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Abstract :

In order to know effect of anthropic pressure on genetic diversity of nine populations of
Sarotherodon melanotheron heudelotii and S. m. paludinosus), some study was undertook in six
polluted sites (Foundiougne, Kaolack, Guiers Lake, Bay Hann, Niayes 1 and Niayes 2) and three
healthy sites (Missirah, Saint Louis and Koular) in 2009. The diversity of samples colleted were
analyzed with seven enzymatic markers (ADH, AAT, IDHP, MDH, PGM, GPI and EST).

The result of analysis indicated a similar genetic diversity between the two subspecies, S. m.
heudelotii (A= 2,19 ; Hg= 0,29 and P (9s500)= 84,28) and S. m. Paludinosus (A= 2,15 ; He = 0,32
and P (g506)= 85).

Concerning the sampled sites, genetic diversity doesn’t vary between population of polluted and
healthy sites. The majority of the analyzed populations showed a deviation from Hardy-
Weinberg equilibrium in the direction of a deficit of heterozygosis.

Also the analysis of population showed a deviation with Hardy-Weinberg equilibrium model in
the direction of a deficit heterozygosis (Fis > 0; P < 0.05). The essential of this deficiency was

explained by locus EST-14.

360


http://www.ijiset.com/

i IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 4 Issue 2, February 2017
(UISE1 ISSN (Online) 2348 — 7968 | Impact Factor (2016) — 5.264
Www.ijiset.com
Except Missirah and Saint-Louis, a genetic structure was revealed between population of Koular

and populations of disturbed sites (0.024 < Fsr<0,168; P < 0.05). Locus PGM contributes to this
differentiation observed between Koular and these populations. This locus would undergo a

selective pressure in contaminated site.

Keywords: Sarotherodon melanotheron, polluted site, healthy site, genetic diversity, genetic

structure

Introduction

Estuarine and coastal ecosystems are well known to constitute favorable environments
colonized by numerous aquatic species during one or several phases of their biological cycle
(reproduction, development, growth, grown-up life...). These environments, by various functions
(nursery, shelter or food supply) ensure the proliferation and maintaining of aquatic species or
biodiversity (Costanza et al., 1997). However, many estuarine and coastal ecosystems,
nowadays, undergo overexploitation and chronic chemical multi-contamination due to intense
human activity. Anthropogenic pressures contribute to the impoverishment of biological
diversity and genetic variability (Vituosek et al., 1997). Indeed, the increase in exploitation
resulted in the degradation of ecosystems and the decline of biomass of target species that are
often overexploited (Allison et al., 2009, Lam et al., 2012, Durand et al. 2013). Anthropogenic
stressors, stemming from industrial, agricultural and urban waste are discharged in these
ecosystems where they strongly affect, according to their nature, duration and importance,
biological characteristics of aquatic species. So, the maintenance of healthy and productive costal

and estuaries ecosystems is a critical issue and fishes are good indicators to estimate the system
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health affected by anthropogenic pressure. Many investigations reported biological responses of

fishes to aquatic contaminants (Mehdaoui et al., 2000, Dailianis et al., 2003, Marchands et al.,
2003, Choi et al., 2009). Certain of them, used allozymes markers, to evaluate the impact of
chemical stress on the genetics of fish populations settled in heavily contaminated rivers (Foré et
al., 1995a, 1995b, Gillespie & Guttman, 1999). Present study deals with genetic response of
Sarotherodon melanotheron, endemic fish species of West Africa, population to contaminants in
rivers of Senegal using allozymes markers. This species is the subject of intensive artisanal
fishing in lagoon systems (Legendre & Ecoutin, 1989). In the Ayamé Lake, it represents 50 % of
the commercial captures (Gourene et al., 1999).

In a specific way, it is question of comparing genetic diversity between populations of weakly
contaminated sites and those of polluted sites and of describing the genetic structure between

populations of apparently healthy environment and those of polluted sites.

2. Materials and methods

2.1. Choice and characteristics of sites

The experiment was carried out in 2009 on six West African hydrosystems : Saloum estuary,
Gambie and Sénégal rivers, Guiers Lake, Hann Bay and the Niayes (Fig 1). The sites were

selected according to their degree of pollution (table 1).
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Fig 1. Map of sampling locations for Sarotherodon melanotheron heudelotii and S. m.

Paludinosus in Sénégal hydrosystems.

Table 1: Characteristics of the sampled sites

Selected sites Hydrosystems Salinity (g/l) Types of anthropic pressures

Saint Louis Fleuve Sénégal Strong pressure of fishing

Guiers Lake Lac de Guiers 0,2 Polluted by the industrial activities, agricultural and the watery
plants

Niayes 1 Niayes 58,6 Polluted

Niayes 2 Niayes 2,7 Polluted

Hann Bay Baie de Hann 34,7 Polluted by the urban and industrial activities

Foundiougne Siné-Saloum 51,4 Polluted

Missirah Siné-Saloum 39,3 Not polluted

Kaolack Siné-Saloum 102 Polluted by the urban effluents

Koular Gambie 34,1 Not polluted

2.2. Field sampling
A total 221 specimens of the subspecies, S. m. heudelotii (173) and S. m. paludinosus
(48) (Table 2), was fished using purse seine by experimental fishing. These specimens were
captured in 2009. Nine populations of Sarotherodon melanotheron were collected. The sampled

specimens were preserved in refrigerators and conveyed to the laboratory.
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Table 2.0rigin of Sarotherodon melanotheron populations

Subspecies Hydrosystems Country  Sites Abbreviation No. of individuals
S. m. heudelotii Siné-Saloum Estuary ~ Sénégal Foundiougne  FOU 30
S. m. heudelotii Siné-Saloum Estuary ~ Sénégal Kaolack KAO 29
S. m. heudelotii Siné-Saloum Estuary ~ Sénégal Missirah MIS 29
S. m. heudelotii Guiers Lake Sénégal Guiers GUI 16
S. m. heudelotii Sénégal river Sénégal Saint Louis LOU 14
S. m. heudelotii Hann bay Sénégal Hann HAN 27
S. m. heudelotii Gambie estuary Gambie Koular KOU 28
S. m. paludinosus  Niayes Sénégal Niayes 1 NIA 1 18
S. m. paludinosus ~ Niayes Sénégal Niayes 2 NIA 2 30

2.3. Electrophoresis
The liver from each specimen was preserved at -80-C until processed. Homogenates for
electrophoresis were obtained with fractions of liver crushed in distilled water. Electrophoresis
was performed on gels composed of 12% hydrolysed starch. Extract from liver was screened
with seven enzymatic systems (ADH, AAT, IDHP, MDH, PGM, GPI and EST) based on
technical of enzymatic electrophoresis described by Pasteur et al. (1988).
Genetic nomenclature of Shaklee et al. (1990) was used. Alleles were designated by their

mobility relative to the most common allele, which was designated 100 for each locus.

2.3. Statistical analysis
The resulting data matrix of alphabetically designated allele phenotypes was analysed
using GENETIX 4.3 software (Belkhir et al. 2004). Estimated genetic diversity parameters were
observed: number of alleles per locus (A), proportion of polymorphic loci (P gs%)), observed (Ho)
and expected heterozygosity (Hg). Wright’s parameter (Fs, Fst) values for polymorphic loci
were determined to evaluate intrapopulation differentiation (Fs) and differentiation between

populations (Fst) (Wright, 1978). Significance of values of F\s and Fst was tested under the null
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hypothesis by using the procedure of permutations (1000) (Weir & Cockerham, 1984). A locus

was considered polymorphic if the frequency of the common allele is not greater than 0.95.

3. RESULTS
3.1. Intra-population diversity
3.1.1. Genetic Variability
In a general, the average values of diversity obtained are very high and relatively not very
variable from one subspecies to another. They are of 2.19 (A), 0.29 (Hg) = 0.13 (Ho) and 84.28
(Pesw)) at Sarotherodon melanotheron heudelotii and 2.15 (A), 0.32 (Hg), 0.12 (H,) and 85
(P(eswy) for Sarotherodon melanotheron paludinosus (Table 3).
The number of allele (A) within populations of S. m. heudelotii is included between 1.9
(population of the Lake Guiers) and 2.4 (population of bay of Hann). The highest value of
heterozygoties waited (H.) and observed (H,) are respectively 0.36 (Koular) and 0.18 (Louis
Saint). But the lowest of the two parameters were recorded with the population from Lake Guiers

(He = 0.20 and H, = 0.09). The rate of polymorphism (P g, ) was included between 60 %

(Lake Guiers) and 100 % (Kaolack).
About population of S. m. paludinosus, the highest values of diversity was recorded in Niayes 1
(A=22;Hg=0.36;Hy,=0.14and P g, =90) and the lowest value in Niayes 2 (A=2.1; H.
=0.27;Hy =0.09 and P g5, = 80).

The genetic diversity doesn’t vary between populations of polluted sites and health.
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Table 3 Genetic diversity of populations of S. melanotheron

Populations A He Ho P (9500
Guiers Lake 1.9 0.20 0.09 60
Saint Louis 2.1 0.28 0.18 80
Foundiougne 2.2 0.28 0.13 90
S. m. heudelotii Kaolack 2.3 0.30 0.17 100
Koular 2.2 0.36 0.14 90
Missirah 2.2 0.33 011 90
Hann Bay 24 0.30 0.12 80
Average values 219 029 0.13 84.28
S. m. paludinosus  Niayes 1 2.2 0.36 0.14 90
Niayes 2 2.1 0.27 0.09 80
Valeurs 215 032 012 85
moyennes

3.1.2. Fixation index (Fs)

The positive values of F,; multilocus (0.409 to 0.694) revealed a significant deficiency in
heterozygotes (P < 0.001) within all the populations analyzed with the two subspecies (Table 4).
Also, the positive value F ¢ of monolocus (0.345 to 0.760) and a value recorded with locus EST-
14 showed a significant deficiency in heterozygotes within all the populations some with the two
subspecies.

With S. m. heudelotii the value of F; obtained for locus ADH-2 are positive, high (0.663 to
0.931) and significantly different to zero (P < 0.001) at the specimens coming from the estuary
from Saloum (Foundiougne, Kaolack and Missirah) and from Gambia (Koular). The locus of S.
m. paludinosus revealed also a significant deficiency in heterozygotes (F,; = 0.868 ; P < 0.001)
in the population of Niayes 1. For locus IDHP, the positive, very high values (F, = 0.792 to
1.000) and significantly different from zero (P < 0.001) obtained at the populations of S. m.
heudelotii (Koalack, Missirah and bay of Hann) and S. m. paludinosus (Niayes 1 and Niayes 2).

Within the population of Kaolack, non significant excess in heterozygotes is observed with locus

AAT-2 and EST-1 for values of F ¢ negative.
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The analysis of F ¢ of the specimens reveals an imbalance of Hardy Weinberg in the direction of

a deficiency within all the populations. Locus EST-14 contributes to this deficit.

Table 4: Values of Fs for each population of two subspecies of Sarotherodon melanotheron;

Significance of permutation test: ***P < 0.001,**0.01 <P < 0.05.

Po multilocu ADH-2 AAT-2 IDHP MDH-1 MDH-2 PGI-2 PGM EST-1 EST-3 EST-14
s
GUI 0.564*** 0.651 1.000 0.454 0,559** 0,502** 0.544*
LOU 0.409*** 0.303 0.187 0.649 0.772* 0.387* 0.081 0.699**
S.m. FOU 0.567*** 0.800*** 0.151 0.272 0.767*** 1.000%**  0.892*** 0.434** 0.250 0.455**
heudelotii KAO 0.441*** 0.663*** -0.077 1.000*** 0.704*** 0.477 1.000** 0.659 -0.118 0.252 0.345*
MIS 0.662*** 0.862*** 0.359 0.873*** 0.831*** 0795*** 0.843***  0.498***  0.359* 0.606**
KOU 0.628*** 0.931*** 0.091 0.431 0.842***  0.923***  0.918***  0.509***  0.212 0.605***
HAN 0.608*** 0.329 0.521* 0.792*** 0.521* 0.793***  0.614* 0.499***  0.536***  0.653***
S.m. NIAL 0.628*** 0.862*** 0.655**  1.000*** 0.575* 0.382 0.825** 0.336 0.574** 0.760***
paludinosu
s
NIA2 0.694*** 0.329 0.600**  1.000*** 0.740*** 0.477 1.000** 0.323* 0.656***  0.682***

3.2. Genetic parameter of differentiation (Fst)

The values of Fg multilocus (0.038 to 0.168) recorded between populations of S. m.
heudelotii were low but significantly different from zero (P < 0.05) (Table 5).
Bay of Hann site is different from all populations except those of Louis-Saint and Guiers Lake
site (P > 0.05). The number of migrants associated with this differentiation is very low (1.99 to
5.03). A genetic differentiation is also recorded between population of the estuary of Gambia

(Koular) and all the other populations (Fs; = 0.065 with 0.168 ; P < 0.05) except for Missirah

and Saint-Louis. Nevertheless, the F¢; calculated between the populations of Saloum (Koalack,
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Foundiougne and Missirah) and between the populations of Louis-Saint and of the Guiers Lake

highlight a genetic absence of differentiation between these samples (P > 0.05).

With these populations try to be precise speak about what population not differentiated numbers
of very high migrants are associated. They are the Missirah-Foundiougne couples (Nm= 382.41),
Saint Louis-Lake of Guiers (Nm= 8), Kaolack-Foundiougne (Nm= 8), Missirah-Kaolack (Nm= 8)
and bay of Hann-Saint-Louis (Nm= 8).

Between the two populations of Sarotherodon melanotheron paludinosus no genetic difference
is recorded (P > 0.05). A significant degree of connectivity is observed between these
populations, Niayes 1-Nayes 2 (Nm= 32.64).

About monolocus, the locus PGM (Table 6), a strong genetic difference is noted between Koular

(0.161 < F;< 0.274) and all the other populations except for that of Saint-Louis and Missirah.
The analysis, of the Fg; between populations of S. m. heudelotii does not reveal genetic

differentiation intrabasins. To interbasin, a genetic differentiation is observed between the

population of Koular and all the populations of disturbed site. The F¢; recorded between Koular

and these populations show that locus PGM contributes to this differentiation.

Table 5 : Values of the FST and a number of migrants (Nm) exchanged by generation between
pairs of populations of Sarotherodon melanotheron. The Values of FST are presented above the

diagonal and those of Nm below. Significance of permutation test :: ***P < 0.001, **0.001 <P <

0.01,*0.01 <P <0.05.

Populations  GUI LOU FOU KAO KOU MIS HAN NIAL NIA2
GUI -0.015 0.077** 0.079**  0.098** 0.052*  0.021 0.193***  0.114***
LOU 0 0.051* 0.058**  0.038 0.032 -0.002 0.115** 0.055*
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FOU 3.01 4.66 -—-- -0.003 0.024* 0.001 0.047** 0.129***  0.101***
KAO 2.92 4.04 0 -—-- 0.065* 0.014 0.075** 0.099***  0.080***
KOou 231 3.58 9.94 6.32 0.033 0.098***  0.168***  0.162***
MIS 4.58 743 38241 Y 7.23 0.052** 0.096***  0.080***
HAN 11.68 0 5.03 3.06 2.29 458 0.111***  0.059*
NIALl 1.05 192 1.69 2.29 1.29 2.36 1.99 -—-- 0.008
NIA2 1.95 4.29 2.24 2.87 1.24 2.87 3.99 32.64

Table 6 : Values of the F 5T and a number of migrants (Nm) exchanged by generation between

pairs of populations of Sarotherodon melanotheron : Significance of permutation test :: ***P <

0.001, **0.001 <P <0.01,*0.01 <P <0.05.

Populations  GUI LOU FOU KAO KOU MISS HAN NIAl NIA2
GUI 0.141 0.161*c 0.130 0.093 0.141
LOU 0.220 0.047 0.204* 0.151 0.220
FOU 0.025 0.287** 0.094
KAO - 0.170** 0.021 0.005 0.025
KOU - 0.065 0.274**  0.230** 0.287**
MIS - 0.087 0.061 0.094
HAN - -0.047 -0.010
NIAL 0.032
NIA2 -

4. Discussion

Genetic variability is globally similar with the two subspecies, Sarotherodon melanotheron

heudelotii (A=2.18 ; Hg = 0.29 and P (g50) = 84.28) and Sarotherodon melanotheron paludinosus

(A= 2.15; He= 0.32 ; Ho= 0.12 and P gs0)= 85) in spite of the significant number of individuals

analyzed at S. m. heudelotti (173) comparatively to those of S. m. paludinosus (48). This result

suggests that the two subspecies are genetically very near. There existed a genetic affinity

between them. A similar result was observed by Pouyaud (1994) with the both subspecies.
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The lowest genetic variability of S. m. heudelotii was observed with the Guiers Lake. This value

of diversity would be related to the construction of dam hydroelectric on this part of Sénégal
river. Indeed, the start-up of the dams Diama (1985) and Manantali (1985) has deeply modified
the hydrological functioning of the lake and it water quality, which involved, a strong
development of aquatic vegetation in a area less deep (Arfi et al., 2003). Nielsen et al. (1997)
and Neraas & Spruell (2001) showed that the segmentation of the rivers by the dams isolates the
populations from salmonidés, which reduced genic flows and can induce the demographic
decline and the loss of genetic diversity of the populations.

However, on the level of the other populations of the two subspecies (S. m. heudelotii and S. m.
paludinosus), genetic diversity doesn’t vary between disturbed and health sites. A similar
tendency was underlined by Larno et al. (2001) and Foré et al. (1995a), (1995b) respectively at
Leuciscus cephalus and Campostoma anomalum coming from healthy and contaminated
environment. At the populationnel level, at S. melanotheron this relative maintenance of
diversity could be ascribable to the fact that, for some locus, one can consider an increase in the
heterozygoty whereas the tendency would be reversed for other locus, this result in the stability
of the heterozygoty multilocus. Moreover, the absence of difference in diversity genetic between
populations of healthy environment as contaminated would be probably due to the weak
biodisponibility of the contaminants and/or the complexity of the contaminant mixture. This
report was also made by Klerks et al. (1997) with the populations of the fish Gobionellus
boneosoma exposed and not exposed to HAPs contamination. According to these authors, the
weak biodisponibility of the contaminants, the complexity of the contaminating mixture and the
heterogeneity of distribution of HAPs which makes it possible the organizations to avoid

pollution could justify the apparent absence of difference in genetic diversity.
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The values of F ¢ multilocus showed significant deviations from Hardy-Weinberg equilibrium.

These Fs estimates revealed the existence of a heterozygote deficiency within these
populations. Analysis of the F5 calculated by locus highlighted that this deficit was marked
particularly more with locus EST-14. The contamination could thus exert a selective pressure on
some loci but not on others, creating a certain imbalance in the allelic frequencies compared to
the law of Hardy Weinberg.

This deficiency could be due to technical and/or biological factors. The presence of null alleles
may cause an underestimation of the heterozygotes in a sample because heterozygous individuals
in the sample may be incorrectly identified as homozygotes. However previous studies, carried
out by Adépo-Gourene et al. (1993), Pouyaud (1994), Pouyaud et al. (1999) and Adépo-Gourene
(2008) with the same species, revealed significant heterozygote deficiency. Thus, we could say
that the biological causes may explain the recorded deficiency. The deficit observed with this
species may be due to the mode of primarily endogamic reproduction which generated
consanguineous siblings. Indeed the consanguineous individuals were more homozygotes on the
unit of the locus than the non consanguineous individuals (Castric et al. 2002). This suggested
that consanguinity contributed to explain the heterozygote deficiency observed in this study. In
addition, the heterozygote deficiency observed for the octocoralliaire, Pseudopterogorgia
elisabethae was explained by consanguinity following a local recruitment due to stray
capacitances of the larvae (Guttierrez-Rodriguez & Lasker, 2004). The same assumptions were
advanced to explain the heterozygote deficiency observed at the red coral with the allozymes
(Abbiati et al., 1993) and the microsatellites (Costantini et al, 2007). Moreover, an effect
Wahlund (i.e. the presence of groups of individuals genetically differentiated within a sample)

can also be one of the biological causes involving a heterozygote deficiency. It is very probable
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that all of these factors (presence of null alleles, consanguinity and Wahlund effect) contributed
to the deficiency observed (Costantini et al., 2007) and in a variable way according to
populations what would suggest that all the populations do not have the same functioning mode.
This showed that the pairing of the gametes was not carried out a hazard within the populations.
For the analyzed populations, no significant difference intra-basin was observed between
populations of S. m. heudelotii and also between populations of S. m. paludinosus. However
study of Pouyaud (1994) revealed a significant genetic differentiation between populations of
Saloum (Foundioungne-Kaolack ; Foundiougne-Missirah and Kaolack-Missirah) associated to a
low number of migrants (Nm = 0.30 to 0.46). The report made in our study on the genetic
structure of the populations of Saloum was due, mainly, to the important genetic flow (Nm =
382.41 to 8) recorded between these populations. Indeed, when the number of migrants
exchanged by generation was raised, the genetic pools of the populations tended to be
homogenized with the wire of time. According to Larno (2004), it is probable that high genetic
flows was the explanation for the maintenance of a genetic diversity and ensured the genetic
homogeneity between populations taken in the same river. Genetic flow can be regarded as a
force which supports the evolution. The contribution of new genes in a population can limit the
effects of consanguinity and contribute to the maintenance of genetic diversity essential with the
conservation of the adaptive potential (Hubert-Vincent, 2007).

However, a significant genetic difference (P < 0.05) was observed between the relatively clean
site, Koular of Gambia, and all the populations of disturbed sites (Lake Guiers, Hann Bay,
Kaolack, Foundiougne, Niayes 1 and 2). This differentiation may be due to the characteristics of

this site. Indeed, Koular is a site of reference of the estuary of Gambia. The FST monolocus

showed that locus PGM was the main source of the differentiation observed between Koular and
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the others populations coming from disturbed environment. Indeed, the significant FST (0,161 <
FsT < 0,287) recorded with locus PGM between Koular and these populations revealed a strong

genetic differentiation. That reinforced our assumption of a selective pressure undergone by this
locus in contaminated environment. The structuring of different basins observed, indicated the

potential role that geographical isolation can play in speciation.

Conclusion

This study made it possible to apprehend at the genetic level the operation of nine populations of
Sarotherodon melanotheron including 7 of the subspecies S. m. heudelotii and 2 of S. m.
paludinosus in some hydrosystems of West Africa subjected to anthropic pressures.

The analysis of genetic diversity, revealed a similar genetic variability between the subspecies S.
m. heudelotii and S. m. paludinosus. These two subspecies were genetically near. Genetic
variability was identical in the populations from healthy and contaminated environments except
for the Lake Guiers.

The majority of analyzed populations showed a deviation from the balance of Hardy-Weinberg
in direction of a deficit in heterozygotes.

For the analysis of the genetic structuring, on the intra-bassin level, no genetic differentiation
was observed between the three populations of Siné-Saloum.

Concerning the structuring inter-bassin, the site of Koular (a relatively healthy environmental of
Gambia) differed from all the disturbed sites (Lake Guiers, Baie of Hann, Foundiugne, Kaolack,

Niayes 1 and 2).

373


http://www.ijiset.com/

- IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 4 Issue 2, February 2017
(UISE1 ISSN (Online) 2348 — 7968 | Impact Factor (2016) — 5.264
Www.ijiset.com
Acknowledgements

We thank all members of the IRD of Sénégal who helped us to acquire the samples of
liver and other products for the analyses at the laboratory of genetics of the University of Nangui
Abrogoua, Cote d’Ivoire. We also thank all the Doctors who contributed to improve the quality

of this manuscript.

REFERENCES

Abbiati M, Santangelo G and Novelli S (1993). Genetic variation within and between two
Tyrrhenian populations of the Mediterranean alcyonarian Corallium rubrum. Marine Ecology
Progress Series 95, 245-250.

Adepo-Gourene A B (2008). Diversité génétique des populations naturelles de poissons africains
d’intérét économique des familles Carcharhinidae, Clupeidae et Cichlidae. Thése de Doctorat
d’Etat, Université d’Abobo-Adjamé (Cote d’lvoire), 207p.

Adeépo-Gourene A B, Pouyaud L et Agnese, J E (1993). Importance de certaines caractéristiques
biologiques dans la structuration génétique des espéces de poissons : le cas de Ethmalosa
fimbriata et de Sarotherodon melanotheron. Journal Ivoirien d’Océanologie et de Limnologie 2,
69-83.

Allison E H, Allison P L; Badjeck M-C, Adger N W, Brown K, Conway D, Halls A’ S, Graham P
M, Reynolds J D, Andrew N L and Dulvy N K, 2009. Vulnerability of national economies to the
impacts of climate change on fisheries. Fish and Fisheries 10, 173-196.

Arfi R, N’gansoumana, B A, Bouvy, M., Corbin D, Diop Y, Samba K A, Lebihan F, Mboup, M,
Ndour ElI H, Pagano M and Sane S (2003). Lac de Guiers (Sénégal) : Conditions

environnementales et communautés planctoniques. IRD, 098 (FLAG), 77 p.

374


http://www.ijiset.com/

{“&\\ IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 4 Issue 2, February 2017

( (I]I.Sl-"l'ﬁ‘
k- ! j ISSN (Online) 2348 — 7968 | Impact Factor (2016) — 5.264
S www.ijiset.com

Belkhir K, Borsa P, Goudet G, Chikhi L and Bonhomme F (2004). GENETIX (version 4.05.2)
logiciel sur windows TM pour la génétique des populations. Laboratoire Génome, Populations,
Interactions, Adaptations, CNRS UMR 5000, Université de Montpellier 11, Montpellier (France).
Castric V, Bernatchez L, Belkhir K and Bonhomme F (2002). Heterozygote deficiencies in small
lacustrine populations of brook charr Salvelinus fontinalis Mitchill (Pisces, Salmonidae) : a test
of alternative hypotheses. Heredity 89, 27- 35

Choi M, Scholla U 1, Jia W, Liua T, Tikhonovab | R., Zumbob P, Nayirc A, Bakkaloglud A,
Ozend S, Sanjade S, Nelson-Williamsa C, Farhia A, Maneb S and Lifton R P (2009). Genetic
diagnosis by whole exome capture and massively parallel DNA sequencing. Medical Science
106, 19096-19101.

Costantini F, Fauvelot F and Abbiati M (2007). Fine-scale genetic structuring in Corallium
rubrum (L): evidence of inbreeding and limited effective larval dispersal. Marine Ecology
Progress Series 340, 109-119.

Costanza R, D’Arge R, DeGroot R, Farber S, Grasso M, Hannon B, Limburg K, Naeem, S,
O’Neill R V, Paruelo J, Raskin R. G, Sutton P and vandenBelt M (1997). The value of the
world’s ecosystem services and natural capital. Nature 387, 253-260.

Dailianis S, Domouhtsidou G P, Raftopoulou E, Kaloyianni M and Dimitriadis V K (2003).
Evaluation of neutral red retention assay, micronucleus test, acetylcholinesterase activity and a
signal transduction molecule (cCAMP) in tissues of Mytilus galloprovincialis (L.), in pollution
monitoring. Marine Environmental Research 56, 443-470.

Durand N, Deschamps P, Bard E, Hamelin B, Camoin G, Thomas A L, Henderson G M,
Yokoyama Y and Matsuzaki H (2013). Comparison of 14C and U-Th ages in corals from IODP

#310 cores offshore Tahiti. Radiocarbon 55, 1947-1974.

375


http://www.ijiset.com/
http://www.sciencedirect.com/science/article/pii/S0141113603000059
http://www.sciencedirect.com/science/article/pii/S0141113603000059
http://www.sciencedirect.com/science/article/pii/S0141113603000059
http://www.sciencedirect.com/science/article/pii/S0141113603000059
http://www.sciencedirect.com/science/article/pii/S0141113603000059
http://www.sciencedirect.com/science/journal/01411136

{“&\\ IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 4 Issue 2, February 2017

( (I]I.Sl-"l'ﬁ‘
k- ! j ISSN (Online) 2348 — 7968 | Impact Factor (2016) — 5.264
S www.ijiset.com

Foré S A, Guttman S |, Bailer A J, Altfater D J and Counts B V (1995a). Exploratory analysis of
population genetic assessment as a water quality indicator. I. Pinephales notatus. Ecotoxicology
Environmental Safety 30, 24-35.

Foré S A, Guttman S |, Bailer A J, Altfater D J and Counts B V (1995b). Exploratory analysis of
population genetic assessment as a water quality indicator. I. Pinephales notatus. Ecotoxicology
Environmental Safety 30, 36-46.

Gillespie R B and Guttman S I (1999) Chemical-induced changes in genetic structure of

populations: effects on allozymes. In: Genetics and Ecotoxicology, 55-77.

Gouréne G, Teugel G G, Hugueny B et Thys van den Audenaerde D F E (1999). Evolution de la
biodiversité ichtyologique d’un basin ouest africain apres la construction d’un barrage. Cybium
23, 147-160.

Guttierrez-Rodriguez C and Lasker H R (2004). Microsatellite variation reveals high levels of
genetic variability and population structure in the gorgonian coral Pseudopterogorgia
elisabethae across the Bahamas. Molecular Ecology 13, 2211-2221.

HUBERT-VINCENT F (2007). Diversité génétique et adaptation des espéces aquatiques en milieu
anthropisé. Rapport scientifique de I’ Ifremer, 36 p.

Klerks P L, Leberg P L, Lance R F, McMillin D J and Means J C (1997). Lack of development
of pollutant-resistance or genetic differenciation in darter gobies (Gobionellus boleosoma)
inhabiting a produced-water discharge site. Marine Environmental Research 44, 377-395.

Lam P Y, Yoo S K, Green J M and Huttenlocher A (2012) The SH2-domain-containing inositol
5-phosphatase (SHIP) limits neutrophil motility and wound recruitment in zebrafish. Journal of

Cell Science 125, 4973-4978.

376


http://www.ijiset.com/

{“&\\ IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 4 Issue 2, February 2017

( (I]I.Sl-"l'ﬁ‘
k- ! j ISSN (Online) 2348 — 7968 | Impact Factor (2016) — 5.264
S www.ijiset.com

Larno V, Laroche J, Launey S, Flammarion P and Devaux A (2001). Responses of chub
(Leuciscus cephalus) populations to chemical stress, assessed by genetic markers, DNA damage
and cytochrome P4501A induction. Ecotoxicology 10, 145-158.

Larno V (2004). Réponses génétiques et physiologiques de populations de chevaine (Leucisus
cephalus) a la contamination chimique dans le bassin du Rhone. These de Doctorat, université
Claude Bernard-Lyon 1, France, 263 p.

Legendre M and Ecoutin J. M (1989). Suitability of brackish water tilapia species from the Ivory
Coast for lagoon aquaculture. I-Reproduction. Aquatic Living Resources 2, 71-79.

Marchand J, Tanguy A, Laroche J, Quiniou L and Moraga D (2003). Responses of European
flounder Plastichthys flesus populations to contamination in different estuaries along the Atlantic
coast of France. Marine Ecology Progress Series, 260, 273-284.

Mehdaoui O, Venant A et Fehaoui M (2000). Contamination par les pesticides organochlorés et
les nitrates de la lagune de Moulay Bouselham, Maroc. Institut Santé et Développement, 12, rue
Ecole-de-Médecine, 75006 Paris, France 6, 381-388

Neraas L P and Spruell P (2001). Fragmentation of riverine systems: the genetic effects of dams
on bull trout (Salvelinus confluentus) in the Clark Fork River System. Molecular Ecology 10,
1153-1164.

Nielsen E E, Hansen M M and Loeschcke V (1997). Analysis of microsatellite DNA from old
scale samples of Atlantic salmon Salmo salar : a comparison of genetic composition over 60
years. Molecular Ecology 6, 487-492.

Pasteur N, Pasteur G, Bonhomme F, Catalan J and Britton-Davidian J (1988). Pratical Isozyme

genetics. Ellis Horwood Limited, 215 p.

377


http://www.ijiset.com/

{“&\\ IISET - International Journal of Innovative Science, Engineering & Technology, Vol. 4 Issue 2, February 2017

( (I]I.Sl-"l'ﬁ‘
k- ! j ISSN (Online) 2348 — 7968 | Impact Factor (2016) — 5.264
S www.ijiset.com

Pouyaud L (1994). Génétique des populations de tilapias d’intérét aquacole en Afrique de
I’Ouest. Relations phylogénétiques et structurations populationnelles. Thése de Doctorat,
Université Monpellier 11, Science et technique du Languedoc, 229p.

Pouyaud L, Desmarais E, Chenuil A, Agnese J F and Bonhomme F (1999). Kin cohesiveness and
possible inbreeding in the mouthbrooding tilapia Sarotherodon melanotheron (Pisces Cichlidae).
Molecular Ecology 8, 584-594.

Shaklee J B, Allendorf F W, Morizot D C and Whitt, G. S (1990). Gene nomenclature for
protein-coding loci in fish. Transactions of the American Fisheries Society 119, 2-15.
Vitousek P M, Aber J D, Howarth R W, Likens G E, Mastson P A, Schindler D W, Schlesinger

W H and Tilman D G (1997). Human alteration of the global nitrogen cycle: sources and
consequences. Ecological Applications 7, 737-750.

Weir B S and Cockerham C C (1984). Analysis of stone crabs : Menippe mercenaria (Say),
restricted, and a previously unrecognized species described (Decapoda : Xanthidae). Proccedings
of the Biological Society of Washington 99, 517-543.

Wright S (1978). Evolution and the Genetics of Populations, Vol. 4. University of Chicago Press

Books, 590 p.

378


http://www.ijiset.com/

	Adépo-Gourène A B, Pouyaud L et Agnèse, J E (1993). Importance de certaines caractéristiques biologiques dans la structuration génétique des espèces de poissons : le cas de Ethmalosa fimbriata et de Sarotherodon melanotheron. Journal Ivoirien d’Océano...

