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Résumé 

Oreochromis niloticus (Linnaeus, 1758), est un cichlidé qui s’est acclimaté au Maroc. Nous 

avons entrepris de mettre en évidence les conséquences de cette adaptation sur la morphologie 

et les traits d’histoire de vie de ce poisson. Les spécimens ont été caractérisés génétiquement 

par séquençage du gène mitochondrial COI et du gène nucléaire S7. La morphologie a été 

abordée grâce à l’analyse morphométrie géométrique et les traits d’histoire de vie par le biais 

de l’étude des otolithes. 

Les analyses génétiques ont montré la présence dans les eaux du Maroc d’une seconde espèce, 

O. aureus (Steindahner, 1864) ainsi que d’hybrides entre ces deux tilapias. 

L’analyse de morphométrie géométrique a permis également de distinguer ces deux espèces 

tout en mettant en évidence l’impact de l’environnement sur la forme des poissons. 

L’analyse discriminante réalisée sur la forme des poissons a ainsi permis de séparer les 

populations issues des milieux fluviaux, des populations issues des milieux lacustres et de la 

population issue de situation domestique. 

Par ailleurs, l’étude des traits d’histoire de vie d’une population d’O. niloticus du barrage Sidi 

Mohamed Ben Abdellah et d’une autre d’O. aureus de canal Nador a montré que les femelles 

des deux espèces avaient une taille à la première maturité sexuelle plus petite que celle des 

mâles et que la longueur asymptotique était plus élevée chez O. niloticus que chez O. aureus. 

La comparaison conspécifique de ces traits avec ceux rapportés dans la littérature dans deux 

types d'environnement (réservoirs et rivières) a révélé que les réservoirs offrent des conditions 

de croissance plus favorables que les rivières. 

Enfin, ce travail nous a permis de mettre à jour l’existence d’une population autochtone d’une 

troisième espèce de tilapia, Coptodon guineensis (Gunther, 1862) dans le canal de Nador, 

1000km plus au nord que sa répartition géographique précédemment connue. 

 

Mots-clés : Cichlidé- caractérisation génétique - traits d’histoire de vie - morphométrie 

géométrique- espèce invasive. 
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Abstract 

 

Oreochromis niloticus (Linnaeus, 1758), is a cichlid that has acclimated to Morocco. To 

highlight the consequences of this adaptation on the morphology and life history traits of this 

fish, we characterized them genetically by sequencing the mitochondrial gene COI and the 

nuclear gene S7. The study of their morphology was approached through geometric 

morphometric analysis and life history traits through the study of otoliths. 

Genetic analyzes have shown the presence in Moroccan waters of a second species, 

Oreochromis aureus (Steindahner, 1864), as well as hybrids between these two tilapias. 

The geometric morphometry analysis also made it possible to distinguish these two species 

while highlighting the impact of the environment on the shape of the fish. 

Discriminant analysis carried out on the shape of the fish thus made it possible to separate 

populations from river environments, populations from lake environments and the population 

from domestic situation. 

Furthermore, the study of the life history traits of a population of O. niloticus from the Sidi 

Mohamed Ben Abdellah dam and another from O. aureus from the Nador channel showed that 

females of both species had a smaller size at first sexual maturity than males and that the 

asymptotic length was higher in O. niloticus than in O. aureus. 

Conspecific comparison of these traits with those reported in the literature in two types of 

environment (reservoirs and rivers) revealed that reservoirs provide more favorable growth 

conditions than rivers. 

Finally, this work allowed us to update the existence of an autochthonous population of a third 

species of tilapia, Coptodon guineensis (Gunther, 1862) in the Nador channel, 1000km further 

north than its previously known geographical distribution. 

Keywords: Cichlid- genetic characterization - life history traits - geometric morphometry - 

invasive species. 
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Introduction Générale 

L'introduction de poissons non indigènes est une pratique courante dans le monde entier. Les premières 

tentatives d'introduction d'espèces exotiques ne sont pas précisément connues, mais elles ont 

commencé à partir de la seconde moitié du 19ème siècle (Lévêque, 1997).  

Ces introductions volontaires de poissons ont eu pour objectifs d'améliorer la pêche sportive, la pêche 

artisanale, ou de développer la lutte biologique contre les maladies, les insectes et les plantes 

aquatiques indésirables. C’est le cas de l’introduction d’Esox lucius Linnaeus, 1758, en 1934 au Maroc, 

pour améliorer la pêche sportive. Le clupéidé d'eau douce Limnothrissa miodon (Boulanger, 1906) a 

été transplanté avec succès du lac Tanganyika au lac Kivu entre 1958 et 1960 pour des raisons 

halieutiques et un an plus tard, son exploitation par la pêche artisanale a pu commencer (Spliethoff et 

al., 1983). Astatoreochromis alluaudi Pellegrin, 1904, un cichlidé "écraseur de mollusques", a été 

introduit au Cameroun pour lutter contre les escargots impliqués dans la transmission de la 

schistosomiase (Lévêque, 1996). Le poisson-moustique Gambusia affinis (Baird & Girard, 1853), 

originaire du sud des États-Unis, et le guppy Poecilia reticulata Peters, 1859, originaire du nord-est 

de l'Amérique du Sud, ont été introduits dans le monde entier après la seconde guerre mondiale pour 

lutter contre les larves de moustiques vecteurs de la malaria (Lévêque, 1996). 

Quant aux espèces exotiques, elles ont pu être introduites accidentellement à la suite d’échappement 

comme par exemple d’installations piscicoles et ont pu aboutir à l'établissement de populations 

naturelles pérennes (Cowx, 1997). Dans ce cas, les espèces ont été signalées comme étant présentes 

dans des aires de répartition non indigènes sans qu'il y ait mention de leur introduction. A ce titre, nous 

pouvons citer l’exemple de Carassius auratus (Linnaeus, 1758) qui a été signalé dans les eaux 

intérieures des Samoa alors que la date, la source et la raison de son introduction restent inconnues 

(Welcomme, 1988). 

Lors d’une introduction d'une nouvelle espèce exotique, un certain nombre de problèmes peuvent 

apparaître comme la dégradation de l’habitat ou la perturbation de la communauté indigène. 

L’introduction de la carpe commune dans le lac Tsiazompaniry à Madagascar illustre parfaitement ce 

problème. L’habitude de cette espèce à fouiller dans le fond rend les eaux boueuses, détruit les zones 

de fraie ou de ponte d’autres poissons, fait disparaître les macrophytes, étouffe les invertébrés 

benthiques, diminue le niveau d’oxygène dissous, fait varier le pH ce qui accélère l’eutrophisation 

(Teletchea & Le Doré, 2011).  Au Maroc, l’introduction de la carpe au lac Aguelmam Sidi Ali dans 

les années 40 a causé la disparition de l’espèce endémique Salmo pallaryi Pellegrin, 1924 (Azeroual, 
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2003). Ces introductions peuvent également être à l’origine de concurrence avec les espèces 

autochtones pour les frayères, d'hybridation menaçant l'intégrité génétique des espèces, de prédation 

sur les populations d'espèces indigènes entraînant leur déclin ou l'épuisement des ressources 

alimentaires (Rodolphe, 2008). La caractéristique principale de ces introductions est leur 

irréversibilité. En effet, une fois une espèce introduite et établie, il est impossible de l'éradiquer. 

Au-delà des effets d’ordre biologique et écologique, ces introductions ont également des impacts 

socio-économiques. Certaines introductions ont permis le développement économique et social des 

populations rurales comme le cas de l’introduction de la sardine Limnothrissa miodon (Boulenger, 

1906) dans les lacs Kariba et Kivu (Cowx, 1997). Ce fut un projet de développement de la pêche 

particulièrement réussi. D’autres introductions ont été des succès économiques comme celle de Lates 

niloticus (Linnaeus, 1758) dans le lac Victoria ou des Tilapias au Sri Lanka qui ont amélioré le niveau 

de vie des populations locales et contribué à l’amélioration de la condition féminine grâce à l'emploi 

des femmes dans les zones rurales (Nguyen et al., 2011).   

L’introduction d’espèces peut avoir également des effets économiques négatifs comme ce fut le cas de 

l’introduction de la carpe herbivore en République Tchèque qui s’est accompagnée de l’introduction 

du ténia Bothriocephalus gowkonensis qui a ensuite causé de lourdes pertes dans les cultures de la 

carpe commune (Lusk et al., 2010).  L'herpès virus de la carpe de koï (KHV) est également une maladie 

soupçonnée d’avoir été introduite en Indonésie par l’importation de la carpe Koi de Hongkong. Depuis 

2002, ce virus est présent en Indonésie et a provoqué une très forte mortalité (80-95%) chez les carpes 

koï et communes avec des pertes estimées à plus de 15 millions de dollars US en décembre 2003 

(Sunarto et al., 2005). 

De nombreuses espèces de poissons de diverses familles ont été introduites dans les eaux marocaines 

(Moreau et al., 1988) afin de promouvoir la pêche sportive (black bass et brochet) et l’aquaculture 

(carpe commune et carpe argentée) et pour assurer une meilleure production des milieux aquatiques, 

rivières et lacs naturels (carpe argentée et carpe à grosse tête) (MAPMDREF, 2019). D’après Mouslih 

(1978), on peut reconnaitre trois périodes d’introduction : la première période (1924-1935) a été 

dominées par l’introduction de la carpe commune (Cyprinus carpio Linnaeus, 1758) dans le but de 

fournir une source de protéines aux populations rurales et de lutter contre le paludisme. La deuxième 

période (1936-1966) a été consacrée à l’introduction pour la pêche sportive, des cyprinidés comme 

Rutilus rutilus (Linnaeus, 1758), Scardinius erythrophthalmus (Linnaeus, 1758), Phoxinus phoxinus 

(Linnaeus, 1758), Tinca tinca (Linnaeus, 1758), Gobio gobio (Linnaeus, 1758). Les autorités se sont 

ensuite concentrées sur l’introduction des salmonidés. Néanmoins, la tentative d’introduction de Salmo 

trutta letnica (Karaman, 1924) a échouée. Par la suite, des carnassiers ichtyophages ont été introduits 
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comme Micropterus salmoides (Lacepède, 1802), Esox lucius Linnaeus, 1758, Esox niger Lesueur, 

1818 et Perca fluviatilis Linnaeus, 1758. 

La troisième période d’introduction a commencé en 1981 avec une nouvelle introduction de la carpe 

commune Cyprinus carpio en provenance de Hongrie et de trois carpes chinoises : la carpe herbivore, 

Ctenopharyngodon idella (Valenciennes, 1844), la carpe argentée, Hypophthalmichthys molitrix 

(Valenciennes, 1844) et la carpe à grosse tête H. nobilis (Richardson, 1845) pour lutter contre 

l’eutrophisation dans les lacs et les barrages.  

A présent, l’ichtyofaune des eaux continentales du Maroc compte 50 espèces : 32 espèces autochtones 

et 18 introduites, caractérisée par la prédominance des Cyprinidae (Mouslih, 1978; Azeroual et al., 

2000; Azeroual, 2003; Louizi et al., 2019) (Annexe 1). 

La dernière introduction documentée dans le milieu naturel fut celle d’Oreochromis niloticus 

(Linnaeus, 1758) en 2018 (MAPMDREF, 2020). Cette espèce a été introduite officiellement au Maroc 

en 2004 par la station d’aquaculture « Pisciculture du Nord » et son déversement ne fut autorisé que 

14 ans plus tard. Oreochromis aureus (Steindachner, 1864) a également été introduite pour 

l’aquaculture en même temps (Najji et al., 2015). A ce jour, cependant, cette espèce n’a fait l’objet 

d’aucun relâchement officiel dans le milieu naturel. 

Ces espèces sont privilégiées par les pisciculteurs en raison de leur taux de croissance rapide et de leur 

capacité à tolérer un large éventail de conditions environnementales. La résistance aux maladies et la 

bonne acceptation des consommateurs ont favorisé leur culture dans le monde entier.  

L’acclimatation de ces tilapias dans les milieux tempérés est plus rare. Ceci est probablement due aux 

températures hivernales des eaux qui sont proches ou inférieures aux températures létales de ce groupe 

de poissons. 

Le tilapia du Nil, Oreochromis niloticus, est une espèce thermophile dont la température optimale pour 

sa croissance est entre 25 et 28 °C (Lacroix, 2004). Cette espèce vit également à des températures 

relativement élevées (environ 36°C) comme la population du lac Bogoria au Kenya, une source d’eau 

chaude (Nyingi et al., 2009). Elle peut également survivre à des températures basses allant jusqu’à 11 

et 7,4°C (Sifa et al., 2002). Au Maroc, les températures hivernales des cours d’eau au Nord varie entre 

8,3 et 11,5°C et elles peuvent atteindre en été les 34°C (Chahboune et al., 2013 ; Lagliti et al., 2019 ; 

Mehanned et al., 2014). Les eaux marocaines ne présentent donc pas des conditions environnementales 

optimales pour la survie en milieu naturel de ce tilapia. Pourtant, cette espèce a réussi à s’adapter à ce 

nouvel environnement laissant de fait ouverte la question de l’origine et des effets de son adaptation. 
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Actuellement, O. niloticus a établi des populations dans les eaux naturelles marocaines suite à un 

ensemencement intentionnel (MAPMDREF, 2020). Cette espèce a été signalée récemment dans divers 

cours d’eau du Maroc (Louizi, 2019).  

Bien qu’à ce jour, aucune donnée officielle ne fasse mention de l’introduction d’O. aureus dans le 

milieu naturel, nous l’avons pêché dans le canal Nador, l’Oued Sebou et le barrage Al Kansra. Ces 

trouvailles inattendues ont sensiblement modifié notre sujet d’étude. Nous avions en effet l’ambition 

de travailler sur une seule espèce de tilapia et dans les faits nous avons eu affaire à deux espèces 

distinctes. Par la suite, nous avons également observé leurs hybrides et nous avons dû en tenir compte.  

Le tilapia bleu, Oreochromis aureus, est plus tolérant au froid, il peut supporter des températures 

basses allant de 8,7 à 14,1°C (Cnaani et al., 2000). Il est donc à priori plus à même d’établir des 

populations viables qu’O. niloticus. Cette seconde espèce représente un danger encore plus grand car 

une population autochtone d’O. aureus est présente au sud du Maroc (Louizi et al., 2019). Cette 

population autochtone pourrait s’hybrider facilement avec la population introduite et perdre son 

intégrité génétique comme cela a été démontré dans plusieurs cas chez les tilapias (Agnèse et al., 1998; 

Agnèse, 1998). 

Les eaux marocaines abritent actuellement trois espèces de poissons Cichlidae autochtones : 

Oreochromis aureus (Steindachner, 1864), Coptodon guineensis (Günther, 1862) et Coptodon zillii 

(Gervais, 1848) (Louizi, 2019). Ces trois espèces sont présentes dans le sud du Maroc (Figure 1) et 

pour l’instant aucun tilapias n’a été introduits dans leurs zones de répartition. Ces tilapias introduits 

représentent une menace potentielle pour l’existence des poissons autochtones car ils pourraient 

entraîner une baisse des effectifs des populations de poissons locales, voire l'extinction locale d'espèces 

indigènes par effet de compétition (Canonico et al., 2005 ; Ogutu-Ohwayo, 1990). 
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Figure 1 : Carte de répartition des poissons Cichlidae autochtones au Maroc : Coptodon guineensis (point jaune), 

Coptodon zillii (point bleu), Oreochromis aureus (point orange) (Qninba et al, 2012, Louizi, 2019) 

L’étude de Champneys et al. (2020) a démontré qu’O. niloticus était plus agressive et plus rapide à 

initier des interactions agonistiques qu’O. amphi mêlas (Willendorf, 1905). L’étude montre également 

une forte dominance compétitive dans leurs interactions avec cette dernière. O. niloticus pourrait 

également s’hybrider avec des espèces indigènes. L'étude de Blackwell et al. (2020) a également 

montré une réelle menace d’hybridation que présente O. niloticus pour des populations de tilapia 

Oreochromis korogwe (Lowe, 1955), nouvellement découvertes en Tanzanie. Dans le cas d’O. aureus, 

la similitude du régime alimentaire avec les espèces autochtones pourrait entraîner une concurrence 

alimentaire entre eux. Des expérimentations montrent que la compétition interspécifique peut influer 

le régime alimentaire, la distribution, la croissance et la survie des poissons (Traxler & Murphy, 1995).  

Dans ce contexte, nous allons nous intéresser à la biologie d’Oreochromis niloticus et d’Oreochromis 

aureus pour déterminer le statut spécifique des populations introduites dans différents milieux et 

identifier l’impact de ces environnements sur leurs morphologies et leurs traits d’histoires de vie. Pour 
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cela nous avons utilisé différentes approches : analyse génétique, analyse morphologique et étude des 

traits d’histoire de vie. 

Les travaux de Trewavas (1983) présentent une première étude populationnelle d’Oreochromis 

niloticus et Oreochromis aureus au niveau africain. Plusieurs études se sont enchaînées et ont 

améliorées ces travaux afin de recenser la variété des populations naturelles des deux espèces 

notamment leur caractérisation génétique (Agnèse et al., 1997 ; Bezault et al., 2011 ; Nyingi et al., 

2009 ; Rognon & Guyomard, 2003). 

Cette caractérisation (allozymes, séquences d'ADNmt, microsatellites) a donné lieu à une description 

plus détaillée et plus fiable des différentes populations de tilapia du Nil, ce qui a permis à Agnèse et 

al. (1997) de regrouper 17 populations naturelles représentant sept sous-espèces décrites par Trewavas 

(1983) en trois groupes principaux : les populations d'Afrique de l'Ouest, les populations de la vallée 

du Rift éthiopien et les populations de la vallée du Rift du Nil et du Kenya. Il a également été retenu 

que les populations ouest-africaines possédaient un haplotype d'ADNmt identique à celui 

d'Oreochromis aureus. Cette technique a aussi révélé une hybridation introgressive récente par le 

transfert d'ADNmt d'Oreochromis leucostictus (Trewavas, 1933) à Oreochromis niloticus dans le lac 

Baringo (Nyingi & Agnèse, 2007).Vu l’importance économique que présente O. niloticus, des souches 

de culture ont été améliorées dans diverses parties du monde dont la souche Genetically Improved 

Farmed Tilapia (GIFT) qui a été développée à partir du matériel génétique de tilapia du Nil sauvage 

acquis en Égypte, au Ghana, au Kenya et au Sénégal ainsi que des souches d'élevage de matériel 

génétique provenant d'Israël, de Singapour, de Taïwan et de Thaïlande (Halwart, 2010). Une souche 

qui s’est avérée plus performante que les souches sauvages introduites dans le monde entier.  

Les populations naturelles d’Oreochromis niloticus et d’O. aureus, récemment découvertes au Maroc, 

restent largement méconnues notamment leurs origines, leurs diversités génétique et morphologique 

et leurs traits d’histoire de vie. Leur présence dans différents milieux naturels et le manque 

d’informations sur l’origine de leurs introductions amènent un certain nombre de questions. Combien 

de populations ou d’espèces ont été introduites ? Quelles ont été les répercussions de cette introduction 

sur leurs morphologies et leurs traits d’histoire de vie ?  

Nous nous proposons de caractériser génétiquement ces nouvelles populations en étudiant les 

séquences d'ADNmt (COX1) et les séquences d’ADNnu (S7) dans cinq milieux naturels (trois lacs 

de barrage, un Oued et un canal connecté à une lagune) et une station aquacole. Le choix de ces 

milieux est basé sur la diversité, l’accessibilité, la proximité et l’activité halieutique importante qu’ils 

supportent.  
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Il nous a paru opportun d’étudier la plasticité morphologique de ces espèces et/ou populations en 

utilisant la morphométrie géométrique, en comparant les différentes populations qui prospèrent dans 

des conditions environnementales différentes (lacs et oueds ; eau douces ou saumâtres) ayant pour 

provenance commune la souche aquacole introduite. Cette technique permet de représenter la variation 

morphologique d'une manière plus précise et intégrative que les méthodes multivariées traditionnelles. 

Les progrès fondamentaux de la morphométrie géométrique par rapport aux approches traditionnelles 

(morphométrie multivariée, par exemple Reyment et al., (1984) résident dans le développement de 

méthodes statistiques puissantes basées sur des modèles de variation de forme plutôt que dans 

l'utilisation de méthodes multivariées standard sur des collections de distances, d'angles et de ratios 

(Rohlf, 2000). Cette technique a été utilisée avec succès par Ndiwa et al. (2016) pour différencier entre 

des populations naturelles de tilapia du Nil provenant de deux conditions environnementales extrêmes 

au Kenya (température et salinité élevée) et les comparer à deux autres populations provenant de 

régions connaissant des conditions moins extrêmes. 

Notre objectif est d’évaluer la diversité morphologique des individus vivant dans des conditions 

environnementales différentes pour mettre en évidence la plasticité phénotypique (déterminisme 

environnemental) de ces espèces qui pourrait rendre compte de leur capacité à s’adapter à de nouveaux 

milieux.  

La combinaison de l’étude génétique et de l’étude morpho- géométrique pour caractériser les deux 

espèces de tilapia dans l'environnement naturel du Maroc constitue le premier chapitre de cette thèse. 

L'étude des traits d'histoire de vie, tels que les modèles de croissance et de reproduction, fournit des 

informations importantes pour analyser et évaluer la structure des populations de poissons (Maceina 

& Sammons, 2006), et permet une meilleure gestion des espèces cibles pour la pêche. Pour comprendre 

comment les espèces de poissons peuvent s'adapter et coloniser de nouveaux environnements, nous 

nous sommes concentrés sur les traits d'histoire de vie qui permettent une adaptation et une invasion 

rapides (Russell et al., 2012). Les traits d'histoire de vie des populations natives et introduites de 

tilapias ont été caractérisés dans plusieurs plans d'eau dans le monde entier comme l’étude menée par 

Tessier et al. (2019) sur les traits biologiques d’Oreochromis niloticus qui a permis d'identifier les 

différences potentielles entre la population du réservoir de Nam Theun 2 et d'autres populations en 

Asie et en Afrique et a également caractérisé la structure démographique de la population exploitée 

par les pêcheries dans le réservoir. 

De ce fait, il nous a paru intéressant d’étudier les traits d’histoire de vie de deux populations, O. 

niloticus du Barrage SMBA et O. aureus du canal Nador afin de poser les bases de la compréhension 
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de la dynamique de ces populations (Blanck & Lamouroux, 2007) et de mettre en évidence la plasticité 

de ces traits d’histoire de vie en comparant ces populations à d’autres populations conspécifiques du 

milieu naturel (autochtones ou férales) à travers le monde pour révéler les modalités d’adaptation dans 

ces nouveaux milieux. Cette analyse est décrite en détail dans le deuxième chapitre. 

Au cours de notre campagne d’échantillonnage, la pêche fortuite dans Canal Nador de deux individus 

ressemblant à Coptodon guineensis (Gunther, 1862) nous a amené à leur porter une attention 

particulière puisque cette espèce était jusque-là inconnue de cette région du Maroc. Les populations 

de cette espèce les plus septentrionales se situent dans les gueltas, le long de l'oued Aabar, affluent de 

l'oued Chbeyka, au sud-ouest du Maroc (Qninba et al., 2012), 1000 km plus au sud.  

Cette découverte était donc particulièrement intéressante et a nécessité de notre part la caractérisation 

à la fois génétique et morphologique de ces individus ainsi que leur comparaison avec des individus 

provenant des populations connues plus au sud, au Maroc et en Mauritanie. Ce travail, qui a fait l’objet 

d’un article publié dans Checklist, constitue le troisième chapitre de cette thèse. 

Nous avons tenté dans la discussion de pallier l’absence d’informations fiables sur l’introduction de 

tilapias par une réflexion sur les différentes hypothèses de leurs introductions dans le milieu naturel 

marocain.  

Nous avons également jeté les bases d’une réflexion sur l’évolution possible de ces populations 

relatives aux hybridations observées de ces populations dans ces nouveaux milieux. Finalement, nous 

avons tenté de mettre en évidence les perspectives de recherche qui peuvent être dégagées à l’issue de 

ce travail. 
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Genetic and Morphological characterization of invasive tilapia in Morocco confirm the 

presence of two feral species Oreochromis niloticus (Linnaeus, 1758) and Oreochromis 

aureus (Steindachner, 1864) and their hybrids 

 

Hala Ainou1, 2, Julien Claude2, Halima Louizi1, Imane Rahmouni1, Antoine Pariselle1, 2, Abdelaziz 

Benhoussa1, Ouafae Berrada Rkhami1, Jean-François Agnèse2 

 

Abstract 

Two tilapia species, Oreochromis aureus and Oreochromis niloticus, were introduced in Morocco in 

2004 for aquaculture purposes. Recently, O. niloticus has been introduced in the wild in several 

watersheds. During fish survey at six locations, we observed other specimens of tilapia that seem to 

be more related to O. aureus. Partial sequences COI and S7 and geometric morphometrics were used 

to assess the specific status of all specimens.  

Out of 1691 specimens sampled, 159 COI and 153 S7 partial sequences were obtained and confirmed 

the presence of the two species. O. aureus was present in the Nador Channel (NC), Al Kansra dam 

(AK) and Oued Sebou (OS) and O. niloticus was found in the aquaculture station (AS), Sidi Mohamed 

Ben Abdellah dam (BA) and Al Massira dam (AM). Few hybrids were identified at AS and OS.  

Body shapes were assessed through geometric morphometry using 18 landmarks. Body shape and size 

were significantly different between O. aureus and O. niloticus. Allometric changes occur differently 

in the two species and do not interfere with differences in their body shape. 

Major differences have been observed between populations of O. aureus. NC and OS specimens had 

a similar shape with an elongated body with large head and eye, while AK individuals had a body 

shape closer to that observed for O. niloticus populations. 

Considering that NC and OS are riverine environments and AK is lacustrine environment like AM and 

BA, it is likely that the observed differences could be attributed to environmental factors that appear 

to have an important influence on the morphology. Morphometrics also suggested that hybrids or 

sympatry could occur in a small extent in AS, OS and NC. 

Keywords: Cichlid- genetic characterization- Geometric morphometrics - Oreochromis  

1. Introduction  

Cichlid fishes are the most species-rich-family of vertebrates (Kocher, 2004). They are known for their 

mechanisms of diversification, differentiation and explosive speciation (Ribbink, 1988; Takahashi, 

2003). Tilapia is the common name of a group of cichlids endemic to Africa and is the second largest 
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group of freshwater farmed fish after carp (FAO, 2013). The group comprises mainly three major 

genera, namely Oreochromis Günther, 1889, Sarotherodon Rüppell, 1852 and Coptodon Gervais, 

1853 but a revised classification of cichlids has brought out new genera among tilapias: Coelotilapia 

Dunz & Schliewen, 2013, Heterotilapia Regan, 1920, Pelmatotilapia Thys, 1969, Gobiocichla 

Kanazawa, 1951, Etia Schliewen & Stiassny, 2003 and Steatocranus Boulenger, 1899 (Dunz & 

Schliewen, 2013). 

Because of its advantageous biological traits, fast growth, tolerance of wide range of environmental 

conditions, and feeding habits, the Nile tilapia (Oreochromis niloticus (Linnaeus, 1758)) has become 

the most used species in tropical freshwater aquaculture (Fitzsimmons et al., 2011). The species range 

has expanded over the past decades and is currently reported from 87 countries worldwide, with an 

estimated production of 4.5 million tons in 2018 (FAO, 2020).  

Many strains of Nile tilapia have been developed, such as the Genetically Improved Farmed Tilapia 

(GIFT) strain which has been developed in the Philippines from eight farmed and wild strains collected 

worldwide (Fitzsimmons et al., 2011). 

In Morocco, the Nile tilapia has been introduced in 2004 from Egypt for the purpose of aquaculture. 

According to Najji et al. (2015), Oreochromis niloticus and Oreochromis aureus were both introduced 

by the aquaculture station “Pisciculture du Nord” but only O. niloticus was officially released into the 

natural environment (MAPMDREF, 2020). It has been introduced in various watersheds of the 

northern part of the country, such as Oued Bouregreg watershed (Sidi Mohamed Ben Abdellah dam, 

Oued Korifla), Oued Sebou watershed, Moulay Bousselham lagoon (the Nador Channel and Oued 

Drader) and Foum EL Oued in Laayoune city (Louizi, 2019). As part of the implementation of the 

HALIEUTIS strategy, the “Haut Commissariat des Eaux et Forets et Lutte Contre la Déserfication” 

(HCEFLCD) made a small-scale program to develop aquaculture from 2015 to 2024 in which special 

attention was allocated to developing tilapia farming in cages in dams (for example: Ahmed El Hansali 

and Hassan II dams) (Meer, 2017). The introduced populations in Morocco are supposed to come from 

the same introduced strain in 2004 but have been established in very different environments such as 

rivers, lakes, fresh and brackish water areas. These introductions potentially offer the opportunity to 

observe the effects of the environmental variation on genetic and phenotypic evolution of this strain.  

Tilapias are warm water fish, they require an optimal thermal environment of 25–28 °C for their 

reproduction and feeding (Wohlfarth and Hulata, 1983). Most of tilapias cannot survive at 

temperatures less than 10–12 °C for more than a few days (Chervinski, 1982). Low lethal temperature 

for O. niloticus range from 7.4 to 11°C (Sifa et al., 2002). O. aureus is one of the most cold-tolerant 
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cichlids, it can support low temperature ranging from 8.7 to 14.1°C (Cnaani et al., 2000). In Morocco, 

water temperatures in winter range from 8.3 to 11.5°C in some reservoirs and in summer it can reach 

34°C (Chahboune et al., 2013; Mehanned et al., 2014) which represents a priori not optimal 

environmental conditions for survival of O. niloticus and O. aureus. Nevertheless, at least the Nile 

tilapia was able to establish feral populations in these Moroccan environments. Recently, during a 

study of these feral populations in Moroccan freshwaters, we observed fish that seemed to belong to 

the species O. aureus. The most obvious difference is the pigment of the caudal fin. O. niloticus has 

dark blue vertical stripes in the caudal fin (Trewavas, 1983) while O. aureus lacks them. In addition, 

some fish had sometimes brood pink to bright red distal margin suggesting that they could be O. 

aureus. 

In order to confirm the presence of the two species of tilapia in the natural environment of Morocco, 

we characterized the feral populations using genetic tools (partial sequence of a mitochondrial gene, 

COI; and a nuclear gene, S7) and geometric morphometric method.  

 

2. Material and methods  

2.1 Study areas and sampling 

The study areas included six sites, three reservoirs: Sidi Mohamed Ben Abdellah (BA) dam 

(33°52’56.59''N, 6°44' 44'' W), Al Massira dam (AM) (32°27' 37.93'' N, 7°34' 59'' W) and Al Kansra 

dam (AK) (34°0' 42'' N, 5°54' 16.48'' W); one spillway the Nador Channel (NC)(34°48' 13.15'' N, 6°18' 

24.62'' W) , a river Oued Sebou (OS) (34°30' 48.04'' N, 6°19' 13.44'' W)  and an aquaculture station 

named “Pisciculture du Nord” (AS) (Fig. 1) 
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Figure 1: Map of the location of the sampling sites and distribution of species on each locality. Dotes: sites with hybrids. 

Triangles: sites with O. aureus. Squares: sites with O. niloticus  

The Sidi Mohammed Ben Abdellah dam is placed at about 20 km from the city of Rabat. It is located 

on the Bouregreg River. It was commissioned in 1974. It is fed by three different river tributaries: 

Oued Bouregreg, Oued Grou, and Oued Korifla. 

Al Massira Dam is a gravity dam located 70 kilometers south of Settat on the Oum Er-Rbia basin. 

Completed in 1979, the dam provides water for the irrigation.  

Al Kansra dam is the oldest irrigation storage dam in Morocco built between 1931 and 1934. It is 

located northwest of Meknes and about south of Sidi Slimane.  

The Nador Channel is a spillway built-in 1953 connected to the Moulay Bousselham Lagoon. it allows 

to drain the water from lowlands.  

Oued Sebou is a river that takes its sources in the Middle Atlas with a total length of 614 km from its 

source. 

A total of 1691 specimens were collected between August 2018 and June 2020 from the six sites (Table 

1). Fish were collected by local fishermen that have used different tools for fishing: gillnets in all 

reservoirs, traditional fyke nets with three traps for each net with a small mesh size (around 10 mm) 

in the Nador Channel and cast net in Oued Sebou.  
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Table 1: Sample collection for genetic and geometric morphometric analysis 

 Morphological 

analysis 
Genetic analysis 

Locality sex N° of 

specimens 
COI S7 Same 

individuals 
Hybrids 

Sidi 

Mohamed 

BenAbdellah 

dam (BA) 

M 102 32 25 24 0 

F 119 

ind 2 

Al Massira 

dam (AM) 
M 10 14 14 11 0 

F 5 

Pisciculture 

du Nord (AS) 
M 38 56 56 55 8 

F 17 

Al Kansra 

dam (AK) 
M 43 6 3 3 0 

F 33 

The Nador 

Channel 

(NC) 

M 494 25 39 18 0 

F 248 

ind 63 

Oued Sebou 

(OS) 
M 270 24 14 12 4 

F 240 

ind 7 

Oued Drâa 

(OD) 
- - 8 8 8 0 

 

2.2 Genetic analysis 

We have chosen 167 individuals randomly to identify species using molecular markers (Table 1). Total 

genomic DNA was extracted from clips of the pectoral fin preserved in absolute ethanol using a rapid 

salt-extraction protocol (Aljanabi & Martinez, 1997). Extracted DNA was then suspended in sterile 

double distilled water and stored at –20 °C until PCR amplification. The mitochondrial cytochrome 

oxidase subunit I gene (COI) was partially amplified using the forwarding primers FishF1 and FishF2 

and the reverse primer  FishR1 (Ward et al., 2005). The nuclear S7 ribosomal protein gene (S7) were 

amplified by PCR using the primers S7RPEX1F and S7RPEX2R (Chow & Yanagimoto, 2016). 
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The partial COI and S7 gene amplification were performed following the chain-termination PCR 

protocol using the BigDye Terminator v3.1 Cycle Sequencing Kit- Applied Biosystems. Ref. 4336917. 

In a volume of 3 μl containing 1 μl BigDye, 1.5µl Buffer 5X, 1/3 μl of 10 μM primers and 3 μl of 

nuclease-free water. The conditions of PCR reaction were as follows: 3 minutes pre-heating at 96°C 

followed by 35 cycles of 10 seconds at 96°C, 5 seconds at 50°C, and 4 minutes at 60°C. 

Eight individuals of native population of Oreochromis aureus from Oued Drâa (southern Morocco) 

were added to the analysis. we also included COI and S7 sequences of O. niloticus and O. aureus from 

Genbank. These following sequences were included in the analysis (COI: LC487089, MK955804, 

MK955805, LC648886; S7: NC052956, MK788421, MK788417). MEGA v. 10.2.0 (Kumar et al. 

2018) was used to compute the average pairwise comparisons of sequence differences between and 

within species. The evolutionary relationship between sequences was estimated and different 

evolutionary model of molecular evolution were tested using MEGA (Molecular Evolutionary 

Genetics Analysis) version 10.2.6 (Kumar, Stecher, Li, Knyaz, and Tamura, 2018). The best-fit model 

of DNA sequence evolution has been identified. The Akaike information criterion (AIC) indicated that 

Kimura two-parameter distance model (K2P) and Jukes–Cantor (JC) were the best-fit model for COI 

and S7 markers of this study, respectively. The phylogenetic relationship among haplotypes of both 

markers (COI and S7) were constructed using the Neighbor-Joining method (Saitou and Nei, 1987) 

with bootstrap based on 1000 replicates (Felsenstein 1985). 

2.3 Geometric morphometrics 

All specimens were photographed twice using an OLYMPUS TG-4 digital camera for estimating error 

due to photography and digitization. In addition to collect landmarks, we also recorded the presence 

or absence of regular dark vertical stripes on the caudal fin (which is a distinguishing character of O. 

niloticus (Trewavas, 1983)) for each specimen. For each replicate and each specimen, the x, y 

coordinates of 18 homologous landmarks (Fig. 1) were digitized from the left side of each individual 

using the R package StereoMorph (Olsen & Westneat, 2015). The selected landmarks were chosen for 

their ability to capture the general body shape based on previous studies as Kassam et al. (2003) and 

Ndiwa et al. (2016). The coordinates were saved for further morphometric analysis. 
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Figure 2: Landmarks collected from each cichlid specimen to quantify shape variation: 1, anterior tip of the snout mouth; 

2, anterior-most point of the orbital circumference eye top; 3, uppermost of the orbital circumference eye posterior; 4, 

posterior-most of the orbital circumference eye lower; 5, lowermost of the orbital circumference eye anterior; 6&7, anterior 

and posterior insertions of the dorsal fin; 8, beginning of caudal fin superior; 9, upper point hyperal fan top; 10, lowermost 

point hyperal fan down; 11, beginning caudal fin down; 12, posterior insertion anal fin; 13, anterior origin anal fin; 14, 

anterior origin pelvic fin; 15, uppermost pectoral fin; 16, lowermost pectoral fin; 17, juncture ventral edge operculum with 

ventral outline; 18, most posterior end operculum 

 

2.3.1 Procrustes superimposition 

In this study, we used landmark-based geometric morphometrics to investigate the size and shape 

variation. Instead of linear measurements, geometric morphometrics (GM) allow defining the shape in 

a quantitative way (Rohlf & Marcus 1993), and allow shape variation to be represented in a more 

functional way than a collection of linear measurements. Morphometric procedures and methods were 

all performed in R following scripts in Claude (2008; 2013). 

The obtained landmarks were superimposed using a generalized Procrustes analysis (GPA) where all 

specimens were scaled to unit centroid size. Procrustes methods separates shape from size and 

eliminates variation in the position and orientation of specimens. Size was estimated by the centroid 

size (square root of the sum of distance between each landmark and the centroid) while shape 

information is contained in superimposed landmark coordinates. It does not produce metrics that can 

be directly analyzed by standard statistics because distances in the shape spaces are curved. In order 

to produce common statistical analysis, the superimposed landmark coordinates were then projected 

onto a tangent shape space using an orthogonal projection (Dryden and Mardia, 1998). After that, an 

inspection for any potential outliers of the new dataset was performed and if necessary digitization 

was replicated and errors corrected. As shape data are not of full rank, shape information was 

summarized by non-null principal components (ie 18 x 2 – 4 components as 4 degrees of freedom are 

lost during the superimposition process).  
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2.3.2  Statistical analysis of shape and size 

Percentage of size measurement error was determined using a one-way analysis of variance (ANOVA) 

of the centroid size of all replicates and shape measurement error was estimated using all replicates 

with one-way Procrustes ANOVA (Claude, 2013; Yezerinac et al., 1992).  

Size variation was first compared between localities to identify potential differences due to fishing 

techniques.  

Then, we managed to identify fish that could be predicted as O. niloticus or O. aureus based on their 

morphology. For that purpose and to minimize the effect of potential hybrids in the reference dataset, 

only fish that were tagged as O. niloticus and O. aureus by both molecular markers and that were 

differentiated in terms of caudal fin pigment were selected as the reference for a linear discriminant 

analysis (115 individuals). The predictive power of the analysis was estimated using the Leave-One-

Out Cross Validation (LOOCV) process on that reference. Morphological differences between species 

were obtained from linear discriminant coefficient. General shape allometries were described for both 

species using multiple regression of shape on size to ensure that differences between species were not 

artificially due to differences in specimen size.  

Using this predictive analysis, we then assigned each fish in each population to one of the two species. 

We later counted the number of fishes assigned to either O. niloticus or O. aureus. Fish that had less 

than a 95% probability of belonging to either species were considered as indeterminate because their 

morphology was likely intermediate between the two species and could potentially be hybrids. Based 

on predictions, we compared the shape and the size of the predominant species across sampled 

localities using boxplot and ANOVA for size and between group PCA and linear discriminant analysis 

for shape. Shape distance between each sampled site was estimated using Euclidean and Mahalanobis 

distances to discuss what factors likely lead to shape similarity. A minimum spanning tree for shape 

was obtained in the different spaces obtained, shape was later regressed against size, locality and their 

interaction in a multivariate linear model in order to estimate which factors could explain shape 

variation.  
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3 Results  

3.1 Genetic analysis 

We obtained and aligned 159 COI and 153 S7 partial sequences. All these sequences were deposited 

in GenBank under accession numbers XXXXXXXXXX. The COI sequences were 598 base pairs (bp) 

long and S7 sequences were 514 bp long. All sequences were edited and aligned using MEGA 

(Molecular Evolutionary Genetics Analysis) version 10.2.6 (Kumar, Stecher, Li, Knyaz, and Tamura, 

2018). 

Six different haplotypes of COI were obtained and blasted on GenBank. Four sequences were 

identified by BLASTN search and showed 100% of identity with some of these haplotypes. They 

belong to Oreochromis niloticus (#MK628388; #MK955805) and Oreochromis aureus (#MT418475; 

#MT418474). These four sequences have been added to the analysis. 

Genetic relationship between the six haplotypes numbered from 1 to 6 was assessed using the 

Neighbor-Joining method (Saitou and Nei, 1987) based on the K2P distance (Fig. 3). The different 

haplotypes were grouped in the NJ tree into two clusters well supported with a bootstrap value of 

100%. The first one included three haplotypes, haplotype 1: specimens from OD; haplotype 2: 

specimens from OD-OS- NC; haplotype 3: specimens from AK-OS-NC- Oa OD (#MK955804) and 

Oa Egypt-(#LC487089).  The second cluster included three haplotypes, haplotype 4: specimens from 

AS-OS; haplotype 5: specimens from AS; haplotype 6: specimens from AM-AS-BA and specimens 

of O. niloticus from Egypt (#LC648886) and from BA (#MK955805). Specimens of Al Kansra dam, 

Oued Sebou and the Nador Channel presented the same mtDNA haplotype of O. aureus found in Oued 

Drâa (#MK955804) and in Egypt (#LC487089). Individuals from Al Massira dam, the aquaculture 

station and Sidi Mohamed Ben Abdellah dam presented the same mtDNA haplotype of O. niloticus 

found in BA dam (#MK955805) and in Egypt (#LC648886). We can then consider that the first cluster 

gathered O. aureus haplotypes and the second cluster reunited O. niloticus haplotypes. 

Eight S7 different haplotypes were obtained and were blasted on GenBank. Sequences that showed a 

high percentage of identity belonged to Oreochromis niloticus (#MK788421; #MK788419) and 

Oreochromis aureus (# NC052956), were included to the analysis. Overall, ten haplotypes numbered 

from 1 to 10 were represented by a NJ tree based on Jukes-Cantor distance model (Fig.4). The different 

haplotypes were grouped into two genetically distinct clusters well supported with a bootstrap value 

of 100% and three heterozygous haplotypes. 
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The first cluster included two haplotypes, haplotype 1: specimens from AK- AS-Oa OD-OS-NC, 

haplotype 2: specimens from AK-Oa OD-OS-NC and haplotype of O. aureus from Israel 

(#NC052956). The second cluster included five haplotypes, haplotype 6: specimens from AM-AS; 

haplotype 7: haplotype of O. niloticus from Mozambique (#MK788417); haplotype 8: specimens from 

AM-AS; haplotype 9: specimens from AM-AS-BA and haplotype 10: specimen of O. niloticus from 

Tanzania (#MK788421). Specimens from Al Kansra dam, Oued Sebou, the Nador Channel and Oued 

Drâa presented the same nuDNA haplotype of O. aureus from Israel (#NC052956). Specimens from 

Al Massira dam, the aquaculture station and Sidi Mohamed Ben Abdellah dam presented the same 

nuDNA haplotype of O. niloticus from Mozambique: (#MK788417) and from Tanzania 

(#MK788421). We can thus conclude that the first cluster grouped O. aureus haplotypes and the 

second cluster gathered O. niloticus haplotypes.  

Sequences from these two clusters differed by at least 6 single nucleotide mutations at positions 59, 

228, 256, 319, 324 and 497 where O. niloticus haplotypes were characterized by respectively G, C, A, 

G, A, C while O. aureus haplotypes where characterized by A, T, G, A, C, G, respectively.  

Three haplotypes Het1 from OS, Het 2 from OS and Het 3 from AS were positioned between the two 

clusters. All these three haplotypes where heterozygous at the six different positions that discriminate 

between O. niloticus and O. aureus haplotypes with the following ambiguities R, Y, R R, M, S for the 

positions 59, 228, 256, 319, 324 and 497, respectively. The specimens sharing these haplotypes were 

considered as F1 hybrids between O. niloticus and O. aureus. 

 

Table 2: Variables positions discriminating between, O. aureus and O. niloticus and their hybrids of the partial nuclear S7 

ribosomal protein gene. G: Guanine; T: Thiamine; C: Cytosine; A: Adenine; R, Y, M and S divergent nucleotides 

Positions 

Haplotypes 

59 228 256 319 324 497 

O. aureus  
     

Haplotype 1 A T G A C G 

Haplotype 2 A T G A C G 

Heterozygous  
     

Haplotype 3 R Y R R M S 
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Haplotype 4 R Y R R M S 

Haplotype 5 R Y R R M S 

O. niloticus  
     

Haplotype 6 G C A G A C 

Haplotype 7 G C A G A C 

Haplotype 8 G C A G A C 

Haplotype 9 G C A G A C 

Haplotype 10 G C A G A C 

 

Both COI and S7 analysis showed that the populations were clustered in two major groups, one 

corresponding to O. aureus and another corresponding to O. niloticus, which confirms the observation 

of the caudal fin noted previously. On 167 sequenced individuals, 59 individuals presented a COI 

haplotypes of O. aureus and 105 COI haplotypes of O. niloticus; 49 individuals presented S7 

haplotypes of O. aureus and 92 specimens presented S7 haplotypes of O. niloticus. To summarize, 81 

specimens presented COI and S7 haplotypes of O. niloticus and 34 specimens presented COI and S7 

haplotypes of O. aureus.  

We also observed that 3 specimens have presented a heterozygous haplotype for S7 gene and O. aureus 

or O. niloticus haplotypes for COI gene. Those specimens were considered as F1 hybrid. However, 

eleven individuals presented a mitochondrial haplotype of one species and a nuclear haplotype of 

another species were considered as Fn+1 hybrid. These specimens were found in the aquaculture station 

and in Oued Sebou (supplementary doc).  

According to these results, we can deduce that both introduced species for aquaculture purpose were 

also introduced in wild. However, these introductions were not random but monospecific excluding 

hybrids. O. niloticus were introduced in AM and BA dams and O. aureus specimens were introduced 

in AK dam, NC and OS. 
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Figure 3: Phylogenetic tree constructed with tilapia mtDNA COI haplotypes using the Kimura two-parameter distance 

model. Values at the nodes indicate the percentage bootstrap values from 1000 replicates. On: Oreochromis niloticus, Oa: 

Oreochromis aureus; AS: Aquaculture station, BA: Sidi Mohamed BenAbdellah dam, AK: Al Kansra dam, AM: Al 

Massira dam, NC: the Nador Channel, OD: Oued Drâa, OS: Oued Sebou.In bold GenBank sequences. 
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Figure 4: Phylogenetic tree constructed with tilapia nuDNA partial S7 haplotypes using the Jukes-Cantor distance model. 

Values at the nodes indicate the percentage bootstrap values from 1000 replicates. On: Oreochromis niloticus, Oa: 

Oreochromis aureus; AS: Aquaculture station, BA: Sidi Mohamed BenAbdellah dam, AK: Al Kansra dam, AM: Al 

Massira dam, NC: the Nador Channel, OD: Oued Drâa, OS: Oued Sebou. In bold GenBank sequences. 

 

3.2 Morphological analysis 

As stated in the genetic analysis, two species of tilapia were identified. Oreochromis niloticus was 

found in the Sidi Mohamed Ben Abdellah dam (BA), Al Massira dam (AM), and the aquaculture 

station “Pisciculture du Nord” (AS) and Oreochromis aureus was found in the Nador Channel (NC), 

Oued Sebou (OS) and Al Kansra dam (AK). Few hybrids were also identified in AS and OS.  

For the 1691 specimens, the estimated measurement error for size reached 0.27% of the total variance 

and the measurement error for shape was larger and it explained 8.2% of the total variance. 

The body size of the sampled specimens from the six localities was compared using a one-way 

ANOVA. Among localities, body sizes significantly differed (Df=5; F=77.95; P<0.0001). A Tukey 

test was performed and identified four size groups: AM, AS, BA (larger); AK (intermediate); OS 

(small) and NC (smaller). The observed differences in body sizes among sites (fig.5) is mainly 
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explained by the artifact of fishing techniques. Some fishermen used gillnets in reservoirs, traditional 

fyke nets with three traps for each net in the Nador Channel, and cast net in Oued Sebou.  

 

Figure 5: Size distribution of sampled fish collected from the six sites 

According to Trewavas (1983), the most evident difference between the two species resides in the 

pigment of the caudal fin. Oreochromis niloticus has a dark blue striped caudal fin, while that of O. 

aureus has dots. A thorough observation of the fish showed that all BA and AM individuals, and over 

98% of AK specimens had a striped caudal fin. 95.65% and 86% of individuals had non-stripped 

caudal fin in NC and OS, respectively. The superimposed coordinates of landmarks were combined to 

genetics results and the pigment of the caudal fin.  

On the 167 individuals for which COI and S7 partial sequences could be obtained, 115 individuals 

were sequenced for both genes and were found a full agreement of molecular data with the 

pigmentation of the caudal fin. These 115 specimens were retained as training set for the Leave-One-

Out Cross Validation process. Using this set, a predictive model was constructed and used to assign 

each fish from the dataset to a species considering the posterior probabilities above 95% of identity. 

Shape variations related to LD1 were mainly attributed to differences within the body depth, caudal 

fin and head region (fig.6). Oreochromis aureus samples presented a shallower body depth, small head 

and eye size and elongated caudal peduncle while O. niloticus samples showed an elongated snout 

with bigger eye and head, larger body depth and slight posterior displacement of the operculum. 

In order to have clear prediction, all fish below 95% of the distribution of the posterior probabilities 

were considered as indeterminate. In final, 149 specimens were assigned to O. niloticus and 1064 

individuals assigned to O. aureus. and the remaining ones were considered as having intermediate 

morphologies. Intermediate morphologies or morphologies of the non-dominant species were mostly 
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observed in the aquaculture station (4%), NC (4%) and OS (13%) indicating that sympatry and 

hybridization could occur in these places to some extent. 

 

Table 3: Result of multi-variate analysis performed on body shape of all specimens 

Factor Df Pillai approx. F num. df den. df P-value 

Species 1 0.71955 130.848 32 1632 <0.0001 

Size 1 0.74302 147.459 32 1632 <0.0001 

Locality 5 1.38732 19.633 160 8180 <0.0001 

Species: Size 1 0.39858 33.799 32 1632 <0.0001 

Locality: Size 5 0.22480 2.407 160 8180 <0.0001 

Residuals  1663      

 

 

Figure 6: Plot of the discriminant analysis of shape coordinates versus species. In red: Oreochromis niloticus specimens 

and in blue Oreochromis aureus specimens. The drawing below the plot corresponds to an extreme variation of the shape. 

Variation in shape among species and the six populations were tested by a multivariate ANOVA. 

Shape was found to be significantly different between species and between locations. Size was 

significantly related to shape and the interaction between size and species was significant indicating 

that allometric relationships were different among species (Table. 3). In order to visualize allometric 

changes, we estimated the shape for individuals measuring 100 and 300 mm for both species. During 

growth, differences can be observed in body depth, head and eye size, snout and caudal fin (fig.7). The 
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growth pattern of O. niloticus showed great change in shape between the small and large-sized samples 

involving great increase in body depth. We also observed an elongated snout, developed caudal fin for 

small-sized specimens, slight posterior displacement of the dorsal fin and anterior displacement of 

operculum for large individuals. Smaller differences were observed between small and large 

individuals of O. aureus; By comparison to large individuals, small one exhibited an elongated snout, 

shallower body depth and developed caudal peduncle for large samples (fig.7). These observations 

showed differences in allometric growth among species. General shape changes during ontogeny are 

not similar to differences among species indicating that ontogenetic variation does not intervene with 

the shape changes between species. 

 

 

Figure 7: Growth patterns of small specimens (blue) and large specimens (red) for the two species O. niloticus and O. 

aureus 

 

 

Table 4: Predicted affiliation of specimens based on caudal fin in different localities  

Predicted affiliation Caudal fin AS BA AK AM NC OS 

A A 1 0 55 0 615 385 

Ind 0 0 0 0 21 30 

N 0 33 0 0 3 24 

N A 0 0 8 0 47 16 

Ind 1 0 0 0 3 4 

N 52 162 1 15 0 3 

A: Oreochromis aureus, N: Oreochromis niloticus, Ind: indeterminate, AS: Aquaculture station, BA: Sidi Mohamed BenAbdellah 
dam, AK: Al Kansra dam, AM: Al Massira dam, NC: the Nador Channel, OS: Oued Sebou.  
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Multivariate ordination of individuals was plotted on the first two axes of a between group PCA with 

a minimum spanning tree of the mean shape of specimens for each locality to illustrate how shape 

variation was structured (Fig.8).  

 

Figure 8: Between group principal components analysis on the species coordinates for the body shape with a minimum 

spanning tree. On fish shape images (PC 1, 2), red = mature (large samples); Blue = small (young) samples. In the 

scatterplot, AS: Aquaculture station, BA: Sidi Mohamed BenAbdellah dam, AK: Al Kansra dam, AM: Al Massira dam, 

NC: the Nador Channel, OS: Oued Sebou. 

The first two axes accounted for most of the variance between populations. The PC1 was mainly 

related to variation in the head region, body depth, pectoral fin while the PC2 was mainly related to 

variation in the depth of the body, the length of caudal peduncle and length of anal fin (Fig.8). We 

observed that the mean body shapes of individuals from AS, BA, NC and OS were very close, whereas 

AM and AK were more differentiated. 
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Figure 9: Mean shape of specimens in different localities. AS: Aquaculture station, BA: Sidi Mohamed BenAbdellah dam, 

AM: Al Massira dam, AK: Al Kansra dam, NC: the Nador Channel, OS: Oued Sebou. 

Even though there was overlap between the majority of the populations studied, significant 

morphological differences in body shape were observed between localities (Table 3). The mean shape 

for each population was visualized to determine morphological differences and similarities between 

localities (fig.9). Individuals from AK, AM and BA were characterized by larger body depth, small 

head and eye while in AS, NC and OS, specimens presented a more elongated body with big head and 

eye and more elongated snout. O. aureus populations have presented major differences between 

riverine environments (NC, OS) and lacustrine environment (AK). Riverine specimens (NC, OS) had 

a more elongated body, larger head and eye and an elongated snout while lacustrine specimens (AK) 

had smaller head with slighter snout and shallower body depth. Oreochromis niloticus populations 

(BA, AM) presented a mean shape characterized by a large body depth, small head and eye while 

Oreochromis aureus populations (AK, NC, OS) were characterized by an elongated body and a bigger 

head and eye.  

 



 
 

32 

 

Figure 10: Linear discriminant analysis on the species coordinates for the body shape with a minimum spanning tree. On 

fish shape images (LD1, 2), red = mature (large samples); Blue = small (young) samples. In the scatterplot, AS: Aquaculture 

station, BA: Sidi Mohamed BenAbdellah dam, AK: Al Kansra dam, AM: Al Massira dam, NC: the Nador Channel, OS: 

Oued Sebou. 

Figure 10 represent the result of the Linear discriminant analysis (LDA). This analysis clustered the 

six populations into three distinct groups. The first group is composed of individuals from NC and OS, 

the second group included AK, AM and BA populations and AS population stood alone as the third 

group. Populations are clustered according to their environment (reservoir (AK, AM, BA) vs river 

(NC, OS), domestic situation (AS)) and not to their taxonomic status (O. niloticus vs O. aureus). 

Variation on LD1 axis separated the populations AK, AM, BA from the populations AS, NC and OS. 

It is mainly related to the variation in the head, body depth, snout length and caudal peduncle. The 

populations AK, AM, BA presented small head and eye however AS, NC, OS had a more elongated 

snout, deeper body depth and a bigger head and eye. The axis LD2 accounted for 24.45% of the 

variations, mainly associated to variation in body depth, anal fin and operculum (Fig.10). It’s clustering 

the population into two groups. The first group (AK, AM, BA, NC, OS) is characterized by a deeper 

body depth. The second group (AS) is characterized by a developed anal fin and a posterior 

displacement of the operculum. The minimum spanning tree grouped populations body shapes by the 

type of environment, not by species. OS body shape was very close to that of NC; while averaged 

shape from AK, AM and BA populations were in another cluster.  AS population seems better 

differentiated from all other populations (Fig.10). 
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4 Discussion 

Before our study, O. niloticus were the only known introduced tilapia species in natural environment, 

Sebou and Bouregreg Basins, in the northern part of Morocco (Louizi et al., 2019). Oreochromis 

aureus, naturally present in Drâa Basin, southern Morocco, have been introduced for aquaculture 

(Najji et al. 2015) but no reports exist indicating that O. aureus have been introduced in natural 

environment. 

Our study focused on five tilapia feral populations. At the first glance, we noticed in some feral 

populations the presence of specimens with non-stripped caudal fin that could have been related to 

another tilapia species Oreochromis aureus. The genetic analysis using the mitochondrial partial COI 

and nuclear partial S7 genes has confirmed the presence of two species: Oreochromis aureus and 

Oreochromis niloticus.  

Furthermore, the hybrids observed in some populations could be the result of mismanagement of 

species at the aquaculture station or could be the result of the temporary coexistence of the two species 

in natural environment. 

The two species could have been introduced together into each environment and, because of selective 

pressure, only one species was able to adapt. However, this assumption is unlikely because of the small 

number of fish generations since their introduction. Considering the presence of the hybrids in the 

aquaculture station, the more likely scenario is that introduction in each location was monospecific but 

the strains used for this were already admixed and introgressed.  

Statistical analysis revealed that studied populations differentiated significantly by size. AM, AS and 

BA populations presented the largest individuals while specimens from NC were the smallest (fig.5). 

These observed differences may mainly represent artefacts caused by sampling techniques and may 

not totally reflect the real size differences among the various localities. 

The application of geometric morphometric techniques clearly demonstrated that O. aureus and O. 

niloticus have two distinct body shapes (Fig.6). The differences observed were mainly related to the 

body depth, head region and caudal peduncle. However, hybrids, as defined by genetic assignment, 

did not necessarily show intermediate morphologies. 

The allometric growth patterns of the two species differed significantly, indicating that species 

diverged not only in terms of morphology but also in terms of growth pattern. Comparing conspecific 

populations and considering that the localities differ greatly in their environmental conditions, the 

observed changes may be attributed in part to environmental factors that may have affected the 

developmental stages of individuals. 
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PCA between groups indicated a great number of shape differences among populations, with variations 

in head, body depth, caudal peduncle and anal fin. This analysis differentiated AM specimens from 

other populations but no clear clustering among environment or dominant species could be identified. 

BA specimens were placed between the AS, NC, OS populations and AK, AM populations.  

Based on the linear discriminant analysis, clear differences were noticed between the AS population 

and all other populations (Fig.10). The variations observed in LD1 and LD2 were mostly related to 

differences within the head region and body depth. A separation between specimens from NC and OS 

on one side and specimens from AK, AM and BA on the other side was also observed. Within the O. 

aureus populations, we discovered marked differences in body shape. The differences between NC, 

OS and AK populations were mainly related to the head region, body depth and caudal peduncle 

(fig.10). We also observed an interesting link in which the population from AK had more similar body 

shape to that of AM and BA considering that AK specimens are related to O. aureus and AM, BA are 

attributed to O. niloticus. 

To sum up, the discriminant analysis highlighted the difference in shape between O. niloticus and O. 

aureus and it also exposed differences related to the environment effect by grouping the populations 

from riverine environments (NC, OS) and populations from lacustrine environments (AK, AM, BA). 

Our observations were congruent to findings by Ndiwa et al.(2016) who reported that habitat may be 

considered as a source of morphological variance. It seems that the body morphology of Tilapias is 

not only dependent on phylogeny but also shows clear convergence of patterns considering habitat. 

Further experiments are needed to determine the role that various environmental factors play in fish 

morphology. 

We can suppose that breeding conditions may be a factor, as body condition (and presumably 

morphology) of cichlids has been shown to change depending on the season. According to Hirpo 

(2012), Nile tilapia changes in body condition have been observed between the breeding and non-

breeding seasons. However, specimens in our study were collected throughout the year, leading us to 

believe that this effect was minimal. 

Diet difference between species is known to cause morphological differences (Pouilly et al., 2003). 

Oreochromis niloticus and O. aureus are known to have similar diets (Shalloof et al., 2010) making 

the assumption that feeding is a factor of morphological variation unlikely. 

Temperature could also have effect on fish morphology. Georgakopoulou et al. (2007) reported that 

the European sea bass (Dicentrarchus labrax) is slenderer at low temperature, noting that Moroccan 
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waters do not present optimal temperature for their survival, so we do believe that it is important to 

recognize that temperature may possibly influence tilapias morphology.  

The main question that arises is how all these factors can interact with each other to influence body 

shape? 

To conclude, our morphometric results assigned specimens to their correct genetic affiliation and 

allowed to differentiate between species through their body shapes. However, we couldn’t differentiate 

hybrids. In addition, significant morphological variations among populations of O. niloticus and O. 

aureus were detected, possibly due to environmental influences. Thus, we can confirm that geometrics 

morphometrics methods can provide information that may reflect both environmental and genetic 

background of cichlid populations. Further studies must be conducted on specimens of O. aureus from 

the aquaculture station and specimens of O. niloticus from riverine environment to confirm the 

importance of genetic and environmental factors in influencing morphological development. 
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Life-history traits in two invasive species of tilapias in Morocco 
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Abstract 

Life-history traits (LHT) of Oreochromis niloticus in the Sidi Mohamed Ben Abdellah reservoir (BA 

reservoir) and Oreochromis aureus in the Nador Channel were studied and compared to those of other 

populations in the world. Specimens were collected between June 2018 and June 2020. Females of both 

species were smaller at first sexual maturity than males (O. niloticus: 204 vs. 255 mm, O. aureus: 147 vs. 

158 mm). The age of each species was estimated from seasonal otolith growth marks, based on the von 

Bertalanffy growth function. The asymptotic length was higher in O. niloticus (males 296 mm and females 

339 mm) than in O. aureus (males 171 mm and females 169 mm). Based on a literature survey and the 

results of this study, the type of ecosystem (reservoir vs. river) influenced growth performance indexes 

(φ and φ’) in both species, reservoirs led to a higher asymptotic length in both O. niloticus and O. 

aureus than rivers. Moroccan populations presented the lowest growth index in the world. These 

observations suggest both invasive species were able to colonize and adapt to new environments 

limiting their growth and reducing their size at first sexual maturity. 

 
Keywords: Adaptation, Cichlidae, invasive species, otolith, growth, reproduction 
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Introduction 

Tilapia is the common name of a group of cichlid species native to Africa and the Middle East that 

have been introduced in more than fifty countries around the world (FAO 2021; CABI 2021) for 

aquaculture purpose, thanks to their advantageous biological traits, including rapid growth, broad 

environmental tolerance and high fecundity (Moyle and Marchetti 2006). Nineteen out of 

approximately one hundred tilapia species have been cultured to date, and of these, the most commonly 

used in aquaculture are the Nile tilapia (Oreochromis niloticus (Linnaeus 1758)), the Mozambique 

tilapia (Oreochromis mossambicus (Peters 1852)), and the blue tilapia (Oreochromis aureus 

(Steindachner 1864)). 

In countries that practice tilapia aquaculture, either Nile, Mozambique and blue tilapias are often also 

introduced into the natural environment, either intentionally or accidentally, where, as invasive 

species, they have social, economic and environmental impacts (Canonico et al. 2005; Arthur et al. 

2010; Vicente and Fonseca-Alves 2013). It is the case with the introduction of tilapias in Sri Lanka, 

which has improved the standard of living of local people and contributed to gender equality through 

the employment of women in rural areas (Nguyen et al. 2011). Their introduction has been beneficial 

as a source of protein in many tropical countries, and has improved the livelihoods of local 

communities (Fitzsimmons 2006).Nevertheless, they have direct effects on the environment and on 

native fish populations, by competing for food, habitat, and spawning sites, causing genetic 

disturbances and introducing diseases and parasites (Ahmed et al. 2003; Canonico et al. 2005; 

Zambrano et al. 2006; Šimková et al. 2019; Yongo et al. 2020; Rahman et al. 2021). For example, 

introgression by mtDNA genes of Oreochromis leucostictus (Trewavas 1933) that escaped from farm 

ponds, shas been reported in O. niloticus, which is naturally present in Loboi swamp (Ndiwa et al. 

2014). In Nevada and Arizona (USA), the introduction of O. niloticus caused the decline of endangered 

Moapa Dace (Moapa coriacea, Hubbs & Miller, 1948) and Moapa White River Springfish 

(Crenichthys baileyi, Gilbert, 1893) (Wise et al. 2007). 

In 2004, Oreochromis niloticus was introduced in Morocco for aquaculture and then released into the 

wild (MAPMDREF. 2020), allowing the species to establish perennial wild populations (Najji et al. 

2015; Louizi et al. 2019). Today, O. niloticus populations have colonized several Moroccan reservoirs, 

including the Sidi Mohamed Ben Abdellah (hereafter BA reservoir), Al Kansra and Al Massira 

reservoirs (Ainou et al. 2021). The situation of O. aureus is slightly different. It is a native species 

naturally present only in the Oued Drâa in the southern High Atlas (desert part of Morocco) (Clavero 

et al. 2014; Geiger et al. 2014; Louizi et al. 2019).  
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It has been also introduced for aquaculture (Najji et al., 2015) but its release into the wild have never 

been officially reported. Nevertheless, it was found in the Nador channel, a spillway connected to the 

Moulay Bousselham lagoon.  

The success of the two Oreochromis species in establishing viable populations demonstrates their 

adaptive capacity and ability to colonize new aquatic ecosystems. 

The study of life-history traits, such as growth and reproduction patterns, provides important 

information to analyse and assess the structure of fish populations (Maceina and Sammons. 2006), and 

allows a better management of target species for fisheries. To understand how fish species can adapt 

and colonize new environments, we need to focus on the life-history traits that allow rapid adaptation 

and invasion (Russell et al. 2012), and compare these traits with those of related populations living in 

natural environments, if any (Agostinho et al. 2016). The life-history traits of both native and 

introduced populations of each tilapias species have been characterized in several water bodies 

worldwide (Ishikawa et al. 2012; Bandara et al. 2020).  

The present study is the first to shed light on the life-history parameters of O. niloticus present in the 

Sidi Mohamed Ben Abdellah reservoir and O. aureus present in the Nador Channel to assess their 

adaptive capacities. It is important to note that only one tilapia species is found in the studied locations, 

so there is no mixture between these species. To model population dynamics, it is necessary to estimate 

the age. This can be done using different calcified structures such as scales and otoliths (Abouelfadel 

et al. 2020). Scales are easy to collect and treat with non-lethal technique. They have been used in 

several studies to estimate age (Abouelfadel et al. 2020; Maceina and Sammons 2006; Jiménez-Badillo 

2006; Mehanna 2005; Al-Wan & Mohamed 2019). However, they may still inaccurately estimate the 

age of fish older than age 4 (Abouelfadel et al. 2020). For this reason, we have used otoliths for a more 

accurate and precise estimation of the fish age (DeVries & Frie 1996).  Then, the reproductive traits 

were evaluated using estimated size and age at the first sexual maturity. These life-history traits (LHT) 

were subsequently compared with data in the literature on different natural or semi-natural 

environments (reservoirs, lakes and rivers) in Asia, America and Africa. This study, thus, evaluated 

adaptive capacities corresponding to the main types of colonized environments. 
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Materials and methods 

Study sites  

The study was conducted in two aquatic environments in Morocco (Figure 1): the BA reservoir 

(33°58'36" to 33°57’01” N, 6°41'49" to 6°42’58” W) and the Nador Channel (34°49'03" to 

34°47'43.18" N, 6°17'42.47" to 6°18'37.34" W). The BA reservoir is a dam located about 20 kilometers 

from the city of Rabat on the Bourgreg River. The dam was built in 1974, and raised in 2007, to collect 

water from the Bouregreg, Grou and Korifla tributaries. Its current surface area is 9 800 km2 with a 

capacity of 974 106 m3 of water (Ezzaouini et al. 2020). The temperature of the reservoir water is high 

in summer (maximum 35 °C) and cool in winter (minimum 15 °C). The pH varies seasonally between 

5 and 9 and the trophic level of the reservoir water was estimated at the eutrophic stage (Delhi et al. 

2012). The Nador Channel is man-made and is located in the southern part of Moulay Bousselham 

Lagoon. Its hydrology is under the dual influence, oceanic and continental. It is continually subjected 

to the Atlantic tidal regime and drains water from agricultural fields. The temperature of the water in 

the Nador Channel ranges from 11°C in the cold season to 25 °C in the dry season. The pH of the 

water ranges from a minimum of 6 in summer to a maximum of 8.4 in the cold season (Lagliti et al. 

2019). 

 

Figure 1: Map of the two sampling locations, for Nile tilapia (Oreochromis niloticus) in Sidi Mohamed Ben Abdellah 

reservoir (black square), and for blue tilapia (Oreochromis aureus) in Nador Channel (black triangle) 
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Fish sample collection 

The sampled fish were collected from fishers who use gillnets with mesh size of 5 cm in the BA 

reservoir and traditional fyke nets with three traps for each net with a small mesh size (around 10 mm) 

in the Nador Channel. Over a period of four months (February, March, June and September 2019), a 

total of 75 specimens of O. niloticus were sampled from the BA reservoir. In the Nador Channel 575 

specimens of O. aureus have been collected through a monthly sampling from June 2018 to June 2020.  

All the fish were measured (total length, (TL), and standard length, (SL), to the nearest 0.1 mm, total 

weighed to the nearest 0.1g, and the sex was determined macroscopically (sex and stage of gonad 

maturity). The gonad development was assessed by attributing a maturity index to the gonads using a 

modified version of the six-point gonad maturity classification scheme adopted by Davis (1982). 

Under this scheme, gonads were scored from I and II (immature) to VI (expended), according to their 

degree of maturity (Table 1).  Specimens of sex undetermined, either immature, female or male, were 

discarded from the study. Otoliths were extracted, rinsed in distilled water, dried and stored in labelled 

microtube vials. Otolith subsampling was performed using length class stratification. Using a size-

stratified sampling method, the fish were separated into four 50-mm size classes and the otoliths of 12 

individuals in each size class were randomly sampled. The number of sample otoliths (n=12) per class 

was optimized to reach around 30 individuals per month per species. 

Table 1: Different stages of development of male and female fish gonad adapted from Davis (1982) 

Stage Macroscopic features 

Male Female 

I (Immature) The testes are semi-transparent, strap-like, 

very thin and often bordered laterally by fat 

The ovaries are small and newly derived from the 

testicles through sexual inversion. 

They differ from stage 2 ovaries for a short period 

only in the absence of oocytes with a diameter 

greater than 80 µm. 

II (Immature) testes are opaque and strap-like, and the 

longitudinal furrows are deeper. 

Ovaries are compact, thick-walled, pink-red and 

well vascularized, without presence of residual 

oocytes. 
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III (Mature) The testes become thicker and wedge-

shaped and are surrounded by smaller 

quantities of fat. 

Ovaries increase in size, become pyriform in 

cross section, with narrow edge margin, and are 

paler red to cream in colour. 

IV (Mature) The testes are thick and cuneiform, the 

lateral margins become rounded and the 

ventral lobes pronounced. 

Ovaries turn creamy yellow and have thin sides. 

V (Mature) testes are large, their lateral margins 

rounded and ventral lobes swollen. 

Pressure on the testes results in the 

extrusion of sperm into the main duct. 

The ovaries distend and fill almost the entire 

cavity of the body. The mature yellow oocytes, 

clearly visible through the thin ovarian wall. The 

fish are in the process of spawning, but they're not 

necessarily ripe. 

VI (Mature) - The ovaries are flaccid, elongated and narrow 

showing blood vessels. All oocytes from the 

vesicle stage onwards that have failed to mature, 

undergo atresia. The ovaries then revert to stage 

2. 
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Allometric relationships 

The standard length-total length relationship was estimated using standard linear regression analysis: 

𝑆𝐿 = 𝑎 + 𝑏𝑇𝐿 

where (a) is the intercept and (b) is the slope of the regression. The relationship was used to transform 

either variable found in the literature for more accurate comparisons. 

The total length-total weight relationship was estimated using the equation:  

𝑇𝑊 = 𝑐 𝑇𝐿𝑑  

and a nonlinear least-square method (Gauss-Newton algorithm) where (c) is a constant and (d) is the 

coefficient of allometry. Regressions were estimated using Statistica software (version 14). The 

coefficient of determination (R
2
) was used as an indicator of the level of regression, considered as good 

if R
2
 > 0.95. For each species, the coefficient of allometry was checked to determine whether the 

value was significantly different from 3, being an isometric relationship. For this purpose, a one-

sample t-test was conducted on the coefficient. 

 

Sex ratio and size at first sexual maturity 

The sex ratio, expressed as male: female, was tested using a Chi-square (χ2) method in R software (R 

Development Core Team). The mean birth date of the population was calculated using the monthly 

percentage of mature individuals. Size at first sexual maturity (L50) was estimated as the total length 

at which 50% of individuals are at an advanced stage of sexual maturity (at least stage 3) during the 

period of reproduction. In order to optimize the calculation of L50, the range of the size classes was 

calculated as 40 mm TL to allow a minimum number of individuals per class size. The L50 then was 

estimated using 40 mm classes of mature individuals and a nonlinear least square method, with the 

classical logistic function already used by different authors for this species (Tessier et al. 2019): 

0
0⁄ 𝑀 = 100

(1 + 𝑒(−𝑎(𝐿−𝐿50)))⁄  

 

where (%M) is the percentage of mature individuals per size class (40 mm), (L) is the central value of 

each size class, (a) and (L50) are constants of the model, L50 being the size at the first sexual maturity 

(i.e. when 50% of individuals are mature). The age at 50% maturity (A50) was estimated from the 

previous value of L50, and using the growth function calculated with the age estimation (see after). 
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Estimated age and growth 

The sampled otoliths were observed whole, immersed in 95° alcohol under a binocular microscope, 

with a reflected light against a dark background. The reading of growth marks on whole otoliths have 

been used for other tilapia species (Panfili et al. 2004). The number of opaque rings was counted twice 

consecutively by the same operator, and the appearance of the edge, opaque or translucent, was noted. 

When the two readings did not matched, a third reading was operated to provide the definitive number 

of rings. Otoliths with indistinct rings were excluded from the study. The change in the percentage of 

otolith opaque vs. translucent edges over time was calculated to check the annual ring deposit, i.e. to 

confirm the period in the year of translucent and opaque formations. A second variable used to validate 

age was the marginal increment on the otolith (MD), corresponding to the distance between the last 

opaque ring and the edge of the otolith. The change in the monthly MD revealed the timing of the ring 

deposit. The age, in months, was calculated using the number of opaque rings, the date of capture, and 

the mean birth date of the population (Morales-Nin and Panfili 2002). The appearance of the otolith 

edge, opaque or translucent, was used to evaluate the number of months between the last opaque ring 

and capture. The estimated age was calculated according to the following formulae: 

For individuals with an opaque edge: Age = mR + (12×(nR - 1)) + [mC - X] 

For individuals with a translucent edge: Age = mR + (12× (nR - 1)) + [mC] 

with the variables including the number of opaque rings counted on the otolith (nR), the rank of the 

month of birth for the population (mB, for example, mB = 11 for November), the rank of the month of 

opaque ring deposit (mR, corresponding also to the maximum of percentage of opaque edges), and the 

rank of the month at capture (mC, for example, mC = 4 for April). 

The growth parameters of the populations were calculated using Statistica software and a nonlinear 

least-squares method to fit the von Bertalanffy growth function (VBGF) expressed by the equation:  

𝐿𝑡 = 𝐿∞(1 − 𝑒−𝑘(𝑡−𝑡0)) 

where Lt is the total length of the fish at time t, L∞ is the asymptotic fish length (mm), K is the growth 

coefficient (month-1), and to is the age at length zero (month). 

Based on a survey of the literature on the growth performance indexes of Gallucci et Quinn (1979) 

∅ and ∅ Munro and Pauly (1983) calculated for O. niloticus and O. aureus in various reservoirs and 

rivers, the same indexes were calculated for our Moroccan populations based on the previously 

calculated VBGF parameters: 
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∅ = 𝑙𝑜𝑔(𝑙∞ ⋅ 𝑘) 

∅′ = 𝑙𝑜𝑔 𝑘 + 2𝑙𝑜𝑔𝑙∞ 

The literature results were merged and compared using Analysis of Covariance (ANCOVA). 

Differences were specifically tested between the two different types of ecosystems, rivers vs. 

reservoirs. A two-way Analysis of Covariance (ANCOVA) was conducted to examine the effect of 

the type of water body (river vs. reservoir) on two growth indexes in O. niloticus and O. aureus. A 

Student’s t-test (confidence level of 95%) was used to check the statistical significance of the 

differences observed in reproduction and growth parameters of O. niloticus and O. aureus in the two 

ecosystems, river and reservoir. 

 

Results 

Allometry 

The total length of O. niloticus ranged from 169 to 347 mm and their weight from 99 to 827 g. 

The total length of O. aureus ranged from 68 to 291 mm and its weight from 5 to 640 g. 
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Table 2: Allometric relationships between standard length (SL) and total length (TL), and total length – Total weight (TW) relationships for Oreochromis niloticus and 

Oreochromis aureus specimens whose sex have been determined. N, number of individuals. a, b, c, and d constants and R2 determination coefficient of the models. 

 SL = a + bTL TW = cTLd 

Species Sex N 
TLmin 

(mm) 

TLmax 

(mm) 

SLmin 

(mm) 

SLmax 

(mm) 

TWmin 

(g) 

TWma

x (g) 
a b R2 c d R2 

Oreochromis 

niloticus 

Males 29 178 347 143 291 118 827 -12.18 0.87 0.995 2.92e-5 
2.9

1 

0.96

6 

Females 43 169 341 133 290 99 743 -14.25 0.88 0.993 7.45e-5 
2.7

5 

0.96

5 

Oreochromis 

aureus 

Males 312 71 291 56 235 5 640 -0.74 0.81 0.994 1.87e-6 
3.4

3 

0.95

8 

Females 208 68 274 56 234 5 316 -4.24 0.84 0.992 1.99e-5 
2.9

7 

0.93

7 
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The standard length-total length linear regressions for both species were highly significant (all 

R2 > 0.95, P < 0.05) and showed a high positive linear relationship (Table 2). All length-weight 

relationships were curvilinear, for the two species and were statistically (P < 0.0001). Males of 

O. aureus from the Nador Channel had positive allometry (b > 3), whereas females of O. aureus 

and both sexes of O. niloticus showed negative allometry (b < 3, Table 1, Figure 2). These results 

showed that males of O. aureus became proportionally heavier with an increase in their length 

whereas females of O. aureus and both sexes of O. niloticus became proportionally lighter as 

they increase in length. 

 

 

Figure 2 : Length-weight relationship of Oreochromis niloticus in Sidi Mohamed Ben Abdellah reservoir and of 

Oreochromis aureus in the Nador Channel. green triangle and green solid line, O. niloticus males; green circle and 

green dashed line, O. niloticus females; orange triangle and orange solid line, O. aureus males; orange circle and 

orange dashed line, O. aureus females 

 

Reproduction parameters 

Sex ratios indicated more female than male O. niloticus (M: F = 1:1.48) and more male than 

female O. aureus (M: F = 1:0.67). The ratio was at the equilibrium (1:1) for O. niloticus (χ2 =2.72, 

P = 0.099), whereas it was significantly different from the equilibrium for O. aureus (χ2=20.8, P 

< 0.001). The month of birth of the population was July with the highest percentage of mature 

individuals estimated for O. aureus in two consecutive years (Figure 3).
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Figure 3: Evolution over time of the percentage of mature O. aureus from Nador Channel 

 

Females were smaller in size than males when they reached sexual maturity in both species 

(Figure 4). The estimated total length at the first sexual maturity was 204 mm TL (± 21) for 

females and 255 mm TL (± 9) for male O. niloticus, and maturity was reached at 147 mm TL (± 

8) by females and 158 mm TL (± 7) by male O. aureus. 

 

Figure 4: Logistic function estimated from the percentage of mature individuals per size class of Oreochromis 

niloticus in Sidi Mohamed Ben Abdellah reservoir, O. aureus in Nador Channel. Green circle and green solid line, 

O. niloticus males; green triangle and green dashed line, O. niloticus females; orange circle and orange solid line, O. 

aureus males; orange triangle and orange dashed line, O. aureus females 
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Age and growth 

Otoliths showed clear alternation of opaque and translucent rings (Figure 5). Unlike the BA 

reservoir, the sampling in the Nador Channel was done monthly, which allowed a good 

estimation of the formation of the opaque rings which took place between November and 

December (Figure 6). However, the percentage of opaque edges remained high after December. 

The marginal distance pointed to the annual opaque formation in November (Figure 6). 

 

 

Figure 5: Sagittal otolith from Oreochromis niloticus viewed using reflected light against dark background, 

showing opaque zones (OZ) and translucent zones (TZ). Two opaque zones fully deposited have been interpreted 

for age estimation.  

 

November was thus chosen as the month of opaque ring formation to calculate age. Age 

estimation was calculated by considering the month of the catch, the number of opaque rings and 

the date of birth of the population (July, rank of the month = 7) 
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Figure 6: Evolution over time of the percentage of opaque edges (grey bar chart) and the 

marginal distance (black line) on otoliths from Nador Channel 

 

 

 
 
 

 

The estimated age of males and females of O. niloticus ranged from 14 to 38, and 17 to 47 months, 

respectively. The age of O. aureus ranged from 6 to 42 months for each sex. The estimated age 

at maturity (A50) was 28 months for males and 22 months for females of O. niloticus. The A50 of 

O. aureus were estimated to be 26 months for males and 16 months for females. L∞ and K 

parameters of the VBGF for O. niloticus were 296 mm and 0.07 yr-1 for males, and 339 mm and 

0.04 yr-1 for females (Figure 7). 

The VBGF parameters L∞ and K of O. aureus were 171 mm and 0.07 yr-1 for males, and 169 mm 

and 0.17 yr-1 for females (Figure 8). Estimated growth performance indexes (Ø’) were 1.79 for 

males and 1.66 for females O. niloticus and 1.31 and 1.68 for males and females for O. aureus. 
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Figure 7: Von Bertalanffy growth curves of O. niloticus. green triangle and green solid line, O. niloticus males; 

green circle and green dashed line, O. niloticus females 

 

Figure 8: Von Bertalanffy growth curves of O. aureus.  Orange triangle and orange solid line, O. aureus males; 

orange circle and orange dashed line, O. aureus females 

 



 
 

55 

 

The calculated growth performance indices (Ø’ and Ø) were compared to those reported in 

studies of O. niloticus and O. aureus populations in rivers and reservoirs around the world (Tables 

3 and 4). 
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Table 3: Growth parameters, sex ratio and length at first sexual maturity of O. niloticus from wild populations. Native populations are in bold.  Surface area (S) (km2), Maximum 

Weight (Wmax), Maximum length (Lmax), sex ratio (male: female), coefficient of allometry (b), length at first sexual maturity (L50), von Bertalanffy growth parameters (L∞: 

asymptotic length, K: growth coefficient, t0: age at length 0), Tmax: longevity, and Ø, Ø’: performance indexes. 

 

Country Localities S (km2) Wmax (g) Lmax 

(mm) 

Sex ratio 

(M :F) 

b L50 

(mm) 

L∞ (mm) K  

(yr-1) 

t0 (yr) Tmax 

(yr) 

Ø (cm.yr-1) Ø’(cm

/yr) 

Type of site 

used as variable 

Bangladesh Kaptai 

Reservoir 

(Ahmed et 

al.2003) 

583 2800 530 - 2.84 - 555 0.39 0 7.7 1.34 3.08 Reservoir 

Benin Lake Toho 

(Montcho et 

al. 2015) 

9.6-15 - 402 - - - 415 0.33 -0.75 8.3 1.14 2.75 Reservoir 

Brazil Barra Bonita 

Reservoir 

(Novaes and 

Carvalho 

2012) 

310 - 312 SL 1.3:1 2.88   336 0.63 0 

Biologic

ally not 

significa

nt 

4.8 1.32 2.85 Reservoir 

Egypt Nile River 

(Mahmoud 

and Mazrouh 

2008) 

  281 255 - 3.0082 - 285 0.39 -0.32 7.63 1.05 2.5 River 
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Table 3: Continued 

 

Country Localities S (km2) Wmax (g) Lmax 

(mm) 

Sex ratio 

(M :F) 

b L50 

(mm) 

L∞ (mm) K  

(yr-1) 

t0 (yr) Tmax 

(yr) 

Ø (cm.yr-1) Ø’(cm

/yr) 

Type of site 

used as variable 

Ethiopia Lake Tana 

(Degsera et 

al. 2020) 

3050 1594 440 01:01,0 2.74 - 451 0.21 −0.514 13.8 0.98 2.63 Reservoir 

Ethiopia Lake Koka 

(Tesfaye and 

Wolff 2015) 

255 - 420 - 2.5 246 443 0.41 -0.36 6.9 1.26 2.90 Reservoir 

Ghana Bontanga 

reservoir 

(Kwarfo-

Apegyah 

etal. 2009) 

6.7 - - - - 138 289 0.58 -0.1 5.1 1.22 2.68 Reservoir 

India Halali 

Reservoir 

(Johnson et 

al. 2020) 

25.28 1050 445   2.96   467 0.63     1.47 3.14 Reservoir 

Iraq Garmat Ali 

River, 

Basrah 

(Mohamed et 

al. 2020)  

6 144 
 

232 1 :0.97 3.08 70(M

) 

80(F) 

275 0.195 1.055 16.4 0.73 2.17 River 
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Table 3: Continued 

 

Country Localities S (km2) Wmax (g) Lmax 

(mm) 

Sex ratio 

(M :F) 

b L50 

(mm) 

L∞ (mm) K  

(yr-1) 

t0 (yr) Tmax 

(yr) 

Ø (cm.yr-1) Ø’(cm

/yr) 

Type of site 

used as variable 

Ivory Coast Ayamé dam 

(Ouattara et 

al. 2009)  

93.2 461 305 - 2.81   307 0.22 -1.994 11.6 0.83 2.32 Reservoir 

Japan Tabaru 

River 

(Ishikawa et 

al. 2012)   

1.5 - 326 

SL(M) 

325   

SL(F)  

- - 194(

M) 

174(F

) 

326(M) 

282(F) 

0.37(M

) 

0.42(F) 

-0.71(M) 

-0.73(F) 

7.4(M) 

6.4(F) 

1.08(M) 

1.07(F) 

2.59(

M) 

2.52(

F) 

River 

Kenya Lake victoria 

(Njiru et al. 

2008) 

68800   - - - 250(

M) 

240(F

) 

539 0.50 -   1.43 3.16 Reservoir 

Kenya Lake 

Victoria 

(Yongo and 

Outa 2016) 

68800 2 170 

(M) 1 

718 (F) 

475 

(M) 

450 (F) 

1.2:1 2.98(M

) 

3.01(F) 

310(

M) 

260(F

)  

462 0.69     1.5 3.17 Reservoir 

Kenya Lake 

Naiwasha 

(Waithaka et 

al. 2020) 

139 1220 400 2.21 :1 2.86 280 420 0.21     0.95 2.57 Reservoir 
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Table 3: Continued 

 

Country Localities S (km2) Wmax (g) Lmax 

(mm) 

Sex ratio 

(M :F) 

b L50 

(mm) 

L∞ (mm) K  

(yr-1) 

t0 (yr) Tmax 

(yr) 

Ø (cm.yr-1) Ø’(cm

/yr) 

Type of site 

used as variable 

Kenya Nyanza Gulf 

of Lake 

Victoria 

(Njiru et al. 

2007) 

1920 - - - - 261.8 588 0.59 -0.64 4.4 1.54 3.31 Reservoir 

Laos NamTheun 2 

reservoir 

(Tessier et 

al. 2019) 

489 2173(M) 

1310(F) 

360 

SL(M) 

320 

SL(F) 

0.80:1 3.10(M

) 

2.82(F) 

278(F

) 

658 0.08 -0.66 36.8 0.72 2.54 Reservoir 

Laos NamTheun 2 

(NT2) 

hydropower  

Reservoir  

(Beaune et 

al. 2021) 

489 -- 360SL - 178+I2

0:I28 

295 438(M ) 

318(F)    --

----- 556 

0.14(M 

) 

0.23(F)    

------ 

0.14 

-0.28 21.1 0.79(M) 

0.86(F) 

 ---------  

0.89 

2.43(

M) 

2.37(

F) 

 ------  

2.63 

Reservoir  

Mexico Lake 

Coatetelco 

(Gómez-  

márquez et  

Gómez- 

Márquez et 

al. 2003) 

1.2 106(M) 

165 (F) 

148 

SL(M) 

165 

SL(F) 

1 :1.02 2.46 117(

M ) 

120 

(F) 

178 0.3409 -1.543 7.3 0.78 2.04 Reservoir 
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Table 3: Continued 

 

Country Localities S (km2) Wmax (g) Lmax 

(mm) 

Sex ratio 

(M :F) 

b L50 

(mm) 

L∞ (mm) K  

(yr-1) 

t0 (yr) Tmax 

(yr) 

Ø (cm.yr-1) Ø’(cm

/yr) 

Type of site 

used as variable 

Morocco BA reservoir 

(present 

study) 

137 827 347(M) 

341(F) 

1 :1.48 2.92(M 

) 

2.75(F) 

259(

M ) 

217(F

) 

296(M ) 

339(F) 

0.07(M 

) 

0.04(F) 

-0.13(M) 

-1.14(F) 

42.7(M

) 73.8 

0.32(M) 

0.13(F) 

1.79(

M) 

1.66(

F) 

 Reservoir 

Nigeria Lake Kainji 

(Du Feu 

2003) 

1243 - 195   3.13   532 0.29     1.19 2.91  Reservoir 

Pakistan Chashma 

dam (Mehak 

et al. 2017) 

341 105 217FL - 2.14 - 228 0.07 -0.158 42.7 0.20 1.56  Reservoir 

Sri Lanka Minneryia 

(Amarasingh 

e et al. 2017) 

18.9 - - - 2.49 210 474 0.32 - - 1.18 2.86 Reservoir 
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Table 3: Continued 

 

Country Localities S (km2) Wmax (g) Lmax 

(mm) 

Sex ratio 

(M :F) 

b L50 

(mm) 

L∞ (mm) K  

(yr-1) 

t0 (yr) Tmax 

(yr) 

Ø (cm.yr-1) Ø’(cm

/yr) 

Type of site 

used as variable 

Sri Lanka Victoria 

reservoir 

(Amarasingh 

e et al. 2017) 

13 - - - 2.2 226 443 0.39 - - 1.24 2.88 Reservoir 

Sri Lanka Udawalawe 

reservoir 

(Athukorala 

and 

Amarasingh

e 2010) 

34.15 - 390 - 2.76 - 413 0.78 - - 1.51 3.12 Reservoir 

Sri Lanka Tabbowa 

reservoir 

(Amarasingh

e 2002) 

4.6 - 520 - - 260 

(F) 

507 0.64 - - 1.51 3.22 Reservoir 

Uganda Lake 

Nabugabo 

(Bwanika et  

al. 2007) 

30 3050 525 - 3.11 257(

M ) 

275(F

) 

501(M ) 

411(F) 

0.45(M 

) 

0.52(F) 

-

0.115(M) 

-0.099(F) 

6.5(M) 

5.7(F) 

1.35(M) 

1.33(F) 

3.05(

M) 

2.94(

F) 

Reservoir 
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Table 4: Growth parameters, sex ratio and length at first sexual maturity of O. aureus from wild populations. Native populations are in bold.   Surface area (S) (km2), Maximum 

Weight (Wmax), Maximum length (Lmax), sex ratio (male: female), coefficient of allometry (b), length at fisrt sexual maturity (L50), von Bertalanffy growth parameters (L∞: 

asymptotic length, K: growth coefficient, t0: age at length 0), Tmax: longevity and performance indexes (Ø, Ø’) of O. aureus in seven populations. In bold: native populations 

Country Localities S (km2) Wmax (g) Lmax 

(mm) 

Sex ratio 

(M :F) 

b L50 

(mm) 

L∞  

(mm) 

K (yr-1) t0 (yr) Tmax (yr) Ø  

(cm/yr) 

Ø’ 

(cm/yr) 

Type of  site 

used as 

variable 

Egypt Nile River 

(Mahmoud and 

Mazrouh 2008) 

  288 245   2.8724   264 0.40 -0.21 7.49 1.02 2.44 River 

Egypt Nozha 

Hydrodrome 

(Mahmoud et al. 

2013) 

5.04 - - - 2.97 - 381 0.206 -0.248 14.3 0.89 2.47 Reservoir 

Iraq Garmat Ali 

River, Basrah 

(Mohamed et al. 

2020) 

6 356 263 - 3.07 139 299 0.25 -1.29 10.7 0.87 2.35 River 
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Table 4: Continued 

 

Country Localities S (km2) Wmax 

(g) 

Lmax 

(mm) 

Sex ratio 

(M :F) 

b L50 

(mm) 

L∞  

(mm) 

K (yr-1) t0 (yr) Tmax (yr) Ø  

(cm/yr) 

Ø’ 

(cm/yr) 

Type of site 

used as 

variable 

Iraq Shatt Al-Arab 

River (Mohamed 

and Abood 

2020) 

204 311 250 - 3.05 - 278 0.49 -0.27 5.85 1.13 2.58 River 

Mexico Aguamilpa 

Reservoir (Peña 

Messina et al. 

2010) 

109 1800 403 

SL(M

) 

370S

L(F) 

1 :0.76 2.56(M)2.

42(F) 

230 432 

(M) 

418(F) 

0.37(M) 

0.35(F) 

-0.40 

(M)           

-

0.43(F) 

7.7(M) 

8.1(F) 

1.2(M) 

1.16(F) 

2.84(M

) 

2.79(F) 

Reservoir 

Mexico Infiernillo 

reservoir 

(Jiménez-

Badillo 2006) 

140 km2 1403 305 

SL 

- 2.87(all) 

2,73(F)  

2,77(M) 

175 479 0.46 -0.05 4.5 1.34 3.02 Reservoir 

Morocco Nador Channel 

(Present study) 

35.32 640(M) 

316(F) 

291(

M) 

274(F

) 

1 :0.67 3.43(M) 

2.97 (F) 

141(M) 

135 (F) 

171(M) 

169 (F) 

0.07(M)0.17 

(F) 

2.36(M) 

0.32 (F) 

40.5(M)1

7.9(F) 

0.08(M

) 

0.46(F) 

1.31(M

) 

1.68(F) 

River 
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The comparison of reproduction and growth parameters between rivers and reservoirs populations 

(Tables 3 and 4) revealed significant differences in L50 in O. niloticus and L∞ in O. aureus (Table 5). 

In both cases, the values recorded in reservoirs were higher than those observed in rivers. No 

statistically significant difference in the growth performance indexes was found between different 

types of water bodies. 

Table 5: Differences of LHT parameters (b, allometry coefficient; L50, size at first sexual maturity; L∞, asymptotic 

length; K, growth rate; ∅, growth performance index of Gallucci et Quinn (1979) and ∅ ’, growth performance index 

of Munro and Pauly (1983)) between river and reservoir ecosystems for O. niloticus and O. aureus (data from present 

study and literature). P-Values with asterisks indicate that differences are statistically significant (*p< 0.05) 

 

Species Parameters River Reservoir Student-t P 

O. niloticus 

  

  

  

  

  

b 3.04±0.05 2.73±0.29 -1.47 0.16 

L50 (mm) 129±7.71 231±5.20 2.43 0.03* 

L∞ (mm) 288±1.47 429±11.97 2.01 0.06 

K (yr-1) 0.32±0.21 0.39±0.21 0.51 0.62 
 

0.95±0.19 1.17±0.33 1.09 0.29 

          ’ 2.41±0.21 2.89±0.39 2.04 0.05 

O. aureus 

  

  

  

  

  

b 3.05±0.13 2.80±0.21 1 .89 0.12 

L50 (mm) 139±0.08 202±3.88 -2.32 0.14 

L∞ (mm) 253±5.69 428±4.91 -4.26 0.01* 

K (yr-1) 0.31±0.16 0.34±0.13 -0.23 0.82 
 

1.12±0.25 1.14±0.23 -0.11 0.92 

          ’  2.76±0.62 2.77±0.28 -0.02 0.98 

 

Discussion 

Tilapias are one of the most widely introduced fish species in aquaculture worldwide (Canonico et al. 

2005). The Nile tilapia, Oreochromis niloticus, and the blue tilapia, Oreochromis aureus, are well-

known cichlid species in tropical freshwater fisheries and aquaculture worldwide (Prabu et al. 2019). 

Their adaptive capacities and advantageous biological traits including rapid growth, environmental 

tolerance and high fecundity, not only favor aquaculture but also success in invading many aquatic 

environments (Moyle and Marchetti 2006).  

Peña Messina et al. (2010) demonstrated that the length-weight relationship can be influenced by 

several factors including food, fish density, sexual dimorphism and behavioral issues. Generally, 

species of the genus Oreochromis have allometric growth. In the present study, both males and females 

of O. niloticus presented negative allometric growth, whereas males of O. aureus were found to have 

positive allometric growth, and the same result was recently reported in Iraq (Mohamed and Abood 
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2020; Mohamed et al. 2020). Females of O. aureus showed negative allometry, as reported in Egypt 

and Mexico (Jiménez-Badillo 2006; Peña Messina et al. 2010; Mahmoud et al. 2013). Allometry is 

influenced by several factors including sex, gonad maturity, environmental conditions, food abundance 

and fishing pressure (Gökçe et al. 2007; Mir et al. 2012; Mili et al. 2017). In both species, the values 

recorded in our survey are in the same range as those reported in other studies (Tables 3 and 4). 

The age and growth parameters of tilapias have been estimated in different water bodies using otoliths. 

In the present study, growth parameters (L∞ and K) varied considerably depending on the environment 

and location in both species (Tables 2 and 3). For example, values observed in Moroccan populations 

were higher than those reported in a Mexican reservoir, Coatetelco, by Gómez-márquez et al. (2007), 

but lower than those observed in NamTheun 2 reservoir in Laos by Tessier et al. (2019), and close to 

values observed in the River Nile in Egypt (Mahmoud and Mazrouh 2008) and in Bontanga reservoir 

in Ghana (Kwarfo-Apegyah et al. 2009). All these results emphasize the growth variability of these 

species in different environments. 

The lowest values of the growth performance indexes were observed for O. niloticus in the BA 

reservoir (present study) and were comparable to those in the Chashma dam in Pakistan (Mehak et al. 

2017). The values of the growth performance indexes of O. aureus in the Nador Channel were also 

lower than those in the Garmat Ali River in Iraq (Salman and Mohamed 2020), the Nile River in Egypt 

(Mahmoud and Mazrouh 2008) and the Aguamilpa reservoir in Mexico (Peña Messina et al. 2010). 

Although the interaction between two different types of water bodies (rivers and reservoirs) and the 

growth performance indexes were not statistically significant (Table 4), a tendency emerged, and, in 

both species, the lowest average performance indicators were recorded in rivers. The growth of O. 

niloticus and O. aureus is thus clearly favored in reservoirs. 

The observed variations in growth parameters in native or introduced populations may be caused by 

differences in environmental variables. Life-history traits of other populations of O. niloticus revealed 

marked variability in growth parameters. L∞ ranged between 178.8 and 658 mm TL and K ranged 

between 0.07 and 0.69 month-1 in reservoirs. In rivers, L∞ ranged between 275 and 326 mm TL and 

K ranged between 0.19 and 0.42 month-1 (Table 3). Marked variation in the growth parameters of O. 

aureus was also observed (Table 4): L∞ ranged from 381 to 479 TL in reservoirs and from 144 and 

299 mm TL in rivers, and K ranged from 0.20 to 0.46 month-1 in reservoirs and from 0.07 to 0.49 

month-1 in rivers. The growth parameters of both species were better in reservoirs than in rivers, 

significantly better in the case of O. aureus L∞, not significantly but with a tendency in the case of O. 
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niloticus. This suggests that reservoirs provide more favorable growth conditions than rivers, for 

example, less nutrient fluxes, or less competition. 

Water temperature is another environmental factor that influences the body function, food 

consumption, and growth performance of fish (Pandit and Nakamura 2010). Low lethal temperatures 

range from 7-11 °C for O. niloticus (Sifa et al. 2002) and from 8-15 °C for O. aureus (Rezk and Kamel 

2011). In the natural environment, O. niloticus may encounter high temperatures that are above the 

optimal temperature for growth (27–30 ̊C) (Nivelle et al. 2019), as is the case in Kenya, where the 

Lake Bogoria Hotel Spring population lives in relatively high temperatures (approx. 36 °C) (Nyingi et 

al. 2009). Oreochromis aureus is also able to cope with high temperatures as high as 34 °C (Desprez 

and Mélard 1998). In the BA reservoir, the water temperature ranges from 15 °C in winter to 35 °C in 

summer (Delhi et al. 2012), while in the Nador Channel, it ranges from 11-28 °C (Bazairi et al. 2003; 

Lagliti et al. 2019). Thus, water temperatures at both locations are within the range of the favorable 

temperatures for the growth and reproduction of these species and it is difficult to say if the temperature 

is a limiting factor for these LHT parameters. 

Results for the total length at first sexual maturity of O. niloticus are within the range of published 

values (Table 3), but those of O. aureus were lower than those reported in the literature (Table 4). Size 

at first sexual maturity is a variable parameter that changes under external pressure (Adams 1980; 

Gunderson et al. 1980, Wootton 1990). Trippel (1995) mentioned that the decrease in size at first 

maturity may be an effect of density dependence, and is an indicator that a fish population is under 

stress due to high exploitation rates. The decrease in size at sexual maturity for females have been 

observed in previous studies (Cowx et al. (2003); Van der Knaap et al. 2002). This was reported as a 

strategy to maximize reproductive success, as a population response to overfishing. In the case of the 

Nador Channel, the low L50 values for O. aureus may be due to external pressure, as overfishing. 

Both species introduced in Morocco were able to adapt to new environmental conditions, but the two 

species reacted differently. In the BA reservoir, O. niloticus showed high growth indicating favorable 

environmental conditions, but did not reach the maximum values reported elsewhere (Table 3). Quite 

the contrary, O. aureus presented the lowest growth and reproduction parameters compared to other 

populations (Table 4), probably meaning this species struggled to adapt in this area. This limited 

growth and early maturity may be due to either poor environmental conditions, as winter temperatures 

in the Nador Channel approach lethal temperatures, or intensive fishing pressure, or both. 

Other introduced populations of these species have been identified in the southern part of Morocco 

(Louizi et al. 2019), O. niloticus in Oued Korifla, Oued Bouregreg, Oued Drader, El Massira reservoir 
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and Foum el Oued and O. aureus in Oued Sebou and El Kansra reservoir, but no LHT parameters have 

been recorded to date. These other environments are likely to represent different conditions than those 

in the BA reservoir and Nador Channel, and LHT needs to be characterized to evaluate the effects of 

the different conditions. In addition to these introduced populations, a native population of O. aureus 

is present in Oued Drâa (Louizi et al. 2019), its LHT has not yet been studied, and should be compared 

with those of the introduced populations. Better knowledge of the LHT of all introduced and native 

populations is crucial for the sustainable management of these species. 
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Abstract 

Two specimens of Coptodon guineensis (Günther, 1862) were unexpectedly found in the Canal de Nador, Moulay 

Bousselham lagoon, almost 1000 km north of the Aabar River the northernmost river previously recorded. To confirm 

this identification nineteen measurements were recorded from each specimen and compared with other specimens of 

C. guineensis from Morocco and Mauritania. The COI gene was partially sequenced and compared with formerly 

published sequences of Coptodon species of the region. Both morphology and DNA revealed no differences with 

specimens from known populations of C. guineensis in Morocco. 
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Introduction 

During a survey of the fish species in Moulay Boussel- 

ham lagoon, Morocco (34°48′27″N, 006°18′08″W) two 

specimens of Coptodon Gervais, 1853 (Cichliformes, 

Cichlidae) were unexpectedly found in the Canal de 

Nador, an artificial spillway located south of the lagoon 

(Fig. 1). Only individuals of Oreochromis (Linnaeus, 

1758) have been previously recorded for the family Cich- 

lidae from this lagoon (Louizi et al. 2019). Species of 

the genera Coptodon and Oreochromis Günther, 1889 

are together with species from the genera Tilapia Smith, 

 

 
1840 and Sarotherodon Rüppell, 1852 are called tila- 

pia. To date, four species of tilapia, whether indigenous 

or introduced, are known from Morocco. Two species 

belong to Coptodon and the other two belong to Oreo- 

chromis. Oreochromis aureus (Steindachner, 1864) and 

Coptodon zillii (Gervais, 1848) are native to Oued Drâa, 

south to the High Atlas Mountains (Louizi et al. 2019), 

and C. guineensis (Günther, 1862) is native further south 

in the Sebkha Imlili and in the Oued Chbeyka and its 

tributary, Oued Aabar (Qninba and Mataame 2009; 
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Figure 1. The Canal de Nador (34°48′27″N, 006°18′08″W), Moulay 

Bousselham lagoon, Morocco, where two tilapia specimens, Copto- 

don guineensis, were captured by local fishermen. 

 
Qninba et al. 2009, 2012) (Fig. 2). Oreochromis niloti- 

cus has been introduced for aquaculture purposes in 2004 

(MAPMDREF 2020) and then released into most of 

rivers and lakes in the northern part of the country (Louizi 

et al. 2019). A fifth species S. galilaeus (Lin- naeus, 

1758) has been reported from the Drâa river, but we agree 

with Louizi et al. (2019) that this is likely based on 

misidentifications. 

 

Figure 2. Map of the African continent showing the known collec- 

tion sites of specimens (black squares) from Mauritania to Angola 

(Froese and Pauly 2021), white circles represent the populations of 

both Coptodon guineensis and C. zillii studied in herein: 1 = Lake 

Weija, Densu River, Ghana; 2 = Aby Lagoon, Bia River, Ivory Coast, 3 

= Man, Sassandra River, Ivory Coast; 4 = Hann Bay, Senegal; 5 = Banc 

d’Arguin, Mauritania; 6 = Sebkha Imlili, Morocco; 7 = Oued Aabar, 

Morocco; 8 = Oued Draa, Morocco; 9 = Ouargla, Chott Oum Erraneb 

river basin, Algeria. The new collection site from Morocco—Canal 

de Nador, Moulay Bousselam Lagoon, 34°48′27″N, 006°18′08″W— 

is represented by a white triangle. 

The two newly discovered tilapia specimens from the 

Canal de Nador were initially identified in the field as 

Coptodon guineensis. However, due to their poor con- 

dition after capture (Fig. 3), their original color pattern 

could not be precisely determined, hence, hampering their 

correct identification. As these two specimens were found 

almost 1000 km north of the northernmost known 

populations of this species in Oued Aabar (Fig. 2), we 

were motivated to carry out more in-depth analyses to 

unambiguously identify them. Louizi et al. (2019) were 

able to discriminate between Moroccan populations 

(Oued Aabar vs. Sebkha Imlili) of C. guineensis based on 

morphological data. Kidé et al. (2016) highlighted 

differences between several populations of C. guineensis 

from Mauritania to Gabon by comparing partial cyto- 

chrome oxidase I (COI) gene sequences. We used both 

techniques to determine the identity of our two speci- 

mens from the Canal de Nador. We discuss the hypoth- 

eses that could explain the presence of these fish in the 

Canal de Nador. 

 

Methods 

Sampling. The two tilapia specimens (Fig. 3) were cap- 

tured by local fishermen in the Canal de Nador (34° 

48′27″N, 006°18′08″W), Moulay Bousselham lagoon, 

Morocco (Figs. 1, 2) in November 2018 using a gill net 

(mesh size of 17 and 40 mm) and kept frozen. For mor- 

phological analyses, the specimens were thawed in the 

laboratory and photographed. In addition, clips of the 

pectoral fin were taken and stored in tubes with absolute 

ethanol for molecular analysis. Additional specimens of 

C. guineensis came from previous studies (Kidé et al. 

2016; Louizi et al. 2019) and were collected using fish- 

ing rod and gill nets (mesh size of 17 and 40 mm) from 

Sebkha Imlili (20 specimens) and Oued Aabar (20 speci- 

mens) in Morocco and Banc d’Arguin (20 specimens) in 

Mauritania. 

Morphometric study. A total of 19 measurements com- 

monly used for cichlids (Barel et al. 1977; Snoeks 1988, 

2004; Teugels and Thys van den Audenaerde 2003) were 

taken on each specimen using calipers: standard length 

(SL), head length (HL), eye diameter (ED), interorbital 

width (IoW), snout length (SnL), pre-orbital bone length 

(PoL), pre-dorsal distance (PrD), pre-pectoral distance 

(PrP), pre-ventral distance (PrV), pre-anal distance (PrA), 

caudal peduncle width (APL), dorsal fin length (DFL), 

pectoral fin length (PFL), ventral fin length (VFL), anal 

fin length (AFL), body depth (BD), caudal peduncle 

length (CPD), length of the longest dorsal fin spine 

(LDFS), and length of the third spine in the anal fin 

(L3SAF). Additional measurements of 40 specimens of 

C. guineensis from Morocco (20 from the Oued Aabar and 

20 from the Sebkha Imlili) (Louizi et al. 2019. 2020) and 

20 specimens of C. guineensis from Mauritania (Banc 

d’Arguin National Park) (Kidé et al. 2016) were included 

in the analysis. 
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As there are significant size differences between the 

specimens of the different groups (Table 1), the mea- 

surements obtained were logarithmically transformed 

and additionally double-centered according to Lewi 

(2005) to remove the size effect and a principal com- 

ponent analysis (PCA) was performed on these log- 

transformed double-centered measurements. Statistical 

analyses were executed using the Statistica v. 6 program 

(Stat Soft 2001). 

Genetic study. DNA was extracted from the clips of the 

pectoral fin preserved in absolute ethanol using a rapid 

salt-extraction protocol (Aljanabi and Martinez 1997). 

Extracted DNA was then suspended in sterile double dis- 

tilled water and stored at –20 °C until PCR amplification. 

The universal molecular barcode mitochondrial gene 

COI already used to differentiate between Coptodon 

species and populations (Kidé et al. 2016) was ampli- 

fied from the two specimens from Canal de Nador, two 

 
 

Table 1. Measurements (in mm) taken on 62 specimens of Coptodon guineensis from four locations, Sebkha Imlili, Oued Aabar, Canal 

de Nador in the  Moulay Bousselham Lagoon, Morocco, and Banc d’Arguin National Park, Mauritania. Standard length (SL), head length 

(HL), eye diameter (ED), interorbital width (IoW), snout length (SnL), pre-orbital bone length (PoL), pre-dorsal distance (PrD), pre-pectoral 

distance (PrP), pre-ventral distance (PrV), pre-anal distance (PrA), caudal peduncle width (APL), dorsal fin length (DFL), pectoral fin length (PFL), 

ventral fin length (VFL), anal fin length (AFL), body depth (BD), caudal peduncle length (CPD), length of the longest dorsal fin spine (LDFS), and 

length of the third spine in the anal fin (L3SAF). 
 

 SL HL ED IoW SnL PoL PrD PrP PrV PrA CpL DFL PFL VFL AFL BD CPD LDFS L3SAF 

Sebkha Imlili 90 32 7 9 13 12 45 30 36 67 12 47 7 3 15 36 13 5 6 

 71 26 7 8 10 10 31 28 36 59 10 41 5 3 11 29 10 4 4 

 71 25 8 9 8 8 27 28 31 52 12 39 5 2 11 34 10 2 1 

 90 27 8 10 11 12 40 34 40 73 15 47 6 3 15 37 13 6 4 

 80 27 7 9 9 9 31 29 32 55 12 41 4 3 13 32 11 3 1 

 70 28 9 7 9 9 33 29 32 54 9 36 5 2 10 30 10 4 3 

 90 30 9 10 12 11 40 31 36 55 13 42 4 3 14 32 12 3 3 

 81 32 10 11 11 12 38 31 37 67 16 42 7 5 14 35 14 6 5 

 70 25 7 9 8 8 41 29 32 54 8 43 5 3 13 35 11 2 3 

 80 30 9 9 10 11 37 29 35 61 9 45 5 3 14 35 10 6 4 

 80 25 8 8 8 8 30 27 31 56 11 41 5 3 13 29 12 2 3 

 71 28 9 9 11 11 34 24 36 59 13 37 5 4 14 30 12 2 3 

 80 26 8 7 8 10 39 29 32 49 10 38 5 3 11 28 11 5 3 

 80 27 7 9 9 10 33 28 34 59 14 43 5 2 11 32 11 2 3 

 71 27 6 8 9 10 31 30 33 55 11 37 5 2 8 25 10 2 3 

 70 26 7 7 10 9 32 27 31 56 11 38 4 3 11 28 10 4 3 

 80 30 10 9 10 10 39 29 33 62 10 40 4 3 14 33 10 4 3 

 61 23 8 9 9 10 31 26 27 50 9 34 4 3 10 26 9 4 4 

 90 32 7 9 13 12 45 30 36 67 12 47 7 3 15 36 13 5 6 

 90 27 8 10 11 12 40 34 40 73 15 47 6 3 15 37 13 6 4 

 80 27 7 9 9 9 31 29 32 55 12 41 4 3 13 32 11 3 1 

Oued Aabar 140 47 9 18 18 16 51 49 61 105 17 79 7 4 28 63 22 4 5 

 141 48 12 16 17 16 56 48 60 99 18 76 9 7 26 63 23 8 8 

 131 44 9 17 17 18 55 43 54 98 15 76 9 5 23 55 20 6 8 

 151 48 9 17 18 15 57 53 65 109 17 86 9 7 30 67 27 8 8 

 151 52 13 22 22 20 67 57 70 112 22 88 12 9 30 72 30 8 11 

 161 51 11 19 20 18 61 53 67 116 17 91 11 7 31 67 26 6 8 

 131 41 10 16 16 14 53 49 56 94 14 73 8 5 27 59 21 6 7 

 140 47 9 18 18 16 51 49 61 105 17 79 7 4 28 63 22 4 5 

 141 48 12 16 17 16 56 48 60 99 18 76 9 7 26 63 23 8 8 

 131 44 9 17 17 18 55 43 54 98 15 76 9 5 23 55 20 6 8 

 81 23 7 10 8 10 30 26 35 62 10 47 5 4 15 34 12 3 5 

 81 26 7 10 8 10 29 32 37 64 11 46 5 3 16 35 12 4 5 

 80 23 6 9 9 8 25 26 33 57 11 44 5 4 15 30 13 3 5 

 90 30 9 12 9 11 33 33 40 65 12 51 4 5 17 36 15 3 5 

 81 28 9 10 9 10 31 32 36 61 10 46 5 5 15 35 14 3 6 

 80 24 7 10 7 11 27 30 36 60 13 45 6 5 17 32 11 3 6 

 80 25 6 10 7 10 30 31 36 60 13 46 5 5 16 33 14 3 5 

 80 24 8 13 10 11 26 27 33 55 12 43 4 5 14 30 12 4 6 

 70 25 9 10 8 8 25 27 34 55 10 40 4 5 16 27 13 3 5 

 81 23 7 10 9 10 30 26 35 62 10 47 5 4 15 34 12 3 5 

Moulay Bousselham lagoon, Canal de Nador 

H433 141 50 9 20 21 20 60 51 60 110 20 90 10 9 21 51 21 5 6 

H434 151 50 10 20 21 21 61 51 60 111 21 81 10 8 21 60 30 5 5 
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Table 1. Continued. 
 

SL HL ED IoW SnL PoL PrD PrP PrV PrA CpL DFL PFL VFL AFL BD CPD LDFS L3SAF 

Mauritania, Banc d’Arguin National Park 

260 70 17 25 32 20 69 66 83 166 21 130 63 66 31 90 44 22 20 

230 63 14 22 28 17 64 66 80 155 20 121 67 46 30 83 38 19 18 

248 65 14 22 27 18 60 62 80 164 21 130 62 57 32 89 38 20 21 

221 60 12 18 25 15 55 57 72 152 19 112 59 57 32 80 35 26 19 

253 70 13 26 35 20 72 74 82 169 22 130 69 65 43 94 42 21 21 

251 71 17 26 34 21 65 67 86 170 24 131 65 70 38 91 42 28 24 

267 75 19 28 37 25 77 75 90 182 28 143 85 54 44 93 44 31 22 

223 67 14 26 32 22 55 67 82 158 25 131 66 63 38 89 45 29 21 

230 65 15 25 31 20 63 69 82 163 22 135 59 82 34 87 42 30 23 

240 70 16 26 34 21 68 72 87 162 23 135 78 65 42 94 44 27 21 

329 82 15 43 28 20 85 75 105 200 32 171 83 87 48 101 41 33 22 

328 79 16 40 22 21 85 74 91 201 28 162 91 83 45 102 49 46 27 

236 84 15 40 30 24 74 77 95 200 30 158 99 97 43 110 49 41 25 

319 93 18 46 31 25 95 85 117 210 35 173 100 90 52 122 55 45 30 

225 74 11 47 26 21 88 70 90 188 32 150 86 74 42 99 44 32 25 

282 87 17 41 35 28 93 87 111 210 35 161 110 94 49 120 46 40 31 

255 74 15 37 28 23 81 68 91 186 32 149 87 85 41 92 42 40 28 

241 72 15 31 26 21 72 70 90 185 29 140 81 78 37 101 43 31 22 

281 81 17 41 29 26 83 80 101 201 41 159 85 96 43 111 50 47 32 

226 77 12 38 26 23 75 73 97 190 30 152 85 81 44 104 45 31 23 

 

specimens from Oued Aabar, and two from Sebkha Imlili 

using the primers FishF1 and FishF2, used together as 

forward primers and FishR1 as reverse primer (Ward 

et al. 2005). Each amplification was performed follow- 

ing the standard PCR protocol for Taq DNA polymerase 

with the standard Taq buffer (New England Biolabs) in 

a volume of 50 μl containing 5 μl buffer (10× Standard 

Taq Reaction Buffer), 1 μl of 10 mM dNTPs, 1 μl of 10 

μM forward primers, 1 μl of 10 μM reverse primer, 0.50 

µl (2.5 units) of Taq polymerase, 1 μl of genomic DNA 

(0.1–0.5 ng), and 40.5 μl of nuclease-free water. The con- 

ditions of PCR reaction were as follows: 94 °C (3 min), 

30 cycles of 94 °C (30 s), 56 °C (30 s), and 72 °C (30 s), 

with a final step at 72 °C for 10 min. 

Additional COI sequences of C. guineensis from 

Kidé et al. (2016) and of C. zillii from Geiger et al. (2014) 

were downloaded from GenBank and included in the 

analysis. These represented eight different haplotypes. 

For C. guineensis these include two from Banc d’Arguin 

Mauritania (#KJ938198, #KJ938202); one from Baie de 

Hann Senegal (#KJ938159); one from Aby Lagoon, Bia 

River, Ivory Coast (#KJ938236); and one from Lake 

Weija, Densu River, Ghana (#KJ938155). For C. zillii, 

these include one from Ouargla, Chott Oum Erraneb 

basin, Algeria (#KJ938220); one from Man, Sassandra 

River, Ivory Coast (#KJ938177); and one from Oued 

Drâa, Morocco (#KJ553249). All COI sequences were 

aligned using Muscle as implemented in MEGA v. 10.2.0 

(Kumar et al. 2018). Kimura two-parameter (K2P) dis- 

tance (Kimura 1980) and average uncorrected p dis- tance 

(Srivathsan and Meier 2012) were also computed with 

MEGA v. 10.2.0 (Kumar et al. 2018). The neighbor- 

joining tree (NJ) (Saitou and Nei 1987) representing the 

genetic relationships between all these haplotypes was 

established based on the K2P distances as implemented 

in MEGA v. 10.2.0 (Kumar et al. 2018). Support values for 

branches were estimate using the non-parametric boot- 

strap analysis (Felsenstein 1985) with 1000 replicates. 

 

Results 

Family Cichlidae Heckel, 1840 

Genus Coptodon Gervais, 1853 

 

Coptodon guineensis (Günther, 1862) 

Figures 1–3A, B 

New record. MOROCCO • Kenitra Province; Moulay 

Bousselham, Canal de Nador; 34°48′27″N, 006°18′08″W; 

2 m elev.; 25.XI.2018; local fishermen leg.; collected 

using gill nets; 2 spec. (sex unknown), preserved in 

alcohol (voucher numbers H433 and H434; GenBank 

OK104167, OK104168). 

The specimens were first identified in the field by two 

of us (AB and AP). They were deposited in the collection 

of the Mohammed V University, Faculty of Sciences, 

Rabat Morocco. 

Identification. Based on the description and the key given 

by Teugels and Thys van den Audenaerde (2003), the two 

individuals were identified as C. guineensis by the length 

of the head (between 29.7 and 34.1% of the standard 

length), the dorsal fin with 14–16 spines and 12 or 13 soft 

rays, a black spot on the gills, and six black vertical bars 

only faintly visible on flanks. These vertical bands 

distinguish C. guineensis from C. zillii (Teugels et al. 

2003). Due to their poor condition, morphometric and 

genetic comparisons with other tilapia specimens were 

necessary for unambiguous species identification. 

Distribution. Africa: coastal fresh, brackish, and marine 
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Figure 4. Plot of the second and third principal components taken from 

a principal component analysis of 19 metric variables on three 

populations of Coptodon guineensis (Mauritania = black triangle; 

Sebkha Imlili = black circle; Oued Aabar = open circle) and the two 

specimens from the Canal de Nador (= black star). 

 

 
 
 

Figure 3. Coptodon guineensis from the Canal de Nador (34°48′27″N, 

006°18′08″W), Moulay Bousselham lagoon, Morocco. Specimens 

are deposited in the collection of the Faculté des Sciences in Rabat 

(University Mohammed V). A. Voucher number H433. B. Voucher 

number H434. 

 
waters from Oued Chbeyka and its tributary Oued Aabar 

(Morocco) to the mouth of the Cuanza River (Angola) 

(Qninba and Mataame 2009; Qninba et al. 2012; Stiassny 

et al. 2008) 

Morphometric analysis. A PCA (Fig. 4) was carried out 

on the 19 log transformed and centered metrics measured 

from the 62 specimens originating from the Sebkha Imlili 

(20 specimens), the Oued Aabar (20 specimens), Banc 

d’Arguin National Park (20 specimens), and the Canal de 

Nador (2 specimens) (Table 1). After double centering, 

the first component PC1 (68.2 %) was not correlated with 

size as shown in the table of loadings (Table 2). PC1 was 

defined mainly by a combination of multiple characters 

including ED, HL, PoL, PrV, PrP, PrD, VFL, PFL, and 

LDFS (Table 2). PC2 (8.18 %) was defined mainly by BD, 

CPD, and DFL (Table 2). 

The PCA allowed distinction between, on one hand, 

the populations of C. guineensis from Morocco (Sebkha 

Imlili and Oued Aabar) and the two specimens from the 

Canal de Nador, all located in the positive side of the first 

axis and, on the other hand, the population from Mauri- 

tania (Banc d’Arguin National Park) all located on the 

negative side. The second axis discriminated between the 

two populations in Morocco. The specimens from Oued 

Aabar were all in the positive side, while the specimens 

from Imlili were all except one in the negative side. The 

two specimens from the Canal de Nador were located in 

the positive side of the first axis and on either side of 

second axis close to the Imlili specimens. These results 

indicate that the specimens collected in the Canal Nador 

were more similar to the previously recorded Moroccan 

specimens of C. guineensis from Sebkha Imlili than to 

specimens from the Banc d’Arguin National Park in 

Mauritania. 

Genetic analysis. From the studied specimens, partial 

(621 bp) COI sequences were obtained and deposited in 

GenBank: two identical sequences from the two speci- 

mens from Oued Aabar (Morocco 1, accession numbers 

OK104169, OK104170), two identical sequences from the 

two specimens from Sebkha Imlili (Morocco 2, acces- 

sion numbers OK104165, OK104166), and two identi- cal 

sequences from the two specimens from Canal de Nador 

(accession numbers OK104167, OK104168). The 

comparison of these COI sequences with those of C. 

 
Table 2. First three PC loadings of the PCA on the additive double- 

centered on log-transformed measurements of three populations 

of C. guineensis (Mauritania; Sebkha Imlili; Oued Aabar) and the two 

specimens from the Canal de Nador. 
 

Variable PC 1 PC 2 PC 3 

Log SL −0.878060 0.075685 0.027072 

Log HL 0.908295 −0.202055 0.004327 

Log ED 0.936153 −0.123728 0.068985 

Log IoW 0.658995 0.146337 0.097304 

Log SnL 0.764197 −0.087833 −0.201843 

Log PoL 0.968923 −0.042735 0.139390 

Log PrD 0.884691 −0.217707 0.166215 

Log PrP 0.933329 0.026535 0.098467 

Log PrV 0.896882 0.183051 0.249081 

Log PrA −0.758485 0.128217 0.394123 

Log APL 0.903341 −0.149429 0.137928 

Log DFL −0.779715 0.475936 0.103919 

Log PFL −0.954577 −0.127130 −0.178902 

Log VFL −0.960010 −0.001138 −0.170267 

Log AFL 0.774308 0.454044 0.061019 

Log BD 0.530024 0.564616 −0.219165 

Log CPD 0.503390 0.525071 −0.550751 

Log LDFS −0.846377 −0.281482 −0.042345 

Log L3SAF −0.622978 0.467010 0.514575 
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guineensis already present in GenBank (Table 3) were 

done using BLAST search. The identical sequences 

obtained from the two tilapias from the Canal de Nador 

were 100% identical to three sequences from GenBank 

of C. guineensis from Mauritania (KJ938195, KJ938202) 

and Senegal (KJ938159). The unique haplotype obtained 

from the two specimens of C. guineensis from Sebkha 

Imlili was 0.16% (K2P or average uncorrected p-dis- 

tance) divergent from the unique haplotype observed in 

the two specimens of C. guineensis from Oued Aabar. 

Haplotypes of C. guineensis present in Ivory Coast and 

Ghana were more differentiated with divergences ranges 

from 6.8 to 11.3% (Table 4). The divergence was even 

greater (9.4–11.3%) with the haplotypes of C. zillii. 

A NJ tree of all the different haplotypes of C. guineen- 

sis and C. zillii, including the sequences of the two speci- 

mens from the Canal de Nador (Table 3), is presented in 

Figure 5. 

Haplotypes were clustered in three different groups all 

supported by high bootstrap values (100%). One group 

was composed of the three haplotypes of C. zil- lii from 

Ivory Coast, Algeria, and Morocco. Another group was 

composed of the haplotypes of C. guineen- sis from 

Ghana and Ivory Coast. The third group was composed of 

haplotype of C. guineensis from Senegal, the two 

haplotypes from Mauritania (1 and 2 both from the Banc 

d’Arguin population), and the two haplotypes from 

Morocco: Morocco 1 (Oued Aabar) and Morocco 2 (Imlili 

and Canal de Nador) (Fig. 5). 

Discussion 

Species generally known as tilapias are native to con- 

tinental Africa and the Middle East (Trewavas 1983), 

although they are now widely introduced around the world 

(Prabu et al. 2019). Three native species of tilapias are 

found in Morocco and represent relict populations of a 

tropical fauna from the Miocene (Lévêque 1990). Oreo- 

chromis aureus occurs naturally in most of West Africa, 

including the Senegal, Niger, and Chad basins, the Nile, 

and the Jordan River (Trewavas 1983). In Morocco, this 

species occurs in the watershed of the Drâa (Qninba and 

Mataame 2009; Louizi et al. 2019). Coptodon zil- lii is 

present in West and Central Africa including the Congo 

basin, Lake Turkana, and the Nile (Teugels and Thys van 

den Audenaerde 1991). In Morocco, it occurs in the Oued 

Drâa basin (Qninba and Mataame 2009; Louizi et al. 

2019). Other relict populations of C. zillii are found in 

gueltas in Algeria and Tunisia (Lévêque 1990). Coptodon 

guineensis occurs in brackish or even marine waters from 

Mauritania to Angola and is present with two distinct 

populations in Morocco in the Sebkha Imlili (Qninba et al. 

2009) and in Oued Chbeyka and its tribu- tary Oued 

Aabar (Qninba et al. 2012). 

In addition to these native populations, introduced 

populations of tilapias are also present in Morocco. 

Oreochromis niloticus, originally introduced in 2004 for 

aquaculture from Egypt (MAPMDREF 2020), is now 

present in the Bouregreg and Sebou basins and in the 

Moulay Bousselham area (Canal de Nador), as well as in 

other watershed in northern Morocco (Louizi et al. 2019). 

 

Table 3. Sequences used in this study: GenBank accession number, location, haplotype code. Sequences in bold are those produced in 

this study. 
 

GenBank number Location Haplotype code Species 

KJ938198 Banc d’Arguin Mauritania 1 C. guineensis 

KJ938202 Banc d’Arguin Mauritania 2 C. guineensis 

OK104165 / OK104166 Sebkha Imlili Morocco 2 C. guineensis 

OK104167 / OK104168 Moulay Bousselham lagoon Canal de Nador C. guineensis 

OK1041659 / OK104170 Oued Aabar Morocco 1 C. guineensis 

KJ938236 Aby Lagoon Ivory Coast C. guineensis 

KJ938155 Lake Weija Ghana C. guineensis 

KJ938159 Baie de Hann Senegal C. guineensis 

KJ938177 Man, Sassandra River Ivory Coast C. zillii 

KJ553249 Morocco, Oued Draa Morocco C. zillii 

KJ938220 Ouargla, Chott Oum Erraneb basin Algeria C. zillii 

 
Table 4. Genetic distances between the nine haplotypes observed. Lower left, Kimura 2-parameter distance (Kimura 1980); upper right, 

Uncorrected p-distances. Cg = Coptodon guineensis; Cz = C. zillii. 
 

 1 2 3 4 5 6 7 8 9 

1-Cg-Mauritania 1  0.0032 0.0036 0.0016 0.0660 0.0611 0.0966 0.0998 0.1030 

2-Cg-Morocco 1 0.0032  0.0032 0.0016 0.0660 0.0611 0.0966 0.0998 0.1030 

3-Cg-Senegal 0.0032 0.0032  0.0016 0.0660 0.0611 0.0966 0.0998 0.1030 

4-Cg-Mauritania 2, Morocco 2, Canal de Nador 0.0016 0.0016 0.0016  0.0644 0.0595 0.0950 0.0982 0.1014 

5-Cg-Ghana 0.0702 0.0702 0.0702 0.0683  0.0064 0.0885 0.0885 0.0917 

6-Cg-Ivory Coast 0.0647 0.0647 0.0647 0.0629 0.0065  0.0869 0.0869 0.0901 

7-Cz-Ivory Coast 0.1065 0.1055 0.1055 0.1026 0.0961 0.0942  0.0128 0.0161 

8-Cz- Algeria 0.1094 0.1094 0.1094 0.1075 0.0961 0.0942 0.0131  0.0032 

9-Cz-Morocco 0.1132 0.1132 0.1132 0.1113 0.0998 0.0979 0.0163 0.0032  
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Figure 5. Neighbor-joining tree (Saitou and Nei 1989) based on distances computed using the Kimura 2-parameter method (Kimura 1980; 

Table 4) representing the genetic relationships between all the different haplotypes of Coptodon guineensis and C. zillii (Table 3), including 

the sequences of the two specimens from the Canal de Nador. Percentage of replicates tree in which the associated haplotypes clustered together 

in the bootstrap test (1000 replicates) are shown next to the nodes. 

 

Our morphological and mtDNA study of the two 

tilapia specimens captured in the Canal de Nador near 

the Moulay Bousselham Lagoon confirmed our initial 

field identifications. The PCA analysis of morphomet- 

ric data shows that the two specimens group together with 

individuals of C. guineensis from the Sebkha Imlili. 

Congruently, the analysis of the partial COI sequences 

also show that the two individuals from the Canal de 

Nador were conspecific to C. guineensis, as the unique 

sequence obtained was identical to sequences of this spe- 

cies from Mauritania (KJ938195, KJ938202) and Senegal 

(KJ938159). Hence our finding expands the known range 

of C. guineensis by about 1000 km north of the previ- 

ously known northmost record at Oued Chbeyka, Oued 

Aabar basin (Fig. 2). 

It now remains to be determined how this popula- tion 

of C. guineensis became established in the Canal de 

Nador, so far from the nearest population. There are two 

possible origins: (i) either the fish were transported by 

humans, or (ii) they arrived there on their own. The 

presence of an introduced population of O. niloticus in the 

Moulay Bousselham area at the level of the Canal de 

Nador suggests that C. guineensis could have been co-

introduced. However, Coptodon guineensis is not a 

species used in aquaculture and has never been offi- cially 

introduced in Morocco, whereas O. niloticus has been 

(MAPMDREF 2020). Nevertheless, juveniles of 

C. guineensis could have been accidentally introduced 

to an aquaculture station together with O. niloticus and 

then released into the natural environment with O. niloti- 

cus or even unintentionally escaped from a pond. The 

strain of O. niloticus introduced in Morocco came from 

Egypt (MAPMDREF 2020), where C. guineensis is not 

present. It is unlikely that C. guineensis would have been 

introduced with these fish, but it cannot be ruled out that 

some unrecorded aquaculture farms exist or some aqua- 

culture trials in Morocco have taken place in the area 

where C. guinenesis is present (Oued Aabar basin) and 

that mixtures of both fry occurred on this occasion and 

then were dumped in the area drained by the Canal de 

Nador. This would account for the observation that the 

fish of the Canal de Nador are genetically very close to 

the other fish of Morocco. 

Nevertheless, this scenario seems rather unlikely, and 

the most probable hypothesis is that the two indi- viduals 

found in the Canal de Nador are part of a pre- viously 

overlooked native population. The aptitude of this species 

to live in the marine environment in particu- lar in Senegal 

and Mauritania (Kidé et al 2016) is well known. It is, 

therefore, not improbable that this species was able to 

colonize the Moulay Bousselham lagoon via the sea. 

However, one can wonder whether this coloni- zation is 

ancient (Holocene) or contemporary due to cli- mate 

change, which could have allowed this species to move 

further north. Shifts in species’ distributions are occurring 

globally in response to climate change. Cham- pion et al. 

(2021) estimated poleward rates of climate- driven range 

shifts in core oceanographic habitats over 21 years for 

four coastal-pelagic fishes from Australia between 148.7 

and 278.6 km per decade. Rindsjdorp et al. (2009) 

reported that Lusitanian species (sprat anchovy and horse 

mackerel) have increased at the northern limit of their 

distribution areas in recent decades, while boreal species 

decreased at the southern limit of their distribu- tion range 

(cod and plaice) but increased at the northern limit (cod). 

They considered that climate change would act directly or 

indirectly on the recruitment success. Perry et al. (2005) 

reported boundary shifts northward with warming for half 

of the marine species with north- erly or southerly range 

margins in the North Sea. 
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To be able to determine the events that led to the pres- 

ence of this species in the Canal de Nador, it will be nec- 

essary to study genetic markers that evolve faster than 

mitochondrial DNA such as microsatellites. Addition- 

ally, it will be necessary to determine the exact part of the 

lagoon where this population thrives. Most likely it is 

not the Canal de Nador because the species is very rare 

in catches there, although fishing is as intensive in the 

Canal as in the lagoon. The Moulay Bousselham lagoon 

is actually strongly shaped by human. The con- nections 

of the lagoon and the ocean are periodically reopened by 

digging. The Canal de Nador is artificial and the Drader 

River that flows into the northwestern part of the lagoon 

is strongly transformed for agriculture purposes 

(Carruesco 1989). There are many schorres around the 

lagoon. Schorres are flat natural areas with low vegetation 

located near the seaside inundated by salt water only 

during high tides. These areas, as well as the Drader 

River, will need to be surveyed next. Within the last 

decade, species detection from environmental DNA 

(eDNA) (i.e., extra-organismal DNA released by organ- 

isms into their environment) has shown great potential for 

routine species surveys (Rees et al. 2014; Goldberg et al. 

2016; Deiner et al. 2017; Langlois et al. 2020). This 

approach has been used in many studies as promising 

and a complementary or alternative method for monitor- 

ing fish in lakes (Civade et al 2016). Thus, eDNA is a 

potential method to detect the presence, but not reveal the 

actual abundance, of this cichlid in Moulay Bousselham 

lagoon and in other suspected areas. 
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Discussion générale 

Plus d'une centaine d'espèces de poissons ont été introduites pour la pisciculture afin de répondre à la 

demande croissante en protéines de poisson, mais moins de dix sont actuellement présentes au niveau 

mondial (Lévêque, 1997). Parmi celles-ci, la carpe commune (Cyprinus Carpio Linneaus, 1758) et la 

carpe herbivore (Ctenopharyngodon idella Valenciennes, 1844), qui sont désormais présentes dans de 

nombreux pays tempérés. Dans la zone intertropicale, des espèces de tilapias, originaires d'Afrique, 

comme Oreochromis niloticus (Linnaeus, 1758) et dans une moindre mesure Oreochromis 

mossambicus (Peters, 1852), constituent une part importante de la production piscicole en Asie du sud-

est (Lévêque, 1996). 

D’un point de vue socio-économique, ces introductions ont contribué au développement sociétal des 

populations rurales, comme ce fut le cas pour l’introduction de Lates niloticus (Linnaeus, 1758) dans 

le lac Victoria (Njiru et al., 2018). L’exemple de l’introduction de deux petits Clupeidae endémiques 

du lac Tanganyika Limnothrissa miodon (Boulenger, 1906) et Stolothrissa tanganicae Regan, 1917 

dans le lac Kivu en 1958-1960, est également considéré comme un succès socio-économique car cela 

a permis l’établissement d’une pêcherie au début des années 80 (Spliethoff et al., 1983) 

Cependant, l’introduction de nouvelles espèces a parfois des graves répercussions d’ordre biologique 

et écologique. Cela peut avoir des conséquences néfastes sur la faune autochtone à travers la 

concurrence avec les espèces indigènes pour les frayères, l'hybridation et la prédation sur les 

populations autochtones entraînant ainsi leur déclin ou l'épuisement des ressources alimentaires 

(Rodolphe, 2008). Au lac Naivasha, Coptodon zillii (Gervais, 1848), O. spirulus n. (Günther, 1894) et 

O. leucostictus (Trewavas, 1933) ont été introduits entraînant la disparition d’espèces autochtones 

principalement les Cyprinodentiformes (Moreau et al., 1988) 

L’introduction d'une espèce non indigène dans un nouvel environnement signifie également 

l'introduction des parasites qu’elle transporte comme le cas du petit poisson Pseudorasbora parva 

(Temminck & Schlegel, 1846). D’apparence inoffensive, il est aujourd’hui au centre de l’attention des 

recherches scientifiques à cause du parasite qu’il transporte avec lui : l’agent Rosette (Sphaerothecum 

destruens). Un parasite qui n’a aucun impact sur ce poisson mais sur d’autres poissons va répandre 

une mycose interne et causer des dommages pouvant aller jusqu’à la mort du poisson affecté. Ce 

parasite intracellulaire a provoqué une forte mortalité chez les salmonidés et les cyprinidés et s’est 

avéré être une menace pour la biodiversité des poissons car il peut proliférer au sein de plusieurs hôtes 

et provoquer des mortalités élevées (Andreou et al., 2012). 
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Le Maroc, comme tout autre pays africain, a connu l’introduction d’une trentaine d’espèces en moins 

d’un siècle en provenance de l’Europe et de l’Amérique du Nord. Seulement dix-huit d’entre elles se 

sont acclimatées, enrichissant ainsi l’ichtyofaune nationale (Azeroual, 2003; Azeroual et al., 2000).  

Des espèces de poissons appartenant à différentes familles ont été introduits et se sont acclimatées dans 

plusieurs lacs et oueds du pays comme les centrarchidae (Lepomis gibbosus, Micropterus salmoïdes), 

cyprinidae (Ctenopharyngodon idellus, Cyprinus carpio) et cichlidae (Oreochromis niloticus, 

Oreochromis aureus). 

Compte tenu de tous les impacts possibles de l'introduction d'espèces non-indigènes, nous avons choisi 

de mettre l’accent sur un groupe de poissons, les cichlidés, en raison de l'intérêt économique qu'il 

présente au niveau de l'aquaculture et de la pêche et du risque de compétition et d’hybridation qu’il 

peut avoir vis-à-vis des cichlidés marocains autochtones. Des études antérieures (Azeroual, 2003; 

Louizi et al., 2019) ont identifié plusieurs populations naturelles appartenant à trois espèces de tilapia 

originaires du Maroc : Coptodon zillii, Coptodon guineensis et Oreochromis aureus. Ces populations 

de cichlidés s'installent naturellement dans les eaux continentales du sud marocain. La distribution de 

C. zillii et O. aureus est limitée au bassin de l’Oued Drâa quant à C. guineensis, elle est présente au 

Maroc avec deux populations distinctes l’une à oued Chbeyka et son tributaire, oued Aabar et l’autre 

dans la Sebkha d’Imlily (Qninba et al., 2012; Qninba et al., 2009).  

Au cours de notre étude, nous nous sommes intéressés à plusieurs populations d’Oreochromis niloticus 

qui ont été introduites dans le nord du Maroc. Le premier résultat marquant de notre travail a été 

l’observation inattendue de deux autres espèces dans cette zone, Coptodon guineensis et Oreochromis 

aureus. Cette dernière espèce a modifié la portée de notre travail en faisant évoluer notre problématique 

de monospécifique à plurispécifique. 

La découverte de nouvelles populations appartenant à Oreochromis aureus au nord du Maroc est en 

effet une première car ces poissons avaient dans un premier temps été rapportés à O. niloticus par 

Louizi et al., (2019). La confusion vient probablement du fait que d’une part ces deux espèces sont 

proches phénotypiquement et d’autre part que l’ADNmt de certaines populations d’O. niloticus est 

proche voire identique à celui d’O. aureus (Rognon & Guyomard, 2003). L’observation attentive de 

ces phénotypes ainsi que l’analyse des séquences du gène nucléaire (S7) ont permis de montrer que 

ces populations doivent être rapportées à O. aureus et non à O. niloticus. 

L’analyse génétique de l’ADNmt (COI) et de l’ADNnu (S7) a permis en outre de montrer que ces 

populations ne sont pas issues des populations autochtones d’O. aureus du sud du Maroc mais ont été 

vraisemblablement introduites comme O. niloticus à des fins aquacoles par la station aquacole 
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« pisciculture du Nord » (Najji et al., 2015). L’ADNnu (S7) de ces populations a montré également 

que ces populations se rapprochent des populations d’Israel (chapitre 1). 

Nous savons qu’Oreochromis aureus est présente dans la station piscicole « Pisciculture du Nord » 

(Najji et al., 2015). Elle a donc été introduite au Maroc à des fins aquacoles et elle y a été maintenue 

de manière distincte d’O. niloticus comme peuvent en témoigner les ensemencements en milieux 

naturels qui sont monospécifiques, soit d’une espèce soit de l’autre. Néanmoins, nous avons trouvé 

des hybrides à la fois en pisciculture et dans le milieu naturel (Oued Sebou) qui montrent que la gestion 

des géniteurs en milieu aquacole n’a pas été parfaite sans doute en raison de mauvaises manipulations 

lors des expérimentations d’hybridation (Najji et al., 2015). 

En résumé, nous avons observé la présence d’O. aureus dans Canal Nador, Oued Sebou et barrage Al 

Kansra et celle d’O. niloticus dans barrage Al Massira, barrage Sidi Mohamed BenAbdellah et dans la 

station aquacole « Pisciculture du Nord ». Par ailleurs, nous avons découvert des hybrides entre ces 

deux espèces dans plusieurs populations. Les hybrides observés peuvent être le résultat d’une mauvaise 

gestion des deux espèces dans la station d’aquaculture ou d’une coexistence passagère (ou non) des 

deux espèces dans le milieu naturel.  Ces populations monospécifiques résultent sans doute de 

l’introduction d’une seule espèce à la fois et les hybrides proviendraient du fait que les souches 

n’étaient pas pures dans la station aquacole. Cependant, nous ne pouvons pas écarter l’hypothèse que 

les deux espèces ont été introduites en même temps dans ces milieux et qu’à la suite d’événements 

sélectifs, une seule ait pu s'adapter. Toutefois, cette hypothèse est peu probable compte tenu du faible 

nombre de générations de poissons depuis leur introduction.  

Les hybridations en milieu naturel évoluent généralement dans le temps (Agnèse et al., 1998). Deux 

scénarios sont possibles : soit les génomes des deux espèces se mélangeront et donneront naissance à 

une population hybride viable et stable, soit nous observerons le remplacement d’un génome par 

l’autre, le cas échéant celui d’O. niloticus par celui d’O. aureus ou vice versa. 

On a observé de tels phénomènes dans le cas de l’introduction d’Oreochromis niloticus et 

d’Oreochromis macrochir (Boulenger, 1912) tous les deux dans deux lacs différents. Dans le lac Itasy, 

à Madagascar, O. macrochir a été introduite en 1958 puis O. niloticus a été introduite en 1961. En 

1963, O. macrochir a constitué la majorité des pêcheries. Des hybrides ont été observés et nommés 

Tilapia ¾ en 1965 (Daget & Moreau, 1981). Ces nouveaux individus présentaient un os pharyngien 

ressemblant à celui de O. niloticus mais une morphologie plus proche de celle d’O. macrochir. Entre 

1963 et 1969, la capture de cette population d’hybrides est passée de 5% à 74% et en 1971, O. 

macrochir a été considéré comme une espèce disparue laissant place à O. niloticus qui est devenue 



 

 
 

87 

prédominante et représentait en 1975, 55% des captures  (Lévêque, 1997). A l’inverse, dans le lac 

Ihema au Rwanda, O. niloticus a été introduite en 1940 et O. macrochir a été introduit en 1960. Des 

hybrides ont été observés dans les années 1970. De 1983 à 1987, la proportion de O. niloticus a diminué 

de 30 à 20%, celle des hybrides a augmenté de 10 à 20% et la population de O. macrochir est restée 

stable à 60% (Agnèse et al., 1998; Micha et al., 1996). 

Ainsi, les populations hybridées du Maroc vont probablement évoluer génétiquement sans que l’on 

puisse prédire dans quel sens. Il serait donc intéressant de suivre leurs évolutions à l’aide de marqueurs 

plus discriminants que ceux utilisés dans notre étude (microsatellites par exemple). 

L’analyse morpho-géométrique des poissons en réalisant une LDA a permis de différencier les 

spécimens d’O. aureus de ceux d’O. niloticus. Ces différences morphologiques concernent 

principalement la profondeur du corps, la région de la tête et le pédoncule caudal. Cependant, les 

hybrides ne présentent pas une forme intermédiaire entre les deux espèces, ce qui aurait permis de les 

reconnaitre d’un point de vue morphologique. 

Les profils de croissance allométrique des deux espèces diffèrent de manière significative. En faisant 

une analyse prédictive basée sur les résultats moléculaires de certains individus et le motif de leur 

nageoire caudale, chaque individu de chaque population du jeu de données a été assigné à l'une des 

deux espèces. Suivant cette prédiction, l’analyse entre groupe des composantes principales des six 

populations n’a pas permis de différencier entre ces populations. La forme de corps de ces populations 

se chevauchait sans pouvoir différencier entre les populations. L’ACP entre groupe a indiqué une 

grande variation de forme entre les populations, avec des différences dans la tête, la profondeur du 

corps et le pédoncule caudal représentant 64% de variation dans le premier axe. L'axe PC2 représentait 

18% de la variation, principalement liée à la profondeur du corps, la région de la tête et la nageoire 

anale. Cette analyse a permis de distinguer les spécimens AM des autres populations. Pour ce qui est 

des spécimens BA, ils ont présenté une forme du corps plutôt proches de celle des populations AS, CN 

et OS .  

L’analyse discriminante de ces poissons a permis une nette séparation entre la population 

d’aquaculture AS et les autres populations et de distinguer entre les populations d’eaux courantes (CN 

et OS) et les populations des Barrages (AK, AM et BA). L’axe LD1 présentait 47,02% de variation 

principalement liée à la taille de la tête et de l’œil, la profondeur du corps et la longueur de la longueur 

du museau. L’axe LD2 présentait 24,45% de variation qui était plutôt liée à la nageoire anale, la 

profondeur du corps et l’opercule. Au sein des populations d’O. aureus, nous avons observé une nette 

différence dans la forme du corps.  Les différences entre les populations NC, OS et AK étaient 
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principalement associées à la zone de la tête, profondeur du corps et au pédoncule caudal. Nous avons 

également observé une association intéressante dans laquelle la population AK présentent des formes 

corporelles similaires à celles de AM et BA notant que les individus AK sont attribués à O. aureus et 

ceux de AM et BA sont apparentés à O. niloticus. 

En résumé, la variation globale de la forme du corps des poissons a été clairement structurée par le 

facteur d’environnement et a montré que la divergence entre espèces n’est pas le seul facteur explicatif 

de la variation de la forme des poissons. Nous pouvons ainsi conclure que les grandes différences de 

la forme du corps entre espèce sont majoritairement liées à la profondeur et la longueur du corps, la 

taille de la tête et de l’œil. Nos résultats s’accordent avec ceux de Clabaut et al.( 2007) qui ont comparé 

des spécimens de 45 espèces de cichlidés du lac Tanganyika et ont conclu que les différences les plus 

importantes dans la forme du corps entre les espèces étaient liées à la longueur du corps ainsi qu'à la 

proportion des tailles de la tête et du pédoncule caudal. Ces résultats sont également similaires aux 

études précédentes sur le tilapia par GM, qui ont identifié les changements dans la profondeur du corps 

et la forme de la tête comme les principales caractéristiques variables (Firmat et al., 2012; Lorenz et 

al., 2014). 

L’explication des mécanismes responsables de ces différences morphologiques semble difficile mais 

d’après Langerhans & Reznick (2010) de nombreux facteurs peuvent affecter la morphologie des 

poissons, tels que la complexité de l’habitat, le débit d’eau, la prédation et les contraintes trophiques 

et reproductives. 

Par conséquent, des travaux futurs devraient inclure des expériences telles que des tests de progéniture 

pour clarifier l'influence de la génétique, de l'environnement et de leurs interactions sur la forme du 

corps de ces espèces.  

Afin de comprendre comment ces espèces de poissons se sont adaptés et ont colonisé ces nouveaux 

milieux, une étude des traits d’histoire de vie a été menée pour la population d’O. niloticus dans le 

barrage de Sidi Mohamed Ben Abdellah et d'O. aureus dans Canal Nador. Le premier paramètre étudié 

concerne la taille à la première maturité sexuelle (L50) c’est-à-dire la taille à partir de laquelle 50% des 

individus sont matures.  

De nombreuses études ont porté sur la L50 qui varie d’une espèce à l’autre, d’une population à l’autre 

et d’un sexe à l’autre. Pour O. niloticus, la taille à la première maturation varie de 14 à 39 cm en milieu 

naturel (Paugy & Leveque, 2000). Dans certains cas, les mâles atteignent leur maturité sexuelle à une 

taille supérieure à celle des femelles comme dans le lac Victoria (M :31 cm, F :26 cm)(Yongo & Outa, 

2016) et le fleuve Tabaru (M :19,4cm, F :17,4cm)(Ishikawa et al., 2012) et dans d’autres cas les 
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femelles atteignent leur maturité à une taille supérieure à celle des mâles comme dans le lac Nabugabo 

(M :25,7 cm, F :27,5cm) (Bwanika et al., 2007). En ce qui concerne la population du barrage SMBA, 

la L50 était de 25,1 cm et de 20 cm pour les mâles et femelles, respectivement. Ces valeurs sont 

relativement comparables à celles observées en milieu naturel.   

Pour O. aureus, la taille à la première maturité sexuelle dans le lac Edku en Egypte a été rapportée de 

9,2 cm pour les femelles et de 8,2 cm pour les mâles indiquant que les femelles atteignent la maturité 

sexuelle à une taille supérieure à celle des mâles (Bakhoum A., 2002). Pour la population de Canal 

Nador, la taille à la première maturité sexuelle était de 16cm pour les mâles et de 14.9cm pour les 

femelles.  

Ainsi, s’il est certain que des facteurs génétiques interviennent pour expliquer la relation entre taille et 

maturation sexuelle, il existe également des facteurs externes qui peuvent être responsables de ce 

paramètre (Bhujel, 2000; Brummett, 1995). Par exemple, la disponibilité en ressources ou la surpêche 

peuvent entrainer une diminution de la taille à la première maturité sexuelle comme l’ont montré 

Peterson et al. (2004) et Trippel (1995). L’étude d’une seconde population introduite de cette espèce 

provenant de la même souche permettrait de mettre en évidence l’effet du milieu sur ce trait d’histoire 

de vie. 

L’étude de la croissance de ces populations a été réalisée grâce à l’analyse des otolithes. La fonction de 

croissance de Von Bertalanffy exprimée par l'équation : Lt=L∞(1-e-K(t-t
0

)) a été utilisée dans notre étude 

pour estimer les paramètres de croissance : la longueur asymptotique L∞ et le taux de croissance K. 

Pour O. niloticus, les résultats indiquent que les femelles atteignent une longueur asymptotique 

supérieure à celle des mâles (M : 29,6cm, F : 33,9cm) et le taux de croissance K est supérieur chez les 

mâles par rapport aux femelles (M : 0,07, F : 0,04). Nous avons comparé nos résultats à ceux de la 

littérature, ces derniers sont extrêmement variables. Dans le lac Nabugabo, Bwanika et al. (2007) ont 

observé que la L∞ d’O. niloticus était de 50,1 cm pour les mâles et 41,1cm pour les femelles et le taux 

de croissance était de 0,45 pour les mâles et 0,52 pour les femelles. Dans le fleuve Tabaru, Ishikawa et 

al. (2012) ont trouvé que la longueur asymptotique était de 32.6 cm pour les mâles et 28.2 cm pour les 

femelles et le taux de croissance était de 0,37 pour les mâles et 0,42 femelles. Ces résultats sont 

comparables à ceux que nous avons trouvé dans le barrage SMBA. Par contre dans le fleuve Garmat 

Ali,  Mohamed et al. (2020) ont rapporté que la L∞ a été 27,5 cm et le taux de croissance K était de 

0,195. 

Les mêmes paramètres ont été estimés pour O. aureus et les résultats indiquent que les mâles atteignent 

une longueur asymptotique supérieure à celle des femelles (M : 17,15 cm, F : 16,89 cm) et que le taux 
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de croissance K est supérieur chez les femelles que les mâles (M : 0,07, F : 0,17). Dans le réservoir 

Aguamilpa, Peña Messina et al. (2010) ont rapporté que la L∞ était de 43,21cm pour les mâles et 41,8 

cm pour les femelles et le taux de croissance K était de 0,37 pour les mâles et 0,35 pour les femelles. 

Ces résultats sont plutôt faibles par rapport à ceux trouvés dans Canal Nador.  

Ces deux espèces introduites ont établi plusieurs populations viables au Maroc en s’adaptant à de 

nouvelles conditions environnementales, mais elles se comportent différemment. O. niloticus dans le 

barrage SMBA présente de bons paramètres de croissance, ce qui indique que les conditions 

environnementales lui sont relativement favorables. Pour O. aureus, les paramètres de croissance sont 

plus faibles comparés à ceux des populations d’Iraq, Égypte et Mexique ce qui indique que cette espèce 

se trouve dans des conditions environnementales qui lui sont moins favorables. Vu le degré d’adaptation 

que ces populations présentent, nous pouvons dire que ces deux espèces seraient potentiellement 

capables de coloniser l’ensemble des bassins versants du Sud du Maroc, en plaine ou à basse altitude.  

La découverte de deux individus rapportés à Coptodon guineensis dans Canal Nador a été totalement 

fortuite. Les deux individus trouvés étaient en mauvais état ce qui rendait leur identification 

problématique. Nous avons donc été amenés à identifier ces individus de manière certaine en faisant 

appel à la morphométrie et à la génétique.  

L’analyse morphométrique a montré que ces individus sont morphologiquement proches des individus 

de C. guineensis des populations autochtones marocaines (Sebkha Imlily et Oued Aabar). Les 

séquences partielles COI de ces deux spécimens ont montré également leur proximité avec les 

Coptodon guineensis de la région du Maroc, Mauritanie et Sénégal (Kide et al., 2016). Nous avons 

donc établi avec certitude le statut taxinomique de ces individus, il s’agit bien de Coptodon guineensis 

(référence article 1). 

Plusieurs hypothèses peuvent être évoquées pour expliquer la présence de cette population de C. 

guineensis dans Canal Nador, à environ 1000 km au nord de la plus proche population naturelle 

connue. Deux scénarios sont possibles : soit cette population a été introduite par l’homme, soit elle est 

arrivée dans Canal Nador de manière naturelle.  

Coptodon guineensis a pu être introduit en même temps qu’O. niloticus en 2004 dans la station 

d’aquaculture « pisciculture du Nord » puis s’être retrouvé dans la zone de Moulay Bousselham 

lorsque ces poissons d’élevage ont été déversés dans le milieu naturel. Cependant, C. guineensis n’est 

pas en sympatrie avec O. niloticus et n’a jamais été élevé avec cette espèce (idem avec O. aureus). 

Cette hypothèse est donc improbable. Pour expliquer une éventuelle co-introduction, il faudrait 

envisager qu’O. niloticus (ou O. aureus) ait été élevé dans le sud du pays puis réintroduite dans le nord 
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dans la lagune de Moulay Bousselham et avec lui des individus de C. guineensis provenant du sud du 

Maroc. Ce scénario reste également improbable. 

L’hypothèse la plus probable est que les individus trouvés dans Canal Nador fassent partie d'une 

population autochtone dont l’existence était inconnue. Coptodon guineensis est bien connue pour son 

aptitude à vivre dans le milieu marin, comme en Mauritanie, donc il n’est pas improbable que cette 

espèce ait pu coloniser la lagune de Moulay Bousselham via la mer. Cependant, nous pouvons se 

demander si cette colonisation est ancienne (Holocène) ou contemporaine en raison du changement 

climatique, qui aurait pu permettre à cette espèce de se déplacer plus au nord à la faveur du 

réchauffement de l’Océan. D’après Perry et al. (2005), la moitié des espèces, dont l'aire de répartition 

se situe au nord ou au sud de la mer du Nord, ont vu la limite de leur aire de répartition se déplacer 

avec le réchauffement, et toutes sauf une se sont déplacées vers le nord.  

Afin de trancher entre ces deux scénarios, il sera nécessaire d'étudier des marqueurs génétiques qui 

évoluent plus rapidement que l'ADN mitochondrial, par exemple les microsatellites (Ndiwa et al., 

2014; Nyingi et al., 2009). De plus, il faudra déterminer la zone précise de la lagune où cette population 

se trouve. Pour cela, nous pourrions utiliser des études d’ADN environnemental (ADNe) qui sont de 

bons moyens pour détecter la présence des espèces dans un milieu donné sans réaliser un grand effort 

d’échantillonnage (Civade et al., 2016; Eva et al., 2016). 

Bien que notre étude soit exploratoire, ces résultats préliminaires sont très importants car ils démontrent 

la présence d’autres espèces dont l’existence était inconnue dans le nord du Maroc. Cette découverte 

aura des implications importantes dans la gestion de ces espèces et de ces milieux. 

Pour ce qui est des hybridations entre O. niloticus et O. aureus, il serait intéressant de mener une étude 

approfondie en utilisant des marqueurs génétiques appropriés. En effet, les marqueurs génétiques 

utilisés dans notre travail ne mettent en évidence qu’une partie des hybrides. Ces hybrides sont 

probablement en plus grand nombre comme le laisse penser les résultats de la morphométrie 

géométrique qui montrent la présence d’individus de forme d’O. aureus dans une population d’O. 

niloticus ou l’inverse. La morphométrie géométrique s’est avérée utile pour observer l’effet de 

l’environnement sur la forme des poissons et les résultats seraient encore meilleurs si l’on pouvait 

détecter finement les traces d’hybridation grâce à la génétique.   

Ces introductions réalisées ont possiblement des impacts sur la faune résidente (autochtone et 

introduite) qu’il faudra évaluer en menant des travaux d’écologie des communautés pour relever les 

potentielles modifications que leurs structures ont subies ou pourraient subir. Si ces espèces venaient à 

être introduites au Sud du Maroc, nous aurions à craindre en particulier une action défavorable sur la 

population autochtone d’O. aureus si celle-ci était mise en contact avec la population envahissante. En 
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effet, il est fort probable que ces deux espèces ou populations s’hybrident sans difficultés. On peut 

craindre aussi pour les autres espèces de tilapias autochtones qui pourraient souffrir d’une compétition 

avec les espèces envahissantes.  

Il serait donc important d’étudier l’impact de ces espèces introduites sur les communautés des poissons 

et l’écologie des cours d’eau pour évaluer les réponses des communautés aux changements éventuels 

induits par ces introductions. Par ailleurs, ces introductions ont sans doute des répercussions socio-

économiques qu’il faudra évaluer en termes de croissance ou diminution des pêcheries et amélioration 

du niveau de vie. 

Tous ces éléments devront être pris en compte par les autorités en charge de la faune aquatique 

continentale lorsqu’ils prendront des décisions concernant la gestion de la pêche, la conservation de la 

biodiversité et le développement de l’aquaculture. 
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Tableau 2: Liste des poissons des eaux douces continentales du Maroc.  
*espèce dans la présence actuelle n’est pas certaine 

**espèce dont l’introduction a été observé pour la première fois dans le cadre cette thèse  

 

Familles Nom de l’espèce Statut Année 

d’introduction 

Acipenseridae Acipenser baerii Brandt, 

1869 

Introduite 1992 et 1998 

Anguillidae Anguilla anguilla 

(Linnaeus,1758) 

Autochtone  - 

Atherinidae Atherina boyeri Risso, 

1810 

Autochtone  - 

Blenniidae Salaria fluviatlis (Asso, 

1801) 

Autochtone  - 

Centrarchidae 

 

Lepomis gibbosus 

(Linnaeus,1758) 

Introduite 1937 et 1959 

Lepomis microlophus* 

(Günther, 1859) 

Introduite  1940 et 1966 

 

Micropterus salmoïdes 

(Lacépède, 1802) 

Introduite 1934 

 

Pomoxis nigromaculatus* 

(Lesueur, 1829) 

Introduite 1971 

Cichlidae 

 

Coptodon zillii (Gervais, 

1848) 

Autochtone  - 

Coptodon guineensis 

(Günther, 1862)  

Autochtone  - 

Oreochromis aureus** 

(Steindachner, 1864)  

Autochtone et 

introduite 

2004 

Oreochromis niloticus 

(Linnaeus, 1758) 

Introduite  2004 

Clupeidae 

 

Alosa alosa (Linnaeus, 

1758) 

Autochtone  - 

Alosa fallax (Lacepède, 

1803) 

Autochtone  - 

Cobitidae Cobitis maroccana 

Pellegrin, 1929 

Autochtone  - 

Cyprinidae 

 

Aristichthys nobilis* 

Richardson, 1845 

Introduite  1981 

Barbus callensis 

Valenciennes, 1842 

Autochtone  - 

Barbus figuiguensis 

Pellegrin, 1913 

Autochtone  - 

Barbus fritschii (Günther, 

1874) 

Autochtone  - 

Barbus harteti (Günther, 

1901) 

Autochtone  - 

Barbus issenensis 

Pellegrin, 1922 

Autochtone  - 

http://en.wikipedia.org/wiki/Albert_G%C3%BCnther
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=395
http://en.wikipedia.org/wiki/Franz_Steindachner
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=13938
http://en.wikipedia.org/wiki/Carl_Linnaeus
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=2787
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Barbus ksibi Boulenger, 

1905 

Autochtone  - 

Barbus lepineyi Pellegrin, 

1939 

Autochtone  - 

Barbus magniatlantis 

Pellegrin, 1919 

Autochtone  - 

Barbus massaensis 

Pellegrin, 1922 

Autochtone  - 

Barbus moulouyensis 

Pellegrin, 1924 

Autochtone  - 

Barbus nasus Günther, 

1874 

Autochtone  - 

Barbus pallaryi Pellegrin, 

1924 

Autochtone  - 

Barbus paytoni 

(Boulenger, 1911) 

Autochtone  - 

Barbus reinii (Günther, 

1874) 

Autochtone  - 

Ctenopharyngodon idellus 

(Valenciennes, 1844) 

Introduite  1981 

Cyprinus carpio 

(Linnaeus,1758) 

Introduite  1925 et 1981 

Hypophthalmichthys 

molitrix (Valenciennes, 

1844) 

Introduite  1981 

Scardinius 

erythrophtalmus 

(Linnaeus,1758) 

Introduite 1934 

Tinca tinca 

(Linnaeus,1758) 

Introduite 1935 

Cyprinodontidae Aphanius fasciatus 

(Valenciennes, 1821) 

Autochtone  - 

Esocidae 

 

Esox lucius Linnaeus, 1758  Introduite  1934 

1960 

Moronidae 

 

Dicentrarchus labrax 

(Linnaeus,1758) 

Autochtone  - 

Dicentrarchus punctatus 

(Bloch, 1792) 

Autochtone  - 

Mugilidae 

 

Liza aurata (Risso, 1810) Autochtone  - 

Liza ramada (Risso, 1810) Autochtone  - 

Liza saliens (Risso, 1810) Autochtone  - 

Mugil cephalus 

(Linnaeus,1758) 

Autochtone  - 

Percidae 

 

Perca fluviatilis 

(Linnaeus,1758) 

Introduite 1941 

Sander lucioperca 

(Linnaeus,1758) 

Introduite 1944 et 1972 
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Poeciliidae Gambusia affinis (Baird et 

Girard, 1853) 

Introduite  1929 

Salmonidae 

 

Oncorhynchus mykiss 

(Walbaum, 1752) 

Introduite 1925 et 1955  

Salmo pallaryi Pellegrin, 

1924 

Autochtone  - 

Salmo trutta macrostigma 

(Dumeril, 1858) 

Autochtone - 

 

 


