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ABSTRACT

This study analyzes the impact of fishing pressure on the dynamics and resilience of
Coptodon guineensis in Lake Toho (southwestern Benin), using size-frequency data (2002-
2003 and 2022-2024) processed with FISAT Il. Results show a decline in maximum length and
weight (31.3 cm/908 g to 18 cm/119 @), earlier sexual maturity, and a reduction in mature
individuals and large breeders. Growth and exploitation parameters indicate reduced longevity,
lower yield per recruit, and persistent overexploitation. Overall, the biological and ecological
status of the species has deteriorated, undermining its long-term resilience and threatening the
food security of local communities dependent on this fishery resource.

RESUME: Impact de la surpéche sur la dynamique temporelle et la résilience de la
population de Coptodon guineensis (Glnther, 1862) dans le lac Toho (Bénin, Afrique de I’Ouest).

Cette étude analyse I’impact de la pression de péche sur la dynamique et la résilience
de Coptodon guineensis dans le lac Toho (sud-ouest du Bénin), a partir de données de
fréquence de tailles (2002-2003 et 2022-2024) traitées avec FiSAT Il. Les résultats révelent
une diminution de la taille et du poids maximaux (31,3 cm/908 g a 18 cm/119 g), une maturité
sexuelle plus précoce et une baisse des individus matures et reproducteurs. Les paramétres de
croissance et d’exploitation indiquent une réduction de la longévité, une baisse du rendement
par recrue et une surexploitation persistante. L.’état biologique et écologique de I’espece s’est
détérioré, compromettant sa résilience et la sécurité alimentaire des communautés locales.

REZUMAT: Impactul pescuitului excesiv asupra dinamicii temporale si rezilientei
populatiei de Coptodon guineensis (Glinther, 1862) din lacul Toho (Benin, Africa de Vest).

Acest studiu analizeazd impactul presiunii pescuitului asupra dinamicii si rezilientei
speciei Coptodon guineensis Tn Lacul Toho (sud-vestul Beninului), utilizand date privind
frecventa marimii (2002-2003 si 2022-2024) procesate cu FiSAT II. Rezultatele releva o
scadere a dimensiunii si greutdtii maxime (de la 31,3 cm/908 g la 18 cm/119 g), o maturitate
sexuald mai timpurie si un declin al indivizilor maturi si reproductivi. Parametrii de crestere si
exploatare indicd o longevitate redusd, un randament scazut si o supraexploatare persistenta.
Starea biologica si ecologica a speciei s-a deteriorat, scazand rezilienta acesteia pe termen lung
si securitatea alimentard a comunitatilor locale dependente de aceasta resursa piscicola.
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INTRODUCTION

A high number of anthropogenical stressors impact the fish aquatic ecosystems all
over the world including fishing and overfishing (Banaduc et al., 2024, 2023, 2022). Africa is
not at all an exception regarding fishing and overfishing, by contrary (Oluwakayode-Oluyi et
al., 2025; Xitong Zhang et al., 2023; Adom et al., 2019), overfishing in Africa is a main issue
induced by not sustainable fishing habits, pouchery, missing of appropriate management,
accentuated diminishing of fish stocks due to overfishing, economic challenges for some local
human populations, etc. Excessive exploitation of freshwater fishery resources in tropical
ecosystems of West Africa poses a critical threat to the sustainability of artisanal fisheries
(Koigny et al., 2024; Béné et al., 2015; Ayoubi and Failler, 2013; OCDE, 2008). In these
heavily exploited aquatic ecosystems, sustainable fisheries management remains hindered by
the lack of recent reliable biological and ecological information and data on targeted economic
and ecologic valuable fish species. This is particularly true for Lake Toho, a continental
waterbody located in southwestern Benin within Ramsar site 1017, which has been intensively
fished for several years without rigorous monitoring of stock status for key species
(Ahouansou Montcho, 2003; Tossavi and Adite, 2018; Lederoun et al., 2015). Coptodon
guineensis (Gunther, 1862) is a euryhaline fish species widely distributed along the West
African coast, occupying various estuarine habitats. In Lake Toho, it accounts for 33.4% of
individuals captured and 27.61% of total biomass, making it a major component of artisanal
fishing and a species of significant economic importance (Ahouansou Montcho, 2003). Despite
its prominence, no study has yet assessed the temporal dynamics of overfishing affecting this
species.

Recent research on exploited fish populations has shown that overfishing induces
significant changes in population structure, influencing size at first sexual maturity (Lm50),
length at first capture (Lc50), growth parameters, and the proportion of large reproductive
individuals in catches (Osman et al., 2024; Amponsah et al., 2020; Froese, 2004; Amponsah et
al., 2016). Moreover, excessive exploitation of this natural resource contributes to reduced
yield per recruit and exploitable biomass (Zhang et al., 2023; Froese and Pauly, 2021,
Beverton and Holt, 1957).

In light of these sustainability challenges, this research aims to characterize the
population dynamics of C. guineensis in Lake Toho between 2002-2003 and 2022-2024. It
focuses on estimating critical size thresholds, the proportion of mature and mega-spawner fish
individuals, and analyzing growth, exploitation, and maximum sustainable yield parameters.

This contribution seeks to provide essential uptodate reference data to support the
sustainable management of C. guineensis stocks in Lake Toho within the broader West African
context.

MATERIAL AND METHODS

Study areas

This research was carried out on Lake Toho, situated in the southwestern region of
Benin. During low-water periods, the lake spans UTM coordinates from 302000 m E to
311000 m E in longitude and from 728000 m N to 737000 m N in latitude, within UTM zone
31N (Fig. 1). The lake sits at an average altitude of 64 m above sea level.

Lake Toho exhibits a crescent-shaped configuration stretching from south to north,
with an approximate length of seven km. Its southern section reaches a width of about 2.5 km,
narrowing to roughly 500 m in the north (Ahouansou Montcho, 2003). The lake is bordered by
the districts of Kpinnou (Athieme municipality), Zoungbonou (Houeyogbe municipality), and
Houin (Lokossa municipality).
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It forms part of the Western Complex within the Mono River Basin and is recognized
as Ramsar Site no. 1017. Hydrologically, the lake is fed by two principal tributaries the Diko
and Atakpatohoun rivers while the Kpacohadji channel functions both as an inflow and
outflow, playing a key role in regulating the lake’s water dynamics.
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Figure 1: Lake Toho.

Lake Toho lies within a subequatorial climatic zone. According to precipitation and
temperature records from the National Meteorological Agency (ANM) spanning 1993 to 2023,
the region experiences a distinct seasonal pattern: a prolonged rainy season from March to
July, briefly interrupted by a dry spell in August. This is followed by a shorter rainy phase
from September to October, and then a sustained dry season extending from November
through February.

Fish sampling and data analysis

Specimens of C. guineensis (Fig. 2) were collected through artisanal fishing activities
at four landing sites Kpinnou, Logbo, Douime, and Hogbonou during two distinct sampling
campaigns: April 2002 to March 2003, and April 2022 to March 2024.
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Throughout both periods, fishers utilized consistent gear types and techniques as
documented by Ahouansou Montcho et al. (2023). These included hand nets (small “Ségue”;
large “Congo,” “Kounkouin,” or “Adjakpo”), gillnets (“Sito” or “Adoun,” and “Awl¢” or
“Dokpo¢”), Malian traps (“Goura”), traditional fish traps (“Montocloué”), and single-hook
lines (“Mlinvi”’). These methods, in use for over twenty years, remain the principal means of
harvesting C. guineensis in Lake Toho.

Species identification was performed using the taxonomic key provided by Paugy et
al. (2003). For each fish, total length (TL, in cm) and total weight (TW, in g) were measured
using an ichthyometer and electronic scales Kern model for the 2002-2003 period and Kitchen
Scale for 2022-2024 both with a precision of 0.1 g.

To assess reproductive status, fish were dissected and their gonads examined
macroscopically. Maturity stages were classified using the system developed by Micha (1973),
as modified by Laleye (1995) for the earlier period, and the Brown-Peterson et al. (2011)
framework for the later period. Gonads were extracted and weighed to the nearest 0.01 g using
a Kern electronic scale during both sampling phases.

Figure 2: Saml specimen of Coptodon guineensis (Glinther, 1862).

According to Brown-Peterson et al. (2011), gonadal development in fish progresses
through five stages beginning with immature gonads that are very small, translucent, and
thread-like in appearance followed by developing gonads where ovaries begin to expand and
testes become distinguishable then spawning-capable gonads characterized by large ovaries
with visible oocytes and firm testes that release milt under slight abdominal pressure next
regressing gonads with flaccid ovaries and soft testes that no longer release milt and finally
regenerating gonads which are reduced in size and appear thin and filamentous.

Data structuring and statistical analysis

Total length (TL) measurements were grouped into size classes. The number of classes
was determined using Sturges’ formula (1926): Number of classes = 1 + (3.3 x log N), where
N is the sample size, Xmax is the maximum total length, and Xmin is the minimum total length.

. . Xmax—Xmin
The amplitude (a) of each class was calculated using the formula: a = ——————.
Number of clazs

Following this calculation, TL values were grouped into classes with a fixed interval
of 2 cm.
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A comparison of total lengths and mean weights between male and female C.
guineensis specimens from the two sampling periods (2002-2003 and 2022-2024) was
performed using analysis of variance (ANOVA) in R software (version 4.0.5). This aimed to
detect potential sex-related growth dimorphism, a common biological phenomenon in fish
species (Ahouansou Montcho et al., 2015; Ahouansou Montcho 2008).

Size at first sexual maturity (Lm50) and sexually mature individuals
The fish size at first sexual maturity (Lm50) is defined as the average length at which
50% of males and females reach sexual maturity (Stages IlI-V). It was estimated using a
sigmoid logistic curve representing the proportion (p) of mature individuals as a function of
total length (TL), following the model described by Amenzoui et al. (2005) and N’Guessan et
al. (2018).
o(@+bLt)

The logistic equation used was: p= , Where p represents the percentage of
1+e@+bLD)

mature individuals relative to all fish of a given total length (TL), while a and b are model-

specific coefficients. The values of a and b were obtained through logarithmic transformation

of the equation, following the method described by Dagnelie (1973): p = :Xx where x

= ela¥blt) Thys In {:ﬁ} = a + bLt where the value of Lm50 was calculated using the

formula: Lm50 = — a/b, by substituting p = 50% into the equation. A reference point of 100%
mature individuals in the catch was used for model calibration (Ndour et al., 2013).

The percentage of sexually mature individuals (%Py) in each size class was
determined by setting the maturity threshold at Stage 11, corresponding to vitellogenesis and
gonadal maturation (Albaret and Legendre, 1985). The monthly percentage of mature fish was
calculated using the formula: %Py = %* 100; n is the number of mature individuals in the

sample, N is the total number of individuals.

The software StatView (Version 1992-98, SAS Institute Inc.) and Microsoft Excel
were used to calculate observed proportions of mature fish, estimated proportions, and the
logistic model coefficients a and b.

Growth parameters

Growth parameters including Loo, K, and @' were estimated using the FiSAT Il
software (version 1.2.2), which incorporates the ELEFAN I routine based on length-frequency
distribution analysis (Lederoun et al., 2015; Ahouansou and Montcho et al., 2015, Gaynilo et
al., 2005). Growth was modeled using the Von Bertalanffy Growth Function (Von Bertalanffy,
1948), expressed by the equation: Lt = Loo (1-e~¥(1=t) where: Lt is total length of the fish at
age t (cm), Loo is asymptotic length (cm), K is growth coefficient or rate (year™), to iS
theoretical age at which length is zero.

The growth performance index (®") was calculated using Loo and K, following the
formula proposed by Pauly and Munro (1984): @' = logioK + 2 logioLoo.

The theoretical age at zero length (to) was estimated using Pauly (1979) equation:
log(-to) =—0.392 —0.275 logL —1.038 log, K.

Potential longevity (tmax) Was calculated using Pauly’s (1980) formula: tm.x = 3/K.
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Mortality and exploitation rate

Total mortality (Z) was estimated using the length-converted catch curve method in
ELEFAN I/FiSAT Il, based on the formula by Gayanilo et al. (2005): In (N/At;)) = a + bt, where
N is number of fully recruited fish in size class i, Ati is time required for fish to grow through
size class i, it is mean age of fish in that size class, b is slope representing total mortality (Z),
with sign reversal.

Natural mortality (M) was estimated using Pauly’s (1982) empirical formula:

log,p(M) = a — blogg(Leo) + clogyo(K) + dlogyo(T)
werea = —0.0066;b = 0.279;c = 0.6543; d = 0.4634;
M = Natural Mortality{an1);
Tis mean annual water temperature (°C)of the study area.

Fishing mortality (F) was calculated as: F = Z — M (Pauly, 1982).

The exploitation rate (E) was determined using Gulland’s (1971) formula: E = F/Z.

According to Gulland (1971), the exploitation rate is a key indicator of stock status:
if E = 0.5, exploitation is considered optimal, if E < 0.5, the stock is underexploited, if E > 0.5,
the stock is overexploited.

Length at first capture (Lc50) and optimal length (Lopt)

The length at which 50% of fish from both sexes enter the exploitable stock (Lc50)
was estimated based on capture probabilities.

The FiSAT II software facilitates the estimation of Lcso, which is a key selectivity
parameter. Using a logistic curve, data {oints were selected for regression based on:

1
—]—1}=51-52x%L
G)-1)

where P is the probability of capture at length L, and S1 and S2 are regression coefficients
used to estimate capture probability in the logistic model. Lc50 value was calculated as:

Lc50 = =,

The optimal length (Lopt) for a given afge class was estimated following Froese
(2004), using the formula: Lope = Lm;&, where Loo and K are parameters from the von
K

In

Bertalanffy growth function, and M is the instantaneous natural mortality rate.

Relative yield per recruit (Y’/R) and relative biomass per recruit (B’/R)
FiSAT Il version 1.2.2 was used to estimate yield per recruit (Y’/R) based on the
Beverton and Holt (1966) model. The calculation follows the formula: Y'/R = EUMX
L (u*) ] _ . Le50
[1- (1+m) (1#2m) (1+3m MK etU=1- Lo '
rate (F/Z), U = 1 — (Lcso/Loo), representing the proportion of potential growth achieved before
capture, M is natural mortality rate, K is growth coefficient, m is mesh size parameter,
calculated as (1 — E)/(M/K), Lc¢50 is length at first capture, Loo is asymptotic length.
This model provides insight into the exploitation status of fishery resources.
The relative biomass per recruit (B’/R) was calculated using the formula:

, _ /R
(B/R) =%

(1-E

)
.

n] with m = E = F/Z; where: E is exploitation
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Yield per recruit (Y’/R) and maximum sustainable yield (MSY)

The yield per recruit model (Y/R), based on the Beverton and Holt (1966) framework
and simplified by Gilbert et al. (2017), was used to estimate the cohort-based production of
Oreochromis niloticus in Lake Toho. The fundamental equation expresses the instantaneous

production rate of a cohort as: % = Ft.Nt. Wt, where: Yt is total production of a cohort from

recruitment to time t, Ft is instantaneous fishing mortality at time t, Nt is number of surviving
individuals at time t, Wt is average weight of survivors at time t. Population size evolves
exponentially within each time interval between ti and ti + 1, such that:

Ni + 1 = Nig 'Fi#MilE+l-t)  The catch within the interval is then given by:
Vi [} FiNi em(FEMIE1-5 Wi Whether Yi == NiWi.(1—e ). The total catch,

representing the yield per recruit, is calculated as: recrue¥Yt = 7=, Yi.

To estimate the Maximum Sustainable Yield (MSY), the Thompson and Bell (1934)
predictive model integrated within FISAT 1l was applied. This model combines the Beverton
and Holt yield-per-recruit approach with Virtual Population Analysis (VPA) data. The total
yield (Y = ZYi) is calculated using: Yi = Ci x wi, where body weight (wi) is computed as:

R T SR L N - Tt . o
w; = {'L1+-_+1—L1}{'b+1}{'Ll+l .L; " 77) Here, a and b are the coefficients of the length-weight

relationship, and Li and Li + 1 are the lower and upper bounds of the length class, respectively.
Catch (Ci) is calculated as: C; = (N; — N;.,) (%) Predicted population size (Ni) is
- i

. (—f T i,lﬂl:]..—l.-i_:l
given by NH‘l = NlE'L ‘H+FL:‘I&JFet » ?tl = ET
e et
. N - Mj—Niyy . T
Biomass (Bi) is calculated as: e B; = ﬁ.ﬂtlwl A series of X values (multipliers
- 1

of F) were used to simulate fishing effort scenarios. FiSAT 1l was used to generate biomass
and yield estimates under varying fishing pressures, while corresponding MSY graphs were
produced using StatView software (version 5.0.1.0).

Toho Lake water temperature

In Benin, specifically in the Mono department where lake Toho is located, ambient air
temperature has shown minimal variation over the past two decades, according to data from
the Benin National Meteorological Agency. Within this context, the average water temperature
of the lake was 29.30°C during 2002-2003 and 28.82°C during 2022-2023. These temperature
values were incorporated into the data analysis using FISAT Il software (version 1.2.2).

RESULTS

Structural dynamics of the population

In the present study, a total of 2,263 Coptodon guineensis specimens were measured
between April 2002 and March 2003, followed by 913 individuals from April 2022 to March
2023. These results prompted a third sampling campaign from April 2023 to March 2024,
during which 1,642 additional specimens were collected. An analysis of variance (ANOVA)
revealed no statistically significant differences (p > 0.05) in total length or mean weight
between the 2022-2023 and 2023-2024 datasets. Consequently, the data from these two years
were pooled into a single dataset referred to as “2022-2024” for comparative analysis.
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Between the 2002-2003 and 2023-2024 periods (Tab. 1), the structure of C. guineensis
catches showed a clear decline, marked by a substantial reduction in both total length and
individual weight. In 2002-2003, total lengths ranged from 5.00 cm to 31.30 cm, and weights
from three g to 908 g. By 2023-2024, these ranges had narrowed to 3.40 cm to 18.00 cm in
length and 0.50 g to 119.30 g in weight. Previously, females and males were captured at
maximum lengths of 23.8 cm and 31.30 c¢cm, respectively. Currently, the largest individuals are
predominantly 18.00 cm for females and 17.80 cm for males, with a sharp decline in maximum
weights 119.30 g for females compared to 285 g previously, and 110.70 g for males compared
t0 633.20 g.

Additionally, the total number of immature fish in the catch has increased
significantly, rising from 274 to 1,049 individuals. These juveniles now fall within a
length range of 3.40 cm to 14.20 cm, whereas in the earlier period they ranged from 7.20 cm
to 18.30 cm.

Table 1: Structural characteristics of Coptodon guineensis specimens sampled from
Lake Toho between 2002-2003 and 2022-2024.

. Total length Total weight
Sexé'v'at““ty Periods Number (N) (cm) ) ©) )
tatus LN . . .
(mini-maxi) (mini-maxi)
April 2002 —
March 2003 2263 5.00-31.30 3.00-908.00
Females 503 8.60-23.80 11.50-285.00
Males 543 6.70-31.30 5.80-633.20
Immatures 274 7.20-18.30 6.50-120.00
Undermined 1217 5.00-29.60 3.00-908.00
April 2023 —
March 2024 2555 3.40-18.00 0.50-119.30
Females 887 4.50-18.00 1.40-119.30
Males 1552 3.40-17.80 1.50-110.70
Immatures 1049 3.40-4.20 0.50-48.50
Undermined 116 4.20-12.00 2.20-22.80

The observation of Total length structure (Fig. 3) across all subgroups populations
(mature, immature, male, female, and undetermined) reveals a noticeable decline in the body
size of captured individuals over time. Specifically, the Total length distributions of specimens
collected during the 2022-2024 period show a significant reduction (p = 0.023) in class
intervals compared to those recorded in 2002-2003. This trend is consistent across all
biological categories.

Moreover, the 2022-2024 sampling campaign included a targeted effort to improve sex
identification of C. guineensis individuals, resulting in a more detailed classification of male
and female specimens than in previous years.
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Figure 3: Total length distribution of males, females, immatures and undetermined individuals

of C. guineensis caught in 2002-2003 and 2022-2024 in lake Toho.
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Indeed, the undetermined sampled fish individuals are, on the one hand, those whose
sex could not be identified during the study period, and on the other hand, those that were
simply measured in large numbers during the first phase of data collection. The total lengths of
the latter were used to assess the stock of the species using the FiSAT Il software (version
1.2.2). However, during the second sampling period, considerable efforts were made to
minimize this bias.

A comparison of the mean total length and mean total weight of male and female fish
individuals between the 2002-2003 and 2022-2024 sampling periods reveals that, in 2002-
2003 period, there were no statistically significant differences (p > 0.05) in mean total length
or mean total weight between female and male C. guineensis. During that research period,
females exhibited an average length of 13.43 £ 2.06 cm and a mean weight of 48.99 + 31.66
g, while males measured 13.68 £2.98 cm on average, with a mean weight of 53.36 +50.91 g.
In contrast, the 2022-2024 period dataset showed significant sex-based differences (p < 0.05).
Females fish had a lower mean length (9.00 = 2.15 cm) and weight (16.30 + 11.81 g)
compared to males fish, who averaged 8.45 + 2.05 cm in length and 13.58 + 10.71 g in
weight.
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Figure 4: Changes in total length and body weight of Coptodon guineensis
by sex between 2002-2003 and 2022-2024.

Size at first sexual maturity (Lm50)

Figure 5 illustrates the temporal changes in the size at first sexual maturity (Lm50) of
C. guineensis individuals from Lake Toho across three sampling periods: 2002-2003, 2022-
2023, and 2023-2024. The curves were generated based on the male and female counts
obtained during population structure assessments. Over time, a notable decline in Lm50 was
observed. For males, the size at first maturity decreased from 8.50 cm in 2002-2003 to 5.20 cm
in 2022-2024. Among females, this threshold dropped from 8.10 cm to 5.80 cm during the
same interval. These findings indicate a progressive reduction in the size at sexual maturity for
both sexes of C. guineensis in lake Toho.
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Figure 5: Logistic curve estimating the size at first sexual maturity (Lm50)
for male and female Coptodon guineensis specimens
sampled from lake Toho in 2002-2003 (a) and 2022-2024 (b).

Percentage of sexually mature fish in the catch
The distribution of C. guineensis individuals across sexual maturity stages during the
two study periods (Tab. 2) reveals an increase in the number of fish classified in stages I, I,
and Il between 2002-2003 and 2022-2024. Although the number of individuals in stages IV
and V also rose, their increase was less pronounced compared to the surge in immature
specimens. Notably, a substantial proportion of individuals in 2002-2003 were recorded as
undetermined in terms of maturity stage. A chi-square test indicated a highly significant
difference (p < 0.0001) between the two periods, reflecting a marked shift in the population’s
maturity structure over time.

Table 2: Frequency distribution of Coptodon guineensis specimens by sexual maturity
stage during the 2002 - 2003 and 2022 - 2024 sampling periods.

Maturity 2002-2003 2022-2024 Chi-square
stage test
| 71 552
T 203 505
m 159 398 P < 0,0001
IV 388 400
v 216 583
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The assessment of relative abundance among C. guineensis individuals with
identifiable maturity stages reveals a marked increase in immature specimens (Fig. 6).
Specifically, the proportion of fish at Stage | rose from 6.84% in 2002-2003 to 22.64% in
2022-2024. Stage 1l showed a slight increase, from 19.57% to 20.71%, while Stage IlI rose
modestly from 15.33% to 16.32%. In contrast, the proportion of individuals at Stage IV
indicative of full sexual maturity declined sharply from 37.42% to 16.40%, suggesting a
reduction in reproductively active fish. Stage V, representing post-spawning individuals,
experienced a modest increase from 20.82% to 23.91%.
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Figure 6: Relative frequency distribution of Coptodon guineensis individuals by sexual
maturity stage during the 2002-2003 and 2022-2024 sampling periods.

Trends and growth parameters

Growth analyses conducted for the 2002-2003 and 2022-2024 periods revealed in the
reseaech a gradual decline in biological performance among C. guineensis populations. The
growth performance index (®’) decreased from 2.72 to 2.43 (Tab. 3), indicating reduced
individual growth potential. Asymptotic length (Loo) also declined, dropping from 35.50 cm in
2002-2003 to 23.80 cm in 2022-2024. In contrast, the growth coefficient (K) remained
relatively stable, estimated at 0.42 year™' and 0.48 year™, respectively. The theoretical age at
zero length (to) showed minimal variation, with values of —0.38 and —0.36 years. As a result,
the maximum life expectancy (tmax) decreased from 7.14 years to 6.25 years over the two
decades.
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Table 3: Temporal dynamics of growth parameters in C. guineensis from Lake Toho.

Periods O’ Loo (cm) K (year?) t, (year) tmax (YeQr)
2002-2003 2.72 35.50 0.42 -0.38 7.14
2022-2024 2.43 23.80 0.48 -0.36 6.25

Size at first capture (Lc50) and optimal capture size (Lopt)
Figure 7 illustrates the evolution of capture thresholds in C. guineensis between the
2002-2003 and 2023-2024 sampling periods. The estimated size at first capture (Lc50)
declined from 9.35 cm in 2002-2003 to 5.64 cm in 2023-2024, indicating a temporal reduction
in the length at which individuals are first harvested. This downward trend suggests increasing
fishing pressure on younger, smaller fish, with potential implications for population renewal

and long-term sustainability.
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Figure 7: Probability of capture curves for Coptodon guineensis from lake Toho in 2002-2003

(a) and 2022 -2024 (b).

Between the 2002-2003 and 2022-2024 sampling periods, the optimal size for
maximizing fishery yield in C. guineensis declined from 19.96 cm to 12.98 cm. This
downward trend in Lopt reflects a progressive reduction in the size structure of the population
over time, suggesting increased harvesting pressure on younger individuals and potential long-
term implications for stock productivity in lake Toho.
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Proportions of mega-spawners in the catch

Analysis of the present dataset (Tab. 4) indicates a relatively stable proportion of
C. guineensis individuals captured at the optimal size across the two sampling periods,
although a slight decline was observed. Of the 2,263 specimens collected in 2002-2003, 148
fish (6.54%) had reached the optimal capture size, compared to 160 individuals (6.26%) out of
2,555 specimens in 2022-2024. However, a notable decrease in the proportion of mega-
spawners large, highly fecund individuals was recorded over time. Their representation
dropped from 2.30% (52 individuals) in 2002-2003 to 1.37% (35 individuals) in 2022-2024.

Table 4: Changes in the proportion of Coptodon guineensis captured at optimal size
and as mega-spawners in lake Toho between 2002-2003 and 2022-2024.

Periods N Lt (cm) N fish at % at N %
optimal optimal mega- Mega-
size size spawners | spawners
2002-2003 2263 5-31.5 148 6.54 52 2.30
2022-2024 2555 3.4-29.6 160 6.26 35 1.37

Temporal evolution of exploitation parameters

Mortality parameters

Mortality estimates for C. guineensis were derived from length-converted catch curves
(Fig. 8). During the 2002-2003 and 2022-2024 periods, total mortality (Z) was estimated at
3.14 year! and 3.56 year!, respectively. Natural mortality (M) increased from 0.98 year™ to
1.20 year, while fishing mortality (F) rose slightly from 2.16 year™ to 2.37 year'. The
corresponding exploitation rates (E) were 0.69 and 0.66, indicating sustained fishing pressure
across both periods.

Additionally, the M/K ratios used to assess population resilience were 2.33 in 2002-
2003 and 2.50 in 2022-2024. The Lc/Loo ratio, reflecting the relationship between size at first
capture and asymptotic length, declined slightly from 0.26 to 0.24, suggesting a shift toward
harvesting smaller individuals relative to their maximum growth potential.
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Figure 8: Length-converted catch curves of Coptodon guineensis from lake Toho in
2002-2003 (a) and 2022-2024 (b).
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Relative yield and biomass per recruit

Figure 9 illustrates the relative yield per recruit (Y’/R) and relative biomass per recruit
(B’/R) of C. guineensis from Lake Toho during the 2002 and 2022 sampling periods. The Y’/R
values were estimated at 0.008 in 2002 and 0.007 in 2022, indicating a slight decline in fishery
productivity per recruit over time. Similarly, B’/R values decreased marginally from 0.044 to
0.043, reflecting a subtle reduction in biomass contribution per recruit. These trends suggest a
gradual erosion of individual yield potential, likely linked to shifts in population structure and
exploitation intensity.

@) (b)

1.00 0.03 1.00 0.02

0.02 = wme
0.01

\
|
|

0.02
0.75 075

0.01

0,01 =

0.01
025}

Relative Yield/ Recrutt (Y'/R)
Relative Yield! Recrutt (Y'/R)

025

Relative Biomass/ Recrutt (B'Y R)
Relative Biomass/ Recrutt (B'/ R)

|
0.00 l
' |

L L . s h
2 - 0.00 0'000.0 0.2 0.4 06 0.8 1.0

Exploitation ratio (E)

L L
0.0 0.2 0.4 0, 0.8 1.0
Exploitation ratio (E)

Figure 9: Yield and biomass per recruit curves (Selection Ogive) for Coptodon guineensis
caught in Lake Toho during 2002-2003 (a) and 2022-2024 (b).

Maximum sustainable yield (MSY)

Figure 10 illustrates the temporal evolution of the average biomass quantities that can
be sustainably harvested from C. guineensis stocks in lake Toho without compromising
reproductive capacity. The estimated Maximum Sustainable Yield (MSY) declined from
389,799 kg in 2002-2003 to 177,506 kg in 2022-2024. The corresponding biomass levels at
MSY (BMSY) were 452,770 kg and 170,748 kg, respectively.

The fishing mortality rates (F) associated with achieving MSY were 1.4 year! in
2002-2003 and 0.5 year™ in 2022-2024. However, actual fishing mortality rates observed
during these periods were substantially higher: 2.16 year™ in 2002-2003 and 2.37 year! in
2022-2024. These discrepancies suggest that exploitation levels have exceeded sustainable
thresholds, potentially threatening the long-term resilience and viability of this fish species
stock.
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Figure 10: Trends in yield and biomass at varying fishing mortality levels (F) for Coptodon
guineensis from lake Toho in 2002-2003 (a) and 2022-2024 (b).

DISCUSSION

The intensification of fishing activities with diverse gears and techniques, coupled
with global population growth, has led to increased pressure on aquatic resources, resulting in
reduced abundance and average size across numerous fish species (Christensen et al., 2003;
Pauly et al., 2002). In this context, stock assessment becomes essential, particularly when
significant shifts in population structure are observed.

The marked decline in the size of specimens captured between 2002-2003 and 2022-
2024 across both sexes reflects intensified fishing pressure targeting unfortunately younger
individuals too. According to Froese (2004), such unsustainable exploitation undermines stock
renewal, as immature fish are harvested before contributing to local and regional populations
reproduction. This leads to truncated size spectra, characterized by the scarcity of large
individuals and dominance of smaller size classes (Bianchi et al., 2000). The reduction in size
may also reflect ecophysiological responses to fishing pressure, affecting both growth and
reproductive traits (Boni et al., 2019). This could explain the observed decrease in size at first
sexual maturity during 2022-2024 and the increase in Stage V individuals, as fishing pressure
tends to lower the age at first reproduction (Jgrgensen et al., 2008; Hutchings, 2005).

Despite the reduction in size at first maturity, the size at first capture (Lc50) in 2022-
2024 remains below the maturity threshold unlike in 2002-2003, when Lc50 slightly exceeded
Lm50. In both cases, the proportion of sexually mature individuals in the catch remains below
100%. Froese (2004), identifies this scenario where Lc50 < Lm50 and < 100% of captured fish
are mature as indicative of recruitment overfishing. The C. guineensis population in Lake Toho
clearly exhibits this pattern from 2002 - 2003 through 2022-2024, with excessive pressure
limiting the influx of new mature individuals (Froese, 2004; Pauly and Chua, 1988). The Lm50
values reported here differ from those of Fouseni et al. (2017) for the same lake, likely due to
differences in sample size, sampling duration, and the number of landing sites surveyed.

Furthermore, for both periods, the size at first capture (Lc50) remains below the
optimal capture size (Lopt) the length that maximizes fishery yield. The calculated yield per
recruit (Y’/R) values are also below the maximum sustainable yield, suggesting that fish are
being harvested before reaching their growth potential. These findings point to persistent
growth overfishing, where individuals are caught prematurely, leading to biomass loss and
undermining long-term harvest sustainability (Christensen et al., 2003; Pauly et al., 1998). This
phenomenon also affects growth parameters, with reductions in Loo, ®@’, and tm.x reflecting
biological responses to overexploitation. According to Amponsah et al. (2016), low Loo and @’
values in exploited fish populations signal intense fishing pressure that alters size structure.
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When large spawners are excessively targeted, reproductive overfishing occurs a
particularly critical form of overexploitation that impairs stock renewal capacity (Jennings et
al., 2001; Pauly, 1995). In lake Toho, the proportion of mega-spawners in the catch remains
below 20% in both 2002-2003 and 2022-2024, indicating a weakened reproductive segment of
the population. Froese (2004) recommends a minimum threshold of 20% mega-spawners to
ensure stock renewal. In this study, not only is that threshold unmet, but the exploitation rate
(E > 0.5) and fishing mortality-to-growth coefficient ratio (F/K > 1) further support the
diagnosis of reproductive overfishing. This sustained pressure on larger size classes justified
the 24-month monitoring effort during 2022-2024 to ensure representative sampling.

The exploitation parameters observed in this study differ from those reported by
Niyonkuru et al. (2007) for lake Nokoué, where the presence of acadja branch-based fish
shelters helped mitigate fishing impacts and supported both growth and reproduction.

In light of these findings, the situation in lake Toho reflects more than a decline in
catch volume or fish size; it signals a deeper ecological imbalance. The reduction in target
stocks may disrupt ecosystem functioning by altering population structures and trophic
relationships. According to Pauly et al. (2002), fishing pressure not only affects target species
but also disturbs key ecological interactions and vital ecosystem functions a phenomenon
known as ecosystem overfishing. In lake Toho, the continued decline in large spawners, yield
per recruit, relative yield (Y’/R), and relative biomass (B’/R) points to a concerning shift
toward ecosystem-level imbalance.

CONCLUSIONS

The results of this study reveal a troubling degradation in both biological and
ecological status of C. guineensis population in lake Toho over the past two decades.
Significant reductions in average length and weight, size at first sexual maturity, and growth
performance (@', Loo, tma), along with declines in first capture and optimal capture sizes,
reflect intensified fishing pressure targeting younger age classes. The high proportion of
immature individuals in the catch reinforces this diagnosis.

The unfavorable trends in bioecological indicators, combined with exploitation rates
exceeding biologically sustainable thresholds (E > 0.5) and fishing mortality surpassing MSY
levels (F > FMSY), confirm a chronic state of overfishing that compromises both individual
growth and reproductive potential.

Moreover, the persistently low proportion of mega-spawners and declining MSY
values indicate a deep disruption in biological renewal processes. This imbalance may have
cascading effects on ecosystem functions, jeopardizing the ecological roles fulfilled by the
species. A rigorous revision of lake Toho’s fisheries management is urgently needed.

Corrective measures such as increasing minimum capture size, implementing
biological rest periods, protecting critical spawning habitats, and establishing effective co-
management mechanisms involving local communities are essential to restore stock
sustainability. Without decisive management action, the risk of irreversible functional collapse
of C. guineensis populations in lake Toho cannot be ruled out.
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Table 5a: Reference values for reproductive, growth, and exploitation parameters of
C. guineensis across various African aquatic ecosystems. (Lmso: size at first sexual maturity;
M;: male; F;: female; Loo: asymptotic length; K: growth coefficient; to: theoretical age at zero
length; tma: longevity; @": growth performance index; M: natural mortality; Z: total mortality;
F: fishing mortality; E: exploitation rate; Lc50: length at first capture) (Ahoansou Moncho,

2015).
Ecosystems | Years | Reproduction parameters | References
Lm50 M, (cm) | Lms0 F (em)

Lake Toho 2002- Present study
(Benin) 2003 2002-2003
Lake Toho 2022- Present Study
(Benin) 2023 8.90 8.60 2022-2023
Lake Toho 2012 Fousseni et al.
(Benin) 7.0 7.90 (2017)
SO River 2016- Cakpo Kiossa
(Benin) 2017 9.60 5.90 (2012)
Lake Nokoué 2000- B B Niyonkuru et al.
(Benin) 2001 (2007)
Lagoon Grand-Lahou | 2013- B B Coulibaly et al.
(Céte d’Ivoire) 2014 (2022)
Southwest Lake 2013 B B Adedolapo
(Nigeria) (2015)
Ebrié Lagoon 1991- B B Villanueva
(Céte d’Ivoire) 1992 (2004)
Gambia Estuary 1991- B B Villanueva
(Gambia) 1992 (2004)
Siné-Saloum Estuary | 1991- B B Villanueva
(Senegal) 1992 (2004)




Transylv. Rev. Syst. Ecol. Res. 28.1 (2026), "The Wetlands Diversity" 125

Table 5b: Reference values for reproductive, growth, and exploitation parameters of
C. guineensis across various African aquatic ecosystems. (Lmso: size at first sexual maturity;
M;: male; F;: female; Loo: asymptotic length; K: growth coefficient; to: theoretical age at zero
length; tma: longevity; @": growth performance index; M: natural mortality; Z: total mortality;
F: fishing mortality; E: exploitation rate; Lc50: length at first capture) (Ahoansou Moncho,
2015).

Ecosystems | Years Growth and Exploitation Rates Parameters References

Leo K to tmax Z F LC

(c g? g? (ye | @ M '\KM Sr"e (an E ?CO

m) |1 1 ar) 1 D)

) ) ) m)
2002- | 35 -0
Léke.TOho 2003 |3 |0 |3 |7 2 o |2 |2 |1 |o |s SB%s;r;tosggdy
(Benin) 0 |42 |7 |14 |71 |98 |33 |36 |38 |58 |03 -
2022- | 19 -0

0 35 |3 57 | 11 | 03 [ 94 |53 |50 |33 |03
Lake Toho 2012 | o | ottt {_ |_ | Foussenietal
(Benin) (2017)
SO River 2016- 149 0. ;51 I e L (0 |0 | _ Cakpo Kiossa
(Benin) 0171 12y 50 36 | 86 | 63 (2012)
Lake Nokoué 3882' 201 0. *10 32 |1 |2 |2 |o |o | glyonkuru “
(Benin) 0 90 9 30 [ 58 | 90 | 10 | 30 | 40 | 19 (2007)
Lagoon Grand-Lahou ggﬁ 14 0. 10 125 2.0 | |o [0 |oO |o ;oullbaly .

dte d’Ivoi : 19 | ; : 56 | 53 67 | 14 | 21 | 56 y
(Cote d’Ivoire) 0 5 0 (2022)
Southwest Lake 2013 390 0. f 8 |2 |0 |2 |1 |0 |0 | | Adedolapo
(Nigeria) g |37 |4 |11]55 |92 |49 |19 |27 |23 (2015)
Ebrié Lagoon 1991- 303 0 1 0 Villanueva
(Cote d’Ivoire) S A 1A I I (A O S oA I N 101
Gambia Estuary igg% 109 1 1 0 Villanueva
(Gambia) > loal- |- |- a7 - |- |az |- |- | (2004)
Siné-Saloum Estuary igg% 352 0 1 1 110 Villanueva
(Senegal) o las |- |- |- lor |- |- [30]- |3 (2004)
REFERENCES

1.  Adedolapo A., 2015 - Growth, mortality and longevity of Tilapia guineensis (Bleeker, 1852) in
tropical man-made lake, southwestern Nigeria, Egyptian Academic Journal of Biological
Sciences, 7, 2, 33-38.

2. Adom D., Appiah Sekyere P. and Yarney L., 2019 — A return to the Ghanian values of closed
fishing season in Ghana’s artisanal marine fishing: an essential means of restoring small pelagic
fish stocks, Transylvanian Review of Systematical and Ecological Research, 21, 3, DOI:
10.2478/trser-2019-0020.

3. Ahouansou Montcho S., 2003 — Etude de I’écologie et de la production halieutique du lac Toho,
Mémoire pour I’obtention du Dipldme d’Etude Spécialisé en Aménagement et Gestion des
Ressources Naturelles, Option Aménagement Rural et Gestion des Ecosystéemes Aquatiques,
Université d’ Abomey-Calavi, 113. (in French)


https://doi.org/10.2478/trser-2019-0020

126

I. A. C. Houncheme et al. — Overfishing on Coptodon guineensis population in lake Toho (Benin) (107 ~ 128)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ahouansou Montcho S., Laleye P. A., 2008 — Some aspects of biology of Oreochromis niloticus
L. (Perciformes: Cichlidae) recently introduced in Lake Toho (Benin, West Africa),
International Journal of Biological and Chemical Sciences, 2, 1, 114-122, DOI:
10.4314/ijbcs.v2i1.39729.

Ahouansou Montcho S., Agadjihouédé H., Montchowui E., Laléye P. A., Moreau J., 2015 —
Population parameters of Oreochromis niloticus (Cichlidae) recently introduced in lake Toho
(Benin, West Africa), International Journal of Fisheries and Aquatic Studies, 2, 3, 141-45.
Ahouansou Montcho S., Akélé D. G., Hountcheme I. A. C., Montchowui E., Niyonkuru C.,
Laleye P., 2023 — Impact de la péche sur la population de Oreochromis niloticus introduite dans
le lac Toho (Bénin), Annales des Sciences Agronomiques, 26, 1, 89-102. (in French)

Albaret J. J. and Legendre M., 1985 — Biologie et écologie des Mugilidae en lagune Ebrié (Cote
d’Ivoire) Intérét potentiel pour ’aquaculture lagunaire, Revue d 'Hydrobiologie Tropicale, 18, 4,
281-303. (in French)

Amenzoui K., Ferhan-Tachinante F., Yahyaoui A., Mesfioui A. H. and Kifani S., 2005 — Etude
de quelques aspects de la reproduction de la région de Sardina pilchardus (Walbaum, 1792) de la
région de Ladyoune (Maroc), Bulletin de I’Institut Scientifique, Rabat, section Science de la Vie,
26, 27, 43-50. (in French)

Amponsah S. K. K., Ofori-Danson K., Nunoo F. K. E., Ameyaw G. A., 2016 — Aspects of
population dynamics of Red Pandora, Pagellus bellottii (Steindachner, 1882) from the coastal
waters of Ghana, Journal of Scientific and Innovative Research, 5, 6, 215-224.

Amponsah S. K. K., Asiedu B. P. and Failler P., 2020 — Population parameters of Oreochromis
niloticus (L.) from a semi-open lagoon (Sakumo I1), Ghana and its implication on management,
Egyptian Journal of Aquatic Biology and Fisheries, 24, 2, 195-207.

Ayoubi H. E. and Failler P., 2013 — Industrie des péches et de I'aquaculture au Bénin, Rapport 5
de la revue de I’industrie des péches et de I’aquaculture dans la zone de la COMHAFAT, 141.
(in French)

Béanaduc D., Simic V., Cianfaglione K., Barinova S., Afanasyev S., Oktener A., McCall G.,
Simic S. and Curtean-Banaduc A., 2022 — Freshwater as a sustainable resource and generator of
secondary resources in the 21% century: stressors, threats, risks, management and protection
strategies, and conservation approaches, International Journal of Environmental Research and
Public Health, 19, 24, DOI: 10.3390/ijerph192416570.

Banaduc D., Barinova S., Cianfaglione K. and Curtean-Banaduc A., 2023 — Editorial: Multiple
freshwater stressors — Key drivers for the future of freshwater wnvironments, Frontiers in
Environmental Science, 11, 1-3, DOI: 10.3389/fenvs.2023.1143706.

Banaduc D., Curtean-Banidduc A., Barinova S., Lozano V. L., Afanasyev S., Leite T., Branco P.,
Isaza D. F. G., Geist J., Tegos A., Simic S. B., Olosutean H. and Cianfaglione K., 2024 — Multi-
interacting natural and anthropogenic stressors on freshwater ecosystems: their current status and
future prospects for 21% century, Water, 16, 11, 1483, DOI: 10.3390/w16152193.

Béné C., Barange M., Subasinghe R., Anderson P. P., Merino G., Hemre G. I. and Williams M.,
2015 — Feeding 9 billion by 2025 — Putting fish back on the menu, Food security, 7, 2, 261-274.
Beverton R. J. H. and Holt S. J., 1957 — On the dynamics of exploited fish populations, Ministry
of Agriculture, Fisheries and Food, Fisheries Investigation, London, Series 2, 533.

Everton R. J. H. and Holt S. J., 1966 — Manual of methods for fish stock assessment, Part Il,
Tables of yield function, FAO Fisheries Biology Technical Paper, Rome, 1-67.

Bianchi G., Gislason H., Graham K., Hill L., Jin X., Koranteng K., Manickchand-Heileman S.,
Paya |., Sainsbury K., Sanchez F. and Zwanenburg K., 2000 — Impact of fishing on size
composition and diversity of demersal fish communities, ICES Journal of Marine Science, 57,
558-571.

Boni L., Nobah C. S. K., Konan Kouadio J., Coulibaly S., Tidou Abiba S., Atsé Boua C., 2019 —
Relation longueur-poids pour 15 espéces de poissons exploitées dans la lagune Ebrié, Cote
d’Ivoire (Afrique de 1’uest), European Scientific Journal, 15, 21, 455-69, DOI:
10.19044/esj.2019.v15n21p455.


https://doi.org/10.3390/ijerph192416570
https://doi.org/10.3390/w16152193
https://doi.org/10.19044/esj.2019.v15n21p455
https://doi.org/10.19044/esj.2019.v15n21p455

Transylv. Rev. Syst. Ecol. Res. 28.1 (2026), "The Wetlands Diversity" 127

20.

21.

22,

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Brown-Peterson N. J., Wyanski D. M., Saborido-Rey F., Macewicz B. J. and Lowerre-Barbieri
S. K., 2011 — A standardized terminology for describing reproductive development in fishes,
Marine and Coastal Fisheries, 3, 52-70.

Cakpo Kiossa C., 2012 — Biodiversite et exploitation de quelques especes de pde la riviere S6 au
Benin, Mémoire de master en Analyse des populations des espces fauniques et halieutiques,
Université polytechnique de Bobo-dioulasso, Burkina-Faso, 1-113. (in French)

Christensen V., Guenette S., Heymans J. J., Walters C. J., Watson R., Zeller D. and Pauly D.,
2003 — Hundred-year decline of North Atlantic predatory fish, Fish and Fisheries, 4, 1, 1-24.
Coulibaly B., Tah L., Kouadio Konan J., Koivogui P., Tidiani K. and Essétchi K. P., 2022 —
Population dynamics of 15 fish species in Grand-Lahou Lagoon, West Africa, Cote d’Ivoire,
International Journal of Biosciences, 20, 1, 1-1, DOI: 10.12692/ijb/20.1.1-11.

Dagnelie P., 1973 — Théorie et méthodes statistiques, 1, 2nd edn, Presse Agronomique de
Gembloux: Gembloux, Belgique. (in French)

Fousseni A., Mama V. J., Chikou A. and Laleye P., 2017 — Ecologie des populations de C.
guineensis (Pisces, Cichlidae) dans les eaux douces et saumatres au Sud-Bénin, Annales de
I'Université de Parakou, 7 (1): 113-20.

Froese R., 2004 — Keep it simple: three indicators to deal with overfishing, Fish and Fisheries,
5, 86-91.

Froese R. and Pauly D., 2021 — FishBase, Version 08/2021., http://www:.fishbase.org.

Gayanilo F. C., Sparre P. and Pauly D., 2005 — FAO-ICLARM, Stock assessment tools II,
User’s guide, FAO computerized information series (Fisheries), FAO, Rome, 1-168.

Gulland J. A., 1971 — The fish resources of the Ocean West Polyfleet, Survey Fishing News,
Books Ltd,. Document technique de la FAO no. 97, Rome, 1-428.

Hutchings J. A., 2005 — Life history consequences of overexploitation to population recovery in
Northwest Atlantic co (Gadus morhua), Canadian Journal of Fisheries and Aquatic Sciences,
62, 824-832.

Jennings S., Dinmore T. A., Duplisea D. E., Warr K. J. and Lancaster J. E., 2001 — Trawling
disturbance can modify benthic production processes, Journal of Animal Ecology, 70, 459-475.
Jargensen C., Dunlop E. S., Frugard Opdal A. and Fiksen O., 2008 — The evolution of spawning
migrations: State dependence and fishing-induced changes, Ecology, 89, 12, 3436-3448.

Koigny K. J. H., Diarrassouba A., Yelkouni M. and Assie D. R. H., 2024 — Analyse des facteurs
de dégradation des ressources halieutiques du lac Buyo dans la Réserve de biosphere Tai en Cote
d’Ivoire, Vertigo, 24, 1, DOI: 10.4000/vertigo.42927.

Laleye P., 1995 — Ecologie comparée de deux espéces de Chrysichthys, poissons siluriformes
(Claroteidae) du complexe lac Nokoué- lagune de Porto/Novo au Bénin, Université de Liége,
Faculté des Sciences Agronomiques, Thése de Doctorat de I’Université de Liége, Belgique, 1-
199.

Lederoun D., Emmanuel V., Chikou A., Vreven E., Snoeks J., Moreau J., Vandewalle P. and
Laleye P., 2015 — Population parameters and exploitation rate of Sarotherodon melanotheron
melanotheron Rippell, 1852 (Cichlidae) in Lake Toho, Benin, Journal of Biodiversity and
Environmental Sciences, 6, 2, 259-271.

Micha J. C., 1973 — Etude des populations piscicoles de 1’Ouganda et tentation de sélection et
d’adaptation de quelques espéces a 1’étang de pisciculture, Centre Technique Forestier
Tropicale, Nogent-surMarne, France, 1-110. (in French)

Ndour I., Diadhiou H. D., Le Loc H. F., Ecoutin J.-M., Thiaw O. T. and de Morais L. T., 2013 —
Diagnostic de I’état d’exploitation des stocks de Mugil cephalus et de Pomatomus saltatrix a
I’aide d’indicateurs basés sur les fréquences de taille sur la céte Nord du Sénégal, Sciences
Halieutiques et Aquatique, 6, 194-206.


https://doi.org/10.12692/ijb/20.1.1-11
https://doi.org/10.4000/vertigo.42927

128

I. A. C. Houncheme et al. — Overfishing on Coptodon guineensis population in lake Toho (Benin) (107 ~ 128)

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

N’GuessanY., N’Guessan C. D., Amande J. M., Kouame J.-P. A., Abekan E., Assan F. N. and
N’Da K., 2018 — Sex-ratio, stades de maturité, taille de premiere maturité et facteur de condition
de Canthidermis maculata capturé dans 1’océan Atlantique Est, International Journal of
Biological and Chemical Sciences, 11, 6, 2876, DOI: 10.4314/ijbcs.v11i6.25. (in French)
Niyonkuru C., Laleye P., Villanueva M.C. and Moreau J., 2007 — Population parameters of main
fish species of Lake Nokoué, Benin, Journal of Afrotropical Zoology, 3, 40, 149-155.

OCDE, 2008 — Rapport annuel de I’OCDE. Also published, Paris, France, 1-118. (in French)
Oluwakayode-Oluyi O. O., Babatunde E. E. and Olusegun B. S., 2025 — Children’s involvment
in artisanal fishing in selected fishing communities of Badagry, Lagos (South-West Nigeria),
Transylvanian Review of Systematical and Ecological Research, 27, 1, 59-66, DOI:
10.2478/trser-2025-0006.

Osman H. M., El Ganainy A. A., Shalloof A. S. and El-Betar A. T., 2024 — Length-based
estimates of growth parameters and population structure of Siganus rivulatus from the Gulf of
Suez, Red Sea, Egypt, Egyptian Journal of Aquatic Biology and Fisheries, 28, 1, 339-351.
Paugy D., Lévéque C. and Teugels G. G., 2003 — Faune des poissons d’eaux douces et saumatres
de I’ Afrique de ’Ouest, Ed. IRD, Paris, France.

Pauly D., 1979 — Theory and management of tropical multispecies stocks: A review, with
emphasis on the Southeast Asian Demersal Fisheries, ICLARM, Studies and Review 1.

Pauly D., 1980 — On the interrelationships between natural mortality, growth parameters, and
mean environmental temperature in 175 fish stocks, CES Journal of Marine Science, 39, 2, 175-
192, DOI: 10.1093/icesjms/39.2.175.

Pauly D., 1982 — FAO-ICLARM, Une sélection des méthodes simples pour I’estimation des
stocks de poissons tropicaux, Circulaire sur les péches no. 729, FAO, Rome, 1- 60.

Pauly D. and Munro J. L., 1984 — Once more m growth comparisons fish and invertebrates,
Fishbyte, 2, 1, 21.

Pauly D. and Chua T. E., 1988 The overfishing of marine ressources: socioeconomic
background in Southeast Asia, Asia Ambio, 17, 3, 200-206.

Pauly D. and Christensen V., 1995 — Primary production required to sustain global fisheries, I,
374, 255-257.

Pauly D., Christensen V., Dalsgaard J., Froese R. M. and Torres F. C. Jr., 1998 — Fishing down
marine food webs, Science, 279, 5352, 860.

Pauly D., Christensen V., Guénette S., Pitcher T. J., Sumaila U. R., Walters C. J., Watson R. and
Zeller D., 2002 — Toward sustainability in world fisheries, Nature, 418, 689-695.

Sturges H., 1926 — The choice of a class interval, Journal of American Statistical Association,
21, 65-66.

Thompson W. F. and Bell F. H., 1934 — Biological statistics of the Pacific halibut fishery, 2,
Effect of changes in intensity upon total yield and yield per unit of gear, International Fisheries
Commission, Report no. 8 1-49.

Tossavi C. E. and Adité A., 2019 — Biodiversité et exploitation des poissons du lac Toho (Sud-
Bénin). Paris, Edition universitaires européennes, ISBN: 978-620-2-52906-4. (in French)
Villanueva M. C., 2004 — Biodiversité et relations trophiques dans quelques milieux estuariens
et lagunaires de I’Afrique de I’Ouest: adaptations aux pressions environnementales, Thése de
I’Institut National Polytechnique de Toulouse, France, 272. (in French)

von Bertalanffy L., 1948 — Das organische Wachstum und seine Gesetzméssigkeiten,
Experientia, 4, 7, 255-269. (in German)

Zhang A., Luo W., Zhiming Z., Guo A., Lian Q., Sheng P. and Yuan J., 2023 — Growth,
mortality ans stock assessment of Squaliobarbus curriculius (Actinopterygii: Cypriniformes:
Xenocyprinidae) from Lanxi section of Qiantang River, China, Open Journal of Animal
Sciences, 12, 298-3009.

Xitong Zhang C. Z., 2023 — Assessing the impact of overfishing on Africa and sustainable
fishing practices, International Journal of Social Science and Economic Research, 8, 4, 641-649,
DOI: 10.46609/1JSSER.2023.V08i04.006.


https://doi.org/10.2478/trser-2025-0006
https://doi.org/10.1093/icesjms/39.2.175

