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ABSTRACT 
 

The study evaluated some population parameters of Polydactylus quadrifilis within Ebrié lagoon 
(Potou sector). Samples were obtained using artisanal gillnet fishery from April 2004 to March 
2006. A total of 741 individuals of P. quadrifilis ranged from 11 to 70 cm were examined. 
Population parameters were estimated where asymptotic length (L∞) was found 60 cm, growth rate 
(K) 0.33 per year, the longevity (T max) 9.09 years, and growth performance index (Φ′) 3.06. The 
length at first capture (Lc50 = 10.60 cm) was lower than the length at first maturity (Lm50 = 40 cm). 
Total mortality rate (Z) was calculated as 1.10 per year including natural mortality and fishing 
mortality. The exploitation rate (E=0.36) was found to be less than the maximum exploitation rate 
(E max = 0.44) and indicated that P. quadrifilis is not overexploited. The current exploitation rate 
should be maintained by sustainable fisheries measures including monitoring of fishing effort.  
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1. INTRODUCTION 
 
Fisheries are important contributors to food 
security, livelihoods and employment, export 
earning and economic growth across the globe 
[1]. In West-Africa, the fishing industry is not only 
an important source of employment, revenue and 
social well-being [2] but it also represents an 
important source of food as fish constituted 53% 
of the animal protein intake on an average of the 
West African population [3]. In Côte d’Ivoire, the 
fisheries sectors contributed a lot in the national 
economy [4] through the production which has 
decreased since some years [5]. In fact, most of 
major commercial fish stocks are (or are close to 
being overfished) presently. Such observation 
was noticed in Côte d’Ivoire continental fisheries 
by [6]. This is expressed by a strong regression 
of catches in spite of increasing of fishing efforts 
and gears performance [7]. Polynemidae family 
which includes the giant African threadfin P. 
quadrifilis is constitutes by shallow water fishes 
of tropical waters. P. quadrifilis is known to occur 
in the tropical Eastern Atlantic from Senegal to 
Angola. It enters estuaries and occasionally can 
be caught in fresh water [8]. In Côte d’Ivoire, the 
current production of inland fisheries was 
stabilized around 7,800 tons/year with some 
main species among which P. quadrifilis [9]. The 
species is highly regarded for its delicacy and 
forms important commercial, recreational and 
subsistence fisheries. The challenge is to 
increase the production by using management 
plans. However the execution of such plans 
requires data on biology, growth and species 
mortalities and there is dearth of information on 
the P. quadrifilis, especially on this aspects in 
Ebrié lagoon (Potou sector). Therefore, the aim 
of this work was to investigate growth patterns, 
mortality parameters and exploitation rate of the 
giant African threadfin P. quadrifilis in Ebrié 
lagoon (Potou sector) for conservation and 
management measures. 
 
2. MATERIALS AND METHODS 
 
2.1 Study Area 
 
The Ebrié Lagoon system comprises the Ebrié 
lagoon itself (523 km2) and the Potou lagoon 
system (43 km

2
), located between 5°15-5°27 N 

and 3°43-3°56 W [10] (Fig. 1). The climate of the 
study zone is an equatorial type and interannual 
precipitations rank above 1500 mm. This zone 

contains a significant hydrographic network, 
composed of the Bété, Djibi and Mé Rivers [11]. 
The most significant depths are recorded on the 
level of the channels connecting the Aghien 
lagoons and Potou (5 to 7 m) on the one hand 
and the Potou lagoon with the remainder of the 
lagoon Ebrié (7 m) [12]. 
 

2.2 Fish Sampling 
  
Samples were collected between April 2004 and 
March 2006 during 3 to 4 days continuously per 
month in Ebrié Lagoon (Potou Sector). Moreover, 
monthly fish samples were collected from 
commercial landings at random using gillnets 
and beach seines. Fishermen were chosen by 
random and fishes in their catches were 
analyzed. Each specimen was identified to the 
species level by using [8-13] manual. Then each 
individual collected was measured for its 
standard length (LS) to the nearest 0.1 cm by 
using a fish measuring board. The fish 
specimens were individually weighed to the 
nearest 0.01g using an electronic weighing 
balance model FEL-500S. Length data were 
pooled monthly and converted into length 
frequencies with a constant class interval of 2 
cm. The mean lengths and weights of the 
classes were used for data analysis using the 
format accepted by FiSAT [14]. 
 

2.3 Data Collection 
 
2.3.1 Population structure  

 
The size frequency was analyzed at a 2 cm 
interval total length class using a histogram to 
determine the type of distribution which 
characterizes the fish population. 
 
2.3.2 Length –Weight Relationship (LWR) 
 
The LWR of P. quadrifilis was estimated by using 
the equation: 
 

BW=a SLb,  

 
Where BW= body weight, SL=standard length, a 
is the intercept and b is the slop (growth 
coefficient). After logarithmic transformation of 
this relation (log10 BW=log10 a + b log10 SL), 
parameters (a) and (b) were determined via least 
squares linear regression [15]. The 95% 
confidence limits for b (CL 95%) were computed  
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Fig. 1. Map of Ebrie lagoon showing sampling zone (Potou Sector) 
 
using the equation: CL= b ± (1.96 x SE) where 
SE is the standard error of b. In order to check if 
the value of b was significantly different from 3, 
the Student’s t-test was conducted as expressed 
by the equation according to [16]: ts=(b-3)/SE, 
where ts is the t-test value, b the slope and SE 
the standard error of the slope b. If b≠3 so the 
growth is allometric (negative allometric if b<3 
and positive allometric if b>3) and if b=3 so the 
growth is isometric. 
 
2.3.3 Length at first maturity 
 

The length at first maturity (Lm50) for the 
assessed species was estimated using the 
procedure by [17] as Length at first maturity 
(Lm50) = 2/3 * (L∞). The input parameters for the 
model included asymptotic length only (L∞).  

 
2.3.4 Growth and mortalities parameters 
 
The Electronic Length Frequency Analysis 
(ELEFAN) computer program incorporated into 
FAO-ICLARM Stock Assessment Tool (FiSAT) 
was used to estimate population parameters 
(mainly growth parameters, mortality and 
exploitation rates).The growth of Polydactylus 

quadrifilis was determined using the Von 
Bertanlanffy growth function (VBGF) given 
below: 
 

Lt = L∞ [1-e
-K (t-t

0
)
] [18]  

 

Where, Lt = length (cm) at age, t; L∞ = 
asymptotic length (cm); K = growth constant (yr

-

1); to= theoretical age at length zero. 
 

The estimates of L∞ and K were obtained using 
ELEFAN in the FiSAT software [14], while t0 was 
estimated using: 
 

Log (-t0) = -0.392 - 0.275 Log L∞ -1.038 Log 
K [19]  

 

Using FiSAT program, the total mortality 
coefficient (Z) was estimated by linearized 
length-converted catch curve analysis [18]. 
Natural mortality of the fish stock in the lagoon 
was estimated using: 
 

Log M = -0.0066-0.279 Log L∞ + 0.6543Log 
K + 0.4634 Log T [20]  

 
Where, M = natural mortality and T (

°
C) = annual 

mean water temperature 
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The fishing mortality (F) describing the rate of 
mortality due to fishing activities was estimated 
from the relationship: 
 

Z = F + M [21] 
 

An index of goodness of fit, called Rn, was 
determined by automatic computer [22]. 
 

The overall growth performance index (φ’) was 
quantified using the model of [23]. The 
performance index is defined as: 
 

φ’= Log10 K + 2 Log10 L∞. 
 

The potential longevity of P. quadrifilis was 
estimated according to the following equation 
[24]: 
 

T max = 2. 9957/ K. 
 

The length-converted catch curve method [25] 
was used to estimate the instantaneous rate of 
total mortality (Z) by using the FiSAT program. 
 

The instantaneous rate of natural mortality (M) 
was obtained by the equations of [19] as: 
 

Log M = [- 0.0066 – 0.279 Log L∞ + 
0.6543Log K + 0.4634 Log T] 

 

The fishing mortality (F) was estimated by 
subtracting the value of natural mortality from the 
total mortality as F = Z –M, while the exploitation 
rate E = F/Z. The probability of capture was 
estimated from length-converted catch curve, 
using the running average technique to 
determine Lc [26]. Beverton and Holt Y′/R model 
with selection ogive-opted routine incorporated 
into FiSAT program was used to analyze the 
relative yield-per-recruit (Y′/R) and relative 
biomass-per-recruit (B′/Y) of the fish stock in the 
lagoon. The relative biomass per recruit (B'/R) 
was estimated as B'/R = (Y'/R)/F. E max which 
depicts exploitation rate producing maximum 
yield, E0.1 highlighting exploitation rate at which 
the marginal increase of Y'/R is 10% of its virgin 
population with E0.5 implying exploitation rate 
under which the population is reduced to half its 
virgin biomass were computed using the 
procedure incorporated using the Knife-edge 
option fitted in the FiSAT II Tool [27]. 
 

3. RESULTS 
 

3.1 Size Distribution and Length-Weight 
Relationship 

 

A total of 741 specimens of P. quadrifilis were 
examined during the study period. The standard 

length of individuals was ranged from 11 cm to 
70 cm. The overall size distribution showed a 
modal length class of 19-21 cm indicating a 
unimodal distribution of P. quadrifilis exploited               
in the Ebrié Lagoon (Potou sector). Small            
sized (11-20 cm) specimens were more 
numerous and represent 73% of the total 
population (Fig. 2).  
 
The growth coefficient value b of length-weight 
relationship of P. quadrifilis population was 
calculated as 3.03 that was not significantly 
different (p > 0.05; ts = 0.9771) from the 
hypothetical value (3) showing an isometric 
growth (Table 1). However, the regression 
coefficient (r

2
) of the equation (0.96) indicated 

that there was a strong positive correlation 
between weight and length of the P. quadrifilis 
population in the lagoon. The 95% confidence 
limits for b (CL 95%) were ranged between 2.60 
and 3.44. 
 

3.2 Estimation of Growth and Exploitation 
Parameters 

 
Fig. 3 illustrates the growth curves fitted to the 
monthly length-frequency distribution of P. 
quadrifilis in Ebrié lagoon (Potou Sector). The 
growth parameters which are the asymptotic 
length (L∞ = 60 cm), the growth rate (K= 0.33), 
the longevity (t max = 9.09 year) the        
theoretical age at length zero (t0=), and the 
growth performance index (φ’= 3.065)             
were estimated by FiSAT and presented in Table 
2.  
 
The annual total mortality rate (Z) derived from 
length frequency catch curves was 1.10 year

-1
 

(Fig. 4). The natural mortality rate (M) derived 
from Pauly’s equation was estimated at 0.70 
year

-1
 and the fishing mortality rate (F) was 0.40 

year-1. The exploitation rate (E) was 0.36 (Table 
2). This rate is clearly weak at the Allowable limit 
of exploitation (E max). 
 

3.3 Length at First Capture and 
Recruitment Patterns 

 
The estimated length at first capture L50 or Lc 
(length at which 50% of the fish entering the 
gears are retained) was 10.60 cm (Fig. 5). The 
annual recruitment pattern of P. quadrifilis in the 
Ebrié Lagoon (Potou Sector) indicated that 
recruitment occurred throughout the year with the 
highest recruitment in the month of August and 
lowest in January (Fig. 6). 
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3.4 Relative Yield and Biomass per 
Recruit 

 

The plot of relative yield-per-recruit against 
exploitation rate showed that the current 
exploitation rate (E current) was less than the 

maximum exploitation rate (E current < E max) 
(Fig. 7). However, the present exploitation rate 
was higher than the rate of exploitation at which 
50 % of the biomass-per-recruit was fished (E0.5) 
(E current > E0.5). 

 

 
 

Fig. 2. Size distribution of P. quadrifilis in Ebrié lagoon (Potou sector) from April 2004 to March 
2006 

 
Table 1. Mean, range and length-weight relationship of P. quadrifilis in Ebrié lagoon (Potou 

sector) from April 2004 to March 2006 
 

Species Length Weight     Parameters of LWR 
Min-Max Mean±SD Min-Max Mean±SD b r2 ts Gr 

P. quadrifilis 11-70 24.71±9.69 13– 3901 269.29±179.8 3.03 0.96 0.971 I 
  

 
 

Fig. 3. Von Bertalanffy growth curve of P. quadrifilis in Ebrié lagoon (Potou Sector) from April 
2004 to March 2006. Lines superimposed on the histograms links successive peaks of growing 

cohorts as extrapolated by the model 

0
20

40
60

80
100

120
140
160

N
u

m
b

er

Standard length classes (SL, cm)

N= 741



 
 
 
 

Bédia et al.; AJFAR, 9(2): 33-42, 2020; Article no.AJFAR.60803 
 
 

 
38 

 

 
 

Fig. 4. Length-converted catch curve for P. quadrifilis in the Ebrié Lagoon (Potou sector) from 
April 2004 to March 2006 

 

Table 2. Estimated population parameters of P. quadrifilis caught in Ebrié lagoon lagoon 
(Potou sector) from April 2004 to March 2006 

 

Population parameters  Values 
Asymptotic length (L∞,  cm) 60 
Growth rate (K, year -1) 0.33 
Longevity (tmax, year) 9.09 
Growth performance index (φ’)  3.06 
Mean length at first sexual maturity [Lm (cm)]                                                                               
Natural mortality (M, year

-1
)                                 

40   
0.70 

Fishing mortality (F, year-1) 0.40 
Total mortality (Z, year

-1
) 1.10 

Exploitation rate (E) 0.36 
Allowable limit of exploitation (E max) 0.44 
Mean length at first capture L50 (cm) 10.60 

 

 
 

Fig. 5. Probabilities of capture pattern of pooled population of P. quadrifilis in Ebrié lagoon 
(Potou Sector) from April 2004 to March 2006 
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Fig. 6. Recruitment patterns of P. quadrifilis in the Ebrié Lagoon (Potou sector) from  April 
2004 to March 2006 

 

 
 

Fig. 7. Relative yield-per-recruit (Y′/R) and biomass-per-recruit (B′/R) plot for P. quadrifilis at 
different rates of exploitation in the Ebrié Lagoon (Potou sector) from from April 2004 to March 

2006 
 
Table 3. Comparison of growth parameters estimates from the present study and other studies 

 
Authors   Location (L∞, cm) (K, year 

-1
) (φ’) 

[31] Gambia estuary 170 0.22 * 
[31] Nokoué lagoon 22  0.88 * 
[32] Coastal zone Grand-Lahou 102.4 0.40 3.91 
Current study Ebrié lagoon (Potou sector) 60  0.33 3.06 

 
4. DISCUSSION 
 

The length frequency distribution is useful for 
growth and age determination. The length 

composition of a fish population often exhibits 
mode among fishes. Thus our findings were in 
agreement with the unimodal class distribution 
reported in Ologe lagoon for P. quadrifilis by [28]. 
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However the size range of the current study was 
higher than the size range (9 cm-32.7cm total 
length) recorded for P. quadrifilis in Ologe lagoon 
(Nigeria) by [28]. The growth coefficient and 
regression coefficient indicated isometric growth 
and strong correlation between length and 
weight, respectively. The growth coefficient value 
b from this study was different from the value 
(2.34) obtained by [28] in Ologe lagoon (Nigeria) 
where allometric growth was observed for P. 
quadrifilis. The b values of length-weight 
relationships are known to vary with geographic 
location, environmental condition, season, 
stomach fullness, diseases and parasite loads 
[29].  
 

The observed asymptotic length was lower than 
estimated for Gambia estuary and Grand-Lahou 
coastal water by [30] (Table 2). However the 
observed asymptotic length was greater than the 
value recorded in Nokoué lagoon (22 cm) by 
[30]. Further, the growth rate was lower than 
estimates by [30]. K value of the current study 
was greater than the value recorded in Nokoué 
lagoon by [30]. Potential causes for the observed 
variation in estimates for the asymptotic length 
(L∞) and growth rate (K) in comparison with 
other studies include environmental condition, 
size classes obtained and the computational 
procedures [31]. Estimated growth rate (K) was 
found to be lower than 0.34, demonstrating that 
P. quadrifilis is a slow growing fish species, 
evinced by the estimated long lifespan [32]. 
Growth performance index from the study was 
inside the range (2.65-3.32) designated for fish 
species with fast growing performance [33] 
indicating that P. quadrifilis has a fast            
growth performance in Ebrié lagoon (Potou 
sector). 
 

The estimated length at first capture Lc was 
lower than the corresponding length at first 
maturity (40 cm). This could be explained by a 
presence of high fishing pressure and/or the 
mesh sizes of fishing gears. Indeed, fishes were 
caught before reaching their matured stage. 
From the study, the ratio of Lc50/L∞ was 
estimated as 0.17 lower than 0.5, which signifies 
the presence of small sizes of P. quadrifilis within 
the catches. According to [34], ratio of Lc50/L∞ 
lower than 0.5 implied small sizes of individuals 
within catches. Recruitment has been described 
as a year-round phenomenon for tropical fish 
species [35]. The presence of recruitment 
through the year indicated that recruitment is 
continuous. Continuous recruitment could 
contribute to decrease the overfishing of the 

specie. Our results exhibit one recruitment pulse 
which was not conform with [36] assertion of a 
double recruitment pulse per year for most of 
tropical fish and short lived species.  

 
The calculated total mortality rate from the 
present study was greater than the estimated 
(0.84 year

-1
) by [30] in Gambia estuary and 

greatly lower than the estimated (2 year-1) by [30] 
in Nokoué lagoon. The observed disparity in 
estimates of total mortality rates (Z) could be due 
to the high estimates of natural mortality (M) as 
well as the computation procedure applied in the 
estimation of other inputs (parameters). The 
computed fishing mortality rate (F) was lower 
than the corresponding natural mortality rate (M) 
from the present study, hence P. quadrifilis 
population is more prone to naturally induced 
mortality situations than fishing mortality. This 
could be related to the fact that accessed catch 
consists of more juvenile fishes than adults in the 
fishing area. According to [37], all juvenile and 
other small fish are vulnerable to predation by 
piscivorous fish. The recruitment pattern shows a 
continuous recruitment consists of one peak 
seasonal pulse. It is expected that the major 
recruitment peak (Jun-July) in this study should 
correspond to the major spawning season of the 
species. 

 
From the Y′/R curve, the current exploitation rate 
(E present) which has not reached the maximum 
level of exploitation (E max) suggests that the 
stock was not overexploited and E present could 
be applied for sustainable exploitation of the P. 
quadrifilis fishery. However, the B′/R curve of P. 
quadrifilis in the lagoon which indicated that E 
present > E50 (0.28) implies that a considerable 
increase in the current exploitation rate of the P. 
quadrifilis stock could lead to depletion of the fish 
stock.  

 
5. CONCLUSION 
 
P. quadrifilis in Ebrié lagoon is currently 
exhibiting light overfishing signs with implications 
on food security. Therefore, urgent management 
interventions are needed to safeguard this 
commercially important fish species from 
possible collapse in the future. 

 
ETHICAL APPROVAL 
 
As per international standard written ethical 
permission has been collected and preserved by 
the author(s). 



 
 
 
 

Bédia et al.; AJFAR, 9(2): 33-42, 2020; Article no.AJFAR.60803 
 
 

 
41 

 

ACKNOWLEDGEMENTS 
 

The guidance and supervision of prof. Kouassi 
N’Guessan joël first director of Hydrobiologia 
laboratory of University Felix Houphouët           
Boigny Abidjan (UFR Bioscience) during the 
sampling period of this study is gratefully 
acknowledged.  
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Thorpe A, David W, Pierre F. The situation 

in world fisheries, Encyclopedia of live 
support systems (EOLSS), contribution, 
eoless.net/EOLSS-TOC; 2007. 

2. FAO. Food and Agriculture Organization of 
the United Nations; 2006. 

3. Chavance P, Bâ M, Gascuel D, Vakily JM, 
Pauly D. Pêcheries maritimes, 
écosystèmes et sociétés en Afrique de 
l’Ouest. Un demi-siècle de changements, 
Actes du symposium international Dakar 
(Sénégal), 24-28 Juin 2004 Luxembourg. 
Office de publications  officielles des 
communautés Européennes Rapport de 
Recherches halieutiques ACP-UE. 
2004;1(15). 

4. Cormier M. La pêche en Côte D’Ivoire. 
Mise au point des connaissances et 
perspectives. Université de Paris X, 
Nanterre. 1983;135. 

5. INS. Annuaire statistique des pêches et de 
l’élevage, Côte d’Ivoire. 2014;35. 

6. Tah L, DA Costa KS, Kouassi NJ, Moreau 
J. Effort de pêche et production exploitée 
au lac d’Ayamé 1 (Bassin de la Bia ; Côte 
d’Ivoire) après le départ des pêcheurs « 
Bozos ». Agronomie Africaine. 2009; 
21(1):103-115.  

7. Levêque C, Paugy D. Impacts des activités 
humaines. In Les Poissons des Eaux 
Continentales Africaines. Diversité, 
Ecologie, Utilisation par l’Homme, Levêque 
C, Paugy D (eds). Institut de Recherche 
pour le Développement Paris. 1999;365-
383. 

8. Paugy D, Levèque C, Teugels GG. Faunes 
des poissons d’eaux douces et saumâtres 
de l’Afrique de l’ouest Tome 1 MRAC, 
Tervuren. 2003a;457. 

9. FAO. Food and Agriculture Organization of 
the United Nations, Rome, Italy; 2017.  

10. Tastet JP, Guiral D. Géologie et 
sédimentologie. In: JR. Durand, P. Dufour, 
D. Guiral et SGAF. Zabi (Eds.). 
Environnement et ressources aquatiques 
de Côte d'Ivoire, tome 2. ORSTOM, Paris. 
1999;35-57. 

11. Guiral D, Chantraine JM. Hypothèses sur 
l'origine des mortalités observées en 
lagune Ebrié en 1979. Document 
Scientifique. Centre de Recherches 
Océanographique Abidjan. 1983;12(2):61-
95. . 

12. N’Guessan K, Tra BFH, Koné MW. Etude 
ethnopharmacologique de plantes 
antipaludiques utilisées en médecine 
traditionnelle chez les Abbey et Krobou 
d’Agboville (Côte d’Ivoire) 
Ethnopharmacologia. 2009;(44):42-50. 

13. Paugy D, Levèque C, Teugels GG. Faune 
des poissons d’eaux douces et saumâtres 
de l’Afrique de l’Ouest. Tome 2; IRD, paris; 
MNHN, MRAC, Tervuren.2003b;815. 

14. Gayanilo FC, Sparre P, Pauly D. Food and 
Agricultural Organisation of the United 
Nation stock assessment tools. Reference 
manual. ICLARM International Center for 
Living Aquatic Resources Management 
Food and Agricultural Organisation of the 
United Nation. Rome.1997;262 

15. Zar JH. Biostatistical Analysis. 4th Edition. 
Prentice–Hall, Englewood Cliffs, New; 
1999. 

16. Sokal R, Rohlf FJ. Introduction to 
Biostatistics. 2nd ed. Freeman W.H and 
CO, New York, 1987;887.  

17. Hoggarth DD, Abeyasekera S, Arthur RI, 
Beddington JR, Burn RW. Stock 
Assessment for fishery management. A 
framework guide to the stock assessment 
tools of the Fisheries Management 
Science Programme (FMSP). Rome, pp: 
261. International Journal of Agriculture & 
Biology. 2006;13(4):559-564.  

18. Sparre P, Venema SS. Introduction to 
tropical fish stock assessment, part 1. 
Manual FAO fisheries technical paper. 1, 
Revue.1; Rome FAO. 1992;306:376. 

19. Pauly D. Theory and Management of 
Tropical Multispecies Stocks: A review with 
emphasis on the Southeast Asian 
Demersal Fisheries. ICLARM Studies and 
Reviews 1. International Center for Living 
Aquactic Resources Management, Manilla, 
Philippines.1979;35.  
ISSN 0115-438 

20. Pauly D. On the interrelationships between 
natural mortality, growth parameters and 



 
 
 
 

Bédia et al.; AJFAR, 9(2): 33-42, 2020; Article no.AJFAR.60803 
 
 

 
42 

 

mean environmental temperature in 
175fish stocks. Journal du conseil 
international pour l’exploitation de la 
Mer.1980;39:175-192. 

21. Ricker WE. Computation and interpretation 
of statistics of fish population. Bulletin of 
Fisheries Resources.1975;191:291-382. 

22. Gayanilo FC, Jr Sparre P, Pauly D. The 
FAO-ICLARM Stock Assessment Tools II 
(FiSAT II Ver. 1.2.1), FAO; 2002. 
Available:http://www.fao.org/fi/statist/fisoft/f
isat/] 

23. Pauly D, Munro L. Once more on the 
comparison of growth in fish and 
invertebrates. ICLARM Fishbyte. 1984; 
2:21-22,41.  

24. Pauly D. Population dynamics of short 
lived species with emphasis on squids. 
NAFO Sciences Council Studies. 1985;9: 
143-154. 

25. Pauly D. Length-converted catch curves: a 
powerful too) for fisheries research in the 
tropics part 2, Fishbyte. 1984a;2(1):17-19. 

26. Pauly D. Length-converted catch curves: A 
powerful tool for fisheries research in the 
tropics part 3, Fishbyte. 1984b;2(3):9-10.  

27. Gayanilo F, Sparre P, Pauly D. FAO-
ICLARM Population Assessment Tools II 
(FiSAT II). Revised. User's guide. 
Computerized Information Series 
(Fisheries). No 8. Revised version. FAO, 
Rome. 2005;168. 

28. Lawson EO, Olagundoye AU. Growth 
patterns, Diet composition and sex ratios in 
Giant African Threadfin, Polydactylus 
quadrifilis from Ologe Lagoon, Lagos, 
Nigeria. International Journal Of 
Agriculture & Biology Issn Print: 1560–
8530; ISSN Online: 1814–9596 2011;1-6.  

29. Erkoyuncu, İ. Balıkçılık Biyolojisi ve 
Populasyon Dinamiği. Ondokuz Mayıs Üni. 
Yayınları, Samsun. 1995;265.  

30. Villanueva MCS. Biodiversité et relations 
trophiques dans quelques milieux 
estuariens et lagunaires de l’Afrique de 
l’Ouest: Adaptation aux pressions 
environnementales. Thèse de doctorat, 

I.N.P. Ecole Nationale Supérieure 
Agronomique de Toulouse, France. 2004; 
224 pp. 

31. Konan KS, Diaby M, Agnissan AJP, Kone 
A, N’da K. Croissance et âge des poissons 
capitaines: Polydactylus quadrifilis (Cuvier, 
1829), Galeoides decadactylus (Bloch, 
1795) et Pentanemus quinquarius (Linné, 
1758) de la pêcherie artisanale maritime 
de Grand-Lahou (Côte d’Ivoire), Int. J. Biol. 
Chem. Sci. 2012;6:1112-1127. 

32. Amiye F, Erondu ES. Fish Mortalities and 
Management Measures of Fish Species of 
the Andoni River, Niger Delta, Nigeria. 
Research Journal of Biological Sciences. 
2010;5(2):171-176. 

33. Kienzle MO. Estimation of the population 
parameters of the Von Bertalanffy Growth 
Function for the main commercial species 
of the North Sea. 2005;34. 

34. Baijot E, Moreau J. Biology and 
demographic statuts of the main fish 
species in the reservoirs of Burkina Faso. 
In:Hydrological aspects of fisheries in small 
reservoirs in the Sahel Region (Baijot E, 
Moreau J, Barry J, Bouda S, eds). 152 
Technical Center for Agricultural and Rural 
cooperation Commission of the European 
Communities, Wageningen Netherlands. 
1997;79-109. 

35. Weber W. The influence of the 
hydrographic features on the spawning 
time of tropical fish. In: k tiews (ed) 
Fisheries resources Management in 
southeast Asia. 1976;269-281. German 
Foundation for international Development, 
Berlin 

36. Pauly D, Soriano ML. Some practical 
extensions to Beverton and Holt’s relative 
yield-per-recruit model. The First               
Asian Fisheries Forum, Asian Fisheries 
Society, Manila, Philippines. 1986;491-
496. 

37. Pauly D. Studying single species dynamics 
in a tropical multispecies context. Theory 
and Management of Tropical Fisheries. 
1982;33-70. 

 

© 2020 Bédia et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/60803 


