé, haut bassin du
Sénégal au Mali) : adaptation au milieu et plasticité
du régime alimentaire. Revue Hydrobiogie tropical

27, 157-172.

Pérée FP. 1998. Problémes statistiques et utilisation
de logiciels. Faculté de psychologie et des sciences de

I’éducation, Université de Liege, Belgique 2, p 238.

Petry P, Bayley B, Markle DF.

Relationships between fish assemblages, macrophytes

2003.

and environmental gradients in the Amazon River

floodplain. Journal of Fish Biology 63, 547-579.

Powell CB. 1980. The genus Macrobrachium in West
Africa. I: M. thysi, a new large Egged species from Ivory
Coast (Crustacea Decapoda Palaemonidae). Revue de

Zoologie africaine 94, 317-326.

Powell CB. 1982. Fresh and brackish water shrimps
of economic important in the Niger Delta. University
of Port Harcourt. Present to the second conference of
the fisheries society of Nigeria held at Calabar, 24-27
January 1992, p 1-45.

Rosecchi E, Nouaze Y. 1987. Comparaison de cinq

indices utilisés dans l'analyse des contenus
stomacaux. Revue des Travaux de I'Institut des

Péches Maritimes 49, 111-123.

Ville JP. 1970. Recherches sur la reproduction des
Macrobrachium des lagunes ivoiriennes. I: la
fécondité précoce chez les Macrobrachium de Céte
d’Ivoire. Annales de I'Université d’Abidjan, série. E,

(Ecologie) 3(1), 253-262.

Ville JP. 1972. Cycle ovarien saisonnier chez
(Herklots1857),

Décapode, Palaemonidae, en Cote d’Ivoire. Annales

Macrobrachium vollenhovenii
de I'Université d’Abidjan, série. E, (Ecologie) 5(1),
561-576.

Yao SS, Kouamélan EP, Koné T, N°douba V,
Gooré Bi G, Ollevier F, Thys Van Den
Audenaerde DFE. 2005. Fish communities along
environmental gradients within the Comoé River
basin, Cote d’Ivoire. African Journal of Aquatic

Science 30(2), 185-19.

152| Kouaméet al.



