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Abstract

This study was carried out in order to find out the sizes of first sexual maturity and the reproduction
period of the main fish species (Chrysichthys nigrodigitatus, Hemichromis fasciatus, Pelloluna leonensis,
Oreochromis niloticus, Sarotherodon galilaeus, Sarotherodon melanotheron, Coptodon zillii, Coptodon
zillit x Coptodon guineensis, Distichodus rostratus, Aucheglanis occidentalis, Hepsetus odoe,
Parachanna obscura and Schilbe mandibularis) targeted by the fishery in three lakes (Taabo, Kossou,
Fae). The sizes at first maturity recorded in Lake Kossou are larger than those obtained in the other two
lakes. However, the sizes at first capture (Lcso) for all species in the three lakes are smaller than the sizes
at first sexual maturity (Lso). Monthly monitoring of the gonadosomatic index (GSI) showed that
breeding activities took place during two seasons (wet and dry). The breeding activity during the rainy
season is longer than during the dry season. For a sustainable supply of fish, the fishery could be closed
during the period when most fish spawn (rainy season).

Keywords: First maturity size, first capture size, gonado-somatic index, spawning period

1. Introduction

Fishing is one oldest activity which have allowed human beings to survival. Fishing is a source
of economic income and employment. It can improve nutritional health through the providing
of halieutic protein. The man-made lakes are the main fishing grounds in Cote d'lvoire.
Fishing activities take place on all twelve months of the year in the man-made lakes of Taabo,
Kossou and Faé. This long fishing period leaves these water bodies overexploited ™ 2 3. This
over-exploitation is reflected in particular in the decrease of the average size of the fish species
compared to the size of the same species found in the other pools, the disappearance of large
individuals, and in the sharp decline in daily catches despite the increased performance of the
fishing gear used ™ 1. According to Gouréne et al. [, over-exploitation due to fishing and
pollution of various origins in continental African aquatic environments endanger aquatic
fauna, particularly the fishes, and therefore the sustainability of fishing. Reservoirs are the sites
of the main continental fishing activities in Cote d'lvoire ['],

The abusive exploitations of these lake ecosystems constitute serious obstacles that could have
a deep impact on the normal biological functions of species such as growth and reproduction.
In response to stresses, due to overexploitation, certain fish populations develop adaptive
strategies, notably the regulation of growth and reproduction. The reproductive strategy used
by fish species is a set of characteristics that the specie must exhibit in order to reproduce
successfully 8. Reproductive strategy is also an overall model of species-specific reproduction
and covers a range of life cycle characteristics including age, size at first sexual maturity,
gonadal development, fecundity, oocyte size, reproductive period and oviposition period.
Some life cycle characteristics can be influenced by the amount of food, fishing pressure, and
environmental conditions > 1%, Therefore, knowledge of these life cycle characteristics of fish
species is an essential tool that can provide relevant information for the design of fisheries
management regulations to enable sustainable exploitation of fisheries and the conservation
and preservation of fish and biological stocks [ 12, After several years of exploitation, it
would therefore be important, both ecologically and managerially, to control the reproduction
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Period of the fish species targeted by fishing, in order to
improve the management and sustainable exploitation of the
fishery resources of these lakes (Taabo, Kossou and Faé). So
this study aims to assess some reproductive characteristics of
the main fish species caught in Taabo, Kossou and Faé lakes.
More specifically, the aim is to determine (1) the sizes of first
sexual maturity and first capture and (2) the period of
reproduction. Secondly, these first results will allow us to
propose a plan of management of the three lakes for a
sustainable fishing.

2. Materials and methods

2.1. Study area

The study focuses on samples collected from the Taabo and
Kossou hydroelectric man-made lakes and the Faé agri-
electric dam lake (Figure 1). Taabo and Kossou dams are both
built on the Bandama River. The man-made lake Taabo is
downstream of the Kossou man-made lake. The Faé dam is
built on the San Pedro River.

Lake Taabo is located between 5°07' and 5°33' West
longitude and 6°25' and 6°56' North latitude and covers an
area of 69 km? with a water volume of 625,106 md. Its
average annual flow is 128.7 m®s 3], There are two rainy
seasons. The main season goes from April to June and the
short one runs from September to November. There are two
dry seasons. The main one is situated between December and
February. The short runs season from July to September 4
Lake Kossou is located between 6° 58 and 8° 08' North
latitude and 5° 27' and 5° 45" West longitude, with a surface
area of 770 kmz2 [*31, The climate contains four seasons: a long
rainy season from February to June; a short dry season from
July to August; a short rainy season from September to
October and a long dry season from November to February
[16]

Lake Faé is located between 4°58' - 5°02' north latitude and
6°38' - 6°42" west longitude and covers an area of 16.28 km?
of water and 11.24 km? of floodable areas ™. There are four
seasons including two rainy seasons and two dry seasons. The
first rainy season takes place between April and July, with
maximum rainfall in June and the second, very irregular,
extends from September to November or December.

2.2. Sampling

Fish samplings has taken place from September 2017 to
October 2018 from experimental and commercial fisheries.
The fishing gear consisted in two (2) sets of multi-filament
and mono-filament gillnets. Each set was composed of 10 nets
with mesh size of 10, 15, 20, 25, 30, 35, 40, 50, 60 and 70
mm respectively. Fishes caught were identified using the
identification key of Paugy et al. 1. Each specimen was
measured at total and standard lengths to the nearest
millimetre and weighed to the nearest thousandth of gram.
After dissection, the gender was determined by gonad
examination. The stage of sexual maturity was equally
determined after macroscopic examination. Sexual maturity
scale of Legendre and Ecoutin 81 was used to describe the
structure of the gonads.

A survey was carried out on all fishermen operating on lakes
Taabo, Kossou and Faé. We have identified 199 fishers in
Taabo, 3457 fishers in Kossou and 120 fishers in Faé. Each
fisherman was asked to provide the following information:
fishing gear used, periods when they stopped working and the
reason, alternative activities to fishing.
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2.3. Data analysis

2.3.1. Choice of fish species

This study was carried out on of 13 fish species. Four (4) of
them were common to the three lakes and seven (7) to two
lakes (Taabo and Kossou). The species Distichodus rostratus
has been funded only in Lake Taabo while Auchenoglanis
occidentalis was only found in Lake Kossou. Four species
(Sarotherodon melanotheron, Parachanna obscura, Hepserus
odoe and Schilbe mandibularis) were only caught in Lake Faé
(Table 1). These species are important in the market

2.3.2. Gonado-somatic Index (GSI)

Gonado-somatic index (GSI) expressed in percent, is the
calculation of the gonad mass as a proportion of the total body
mass 19, It is used to determine the degree of maturation of
the gonads and the reproduction period based on the variation
in gonad mass during the sexual cycle 2% When this ratio is
low, the species is in a state of sexual rest or is immature. A
very high ratio reflects an advanced state of gonad maturation
and indicates the proximity of gamete emission 2

The GSI formula used is as follows

GSI =Fl>< 100

Er

o))

51 : Gonado-somatic index;
W} Weight of gonad (g);
W, eviscerated weight (g)

2.3.3. Size at first maturity (Lso)

The size at first sexual maturity (Lso) is the length at which
50% of the individuals are mature. It was estimated by fitting
a non-linear logistic function regression linking the
proportions of mature individuals and the standard length of
the fish. This sigmoid shape function enables Lso to be
determined accurately 2, The formula is written as follows

E:n+h5Ll
P =& @
a

The logistic model of the size at first sexual maturity was
determined using Statistica 7.1 software.

2.3.4. Size at first capture (Lcso)

The size at first catch (Lcso) is the length at which 50% of the
fishes are caught by fishing. It was determined using the
general equation of Von Bertalanffy 2% incorporated in the
FISAT Il software [24,

2.3.5. Estimated fishing effort

The fishing effort corresponds to the quantification of the
exploitation of a stock during a given time interval @, It
indicates the fishing pressure exerted by fishermen on a stock.
Fishing effort remains the only index applicable to the
structural heterogeneity characterising tropical artisanal
fisheries 21,

2.4. Statistical Analysis
The Chi-square test was used to compare the first maturity
sizes (Lso) of male and female individuals. The Chi-square
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test was also used to compare the size at first maturity (Lso)
with the size at first capture (Lcso). The non-metric
multidimensional scale (nMDS) 71 was used to gather the
months in which reproduction occurs using the reproductive
period of the fish species in each lake. This analysis is based
on the Bray-Curtis similarity measure using the group linking
procedure. The similarity analysis (ANOSIM) determined
whether the gather of months formed were significantly
different. The values of the R statistic are an absolute measure
of the degree of separation of the groups, ranging from 0
(indistinguishable) to 1 (well separated) 28l The software
programme PAST (Paleontological Statistic) version 2.15 was
used for the multivariate analyses (nMDS, ANOSIM). The
Chi-square test was carried out using R software.

3. Results and Discussion

3.1. Results

3.1.1. First sexual maturity and first caught size

First sexual maturity sizes, first capture sizes and the results
of the Chi-squared test are shown in Table 2 and 3. The sizes
of first sexual maturity obtained in Kossou Lake are larger
than those recorded in the other two lakes (Taabo and Faé). In
all three lakes, in the majority of species the first reproductive
size of the females is smaller than that of the males. In the
species Chrysichthys nigrodigitatus (all lakes), Distichodus
rostratus (Taabo), Coptodon zillii x Coptodon guineensis
(Faé) and Hepsetus odoe (Faé) the size of first sexual maturity
of females is greater than that of males. The Chi-square test
indicates that the difference between the sizes of first sexual
maturity is not significant in all fish species in the three lakes.
The sizes at which 50% (Lcso) of the individuals are caught
vary from 25.07 mm (Pelloluna leonensis) to 92.32 mm
(Distichodus rostratus) at Taabo, from 42.72 mm (Pelloluna
leonensis) to 114.14 mm (Auchenoglanis occidentalis) at
Kossou and from 55 mm (Sarotherodon melanatheron) to
130.37 mm (Hepsetus odoe) at Faé Lake. These first capture
sizes are smaller than the first sexual maturity sizes (Lso) for
of all species (Table 3). The comparison of the two sizes
shows that the size at first sexual maturity is significantly
larger than the size at first capture, except for Pelloluna
leonensis in which there is no significant difference between
the two sizes in the three lakes.

3.1.2. Fishing effort

Knowledge of the number of fishing units or fishermen can
give an idea of the fishing effort. In this study we used the
number of fishermen per km? to express the fishing effort.
The number of active fishermen on the different lakes is 199,
3457 and 120 respectively in Taabo, Kossou and Faé. The
fishing effort determined is 2.88 anglers/km? in Taabo, 4.48
anglers/km? in Kossou and 7.37 anglers/km? in Faé.

3.1.3. Gonado-somatic index (GSI) and Reproductive
period

The monthly variations of the Gonadosomatic index (GSI) in
each lake are shown in figures 2, 3 and 4. The variations in
GSI show that in each month at least two species reproduce in
each lake. High values of the Gonadosomatic index indicate
months when a majority of the individuals are reproducing.
The breeding period ranged from three to six months.

The percentage of fish species that spawn in each month in
lakes Taabo, Kossou and Faé is shown in Figure 5. In Taabo
Lake, the reproduction of 37.5% of the species takes place in
the months of November, January, February and April. In the
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months of June, July, September and October at least 60% of
the species reproduce in each of these months. In Kossou
Lake, 37.5% of the species reproduce in November, January
and February. Half of the species, i.e. 50%, have their
breeding period in June and September. In the months of
April, July and October at least 60% of the species carry out
their reproductive activity. In Faé Lake, 25% of the species
collected reproduce in January and September and 40% in
February and October. In the months of November, April,
June and July at least 60% of the species are reproducing.

The nMDS ordination showed a separation into two groups of
the months in which the fish species reproduce in each lake
(Taabo, Kossou and Faé) (Figure 6). In Taabo the first group
(G1) is composed of the months of January, February, April
and November and the second group (G2) includes the
months of June, July, September and October. In Kossou, G1
includes the months of January, February and November. G2
includes the months of June, July, September and October. In
Faé, G1 includes the months of January, February, September
and October. G2 includes the months of April, June, July and
November. In general, G1 contains the dry season months
(November, January and February) and G2 the wet season
months  (April, June, July, September and October).
According to the ANOSIM results (Table 4), there are
significant differences between the groups of months formed
in each lake (Taabo R =0.62, P < 0.05, Kossou R = 0.46, P <
0.05, Faé R = 0.64, p < 0.05). G1 is significantly different
from G2 in all three lakes (Taabo, Kossou and Faé). The
reproduction of fish species is more accentuated in the rainy
season than in the dry season.

3.2. Discussion

Knowledge of the size of first sexual maturity in fish is
essential to determine the minimum size of spawners for the
purpose of rational stock management 2> 30 Analysis of
maturity indicates that male and female individuals reach
sexual maturity at different sizes. This difference in size could
be attributed to the differential growth of individuals observed
in most teleosteans BY. In many cases, size differences are
associated with sexual differences related to the relative
distribution of energy for gametes production 2. The values
of size at first sexual maturity obtained in Coptodon zillii x
Coptodon guineensis, Coptodon zillii, Hemichromis fasciatus,
Sarotherodon galilaeus, Oreochromis niloticus, Pelloluna
leonensis and Chrysichthys nigrodigitatus in this study vary
from one lake to another for the same species. These
differences according to the basins can be explained by the
fact that the first maturity size of individuals depends on
biological and/or ecological factors in the environment such
as variations in environmental parameters and the availability
of food resources [3% 331 According to Albaret B4, these
variations are different strategies developed by, fishes in
different environments to better adapt and benefit from their
ecosystem. In the natural environment, the size at sexual
maturity is linked to the size of the water body, the density of
fish and the various states of stress existing within fish
populations [ %1, Thus Baijot et al. 7 indicate that the larger
the lakes are the greater the size of first maturity. The large
size of first maturity in Kossou Lake would be explained by
its greater surface area (770 km2) than that of Taabo Lake (69
km?) and Faé Lake (16.28 km?). In our study females of
Chrysichthys  nigrodigitatus, = Oreochromis  niloticus,
Sarotherodon  galilaeus, Sarotherodon  melanotheron,
Parachanna obscura, Auchenoglanis occidentalis, Schilbe
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mandibularis and Distichodus rostratus reached sexual
maturity at smaller sizes than in the observations of Albaret
[381  (Chrysichthys nigrodigitatus 195 mm, Oreochromis
niloticus 160 mm, Sarotherodon galilacus 145 mm), [
(Parachanna obscura 245 mm), [®I  (Auchenoglanis
occidentalis 270mm), ¥4 (Sarotherodon melanetheron 136
mm), 14 (Schilbe mandibularis 181 mm) and 3 (Distichodus
rostratus 463 mm). Indeed, Welcomme 14 and Rutaisire and
Booth % reported that fish respond to fishing pressure by
reducing the size at first maturity (61 also indicates that
fishing pressure leads to a reduction in the age at first
spawning, and therefore the size at first sexual maturity. Thus
the fishing effort of 3 fishers/kmz2 in Taabo, 4.48 fishers/km?
in Kossou and 7.37 fishers’lkm? in Faé exceeds the FAO
standard of 2 fishers/km? 71, This mode of exploitation
practiced on these lakes could be one of the reasons for the
reduction in the size of the first reproduction. The fecundity
of a species is most often a function of the size of the female,
as larger sizes result in more eggs being laid ® #8. This
reduction in the size of first sexual maturity could cause a
decrease in fecundity in these species.

Gonado-somatic index (GSI) of the fish species showed
different reproductive intensities in the different seasons. Fish
reproduces more in the rainy season than in the dry season in
the three lakes (Taabo, Kossou and Faé). Our results
corroborate with those of Kwarfo-Apegyah and Ofori-Danson
91 who indicated that the breeding period of fish in the
Bontanga Reservoir in Ghana takes place during the rainy
season. The reproductive biology of tropical freshwater fish
species is influenced mainly by the rainfall regime and/or
water level fluctuations ™. The breeding periods of fish
species in the three Lakes followed the general breeding
pattern of tropical freshwater fish species, in that they
coincide with the rainy season and the associated high-water
level. This synchronisation of the reproduction period with
the rainy or flood season, well known in many tropical fish
species, appears to be a very advantageous strategy for
juveniles B9 Indeed, during the rainy season, submerged
areas provide shelter for fish and they find food resources in
abundance [,

We have found that the sizes of first capture (Lcso) are below
the size of first maturity (Lso) for all species studied 2 made
the same observation for six catfish species caught in the
Ouémé delta in Benin. Fish harvesting patterns in the three
lakes tend to reduce the fecundity of the stocks as most of the
fish caught do not have the chance to reproduce at least once
before being removed from the environment. This fishing
practice would reduce the stock of fish available in the
environment. In front of reduction of the available fish
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resource, it would be interesting to propose various
alternatives for a sustainable management of fishing in lakes
Taabo, Kossou and Faé. The main reproduction periods take
place during the rainy season. So, we could propose a fishing
closure in June, July, September and October in Taabo Lake;
in April, June, July, September and October in Kossou Lake
and finally in April, June, July and November in Faé Lake.
We know that fishing is the main source of livelihood for
artisanal fishermen. Thus, the closure of the fishery during
these periods will leave fishermen without work, making
them very vulnerable. This possibility is unlikely to guarantee
their full cooperation. So fishermen can carry out their
activity but with a reduced rate of fish exploitation. This can
be done in two ways. The first is to reduce fishing effort (53,
Fishing gear and water trips need to be reduced. Each
fisherman, for example, could have a battery of gillnets and
be allowed to go out once a day. Beach seining should be
prohibited. The second is to increase the mesh size of the nets
to allow spawners to reproduce at least once in their lifetime
before being caught. Therefore the mesh size must be
increased to 100mm. The challenges associated with these
two management options are monitoring and surveillance to
ensure fishermen's compliance.

To gain the support and cooperation of fishermen, the
Ministry of Fisheries Resources should delegate management
authority to fishermen and other stakeholders, in order to
compel them to assume greater responsibility for the
conservation of fisheries resources. This could be achieved
through the adoption of a community-based fisheries
management system [54 551,

This option involves the formation of fisheries co-
management committees with fishers and other stakeholders
from the riverside community. The committee can ensure
responsible fishing practices by formulating relevant
regulations for the sustainable exploitation of fishery
resources. According to Pinkerton B¢, fishing communities or
organisations should be involved as partners in the planning,
design and implementation of fishing regulations. Indeed,
when these communities or fishermen's organisations are
involved in habitat protection and are part of the process of
drafting management policies, they give full legitimacy to the
regulations, being the strongest advocates, controllers and
implementers of management decisions. Consequently, a
community co-management committee would ensure that a
closed period, reduced fishing effort and regulations on
minimum mesh size for gillnets are respected, in the interest
of protecting fish stocks and ensuring sustainable exploitation
of the resource.
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Table 1: List of fish species studied in the three lakes

Lacs
Taabo | Kossou | Faé
Coptodon zillii x Coptodon guineensis + +
Hemichromis fasciatus
Chrysichthys nigrodigitatus
Pelloluna leonensis
Coptodon zillii
Oreochromis niloticus
Sarotherodon galilaeus
Distichodus rostratus
Auchenoglanis occidentalis
Sarotherodon melanotheron
Parachanna obscura
Hepsetus odoe
Schilbe mandibularis

Species
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Table 2: Comparison of the sizes at first sexual maturity (Lso) between the two sexes of fish species caught in lakes Taabo, Kossou and Faé.

Taabo Kossou Faé
Species name Lso (mm) ) Lso (mm) ) Lso (mm) )
Male Female L Male Female X Male Female X
Coptodon zillii x Coptodon guineensis 1117 106.13 0.14 129.22 | 120.19 0.32 86.38 91.23 0.13
Coptodon zillii 99.96 97.31 0.035 | 120.62 111.4 1.14
Hemichromis fasciatus 96.63 85.17 0.47 103.85 91.39 0.88 91.3 82.09 0.63
Oreochromis niloticus 123.69 106.22 1.32 133,39 125.66 0.27
Sarotherodon galilaeus 124.22 120.4 0.059 | 134.95 | 129.31 | 0.001
Chrysichthys nigrodigitatus 143.95 154.12 0.32 159.81 167.81 0.19 138.74 145.60 0.15
Pelloluna leonensis 27.34 26.43 0.015 70.47 66.65 0.66 59.23 57.07 0.025
Distichodus rostratus 377.47 428.68 3.25
Auchenoglanis occidentalis 268.97 | 249.88 | 0.702
Sarotherodon melanotheron 110.91 117.62 0.19
Parachanna obscura 214.07 183.01 2.42
Hepsetus odoe 170.77 178.63 0.17
Schilbe mandibularis 112.07 109.04 0.04

Table 3: Comparison of first sexual maturity sizes (Lso) and first catch sizes (Lcso) of fish species caught in Lake Taabo, Kossou and Faé. (* :
Significant P < 0.05 difference)

Taabo Kossou Faé
. Male Female Male Female Male Female
Species Lcso Leo Leo Lcso Leo Lo Lcso Leo Leo
2 2 2 2 2 2
(mm) mm)| ¥ |(mm)| * (mm) mm)| € | mm)| * (mm) mm)| ¥ | (mm)]| %
Coptodon zillii x
- . 47.04 | 111.7 |26.33*|106.13|22.79* | 53.16 [129.2231.72*120.1925.91* 61.32 | 86.38 | 4.28* | 91.23 |5.90*
Coptodon guineensis
Coptodon zillii 59.89 | 99.96 [10.04*| 97.31 | 8.90* | 56.79 |120.62|12.2*| 111.4 |4.37*
Hemichromis fasciatus | 48.41 | 96.63 | 1.81* | 85.1 | 4.13* | 43.72 |103.85(18.26* 91.39 {11.34* 59.56 | 91.3 |11.71*| 92.09 |6.97*
Oreochromis niloticus | 66.12 |123.69| 6.72* [106.22| 2.1* | 72.43 |133,39|9.03*|129,66|6.20*
Sarotherodon galilaeus| 61.91 |124.22]20.85* | 120.4 |18.75*| 64.58 |134.92 [21.95*129.31 21.61%

Chrysichthys
nigrodigitatus
Pelloluna leonensis
Distichodus rostratus
Auchenoglanis
occidentalis
Sarotherodon
melanotheron

83.08 {143.95|21.19*|154.12| 26.56*

25.07 | 27.34 | 0.09 | 26.43 | 0.03
92.32 |377.47[173.08* 428.68 [217.16™

49.95
42.75

159.81[57.53*167.81|63.79* 60.10
70.47 | 0.66 | 66.65 | 1.02 | 56.95

138.74 | 37.62* | 145.66 [42.32*
59.23 | 1.56 | 57.07 | 1.19

114.14 |1 268.97 [62.57*| 249.88 50.62*

55 [110.91(18.841*117.62 22.71%

Parachanna obscura 75.43 |214.07 |68.58* | 183.01 [44.78%
Hepsetus odoe 130.37 |170.77| 5.41* |178.77|7.57*
Schilbe mandibularis 74.22 (112.07| 7.69* |109.04|6.61*

Table 4: Statistic results of ANOSIM and their significance levels (P
< 0.05) for pairwise comparisons of fish reproductive period among
the two groups in each locality

resources: Bandama, Comoé and Faé river basins", financed
by the European Union (EU) and the Directorate of
Aquaculture an2d Fisheries (DAP).

Locality Groups ANOSIM
Global-R P 6. References
Taabo land 2 0.61 0.027 1. Da Costa KS, Dietoa YM. Typologie de la péche sur le
Kossou land?2 0.46 0.020 lac Faé (Cote d’Ivoire) et implications pour une gestion
Fae land 2 0.64 0.028 une gestion rationnelles des ressources halieutiques.
BFPP/Bull.fr. Péche pisciculture. 2007;384:1-14.
4. Conclusion 2. Blé AKSR. Rentabilité de la péche pratiquée sur le lac de

This study showed that in the fish species studied, male and
female individuals reach sexual maturity at different sizes.
The large sizes of first sexual maturity are reached in Lake
Kossou only. The fish are caught before their first
reproductive size. The majority of the fish reproduce during
the rainy season in the three lakes: Taabo (June, July,
September and October), Kossou (April, June, July,
September and October) and Faé (April, June, July and
November).
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