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Alimentation et nutrition des juvéniles deHeterotis niloticus
(Arapaimidae, Teleostei) : premieres estimations gebesoins
nutritionnels et valorisation des sous-produits végtaux

Par Serge Eric Monentcham Monentcham

Résumé

L’Arapaimidae Heterotis niloticusest une espéce africaine a fort potentiel
aquacole en raison de sa forte croissance, saaloebpiration, la bonne
qualité gustative et ferme de sa chair, et sa ivelahaute valeur
commerciale. Toutefois, son utilisation a des fiiszicoles est limitée par la
difficulté d’approvisionnement en alevins de qualégt par I'absence de
connaissances sur ses besoins nutritionnels indigpées a I'optimisation
de formules alimentaires pour I'espece. En vue aeatribution efficace
dans l'augmentation de la production aguacole dmeéZaun et des autres
pays africains, la détermination entre autres debssoins alimentaires et
nutritionnels a divers stades ontogénétiques Savéécessaire et
incontournable. La présente recherche, inscrites dagite perspective de
domestication plus avancée de I'Heterotis du Néstsproposée d’établir
certaines variables nutritionnelles de base radativ son pré-grossissement
et d’évaluer ses capacités de valorisation deszmahiits oléagineux.

Entre mai 2005 et ao(t 2008, une série d'expérgerae triplicat sur la
nutrition des juvéniles déd. niloticus ont été réalisées dans des hapas
(0,5 n? de volume en eau) installés en étangs de déniv&i@0-600 m2) a la
station aquacole de Melen (Yaoundé, Cameroun). dresyses ont été
effectuées au sein de I'Unité de Recherche en gi®ldes Organismes des
Facultés Universitaires Notre-Dame de la Paix (NaniBelgique) et de
I'Unité de Chimie Biologique Industrielle de la Fdté Universitaire des
Sciences Agronomiques (Gembloux, Belgique).

Sur le plan protéique, les résultats ont révéléapite espéce nécessite 310
et 345 g protéines Kgd’aliment respectivement pour la croissance ogéma
et maximale des sujets pesant entre 3 et 62 geesesl besoins spécifiques
en acides aminés indispensables, excepté powpmphane et I'histidine,
sont similaires a ceux d’autres poissons tropicamnivores. Ensuite, le
phénoméne d’épargne des protéines par les lipidieserdaires a été
clairement mis en évidence lorsque I'énergie a atgmentée de 17 a
19,6 MJ kg d’aliment contenant 28% de protéines, ce qui ropsrmis de



suggérer que les besoins protéiques des juvérlis iloticus peuvent étre
réduits de 310 a 280 g protéines™kg’aliment dans les conditions
expérimentales de notre étude. Enfin, la dernigpprathe de notre
investigation a montré que les tourteaux de sojadestcoton peuvent
remplacer jusqu’a hauteur de 50% la farine de paiskans I'alimentation
des juvéniles de cette espece. Ces différents aaquistituent en soi une
avancée certaine dans la connaissance des besaitngsiomels et

alimentaires des Heterotis.

Le parcours de la domestication de cette espéde rEsmnmoins encore
difficile, notamment avec I'épineux probleme depladuction massive de
juvéniles de qualité. Les perspectives de recheldéheloppement
envisagées au terme de cette thése laissent entdevoéelles chances de
surmonter cet autre handicap-clé. Nous restons dagicnistes quant a
I'élevage durable et rentable de ce poisson emidrisub-saharienne.

MOTS-CLES : Heterotis niloticusnutrition, croissance, énergie, protéine, acide
aminé, substitution farine poisson, lipide.

Dissertation présentée en vue de I'obtention ddegce Docteur en Sciences
Biologiques

Mars 2009

URBO - Unité de Recherche en Biologie des Orgargsme

Promoteur : Prof. Patrick Kestemont
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Feeding and nutrition of Heterotis niloticus fingerlings (Arapaimidae,
Teleostei) : first estimations of the nutritional requirements and the use
of local plant by-products

By Serge Eric Monentcham Monentcham

Abstract

Heterotis niloticusis an African species with a great potential fshf

farming as a result of its remarkably rapid growthir-breathing

characteristic, omnivorous diet, good meat qualityd relative high

commercial value. However, its use for aquaculigrdimited due to the

difficulty in the massive production of fingerlingsd the lack of knowledge
on its artificial feeding. Therefore, the estimasgo of its nutritional

requirements at different ontogenetic stages aoessary in view of its
effective contribution to the aquaculture productio Cameroon and other
African countries. The present research aims t@bésh some basic
nutritional variables relative to its fingerlingearing and to examine the
suitability of plant oil cakes as a partial suhgét of fish meal in its

compounded diets.

Between May 2005 and August 2008, several expetsmnwere conducted
in rectangular hapas (0.5°mseful capacity) placed in two earthen pond
(300 and 600 m?) at the Melen Aquaculture Statiéaotinde, Cameroon).
Replicate groups of juveniles were handfed twicidyda apparent satiation
all the time. Analyses were performed at the latooyeof the Research Unit
in Organismal Biology (University of Namur, Belgignand the Unit of
Industrial Chemistry Biology (Gembloux Agriculturidhiversity, Belgium).

On the protein and amino acids requirements, theltserevealed that the
dietary protein requirements are 310 and 345 geproper kg diet for
optimal and maximal growth, respectively for fiskesranging from 3 to
62 g. Based on whole body or muscle tissue indsgigle amino acids to
A/E ratios, its IAA requirement profile is similato those of other
omnivorous tropical fish species with the exceptioh tryptophan and
histidine.

The dietary protein-sparing effect has been cleddsonstrated when the
dietary energy of lipid increases from 17 to 19J6gk at 28% crude protein.



Therefore, this result indicates that the optimuntigin and lipid levels in its
diet are 280 and 130 g kodiet, respectively. Finally, the soybean and
cottonseed oilcakes meals could partially replgzeous50% the dietary fish
meal in its practical fingerlings diets without mtige effect on maximal
growth. This study contributes to improve our knegige on basic nutrients
requirements for the juveniles of a new aquaculspeies for Africa.

However, massive production of quality fingerlingfshis species remains a
major obstacle to overcome on the road of the dbcadi®n ofH. Niloticus
for aquaculture use. Our work reveals that everh witat constraint,
optimism is permitted for a sustainable and remtablture of this species in
sub-Saharan Africa.

KEY WORDS: Heterotis niloticus nutrition, growth, energy, protein, amino
acid, fish meal substitution, lipids.

Ph.D. thesis in Biology

March 2009

URBO — Research Unit in Organismal Biology
Advisor: Prof. Patrick Kestemont
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Alimentation et Nutrition des juvéniles de Hetesoti

1.1 Contexte et justification de |'étude

La production mondiale des péches de capture Eagigaculture destinée a
la consommation humaine a atteint en 2004 apprdiigraent 106 millions
de tonnes de poissons, dont 43% fourni par I'aguaeu(FAO 2006). Cette
contribution du secteur aquacole aux approvisiomms mondiaux de
poissons a connu un véritable essor durant leeBtiedes années. De 3,9%
de la production pondérale totale en 1970, ellepassée successivement a
27,1, 30,2 et a 32,4% respectivement en 2000, 20@0D04 (FAO 2006).
Ainsi, de moins d’'un million de tonnes dans leseam50, 'aquaculture a
produit environ 59,4 millions de tonnes en 2004)rpane valeur estimée a
51 milliards d'euros. La part de I'Afrique subsadbane dans cette
production reste insignifiante : 0,16% du tonnage,86% en termes de
valeur. Pourtant 'aquaculture a été introduite dBncontinent africain au
cours des années 1940-1950 par les colonisatecigeataux en raison des
immenses potentialités aquacoles naturelles deidjdé. La valorisation a
des fins aquacoles de ces potentialités biophysiqueait sGrement di étre
un puissant facteur de développement économiquabliyrde sécurité
alimentaire et de lutte contre la pauvreté et lseng en Afrique.

Malheureusement, malgré de multiples efforts enseafans le passé par les
gouvernements et les bailleurs de fonds internatisnpour stimuler sa
croissance d'une part, et dautre part de nombeeusmtatives par
'entremise du carnaval de projets pour son expande secteur aguacole
africain est resté a la traine et n'a pas pu alteites résultats escomptés.
Paradoxalement, la plupart des pays africains eraurs aux importations
de poissons pour satisfaire la demande locale@ujis halieutiques. Ainsi,
Brummettet al. (2008) estiment que les états africains importamtiron
4,2 millions de tonnes de poissons par année poarvaleur estimée a
2,2 milliards d’euros. Des lors, la nécessité deeliipper ce secteur
s’impose avec acuité afin d’'inverser cette tendance

Plusieurs facteurs sont tenus responsables de uaamsa performance de
I'aquaculture africaine. Les plus cités sont I'aizse et/ou l'insuffisance de
juvéniles de qualité, le manque d’aliments pis@spla mauvaise conduite
des élevages piscicoles, l'inadéquation des méthatde vulgarisation et
l'acces difficile aux capitaux d’investissementso@hl et al. 2005). Ces
parametres, au niveau de chacun des états, sembletdt éEtre des
corollaires d’'une part des politiques et approdhadaptées, et d’autre part
de I'absence de stratégie et de plan nationauwédelabpement durable du
secteur aquacole. Par conséquent, l'aquaculture Aigque demeure
essentiellement une activité artisanale, sans Mbssi d'offrir des
opportunités professionnelles. La production edatisement faible et
destinée a la consommation familiale et/ou a larmemialisation a petite
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échelle. Ce systeme de production utilise peu it et la gestion est
individuelle ou familiale. Toutefois, I'’émergence’ude aquaculture
commerciale & petite ou grande échelle, avec pojectf de maximiser les
profits, est d’actualité dans plusieurs pays aifnicaCertains auteurs mettent
ainsi en exergue l'importance de travailler désdsnasvec des petites et
moyennes entreprises aquacoles et de soutenir niéigtives privées
(Brummettet al. 2008) avec une politique de microcrédits a talixtétét
nul par exemple. Des pays comme le Nigéria, le @lede Zimbabwe avec
une contribution trés appréciable dans le tonnagavent étre cités en
exemple. Des lors, le défi corollaire des étatgaifis serait donc d’'induire
le passage de cette aquaculture rurale a motivaéourité alimentaire vers
une aquaculture dont le moteur principal seraiprefit. Le Cameroun a
signifié, dans son dernier plan directeur du dgysdmnent de son secteur
aguacole, son orientation marquée vers cette FA©( 1993).

Située au fond du golfe de Guinée, la Republiqu€ameroun couvre une
superficie de 475.650 km? entre 1€§°2t 13 degrés de latitude Nord. Le
pays dispose d’'une facade maritime sur 'Océanmnditiae de 360 km de
long entrecoupée de nombreux estuaires et cri@asplateau continental,
relativement étroit, s’étend sur prés de 14.000, kartdis que la superficie
de sa zone économique exclusive (ZEE) est estinggeelgjues 15.400 km2,
Il posséde un réseau hydrographique riche et waié@prenant fleuves,
rivieres, lacs, retenues et zones d’inondation.Claeneroun comporte une
variété de paysages, de zones climatiques et gébwiogiques qui peuvent
étre regroupées en cing entités régionales ou zauyes-€cologiques
(Figure 1.1).

Au début de la décennie 80, le Cameroun étaité&lpaami les pays africains
a revenu intermédiaire. De 1986 a 1996, le paydéacénfronté a la

récession économique avec des répercussions smmomiques néfastes
notamment sur les revenus des ménages et les smphiconséquence
principale a été une extension de la pauvretéarit@insi passer la nation du
rang de 134" sur 174 en 2002 a celui de $A%7sur 177 parmi les pays les
plus pauvres en 2005, suivant le classement déidénde développement
humain des Nations Unies.

Le poisson constitue la principale source de pmetipour une partie
considérable de la population camerounaise. llésprte 40% de I'apport
protéique d’origine animale dans sa ration alimeatet couvre 9,5% de ses
besoins totaux. Pour la couche de la populatiomdéans nantie, il est
'unigue source de protéines d’origine animale.comsommation moyenne
annuelle de poisson par habitant est de 16,2 kGaueroun (MINEPIA
2008), largement supérieure a celle de la moyefrivaiae évaluée a 7,6 kg
(FAO 2006). Cette demande des ménages camerouaaés de 28 kg a
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proximité des zones de péche (cbte maritime, piesux continentaux) a
8 kg par année dans les localités éloignées desspoe captures. Celle-ci
semblerait plus élevée dans les grands centresngrba savoir 25 et
33 kg/habitant/an respectivement a Yaoundé et al2ou

Les besoins annuels en poissons des populationsrcanaises ont été
estimés a 185.000, 215.000, 243.000, 255.000, @0&0a 320.000 tonnes
respectivement pour les années 1990, 1995, 2000R, 22005 et 2007
(MINEPIA 2008). Ces chiffres illustrent clairementaugmentation
incessante des besoins des ménages camerounaiedenitg halieutiques.
En revanche, la production annuelle de la péchdeet'aquaculture au
Cameroun n’a pas suivi la méme tendance et estlishent estimée aux
alentours de 180.000 tonnes de poissons dont 981€08 péche artisanale
maritime, 75.000 de la péche continentale, 7.00tag®che industrielle et
5.000 de la pisciculture (MINEPIA 2008).

De cette analyse, il ressort inéluctablement que patisfaire sa demande
locale, le Cameroun doit recourir annuellemeniradortation d'importantes
guantités de poissons congelés ; en 2007, ces tatjpmis ont été évaluées a
140.000 tonnes pour une valeur estimée a 40 miifliate FCFA, soit
62 millions d’euros.

Face a cette croissance récurrente du déficitatfed’locale en poissons, le
gouvernement du Cameroun a élaboré en 1992 urdpleateur des péches
et de I'aquaculture avec l'assistance techniquadeAO. Ce plan visant le

développement rationnel et durable du secteur gédhe et de I'aquaculture
a été axé sur la réalisation de quatre objectitgégjiques, a savoir la mise
en place d'un systeme de gestion en vue de rédairpression sur

I'exploitation des espéces démersales et des tesyda concentration des
efforts sur les pécheries sous exploitées, la t@uales pertes apres
captures et le développement de I'aquaculture.

Dans le souci d’opérationnaliser I'axe du secteguagole de ce schéma-
directeur, les autorités camerounaises ont élaré2003 un cadre
stratégique pour un développement durable de ladtuae avec, une fois
de plus, l'assistance technique de la FAO. Il @nressorti que le secteur
public devrait davantage jouer le role de faciitat au détriment de celui
d’'investisseur direct, dorénavant dévoué au seqtgué. Cette stratégie ne
pouvant étre mise en ceuvre sans plan de développeostte action est
actuellement poursuivie par le projet TCP/CMR/3103, financé sur 18

mois par la FAO et exécuté depuis septembre 2008epgouvernement

camerounais avec la collaboration technique de A®.FLes résultats

majeurs escomptés a terme sont la disponibilité glan de développement
durable de l'aquaculture au Cameroun et la cagitatte aquacole retracant
les potentialités piscicoles du pays par province.
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Zone forestiére mono-modale

Superficie : 45 658 km?

Pluviométrie : 2 500 a 4 000 mm/an, régime monomodal

Sols : pentes volcaniques, sédiments d'origine rocheuse le long de la cote
Cultures : cacao, banane, café, plantain, huile de palme, gingembre, poivre

. Zone forestiére bi-modale
Superficie : 165 770 km?
Pluviométrie : 1 500 & 2 000 mm/an, 2 saisons humides distinctes
Sols : ferralitiques, acides, argileux, faible capacité de rétention des éléments nutritifs
Cultures : cacao, café, manioc, plantain, mais, huile de palme, ananas

. Zone des hauts plateaux
Superficie : 31 192 km?
Pluviométrie : 1 500 & 2 000 mm/an, 180 jrs de pluie
Sols : tres fertiles et propices aux activités agricoles, jeunes sur fortes pentes,

lessivés dans les vieux plateaux, horizon B d'illuviation dans dépressions fermées
plateaux enrichis en matériaux volcaniques

Cultures : cacao, café, mais, haricot sec, pomme de terre, maraichage

. Zone des hautes savanes
Superficie : 123 077 km?
Pluviométrie : 1 500 mm/an, 150 jrs de pluie
Sols : perméables, capacité de rétention d’eau moyenne,
sols ferralitiques bruns ou rouges et sols hydromorphes
Cultures : mais, coton, mil-sorgho, igname, pomme de terre

TCHAD

EXTREME
NORD

Zone soudano-sahélienne

Superficie : 100 353 km?

Pluviométrie : 400 & 1 200 mm/an

Sols : grande diversité : ferrugineux, lessivés,
hydromorphes, alluvionaires, lithosols, vertisols etc.
Cultures : coton, mil-sorgho, niébé, oignon, sésame

030 60 90 120 150km
—

NIGERIA

REPUBLIQUE
CENTRAFRICAINE

Océan

Atlantique

GUINEE
EQUATORIALE

Fig. 1.1. Les différentes zones agro-écologiquesCdmeroun (Source
PNSA 2007)

Toutefois, les priorités de la stratégie sectaialjuacole du gouvernement
camerounais sont axées sur l'amélioration du cadstitutionnel, la
modernisation de I'appareil de production par é&mdification et la
spécialisation de la filiere piscicole actuell@ntiélioration du cadre incitatif,
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la gestion durable des ressources naturellesplagiion de I'émergence des
spéculations aquacoles autres que la piscicultumtot la crevetticulture et
la conchyliculture) et la domestication de nouselspeces de poissons qui
présentent des potentialités aquacoles. C'estaadgsrnier contexte que les
pouvoirs publics, les chercheurs, les vulgarisatetiles producteurs locaux
fondent actuellement une partie de leurs espoirslaswdomestication de
Heterotis niloticus

L’aquaculture extensive en étang de barrage an#rtiluite au Cameroun en
1948. L’'engouement suscité s’est illustré par lastaction de pres de
10.000 étangs ruraux par les paysans et la migdaee respective de 32
stations aquacoles publiques et d’'un service naltide vulgarisation. De
multiples interventions bilatérales ou multilatésake sont succédé de 1954
a nos jours avec peu de résultats pertinents enpés. De plus, toutes les
politiques proposées convergeaient vers la promodne pisciculture
rurale de subsistance, artisanale et peu produtiéveonstat d’échec est dés
lors incontournable. En revanche, le projet « Dewelent of Integrated
Aquaculture-Agriculture Systems for small-scalenfars in the forest
margins of Cameroon » a récemment permis d’acertatiproductivité des
étangs de 500-1500 kg ha un peu plus de 2525 kg héBrummettet al.
2005) en testant une approche nouvelle : cherchetukailgarisateurs ont
ainsi travaillé en partenariat avec les piscicutgquour la résolution in-situ
des problemes spécifiques en introduisant le mpossible des itinéraires
techniques et/ou des intrants extérieurs a I'etqion agricole.

Au Cameroun, 95% des pisciculteurs actifs possederd deux étangs de
350 m? de superficie moyenne et la tendance génétaervée en Afrique
subsaharienne sur les systémes aquacoles actskels/adable dans ce pays.
Les exploitations piscicoles sont de type famil@tiensif et semi-intensif

avec parfois une intégration aux animaux domestig(moulets, porcs,

lapins). La production aquacole nationale resteim@énalors que le pays
regorge d'énormes potentialités biophysiques dontildons d’hectares de

plans d’eaux intérieurs, 2700 km2 de mangrove &0Q5km?2 de plateau

continental.

Les principales espéces de poissons utilisées saicpiture camerounaise
appartiennent aux familles des Cichlidae et desi@de. La plus utilisée est
incontestablement le cichlida®reochromis niloticus localement connu
sous le nom de Tilapia. L'origine de la souche @nés au Cameroun
demeure inconnue (Nguenga & Pouomogne 2006). Lasidzle d’élevage

du Cameroun sont représentés par deux esp@tasas gariepinus et
Heterobranchus longifilisCes deux poissons-chats africains présentent des
potentialités de croissance et de survie extraandia (Micha 1973 ; Viveen

et al 1985; Legendre 1991 ; Heckt al 1996 ; Imorou Toko 2007 ;
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Nyinawamwiza 2007). lls sont trés adaptés a laqiffare camerounaise, et
capables de supporter de fortes densités d’élef/age & Luquet 1995 ;
Hechtet al 1996). De ce fait, ils devraient jouer un rolégmndérant dans
I'expansion future de I'aquaculture au CamerouncageCyprinus carpio

le poisson-vipere Channa obscura Hemichromis fasciatus et
Heterotis niloticus sont utilisés en polyculture dans une proportion
relativement moindre.

Heterotis niloticusest un poisson omnivore, originaire des grands/éle et
lacs d’Afrique centrale et de I'Ouest (D’Aubento®55; Daget 1957;
Moreau 1982; Levéquet al 1990, Li & Wilson 1996; Mbega 2004; Adiet
al. 2005). Il a été introduit avec succeés au Sud dm&oun (Depierre &
Vivien 1977), en Cobte d’lvoire (Moreau 1974; Lazad®80) et en
République Démocratique du Congo. Ce poisson defafaille des
Arapaimidae, est exploité par la péche continentale Afrique
subsaharienne. La taille des individus capturée \entre 2 et 7 kg, avec une
sérieuse tendance a la baisse. Les captures amubHeterotis ont été
estimées au Cameroun a 1520 tonnes pour une \@¢ebr221.375 USD
(Kemgang 2007), et au Benin a 742 tonnes pour uakurw de
1.485.000 USD (Gbaguidi & Pfeiffer 1996). Cette é&sp présente des
qualités intéressantes (taux de croissance éléane alimentaire courte,
double respiration, bonne résistance aux manipmstiet aux transports,
délicieuse qualité de la chair fraiche ou fumée de vente relativement
élevé), qui en font un excellent candidat pour uacplture tropicale. Il
s'adapte bien en polyculture avec le tilapia dy Milpoisson-chat africain et
la carpe commune dans les systémes piscicolesséstele plusieurs pays
d’Afrique noire francophone (Pouomogeeal sous presse).

Les recherches entreprises sur cette espece ortrrdedans les années 50,
puis ont régressé vers la fin des années 60, aeacbnnaitre récemment un
regain d'intérét. Les investigations ont porté kumiologie (D’Aubenton
1955; Daget 1957; Omorinkobet al 1991; Okoye & Abubakar 1996;
Fagbenro 2001; Achionye-Nzeh & Omoniyi 2002; Ad#e al 2006),
I'écologie (Moreau 1974; Moreau & Moreau 1982; /A&dit al 2005) et sur
les possibilités d’élevage en étang (Tillon 195¢mlasson 1957; Tillon
1959; Bard 1960 ; Olaniyan & Zwilling 1963; ReizE964 ; Reizer 1966).
Les résultats préliminaires obtenus sur les Hatesatmblent ainsi des plus
encourageants. Il convient de mentionner: (i) éproduction naturelle
observée en étang de faible ou grande superficior{T1957 ; Reizer
1964) ; (ii) le mode d’alimentation proche de celui Tilapia du Nil : il est
ainsi confirmé que cette espéce n'est pas carmassiepeut méme étre
nourrie artificiellement (Reizer 1966) ; (iii) demux de croissance spécifique
de 2,77 et 3,48 sont rapportées respectivementdesujuvéniles d’Heterotis
de 30-50 g et de 3-6 g (Tillon 1959 ; Bard 196Q)) la facilit¢ de
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transporter les alevins par avion et par voie $tree (Reizer 1964).
Néanmoins, les mortalités massives des alevinsesbwbservées peu apres
la naissance empéchent toujours la production @i@etrdes juvéniles. Ces
résultats prometteurs sont confortés par des pedioces de croissance
remarquables : avec une alimentation artificiehketerotis niloticuspeut
atteindre en polyculture avec le tilapia, 3 a 4kgl2 mois d’élevage (Bard,
1973).

Dans I'état actuel des connaissances, les donnééglsvage larvaire et les
besoins nutritionnels des Heterotis sont quasiigtentes. Or, tout processus
de domestication d'une espece de poisson transitessairement par la
maitrise de la production massive des juvénilesgdalité et par la

formulation d’aliments spécifigues a cette espédbes lors, il devient

indispensable d'une part dentreprendre d’avantdgerecherches sur le
comportement de reproduction des Heterotis en\igpBt sur les stratégies
d’élevage de leurs larves afin de remédier a laefonortalité larvaire

observée ; et d'autre part, de mener des étudesitvis déterminer les
besoins nutritionnels et alimentaires spécifiques Heterotis a différents
stades ontogénétiques. C'est dans cette perspeptevda présente étude a
éteé initiée.

1.2 Objectifs et méthodologie générale de la these

1.2.1 Objectif global et objectifs spécifiques

La présente recherche doctorale s’inscrit dansappeoche prospective de
domestication de [I'Arapaimidae Heterotis niloticus en Afrique
subsaharienne. |l s’agit spécifiguement d’'une mbétablir les variables
nutritionnelles de base relatives au pré-grossisaémes juvéniles de cette
espéce, et d'autre part d’examiner la possibiléésdbstituer la farine de
poissons par des matiéres premiéres végétalesdaraimentation.

Il est toutefois important de souligner que cettedé prévoyait également
d’aborder certains aspects primordiaux a différemieaux de I'ontogenese
larvaire deHeterotis niloticus surtout I'impact de l'alimentation sur la mise
en place des structures digestives en vue de boatra la détermination des
stratégies alimentaires des larves de ce poissegebasur des criteres
ontogénétiques et physiologiques. Cet objectif pées pu étre atteint en
raison des fortes mortalités larvaires observéesntlles multiples tentatives
meneées au début de notre travail.
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1.2.2 Méthodologie générale
1.2.2.1 Matériel animal

Les adultes, immatures, juvéniles et larvesHierotis niloticusont été
collectés avec la collaboration des pécheurs loeauxilieu naturel (Photos
1 et 2) dans le fleuve Nyong a Akonolinga (3°47'€Na2°15’E), située a
une centaine de km de Yaoundé (Cameroun). Aprésplesses de
localisation des nids actifs et le suivi quotidides sorties-promenades des
alevins dans les zones de marais du fleuve, lednjles expérimentaux
(poids moyen < 1 g) ont toujours été collectésalé de I'épervier ou d’'une
grande épuisette. Les spécimens capturés ont des ré@macheminés a la
station de Melen a Yaoundé par voie terrestre deescaisse étanche de
150 litres fabriquée avec du contreplaqué doubl@algstyréne et pourvue
d’'un aérateur a batterie, a une densité d’envi@d javéniles par 10 litres
d'eau. Avant le transfert, les juvéniles ont tougp@été conservés a jeln
pendant 48 heures. Aucune mortalité n'a été errégisiurant les différents
transports. Des leur arrivée, les poissons ont @menété stockés durant
deux semaines dans des étangs fertilisés (3 jayaravant) de la station
aguacole de Melen & Yaoundé, sans une alimentatiibicielle.

1.2.2.2 Dispositif expérimental

Les tentatives d’élevage larvaire ont été effecdtud@ns des aquariums de
'écloserie de la station de recherche spécialifi@AD a vocation
internationale de Koupa Matapit (Foumban, Ouest€amm). Les
expériences du présent travail ont quant a ellésréalisées a la station
aquacole MINEPIA de Melen (Yaoundé, Cameroun).

Aprés la période en étang fertilisé, 50 juvéniles toujours été stockés de
maniere aléatoire par hapa et nourris 2 fois pargeec un aliment composé
contenant 30% de protéines durant deux (sectiosis5} et trois semaines
(section 6). Au terme de cette phase d’acclimataties poissons ont de
méme été répartis aléatoirement au nombre moyeRB7ddans les hapas
expérimentaux, apres la pesée individuelle de 8@iotus échantillonnés au
hasard. Chacun des traitements a été testé ematipLes morts ont été
guotidiennement décomptés, enlevés et pesés. iA te$ expériences, tous
les juvéniles ont toujours été individuellementgses

Les hapas d’élevage, en toile moustiquaire, de dorettangulaire et de
volume utile (500 L en moyenne), ont toujours étdllés dans des étangs
en terre (300-600 m2, 1,2 m de profondeur) dedtost de Melen (Photos 3
et 4). Les étangs expérimentaux étaient des étdmgierivation avec des
tuyaux d’amenée d’eau en PVC de 100 mm de dianeéttles moines pour
la vidange compléte par gravité. Ces étangs onglétentés par de I'eau
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captée également par gravité d'un ruisseau vdigrtircuit d’élevage était
un circuit ouvert avec un léger débit d’écoulenwatiu en permanence ; les
faces externes et internes des hapas ont été esosgensuellement pour
lutter contre un éventuel développement algal. durg des expériences, les
poissons ont été soumis a la photopériode naturele mesures de la
température, du pH et de la conductivité de I'edledage ont été prises
quotidiennement avec un multimétre C 830 de maiQaesort NV. Ces
parametres ont varié sans relation significativecdes traitements dans les
intervalles suivants : température entre 24 et 38€c une moyenne de
27,6°C ; pH entre 6,5 et 7, tandis que la conditétimoyenne a été de 32,13
(+3,1) ps crit.

1.2.2.3 Aliments expérimentaux et nourrissage

Lors de la formulation des aliments expérimentawoys avons utilisé des
ingrédients importés et des matieres premiéreddecha farine de poisson,
I'huile de poisson, le CMC et les premix vitamingget minéral ont toujours
été obtenus respectivement chez Coppens Interah®h (Helmond, Pays-
Bas), Sigma-Aldrich (Bornem, Belgique), INVE Aquétave (Belgique) et
INRA (Belgique). Le reste des ingrédients (tourtede soja et de coton,
farine de mais, son de blé, huile de palme) ontaétéetés au niveau du
marché local (Cameroun). Les sous-produits végétaix toujours été
soumis a tour de réle a un traitement thermique, 3 heures de cuisson
suivant la source de combustible (bois ou gaz é&ma). Ces cuissons ont
de méme été suivies successivement de séchagekeiuetsde passages au
moulin pour I'obtention de fines farines, avantt®incorporation dans les
régimes expérimentaux.

Suivant les régimes, les ingrédients protéiquegueidiques ont toujours été
pesés et mélangés jusqu’a I'obtention d’'une poilmr@ogene, a laquelle
étaient ajoutées les proportions respectives deniprevitaminique et
minéral, de CMC et d’huiles. De I'eau était ensuijeutée au mélange de
maniére a obtenir une pate destinée a étre tranéforen spaghettis
(diametre, 2-3 mm) a l'aide d’'un robot de cuisinéerfwood KM 800,
Havant, UK) (Photo 5). Les spaghettis obtenus onjoturs été séchés au
soleil (28-35°C) durant 3 jours avant d’étre coséasmanuellement. Avant
leur distribution, les aliments ont de méme ét&lsis a -20°C. Apres la
pesée quotidienne, les granulés étaient distrilugsuellement jusqu’a la
satiété apparente, deux fois par jour (9h30 et Qjhén deux passages a
chacune des fois.

1.2.2.4 Echantillonnage et analyses chimiques

Des échantillons de poissons ont toujours été \pglealéatoirement au
début et a la fin de chaque essai pour réaliseradalyses dans le but de
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déterminer respectivement les compositions corfesréhitiale et finale des
poissons expérimentaux. Des analyses similaireggaiement été réalisées
sur les ingrédients et les régimes expérimentaux.

Photo 1: Heterotis adulte Photo 2: Pécherie dans le Nyong

Photo 3: Etang d’acclimatation Photo 4: Hapas en installation

Photo 5: Fabrication de granulés
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Les protéines ont été déterminées en utilisant &hatde de Kjeldahl
(N x 6,25) apres une digestion acide. Les lipidésux ont été estimés par la
méthode de Folcbkt al (1957), les cendres par incinération de I'échianti
dans un four a moufle (550°C, 12h) et I'humiditérésp séchage de
'échantillon a 105°C durant 24h. Ces analyses ét# réalisées au
laboratoire de I'Unité de Recherche en Biologie @gganismes (URBO)
des Facultés Universitaires Notre-Dame de la PaiNdmur (FUNDP) en
Belgique.

Les dosages des acides aminés ont été effectuddnaélde Chimie
Biologique Industrielle de la Faculté Universitairdes Sciences
Agronomiques de Gembloux en Belgique. Les acidasésrtotaux ont été
déterminés suivant la méthode de la Commissiong&emane (Commission
Directive 98/64/EC du 3 Septembre 1998). Ainsi,degles aminés ont été
déterminés dans un analyseur automatique (Bioct20nplus) apres une
hydrolyse acide de 100 mg d’échantillon dans 106nMl HCL (+ 0,1%
phénol) & 110°C pendant 22h. Les acides aminésésoant été dosés apres
une oxydation performique avant I'hydrolyse acide. tryptophane a été
obtenu apres une hydrolyse alcaline selon la métkiédrite par Fontainst
al. (1998).

1.2.2.5 Evaluation de la croissance et de |'utiissades aliments

Des résultats obtenus, plusieurs parameétres ontadtéllés pour évaluer
respectivement la croissance et I'efficacité alitage. Ces parameétres sont
le Taux de croissance spécifique (TCS), le gairpads (GP) exprimé en
pourcentage, l'efficacité alimentaire (CEA), le @mgent d'Efficacité
Protéique (CEP) et la rétention protéique (RP).fbesules de calcul de ces
facteurs sont :

TCS (% j%) = 100 (Ln P— Ln R)/AT
GP (%) = 100 [(P- R)/P]
CEA = (Gain de poids des poissons incluant la basaales morts)/Q
CEP = (Gain de poids des poissons incluant la tssmdes morts)/P
RP =100 [((Px PG) — (R x PG))/(Q x PA)]
avec P= Poids final (g) ; P= Poids initial (g) AT = Durée de I'expérience
(jour) ; Q = Quantité d’aliments distribuée (g) ;=PQuantité de protéines

alimentaires distribuée (g) ; PE teneur corporelle protéique finale ;;RC
teneur corporelle protéique initiale ; PA = tenprotéique de I'aliment.
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1.2.2.6 Analyses statistiques

Les données obtenues et les paramétres calculés@anis & une analyse
de la variance (ANOVA) a un ou deux criteres danbut de comparer les
différents traitements apres vérification de I'’hg@péité des variances avec
le test de Hartley (Dagnelie 1975). En cas de wiffée significative au seuil
de 5%, on a eu recours au test de la plus petitérelice significative.
Toutes les analyses statistiques ont été réalés€aile du logiciel Statview
(Version 5.0.1.0., SAS Institute Inc.) et les grgples avec Microsoft Office
Excel 2007.

1.3 Organisation de la thése
Cette these est organisée en sept sections.

Section 1 intitulée « Introduction générale », elle présela contexte, la
justification, les objectifs et la méthodologie lgibe de la recherche.

Section 2 dénommée « Biologie et Aquaculture Heterotis niloticus»,
cette section synthétise I'état des connaissancelees sur la biologie,
I'écologie et les acquis aquacoles de cette esp@ce part, et elle releve
d’autre part les obstacles majeurs a franchir teat proposant les
thématiques de recherche futures en vue de sdgatith durable et rentable
en aquaculture tropicale.

Sections 3 et 4 elles sont intitulées « Nutrition protéique de
Heterotis niloticusen phase de pré-grossissement ». La section 3sanialy
réponse des juvéniles d’Heterotis nourris avecrdgsnes isoénergétiques
ayant des teneurs croissantes en protéines etedstims besoins spécifiques
en protéines. Quant a la section 4, elle s'intérassprofil corporel en acides
aminés des ceufs, larves, juvéniles, immatures eltesd d'Heterotis, et
estime également les besoins en acides aminéspémdisbles de cette
espéce a différents stades ontogénétiques.

Section 5 dénommée «Rapport protéine/énergie chez lesnilege de
Heterotis niloticus»>, elle examine les effets de différents rapports
protéine/énergie sur les performances de croiss@icé& composition
corporelle des juvéniles de cette espece.

Section 6 intitulée « Valorisation des sous-produits végét dans
I'alimentation des juvéniles ddeterotis niloticus», cette section évalue les
réponses des juvéniles de ce poisson nourris aspédimes ayant des taux
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graduels de substitution de la farine de poissanglgs tourteaux oléagineux
disponibles localement.

Section 7 cette section ultime « Discussion générale, losimn et
perspectives » est une synthése de I'ensembleasailtr elle visualise les
résultats obtenus en fonction des objectifs dehése afin de mettre en
exergue les acquis majeurs de cette recherchedigmdirer des conclusions
incluant  des perspectives de recherche-développgemesur
Heterotis niloticus

1.4 Références

Achionye-Nzeh, C.G. & Omoniyi, O.G. (2002) Lipid mposition of the
fishes Heterotis niloticus Brycenus nurseGnathonemus cyprinoidesnd
Sarotherodon galilaeusom a small lake in Nigeria. International Jourof
Tropical Biology and Conservatiof(, 253-257.

Bard, J., 1973. Les poissons de la famille des dgstesidae et la
pisciculture. Bois et Foréts des Tropiques 147783

Brummett, R.E., Gockowski, J., Pouomogne, V., Abdtedjo, J.M.,

Mvilongo Mbassi, D., Soua, N. & Teteo, F. (2005n&li technical report:
Development of integrated aquaculture-agricultyrstesns for small-scale
farmers in the forest margins of Cameroon, NRE9806/522/003, UK
Department for International Development, London.

Brummett, R.E., Lazard, J. & Moehl, J. (2008) Admc aquaculture:
Realizing the potential. Food Polic33, 371-385.

Fagbenro, O.A. (2001) Apparent digestibility of deuprotein and gross
energy in some plant-and animal-based feedstuffdéterotis niloticus
(Clupeiformes: Osteoglossidae) (Cuvier 1829). Jaluoh Aquaculture in the
Tropics,16, 277-282.

FAO, 1993. Séminaire national sur la politiqueaeplanification de la péche
au Cameroun. Exposés présentés. Palais des Congtasundé,
16-20 septembre 1991, 244 p.

Gbaguidi, A.S. & Pfeiffer, V. (1996) Statistiguessdpéches continentales,
Années 1987-1995. GTZ-GmbH, Direction des Péchemr®u, Benin.

Hecht, T., Oellermann, L. & Verheust, L. (1996) ferctives on clariid
catfish culture in Africa. Aquatic Living Resour¢@&s 197-206.

14



Introduction générale

Kemgang, H.S. (2007) Rapport d’évaluation des pliieaux intérieures et
de quelques pécheries maritimes. Edition interlaelGirection des Péches et
de I'Aquaculture. Ministére de I'Elevage, des Péchet des Industries
Animales, Cameroun. 62 pp.

Lazard, J. (1980) La péche en eau libre et le d@pelment de la
pisciculture dans les eaux continentales ivoirisnnEhése de Docteur
Ingénieur, Université des Sciences et Techniques Lduinguedoc,
Montpellier. 253 pp.

Legendre, M. (1991) Potentialités aquacoles desli@ae Sarotherodon
melanotheron Tilapia guineensiset Clariidae leterobranchus longifilis
autochtones des lagunes ivoiriennes. These de Roctdniversité
Montpellier II, 83 pp.

Moehl, J., Halwart, M. & Brummett, R. (2005) Reparf the FAO-
WorldFish Center workshop on small-scale aquaceltur Sub-Saharan
Africa: revisiting the aquaculture target group guigm. CIFA Occasional
Paper 25, Food and Agriculture Organization ofliinéed Nations, Rome.

Nguenga, D., Pouomogne, V. (2006) Situation actuelé la recherche
aquacole et halieutique dans les eaux intérieures @ameroun.

Communication orale lors de la®“lrencontre entre le Ministére de
I'Elevage, des Péches et des Industries AnimaldBIERIA) et le Ministéere

de la Recherche Scientifique et de I'lnnovation NIRESI). Palais des
Congrés, Yaoundé, Cameroun.

Programme National de Sécurité Alimentaire (PNSZ)0{7) Document de
travail de la Premiére phase quadriennale (20082084 pp.

Pouomogne, V., Nana, J.P. & Pouomegne, J.B. (199@)cipes de
Pisciculture appligués en milieu tropical africa@omment produire du
poisson a colt modéré (des exemples du CamerothIDICoopération
Francaise, Yaoundé. Edité par Presses UniverstaitAfrique (PUA),
Yaoundé, 236 pp.

Pouomogne, V. & Pemsl, D. (2008) Recommandation &osmfor Pond
Aquaculture. Country case study: Development amdustof Freshwater
aquaculture in Cameroon. WorldFish Center Studres Review N° 1871.
The WorldFish Center, Penang, Malaysia, 60 p.

Pouomogne, V., Mikolasek, O. & Lazard, J. Aquaadtextensive, une
pratique a l'interface entre élevage et préléveragpartir du milieu naturel.
Cahiers d’études et de recherches francophonesi¢ul{gres, sous presse,
28 p.

15



Alimentation et Nutrition des juvéniles de Hetesoti

Viveen, W.J.A.R., Richter, C.J.J., Van Oordt, P.G\WJanssen, JAL. &
Huisman, E.A. (1985) Practical manual for the adtaf the African catfish
(Clarias gariepinuy. The Netherlands Ministry for Development
Cooperation, Section for Research and Technol@g8pp.

16



La section suivante a été rédigée avec l'intention de fournir
au lecteur une synthese de I'état des connaissances
disponibles sur la biologie, I'écologie et les possibilités
d'élevage de Heterotis niloticus dans le but de mieux
appréhender I'espéce étudiée et la problématique globale de
ce travail. Ainsi, elle regroupe d'abord les données
disponibles sur la reproduction et la croissance de cette
espece en milieu naturel et en captivité. Ensuite, elle reléeve
les obstacles majeurs a surmonter en vue de son utilisation
durable en aquaculture tropicale. Enfin, elle propose des
axes de recherche-développement sur ce poisson tout en
suggérant quelques solutions pratiques facilement mises en
ceuvre.
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2

BIOLOGIE ET AQUACULTURE DE

Heterotis niloticus
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2.1 Abstract

This paper first reviews the available data on thelogy of
Heterotis niloticus and then the prospect for sustainable aquacutiutieis
species. Previous researches principally investitydts reproduction and
growth in natural environment. Thus, Heterotis s unpaired gonad
located on left side; the spermatogenesis and @sgeiof this species are
similar to those of most teleosts. Heterotis haslaborated reproductive
behaviour (coupling, nest construction and pareguatding). The species is
classified within the opportunistic omnivorous fisategory and consume a
variety of food resources, ranging from aquaticenwbrates to small seeds,
including small benthic organisms, fishes, shrimp&nt remains and
terrestrial insects. In captivity, remarkable grovperformances have been
reported, individual mean body mass reaching uptm4 kg in 12 months.
However, its use for profitable fish-farming in Ada relies on the
knowledge of ecological, behavioural and nutritidiaators which condition
its reproduction, the resolution of massive mantadiuring early ontogeny,
the estimate of its nutritional needs at variousogenetic stages and the
identification of an efficient breeding. The prospefor Heterotis
contribution to the rise of African aquaculture eeg@s on the solutions
which will be found to the mentioned crucial prahke

KEY WORDS: Heterotis niloticusbiology, aquaculture, nutrition, growth
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2.2 Introduction

Fish provides 22 percent of the protein intakeuh-Saharan Africa (FAO,

2006). This share, however, can exceed 50 peroesdintries where other
sources of animal protein are scarce or expensiigh consumption per
capita in sub-Saharan Africa is the lowest in edions and is the only part
of the world where it is declining. The main reassrthe upper limit of

capture of fisheries production and the growingybaiion. Since fishing

products cannot meet the demand for fish, aquaeultill have to play a

crucial role.

Aquaculture production in the sub African contineatcounted for
0.2 percent of the total world production, estirdas® 59.4 millions tonnes
(FAO, 2006). This region, despite its enormous ratpotentials, continues
to play a minor role in the world aquaculture pratibn. To maintain the
current consumption level for fish in Africa, thguaculture sector would
have to increase by 267 percent by 2020 (FAO, 2006hsequently, it is
necessary to promote the expansion of this sector.

Presently, African fish farming is based mostly the breeding of Nile
tilapia. Unfortunately results obtained on fish gerare very low. In order to
overcome the challenge of African aquacultures inécessary, on one hand,
to intensify and integrate the actual techniquedNité tilapia breeding in
Africa, and, on the other hand, to develop aquacellin Africa, including
the domestication of species with high aquaculpgtentialities. One of the
species with such a potential is the African bongteeHeterotis niloticusa
species belonging to the Arapaimidae family (Fésr&003).

The African bonytongue is exploited by fisheriesGameroon River Basins
(essentially in Nyong River) and others (Benin, €a&nAfrican Republic,
Chad, Congo, Democratic Republic of Congo, Ivoryagtp Madagascar,
Nigeria and Senegal). The Heterotis marketing actaally varies from 2 to
7 kg body mass and annual captures in Cameroon liese estimated at
1520 tonnes valued at U.S. $5,221,375 (Kemgang,7)20Dhe African
bonytongue presents undeniable characteristics hwhistify the present
interest, such as remarkably high growth rate pegathing characteristic,
omnivorous diet and good market potential. In fiegd pond, this fish
exceeds 500 g within four months meanwhile at tmesage, Nile tilapia
difficultly attains 150 g. Individual mean body msasf 3 up to 4 kg within a
twelve-month cycle is very encouraging. Howeves,use for intensive and
sustainable aquaculture should be envisaged wibaption as numerous
problems persist. The present article summarisesatfailable data on the
biology of H. niloticus and presents its potential in relation to missiatp
for its sustainable and profitable aquaculture fricA.

21



Alimentation et Nutrition des juvéniles de Hetesoti

2.3 Systematics

2.3.1 Taxonomy and morphology

According to Blache (1964), the valid scientificrmaisHeterotis niloticus
(Cuvier, 1829). Previously, Heterotis formed pafttbe Osteoglossidae
family. This family included four genera distribdtearound the world
(ArapaimaandOsteoglossunn the Amazonian basitjeterotisin tropical
Africa and Scleropagesin Australia, Asia and India). Currently,
Osteoglossidae was divided into two different faesil Osteoglossidae
(OsteoglossumandScleropagesand ArapaimidaeArapaimaandHeterotig
(Ferraris, 2003).The genusHeterotis contains only one species:
Heterotis niloticus

Heterotis has a compressed body covered with lamgd strong scales
(Paugy, 1990). These scales are corrugated witlore wr less vermiform
sculpture and oval in shape with the thicker portiexposed. African
bonytongue is characterized by dorsal and anal fntsch are spineless,
elongated and posteriorly positioned. The caudalidismall and rounded
while the pelvic are abdominally positioned. Theetal line extends in a
straight line from above the operculum to the nedofl the caudal peduncle.
Heterotis possesses premaxillary and maxillaryhtdmit no pharyngeal.
Villiform teeth are observed on the tongue.

The dorsal fin possesses 33 to 37 soft rays amndsstitle behind from anal
fin (34 to 38 soft rays) (Moreau, 1982; Mbega, 200¢he number of gill
rakers increases with the fish length; 33 (yound)& on the ceratobranchial
and 21 (young) to 76 on the epibranchial. Youngispens possess external
gills. In addition, the number of vertebrae ostétabetween 66 and 69. The
maximum body mass and size observed vary accorttingeographical
regions (Table 2.1).

2.3.2 Anatomical specificity

There exist spiral tubular structures rooting fréme 5th branchial arc and
opening at the pharyngeal roof. These snail-likgans similar to those of
Chanos chanosiave multiple functions. The suprabranchial orgéays a
role in gaseous exchange, alimentary or sensoscesD’Aubenton (1955)
estimates that these structures could have a mieahgart in nutrition and
respiration thanks to the presence of mucus cetlssansory buds.

African bonytongue has a tripartite air bladderetthtommunicates with the
pharynx by a sphincter. The anterior part of thedter, near the sphincter,
IS not very vascularized. The second part, in thetrary, is much more
vascularized, whereas the third coupled part wite kidneys forms a
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vascularized spongy mass by the pulmonary arteshtlaa posterior cardinal
veins. Heterotis uses this bladder to breathe ensthface of water, thus
allowing the oxygenated blood to return to the gaheirculation. This

anatomical specificity permits its life in muddy tea relatively poor in

oxygen. Embryos and larvae of African bonytongueehaxternal gills of

endodermal origin (Budgett, 1901; Moreau, 1982)edkh gills increase
respiratory surface area to volume ratio.

Table 2.1: Maximum body mass and size (SL, standé&rdth) in natural
environment

Maximum

Geographical area Size Reference

Mass (kg) (SL. cm)
Lake Tchad 10.15 98 Blache (1964)
Nile River 6.50 80 Bishai (1970)
Ubangui 4.00-5.00 - Micha (1973)
Nyong Depierre and Vivien
(Cameroon) 5.06 91 (2977)
Nigeria i 100 Olaosebikan and

Raji (1998)

2.3.3 Geographical distribution

Heterotis niloticusis present in large rivers and lakes of the Nimkshian
area, Central and West Africa (e.g., Nile, Nigeanthia, Oueme, Benoue,
Senegal or Lake Chad) (D’Aubenton, 1955; Daget,719%véque et al,
1990, Li and Wilson, 1996; Mbega, 2004; Adite et aD05) and has been
successfully introduced in many rivers and aquacelstations in Africa
(Table 2.2).

Several countries reported adverse ecological imager introduction. In
Gabon for example, it was introduced in 1959 feh fiarming due to its high
growth rate and good meat quality (smoked or splt€dllowing the
accidental introduction into the river Ogowe in Q98Vibega, 2004) this
species more and more predominates in artisarfahdjs The consequence
has been a drop in the capture of favourite spexieb as tilapia sp. The
Gabonese authorities attribute this drop to feedhpmsiition between
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introduced Heterotis and local fish species, unodled occupied area and
difficulties related to fish net.

Table 2.2: Introduction in various river basins

Introduction area From Year / Period References
Nyong and Sanaga  North 1958 Depierre and
(South Cameroon) Cameroon Vivien (1977)

I South -
Ubangui River(CAR) Cameroon 1960 Micha (1973)
Ogowe (Gabon) South 1980 Mbega (2004)

Cameroon

Madagascar Cameroon 1964 Moreau (1982)
Lake Kossou and Benue
Ayame (ICY Cameroon 1959 Moreau (1982)

Congo (DRC} Congo 1966 Moreau (1982)

'CAR=Central African Republi¢IC=Ivory Coast; DRC=Democratic Republic of
Congo

2.3.4 Diet

Arapaima, Scleropages and Osteoglossum fishes wensu variety of

invertebrates, terrestrial vertebrates and paditufish. Numerous authors
characterized these species as carnivores, and specgically, piscivores

(Goulding, 1980; Rainboth, 1996; Allen et al, 2009n the other hand,
African bonytongue of all sizes consume a varidtipod resources, ranging
from aquatic invertebrates to small seeds, inclydnacrophytes, plant
remains, aquatic insects and fishes (Lauzanne,; 19itha, 1976; Moreau,

1982; Mbega, 2004; Adite et al., 2005).

The principal food items recorded in Lake Hlan &@dRiver in Benin were
detritus, aquatic insect, microcrustacea, mollugnd substrate particles
(Adite et al., 2005). Microcrustacea consumed wearastly Ostracoda,
Cladocera (mainly Daphnidae), Copedoda, Amphipadh Eubranchipoda.
Aquatic insects were mostly immature stages of @gt(Chironomidae,
Ceratopogonidae, Syrphidae, Tipulidae and Empidid&phemeroptera,
Hemiptera, Odonata, Heteroptera and Plecopterao@idae larvae are
the most appreciated (Lauzanne, 1976; Adite eP@05).
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Recurrent gastropod molluscs in the stomach comtenit African
bonytongue are Limnidae, Planorbiidae, Physidaetyitobiidae (Moreau,
1982; Adite et al., 2005). Minor diets recorded d®veral authors were
shrimps, fishes, terrestrial insects (Coleoptergméhoptera), invertebrate
eggs, plant tissues, nematode worms, chitin fragenesigae (diatoms,
cyanobacteria) and Rotifera (Lauzanne, 1976; Midl®q6; Moreau, 1982;
Mbega, 2004; Adite et al., 2005).

The diet varies with the ontogenetic stage. Laraad young consume
exclusively phytoplankton and zooplankton (Dag®57;, Lauzanne, 1976;
Micha, 1976; Durand and Levéque, 1981; Moreau, 198ile adults
consume small benthic organisms, water-column tebeates, aquatic
insects, fishes, shrimps, and seeds (Fagade andy&ia 1973; Lowe-
McConnell, 1975; Lauzanne, 1976; Hickley and Bayl&987). African
bonytongue has been characterized as microphadpage{, 1957; Lowe-
McConnell, 1975, 1987; Depierre and Vivien, 1977,orBhu, 1982),
invertebrate strict feeder, or omnivore (LauzanthB76; Micha, 1976;
Durand and Levéque, 1981; Moreau, 1982; Mbega, ;280#e et al., 2005).
According to the diversity in the composition of idiet as well as in its
seasonal variation, Heterotis can be consideresh apportunistic omnivore.

2.4 Reproduction

2.4.1 Sexuality and gonad

The morphology does not permit external sex detation. Therefore,
autopsy or stripping (to expulse genital sperm warl@s) is still frequently
used. The gonads of Heterotis are similar to tludthe other bonytongues
(Mormyrus kannumend Scleropages formospsnd this species has an
unpaired gonad located on its left side (Morea&2)9

The single testis is subdivided in lobules simitathose observed in other
species. The lobules with irregular form are sejedry conjunctive tissue.
The conjunctive tissue approximately occupies 4G%he gonad volume.

The periphery of these lobules is covered by a mang which is not

always distinctive of near-by conjunctive tissueblles harbor sexual cells
disposed in a disorderly manner. These types ofilésbare especially
located at the periphery of the testis and arergbdehroughout the year. In
the reproductive season, the central lobules ateeriin spermatozoa than
the peripheral. The testis length reaches 7 cnghseB-4 g (gonado-somatic
ratio < 1%) and the gonado-somatic ratio of masekwer than 1%, even
during the spawning season.
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The maximum diameter of a mature oocyte is 2.5/8 (Daget, 1957;
Olaniyan and Zwilling, 1963; Reizer, 1964; Rakotoaapison, 1966). The
maximum weight of the ovary varies between 70 abdy9accounting for
about 5% of total fish.

2.4.2 Gametogenesis

The spermatogenesis and oogenesis of Heterotsirailar to those of most
teleosts (Moreau, 1982; Adite et al., 2006). Thanpry are large cells
measuring 18 to 28 um in their greater dimension, (5 to 21 um in their
smaller dimension. Their round or elliptic nucl€@8 p diameter) contains a
nucleolus. Primary can be very abundant in a testise beginning and they
represent up to 27% of gonad volume. The secondsylting from the

division of primary, are irregularly observed besauhis stage is short.
Primary spermatocytes (23 um) are distributed inladules. No study

clearly identified and described the secondary mptwcytes of Heterotis,
probably due to the massive degeneration of seseitd observed during
this stage. The spermatozoa are present rarely thare 8% of the testis
volume and the head of the spermatozoon is clo8gnoin diameter.

Primary oocytes in meiotic prophase contain lonoplasm. At the end of
meiosis the nucleus contains several nucleoli.fif@eoplasmic ratio varies
with the oogenesis stages, 0.30 for oocytes of 260f diameter, it passes
to 0.25 for oocytes of 500 um and reaches 0.2@aytes of 1000 um. The
follicular appears around the oocytes (300 um) difigerentiates around
oocytes of 500-um size to which oocytes startltafii with yolk. In oocytes
of 1000 pm, cytoplasm is filled of yolk and the leus rich in nucleoli is
still at the centre of oocyte. The size structureaxytes in a mature ovary is
multimodal (Moreau, 1974).

2.4.3 Maturity

In natural environment, the observed size at firaturity varies according to
ecological areas. In Ubangui, it was observed wheterotis weighed about
600 g, corresponding to a total length of 400 mnicfd, 1973). In Ivory
Coast, 35% of specimens (800-1000 g) are matutherartificial lakes of
Kan and Ayame, whereas all individuals of more tlakg are mature
(Moreau, 1974). It is generally believed that thiecies reach maturity in
the course of the second year (Daget, 1957) andgeeat first maturity
seems later (24-30 months) in high altitude (eMadagascar). Reizer
(1964) observed the reproduction of 24 to 36-momtlisfish in captivity
and suggesting that the sexual maturity would oatar more advanced age
in pond breeding conditions.
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2.4.4 Fecundity

Absolute fecundity, expressed by the number of neadocytes in the ovary,
increases with size (F = 61QTL)%*®% r2 = 0.47 where F = fecundity and TL
= Total length in mm) and mass (F = 5.74W-748; ®43 where W = body

mass, in g) (Adite et al.,, 2006). This author régarthat the absolute
fecundity varies from 2697 to 27,508 for females5&£0-73.5 cm SL,

1.33-4.65 kg body mass. Other studies reported f86@2 to 15,246 for

females of 56.0-82.0 cm SL in Ubangui (Micha, 19@8d from 4200 to

12,000 for females of 1.5-4.7 kg in Ivory Coast (&b, 1982).

Relative fecundity, expressed as numbet ligdy mass, varies from 2028 to
5916 (Moreau, 1982; Adite et al., 2006). Howevdre treal fecundity,
expressed as number of effectively-laid eggs, @eztabout 3000 eggs per
female (1.8 kg, mean body mass).

2.4.5 Coupling and spawning

Many authors have described the elaborated reptiwdubehaviour of

Heterotis (Daget, 1957; Tillon, 1957; Mvogo, 196Reizer, 1964,

Rakotomanampison, 1966). During the annual reptbticseason, adults
search for favourable egg-laying areas. Thesentegliaces cannot be too
deep, but rich in grass. The mature fish frequaset drassy banks of the
rivers or flooded zones during this period. Theusgition of a favourable

nesting place and the meeting of a sexual partrduce the reproductive
behaviour.

Gonad maturation and reproductive behaviour seenbetotwo distinct
phenomena, which would not necessarily depend enstime external
stimuli. Indeed, the complete maturation of oocygesms to be conditioned
by floodal favourable spawning areas and neststeat®n by males; while
three factors seem to influence the reproductivebieur (onset of the rainy
season, lengthening of photoperiod and loweringtdf(Moreau, 1974).

Before selecting a partner, male creates a circodest (100-150 cm in
diameter) in swamps. The basin-like nest is sumdlednby vegetation and
provided with an opening allowing the passage @ebers. The average
depth in the middle of the nest varies accordingh® authors, 20-34 cm
according to Svensson (1933) in Moreau (1982), 3% according to
Daget (1957. This stage is relayed by an altereatist parental guarding
during 24 to 48 hours. After that, batches of eggs laid and fertilized
during a spawning clasp. The ripe ovarian eggsyatlew to orange and
demersal fertilized eggs adhere together in ones maign deposited. When
spawning is completed, both male and female gusrahést. Each spawning
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episode can give approximately from 3000 (More@82) to 6125 larvae
(Adite et al., 2006).

2.4.6 Reproductive season

Numerous authors recognize a correlation betweeerbtes reproduction
and the rainy season, involving water rise anddlgoassy zones (Reizer,
1964; Rakotomanampison, 1966; De Kimpe, 1967; \WnckO71; Micha,
1973; Moreau, 1974). This species has one reprvgustason per year that
varies according to area; July-September in thehi§eptember-December
in the Nyong, August-October in the Chad basin,t&aper-October in the
Senegal. However, the reproduction period doehlgatorily correspond
to the approach of rain; and spawning may contindke dry season even at
water temperature below (De Kimpe, 1967; Moreaw,4)9or over 30°C
(Rakotomanampison, 1966). In addition, the spawniag be obtained
naturally in fish pond containing vegetation (Rejze 1964;
Rakotomanampison, 1966) or by simulating a risiregew in the pond (De
Kimpe, 1967; Vincke, 1971).

2.5 Growth

Few studies have described the growth from birthattult in natural
environment or in pond. However, the larval develept has been precisely
described from hatching to 8 days post-hatch (Qd®&7).

2.5.1 Hatching

At hatching the chorion tears, releasing the caads, the cephalic area and
the yolk-sac, respectively. The duration between laging and hatching is
not exactly reported. Some authors observed thathimg would occur
between 24 and 48 hours at 30°C (Budgett, 1901eDd®57) or in less
than 24 hours in ponds at unspecified temperafluesasson, 1957).

2.5.2 Larval growth

Larval growth has been described in ten subdivstades (Figure 2.1) and
synthesizes in Table 2.3.
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Table 2.3: The embryonic and larval growthHgfterotis niloticusrom hatching to 8 days post-hatch (Daget, 1957)

Stage

Time post-hatching

Larval length
(mm, TL)

Main characteristics

1

Just after hatching

18 hours

7.5

Embryonic curved-body

Visible and strongly pigmented eye
Developed abdominal and caudal areas
compared to the cephalic area
Presence of yolk-sac

Small pectoral fins and myomeres are
distinguished

Unpaired embryonic fin begins
dorsally

Anal tract is quite visible ventrally at
the posterior limit of yolk-sac

Caudal limit of the body is clearly
raised

Mouth and the five branchial arches
are open

Some-well-developed, short or less-
developed and starting-up filaments
exist in the first, second and third
branchial arc, respectively

All larval parts are greatly increased in
volume except yolk-sac, body
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3 42 hours
4 2 days
5 3 days

10

10

10.5

myomeres and anal tract
Curved-body structure is less marked
Caudal limit increasingly raised

The branchial filaments are more
numerous and longer

The filaments of the first three
branchial arcs are well formed and
those of the fourth arc start to appear
in tubercular form

Much voluminous cephalic and longer
caudal areas

The branchial filaments exist on the
four arches and those of the first arc
reach the anterior side of the eye
The early stage of caudal fin appears
The opercula fold is not formed yet
Branchial filament lengths exceed the
head

The larva resembles a young fish
The body no longer presents traces of
embryonic curve

The caudal fin separates

The branchial filaments regress in
length

Yolk-sac remains voluminous
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10

4 days

5 days

6 days
7 days

8 days

115

12

12.5

13

14

The lips are well formed but the larva
does not feed yet

The yolk-sac decreases considerably
The head presents its final aspect
including the mouth

The opercula fold is not completely
developed

The larvae appear black in colour
while fingerlings and adults acquire
scale-grey colour (black in exceptional
case as in Nyong River)

The nascent anal fin organized

Much more decreased yolk volume
Little developed opercula fold

Total disappearance of the yolk

No ventral and dorsal fins

The appearance of the early stages of
ventral and dorsal fins

The ventral fins are well formed but
still very small

Rudimentary rays are visible with the
dorsal and pectoral fins.
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Fig. 2.1. Diagrammatic representation of yolk-savd and post yolk-sac
larva (adapted from original drawing in Daget, 1957

At the later stages, larvae acquire essential agins. However, the scales
are not formed yet and there are remains of pretggta in front of the
dorsal and anal fins. Except for an increase intttal length, no other
important phenotypical characteristics are observd the 18th day post-
hatching.

In the course of the first three weeks of life, gnewth in length is variable:
a rapid increase in length during the first 24 kothen a relatively slow
growth until the yolk reserves are depleted, astlylaan acceleration of the
growth rate when larvae start the exogenous feqiiguire 2.2).

2.5.3 Fingerling growth

The growth of fingerlings has not been fully stutlie natural environment.
Observations indicated that juveniles also livesiwvarm and high mortality
rates are recorded until 2 months of age. Till®@b6@) recorded a SGR value
of 3.5 for fish of 3 to 6 g fed in ponds with cotteeed at 100 kg.Halay™.
SGR values of 0.47 (Okoye and Abubakar, 1996) afd (Omorinkoba et
al., 1991) have been reported for fingerlings of freared in fertilized ponds
and in polyculture with Nile tilapia and Africanttah irregularly fed with
pellets (25% dietary protein).
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Fig. 2.2. Growth of younddeterotis niloticusduring the first three weeks
(adapted from Daget, 1957).

2.5.4 Adult growth

Data on adult growth in natural environment or téipt are rare. The only
criteria used were the scales (Daget, 1957; FAO/BND970) and size
frequency (Depierre and Vivien, 1977). The resolt¢ained from various
natural environments are shown in Figure 3.3.
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Fig. 3.3. Growth of Heterotis niloticus in two different ecological
environments (redrawn from Daget, 1957; Depieriak \dinien, 1977).
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Several authors studied the relationship betweenlgéhgth and the body
mass, expressed as W 24 = body mass, in g; L = total length, in mm).
For specimens (300-800 mm SL, 0.5-5 kg body méss)yelationship varies

according to ecological areas (Table 2.4).

These relationships between the length and the budgs have been
established in rivers (Ubangui and Nyong) and lakesry Coast and

Madagascar) (Table 2.4). Hydrology of rivers isosgly influenced by

seasonal rainfall and during the flood season, whtEmM rivers covers

extensive floodplains, which probably provide abamdfood resources
(microcrustacea, molluscs, aquatic insect, shringra] fishes). In lakes,
floating plants occupy large areas and also prokgtat for many aquatic
organisms, including small fishes. But, seeds femibmerged and emergent
terrestrial vegetation are only available for Hetisr during the wet and
flood seasons. Consequently, its diet varies withecological area and the
season. This probably explains the differencesrebdein a and b values,
respectively (Table 2.4).

Table 2.4: Relationship between the body mass @Ag)iand the length
(L, in mm) expressed as W ="aL

Ecological area a b References

Ubangui River 1.19xI0 2.95 Micha (1973)

Nyong River 1.30x16 258 Depierre and Vivien (1977)
Madagascar 433xT0 261 Moreau (1982)

Ayame (IC) 1.23x18 1.78 Moreau (1982)

Bouake (IC) 426x10 259 Moreau (1982)

Niger - 2.56 FAO/UNDP (1970)

“IC=Ivory Coast

2.6 Population

2.6.1 Sex ratio

Results obtained by various authors on the sem-cativverge towards equal
proportions between the two sexes. In Niger, withirpopulation (44 to
78 cm SL), Daget (1957) observed a balanced sex-fahis tendency is
confirmed by the results of other studies (ReiZE364; Micha, 1973;
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Moreau, 1982) while Adite et al. (2006) reportedpmrtions of 53.7% and
46.3% for males and females, respectively (7.46t6 ¢m SL; 5 to 5840 g).

2.6.2 Recruitment

Recruitment occurs towards 6 months of age, wheanijles first migrate

out of laying places. The recruited fingerlings elegh on female fecundity
and survival rate of young. The available data arvdl and fingerling

mortality in natural environment are scarce. Howgubservations reported
a high mortality at these two stages. This aspexs$ Wwetter studied in
captivity.

In fish-farming, authors reported low survival st larvae and fingerlings
(mean weight < 2g). During the first week post-hatoassive mortalities up
to 80% were recorded (De Kimpe, 1967). Observatiawe shown that total
disappearance of larvae can occur within a few $ioi@laniyan and

Zwilling, 1963; Reizer, 1964; Rakotomanampison, &9¥incke, 1971).

According to Reizer (1964), this massive mortaldgcurred especially
between the 5th and the 7th days post-hatching.

A series of hypothesis were suggested to explds nfassive mortality:

change of diet during weaning (Daget (1957), insigfificy of food

resources and high stocking density (Rakotomanampi4966; Micha,

1973), predation of larvae by other fish, batrachkiar aquatic insects
(Reizer, 1964), impact of physicochemical environtabmodifications and
parasitosis (Reizer, 1964). Taken together, it wdnd probable that several
reasons interact simultaneously in this problem,ictwvhremains still

unresolved.

2.6.3 Social life and migration

Reproduction occurs during the rise of water lewetl the key-stages of
natural reproduction consist of couple constitutioast construction, nest
and offspring parental guard (Daget, 1957; Mvog862t Reizer, 1964,
Rakotomanampison, 1966, Moreau, 1982). After hatshlarvae remain
grouped at the bottom of the nest. At the 3rd pasth day, larvae execute a
continuous up and down movement for aerial respmatSimilarly, they
leave the nest daily under alternative parentalrdjng. During these
outings, the number of larvae falls considerablyhe Tcharacteristic
gregarious remains until larvae reach the finggrlistage (body
mass < 3-5 g) where the swarm of juveniles disgess®l young fish leave
spawning zones during the first river migration. Bamplete study on the
dynamics of populations is available. However, sgmneliminary results
indicated annual feeding migrations of fingerlirmgesl adults, from spawning
areas to rivers or lakes; and reproductive mignatiof mature towards
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laying places (Daget, 1957; Depierre and Viviery, ZtMoreau, 1982; Adite
et al., 2005).

2.7 Elements of aquaculture

The first studies dealing with its culture stariad1950. This preliminary
work concerned the behaviour and reproduction iallsponds, the growth
and the nutrition, with encouraging results (Tillat957; Reizer, 1964).
Unfortunately, this interest was blurred with Afit states independence
and then studies are scarce. Recently, this sp@teFests again fish farmers
and researchers.

2.7.1 Reproduction in captivity

As mentioned before, reproduction occurs naturailypond (Lemasson,
1957; Tillon, 1957; Mvogo, 1962; Olaniyan and Zimf, 1963; Reizer,

1964; Rakotomanampison, 1966) but the results aertain (Moreau,

1982). The pond (from 200 to 10,000 m?) should @wontherbaceous
vegetation or at least vegetable remains, and latemdepths (15 to 30 cm)
in certain places. In captivity, it displays simil@productive behaviours as
in natural environment (couple constitution, neststruction and parental
guard). However, sexual maturity occurs tardilyllffi, 1957; Reizer,

1964).

No studies clearly demonstrated that females syzmweral times per year in
pond. The annual reproductive season is rathetdimio a few months
(Tillon, 1959, Reizer, 1964). Moreover, few datancerning the effects of
environmental factors on its reproductive physiglage available (Moreau,
1974). Thus, ecophysiological studies have to besidered. Such studies
would increase the knowledge of the influence oblagical factors
(temperature, photoperiod, oxygen, pH, turbidityality of water) on gonad
maturation, gamete quality, fecundity, reproductiseason, spawning,
embryogenesis, sex ratio and reproductive behavibikely, nutritional
impact on reproduction should be examined and lfingsearch on the
artificial propagation possibilities be initiated.

2.7.2 Larval rearing

No complete study exists on larval rearing. Manthats agree on massive
mortality of larvae during the first days post-Hatg. As mentioned before,
several hypotheses were emitted to explain thisrebsion. In spite of
preliminary research initiated, this problem remsaistill currently
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unresolved. Consequently, it is imperative, corrgiggts importance in fish
farming, to explore all eventualities to overcoris bbstacle.

The feeding plays a fundamental role in larval salvand development of
several fish species. One crucial stage is theagassf the larvae from
endogenous to exogenous feeding. This passage diepmn the yolk
utilization efficiency, the quantity of endogenowmgtrient reserves and the
developmental competence. Another critical stagie isabituate the larvae
to accept and use efficiently compound diets, ayestasually named
weaning. In order to evaluate the impact of diatrdularval mortality of
Heterotis, several investigations are still reqiiite evaluate the effects of
different diets (live and dry diets) on survivaldagrowth, and then to
determine its optimal weaning age.

For larval feeding strategies, it is necessary ttalys larval development
based on the evolution of yolk reserves, digedtiget or lipid metabolism
during the very early life stages. These studiesilshindicate the onset of
functional digestive structures. Investigations chedso to evaluate the
impact of physicochemical environmental modificai@n larval mortality.

2.7.3 Fingerling and adult rearing

Studies on fingerlings and adult growth in capgivare scarce. Preliminary
research examined the effect of diet containingtocotseed (fed to
100 kg.h&.day') on growth in pond. The results showed an exceptio
monthly increase, 372 g in fish from 530 to 388(rdlon, 1959), but this
author observed that the best growth period ocdud@ring the first 15
months.

Other studies reported a remarkable growth of 8 kg in a twelve-month
cycle (initial body mass < 5 g; 10 fish per 100pohd) (Tillon, 1957; Bard,
1973). Some preliminary observations indicated Higtvival rate (from 69
to 96%, Tillon (1959); from 83% to 100% (Reizer669 of juveniles (mean
weight > 2 g) and adult. Okoye and Abubakar (198@prted a daily growth
rate of 2.8, 1.6 and 0.1 g respectively for Heterdifrican catfish and Nile
tilapia during a 20 months period.

The growth performances bfeterotis niloticus Oreochromis niloticusaind
Cyprinus carpioreared polyculturally under a semi-intensive systenly
organic fertilization) were reported. The mean yatowth rates were 3.0,
1.11 and 0.38 g, respectively (Omorinkoba et af911 Akande and
Omorinkoba, 1994). These studies suggested aldo thiese three fish
species exhibited positive interactions within ploed environment.
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No studies reported cannibalism, deformity and atieein captivity. The
overall prevalence of gastrointestinal helmintheations were 38.9% and
50% for wild male and female, respectively (Akingaret al., 2007). These
authors specified the infection with a tremat@itevimulticaecum heterotis
in the liver, Tenuisentis niloticu@nd Sandonella sandorin the intestine.
Heterotis are also frequently infected with crustac parasites of the genus
Lernaogiraffain the gills (Micha, 1973)Lernaea(Moreau, 1982) and by
nematodes worms (Bard, 1973), without any remagkadoinsequence on
growth. Large cysts (3 mm in diameter) of geMysxobolus sphave often
been observed on its gills, usually leading to soaspiratory complications
in the case of severe infection (Paperna, 1982).

It appears clearly that the studies undertaken viiese concerned with

growth and survival rate, without approaching ratirequirements, dietary
impact on body composition and other factors. Tioeee basic information

on its nutrient requirements is needed in ordedewelop a well-balanced
and a cost-effective feed. In consequence, resestttéive to be carried out
to estimate nutriment requirements at differentogahetic stages and to
evaluate the effects of dietary protein and lipgvells on growth, feed
utilization and body composition in order to estienthe optimal P/E ratio of
fingerlings and adults. Moreover, considering itsndvorous feeding habit,

the valorization of local plant by-products mustdmwisaged.

Heterotis being bred in extensive and semi-intengignd farming system
with the potential natural food availability, trentous research work is still
needed to understand the mechanisms prevailingsindulture ponds in
terms of fish interactions within polyculture, storg density and organic
fertilization in order to produce efficient but tosffective fish feed at
maximizing benefits.

Up to now, rearing densities were usually low, bedlues varied
considerably between authors, from 3 to 500 fishlp® m2 pond, according
to Moreau (1982) and Bard (1973), respectively. Blodies clearly
demonstrated the effect of stocking density, bugatige correlation has
been reported (Vincke, 1971; Micha, 1973). Themfanore studies are still
required to investigate the possibility of its kg at higher stocking
densities, in order to confirm its use for sememdive or intensive pond
farming.

The cultivation of Heterotis dates back to aboutl89Olaniyan and
Zwilling, 1963), a very recent thing when compavéth the common carp
Cyprinus carpig which was cultivated in China back from 473 befor
Christ. African fish farmers use Heterotis in palifare with Nile tilapia,
African catfish and sometimes common carp, in esrthonds of generally
higher than 200 m2 in surface area (Department wEhdfies and
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Aquaculture, 2007). Taking into account the proldeand prospects already
emitted for this species, let us suggest some ipghctolutions, relatively
easy to implement now.

With respect to reproduction, the major difficultiare the sex determination
and production of fingerlings. Therefore, it is ¢real to introduce a good
number (around 10) of mature fish (2.2-3 kg bodysshanto one or more
spawning ponds (about 200 m2) preferably duringewéiboding season.

This method has been successfully used (Tillon718ard, 1960; Olaniyan

and Zwilling, 1963; Reizer, 1964). 15-30 days afpawning, fingerlings

can be collected with a landing net (35-40 cm dimmeor 45 days later
(Tillon, 1957; Reizer, 1964). It would be also fbhs to stock several

mature specimens in extensive pond (5 000 m? mimmand collect

juvenile regularly with cast net. Fingerlings capth must be stocked in
fertilized pond in mono or polyculture with Nilelapia. Therefore, the

installation of private stations is required in@rdo provide fingerlings (5 g
minimum) for fish farmers. These stations shoulsoaspecialize in the
massive production of others fingerlings (TilapiadaAfrican catfish) to

maximize its profits. Aside this controlled naturajproduction in ponds,
some efforts should be put into a better controbohad maturation and
artificial spawning based on hormonal or environtakimduction, as it has
been done with other species like carps, AsianAdridan catfish.

Aquaculture of Heterotis can be envisaged in smallarge ponds (more
than 500 m2) and natural or artificial lakes. Momen its probable
escapement from ponds to natural environment s¢é@ipase an ecological
disaster considering its auxiliary branchial airedihing organs and
omnivorous diet. In introduction areas, resultedytations were established
and their relatively low proportions in the annaaptures of fisheries vary
according to region: 16% in Lake Ayame, Ivory Cogstzard, 1980), 19%
in South Cameroon (Kemgang, 2007) and 10% in Laklead (Moreau,
1982). This indicates a minor environmental impaot, comparable to what
has been observed with the introduction of somasive species like Nile
perch (ates niloticu}in Lake Victoria, Common carp in Australia, antdeN
tilapia in Sri Lanka.

2.8 Conclusion

In order to increase the African freshwater fislwaylture production, the
culture of new species of high potential is nee@mleral fish species have
been investigated, andeterotis niloticusis considered among the most
promising species for fish farming. The African ptomgue presents a
remarkably high growth rate (3 to 4 kg in a 12-nmocycle), an omnivorous
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diet and a relatively higher market price. Howeweme obstacles restrict its
production, in particular the difficulty in sex @emination, massive
mortality of larvae during the first day post-hatmh and lack of basic
information on nutritional requirements. This papbustrates the real
expansion possibilities of its aquaculture in lielatto available biological
data, and presents the specific studies requirgglly; its intensive and
sustainable culture remains among the best hopenlteond aquaculture in
Africa.
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3.1 Abstract

Two experiments were conducted in order to exantire influence of
dietary protein levels on growth and carcass pratmcomposition of
Heterotis fingerlings. Four isoenergetic practidats were formulated to
contain dietary protein levels from 250 to 400 ¢ kijet. Replicate groups
of young Heterotis (initial live weight 3.96 g a26.40 g in experiments 1
and 2, respectively) were handfed twice daily tpaapnt satiation for a
period of 42 and 28 days, respectively. Statistenahlysis revealed that
growth rate were significantly affected by dietargtein level (P<0.01). The
highest weight gain was observed in fingerlings ¥ath 300 and 350 g
protein kg* diet for fish size ranging between 3-15 g and 264
respectively. There was no significant differenedween groups fed with
300, 350 and 400 g protein kgliet for Heterotisfingerlings (3-15 g) in the
one hand; in the other hand significant differenwese found between fish
(26-62 g) fed with 350 g protein Rgdiet and those receiving 300 and
400 g protein kg diet, with no significant difference between eaxther.
The specific growth rate varied from 2.4 to 3.1 & The whole-body
protein, lipid, moisture and ash contents were sigiificantly affected by
dietary protein levels (P>0.05). The relationsipsveen percentage weight
gain and dietary protein levels suggested very laimdietary protein
requirement (about 310 g crude protein per kg dmt)Heterotis ranging
between 3 and 62 g. The maximum growth occurreabatit 345 g protein
per kg diet.

KEY wWORDS: Heterotis niloticus dietary protein level, feed utilisation,
growth, protein requirement, whole-body composition
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3.2 Introduction

In west and central Africa, fishing remains the msaource for indigenous
fish supply to the population. Obviously, thesdifig grounds have attained
maximum sustainable levels and for the last 15sydhere is even a decline
trend. To meet up with the increasing demand famahprotein from the
growing human population, without increased fistpantation, there is an
imperative need to develop aquaculture in the Africontinent. Apart from
Nigeria, aquaculture sector contributes to lesa &t of local fish demand
in most African countries. Despite its aquacultpaential, Sub Saharan
Africa lags far behind. It is therefore indisperigalio stimulate the
development of this sector through diversificationluding the culture of
indigenous species such as African bonytonddetdrotis niloticuy. This
species has a relatively high commercial value atrdng aquaculture
potential, but very few data are available onatsriing.

Heterotis niloticusoriginated from tropical Africa (Greenwood 1973; &

Wilson 1996). It is found in big rivers (Senegakrbia, Niger and Nile)
and in some tropical African lakes like Lake ChddAubenton 1955;
Levéqueet al. 1990). Moreover, it was successfully introducedhe south
of Cameroon (Depierre & Vivien 1977), in Ivory Cogdloreau 1974,
Lazard 1980), in the Democratic Republic of Congo,Gabon (Mbega
2004) and in Madagascar.

Heterotis niloticusis a warm water bony fish well appreciated for aam
consumption in Sub Saharan Africa. It possessesmgortant potential
market, with a commercial value twice higher thiaat tof tilapia. The rapid
growth (3 to 4 kg in a twelve-month cycle), latexss maturity, short food
chain and natural reproduction of this speciegnalband large ponds make
it a good candidate for aquaculture productiontidhiresearch on this
species began in the 1950s. Unfortunately, the eambstudies diminished
considerably just after independence in 1960, leefbe recent regain of
interest. These studies were conducted to bettderatand the biology
(D’Aubenton 1955; Daget 1957; Omorinkobet al 1991; Okoye &
Abubakar 1996; Fagbenro 2001; Achionye-Nzeh & Oryic2002; Aditeet
al. 2006), the ecology (Moreau 1974; Moreau & Mordé882; Aditeet al
2005) and the culture (Tillon 1957; Lemasson 195lfpn 1959; Olanyan &
Zwilling 1963; Reizer 1964) of this species. Heteravas classified in the
omnivorous fish category (Micha 1976; Mbega 200ditéet al 2005).

Protein is a main component in fish feed. Increggirotein level in feed can
lead to improved fish production, but excessivdatie protein level is not
economical for fish culture. Valid information dmet protein requirement of
fish is essential for any new aquaculture atteniptis therefore not
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surprising that protein requirement studies areallg@mong the first fish

nutrition experiments to be conducted when a neln Bpecies is being
considered for aquaculture. Dietary protein requerts has been
investigated in a number of fish species (NRC 1988} no research has
been conducted so far éteterotisniloticus.

The present study was designed to investigate fthet® of dietary protein
levels on growth and carcass proximate composifdtieterotis fingerlings,
and to estimate their specific dietary protein regfuent. As a consequence,
an appropriate supply of dietary protein wouldwallupporting high growth
rate and reducing nitrogen wastes.

3.3 Materials and methods

3.3.1 Rearing conditions

The trial was conducted in hapas that were corsiuwaith nets of fine
texture. These hapas with rectangular dimensiomsx(0.5m x 1.1m; vol. =
400 L) were placed in a rectangular fish pond (8601.2 m deep) located
at the Government Aquaculture Station in Melen (fate Cameroon). The
pond was free from aquatic vegetation, completeigependent, well
exposed to sunlight and had a well-designed systeimlet and outlet to
maintain the water level in the hapas at 0.8m fo¥ turation of the
experiment. During the feeding trial, fingerlingene exposed to natural
photoperiod (6.15 a.m. to 6.45 p.m. daylight folmvby night). Water
temperature ranged from 25 to 31°C while pH ranigech 6.5 to 7.0. The
experimental durations were 42 days (from Deceribé6 to January 2007)
and 28 days (from September to October 2006) fpeements 1 and 2,
respectively.

3.3.2 Experimental fish

Heterotis fingerlings weighing < 1g were caughtriver Nyong near the
town of Akonolinga (Cameroon), and transportedhi® Melen aquaculture
station where they were stored for several weeks fartilized fish pond.
After this phase, 50 fish were randomly distributeth each hapa and fed
diet containing 300 g protein Rgdiet for two weeks (during a pre-
experimental period). After this conditioning pefjeach diet was tested on
25 fish per hapa, in triplicate for experiment Haluplicate for experiment
2. Before the fish allotmen$0 fish were randomly sampled and individually
weighed (initial mean weight: 3.96 + 0.13 g for exment 1 and
26.40 + 0.64 g for experiment 2). At the end of éxperiment, all fish were
individually weighed and total length measured.
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3.3.3 Diet formulation, preparation and feeding

Diet formulations are shown in Table 3.1. Four &dodc experimental diets
for each trial were formulated to contain gradectle of protein (250, 300,
350 and 400 g kb diet) (Tables 3.2 and 3.3 for experiment 1 and 2,
respectively). These protein contents were chossedon the results of the
protein requirements of other omnivorous fish speauch as tilapia (Shiau
2002) and channel catfish (Robinsenal. 2000). Fish meal was obtained
from Coppens International BV (Helmond Netherlandgart from fish oil,
other ingredients were obtained from local markeish and soybean meals
were used as the main protein source. Maize mdsatbran and fish oll
levels were adjusted accordingly to make the distsenergetic. Gross
energy levels of the diets were calculated base2B3oh, 39.5 and 17.2 kJ'g
for protein, lipid and nitrogen-free extract, resipeely (Guillaumeet al
1999).

Table 3.1: Ingredient and composition of the experital diets (g K3

Diets (g protein kg* diet)

Ingredients 250 300 350 400
Fish meal 130 180 235 285
Soybean meal 130 180 235 285
Whole maize meal 320 275 220 170
Wheat bran 320 275 220 170
Menhaden fish ofl 50 40 40 40
Vitamin premix 20 20 20 20
Mineral premix 20 20 20 20
Carboxymethylcelluloge 10 10 10 10

143Sjgma-Aldrich products (Bornem, Belgium)

2Vitamin Mix Fish 0.5% INVE Aquaculture, Belgium (@gposition per kg: vitamin A, 2 500 000 IU;
vitamin D3, 500 000 IU; vitamin E, 30 000 mg; vitemK3, 2 000 mg; vitamin B1, 2 000 mg; vitamin
B2, 5000 mg; panthotenic acid, 10 000 mg; Nia6if00 mg; vitamin B6, 4 000 mg; folic acid, 2 000
mg; vitamin B12, 4 mg; vitamin C, 20 000 mg; bigt2®0 mg and inositol, 80 000 mg)

SMineral Mix MLNP 763, INRA Belgium (Composition pekg: dibasic calcium phosphate, 500 g;
calcium carbonate, 215 g; sodium chloride, 40 gaggium chloride, 90 g; magnesium hydroxide, 124 g;
iron sulphate, 20 g; zinc sulphate, 4 g; mangasekate, 3 g; cobalt sulphate, 0.02 g; potassodide,
0.04 g; sodium selenite, 0.03 g and sodium fluorldg)
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Soybean meal was boiled in a pressure cooker fohurs followed by sun
drying. The different experimental diets were mégeadding appropriate
volumes of water to ingredients. The resulting @asas transformed into
spaghetti (2mm for experiment 1 and 3mm for expenitt2) with the aid of
food blender (Kenwood KM 800, Havant, UK). Afternswarying at a

temperature of 28-35°C for about three days, tlaglsgtti were manually
broken and converted into pellets. The pellets w&eed at -20°C until use.

Table 3.2: Chemical composition of the experimeutiats (experiment 1;
g kg* dry diet)

Diets (g protein kg* diet)

Constituents’ (%o) 250 300 350 400
Moisture 89 84 83 83
Crude protein 253 295 347 393
Total lipid 62 54 58 62
Ash 59 70 76 93
NFE® 538 497 436 370
Gross energy (kJ 18 18 18 18

*Values are the mean of three replicate analyses.
®Nitrogen-free extract (NFE) calculated as: 1000%e fnoisture + %o protein +
%o lipid + %o ash).

Fish were fed by hand twice a day (09h30 — 10h@D &30 — 15h00) to
apparent satiation. Pellets were distributed slpwaliowing all fish to eat.
The daily feed supply was recorded.

3.3.4 Sample collection and methods for chemical analysis

Initially, ten fish were sampled for initial wholedy proximate
composition. At the end of the experiment, 7 fistnf each treatment were
randomly selected for final analysis of body conifims. All samples were
stored at — 20°C prior to analysis.

Proximate composition of feed ingredients, expenitakediets and fish were
analysed following Association of Official Analysit Chemists methods
(AOAC 1999). Crude protein (total nitrogen x 6.2#s measured using the
Kjeldahl method after acid digestion. Total lipidntent was estimated using
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the Soxhlet apparatus method according to Folclkesl& Sloane-Stanley
(1957). Moisture was determined by drying the sanghl105°C for 24h to a
constant weight. Ash was determined by incineratirggdried sample in a
muffle furnace at 550°C for 12h. Due to problems afnservation,
proximate composition of final fish (experimentds not analysed.

Table 3.3: Chemical composition of the experimentiats (experiment 2;
g kg* dry diet)

Diets (g protein kg diet)

Constituents’ (%o) 250 300 350 400
Moisture 100 105 101 103
Crude protein 259 301 357 396
Total lipid 61 53 59 60
Ash 64 71 80 89
NFE 517 471 404 352
Gross energy (kJ'9 17.4 17.3 17.7 17.8

Values are the mean of three replicate analyses.
8Nitrogen-free extract (NFE) calculated as: 1000%e foisture + %o protein +
%o lipid + %o ash).

3.3.5 Data processing and statistical analysis

From these data, final mean weight, specific grovate (SGR; %.da))
(100 x (In final body weight — In initial body wédit))/duration of
experiment (days)), weight gain (WG) ((final bodight — initial body
weight) (g) x 100/initial body weight (g)), feedfiefency (FE) ((final body
weight — initial body weight) (g)/total feed intaKg)), protein efficiency
ratio (PER) ((final body weight — initial body wéit) (g)/total protein intake
(9)), protein deposition (PD) (100 x (final bodyiglet x final body protein —
initial body weight x initial body protein)/totakéd intake x dietary protein)
were determined.

Data were analysed for comparison among differestady treatments using
one-way analysis of variance (ANOVA) after verifgithe homogeneity of
variance using Hartley's test (Dagnelie 1975). &iéhces among means
were tested by least significance difference (LSD)e significance level
was 5%. Percentage data were transformed to aneaines before analysis.
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In order to determine the levels of dietary prot@inmaximum growth, the
relationship between dietary protein and weighh s G) were fitted using
a second-order polynomial equation, where WG wésnation of dietary
protein, using the formula Y = a #X + b,X2 (Espindset al. 2003). An
estimation of the dietary protein requirement, base percentage weight
gain, was done by the broken line model (Robbirsl. 1979).

3.4 Results

3.4.1 Experiment 1
3.4.1.1 Growth, survival and feed utilization

Weight gain, specific growth rate, feed efficienapd survival rate of
Heterotis fingerlings during the feeding trial ateown in Table 3.4. Weight
gain and specific growth rate were significantljeafed by dietary protein
level (P<0.01). Heterotis fingerlings fed with 3@ protein kg diet
displayed the highest growth rate, but values diddiffer significantly from
those of fish fed with 350 and 400 g proteirtkiet (P>0.05). However, the
weight gain and SGR of this group were significarif?<0.01) higher than
those of fingerlings fed with 250 g proteinkgliet, which displayed the
poorest growth.

Survival in all treatments ranged from 59% to 76R6 avas affected by
dietary protein level. The survival rate of fisldfeith 300 and 350 g protein
kg™ diet did not differ from each other, but surviwlfingerlings fed with
350 g protein per kg diet was significantly (P<Q.@&wer than those of the
fish fed with 250-400 g protein Kg diet. Feed intake decreased
progressively with graded dietary protein level amds found to differ
significantly (P<0.001) between groups fed with 28D g kg' and those
receiving 350-400 g protein Rg diet. Feed efficiency increased
progressively with graded dietary protein level amds found to differ
significantly (P<0.05) between fingerlings fed wi#0-350 g and 400 ¢
protein kg'diet. On the contrary, protein efficiency ratio amdotein
deposition did not differ significantly between atments (P>0.05)
(Table 3.4).

3.4.1.2 Body composition

The whole body composition of Heterotis fingerlings presented in
Table 3.4. Percentage moisture, ash content, wimdg- protein and lipid
content were not significantly affected by dietamptein level (P>0.05).
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Initial whole body composition of fish containedgs$emoisture, protein and
lipid than final body composition of fish, regarsieof experimental diets.

3.4.1.3 Estimation of protein requirement

The influence of increased dietary protein leveldle growth response was
examined by fitting dose-response data to a polyalotarve (Espinogt al
2003). In that way, the polynomial equation obtdifetween weight gain
and dietary protein level was:

Y =-1.2339X2 + 83.991X — 1145.5 (r = 0.85)

The maximum weight gain was observed when the migatein level was

340 g kg' diet. Using the broken line model of Robbigisal (1979), the

dietary protein requirement for the Heterotis fifiggs (3-15 g) based on
percentage weight gain was estimated to be 306tgiprkg" diet (Fig.3.1).
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Fig. 3.1. Estimation of the dietary protein reqmemnt of Heterotis fingerling
according to the broken line model (initial averageght 3.96 ).
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Table 3.4: Feed utilization, growth, survival peniance and body composition bBieterotis niloticusfingerlings fed with
diets containing graded levels of protein (iniaakrage weight 3.96 g)

Diets (g protein kg* diet)

250 300 350 400
Final weight (g) 11.2 + 0% 148+ 1.2 146 +1.0 14.1+0.9
Weight gain (%) 183 +2 272 + 14 269 + 20 254 + 16
SGR (%.day) 25+0.0 3.1+0.F 3107 3.0+0.7
Feed Intake 50+ 3 46+ T 34+2 332

FE 0.4+0.0 0.6 +0.F 0.6 +0.F 0.8+0.0
PER 1.52 +0.1% 1.86 + 0.34 1.61+0.18 2.12 +0.11
PD 22429 28.2+4.8 24021 30.1+1.6
Survival (%) 76+2 68 + 6* 59+ 3 76+ 7
Moisturée' 80.5+0.1 79.6 £0.3 80.3+0.5 80.5+0.5
Proteirt* 13.6 £0.2 14.0£0.2 13.6 £ 0.2 13.5+0.2
Total lipid" 1.1+0.1 1.3+0.2 1.1+0.2 1.1+0.2
Ash'® 40+0.1 41+0.3 35+0.1 3.8+0.1

SGR = Specific growth rate; FE = Feed efficiencRP= Protein efficiency ratio; PD = Protein depiosit
Values are mean + SE of three replicates. Meaagaw with different superscript letters are sigraftly different (P<0.05).
°Feed intake (g.weél

yvalues are means + SE of three replicates and ssgadein (%). Initial whole body composition was5P8. moisture, 12.2% protein,
0.87% lipid and 5.1% ash.
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3.4.2 Experiment 2
3.4.2.1 Growth, survival and feed utilization

Weight gain and specific growth rate were signiiitta affected by dietary
protein level (P<0.05) (Table 3.5). Fish fed witB02g protein kg diet
displayed the lowest growth rate. The weight gaid apecific growth rate
of fingerlings fed with 300 and 400 g protein“kdiet did not differ from
each other, but were significantly (P<0.05) lowert those of fish receiving
350 g protein kg diet.

Similarly, survival was affected by dietary protdevel. The survival rate
generally showed a decreasing trend with increadietary protein level
and was significantly higher (P<0.05) in fingerknded with 250-300 g
protein kg' diet than in fish receiving 350-400 g protein *kgliet
(Table 3.5). Feed efficiency increased progresgiweith graded dietary
protein level and was found to differ significanty?<0.01) between
fingerlings fed 250-300 g protein kgnd 350-400 g protein Kgliet. There
was no significant (P>0.05) difference between fssteiving 250 and 300 g
protein kg diet, but fingerlings fed with 350 g protein kgliet had
significantly (P<0.01) lower feed efficiency thahose of fish receiving
400 g protein kg diet. The highest protein efficiency ratio was aiied
with diets containing 250 and 400 g proteirikdjet while the lowest PER
was obtained with diet containing 350 g proteift kiggt.

3.4.2.2 Estimation of protein requirement

As in experiment 1, the effect of increased dietprgtein levels on the
growth response was examined by fitting dose-respdata to a polynomial
curve. The polynomial equation obtained betweerglategain and dietary
protein level was:

Y =-0.457X2 + 31.875X — 423.24 (r = 0.987)

The maximum weight gain was observed when the wjigatein level was

349 g kg' diet. Using the broken line model of Robbitsal (1979), the

dietary protein requirement for the Heterotis firiggs (26-62 g) based on
percentage weight gain was estimated to be 31btgiprkg' diet (Fig.3.2).
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Table 3.5: Feed utilization, growth and survivatfpamance ofHeterotis niloticusfingerlings fed diets containing graded
levels of protein (initial average weight 26.40 g)

Diets (g protein kg* diet)

250 300 350 400
Final weight (g) 51.7+1% 58.6+2.8 61.6+2.2 58.9+1.68
Weight gain (%) 96 +0 122+ 4 133+ T 123+ 0
SGR (%.day) 24+0.1 29+0.7 3.0+0.0 29+0.0
Feed intak# 230 +7 208 + 18 152 + 16 97 +1
FE 0.7+0.1 0.7+0.F 0.8+0.0 1.0 £0.0
PER 2.53+0.03 2.26 +0.08 2.18 +0.05 2.43 +0.02
Survival (%) 88+2 84 + £* 76 + £° 72 £ 2°

SGR = Specific growth rate; FE = Feed efficiencRP= Protein efficiency ratio.
Values are means * SE of two replicates. Meangawawith different superscript letters are sigrdiditly different (P<0.05).
Yreed intake (g.weél)

56



Besoins quantitatifs en protéines

150 ~

130 - . ¢

110

90

70 -

WG (%)

50 -

30 ~

10

'lo T T T T T 1
150 200 250 300 350 400 450

Dietary protein level (g per kg diet)

Fig. 3.2. Estimation of the dietary protein reqment of Heterotis fingerling
by broken line model (initial average weight 26g)0

3.5 Discussion

In this study, an estimation of the dietary protaiequirements of
Heterotisniloticus fingerlings was done by formulating diets incoiqtorg
readily available and cheap local ingredients. inagority of similar studies,
researchers employed various purified and semiffipdridiets with high-
quality protein sources such as casein, gelatisynthetic amino acids that
yielded more precise values. These protein souleislg relatively
expensive and not readily accessible for an avefeie nutritionist in
developing countries, our choice was guided byatéo acid composition
of proteins (experimental ingredients) and theigediibilities in the one
hand; in the other hand by similar estimations aétaty protein
requirements of tropical bagrid catfisivlystus nemurusfingerlings
demonstrated by Khaet al. (1993) and by Net al (2001). These authors
reported requirements of 420 gkgnd 440 g kg diet in this species when
using practical and semi purified diets, respetfiviElentical results were
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obtained in other studies involving tilapia juvesil(Jauncey 1982; El-Sayed
& Teshima 1992; Gunasekest al 1995; Al Hafedh 1999). Despite the
slight difference, the similarity observed pernttise use of practical diets in
the determination of fish protein requirements. &borer, in our study

experimental diets were formulated by adjustinglewf fish and soybean
meals with maize meal and wheat bran; the partrofem which comes

from fish meal was highly digestible and its ami@mgd composition was

close to requirements; the digestibility of otheotpin which comes from

practical ingredients depends on digestibility atary amino acids which

varies among feed ingredients. So, it is crucialrtderline that the amount
of nonprotein energy in the feed and the qualityhef protein influences the
growth response of fish fed with diet containinfjedient levels of protein.

In this study the relationship between dietary @rotevels and weight gain
(WG) were fitted using a second-order polynomiakaopn (Espind®t al
2003). The maximum weight gain was observed whendiktary protein
level was 340 g kg diet (initial average weight 3.96 g) and 349 ¢ kfiet
(initial average weight 26.40 g). The dietary pioteequirement of
Heterotis niloticusfingerlings between 3 and 15 g was estimated to be
306 g kg diet and 311 g kydiet for fish between 26 and 62 g when fish
meal and soybean were the major protein sourcesselalues are slightly
lower than those obtained for other omnivorous figdpecies
(Oreochromis niloticusand Cyprinus carpi¢p of similar body weight
(350-420 g protein K diet), as recommended by Tacon (1987). These low
dietary protein requirements of Heterotis fingegiircan be correlated to the
natural feeding of this species. In fact, juvenitésthis species naturally
ingest zooplankton, phytoplankton, seeds, aquatedt and other small
benthic organism (Daget 1957; Lauzanne 1976; Mich&76;
Adite et al. 2005).

Protein requirements between fish species is coatgd by difference in
species, size and age of fish, diet formulationcléhg density, protein
quality, hygiene and experimental conditions betwstidies (NRC 1993).
However, the dietary protein requirement of younetefotis (3-62 g), as
estimated in the present study, were slightly loarevery close to the range
determined for fingerlings of other omnivorous specsuch as cyprinid fish
Spinibarbus hollandi327 g protein kg diet; Yanget al 2003), common
carp Cyprinus carpio(310 g protein kg diet; Takeuchiet al 1979), jundia
Rhamdia queleii326 g protein kg diet; Meyer & Fracalossi 2004), channel
catfish Ictalurus punctatusg280-320 g protein Kg diet; Robinsonet al
2000) and Nile tilapia (280-300 g protein“kgiet; De Silvaet al 1989;
300-360 g protein kjdiet; Shiau 2002).
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Dietary energy has a major impact on the utilizatid dietary protein in
fish, and energy affects quantitative requiremémtsprotein (Wilson 2002).
In the present study, isoenergetic experimentatlsdigere formulated by
adjusting levels of fish and soybean meals withzenaneal, wheat bran and
fish oil. The protein to energy (P/E) ratio alsoymafluence the dietary
protein requirements. Therefore, further study éeded to evaluate the
response of Heterotfsgerlings to diets containing various protein dipe
levels, in order to establish the optimal dietamgt@in to energy ratio and to
determine the maximum inclusion level of dietapidito spare protein for
growth. Numerous investigations were conducted|tci@ate the protein-
sparing effect of many fish species (Hillestad &dgen 1994; Thomaet
al. 1999; De Silvaet al 2002; Leect al 2002; Espindst al 2003; Meyer &
Fracalossi 2004; Kim & Lee 2005).

From 250 g protein kijto 300-350 g protein Kgdiet, statistical analysis on
juveniles of 3 to 15 g indicated a significant e&se in weight gain and
specific growth rate with increasing levels of digt protein. Above this
value, we observed a plateau in the growth ratgimflar trend was revealed
in juveniles of 26 to 62 g, except that growth @esed above diet
containing 350 g protein Kgdiet. Investigations with other fish species have
reported the same kind of growth profile, fish gtoveither attaining a
maximum output (Shiau & Huang 1989; Al Hafedh 19B6e et al 2001;
Kim et al 2001; Yanget al. 2002; Giriet al 2003; Islam & Tanaka 2004,
Meyer & Fracalossi 2004) or decreasing (Henkeral 1986; Yanget al
2003; Nget al. 2001) above a plateau varying from species toigpe

In juveniles with mean body weight varying from 9044 g, SGR values
obtained in this study are 3.13. These growth rateshigher than those
reported in other young omnivorous species sucNilkastilapia (0.49-0.75
according to Al Hafedh (1999) and 1.90-2.20 accuydio Abouet al
(2007)) and jundia (1.84-2.61) according to MeyerFgacalossi (2004).
However, these values are in the same order of it@gnas those reported
for juveniles of African catfislC gariepinug(2.17-3.10) according to Nyina-
wamwizaet al (2007). The SGR values obtained in this studyarg much
higher than those reported on the same species iffgredt authors.
Actually, SGR values of between 1.36 and 2.77 wep®arted for juveniles
of Heterotis (30 to 50 g) fed with groundnut cakel &rewer’s grain and
0.87 according to Bard (1960) under unfavouraldelifey conditions; values
of 0.47 (Okoye & Abubakar 1996) and 1.27 (Omorirkeb al. 1991) have
been reported for Heterotis fingerlings of 5 g eehin fertilized ponds and
in polyculture with Nile tilapia and African catfisirregularly fed with
pellets of 250 g protein Kgdiet. The good result recorded in this study is
explained by the use of fish meal and soybean awaiajor protein sources.
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Nevertheless, Tillon (1959) recorded an SGR valu8.48 for Heterotis
fingerlings (3 to 6 g) fed with cotton seed at X@tha’.day".

Feed efficiency values obtained in this study a@®0which are higher than
those reported for young tilapia of similar sizAt lafedh 1999). However,
these values are in the same order of magnitudéh@se reported for
juveniles of jundiaR quelen(0.47-0.87) according to Meyer & Fracalossi
(2004). On the other hand, feed efficiency valuewioed in this study are
lower than those reported for fingerlings of AfmceatfishC gariepinusof
similar sizes (0.85-1.29) according to Nyina-wanmavez al (2007). From
the two experiments, feed efficiency values obtingith Heterotis
fingerlings (3-15 g) were slightly lower than thosbtained for juveniles
(26-62 g). These data suggest that feed efficiemogased with the size of
fingerlings in Heterotis niloticus Nonetheless, this hypothesis has to be
further studied at other ontogenetic stages ofgpésies.

From 250 g protein kijto 300-350 g protein kgdiet, statistical analysis on
juveniles of 26 to 62 g indicated a significantrese in weight gain and
feed efficiency with increasing levels of dietamnpiein. Above this value the
weight gain does not significantly decrease, whded efficiency still
increases significantly. A similar trend was obsenin fingerlings of 3 to
15 g. This kind of growth and feed efficiency plefobtained in this study
can be explained by the decreasing feed intakdsim rieceiving dietary
protein (from 250 to 400 g Kg diet). Moreover, energy balanced
experimental diets were obtained by adjusting ke fish and soybean
meals with maize meal and wheat bran. These da@esuthat the amount
of nonprotein energy in the feed probably affeattake in Heterotis
fingerlings; and then dietary carbohydrate affedist digestibility and
growth in Heterotis fingerlings (3-62 g). In omnieais fish such as common
carp Cyprinus carpi9, Nile tilapia Oreochromis niloticus and channel
catfish (ctalurus punctatus dietary carbohydrate utilization is more
important (Wilson 1994). Therefore, more researshneeded to study
carbohydrate utilization in Heterotis fingerlings, order to estimate the
maximum dietary starch content acceptable withatifscant reduction of
growth.

The whole-body protein, lipid, moisture and ash teots were not
significantly affected by dietary protein levelsmBar results were observed
in the carcass composition of Nile tilapia (EI-Sa& Gaber 2005). Other
studies in which fish meal was used as main prateurce for investigating
the dietary protein requirement of fish showed thady ash content was not
influenced by the dietary protein level (Shiau &atig 1989; Yanget al
2002; Yanget al 2003).
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3.6 Conclusion

This study is the first controlled nutritional raseh inHeterotisniloticus a

promising species for Sub Saharan Africa aquaculexploitation. The
results of the present study indicate that the mari growth of Heterotis
fingerlings (3-62 g) was achieved at about 345aein kg' diet when fish
and soybean meals were used as the major sourge®tefn. Using the
broken line model, the dietary protein requiremfamt Heterotis niloticus
fingerlings (3-62 g) was estimated to be 310 g #igt.

3.7 References

Abou, Y., Fiogbé, E.D. & Micha, J-C. (2007) Effectsstocking density on
growth, yield and profitability of farming Nile &ibia,Oreochromis niloticus
L., fed Azolla diet, in earthen pondsquaculture ResearcBB8, 595-604.

Achionye-Nzeh, C.G. & Omoniyi, O.G. (2002) Lipid mposition of the
fishes Heterotis niloticus Brycenus nurseGnathonemus cyprinoidesnd
Sarotherodon galilaeuffom a small lake in Nigeridnternational Journal
of Tropical Biology and Conservatiph0, 253-257.

Al Hafedh, Y.S. (1999) Effects of dietary proteim @growth and body
composition of Nile tilapia@reochromis niloticus LAquaculture Research
30, 385-393.

De Silva, S.S., Gunasekera, R.M. & Atapattu, D8@)9The dietary protein
requirements of young tilapia and an evaluatiorthef least cost dietary
protein levelsAquaculture 80, 271-284.

De Silva, S.S., Gunasekera, R.M., Collins, R.A. dgram, B.A. (2002)
Performance of juvenile Murray callaccullochella peelipeelii (Mitchell),
fed with diets of different protein to energy rathguaculture Nutrition 8,
79-85.

El-Saidy, D.M.S.D. & Gaber, M.M.A. (2005) Effect dfetary protein levels
and feeding rates on growth performance, productiaits and body
composition of Nile tilapiaQreochromis niloticus (L.ultured in concrete
tanks.Aquaculture Resear¢i36, 163-171.

El-Sayed, A-F.M. & Teshima, S-I. (1992) Protein amkrgy requirements
of Nile tilapia, Oreochromis niloticusfry. Aquaculture 103 55-63.

61



Alimentation et Nutrition des juvéniles de Hetesoti

Espinds, F.J., Tomas, A., Pérez, L.M., Balasch&Slover, M. (2003)
Growth of dentex fingerlingsDentex dentéxfed diets containing different
levels of protein and lipidAquaculture 218 479-490.

Fagbenro, O.A. (2001) Apparent digestibility of deuprotein and gross
energy in some plant-and animal-based feedstuffdéterotis niloticus

(Clupeiformes: Osteoglossidae) (Cuvier 18J@urnal of Aquaculture in the
Tropics 16, 277-282.

Giri, S.S., Sahoo, S.K., Sahu, A.K. & Meher, P.RO@3) Effect of dietary
protein level on growth, survival, feed utilisatiand body composition of
hybrid Clarias catfish(larias batrachus x Clarias gariepinusAnimal Feed

Science and Technology04, 169-178.

Greenwood, P.H. (1973) Interrelationships of Odesgpmorphs. In: P.H.
Greenwood, R.S. Miles & C. Patterson (eds.), Ietationships of Fishes,
Academic Press, London. 307-320.

Guillaume, J., Kaushik, S.J., Bergot, P. & Métajlie. (1999) Nutrition et
alimentation des poissons et crustacés. INRA-IFRRM#Eitions, Paris. 489

Pp.

Gunasekera, R.M., Shim, K.F. & Lam, T.J. (1995)eEffof dietary protein
level on puberty, oocyte growth and egg chemicalmasition in the tilapia,
Oreochromis niloticugL.). Aquaculture 134, 169-183.

Henken, A.M., Machiels, M.A.M., Dekker, W. & Hogematn, H. (1986)
The effect of dietary protein and energy contentgoowth rate and feed
utilization of the African catfishClarias gariepinus (Burchell 1822).
Aquaculture 58, 55-74.

Hillestad, M. & Johnsen, F. (1994) High-energy/lpmtein diets for
Atlantic salmon: effects on growth, nutrient retentand slaughter quality.
Aquaculture 124, 109-116.

Islam, M.S. & Tanaka, M. (2004) Optimization of t@igy protein
requirement for pond-reared mahsé€er putitoraHamilton (Cypriniformes:
Cyprinidae).Aquaculture Resear¢35, 1270-1276.

Jauncey, K. (1982) The effects of varying dietargt@in level on the
growth, food conversion, protein utilization and digocomposition of
juvenile tilapias $arotherodon mossambiquéquaculture 27, 43-54.

Khan, M.S., Ang, K.J., Ambak, M.A. & Saad, C.R. By Optimum dietary
protein requirement of a Malaysian freshwater shifMystus nemurus
Aquaculture 112 227-235.

62



Besoins quantitatifs en protéines

Kim, J.D., Lall, S.P. & Milley, J.E. (2001) Dietapyrotein requirements of
juvenile haddock Melanogrammus aeglefinus LAquaculture Research
32, 1-7.

Kim, L.O. & Lee, S-M. (2005) Effects of the dietapyotein and lipid levels
on growth and body composition of bagrid catfiBeeudobagrus fulvidraco
Aquaculture 243 323-329.

Lazard, J. (1980) La péche en eau libre et le d@pelment de la
pisciculture dans les eaux continentales ivoirisnnEhése de Docteur
Ingénieur, Université des Sciences et Techniques Ldinguedoc,
Montpellier. 253 pp.

Lee, HY.M., Cho, K-C., Lee, J-E. & Yang, S-G. (20(ietary protein
requirement of juvenile giant croakeNibea japonica Temminck &
Schlegel Aquaculture Resear¢32, 112-118.

Lee, S.M., Kim, D.J. & Cho, S.H. (2002) Effectsdiétary protein and lipid
level on growth and body composition of juvenileuafPlecoglossus
altivelis) reared in seawatehquaculture Nutrition8, 53-58.

Meyer, G. & Fracalossi, D.M. (2004) Protein reqment of jundia
fingerlings, Rhamdia quelen at two dietary energy concentrations.
Aquaculture 240, 331-343.

Micha, J.C. (1976) Potentialités de la faune peicde I'Ubangui pour la
pisciculture Revue Trav. Inst. Péch. Mad0, 675-676.

Ng, W.K., Soon, S.C. & Hashim, R. (2001) The digtarotein requirement
of a bagrid catfishMystus nemurugCuvier & Valenciennes), determined
using semipurified diets of varying protein levalquaculture Nutrition 7,
45-51.

NRC (National Research Council) (1998utrient Requirements of Fish
National Academy Press, Washington, DC.

Nyina-wamwiza, L., Wathelet, B. & Kestemont, P. @2 Potential of local
agricultural by-products for the rearing of AfricaatfishClarias gariepinus
in Rwanda: effects on growth, feed utilization abddy composition.
Aquaculture ResearcBB8, 206-214.

Robbins, K.R., Norton, H.W. & Baker, D.H. (1979)tigstion of nutrient
requirements from growth dath. Nutr., 109, 1710-1714.

Robinson, E.H., Li, M.H. & Manning, B.B. (2000) Huation of various
concentrations of dietary protein and animal profer pond-raised channel

63



Alimentation et Nutrition des juvéniles de Hetesoti

catfish, Ictalurus punctatusfed to satiation or at a restricted raleurnal
World Aquac. Sa¢31, 503-510.

Shiau, S-Y. & Huang, S-L. (1989) Optimal dietarptain level for hybrid
tilapia (Oreochromis niloticus x O. aureugeared in seawatefquaculture
81, 119-127.

Shiau, S.Y. (2002) Tilapia@reochromisspp. Nutrient Requirements and
Feeding of Finfish for Aquaculture. In: WebsterDGC.Lim, C.E. (Eds.),
Cabi Publishing, New York, 273-292.

Tacon, A.G.J. (1987) The Nutrition and feeding afreed Fish and Shrimp.
GCP/RAL/Q75/ITA, Field Document 2/E.Food and Agriculture
Organization of the United Nations, Brasilia

Takeuchi, T., Watanabe, T. & Ogino, C. (1979) Optimratio of dietary
energy to protein for car@ull. Jpn. Soc. Sci. Fis5, 983-987.

Thoman, E.S., Davis, D.A. & Connie, R.A. (1999) Endion of growout
diets with varying protein and energy levels fod rdrum Gciaenops
ocellatug. Aquaculture 176, 343-353.

Wilson, P.R. (1994) Utilization of dietary carbohlsites by fish.
Aquaculture 124, 67-80.

Wilson, P.R. (2002) Amino Acids and Proteins. lisH-Nutrition, edited by
Halver, J.E., Hardy, R.W. Academic press, ElseSieilence, Third Edition,
San Diego, USA. 144-175.

Yang, S-D., Liou, C-H. & Liu, F-G. (2002) Effectd dietary protein level
on growth performance, carcass composition and ar@nexcretion in
juvenile silver perchRidyanus bidyangysAquaculture 213 363-372.

Yang, S-D., Lin, T-S., Liou, C-H. & Peng, H-K. (ZB0Influence of dietary
protein levels on growth performance, carcass caitipa and liver lipid
classes of juvenilé&pinibarbus holland{Oshima).Aquaculture Research
34, 661-666.

64



Nous venons d'examiner l'influence de différents aliments
ayant des teneurs graduelles en protéines sur la croissance
et la composition corporelle des juvéniles de
Heterotis niloticus a 2 tailles différentes (3-15 g et
26-62 g). Ceci nous a permis d'estimer avec le modele de la
ligne brisée, sur base de résultats chiffrés, les besoins
quantitatifs en protéines de cette espéce pour une
croissance optimale et maximale dans la tranche de poids
étudiée. Cependant en nutrition des poissons, les besoins
quantitatifs en protéines sont certes importants pour
formuler les aliments piscicoles, mais ils ne nous renseignent
pas sur la qualité des protéines. La meilleure indication a ce
propos est fournie par les acides aminés, surtout les acides
aminés indispensables. Ainsi, la connaissance des besoins
spécifiques d'une espéce en ces acides aminés est également
importante pour sa croissance et sa bonne santé ; raison
pour laquelle, la détermination des besoins en acides aminés
indispensables succeéde logiquement a celle des besoins
quantitatifs en protéines. La démarche poursuivie dans la
section suivante, est donc d'analyser le profil corporel en
acides aminés de Heterotis niloticus a différents stades
ontogénétiques, et d'estimer ses besoins spécifiques en
acides aminés indispensables.
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4.1 Abstract

African bonytongueHeterotis niloticusis a river fish from the Central and
West Africa basin. The species presents a greanpat for fish farming and
has been increasingly raised in Central and SowtmeZoon. The total
amino acid and proximate composition of the whobelybof egg, larva,
juvenile, immature and adult Heterotis were deteadi Ash, moisture,
whole-body protein and lipid contents were siguifity affected by size
(P<0.05). On the other hand, the amino acid contipasof the whole body
tissue, when expressed as a percentage of dietateirp was not
significantly different among ontogenetic stages@ing from 0.2 g to 400 g
mean body mass). The amino acid composition of dggs was quite
different to the one of whole body tissue with lovievels of methionine,
proline, and glycine, and higher levels of arginiméstidine, isoleucine,
leucine, threonine, valine, serine, and alaninee WIE ratios of adult
Heterotis muscle tissue are similar to those obthiior other fish species,
except for histidine and tryptophan. Based on witaldy or muscle tissue
indispensable amino acids (IAA) to A/E ratios, tAé requirement profiles
for Heterotis (from larva to adult) were estimagted are similar to those of
other omnivorous fish species, except for tryptopaiad histidine.

KEY WORDS: Heterotis niloticus amino acid composition, indispensable
amino acid requirements, A/E ratios, whole body position
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4.2 Introduction

Proteins are indispensable nutrients for the sirectind function of all
living organisms, including fishes. Inadequate ketaf protein results in a
reduction or cessation of growth and a loss of htedtue to withdrawal of
protein from less vital tissues to maintain thection of more vital ones
(Wilson 2002). However, if too much dietary protersupplied, only part of
it will be used to synthesize new tissues and ¢ineainder will be converted
into energy (Shiau 2002).

Fish do not have a true protein requirement buehavequirement for a
well-balanced mixture of indispensable and nonspdnsable amino acids.
Actually, the requirement for indispensable amic@s (IAA) is important
for the proper growth, development and health eh.fiAlthough crude
protein values are important for formulating fishtdthey may not allow the
determination of protein quality. Thus, the balarfethe indispensable
amino acids is also fundamental since fish havatiasive requirements for
each 1AA.

Numerous investigators have determined the quémgtaamino acid
requirements for several fish species (Klein andvétal970; Nose 1979;
Wilson et al. 1980; Santiago and Lovell 1988; Akihsm and Arai 1993;
Borlongan and Coloso 1993). Most of the amino aeguirement values
have been estimated based on the dose-responsesstwtiich are costly
and time consuming, especially when determining rdguirement for all
essential amino acids (Akiyama et al. 1997). Othghors used amino acid
composition of the whole-body fish tissue or fishge to estimate the
requirement data for the corresponding fish spgdison and Gatlin 1991;
Forster and Ogata 1998; Kaushik 1998; Meyer anddiwasi 2005; Gurure
et al. 2007). This method is less costly and ctnss a fast alternative when
compared to amino acid dose-response experimeikigapha et al. 1997)
and has been suggested for fish species whose ¢édirements have not
yet been determined.

Heterotis niloticus(Cuvier, 1829) is a potential candidate for Sub&san

Africa aquaculture since 1950 (Lemasson 1957; ill®57, 1959; Mvogo

1962; Olaniyan and Zwilling 1963; Reizer 1964; Rakoanampison 1966),
but the studies aiming to estimate its nutritioreduirements at different
ontogenetic stages started recently (Monentchaath 8008). Heterotis is an
omnivorous freshwater species usually found inrbigrs and lakes of the
Nilo-Sudanian area, Central and West Africa (D’'Antoe 1955; Daget
1957; Moreau 1982; Levéque et al. 1990, Li and ®vil$996; Mbega 2004;
Adite et al. 2005). This species has attractedeatgnterest of scientist and
fish farmers because of its rapid growth, late aéxuoaturity, short food
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chain, high market price and good meat quality (sdoor salted). There are
few studies on the nutrient requirements of thiscgs (Monentcham et al.
2008). So far the quantitative requirements for ahwll ten indispensable
amino acids are still unknown for Heterotis.

The present study was designed first to analysedgeand the whole body
amino acid composition at different Heterotis omtiogtic stages, and then to
estimate the theoretical IAA requirements for lajuaenile, immature and
adult Heterotis.

4.3 Materials and methods

4.3.1 Sample collection and preparation

Samples of eggs and various sizes of Heterotis watected in Cameroon

basin river (Nyong river, 3°47’'N and 12°15'E) betmeJune and December
2007. The fish collected were classified into faategories (Table 4.1),

randomly sampled and killed. The intestines wemaonwed and the gut

contents were flushed out for analysis prior to bgenization of the total

carcass with a food mixer. Eggs, pooled tissuefahdsamples were stored
at — 20°C until analysis, then freeze-dried andomedigenized to a fine

powder prior to amino acid analysis.

Laying-eggs (9), larvae (6000), fingerlings (34iygnile (20), immature (12)
and adult (10) were randomly selected for amind aaid body composition
analysis, respectively.

4.3.2 Analytical procedures

Proximate composition of eggs and fish were andlyfdlowing the
Association of Official Analytical Chemists metho@SOAC 1999). Crude
protein (total nitrogen x 6.25) was determined gsine Kjeldahl method,
after acid digestion. Total lipid content was estied using the Soxhlet
apparatus method according to Folch et al. (198@)sture was determined
by drying the sample at 105°C for 24h to a constasight. Ash was
determined by incinerating the dried sample in &lefurnace at 550°C for
12h.
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Table 4.1: Categories of Heterotis used to detegmihole body or muscle
tissue amino acid composition.

Number of fish or

Fish stage Weight class (g) laying-egg Previous diet
collected

Egg - 13 -

Post yolk-sac 0.1-0.3 7500 Naturhl

larva

Fingerling 2-4 48 Natural

Juvenile 50 - 60 33 Natural

Immature 350 - 450 21 Natural

Adult® 4000 - 5000 14 Natural

'Exclusively zooplankton and phytoplankton (Dag@51; Lauzanne, 1976; Micha,
1976; Durand and Levéque, 1981; Moreau, 1982)

“Aquatics insects, fishes, shrimps, seeds and spealthic organisms (Fagade et
Olaniyan, 1973; Lowe-McConnell, 1975; Lauzanne, 6.9Hickley and Bayley,
1987; Adite et al., 2005)

*Except for adult (AA analysis based on muscle 83sAA analysis based on whole
body

Total amino acid profiles of eggs, tissue and whmdy were determined
according to the adapted method of the Europeann@ssion (Commission
Directive 98/64/EC of 3 September 1998). The san{@@0 mg) was
hydrolysed in 10 ml 6 N HCI (+ 0.1 % phenol) at 1@CGor 22 h. Amino

acids were analysed in automatic amino acid analfgiechrom 20 plus).

Sulfur amino acids were established after perforagi oxidation before
acid hydrolysis. Tryptophan was performed aftembiie hydrolysis, using
high-performance liquid chromatography (HPLC) tdgbes (X Terra

RP18, 4.6 x 150, 3.5um, Column Waters, Made iraiv@) following the

procedures described by Fontaine et al. (1998).

4.3.3 Data processing and statistical analysis

In order to compare the amino acid composition eferbtis muscle tissue to
those from other fish species, and to estimater e requirements at
different ontogenetic stages, the concentratioeagh specific indispensable
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amino acid was expressed relative to the totalspelisable amino acid
content of the sample following the formula afteai’(1981):

A/E ratio = [(indispensable amino acid contentotdt indispensable amino
acid content including cysteine and tyrosit)e) 1000].

Since no data on the lysine requirement are avaifalp Heterotis, the mean
value of the lysine requirements for Nile tilapid /16 g N (Santiago and
Lovell 1988) and Channel catfish 5.1 g/16 g N (NR€33) was used to
calculate requirements for all other IAA in Hetésaising the A/E ratio of
whole body and muscle tissue determined in thidysts:

IAA requirement = (requirement for Lysine x specifi/E) (A/E for lysine)'

For adult Heterotis, another estimated IAA requigats values were
obtained using a formula similar to that descrilbbydKaushik (1998) and
Meyer and Fracalossi (2005):

IAA need = [(individual IAA content in Heterotis radle tissue) x (average
Sum IAA requirement among Common carp, Nile tilapiad Channel
catfish)] / (Sum IAA Heterotis muscle tissue).

Amino acid analyses were performed in duplicateeach sample (two
samples per fish stage). Data for individual amamids are expressed as
mean + SD. Data were analysed to one-way analysigriance ANOVA
and when significant, differences between means wested using least
significance difference LSD (Dagnelie 1975).

4 4 Results and Discussion

Crude protein, total lipid, ash and moisture of dietis eggs, larva,
fingerling and adult, respectively, are shown irbl€a4.2. Ash, moisture,
whole-body protein and lipid contents were sigifidy varied with the
developmental stage (P<0.05).

The whole body or egg amino acid composition deteehfor all groups of
Heterotis are shown in Table 4.3. There were naoifseggnt differences in
the amino acid composition of the whole body tiséwmen the different
ontogenetic stages of Heterotis. These data sudggaestthe whole body
amino acid composition of African bonytongue is affected by body size,
at least within the size ranging from larva (0.2nggan body mass) to
immature fish (400 g, mean body mass) analysedim gtudy. Similar
results were obtained with other fish species aber&in sturgeon
Acipenser baeri(Kaushik 1991), European seab&isentrarchus labrax
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gilthead seabrear@parus auratand turbotPsetta maximgKaushik 1998).
The data obtained in this study also are in agreemith data from Channel
catfish Ictalurus punctatug30-863 g), for which Wilson and Poe (1985)
reported that the amino acid composition of the levthody tissue should not
change with increasing size of the fish.

Table 4.2: Proximate composition of egg and whaldybfor four different
stages oHeterotis niloticus

Composition’ (% dry matter)
Ontogenetic

stage Moisture Protein Total lipid Ash
Egg 59.8+08 222+07 82x17 1.7+0.¢F
Larva
(029, bm) 86.6 + 0.8 93+04 10x072 1.8+0.F
Juveniles 843+0.7 107+04 07+0Ff 26+0.7F
(3g,b.m.)
Juveniles 764404 136+08 24+03 4107
(55 g, b.m.)
Immature
(400 g, b.m) 729+1.2 16.3+06 46+0.2 46+0.7

* Values are mean + SD of two replicates. Meansriovawith different superscript
letters are significantly different (P<0.05).
®b.m. = body mass

The amino acid composition of the eggs was quiteer@int to the whole
body tissue with lower levels of methionine, prelimnd glycine, and higher
levels of arginine, histidine, isoleucine, leucitte@egonine, valine, serine, and
alanine. Similar trends were observed in channisbalctalurus punctatus
(Wilson and Poe 1985). Other authors have also rieghodifferences
between the amino acid composition of eggs and evhody tissue in other
fishes (Arai 1981; Ketola 1982; Ogata et al. 1983).

The indispensable amino acid composition, A/E dilia#ieterotis muscle
tissue and of other fish species are shown in Tdldle The A/E ratios of
Heterotis muscle tissue are similar to those obthifor other omnivorous
and carnivorous fish species, except for histidind tryptophan (Table 4.4).
Investigations with jundiaRhamdia quelenhave reported the same
similarities between the amino acid profile of tisigecies and other fish
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species, except in this case for tryptophan andhio@he+cysteine (Meyer
and Fracalossi 2005). Tryptophan and histidineeslbtained in our study
are lower and higher, respectively, than thosertegdor other fish species.
Histidine and particularly tryptophan are largebquired for synthesis of
other compounds besides muscle protein (NRC 1998yeral deficiency

signs resulting from tryptophan deficiency obseriadsalmonids were

scoliosis and lordosis (Halver and Shanks 1960;ppéb and Post 1975;
Poston and Rumsey 1983; Walton et al. 1984; Akiyamal. 1985), renal

calcinosis (Kloppel and Post 1975), caudal fin iemscataracts and short
gill opercula (Poston and Rumsey 1983), and ineckder and kidney

levels of calcium, magnesium, sodium and potasgialton et al. 1984).

Therefore, further study is needed to confirm théneated A/E ratios of

tryptophan and histidine obtained in our study.
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Table 4.3: Amino acid composition of eggs or whiotety from different developmental stageddefterotis niloticus

Composition (% protein)

E Larva Juvenile Fingerling Immature
99 (0.2 g, b.m.) (3g, b.m.) (55 g, b.m.) (400 g, b.m.)

Amino acid Mean SD Mean SD Mean SD Mean SD Mean SD
Indispensable
Arginine 7.99 0.01 6.62 0.23 6.82 0.35 7.32 0.36 457. 0.04
Histidine 5.07 0.03 3.46 0.25 3.56 0.18 3.76 0.24 234 0.39
Isoleucine 6.97 0.26 491 0.14 4.82 0.64 5.29 0.71 5.23 0.57
Leucine 9.35 0.06 7.77 0.04 7.48 0.11 8.03 1.09 779 041
Lysine 9.39 0.41 8.57 0.07 8.39 0.95 9.09 1.26 9.14 0.24
Methionine 3.02 0.44 2.83 0.54 3.50 0.23 3.72 0.52 3.53 0.35
Phenylalanine 3.68 0.52 3.42 0.05 3.23 0.60 328 190. 3.34 0.22
Threonine 6.06 0.18 5.27 0.33 5.05 0.28 5.46 0.72 355 0.15
Tryptophan 1.05 0.12 0.89 0.06 0.89 0.11 0.75 0.15 0.92 0.10
Valine 7.87 0.46 6.06 0.08 5.74 0.44 6.28 0.82 5.90 0.49
Non-indispensable
Serine 7.38 0.01 5.24 0.30 5.04 0.28 5.41 0.73 5.02 0.14

Glutamic acid 13.19 0.22 12.93 0.24 12.65 0.59 d3.8 0.62 13.47 0.11
Aspartic acid 9.41 0.07 9.06 0.20 8.79 0.48 9.50 370. 9.39 0.26

Proline 4.22 0.55 4.46 0.46 5.03 0.69 5.83 0.12 85.0 0.23
Glycine 4.35 0.28 5.97 0.36 6.55 0.70 7.47 0.46 46.5 0.27
Alanine 7.91 0.48 5.83 0.41 5.97 0.43 6.70 0.54 76.2 0.58
Cysteine 1.09 0.06 0.83 0.08 0.80 0.13 0.70 009 850. 0.14
Tyrosine 4.66 0.31 4.86 0.42 4.86 0.39 5.02 001 914. 0.51
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Table 4.4: A/E ratios of Heterotis adult musclstis and of other omnivorous and carnivorous figtigs

Omnivorous Carnivorous
?n(::igegcsigble Heterotis g;[ﬁggeg! Nile tilapia®® Jundid ° Seabass’ Seabream’ 'I::sg.:ﬂsbg W
Comp:® AJE A/E ratios

Lysine 9.51 154.7 168.0 160.2 180.2 153.6 149.6 3l76
Arginine 7.42 120.7 132.0 142.0 1155 146.6 162.4 253
Histidine 4.85 78.9 43.0 44.0 40.8 49.8 49.9 57.4
Isoleucine 5.54 90.1 85.0 93.6 78.8 84.0 78.9 83.8
Leucine 8.4 136.6 146.0 160.0 156.1 138.8 134.3 .6146
Met + Cys 4.7 76.4 75.0 72.1 96.4 72.5 73.1 52.8
Phe + Tyr 8.75 142.3 147.0 129.2 148.3 83.4 86.4 9.314
Threonine 5.54 90.1 87.0 89.3 93.2 86.3 84.8 94.0
Tryptophan 0.63 10.2 15.0 18.3 8.4 194 18.5 17.7
Valine 6.15 100.0 102.0 91.3 82.4 91.2 88.5 96.7

*Amino acid composition of Heterotis adult (% prajefWilson and Poe, 1983Muscle tissue composition
“Portz (2001) in Meyer and Fracalossi, 20®8hole body compositigiiMeyer and Fracalossi, 2005

"Kaushik, 1998°Wilson and Cowey, 1985.
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Considering the importance of Heterotis as a primmispecies for African
aquaculture, it is necessary to determine theinaraicid requirements. So,
an estimation of the indispensable amino acid reqents of
Heterotisniloticus in this study was done by using the correlatiquorted
between the indispensable amino acid requireméntertain fish and the
indispensable amino acid pattern of the whole bmmiyposition of that fish
(Arai 1981; Ogata et al. 1983; Cowey and Tacon 1988son and Poe
1985; Mambrini and Kaushik 1995). Among the techei used to
determine amino acid requirement of fish spectds,dpproach seems to be
the fastest and the most cost effective.

As shown in Tables 4.3 and 4.4, lysine is the nadstndant indispensable
amino acid in the whole body and the muscle tisSirethe basis of data
obtained in this study, A/E ratios and theoreticeduirement values of
indispensable amino acid were calculated for Hétertarva, juvenile,
immature and adult (Table 4.5). The indispensabima acid requirements
obtained in our study show considerable similagtydifferent Heterotis
ontogenetic stages (from larva to adult). Theselt®suggest that the amino
acid needs, when expressed as a percentage afydietdein, may not be
affected by body size iHeterotis niloticus

Another estimation of indispensable amino acid ireqoents for Heterotis
adult was done using a formula similar to that desd by Meyer and
Fracalossi (2005). This methodology used the arairid requirements for
other freshwater omnivorous fish species in thecutations. The data
obtained are presented in Table 4.6. These vaheesgeay similar to those
reported in Table 4.5. The tryptophan values okthim this study were
lower than those reported for other omnivorous fipkcies. On the other
hand, histidine values were higher. These datecateithat indispensable
amino acids requirements of Heterotis are similar those of other
omnivorous fish species, except for tryptophan aisfidine. Numerous
investigations were conducted to determine theng/sequirement value by
growth studies in various fish species, such asankge flounder
Paralichthys olivaceuqForster and Ogata 1998), Large yellow croaker
Pseudosciaaena crocea . R(zZhang et al. 2008) and Cobia
Rachycentron canadurfzhou et al. 2007). Therefore, further research is
needed to determine the lysine requirement of ld&ger through
dose-response experiments.
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Table 4.5: An assessment of indispensable amimbraquirements fareterotis niloticus

Indispensable

Larva (0.2 g)

Fingerlings (2-60 g)

Immature (400 g)

Adult (4-5 kg)

amino acid AE Requirements AE Requirements AE RequirementsA/E Requirements
Lysine 154.4 5.0 153.5 5.0 155.4 5.0 154.7 5.0
Arginine 119.3 3.9 124.2 4.0 126.7 4.1 120.7 3.9
Histidine 62.4 2.0 64.3 2.1 71.9 2.3 78.9 25
Isoleucine 88.5 2.9 88.8 2.9 88.9 2.9 90.1 2.9
Leucine 140.0 4.5 136.2 4.4 135.5 4.4 136.6 4.4
Met + Cys 66.0 2.1 76.6 2.5 74.5 2.4 76.4 2.5
Phe + Tyr 149.2 4.8 144.0 4.7 140.3 4.5 142.3 4.6
Threonine 95.0 3.1 92.3 3.0 91.0 2.9 90.1 2.9
Tryptophan 16.0 0.5 14.4 0.5 15.6 0.5 10.2 0.3
Valine 109.2 35 105.6 34 100.3 3.2 100.0 3.2
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Table 4.6: Amino acid requirements for Common c@Zgprinus carpig,
Nile tilapia  (©reochromis niloticus and Channel catfish
(Ictalurus punctatus and another estimation of indispensable amind ac
requirements foHeterotis niloticus

Requirements

Indispensable (% of dietary protein) Heterotis Heterotis
: ” _ muscle tissue estimated
amino acl Common  Nile ~ Channel composition  requirement

carg  tilapia® catfisi

Lysine 6.0 5.1 5.1 9.51 5.1
Arginine 4.4 4.2 4.3 7.42 4.0
Histidine 15 1.7 1.5 4.85 2.6
Isoleucine 2.6 3.1 2.6 5.54 3.0
Leucine 4.8 3.4 3.5 8.40 4.5
Met + Cys 2.7 3.2 2.3 4.70 2.5
Phe + Tyr 5.7 55 5.3 8.75 4.7
Threonine 3.8 3.8 2.0 5.54 3.0
Tryptophan 0.8 1.0 0.5 0.63 0.3
Valine 3.4 2.8 3.0 6.15 3.3
Sum IAA 35.7 33.8 30.1 61.49

'0gino (1980)
’Data resulting from growth experiments (Santiago aovell, 1988)
3NRC (1993)

4.5 Conclusion

This study is the first prediction of dietary reguments for indispensable
amino acids ofHeterotis niloticus a promising species for Sub Saharan
Africa fish farming. The results of the presentdstundicate a lower and
higher requirement for tryptophan and histidinspeztively, compared with
other omnivorous fish species. Until data from dasponse experiments
are available for Heterotis, the estimated valuep@sed in this study can be
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used when formulating experimental and practicaletsdi for
Heterotis niloticus
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Les apports émergents des sections précédentes sont les
données nutritionnelles de base nécessaires a la formulation
des aliments pratiques et expérimentaux couvrant les
besoins spécifiques des juvéniles de Heterotis niloticus en
protéines et en acides aminés indispensables. Les deux
dernieres investigations de cette étude ont été menées en
se basant sur ces résultats. Compte tenu de I'importance du
rapport protéine/énergie dans l'optimisation de la rétention
azotée et la réduction des colits de I'aliment chez les
poissons, nous avons cherché a évaluer la capacité des
juvéniles de cette espéce a épargner les protéines
alimentaires par une utilisation judicieuse d'une source
d'énergie non-protéique en l'occurrence les lipides (Section
B). La farine de poissons, fréquemment utilisée dans les
expériences des sections 3 et 5, est un ingrédient onéreux,
difficilement accessible dans les pays du Sud et en voie de
raréfaction. C'est conscient de cela que la section 6 étudie la
possibilité de la remplacer par des sous-produits oléagineux
(disponibles localement et moins chéres) dans le régime des
juvéniles de ce poisson. Dans cette optique, nous avons
substitué partiellement la farine de poissons par un mélange
de fourteaux de soja et de coton.
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5

RAPPORT PROTEINE/ ENTRGIE CHEZ LES
JUVENILES DE Heterotis niloticus
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5.1 Abstract

In order to evaluate the effects of dietary protema lipid levels on growth,
feed utilization and body composition of Heterdiisgerlings, a factorial
experiment with three replicates was conducted. &igerimental diets
containing three crude protein levels (28%, 32% a6&o) and two crude
lipid levels (6% and 13%) were tested. Heterotigérlings weighing 2.34 g
initial live weight were fed the experimental diedsapparent satiation, twice
a day. After 8 weeks, statistical analysis revedled weight gain, specific
growth rate, feed efficiency and protein retentiegre significantly affected
by dietary protein and dietary lipid levels, redpasty (P<0.01). The highest
weight gain, specific growth rate and feed efficierwere observed for
juvenile fed the diet containing 36% protein and @isid, but no
significance difference was found between groupms vigth the following
diets: P28L13 (28% protein and 13% lipid), P32L82P13, and P36L13. A
significant interaction between dietary protein dipid was observed for
weight gain, specific growth rate, feed efficierayd protein retention. The
whole-body protein, lipid, moisture and ash conteste not significantly
affected by dietary lipid levels, but body proteand lipid content were
significantly affected by dietary protein. The @igt protein-sparing effect
was clearly demonstrated when the dietary enerdwiofincreases from 17
to 19.6 kJ @ at 28% crude protein on Heterotis.

KEY WORDs: Heterotis niloticus protein, lipid, P/E ratio, growth, feed
utilization
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5.2 Introduction

African bonytongueHeterotis niloticus(Cuvier, 1829), is an omnivorous
freshwater fish well appreciated for human consimnpgnh Central and West
Africa. It is found in some lakes like Lake Chadlan large rivers (Senegal,
Gambia, Niger and Nile) (D’Aubenton 1955; Levégiaugy & Teugels
1990). The rapid growth, late sexual maturity, stiood chain and good
meat quality of this species make it an excelleabdidate for inland
aquaculture in Africa. Recently, Heterotis has besatcessfully cultured in
earthen ponds under a  semi-intensive polyculture th wi
Oreochromis niloticus (Linnaeus), Clarias gariepinus (Burchell) and
Cyprinus carpio (Linnaeus), although no specific technique hasnbee
developed to raise this species. Individual meaaty bweight of 3 to 4 kg
within a twelve-month cycle is very encouraging.n@oercial feedstuffs,
formulated to satisfy the nutritional requiremeat®ther warmwater species
such as Nile tilapia and African catfish have besed for Heterotis raised in
ponds. Aside the control of reproduction and larkedring, the limited
knowledge on the nutritional requirements of Heisrdvas become an
obstacle for further development of its aquaculfunaduction.

It is well known that formulation of balanced dieasid their adequate
feeding are important for successful aquacultuiéagP1990). Protein is one
of the major dietary macronutrient affecting weightn of fish and feed cost
(Lovell 1989). Dietary energy has a major impact tbe utilization of
dietary protein in fish, and energy affects quatitie requirements for
protein (Wilson 2002). Too little energy in the Wiwill result in the
utilization of dietary protein for energy ratherathfor protein synthesis,
which is economically wasteful. On the contrarycess energy in the diets
may result in a lower nutrient intake by the figfye to lower feed
consumption (Metailler, Aldrin, Messager, Mevel &fhan 1981; Alsted &
Jokumsen 1989); thus, the fish will not consumeughodiet to meet their
protein and other nutrient requirements, leadingettuced growth rate on
the one hand, or in the other hand in fatty fisheBater & Lim 2002). In
addition, energy yielding nutrients, like lipids darcarbohydrates, can
theoretically reduce the oxidation of protein t@eyy and hence improve the
utilization of dietary protein for growth. There&rmroviding the appropriate
energy levels in feeds for fish is essential.

The dietary protein requirement fét. niloticus juveniles (3-62 g) was
estimated to be 310 g Rgliet when diets containing protein levels from 250
to 400 g kg with isoenergetic (17 kJ'tdiet) were fed to fish twice a day to
apparent satiation (Monentcham, Pouomogne & Kegtéma008).
Numerous investigations were conducted to evalimgeesponse of several
fish species to diets containing various proteid Bpid levels (Hillestad &
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Johnsen 1994; Thoman, Davis & Connie 1999; De SiSanasekera,
Collins & Ingram 2002; Lee, Kim & Cho 2002; Espindsomas, Pérez,
Balasch & Jover 2003; Meyer & Fracalossi 2004; K&riee 2005), but
information on the effects of dietary protein anighid on growth
performances dfl. niloticusfingerlings is lacking.

The present research was designed to assesséhts eff dietary protein and
lipid levels on growth, feed utilization and bodgneposition of Heterotis
fingerlings.

5.3 Materials and methods

5.3.1 Rearing conditions

The trial was conducted in hapas that were consiuwith nets of fine
texture. These hapas with rectangular dimensior&n(X 0.75m x 1.1m;
vol. = 780 L) were placed in a rectangular fish ¢g¢600 m2, 1.2m deep)
located at the Government Aquaculture Station inleiMe(Yaounde,

Cameroon). The pond was free from aquatic vegetatcmompletely

independent, well exposed to sunlight and with dewdnlet and outlet
system designed to maintain the water level inhhpas at 0.8m for the
duration of the experiment. During the feeding Itribngerlings were

exposed to natural photoperiod (6.15 a.m. to 6.4% daylight followed by

night). Water temperature ranged from 26 to 33°@enpH ranged from 6.5
to 7.0. The experiment lasted 56 days, from Octtdb&ecember 2007.

5.3.2 Experimental fish

Heterotis fingerlings weighing <1 g were caughtNyong River (3°47'N
and 12°15’E) near the town of Akonolinga (Camerg@md transported to
the Melen aquaculture station where they were dttmeseveral weeks in a
fertilized fish pond. After this phase, 50 fish weandomly distributed into
each hapa and fed diet containing 30% dietary protiring a pre-
experimental period for two weeks. After this cdiudiing period, 50 fish
were randomly sampled and individually weighed ti@himean weight:
2.34 + 0.77 g) and 30 fish were redistributed ieé&@h hapa. At the end of
the experiment, all fish were individually weigheghd total length
measured.

5.3.3 Diet formulation, preparation and feeding

Fish and soybean meals were used as the mainrpsuierce. Maize meal,
wheat bran, Menhaden fish and palm oil were usedthas primary
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carbohydrate and lipid sources, respectively. FRial was obtained from
Nutreco International BV (Boxmeer, The Netherlan@&jcept fish oil, other
ingredients were obtained from local markets. Idgnet formulations are
shown in Table 5.1. A 3 x 2 factorial experimenthdsign with three
replicates was adopted. Six experimental diets i@maulated to contain
three levels of protein (280, 320 and 360 ¢ kiet) and two levels of lipid
(60 and 130 g K diet) (Table 5.2). Gross energy levels of theligere

calculated based on 23.7, 39.5 and 17.2kfbgprotein, lipid and nitrogen-
free extract, respectively (Guillaume, Kaushik, @#r& Metailler 1999).

Soybean meal was boiled in a pressure cooker fohurs followed by sun
drying. The different experimental diets were mégeadding appropriate
volumes of water to ingredients. The resulting @asas transformed into
spaghetti (2mm) with the aid of food blender (KenmddM 800, Havant,
UK). After sun drying at a temperature of 28-35%C &bout three days, the
spaghetti were manually broken and converted iptte{s. The pellets were
stored at -20°C until use.
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Table 5.1: Ingredients and composition of the expental diets (g kg)

Protein levels (g k9

280 320 360

Lipid levels (g kg 60 130 60 130 60 130
Ingredients

Fish meal 185 185 226 226 266 266
Soybean meal 185 185 226 226 266 266
Whole maize meal 275 230 239 189 201 154
Wheat bran 275 230 239 189 201 154
Menhaden Fish dil 15 50 10 50 8 45
Palm oll 15 50 10 50 8 45
Vitamin premix 20 20 20 20 20 20
Mineral premix 20 20 20 20 20 20
Carboxymethylcellulose 10 10 10 10 10 10

14Sigma-Aldrich products (Bornem, Belgium)

2Vitamin Mix Fish 0.5% INVE Aquaculture, Belgium (@position per kg: vitamin
A, 2 500 000 IU; vitamin D3, 500 000 IU; vitamin 8) 000 mg; vitamin K3, 2 000
mg; vitamin B1, 2 000 mg; vitamin B2, 5 000 mg; fartenic acid, 10 000 mg;
Niacin, 5 000 mg; vitamin B6, 4 000 mg; folic acRID00 mg; vitamin B12, 4 mg;
vitamin C, 20 000 mg; biotin, 200 mg and inosi&d, 000 mg)

3Mineral Mix MLNP 763, INRA Belgium (Composition pekg: dibasic calcium
phosphate, 500 g; calcium carbonate, 215 g; sodibharide, 40 g; potassium
chloride, 90 g; magnesium hydroxide, 124 g; irolplsate, 20 g; zinc sulphate, 4 g;
manganese sulphate, 3 g; cobalt sulphate, 0.08tgsgium iodide, 0.04 g; sodium
selenite, 0.03 g and sodium fluoride, 1 g).
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Protein levels (g kK9

280 320 360
Lipid levels (g kg") 60 130 60 130 60 130
Constituents
Crude protein (g k9 284 281 322 321 363 359
Total lipid (g kg") 60 131 62 133 60 129
Ash (g kg 77 75 78 80 83 85
Moisture (%o) 96 88 94 87 92 89
Nitrogen-free extract (g kg® 483 425 444 379 402 338
Estimated Gross energy (k})§ 17.4 19.1 17.7 19.3 17.8 19.4
Protein: energy ratio (g protein MyJ 16.3 14.7 18.2 16.6 20.3 18.5

*Values are the mean of three replicate analyses

®Nitrogen-free extract (NFE) calculated as: 100@neiéture + protein + lipid + ash)
"Estimated Gross energy was calculated accordi@utbaume, Kaushik, Bergot & Metailler (1999).
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Fish were fed by hand twice a day (09h30 — 10h@D 1230 — 15h00) to
apparent satiation. Pellets were distributed slpwaliowing all fish to eat.
The daily feed supply was recorded.

5.3.4 Sample collection and chemical analysis

Initially, 10 fish were sampled for initial wholestly proximate
composition. At the end of the experiment, 9 fistnf each treatment were
randomly selected for final analysis of body conifims. All samples were
stored at — 20°C prior to analysis.

Proximate composition of feed ingredients, expenitakediets and fish were
analysed following the Association of Official Agtal Chemists methods
(AOAC 1999). Crude protein (total nitrogen x 6.2#s measured using the
Kjeldahl method after acid digestion. Total lipidntent was estimated using
the Soxhlet apparatus method according to Folclesl& Sloane-Stanley
(1957). Moisture was determined by drying the sangl105°C for 24h to a
constant weight. Ash was determined by incineratitegdried sample in a
muffle furnace at 550°C for 12h.

5.3.5 Data processing and statistical analysis

From these data, final mean weight, specific grovete (SGR; %.da})
(200 x (In final body weight — In initial body wéig)/duration of
experiment (days)), weight gain (WG) ((final bodight — initial body
weight) (g) x 100/initial body weight (g)), feedfiefency (FE) ((fish weight
gain including weight of dead fish) (g)/total feedtake (g)), protein
efficiency ratio (PER) ((fish weight gain includingeight of dead fish)
(g)/total protein intake (g)), protein retentiorR)(100 x (final body weight
x final body protein — initial body weight x initidody protein)/total feed
intake x dietary protein) were determined. Digdstiprotein intake and
digestible energy intake were estimated by using mheans values of
apparent digestibility coefficient (ADC) for crugeotein and gross energy
of fish and soybean meals (the major protein sauicethis study) by
Heterotis (Fagbenro, 2001). ARfde protein @Nd ADGoss energyValues are
(92.8; 85.1) and (93.5; 77.4) for fish and soybemeals respectively
(Fagbenro, 2001).

All percentage data were arcsine transformed befoedysis. One-way and
two-way analyses of variance (ANOVA) were applieal éxamine the
significance of dietary treatment effects of theotwain factors (dietary
protein and lipid) and their possible interaction growth parameters.
Differences among means were tested by least &ignie difference LSD
(Dagnelie, 1975). Differences were considered Smant at P<0.05. The
data are presented as mean * S.D. of three raplicatips.
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5.4 Results

Weight gain, specific growth rate, feed efficienpyptein efficiency ratio,
protein retention and survival rate of Heterotigyrlings during the feeding
trial are shown in Table 5.3. Survival rates varfedm 77% to 82%,
independently to the dietary treatments (P>0.05gight gain, specific
growth rate and protein retention were significar{?<0.01) affected by
dietary protein and dietary lipid levels. Except furvival rate, differences
were significant for all protein x lipid interactis parameters (P<0.05).

The highest weight gain and specific growth rateanmbserved for juveniles
fed the diet containing 36% protein and 6% lipidt alues did not differ
significantly from those of fish fed the followirdiets: P28L13 (28% protein
and 13% lipid), P32L6, P32L13, and P36L13. Howetles,weight gain and
SGR of this group were significantly (P<0.01) higtigan those of juveniles
fed the diet containing 28% protein and 6% lipidhiet recorded the poorest
growth. Heterotis fingerlings fed the diet contami28% protein and 13%
lipid displayed the highest protein retention, vézes the lowest values were
observed in fish receiving P36L13. Protein retanti@creases significantly
(P<0.05) with increasing levels of dietary protatrhigh lipid content.

Feed efficiency in all treatments, ranging from 00.20 1.16, was
significantly affected by both dietary protein diuld levels (P<0.01). The
feed efficiency values of fish fed the followingets: P28L13, P32L6,
P32L13, P36L6, P36L13 did not differ significanfipm each other, but
were significantly higher than those fed the di@BIE6. The dietary lipid
levels significantly affected the protein efficigncatio (P<0.05), with the
highest values recorded in fish fed the diet commagi 28% protein and 13%
lipid.

Feed intake, digestible protein (DP) intake, didpstenergy (DE) intake,

protein and energy retention of juvenile Heteréid the experimental diets
are shown in Table 5.4. The daily feed intake watssignificantly (P>0.05)

affected by both dietary protein and lipid levdd$? intake, protein retention
and energy retention were significantly (P<0.0%¢etkd by dietary protein
level, but not by dietary lipid level. Protein retion efficiency and DE

intake were not significantly (P>0.05) affected digtary protein level, but
only DE intake differ significantly (P<0.01) withHedary lipid level. Energy

retention efficiency was significantly (P<0.05) exffed by dietary protein
and dietary lipid levels, respectively.
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Table 5.3: Weight gain, feed efficiency and surl/parformance oHeterotis niloticusfingerlings fed with diets containing
various protein and lipids levels (initial averageight 2.34 g)

Protein

Lipid

I(Zvlfglli die I(Zvl?éi diet) weli:gljr;]? o) g\/;/i?]' g(&‘: ) (%S,((j;ail) FE PER PR Survival
280 60 18.1+08 673+1Ff 3.64+0.0? 090+002 321+01% 1693 78+3
130 21.8+11 833+13 3.98+01% 1.13+0.04 402+0.16 193+6 77%6
320 60 21.7+0% 832+08 397+0.08 1.14+008 355+014 177+3 80+%3
130 219+0% 836+07 3.98+0.09 1.15+008 354+028 176+x4 82+2
360 60 220+00 841+12 4.00+0.08 1.16+0.07 361+0.12 164+53° 81%5
130 21.8+0%7 834+10 3.98+0.03 1.15+004 359+008 161+2F 804
Two-way analysis of variante
Protein S S S S NS S NS
Lipid S S S S S S NS
Protein x lipid S S S S S S NS

Values (means + SD of three replicates) in eachraolwith different superscript letters are sigmifity different (P<0.05) S = significant (P<0.05); NS = not significant

(P>0.05)
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Proximate composition of the whole fish fed dietshwarious levels of
protein and lipid is presented in Table 5.5. Thaults of two-way analysis
of variance showed that moisture content was rgnifscantly (P>0.05)
affected by dietary protein and lipid levels, redpely. Body protein and
lipids content were significantly (P<0.05) affectiegl dietary protein level,
but not by dietary lipid (P>0.05). The highest \edwf body lipid, measured
in fingerlings fed the diet P36L13, were found tdfed significantly
(P<0.05) compared to fish groups fed the other mxmmtal diets. Neither
dietary protein nor lipid level had a significarffeet on ash body content
(P>0.05). There was significant interaction (P<)@&tween dietary protein
and lipid and fish body composition, except for ashtent.
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Table 5.4: Daily feed intake, daily protein intakeotein and energy retention of the juvenile Hatisrfed the experimental
diets containing various protein and lipid levels

::;C)etlesin :éis(iaolls Feed intake DP intake r:trgr:(tellgn pre  DEintake rgtr:a?]rt?oyn ERE

(g kg'diet) (g kg'diety (@/Mshday) (gffishday) o sh day) (kJfishiday) . yrsishiday)

280 60 0.332 0.088 0.02% 0.28F 4.68"° 1.77 0.343
130 0.325 0.088 0.03% 0.373¢ 5.03 1.8% 0.377°

320 60 0.320 0.096 0.032 0.337° 4,59 1.77 0.373
130 0.322 0.097 0.037F 0.32% 5.03 1.89 0.376

360 60 0.318 0.169 0.042 0.386' 4,58 1.76 0.385
130 0.317 0.105 0.03¢ 0.287 4.99° 1.74" 0.346

Two-way analysis of varianée

Protein NS S S NS NS S S

Lipid NS NS NS NS S NS S

Protein x lipid NS NS S S NS S S

Values are means + SD of three replicates. Meaasomlumn with different superscript letters agngficantly different (P<0.05)
° S = significant (P<0.05); NS = not significant>(R05); DP digestible protein, PRE protein retentigdficiency = protein gain/total DP intake, DE
digestible energy, ERE energy retention efficien@nergy gain/total DE intake.
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Table 5.5: Proximate composition bfeterotis niloticusfingerlings fed diets containing various proteimdalipids levels
(initial average weight 2.34 g)

gig?igi';;’e's (Lépli(g_lg;’;;s Moisture (%)  Crude protein (%) Total lipid (%)  Crudsh (%) (I\Eﬂgekrg}’)
280 60 77.9 03 11.99 + 0.52 1.32+0.13 43+0.8 4.1%
130 80.1+0% 12.43 £0.11 1.21 £0.32 42+0.1 3.78
320 60 78.8+ 03 12.41 +0.18 1.39 £ 0.28 3.8+0.7 4.12
130 782 +08 12.35 £ 0.07 1.44 £0.16 3.9+05 4.22
360 60 78.7+ 0% 12.95+0.18 1.32 +0.3% 3.8+0.6 4.1%
130 79.3+£1% 12.29 + 0.2% 1.84+0.2% 3.8+0.9 4.13
Two-way analysis of variance
Protein NS S S NS S
Lipid NS NS NS NS NS
Protein x lipid S S S NS S

Values are means + SD of three replicates. Meaasolumn with different superscript letters agngficantly different (P<0.05)
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5.5 Discussion

Some authors reported high survival rate, 69-96#0(11959), 83%-100%
(Reizer 1966) and 72-88% according to Monentchetmal (2008) for
Heterotis juveniles reared in earthen pond or cabies survival rate values
registered in this study, 77%-82%, are of the samuer of magnitude.
Specific growth rates reported in this researchjdi@eniles Heterotis with
mean body weight varying from 2 g to 22 g reachpda4% day. These
growth rates are higher than those obtained orsdihee species for similar
sizes such as 3.48% dafor fish of 3-6 g (Tillon 1959), 3.13% dayor fish

of 9-44 g (Monentcharet al 2008) and 2.77% dayfor fish of larger sizes
(ranging from 30 to 50 g, Bard 1960). However, ¢healues are in the same
order of magnitude as those reported for fingesli§ African catfish
Clarias gariepinus(4.14 according to Imorou Toko, Fioghé & Kestemont
2008).

At 28% dietary protein, statistical analysis indézha significant increase in
weight gain and specific growth rate with incregsiavels of dietary lipid.
Weight gain and specific growth rate did not inseeaignificantly with
32-36% dietary protein at all levels of the diethpyd tested (6% and 13%).
A similar trend was observed in feed efficiencyeTiact that weight gain
and specific growth rate, within the protein lewél28%, were higher for
juvenile fed the diet containing higher lipid leveliggests that the diet
provided more energy for the metabolization of @ito muscle tissue. In
other words, at low protein level, protein may lidiaed for growth rather
than for energy in fingerlings submitted to a hidietary lipid level. A
protein-sparing effect of dietary energy from lipidvas thus clearly
expressed in Heterotis juvenile fed 28% crude pmot&herefore, the
optimum protein and lipid levels in the diet forogith of Heterotis
fingerlings are 280 and 130 g kgliet, respectively, with an estimated
enelrgy level of 19.1 kJ'gdiet and protein to energy ratio of 14.7 g protein
MJ™.

Monentchamet al (2008) reported that the optimum dietary protein
requirement for Heterotis juveniles from 3 to 6%vas 310 g kg diet with

an estimated energy level of 17 KJdjet. These two results suggest that the
protein requirement of juvenile Heterotis (as acpatage of the diet can be
reduced from 31% to 28 % by increasing the dietargrgy (due to lipid)
from 17 kJ.g diet to 19.6 kJ g diet. The sparing effect of lipid on dietary
protein has been reported for other fish speciet 8 Common dentex
Dentex dentex(Linnaeus) (Tibaldi, Beraldo, Volpelli & Pinosa 9®
Espinds et al 2003), gilthead seabrearBparus aurata (Linnaeus)
(Company, Calduch-Giner, Kaushik & Perez-Sanche®919Vergara,
Robaina, Izquierdo & de la Higuera 1996), allecoglossus altivelis
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(Temminck & Schlegel) (Leet al 2002), red drumSciaenops ocellatus
(Linnaeus) (Thomaet al 1999), jundiecRhamdia quelefQuoy & Gaimard)
(Meyer & Fracalossi 2004), Malabar groupEpinephelus malabaricus
(Bloch & Schneider) (Shiau & Lan 1996), Murray dgidiccullochela peelii
peelii  (Mitchell) (De Silva et al 2002), bagrid catfish
Pseudobagrus fulvidracgRichardson) (Kim & Lee 2005) and Atlantic
salmonSalmo salalL. (Hillestad & Johnsen 1994).

In this study, maize meal and wheat bran were usedhe primary
carbohydrates sources and were the main nonpretengy source in the
experimental diets, except fish and palm oils. Adow to various authors,
lipids are the first nonprotein energy source zgii by fish (Vergar&t al
1996; McGoogan & Gatlin 1999). However, many inigegions reported
that omnivorous species are able to utilize effitiedietary carbohydrate as
an energy source (Nile tilapia according to Ali &#Asgah (2001), Channel
catfishictalurus punctatugRafinesque) according to NRC (1993) and Rohu
Labeo rohita(Hamilton) according to Erfanullah (1995)). Thenef, more
research is needed to study the effect of diffecambohydrate/lipid ratios
for Heterotis fingerlings, in order to determine igfh nonprotein energy
source promotes the maximum protein-sparing eftedtieterotis.

Protein efficiency ratio obtained in this study ganfrom 3.21 to 4.02 and
tended to improve with the decrease of dietarygmotevel at high lipid
levels. A similar trend was observed in juvenilai @, altivelis reared in
seawater (Leeet al. 2002). Other studies reported a comparable result
showing that protein efficiency ratio decreasedhwiicrease in dietary
protein level (Danials & Robinson 1986; Compatyal. 1999; Lee & Kim
1999; McGoogan & Gatlin 1999; Thoma al. 1999). The highest protein
efficiency ratio and protein retention were foumdHeterotis fed the diet
containing 28% protein and 13% lipid. Neverthel@sprotein sparing effect
where supplementation of dietary lipid improves figerformance, protein
efficiency ratio and protein retention (as shownVdgatherup, McCracken,
Foy, Rice, Mckendry, Mairs & Hoey 1997; McGoogan @atlin 1999;
Thomanet al 1999; Vergarat al 1996) was not observed in this study at
all protein levels. It appears thidt niloticusrequires relatively low dietary
protein and high dietary lipid. As experimentaltdielid not contain lipid
higher than 13% in the present study, more reseaeimeeded to revaluate
the response of Heterotis fingerlings to diets aimig various protein and
lipid levels using diets containing higher levetfdipid than 13%, in order to
determine the maximum inclusion level of dietapidito spare protein for
growth.

Investigations withl. punctatus(Page & Andrews 1973), rainbow trout
Oncorhynchus mykig¥Valbaum)(Lee & Putnam 1973), Japanese flounders
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Paralichthys olivaceugTemminck & Schlegel) (Lee, Cho & Kim 2000),
P. altivelis(Leeet al 2002) have clearly shown that feed intake isatliye
related to dietary energy level. Surprisingly imstetudy, statistical analysis
indicated that daily feed intake remained relativenstant with increasing
dietary lipid level for Heterotis fingerlings fro to 13%. This suggests
again thatH. niloticus probably requires dietary lipid higher than 13%.
Therefore, further study is necessary to confiris fiypothesis.

The whole-body protein, lipid, moisture and ash teoh were not
significantly affected by dietary lipid levels, bbbdy protein and lipid
content were significantly affected by dietary piotlevels. Crude protein
content of juvenile fed low lipid diet tended to bigh at the same protein
level, except for the juvenile groups fed the diehtaining 28% protein.
Crude protein content also tended to increase witheasing levels of
dietary protein at low lipid diet. Similar resultgere observed in the carcass
composition of ayu (Leet al 2002).

Body lipid content of fingerlings fed low lipid dievas not significantly
different than those of fish fed high lipid diet 28% dietary protein, but
improved weight gain. These suggest that Hetefotgerlings utilize the

diet containing 28% dietary protein and high lipitbre efficiently for

growth, without body fat deposition.

5.6 Conclusion

This research is among the first in a series oflisiion the controlled
nutritional investigation itHeterotisniloticus, a promising species for inland
aquaculture in Africa. The results of the presemntdy indicate that the
optimum protein and lipid levels in the diet forogith of Heterotis
fingerlings seemed to be 280 and 130 ¢ kijet, respectively, with an
estimated energy level of 19.1 MJkdiet and protein to energy ratio of
14.7 g protein MJ, when fish were fed to apparent satiation two sirtaily.
The dietary protein-sparing effect was clearly destated when the dietary
energy of lipid increases from 17 to 19.6 kJ af 28% crude protein on
Heterotis.
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6.1 Abstract

A feeding trial was conducted to examine the siitgtof plant oil cakes as
a partial substitute for the dietary protein sugglby fish meal for Heterotis
fingerlings. Fish were fed with four isonitrogend880 g kg crude protein)
and isoenergetic (18.8 kJ'gGE) diets in which fish meal protein was
gradually replaced by plant protein from a mixtuoé soybean and
cottonseed oilcakes meals (0, 25, 50, 75% in dits2, 3 and 4,
respectively). Triplicate groups of juvenile Hetésdinitial body weight of
5 g) were handfed twice daily to apparent satiafmm60 days. Growth
performances of fingerlings fed diets containin@® and 50% plant protein
were not significantly different (P>0.05). At 75%sH meal substitution,
growth and feed utilization efficiency indicatoreme significantly reduced
(P<0.05). The carcass composition were also s@aifly (P<0.05) affected
by the replacement level of fish meal, except drgtter and ash. Our
findings suggest that the dietary fish meal proteguld efficiently be
substituted by a mixture of soybean and cottonseledkes meals up to
50%, without adverse effects on maximal growth mactical Heterotis
fingerlings diets, when fish are fed to apparetiaian two times daily in
hapas.

KEY WORDS: Heterotis niloticusfish meal substitution, soybean oilcake meal,
cottonseed oilcake meal, growth
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6.2 Introduction

The African bonytonguelieterotis niloticus(Cuvier, 1829), is present in
large rivers and lakes of the Nilo-Sudanian aremt@l and West Africa (Li
& Wilson 1996; Mbega 2004; Adite, Winemiller & Fibg§ 2005). It is an
excellent candidate for aquaculture production bseaof its fast growth
rate, air-breathing characteristic, omnivorous ,dretatively high market
price and good meat quality (smoked or salted) @hbcham, Kouam,
Pouomogne & Kestemont 2009a). A recent study caedudn hapas
indicated that the dietary protein level for maximwgrowth of juvenile

Heterotis is 34.5% when fish are fed with practidigtts containing from 25
to 40% crude protein (Monentcham, Pouomogne & Kaste 2008).

Another research reported the quantitative indispble amino acids
requirements of the same species (Monentcham, \'¢haRouomogne &

Kestemont 2009b).

Protein is the most expensive component in fisd,feaed fish meal remains
the major protein source because of its well-badnessential amino acid
profile, essential fatty acids, digestible energjtamins and minerals
(Hertrampf & Piedad-Pascual 2000). The global agliae demand for
fishmeal per year was estimated at 2.09 milliorston 1999), and predicted
to reach nearly 4.6 and 10.4 million tons of fiskmby 2015 and 2030,
respectively (New & Wijkstrom 2002). The actual aahworld production
of fish meal (6-7 million tons; FAO 2006) is expedtto remain static or
decrease slightly in the future. These observaiimpdy that fish meal might
constrain aquaculture expansion in the future. [dege fish meal is scarce
and very expensive in developing countries. In tteagard, the use of
alternative less-expensive and locally availabbigin sources such as plant
protein feedstuffs is considered an internatioeakarch priority especially
in African aquaculture.

Soybean and cottonseed oilcakes meals are widebypgorated as cheaper
alternative protein sources in practical fish fedmxause of their high
protein content, favourable indispensable amind poofiles and reasonable
price. However these plant by-product meals maydéfcient in one or
more indispensable amino acids, especially methioniand lysine
(Hertrampf & Piedad-Pascual 2000). Numerous stuue® been conducted
to partially (Shiau, Lin, Yu, Lin & Kwok 1990; Faghro & Davies 2001;
Chou, Her, Su, Hwang, Wu & Chen 2004; Imorou Tolkigghé &
Kestemont 2007; Imorou Toko, Fiogbhé & Kestemont &00r totally
(Webster, Goodgame-Tiu & Tidwell 1995; El-Saidy &lér 2004) replace
fish meal by soybean or cottonseed oilcakes meualish diets without
reducing the growth and feed efficiency. The resdiave shown that
soybean or cottonseed oilcakes meals could partighlace fish meal in fish
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feeds, or entirely when supplemented with aminal aid fortified with
minerals. Furthermore, it is better to replace rfisal with simple or
complex mixtures of vegetable ingredients (El-Saifly Gaber 2003;
Kaushik, Coves, Dutto & Blanc 2004; Borgeson, Raaflkie, White &
Drew 2006). It has also been found that the infbgeof replacing dietary
fish meal on growth is species dependent (Heph8B)1No studies have
examined the effects of substituting fish meal wjlant proteins in
Heterotis niloticusfeeds. Therefore, the present study was conducted
evaluate the possible effects of partial replacaénmdnfish meal with a
mixture of plant proteins (soybean and cottonseddal®es meals) on
growth, feed efficiency and carcass proximate caitjpm of Heterotis
fingerlings.

6.3 Materials and methods

6.3.1 Experimental diets and feeding regime

The formulation and proximate composition of theerxmental diets are
given in Table 6.1. Four isonitrogenous (350 ¢' kgude protein) and
isoenergetic (18.8 kJ'gGE) diets were formulated to meet the maximum
growth of Heterotis fingerlings (Monentchagh al. 2008). The mixture of
plant ingredients (50% soybean oilcake meal (SBRNJ &0% cottonseed
oilcake meal (CSM)) was used as partial replacenténfish meal in
experimental diets at levels of 25% (diet 2), 5afiet(3) and 75% (diet 4).
Fish meal was obtained from Nutreco Internation&y BBoxmeer,
Netherlands). Except fish oil, other ingredientseverocured from the local
market (Yaounde, Cameroon). The diets were prepaealtbted and stored
as described by Monentchaal (2008).

The indispensable amino acid compositions of thgedmental diets are
shown in Table 6.2. This table shows that the pelisable amino acid
content in all test diets, expressed in g/16 g Mrewhigher than the
requirements offeterotis niloticus

Fish were hand fed twice daily (09h30 — 10h00 adt3D — 15h00) to
apparent satiation. Pellets were distributed slpaliowing all fish to eat.
The daily feed supply was recorded.
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Table 6.1: Ingredient and proximate compositiothef experimental diets (g Rglry diet)

Diets
1 2 3 4
(0%SBM+CSM) (25%SBM+CSM) (50%SBM+CSM) (75%SBM+CSM)

Ingredient composition (%o)

Fish meal 300 225 150 75
Soybean oilcake meal 0 70 160 250
Cottonseed oilcake meal 0 70 160 250
Wheat bran 300 270 220 145
Bean meal 210 175 120 90
Blood meal 80 80 80 80
Menhaden fish ofl 30 30 30 30
Palm oil 30 30 30 30
Vitamin premix 20 20 20 20
Mineral premix 20 20 20 20
Carboxymethylcelluloge 10 10 10 10
Proximate compositior(%o)

Moisture 85 81 84 87
Crude protein 356 354 355 358
Crude lipid 99 93 87 81
Ash 81 79 78 75
NFE® 379 392 394 398
Gross energy (kJ'%y’ 18.9 18.8 18.7 18.6

LSigma-Aldrich products (Bornem, Belgium).
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2Vitamin Mix Fish 0.5% INVE Aquaculture, Belgium (@position per kg: vitamin A, 2 500 000 IU; vitanid8, 500 000 IU; vitamin E,
30 000 mg; vitamin K3, 2 000 mg; vitamin B1, 2 0®@; vitamin B2, 5 000 mg; panthotenic acid, 10 @@§ Niacin, 5 000 mg; vitamin
B6, 4 000 mg; folic acid, 2 000 mg; vitamin B12mng; vitamin C, 20 000 mg; biotin, 200 mg and inoisi80 000 mg).

*Mineral Mix MLNP 763, INRA Belgium (Composition pewq: dibasic calcium phosphate, 500 g; calcium caate, 215 g; sodium
chloride, 40 g; potassium chloride, 90 g; magnesiyaroxide, 124 g; iron sulphate, 20 g; zinc sutphd g; manganese sulphate, 3 g;
cobalt sulphate, 0.02 g; potassium iodide, 0.08bdjum selenite, 0.03 g and sodium fluoride, 1 g).

®Values are the mean of three replicate analyses.

®Nitrogen-free extract (NFE) calculated as: 100&%e-r0isture + %o protein + %o lipid + %o ash).

"Calculated using nutrient content: 23.7, 39.5 ai® kJ @ for protein, lipid and nitrogen-free extract, respvely (Guillaumeet al
1999).

SBM = Soybean oilcake meal; CSM = Cottonseed odaakal.
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Table 6.2: Indispensable amino acids contentseoé#perimental diets (expressed in g/16 g N)

Diets
1 2 3 4 Requirement$

Indispensable amino acids

Arginine 6.46 7.00 7.36 7.46 4.0
Histidine 3.92 3.95 4.03 4.00 2.1
Isoleucine 3.81 3.92 3.81 3.59 2.9
Leucine 7.79 7.81 7.87 7.44 4.4
Lysine 7.83 7.66 7.61 6.85 5.0
Methionine + Cystéine 4.17 3.99 3.72 3.40 2.5
Phenylalanine + Tyrosine 7.76 7.98 8.14 8.07 4.7
Threonine 4.67 4.60 4.58 4.27 3.0
Tryptophan 1.23 1.25 1.31 1.19 0.5
Valine 5.68 5.77 5.78 5.50 3.4

®From Monentcham, Whatelet, Pouomogne & Kestemdi¥p)
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6.3.2 Experimental procedure

Heterotis fingerlings weighing <1 g were collecttdm River Nyong

(3°47'N and 12°15’E) near the town of AkonolinggQOlkm away from

Yaounde and transported to the Melen aquacultuatiost (Yaounde,

Cameroon). The fish were acclimated to fish ponddi@ns for several
weeks. After this phase, 50 fish were randomlyritisted into each hapa
and fed diet containing 35% crude protein duringexexperimental period
of three weeks. After this conditioning period, theclimated lots were
randomly stocked in experimental hapas at theaB89 fish per hapa with
three replications per treatment. Before the fillbtraent, 50 fish were
randomly sampled and individually weighed. At thel ef the experiment,
all fish were individually weighed and total lengtieasured.

The hapas with rectangular dimensions (1.2m x &8im; Vol. = 500 L)
were placed in a rectangular fish pond (300 manld2ep) located at the
Government Aquaculture Station in Melen (Yaounden@on). The pond
was free from aquatic vegetation, completely indeleat, well exposed to
sunlight and had inlet and outlet system designaedaintain the water level
in the hapas at 0.8m for the duration of the expent. During the feeding
trial, fingerlings were exposed to natural photoge 6.15 a.m. to 6.45 p.m.
daylight followed by night). Water temperature radgfrom 24 to 31°C
while pH ranged from 6.5 to 7.0. The experimentalations were 60 days
(from June to August 2008).

6.3.3 Sample collection and chemical analysis

Initially, ten fish were sampled for initial carsagroximate composition. At
the end of experiment, eight fish from each treatmeere randomly
selected for final analysis of whole-body compasitiThree fish from each
treatment were also randomly selected and a podfoe dorsal muscle
from each fish was sampled. All samples were sta@ed20°C prior to
analysis.

Proximate composition of feed ingredients, expenitakediets and fish were
analysed following the methodology described by Bfaoharet al. (2008).
Total amino acid profiles of experimental diets eveletermined according
to the protocols described by Monentchetnal (2009b).

Chemical analyses were conducted at the laboraftotlye Research Unit in
Organismal Biology (URBO, University of Namur, Belmq). Amino acid

analyses were carried out in the Unit of Industi@iiemistry Biology

(Gembloux Agricultural University, Belgium).
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6.3.4 Data analysis and statistical methods

At the end of the experiment, variables such aal finean weight, specific
growth rate, feed efficiency, protein efficiencytioa protein retention and
survival were determined as follows:

Specific growth rate (SGR; %ddy= 100 (Ln final body weight —
Ln initial body weight)/duration of experiment (ddy

Feed efficiency (FE) = (fish weight gain includimgeight of dead
fish) (g)/total feed intake (g)

Protein efficiency ratio (PER) = (fish weight gancluding weight
of dead fish) (g)/total protein intake (g)

Protein retention (PR) = 100 (((final body weightfinal body
protein) — (initial body weight x initial body pren))/(total feed intake x
dietary protein))

Survival (%) = 100 (final number of fish per hapdfal number of
fish per hapa).

Mean results in fish growth, feeding efficiency,ngual and carcass
composition were subjected to one-way analysisaofimce (ANOVA) after
verifying the homogeneity of variance using Harteyest. Individual
differences between dietary treatments were tebtedeast significance
difference (LSD). The level for statistical sigedince was set at 5%. When
necessary, data were normalized by arc-sine tramaf@n prior to analysis.

6.4 Results

6.4.1 Growth performance, nutrient utilization and survival

During the feeding trial, all fish were observedfeed actively. Growth
performance, nutrient utilization and survival data presented in Table 6.3.
The specific growth rate of fingerlings fed die{® SBM+CSM), diet 2
(25% SBM+CSM) and diet 3 (50% SBM+CSM) did not €ifffrom each
other, but were significantly (P<0.05) higher thihase of fish receiving diet
4 (75% SBM+CSM).
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Table 6.3: Growth response, feed utilization anst-benefit analyses ¢feterotis niloticudingerlings fed with experimental
diets (initial average weight 5.20 g)

Diets
1 2 3 4
(0% SBM+CSM) (25% SBM+CSM) (50% SBM+CSM) (75% SBEISM)
Final weight (g) 35.1+0% 34.7+08 33.6+0.7 28.3+0.6
Feed intake (g/fish/week) 2.45 +£0.07 256 +£0.21 442 0.16 2.39+0.17
SGR (%.day) 3.16 £ 0.08 3.14+0.08 3.09 +0.04 2.80 +0.083
FE 1.13+0.08 1.11+0.04 1.05 + 0.08 0.84 +0.07
PER 3.17 £ 0.03 3.13+0.07 2.96 +0.08 2.35+0.08
PR 42.7+04 41.3+0.8 38.9+0.4 27.6+0.2
Survival (%) 77£2 80 6 74+ 4 70+3

SGR = Specific growth rate; FE = Feed efficiencRP= Protein efficiency ratio; PR = Protein retenti
Values are means + SE of three replicates hapasasdid to each diet. Means in a row with differgerscript letters are significantly
different (P<0.05).
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Table 6.4: Final whole body and dorsal muscle casitjpm of Heterotis niloticudingerlings fed experimental diets

Diets

1 2 3 4
Parameters (0% SBM+CSM) (25% SBM+CSM) (50% SBM+CSM) (75% SBM3#2)
Whole fish
Dry matter 20.8£0.5 21.7+£0.2 20.9+£05 200.3
Protein 14.1+0%5 13.7+0.4 13.9+0.3 13.1+0.1
Lipid 2.2+0.f 21+0.4 2.6+0.3 25+0.2
Ash 3.7£0.2 4.0x£0.3 4.0x£0.1 3.8+£0.2
Dorsal muscle
Dry matter 19.1+0.6 20.1+0.1 18.8 0.5 1802
Protein 14.3+02 14.0 £ 0.1 14.2 + 0.5 13.8+0.2
Lipid 1.06 £ 0.03 1.14 £ 0.02 1.05+0.04 1.03+0.03
Ash 0.90 £ 0.05 0.94 £0.04 0.98 £ 0.03 0.93+0.02

*Values are means + SE of three replicates and ssguien (%). Initial whole body composition was320.dry matter, 11.2%
protein, 1.02% lipid and 4.3% ash.
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Feed efficiency, protein efficiency ratio and pioteetention decreased
significantly (P<0.05) with graded substitution éévof fish meal, but no
significant difference (P>0.05) was found betwegmgdrlings fed diets 1
(0% SBM+CSM) and diet 2 (25% SBM+CSM) for feed &#fncy and

protein efficiency ratio, respectively. Survivalddinot differ significantly

(P>0.05) between groups fed different levels df fiseal substitution.

6.4.2 Whole-body and dorsal muscle composition

Initial, final whole-body and dorsal muscle compiosis of Heterotis

fingerlings are shown in Table 6.4. Partial repiaeat of fish meal with a
mixture of soybean and cottonseed oilcakes meadseils for Heterotis did

not significantly (P>0.05) affect final fish bodgmposition in terms of dry
matter and ash. On the contrary, the protein contérwhole-body and

dorsal muscle showed some significant variationsO(@5). Heterotis

fingerlings fed diet 1 (0% SBM+CSM) displayed th@ghest body and

dorsal muscle protein content, while the lowestgirocontent was observed
in fish fed diet 4 (75% SBM+CSM). The body lipidntent of Heterotis

were low and significantly different (P<0.05) amotig treatments. Final
whole body composition contained more protein &poid than initial one.

6.5 Discussion

Several studies on fish meal replacements withrredteve plant protein
sources have been conducted in many fish speciegs as Nile tilapia
Oreochromis  niloticus (Linnaeus) (Fontainhas-Fernandes, Gomes,
Reis-Henrigues & Coimbra 1999; El-Saidy & Gaber 20Borgesoret al
2006), African catfishClarias gariepinus(Burchell) (Fagbenro & Davies
2001; Nyina-wamwiza, Whatelet & Kestemont 2007; low Toko et al
2008), vundu catfishHeterobranchus longifilis(Valenciennes) (Imorou
Toko et al. 2007), rainbow trouDncorhynchus mykig&Valbaum) (Gomes,
Rema & Kaushik 1995; Drew, Ogunkoya, Janz & Van 3€£s2007),
Atlantic salmon Salmo salarL. (Torstensen, Espe, Sanden, Stubhaug,
Waagbd, Hemre, Fontanillas, Nordgarden, Hevr@yvi®I& Berntssen
2008), rohuLabeo rohita(Hamilton) (Afzal Khan, Jafri, Chadha & Usmani
2003), European seababBgcentrarchus labrax(Linnaeus) (Kaushilet al
2004), turbotPsetta maximal. (Regost, Arzel & Kaushik 1999; Burel,
Boujard, Kaushik, Boeuf, Van der Geyten, Mol, Kil@yinsac, Krouti &
Ribailler 2000). A number of conventional plant aileals have been
evaluated including soybean, cottonseed, groundswiflower, rapeseed
and linseed meals. The results suggested thatpbgsible to partially or
totally replace fish meal by plant protein souregthout adverse effects on
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growth, feed utilization and carcass compositiorowever, complete
substitution of fish meal with individual plant peins has generally induced
fish growth depression (Mbahinzireki, Dabrowskiel &I-Saidy & Wisner
2001; Chouet al 2004). In certain cases, the use of individuanploil
meals as fish meal replacement are better whes dietsupplemented with
methionine/lysine (Davies, Morris & Baker 1997) #ordfortified with
minerals (El-Saidy & Gaber 2004). In order to deseethe negative effect
of total substitution on fish growth, authors hased successfully simple or
complex mixtures of plant ingredients to replach fimeal in aquaculture
feeds (Kaushiket al 2004; Borgesoret al 2006). Indeed, substitution of
fish meal by a mixture of plant proteins might reeduthe exposure to
individual antinutritional factors and thereforepirave growth performance.
Our study demonstrated that a mixture of soybeahcamtonseed oilcakes
meals can partially replace fish meal in practidedts up to 50% for
Heterotis fingerlings without affecting maximal grih performances.

In this study, we used two conventional oilseedsalmgsoybean and
cottonseed oilcakes meals) to substitute fish mieatliet for Heterotis
fingerlings. El-Saidy & Gaber (2003) found that axture of four plant
protein sources (soybean, cottonseed, sunflower larsted meals; at
individual rate of 25% of dietary protein) couldnepletely replace fish meal
in diets for juvenile Nile tilapia,O. niloticus Likewise, promising
performances were recorded with Nile tilapia fethiishmeal free diets in
earthen pond environment (Pouomogne, 1994). Owmults confirm that
the growth performances are higher when complexturés of plant
ingredients replace fish meal compared to simpbeures in diets for Nile
tilapia (Borgesoret al 2006) and European seabass (Kaushikl 2004).
Therefore, further research will be required tolgate the growth response
of Heterotis fingerlings and adults to diets comitagj graded substitutions of
fish meal by a complex plant protein mixture comiag more than two
plants ingredients, in order to entirely replach fieal protein in practical
diets of Heterotis.

Specific growth rate values obtained in this studye slightly higher than
those reported by Monentchagh al (2008) on the same species of similar
size. The present study also reveals that the lospesific growth rate, feed
efficiency, protein efficiency ratio and proteinteetion were observed in
fish fed diet 4 (75% fishmeal replacement by oiesgk These observations
are similar to the findings of previous investigas which reported
decreasing growth performances at high inclusiorelte of one or two
dietary plant proteins (Mbahinzirekeét al 2001; Chouet al 2004).
Researchers have attributed this reduction to ansiom deficiencies,
especially regarding methionine/lysine content. bur study, the
indispensable amino acid composition of diets iatid that all the diets
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exceed the requirements ldf niloticus (Monentchamet al 2009b) but the
amino acid digestibility of soybean and cottonsedidakes meals for
Heterotis are not determined yet. For Channel sfatitalurus punctatus
(Rafinesque), the amino acid availability rangesvben 71.2 and 90.6%,
and between 78.7 and 96.7% for cottonseed and anybiécakes meals,
respectively (Hertrampf & Piedad-Pascual 2000). édeer, in our study
plant ingredients were cooked in order to reduce itmpact of some
antinutritional factors, such as trypsin inhibit@herefore, poor utilization
of a mixture of soybean and cottonseed oilcakeslanes Heterotis
fingerlings, at 75% substitution level of fishmemlay be partially attributed
to the free gossypol content in cottonseed oilcakeal, and/or low
availability of certain amino acids, especiallyihes However, the impact of
other anti-nutritional factors present in soybeécaie meal such as tannins,
saponins and glycosides should not be excludedstigations with rainbow
trout (Herman 1970) and Channel catfish (Dorsa, ifreite, Robinson &
Poe 1982) have shown a growth depression in fididiets containing 290
and 900 mg free gossypol kgliet, respectively. Imorou Toket al (2008)
found that the dietary phytic acid resulting frame increase of soybean and
cottonseed meals in the diet affected Ca, P ancbdtent in carcass or fillet
of African catfish. In Nile tilapia feeds, iron the form of ferrous sulphate
has been efficiently used to reduce the toxicityfree gossypol and to
improve growth performances and feed utilizationewlcottonseed meal
totally replaces fish meal (El-Saidy & Gaber 200Zherefore, more
research is needed in diets of Heterotis fingesling order to estimate the
possibility of total replacement of fish meal wisboybean and cottonseed
oilcakes meals supplemented with iron.

In fish diets, data on the digestible protein arigestible energy of
conventional feedstuffs are essential for optinizatof feed formulation.
Investigations were conducted to determine the dtiigidty of
macronutrients in commonly used feedstuffs by HeigrFagbenro 2001),
C. gariepinus (Fagbenro 1998; Nyina-wamwiza 2007) a@d niloticus
(Hanley 1987; Hossain, Nahar, Kamala & Islam 199Phe apparent
digestibility coefficients of protein and energylues of soybean and
cottonseed oil cakes meals reported for Heterotsewsimilar to values
determined for Nile tilapia, notably (93.5% and4P3) and (86.8% and
60.9%), respectively. Therefore, other investigegiare needed to determine
the digestibility coefficients for crude protein dalgross energy in more
conventional protein sources by Heterotis, in order confirm this
hypothesis. The whole-body protein and lipids, aodsal muscle protein
contents were significantly influenced by subsiitatievels of fish meal, but
surprisingly no definitive trend with graded suhgton of fish meal in diet
for Heterotis fingerlings was detected.
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6.6 Conclusion

This research is the first controlled nutritionahvestigation on
Heterotis niloticugo evaluate the response of fish fed with plagtedients
as fish meal substitute. Our findings suggest Hwgbean and cottonseed
oilcakes meals can be used to partially replade tfigal in Heterotis diets
without reducing maximal growth. Further reseasxhaeded to examine the
possibility of entirely replacing fish meal by axnire of different plant oil
meals in Heterotis diet.
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7
DISCUSSION, CONCLUSION ET PERSPECTIVES
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7.1 Discussion générale

Cette recherche menée sHieterotis niloticus potentiel candidat a la
pisciculture continentale en Afrique subsahariersgit pour objectif de
réaliser en milieu contrélé les estimations piorese des besoins
nutritionnels et alimentaires de base de ce poiasmstade juvénile (3-62 ).
A cette fin, une série d’expériences ont été réatisen hapas installés dans
des étangs en dérivation entre mai 2005 et ao(8.2D@ns les lignes
suivantes, nous essayerons de mettre en exerguappests majeurs de
I'étude tout en les recadrant avec la logique dbgeatifs spécifiques
annoncés au début de notre travail. A terme, noapogerons des axes
d’'investigations futures en relation avec nos téssiémergents.

7.1.1 Acquis essentiels de la recherche et quelques suggestions

Durant les recherches bibliographiques relativesetdée étude, nous nous
sommes heurtés maintes fois a la rareté des ptiblisades documents et
méme des rapports. Le peu d’articles disponiblasté&n majorité rédigé en
francais, nous avons estimé opportun et nécessaisynthétiser en langue
anglaise (section 2) les connaissances disporshiedeterotis d'une part, et
d'autre part de suggérer des thématiques futures releherche-
développement sur cette espéce en vue de son dguacdurable et
rentable. Les premiéres investigations initiéeslddsm des années 1950 ont
porté sur le comportement reproducteur, la survite® performances de
croissance de cette espéce en étang. Les réqiitainaires ainsi obtenus
ont été des plus encourageants, mais aucune rbehesiative aux besoins
nutritionnels spécifigues de cette espece n'a @&és dnitiée. Dans les
entreprises aquacoles, le poste alimentation ¢oasfires de 70% des
charges (Pillay 1990). L'amélioration de la renlithide ces exploitations
passe par la formulation d'aliments adéquats etifigpées aux besoins de
chacune des especes de poissons. Des différemtstagmvisageables pour
aborder le probleme de la détermination des besainsitionnels de
Heterotis niloticus nous avons sans hésitation opté pour les pratgioar
diverses raisons, notamment leur co(t élevé ebwsiigur impact majeur sur
la croissance. En effet, une augmentation de laureren protéine de
I'aliment induit indubitablement un accroissemeatld production jusqu’a
un pallier ou on dénote un plateau (leteal 2001 ; Giriet al. 2003) ou une
régression (Yangt al 2003) de la croissance chez les espéces de p®isso
déja étudiées. Ainsi, notre premiére démarche aistgna étudier I'influence
de différents aliments ayant des teneurs gradu@tesprotéines sur la
croissance et la composition corporelle des jueéni’Heterotis a 2 tailles
différentes, a savoir 3-15 g et 26-62 g. Cette agipe semblait a notre sens,
essentielle dans l'optique d'estimer les niveaux pi®téines requis
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respectivement pour une croissance optimale etmagide ce poisson en
phase de pré-grossissement.

Les résultats obtenus dans la troisieme sectioindigué une augmentation
significative du gain de poids et du taux de canise spécifique lorsque la
teneur protéique de I'aliment augmente de 250 435009 protéines Ky
d’aliment. Au-dela de cette valeur, la croissaniedéopne et méme diminue,
respectivement chez les juvéniles de 3-15 g et2§-®es allures similaires
de croissance ont été rapportées antérieurementeip@isson-chat africain
Clarias gariepinus (Henken et al 1986), le tilapia hybride
Oreochromis niloticus x O. aureu$Shiau & Huang 1989), le cyprinidé
omnivore Tor putitora (Islam & Tanaka 2004), et le siluriforme
Rhamdia quelerfMeyer & Fracalossi 2004). Les besoins en protites
Heterotis ont été estimés dans cette recherche& @t3811 g protéines Kg
d’aliment respectivement pour des poissons de §-4626-62 g, lorsque les
poissons sont nourris a satiété apparente en h&ess.estimations tres
similaires nous montrent que les besoins protéiginexz cette espece ne
diminuent pas significativement avec la taille diispon dans la tranche de
poids étudiée (de 3 a 62 g). Ainsi, nos résultatsnettent de suggérer que
lesbesoins en protéines des Heterot{gntre3 et 62 ¢ pour unecroissance
optimale sont identiques et de I'ordre 820 g protéines k¢ d’aliment. De
méme, la teneur protéique recommandée pour ateeitalrcroissance
maximale des Heterotisau méme intervalle d’age avoisi@é5 g protéines
kg™ d’aliment. Ces valeurs sont du méme ordre de grandeur dies ce
trois autres especes de poissons omnivores notaimmerilapia du Nil
Oreochromis niloticus300 & 304 g protéines kgl'aliment d’aprés Wangt
al. (1985) et De Silva & Perera (1985) ; 310 g pratéikg" d’aliment chez
la carpe commun€yprinus carpioselon Takeuchet al. (1979), et 280 a
320 g protéines kb daliment chez le poisson-chat américain
Ictalurus punctatus(Robinsonet al 2000). Les deux premiéres especes
citées sont usuellement élevées en polyculture tem®tangs ruraux en
Afrique sub-saharienne (Pouomogekeal sous presse) ; le méme aliment
composé équilibré peut de ce fait étre utilisé dees étangs dans le
processus d’intensification des élevages.

En nutrition des poissons, les besoins quantitatifgorotéines sont certes
essentiels pour la formulation des aliments pidegsomais ils n’apportent
aucune indication pertinente sur la qualité destémes. Le principal

barométre utilisé a cette fin est le profil en asidaminés, surtout celui en
acides aminés indispensables (AAIl) des protéines.efiet, la synthése
corporelle des protéines nécessite la biodispardibide tous les acides
aminés, indispensables et non-indispensables (\eBstLim 2002). Des

lors, les besoins quantitatifs en protéines desspois devraient toujours étre
associés avec ceux en AAIl (les autres acides ampmésnt étre fournis par
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voie métabolique) afin d’assurer une croissanceimm® aux poissons.
C’est ainsi que notre deuxiéme démarche a étéiséeatur I'estimation des
besoins en AAI d’Heterotis a différents stades gét@tiques.

Les résultats de la section 4 de notre étude névdke véritables similitudes
des besoins en AAI des Heterotis a différents stamtogénétiques, allant
de la larve au poisson mature. Ceci nous enseigre lgs besoins
spécifiqgues en AAl des Heterotis ne varient pas agd’age du poisson
De méme, cebesoins sont proches de ceux d’autres poissons ONDTES,

a I'exception du tryptophane et de I'histidine quisont respectivement
plus faible et plus élevé Toutefois, ces estimations ayant été faites en
utilisant une valeur des besoins de la lysine dd.@eg N, basée sur la
moyenne des besoins en lysine d’autres espéces/am@si ces tendances
observées demandent des confirmations ultérieure@rminant le besoin
en lysine avec la méthode dose-réponse. Avec dasigaux acquis des
sections 3 et 4, les données nutritionnelles dee bhadcessaires a la
formulation des aliments pratiques et expérimenteomvrant les besoins
spécifiqgues des juvéniles d’Heterotis en protéimesen AAl étaient
dorénavant disponibles. Soucieux d’approfondir aogquis et de réaliser
davantage des économies substantielles en nutkigole poisson, notre
préoccupation suivante a été focalisée sur la d@pale ce dernier a
épargner les protéines par une utilisation effigietles sources d’énergie
non-protéiques. En effet, l'incorporation adéquate lipides et/ou de
glucides dans les aliments piscicoles réduit gdedent I'utilisation des
protéines alimentaires comme source d'énergie,rafit e la croissance.
Par conséquent, la maitrise du rapport protéinggé@nspécifique a chacune
des espéeces de poissons est indispensable afinaxieniser la rétention
azotée et de réduire significativement les coltéatiment.

L’évaluation de la réponse des juvéniles d’Hetsroéicevant des régimes
contenant trois niveaux de protéines (280, 320 6& § protéines kg
d’aliment) et deux niveaux de lipides (60 et 13(ipides kg" d’aliment)
nous a permis de mener cette étude au cours de tmoisieme démarche
(section 5). Nos résultats montrent que kEsoins en protéines des
juvéniles d’Heterotis peuvent étre réduits de 310 280 g protéines kg
d’aliment en augmentant le niveau énergétique de dliment de 17 a
19,6 MJ kg" d’aliment (en incorporant davantage de lipideahs altérer
les performances zootechniquesCe phénoméne d'épargne des protéines
par les lipides a été bien démontré chez plusieures espéces de poissons
telles que Salmo salar (Hillestad & Johnsen 1994)Rhamdia quelen
(Meyer & Fracalossi 2004)Sparus aurata (Company et al 1999;
Vergara et al. 1996) et duClarias macrocephalus x C. gariepinus
(Jantrarotaiet al. 1998). En dehors de la fourniture d’énergie, lipgles
alimentaires assurent la couverture des besoinpaiesons en acides gras
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essentiels (AGE), acides gras (AG) non synthétizes I'organisme et
indispensables d'une part au maintien de [Iintégrides structures
membranaires, et d’'autre part au métabolisme eghul(Guillaumeet al
1999). En outre, les lipides servent de vecteuc@us de I'absorption des
vitamines liposolubles et de précurseurs aux hoam@téroidiennes et aux
prostaglandines, améliorent la saveur de I'alimerdis affectent la texture
des granulés piscicoles et la composition corporelt AG. Face a cette
multitude de fonctions essentielles des lipidematitaires dans la bonne
croissance des poissons, il parait dés lors indggide d’envisager
respectivement d’estimer les besoins en AGE desrbtit a divers stades
ontogénétiques, tout en examinant leurs capacibéscanvertir les AG ; de
déterminer le taux maximal d'incorporation des dgs dans leur
alimentation et surtout d’évaluer leur capacité tiidation des huiles
d’'origine végétale en vue de leur substitution &udes de poissons. De
telles études ont déja été menées dbeniloticus (Chou & Shiau 1996,
1999), T. zilli (Kanazawaet al 1980). Les résultats obtenus, parfois
contradictoires, semblent néanmoins retenir nottention sur la nécessité
des acides gras polyinsaturés a longue chainest#giéan-3 et de la série n-6
pour une croissance maximale de ces poissons apic

La quatrieme et derniere démarche de notre recheraconsisté a étudier la
possibilité de remplacer la farine de poissons ,(F&Qulierement utilisée
dans les expériences précédentes par des sourcgsqpes végétales
(disponibles localement et moins chéres) dans ¢gmee des juvéniles
d’'Heterotis (section 6). L'importance d’'une telkeide tire ses origines dans
le souci de contribuer a la formulation d'alimengsatiques a base
d’ingrédients locaux, sans toutefois altérer sefopmances zootechniques,
en vue de son utilisation a long terme en aguasuliDe nombreux auteurs
ont déja attiré I'attention de la communauté indtionale sur le danger qui
plane sur une industrie aquacole basée sur lesefaret les huiles de
poissons, onéreuses et tendant a se raréfier (TRA9M; New & Wijkstrom
2002). Les points de vue sont ainsi unanimes snédassité de substituer la
FP par des sources protéiques alternatives, arsnetleurtout végétales, a
condition qu'elles soient accessibles (Fagbenro &bavies 2001,
Pouomogne 1994 ; Webstet al. 1995 ; Nyina-wamwiza 2007 ; Imorou
Toko 2007). Pour atteindre donc I'objectif visé slarette section, nous
avons mené une expérience sur des juvéniles d'stetarourris avec des
régimes présentant des niveaux graduels de suiwstitde la FP par une
combinaison de sous-produits locaux d'origine vélget Les résultats
obtenus suggéremu’un mélange de tourteaux de soja et de coton peut
remplacer partiellement (& hauteur de 50%) la farire de poisson dans
l'alimentation des juvéniles d’Heterotis sans effetrépressif sur leur
croissance maximale Des résultats similaires ont été récemment olktenu
chezClarias gariepinusavec des tourteaux identiques (Imorou Tekal
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2008). Des travaux antérieurs ont démontré un inpasitif de I'ajout dans
le régime de la lysine ou de minéraux comme lesiar le niveau de
substitution des FP respectivement par les touxtdaisoja et de coton chez
O. niloticus (EI-Saidy & Gaber 2004) ab. mykiss(Davieset al 1997).
Cette hypothese mérite d’étre examinée, de méme I'odrporation
d’autres tourteaux tels que le tourteau d'arach{dé,2%) dans son
alimentation en vue d’accroitre sa capacité idiéstifle substitution de la FP
par ces sous-produits.

7.1.2 Analyses de la survie et des performances de croissance

Les taux de survie des juvéniles de Heterotis éstrég durant nos quatre
expériences ont varié entre 59 et 88%. Ces vakamsde méme ordre de
grandeur que celles obtenues chez les juvénilés méme espéce élevée en
étang, 69-96% (Tillon 1959), et relativement plusblies que celles
rapportées par Reizer (1966), 83-100%. Les diffe@srobservées au niveau
des taux de survie de cette étude ont parfoisigtéfisatives sans tendance
véritable avec les traitements respectifs et lelgol outefois, la survie des
juvéniles (26-62 g) semble meilleure que celle @gises tranches de poids
étudiées (2-36 ), suggérant ainsi que la mortaitétténue avec
'accroissement de l'Age, tout au moins dans livale étudiée. Cette
hypothese mérite des confirmations lors d'invesiige ultérieures de plus
longue durée.

Les taux de croissance spécifiques obtenus onliéoscitre 2,5 et 4%
D’autres auteurs ont rapporté des résultats simflachezH. niloticus
3,48% j' pour des juvéniles de 3-6 g (Tillon 1959) et 2,7j7%pour des
poissons de 30-50 g (Bard 1960). Néanmoins, lassgie poids quotidiens
(GPQ) de ce travail, 0,29 & 1,29 ¢, jsont 6 fois plus faibles
comparativement aux données moyennes potentieleSedpéce (Tillon
1957 ; Bard 1973). Cette réalité est attribuablend’part a la relative courte
durée des expériences, et d'autre part a la tramEhepoids étudiée,
correspondant a celle ou la croissance exponentdsl cette espéce est
moindre (se référer a la section 2).

7.1.3 Limites des contextes méthodologiques : réserves possibles
quant a la validité des résultats

Les données obtenues dans cette étude doivent@isidérées en tenant
compte des limites de certains aspects de notpesitf expérimental et du
matériel animalLa durée des expériences varié entre 28 et 60 jours
(sections 3, 5 et 6) et la biomasse des poiss@&iexentaux a toujours plus
que triplé, excepté pour I'expérience dont la dueéeté de 28 jours
(section 3). Etant donné gu’il est recommandé guadmasse soit au moins
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triplée au cours d'une expérience de croissanceedespéce de poisson
donnée, nos résultats sont ainsi validés hormisiari geux relatifs aux
besoins en protéines des Heterotis (26-62 g). Taistela biomasse des
juvéniles ayant au moins doublé au cours de cei,a83us estimons que ces
données devraient néanmoins étre prises en coasatécar elles apportent
des indications précieuses sur les besoins pr@&giguexistants pour ce
poisson.

De méme, laaille expérimentale des poissons entre 2 et 62 g, reste aussi
une limite de ce travail au regard du poids maxiapgdrochant la dizaine de
kg atteint par ce poisson en milieu naturel (ViviE®92 ; Stiassny et al.
2007). Compte tenu de son régime alimentaire onnej\ib serait probable
gue ses besoins en protéines soient plus faibssaailles supérieures a
celle étudiée. Ceci nous suggere qu’en pratiqeedeultats de croissance et
d’efficacité alimentaire obtenus pourraient étreéhonés par un apport
supplémentaire d’'aliment naturel, qu’elle valor&@epotentiellement bien.
Ainsi, la suggestion actuelle de l'utiliser dans dgangs bien fertilisés en
polyculture avec un supplément d’aliment artificiglvére opportune.

Toutes les expériences se sont déroulées dans dpas hen toile
moustiquaire installés dans un étang. Ce systemggioprésenter certaines
limites lorsqu’on tient compte de faoduction primaire potentielle de cet
étang. Conscient de cela, diverses actions avéiémhenées durant chacune
des expériences pour atténuer cet apport supplamrede I'aliment naturel
notamment le maintien permanent d’'un faible rentbenent de I'eau de
I'étang et le brossage bimensuel des faces extetrieternes des hapas pour
lutter contre un éventuel développement algal. &neg le confinement des
juvéniles dans des hapas limitait considérableni@space et donc la
quantité d’aliment naturel disponible. Tous ces tdars combinés
concouraient a minimiser I'impact de l'aliment n&usur la croissance de
Nnos poissons expérimentaux et a pu ainsi nous peemé&exclure une
influence significative de ce facteur sur nos riggsl Cette réalité constitue a
'opposé une contrainte de leur applicabilité d#nsmajorité des étangs
paysans, ou la productivité naturelle de I'écosystéest loin d'étre
négligeable. Les investigations futures plus in piturraient tenir compte de
cette composante.

L'utilisation de hapas installés dans des étarigsl|asres aux étangs ruraux,
constitue certainement un atout pour la valorigaties résultats obtenus
dans des conditions du milieu écologique prochesetles des piscicultures
paysannes. Toutefois, ce dispositif expérimentadsgmte des limites
supplémentaires qui doivent étre émises. En I'aetuwe, les conditions
d’élevage n'ont pas permis la collecte des fécear pes études de

BN

digestibilité, qui auraient a priori fournies plus d’'informatgnsur
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I'utilisation potentielle des nutriments apportéssaer les déchets d’origine
alimentaire permettant ainsi de mieux appréherislepact de nos aliments
sur la croissance des poissons et sur 'environneri® outre, la vitesse de
dissolution et la durée de flottabilité des gramwént d’autres facteurs qui
ont pu empécher les juvéniles d’exprimer au maximear potentiel de
croissance vis-a-vis des régimes. Un dispositiféexpental permettant une
collecte des féces et une meilleure observationellss du comportement
alimentaire des juvéniles a 'exemple des aquaripawsrait étre utilisé dans
des recherches ultérieures pour surmonter ce®Biriita totalité des réserves
émises étaient a priori pressenties et notre cha@te orienté in situ par les
contraintes de disponibilité des infrastructures.

7.2 Conclusion générale et perspectives

Arrivé au terme de ce travail de recherche, I'neest venue de tirer des
conclusions en fonction des objectifs fixés en déleuthése. La totalité des
résultats obtenus constitue une avancée certaimg ldaconnaissance des
besoins nutritionnels et alimentaires de I'ArapaiagHeterotis niloticusen
phase de pré-grossissement. S’agissant d’abordeksins protéiques, il
ressort que cette espéce omnivore nécessite 3Bd5eiy protéines Ky
d’aliment respectivement pour la croissance openglmaximale de sujets
pesant entre 3 et 62 g et que ses besoins spésfign acides aminés
indispensables, excepté pour le tryptophane ettictine, sont similaires a
ceux des autres especes de poissons tropicaux am@sivEnsuite, le
phénomeéne d’épargne des protéines par les lipitieserdaires a été
clairement démontré lorsque I'énergie a été augieede 17 & 19,6 MJ Kg
d’aliment contenant 28% de protéines, permettardi @ie suggérer que les
besoins protéiques des juvéniles d’Heterotis peuéae réduits de 310 a
280 g protéines kgd'aliment dans les conditions expérimentales deece
étude. Enfin, les tourteaux de soja et de cotonverdu remplacer
partiellement la farine de poisson dans l'alimeaatates juvéniles de cette
espece.

L'objectif de départ de cette these était de cbuoat significativement a la
maitrise des besoins nutritionnels et alimentaides Heterotis. Dans I'état
actuel de la recherche, nous avons effectivemenoljgenir des données
alimentaires et nutritionnelles de base sur lesénpiles d’Heterotis

nécessaires a l'optimisation de la formulation #gge de leurs aliments.
Alors, quelles seraient prioritairement les autmsstacles majeurs a
surmonter pour avancer sur le chemin de la donaditic de cette espece
piscicole ?
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Sur le plan purement nutritionnel, des études similaires s’avérent
nécessaires sur les stades ontogénétiques deotitetem analysés dans la
présente étude (larves, immatures et adultessuredes spécimens de taille
< 3 gou > 62 g) afin de maitriser les besoinsithorinels spécifiques de ce
poisson a toutes les phases de son cycle comppgbdaction.

Sur le plan de la mise en place d’'une filiere de pduction massive de
juvéniles d’Heterotis de qualité les données disponibles convergent vers
une reproduction naturelle (Mvogo 1962; Reizer 1¥8dkotomanampison
1966) mais irréguliere (Moreau 1982) en étang (208 10.000 m?) des
Heterotis et vers une forte et soudaine mortaditeaire qui survient parfois
en guelques heures au cours des jours post-écl@@iamyan & Zwilling
1963; Reizer 1964; Rakotomanampison 1966; Vincker119 Mes
observations personnelles confirment cette tendd@Peg données mettent en
exergue les difficultés majeures qui demeurenheaeent la réussite de la
reproduction et de I'élevage larvaire de ce poissoncaptivité, facteurs
entre autres pourtant essentiels a la productissiverd’alevins de qualité.
Fort de cela, il est opportun d’estimer que la poite des recherches sur la
voie de la domestication des Heterotis repose dtetilement d’'une part sur
une meilleure compréhension du comportement reptedu de ce poisson
en captivité, et d'autre part sur une exploratiggprafondie des effets
éventuels des différents facteurs susceptiblesflaéincer son élevage
larvaire afin d’éclaircir le mystére de la mortalabservée a ce stade.

S’agissant en premier lieu dereproduction, Heterotis est caractérisé par
un certain nombre de comportements reproducteutsreis connus :
formation de couples, construction de nids avecddésis végétaux et garde
parentale, qui ont été confirmés en captivité ¢hilll959 ; Reizer 1964).
Toutefois, l'influence des caractéristiques physiboniques tels que la
température, la photopériode, la turbidité, le pbkygéne dissous sur le
déroulement de ses cycles sexuels depuis la gaemésg jusqu’a la survie
des premiers stades larvaires reste trés mal coridee observations
marginales de Moreau (1974) en milieu naturel Ev&linfluence probable
de I'allongement de la photopériode, I'abaissendenpH et 'installation de
la saison des pluies sur la maturation de ses gsandodans un futur tres
proche, ces grandes lacunes devraient étre amesngar les acquis des
recherches entreprises au Sénégal depuis 20e8fé comm pers.). Des
tentatives de reproduction artificielle devraiemeénitiées chez cette espéce
en dépit de la relative grande taille et du mardgidimorphisme sexuel.

! Mamina Daffé, Université Cheikh Anta Diop/Instituniversitaire des Péches et
Agquaculture. BP 45784, Dakar-Sénégal. Tel/Fax 1864 59 81.
E-mail :iupasn@hotmail.comiebsite http://www.iupa.sn
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S’agissant ensuite délevage larvaire, les échecs des tentatives rencontrés
dans ce travail confirment les tendances observ&esz les autres espéeces
de poissons, la survie et le développement desedarsont assurés
majoritairement par une alimentation adéquate. pécehez les salmonidés,
elle est composée successivement de proies vivahient un temps
relativement court, puis d'aliments artificiels. ltemps de passage de
I'aliment vivant a I'aliment inerte varie considélament selon les espéces.
Chez Heterotis, plusieurs hypothéses explicativeslal forte mortalité
larvaire ont été émises (se référer a la sectiorAdp lumiere de ce qui
précede cependant, I'hypothése la plus probablaitseelle d’origine
nutritionnelle et alimentaire. Dans cette perspegtijuels pourraient étre les
facteurs limitants ? Les options suivantes, noraasgtives, pourraient étre
examinées : insuffisance des quantités d'alimentgériées; faible
digestibilité des aliments ingérés, consistant mggdEement en zooplancton
dans le milieu naturel ou dans I'étang piscicot@mnnibalisme ; besoins
indispensables en proies vivantes (taille des &amdenviron 7,5 mm a
I'éclosion) ; carences nutritionnelles ; déséqudilnutritionnel des aliments
ingérés.

Dans l'optique d’apporter des éléments de répoasemites ces questions,
les futures recherches pourraient étre orientées ke connaissance du
développement fonctionnel du tube digestif et desolms nutritionnels des
larves deHeterotis niloticus A cette fin, diverses approches notamment
zootechniques, biochimiques, histologiques et em@atigues, utilisées
antérieurement et avec succes chez d’autres espegasssons (Zambonino
& Cahu 1994 ; Kestemordt al 1996 ; Cuvier-Péres & Kestemont 2002)
devraient alors étre envisagées. L’étude des pediaces de croissance et de
survie devrait se faire par une approche zootedenigsuelle, celle sur
'estimation des besoins nutritionnels spécifiqupar une approche
biochimique, celle sur la mise en place des strastdigestives et I'impact
du type d'aliment par une approche histologique eafin, celle sur
I'évaluation des capacités digestives par une ajgrenzymatique. Dans ce
sens, des expériences visant a étudier I'agepetrlade optimale de sevrage,
la croissance et la maturation du tube digestifsiajue les mécanismes du
métabolisme qui peuvent avoir un impact au nivealiulaire sont
nécessaires. Une telle approche pluridisciplind@erait nous permettre de
détecter d'éventuelles perturbations de l'activii§estive des larves en
reliant les changements ontogénétiques et morplipleg tels que
'ouverture de la bouche et la résorption des k&Eserwitellines, a des
modifications aussi bien physiologiques, sécrétiommzymatiques
notamment, qu’histologiques a linstar du dévelappet des glandes
gastriques et de la fonctionnalité du foie et dagp@as. Les résultats obtenus
a terme serviraient certainement a identifier ummatégie alimentaire des
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larves des Heterotis basée sur des critéres orétigaes et physiologiques,
assurant ainsi leur bonne survie et leur excellergissance.

A long terme, un accent devrait étre mis dans son alimentatimecernant la
substitution des farines de poissons par des smalHps d’origine végétale,
disponibles et accessibles localement, sur la baseaésultats pionniers de
cette étude. Dans le méme sens, le remplacememiudes de poissons par
des huiles végétales plus disponibles devrait farde de ces perspectives.

En somme, bien qu'ayant connu une progression auoiiste avec les
acquis de cette étude, le parcours des Heterotislasuvoie de la
domestication semble encore jalonné d’embdchesg efls, synthese d’'un
ensemble de données fondamentales et appliquéeguardas surtout au
stade larvaire. Néanmoins, pour peu que les difféseapproches soulignées
ci-dessus soient mises en ceuvre, il ne seraitllpasire de réaffirmer notre
conviction profonde et notre attachement réel ailiBation durable et
rentable dans un avenir tres proche de I'Arapaimidaterotis niloticus
dans l'aguaculture au Cameroun et en Afrigue au 8udSahara. La
réalisation effective de cette perspective congibil efficacement a la
diversification des espéces piscicoles élevées;aécrbissement de la
production aguacole de la région et par conségaelrdpanouissement des
populations (renforcement de la sécurité alimeatar augmentation des
revenus), ainsi qu'a I'expansion de I'économie ddtec région (création
d’emplois).
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