|
International Journal
of Biological and

Cllﬂlﬂil!ﬂl Sl:inm(es

Available online at http://www.ifgdg.org

Int. J. Biol. Chem. Sci. 17(3): 962-972, April 2023

ISSN 1997-342X (Online), ISSN 1991-8631 (Print)

Original Paper

Reproductive Biology of Chelon dumerili (Steindachner, 1870) in Saloum
Delta, Senegal (West Africa)

http://ajol.info/index.php/ijbcs http://indexmedicus.afro.who.int

Alioune FAYEY, Coumba DIENG?, Alassane SARR?, Waly NDIAYE2and
Malick DIOUF?

LInstitute of Environmental Sciences, Faculty of Science and Technology; Cheikh Anta Diop University of
Dakar; BP: 5005, Dakar, Senegal.
2University Institute of Fisheries and Aquaculture; Cheikh Anta Diop University of Dakar; BP: 5005, Dakar,
Senegal.
3Department of Animal Biology, Cheikh Anta Diop University of Dakar; BP: 5005; Dakar, Senegal.
* Corresponding Author; E-mail : alioune5.faye@ucad.edu.sn; Tél.: +221 77 378 73 25.

Received: 29-12-2022 Accepted: 23-03-2023 Published: 30-04-203

ABSTRACT

The present study evaluated the sex ratio, evolution of gonado-somatic index and stages of sexual
maturity, condition factor and size of first sexual maturity of Chelon dumerili (Mugilidae) to determine its
reproductive parameters. From June 2016 to May 2017, a total of 360 individuals of C. dumerili were sampled
in Sangomar Marine Protected Area (MPA), In Saloum Delta, Senegal. The sex-ratio was significantly in favor
of females (61.67%). Based on the monthly evolution of gonadal maturation stages and gonado-somatic index,
the reproductive period of the species was determined to be from March to May. The condition factor varied
between 0.60 and 0.88 with an average value of 0.84 + 0.07. Male individuals of C. dumerili reached the size of
first sexual maturity at a lower total length than females (23.6 cm and 24.5 cm respectively). Thus, for this species
whose reproductive biology has not been well documented until now, knowledge of the reproductive parameters
is essential to put in place measures for the sustainable management of the resource.
© 2023 International Formulae Group. All rights reserved.

Keywords: MPA, Sangomar, Senegal, Chelon dumerili, reproductive parameters.

INTRODUCTION

Fishes of the Mugilidae family are
abundant and largely widespread in estuaries of
tropical and temperate regions where they
represent a major commercial resource (Pombo
et al., 2005; Honorine, 2019). In West Africa,
only the genera Mugil and Liza are known from
this family (Honorine, 2019; Djadji, 2013). In
Senegal, the Mugilidae family is one of the
most abundant taxa (Lawson and Abayomi,

© 2023 International Formulae Group. All rights reserved.

DOI: https://dx.doi.org/10.4314/ijbcs.v17i3.16

2010). Because of its commercial, nutritional
and ecological importance, this family
deserves special attention. C. dumerili,
previously known as Liza dumerili, is one of
the most abundant species of this family in
Saloum delta, in the central part of Senegalese
coast. However, the studies carried out on C.
dumerili reproductive biology are insufficient.
In Senegal, a few studies, focused on
descriptive aspects and growth aspects
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(Ndiaye, 2020), have been conducted in on C.
dumerili. It is exploited particularly intensively
in Saloum Delta. It is a species with significant
socioeconomic value in this area.

The objective of this work was to
determine some reproductive aspects of C.
dumerili in Saloum Delta’s waters in order to
improve knowledge on this species biology for
its rational exploitation in Senegal.

MATERIALS AND METHODS
Study area

This study was carried out in the Marine
Protected Area (MPA) of Sangomar located in
the Saloum Delta (13° 35" and 14° 10" north and
16° 50" and 17° 00"). With an area of 87,437 ha,
a large part of the Sangomar MPA is included
in the Saloum Delta Biosphere Reserve
(RBDS) in Senegal. The Sangomar MPA is
bounded to the north by the Joal-Fadiouth
MPA, to the south by the Saloum Delta
National Park, to the east by the Palmarin
Community Nature Reserve (RNCP) and the
municipalities of Djirnda and Bassoul and to
the West by the Atlantic Ocean (Ba, 2019).

A total of 5 fishing stations were chosen
and distributed in the different parts of the
Sangomar MPA (Figure 1). Thus, the Sofna
and Bakina stations are located in the area of
the mouth of the Saloum, the Mariniane and
Djimsane stations were located on the main
arm of the Saloum and the Sarema station is in
a salt-water channel.

Sampling strategy

A total of twelve (12) experimental
fishing campaigns were carried out monthly
from June 2016 to May 2017. The fishing
operations were carried out using a 250 m long,
20 m height and with a 14 mm mesh size
experimental purse seine.

360 individuals of C. dumerili were
sampled. These individuals were caught using
purse seines and beach seines during
experimental fisheries. For each individual, the
total weight and the eviscerated weight were
determined using a 0.1 g precision electronic
scale. Total length and fork length were
measured with a 1 mm precision ichthyometer.
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Sex-ratio

The sex ratio was defined as the
proportion of each sex, determined by
macroscopic observation of gonads in a given
population (Baali, 2017). In this study, the sex
ratio was expressed as a percentage of the
females. It was calculated according to the
following equation:

SR = — %100
Nf+Nm

Where SR : sex-ratio, Nf : number of females,
Nm : number of males

Evolution of gonad maturity

A scale of sexual maturity, composed of
different stages, could characterize the
development of the gonads. This scale was
related to the macroscopic aspect of the gonad
and its weight evolution. The principle of
assigning a stage to a fish consisted in
frequently observing a fairly large number of
gonads. This observation provides the most
representative image possible of the stage of
maturity of the population studied (Derbal,
2007). The maturity scale of Fontana (1979)
based on the study of Sardinella from the
Congo was adopted for this study.

Gonado-somatic index

The gonado-somatic index (GSI) is
defined as the proportion of gonad weight to
eviscerated weight of fish. GSI variation
reflects periodic changes in gonad weight
caused by maturation. The stage of gonad
development, as well as seasonal variation in
GSI provides information on the spawning
strategy and timing of a species (West, 1990).
The GSI was calculated using the following
formula (Bougis, 1952):

GSI W 100
=——X
EW

Where GSI: gonado-somatic index, GW:
gonad weight in grams (g), EW: eviscerated
weight in g.

Size at first sexual maturity (Lso)

The size at first maturity is the size at
which 50% of individuals are mature (Chikou
et al., 2011; Kraidy et al., 2014). This
parameter was determined from female and
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male by calculating the proportion of mature
female and male in 1 cm size class in the
reproductive period. A logistic function linking
percentages of mature fish and total length was
used (Amenzoui et al., 2005):

100
1 + e—a(TL-Lso)
Where % M: percentage of mature individuals
by size class, a: constant, TL: Total length in
centimeters (cm), Lso: constant corresponding
to the average length of first sexual maturity.

%M =

Condition factor

The condition  factor  provides
information on the physical condition of a fish
(Paugy and Lévéque, 2017). It is a parameter

often used to compare the overall physiological
state of populations during a seasonal cycle
(Lizama and Ambrosia, 2002). It also provides
information on the storage of energy reserves
necessary for gametogenesis (Fehri-Bedoui,
2002). The condition factor is calculated using
the following formula:
K= w x 102

VE
Where K is the condition factor, TW: the total
weight in g, TL.: total length in cm.

Statistical analysis
Statistics and graphics were done with
Microsoft Word and Excel softwares.
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Figure 1: Geographic location of the study area.
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RESULTS
Sex-ratio

A sample of 360 individuals of which
222 females and 138 males was used to
calculate the sex-ratio of C. dumerili. These
numbers corresponded to a sex ratio of 61.67%
of females and 38.33% of males. The analysis
of this result showed a significant
predominance of females compared to the
males. Considering monthly variations, the sex
ratio was in favor of females except for the
months of April, June, November and
December. A superiority of females was
observed continuously from July to October
(Figure 2).

Reproductive periods

Peak breeding seasons were determined
by annual monitoring of the gonado-somatic
index (GSI) and development of sexual
maturation stages. There was a correlation
between the variations in the mean GSI and
those of the stages of sexual maturity. The
variation in the stages of sexual maturity
showed that the proportions of individuals with
advanced sexual maturity (stages 1V, V) were
larger from March to May. On the other hand,
the proportion of immature individuals (stages
I and I1) and at the beginning of maturation was
larger from June to January (Figure 3a). The

annual evolution of the GSI made it possible to
identify a major peak in April. Thus, there was
an ascending phase that lasted from February
to April, corresponding to the gonadal
maturation period, and a descending phase that
extended from April to June, corresponding to
the spawning season (Figure 3b). The main
reproduction period of C. dumerili was
therefore from March to May.

Condition Factor

The monthly values of the average
condition factor of C. dumerili ranged from
0.60 to 0.88 with an average of 0.84 £0.07. The
results obtained showed that the condition
factor gradually decreased from January to
April until it reached its minimum value (0.60).
From April, it rose to 0.75 in May and June
before showing a slight increase with slight
fluctuations for the rest of the year (Figure 4).

Size at first sexual maturity

C. dumerili was characterized by a size
difference between males and females at sexual
maturity. Analysis of the results on sizes at
sexual maturity revealed that in this species,
sexual maturity was reached at a larger size in
the female (Figure 5a) than in the male (Figure
5a). The sizes at sexual maturity in females and
males were 24.5 cm and 23.6 cm, respectively.
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Figure 2: Monthly variation of the sex ratio of C. dumerili
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Figure 3: Monthly evolution of sexual maturity stages (a) and Gonado-somatic index (b) of C.
dumerili.
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Figure 4: Monthly evolution of condition Factor (K) of C. dumerili.
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Figure 5: Size at first sexual maturity of female (a) and males (b).

DISCUSSION

A total of 360 individuals of C. dumerili
including 222 females and 56 males sampled in
the present study. The results of the sex ratio
indicated a predominance of females (79.85%).
These results are in agreement, for the same
species, with those of Honorine et al. (2019)
and Ndiaye et al. (2020). In contrast, Diaby et
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al. (2012) noted a male dominated population
in lvory Coast (Table 1).

This predominance of one sex is a
frequent phenomenon in many teleosts
(Ghaninejad et al., 2010; Abdallah et al., 2013;
Honorine et al., 2019). This imbalance in the
sex ratio could be explained by several factors,
including seasonal segregation of the sexes,
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differential distribution based on size and age,
natural selective mortality, different migratory
activities, or selectivity of fishing gear, which
would catch one group more than another
(Ould Mohamed Vall, 2004; Chikou, 2006).

The study of the evolution of sexual
maturity stages and the variation of the gonado-
somatic index (GSI) allowed to locate the
breeding periods of C. dumerili from March to
May. These results were similar to those of
Honorine et al. (2019) from the lvory Coast.
However, other studies that indicated breeding
periods ranging from September to Novembre
(Diaby et al., 2022) in lvory Coast (Table 2).
This suggests that in African coastal countries
bordering the Atlantic Ocean, the breeding
period of C. dumerili is relatively short and
takes place almost at different times of the year
depending on the locality. Moreover, the shift
in the breeding periods of C. dumerili in
Saloum Delta waters compared to other
countries areas could be due to differences in
environmental factors. It is therefore generally
noted that in most fish, rainfall (Chellappa et
al., 2009), temperature changes (Ghaninejad et
al., 2010), locations (Efizon, 2021) appeared to
be the main, environmental factor modulating
spawning period. Therefore, fish of the same
species but different locations possibly have
different spawning patterns as detected in this
study.

The monthly values of the average
condition factor of C. dumerili calculated in the
present study were between 0.60 and 0.88 with
a mean value of 0.84+0.07. This showed that
the condition factor (K) values of C. dumerili
are relatively low. In fact, relative condition
factor (K) equal to or greater than 1 indicated
that the fish were in good growth condition

(Sachidanandamurthy and Yajurvedi, 2008).
Fluctuations in monthly condition factor (K)
values depend on several factors such as diet,
environmental conditions, maturity and
spawning season (Nair et al., 2015). In the
present study, the spawning season of C.
dumerili corresponded to the period when the
condition factor values were lower. This result
was consistent with that of Alla et al. (2019) for
the same species. This caused the fish to lose
weight, suggesting that they would also use
their energy reserves contained in the muscles
and intestines to ensure reproduction.

Knowing the size at first sexual
maturity in fish is very important to determine
the minimum size at first catch (Mehanna,
2007). The sexual maturity of C. dumerili was
reached both females and males when the
females were larger than the males. This size
difference between males and females could be
due to a number of factors. The differential
growth seen in most teleosts could be a cause
of this size disparity in C. dumerili. In fact, this
would be related to the relative energy
distribution for the production of gametes
(Weatherley and Gil, 1987). According to
Abdallah et al. (2013) the energy expenditure
of females for the production of gametes is
probably lower than that of males. This could
be due to physiological and hormonal effects
on gonad development in fish.

The differences in size at first sexual
maturity observed between countries (Table 3)
would be attributed mainly to the variability of
environmental conditions in different areas,
with low temperature and photoperiod likely
being the main influencing factors (Bilgin et
al., 2014).

Table 1: Sex ratios C. dumerili percentage of female according to various authors.

Countries Sex-ratio (%0) Number of individuals Authors
Senegal 61.67 360 Present study
Senegal 69.19 185 Ndiaye et al. (2020)
Ivory Coast 62.20 373 Honorine et al. (2019)
Ivory Coast 46.71 578 Diaby et al. (2012)
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Table 2: Breeding periods of different populations of C. dumerili by country.

Breeding periods Authors

Countries 5 M A M J J A S O N D

Senegal - Present study

Alla et al. (2019)

Diaby et al. (2012)

Ivory Coast - Diaby et al. (2022)

Table 3: Size at first sexual maturity of C. dumerili found in different area.

Size at first sexual

Countries maturity Type of length Authors
Male Female
Senegal 23.6 cm 24.5cm LT Present study
Senegal 16.1 195 LT Ndiaye et al. (2020)
Ivory Coast 24.2 cm 24.5cm LF Alla et al. (2019)
Ivory Coast 16.1 195 LT Diaby et al. (2022)
Conclusion COMPETING INTERESTS
This work allowed us to estimate certain The authors declare that there is no
reproductive parameters of C. dumerili of the competing interests.
Sangomar MPA in Senegal. The results
obtained showed that the gender ratio was in AUTHORS’ CONTRIBUTIONS
favor of females. The study found that C. MD prepared a validated sampling plan.
dumerili reproduced over a relatively short CD, AF, AS and WN conducted the field
period, which for the present study was set sampling. CD took the field notes and entered
from March to May. The study also showed the data into Excel software. AF processed the
that male C. dumerili individuals reached data and wrote the draft article. AS and WN
sexual maturity earlier than females. The have made their corrections
variation in the condition factor associated with
the gonado-somatic index (GSI) indicated that ACKNOWLEDGMENTS
the species used its muscular energy reserves to The authors would like to thank the
develop gametes for reproduction. The results agents in charge of managing the Sangomar
of this study could be used in developing a Marine Protected Area. The authors would also
management plan for the sustainable like to thank all of the fishermen who helped
exploitation of the C. dumerili fishery in with the sampling.
Senegal.

969



A. FAYE et al. / Int. J. Biol. Chem. Sci. 17(3): 962-972, 2023

REFERENCES

Abdallah C, Ghorbel M, Jarboui O. 2013.
Reproductive biology of the Golden grey
mullet Liza aurata, in the Gulf of Gabes
(central Mediterranean, Tunisia) in the
Gulf of Gabes (central Mediterranean,
Tunisia). Mediterr. Mar. Sci., 14(2): 409-
415. DOI:
https://doi.org/10.12681/mms.367.

Alla EY, GH, Kouakou KF, Séka D. Adepo-
Gouréne AB. 2019. Reproductive
Biology of the fish Liza dumerili
(Steindachner, 1870) in the Ebrié Lagoon
(South Eastern Coéte d’Ivoire, West
Africa). Int. J. Fish. Aquat., 7(5): 521-
527.

DOI: https://dx.doi.org/10.22271/fish.

Amenzoui K, Ferhan TF, Yahyaoui A,
Mesfioui HA, Kifani S. 2005. Etude de
quelques aspects de la Reproduction de
Sardina pilchardus (Walbaum, 1792) de
la Région de Ladyoune (Maroc). Bulletin
de I’Institut Scientifique, section Sciences
de la Vie, 26(27): 43-50. URL:
http://www.israbat.ac.ma/wp-
content/uploads/2020/06/Haddadi_20.pd
f

Baali A, Bourassi H, Falah S, Abderrazik W,
Manchih K, Amenzoui K, Yahyaoui A.
2017. Reproductive  Biology  of
Sardinella sp. (Sardinella aurita and
Sardinella maderensis) in the South of
Morocco. Pak. J. Biol. Sci., 20: 165-178.
DOl:
http://dx.doi.org/10.3923/pjbs.2017.165.
178.

Ba A, Chaboud C, Schmidt J, Diouf M, Fall M,
Deme M, Brehmer P. 2019. The Potential
Impact of Marine Protected Areas on the
Senegalese Sardinella Fishery. Ocean &
Coastal Management, 169: 239-246.
DOl:
https://doi.org/10.1016/j.0ocecoaman.201
8.12.020.

Bilgin S, Tas¢1 B, Bal H. 2014. Reproduction
Biology of the Garfish, Belone euxini
Gunther, 1866 (Belonidae: Belone) in the

Southeast Black Sea. Turkish J. Fish.
Aquat. Sci,, 14: 623-631. DOIl:
http://dx.doi.org/10.4194/1303-2712-
vl4 3 04.

Chikou A. 2006. Etude de la Démographie et
de D’Exploitation Halieutique de six
especes de Poissons-Chats (Teleostei,
Siluriformes) dans le delta de ’'Ouémé au
Bénin. Thése de Doctorat, Université de
Liége, Belgique, p. 459.

Chikou A, Laleye PA, Bonou CA, Vandewalle
P, Philippart JC. 2011. Tailles de
Premiére Maturité et de capture de six
espéces de Poisson-Chat dans le delta de
I’Ouémé au Bénin (Afrique de 1’Ouest).
Int. J. Biol. Chem. Sci., 5(4): 1688-1693.
DOl:
http://dx.doi.org/10.4314/ijbcs.v5i4.18.

Derbal F. 2007. L’ichtyofaune des cotes de
I’Est Algérien: Ecologie de quatre
téléostéens (Diplodus cervinus cervinus,
D. puntazzo, Sciaenaumbra, Epinephelus
costae) et Contribution a la Biologie du
Sar Tambour Diplodus cervinus cervinus
(Lowe, 1838), Thése de Doctorat,
Université d’Annaba Badji Mokhtar, p.
213.

Diaby M, N’da K, Akadje CM. 2012.
Distribution  Spatio-Temporelle  des
poissons Mugilidae dans la lagune de
Grand-lahou (Cote d’ivoire). Int. J. Biol.
Chem. Sci.,, 6(4): 1608-1623. DOI:
http://dx.doi.org/10.4314/ijbcs.v6i4.20.

Diaby M, Akadje CMA, Agnissan JPA, N’da
K. 2022. Reproduction of five mullet fish
(Mugilidae) in Grand-Lahou Lagoon,
Cote d’Ivoire: Size at First Sexual
Maturity, Reproduction Period and Sex
Ratio. Int. J. Fauna Biol., 9(5): 38-44.
DOI:
http://dx.doi.org/10.22271/23940522.202
2.v9.i5a.932.

Djadji ELG, Atse BC, Sylla S, Konan JK,
Kouassi JN’G. 2013. Reproduction du
Mugilidae Mugil cephalus Linné, 1758
dans deux complexes lagunaires (lagunes
Ebrié et de Grand-Lahou) de la Cote


https://doi.org/10.12681/mms.367
https://www.fisheriesjournal.com/
http://dx.doi.org/10.3923/pjbs.2017.165.178
http://dx.doi.org/10.3923/pjbs.2017.165.178
http://dx.doi.org/10.4314/ijbcs.v5i4.18
http://dx.doi.org/10.4314/ijbcs.v6i4.20

A. FAYE et al. / Int. J. Biol. Chem. Sci. 17(3): 962-972, 2023

d’Ivoire. Int. J. Biol. Chem. Sci., 7(4):
1701-1716. DOl:
http://dx.doi.org/10.4314/ijbcs.v7i4.25.

Efizon D, Batubara AS, Muchlisin ZA, Elvyra
R, Rizal S, Siti-Azizah MM. 2021.
Reproductive Aspects of Naleh Fish
(Barbonymus sp.): A native species from
Nagan River, Aceh Province, Indonesia.
Biodiversitas, 22(5): 2682-2690. DOI:
https://doi.org/10.13057/biodiv/d220528.

Fehri-Bedoui R, Gharbi H, EL Abed A. 2002.
Période de Reproduction et Maturité
Sexuelle de Liza aurata (Poisson.
Mugilidae) des cbdtes est et sud
tunisiennes. Bull.Inst. Nat. Scien. Tech.
Mer  Salam., 29: 11-15. URL:
https://www.instm-
bulletin.tn/index.php/bulletin/article/vie
w/793.

Fontana A. 1969. Etude de la Maturité Sexuelle
des Sardinelles, Sardinella eba (Val.) et
Sardinella aurita (C et V.) de la région de
Pointe-Noire.  Cah. ORST.  Série
Océanogr., 7(2): 101-114. URL:
https://docplayer.fr/23387362-Etude-de-
la-maturite-sexuelle-des-sardfelles.html.

Ghaninejad D, Abdolmalaki S, Kuliyev ZM.
2010. Reproductive Biology of the
Golden grey mullet Liza aurata in the
Iranian Coastal Waters of the Caspian
Sea. lran. J. Fish. Sci., 9(3): 402-411.
DOl:
https://doi.org/10.22092/1JFS.2018.1140
99.

Chellappa S, Bueno RMX, Chellappa T,
Chellappa NT, Val VMFA. 2009.
Reproductive Seasonality Of The Fish
Fauna and Limnoecology Of Semi-Arid
Brazilian Reservoirs. Limnologica, 39:
325-329. DOI:
https://doi.org/10.1016/j.1imno.2009.06.0
03.

Honorine AEYG, Fidéle KK, Dagou S,
Béatrice AA. 2019. Reproductive
Biology of the fish Liza dumerili
(Steindachner, 1870) in the Ebrié Lagoon
(South-Eastern Cote d’Ivoire, West

Africa). Int. J. Fish. Aquat., 7(5): 521-
527. DOI:
https://dx.doi.org/10.22271/fish.

Kraidy LAB, N Kone, Berte S, Konan GN, Yao

SS, Kouamelan PE. 2014. Péche et
Parameétres de Reproduction de Pellonula
leonensis Boulenger 1916, dans le lac de
Taabo (Fleuve Bandama, Céte d’Ivoire):
implications pour une Exploitation
Durable du stock. Int. J. Biol. Chem. Sci.,
8(1): 75-88. DOI:
http://dx.doi.org/10.4314/ijbcs.v8il.8.

Lawson EO, Abayomi AAJ. 2010. Aspects of

the Biology of Grey Mullet, Mugil
cephalus, in Lagos Lagoon, Nigeria.
AACL., Bioflux, 3(3): 181-194. URL:
http://www.bioflux.com.ro/aacl.
Lévéque C, Paugy D. 2017. Fish
Communities in River Systems and
Associated Stations. In The Inland Water
Fishes of Africa: Diversity, Ecology and
Human Use, Paugy D, Leveque C, Otero
O (eds). Institut De Recherche Pour Le
Développement, Musée Royal de
I’ Afrique Central: Paris, Tervuren; 349-
360. DOl:
https://doi.org/10.4000/books.irdeditions
.25241.

Lizama MAP, Ambrésia AM. 2002. Condition

Factor in Nine Species of Fish of the
Characidae Family in the Upper Parana
River Floodplain. Braz. J. Biol., 62(1):
113-124. DOI:
https://doi.org/10.1590/S1519-
69842002000100014.

Mehanna SF. 2007. A Preliminary Assessment

and Management of Gilthead Bream
Sparus aurata in the Port Said Fishery,
the Southeastern Mediterranean, Egypt.
Turkish J. Fish. Aquat. Sci., 7(2): 123-
130. URL:
https://www:.trjfas.org/uploads/pdf_322.
pdf.

Nair PG, Joseph S, Pillai VN. 2015. Length-

Weight Relationship and Relative
Condition  Factor of  Stolephorus
commersonii (Lacepede, 1803) exploited


http://dx.doi.org/10.4314/ijbcs.v7i4.25
https://doi.org/10.22092/ijfs.2018.114099
https://doi.org/10.22092/ijfs.2018.114099
https://doi.org/10.1590/S1519-69842002000100014
https://doi.org/10.1590/S1519-69842002000100014

A. FAYE et al. / Int. J. Biol. Chem. Sci. 17(3): 962-972, 2023

along Kerala coast. J. Mar. Biol. Assoc.,
57(2): 27-31. DOI: https://doi.org
10.6024/jmbai.2015.57.2.01856-04.

Ndiaye M, Sarr SM, Diouf M, Touré A. 2020.

Growth and Exploitation of Liza dumerili
(Steindachner, 1870), by the use of
Length Frequencies in Joal-Fadiouth
Marine Protected Area in Senegal. Int. J.
Innov. Appl. Res., 28(3): 652-665. URL.:
http://www.ijias.issr-journals.org/.

Ould Mohamed Vall M. 2004. Etude de la

Dynamique des Systémes d’Exploitation
et de I’Ecobiologie de la Reproduction de
trois  Mugilidae:  Mugil  cephalus
(Linnaeus, 1758), Liza aurata (Perugia,
1892) et Mugil capurrii (Risso, 1810),
analyse de leurs Stratégies d’Occupations
des Secteurs Littoraux Mauritaniens et de
leurs possibilités d’aménagement. Thése
de Doctorat, Université Nice-Sophia
Antipolis, France, p. 146.

972

Pombo L, Elliott M, Rebelo JE. 2005.

Environmental  Influences on fish
Assemblage Distribution on an Estuarine
Coastal Lagoon, Ria de Aveiro
(Portugal). Sci. Mar., 69: 143-159. URL:
https://www.researchgate.net/publication
1216442063.

Sachidanandamurthy KL, Yajurvedi HN.

2008. A study on Growth co-efficient and
Relative Condition Factor of the Major
Carp (Catlacatla) in two lakes differing in
Water Quality. Appl. Ecol. Environ. Res.,
6(3): 33-47. DOI:
https://doi.org/10.15666/AEER/0603_03
3047.

West G. 1990. Methods of Assessing Ovarian

Development in fishes: a review. Aust. J.
Mar. Freshw. Res., 41(2): 199-222. DOI:
https://doi.org/10.1071/MF9900199.


https://doi.org/10.1071/MF9900199

