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PREFACE

The contributions assembled in this volume were written as part of the follow-up of the training courses on
the ‘Management of Fish Biodiversity’ organised by staff of the ACP-EU project. These courses, held from
October 1997 to August 1999, were as follows:

1) Nouméa, New Caledonia, for participants from the South Pacific;

2) Port of Spain, Trinidad and Tobago, for participants from the Caribbean and Central America;
3) Swakopmund, Namibia, for participants from Southern Africa;

4) Dakar, Sénégal, for participants from Northwest and Central Africa; and

5) Nairabi, Kenya, for participants from East Africa

We believe that regularly producing publishable contributions about the resources or fisheries, even if short
ones, should be an integral part of the routine work of fisheries officers. The present volume provides proof
that we managed to convey this message to several of our English and French speaking colleagues.

The title of this volume is meant to reflect the fact that even extremely ambitious studies of global fish
biodiversity depend on local input data, such as presented here. Indeed, the contributions assembled here
cover areas and topics often ignored when global studies are conducted, leading to biased inferences.

On the other hand, the inclusion of the data presented therein into FishBase will make them widely available,
thus enabling their authors to take part in the global dialogue that will have to be established, if our
biodiversity is to be used with understanding and sustainably. A final contribution from the international
S& T cooperation programme (INCO) points to ways on making available in the public domain vast amounts
of data for further improving analyses and understanding.

The Editors

For bibliographic purposes this report should be cited as follows:

Palomares, M.L.D., B. Samb, T. Diouf, JM. Vakily and D. Pauly (eds.), 2003. Fish
biodiversity: Local studies as basis for globa inferences. ACP-EU
Fish.Res.Rep., (14): 281 p.

ISSN 1025-3971
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FOREWORD

It is particularly fitting to publish a collection of local studies on fishes in African, Caribbean and Pacific
countries, their biology and use by society at a time, when the global fisheries crisis has reached such
proportions that heads of State and government at the World Summit on Sustainable Development in
September 2002, Johannesburg, South Africa, set the target to restore degraded marine ecosystems by 2015.

Through this publication fisheries officers from ACP countries document some features of their country’s
resource base which is important for food, health, cultura practices and earning income. All too often, the
significant changes that have taken place in aguatic ecosystems the world over as a result of demographic
growth, changed technologies, river damming and deforestation, evolving socio-economic context and
perceptions are not adequately recorded in comparison with earlier conditions. Documenting occurrences of
fish in each country’ s waters today and what aguatic biodiversity and ecosystems prevailed 10, 20, 50 or 100
years ago and how these states connect to past resource use patterns and their social embeddedness is an
appropriate antidote to widespread confusion from shifting baselines. In conjunction with the archiving of
such local studies in the global knowledge repository on al fish (www.fishbase.org) not only can proper
credit be given to loca researchers and fisheries officials, but also wider inferences drawn from the
combination of many such local studies with historical records of scientific surveys and other sources.

The project * Strengthening fisheries and biodiversity management in ACP countries’ (7.ACP.RPR.545) was
supported by the 7" European Development Fund (EDF) in the context of the Lomé Convention between
ACP and EU countries as one way to build up the institutional capacity of African, Caribbean and Pacific
countries in relation to their aquatic resources. The project allowed to develop FishBase as a comprehensive
public archive for biological information, provided some basic computer equipment to ACP fisheries
institutions and trained fisheries officers and NGO representatives in methods of resource assessment and
ecosystem modelling. Inspired by the outcome of the 1992 ‘Earth Summit’ in Rio de Janeiro, emphasis was
put on documenting and safeguarding biodiversity as a prerequisite of future productivity and resilience of
ecosystem goods and services. In paralld, international research cooperation between European teams and
their partners in ACP and other developing countries and emerging economies (INCO) as part of the
successive editions of the European Research Framework Programme (FP) address some of the burning
guestions on placing aquatic resources in their ecosystem context, on our understanding of the structure and
dynamics of pelagic ecosystems, on public policies in relation to marine protected areas and sustainable
forms of aquaculture.

The ACP-EU Joint Assembly, a parliamentary body composed of Members of the European Parliament and
representatives of ACP countries, recommended the launch of the ACP-EU Fisheries Research Initiative out
of concern, back in 1993, to ensure sustained benefits from aquatic resources, fisheries, aquaculture and
trade in their products. While the above-mentioned activities developed under the Initiative were not enough
to stop the downward trend in fisheries catches and ecosystem health, they did make a significant
contribution (&) in terms of helping to raise awareness about the degree of damage already done to a point,
where the issues have entered the international political agenda, and (b) in terms of knowledge instruments
to respond in an organised manner to the demand for reversal of the prevailing trend.

In conjunction with the renewed commitment of ACP countries in 2002 to progressively alocate a higher
share of their GDP to research until they reach 1%, it is hoped that fisheries departments and universities in
ACP countries will produce and publish many more studies about their aguatic resource endowment.
Synergistic use of development and research cooperation instruments will continue to support their local
ambitions for sustainable devel opment as well as responding to the global agenda.

Norbert Probst Cornelia E. Nauen
Development Cooperation International Scientific Cooperation
European Commission European Commission
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ABSTRACT

This report includes 29 contributions on various aspects of fish biodiversity, authored by participants of
successive course on the ‘management of Fish Biodiversity,” run by the European Development Fund (EDF)
Project ‘ Strengthening fisheries and biodiversity management in ACP countries under the auspices of the
ACP-EU Fisheries Research Initiative. Courses were held in Noumea, New Caledonia (October 1997) Port-
of-Spain, Trinidad and Tobago (May 1998), Swakopmund, Namibia (December 1998), Dakar, Senegal
(April 1999) and Nairobi, Kenya (August 1999).

The topics covered include local names and traditional knowledge, faunal lists, the impacts of environmental
factors on seasona abundances, studies of food and feeding habits and the estimation of vital statistics
(length-weight relationships, growth parameters, etc.). Most of the 29 studies included here refer to African
fishes and ecosystems.

The format used for presentation of these results is that also used for FishBase (see www.fishbase.org), as it
is intended that these results, which fill gaps in FishBase, should be incorporated therein. The 30st
contribution covering data management in the public domain is the result of an INCO project using
experiences with FishBase as a template.
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TABLE OF ABBREVIATIONS

ACP-EU

CE
CECAF
CNROP
CNSHB
COPACE
CRODT
EC

EEZ

EU

FAO
FIAS

ICLARM
INA
ISSCAP
JCA
JRC
ORSTOM

NGO
TAC
uUBC

UE

UK
UNCLOS
ZEE

Development co-operation between African, Caribbean and Pacific (ACP) countries and
the European Union (EU) in the framework of the Lomé conventions (later followed by
the new framework of the Cotonou Agreement).

Commission Européenne

Committee on Eastern Central Atlantic Fisheries, FAO

Centre National de Recherches Océanographiques et des Péches, Mauritanie'
Centre Nationa des Sciences Halieutiques de Boussoura, Guinea

Comité des péches pour I’ Atlantique Centre Est , FAO

Centre de Recherches Océanographiques de Dakar-Thiaroye, Sénégal
European Commission, Brussels, Belgium

Exclusive Economic Zone

European Union

Food and Agriculture Organization of the United Nations, Rome, Italy

Fisheries Information and Analysis System (French ‘SIAP — Systéme d’information et
d’ analyse des péches)

International Center for Living Aquatic Resources Management, Manila, Philippines®
Institut National d’ Alphabétisation, Ouagadougou, Burkina Faso

International Standard Statistical Classification of Aquatic Animals and Plants

Japan International Cooperation Agency, Tokyo, Japan

Joint Research Centre of the EC, Ispra, Italy

Institut Francais de Recherche Scientifique pour le Développement en Coopération,
Paris, France®

Non-governmental organisation

Total Allowable Catch

University of British Columbia, Vancouver, Canada
Union Européenne

United Kingdom

United Nations Conference on the Law of the Sea
Zone économique exclusive

! Now Institut Mauritanien de Recherches Océanographiques et des Péches, IMROP
2 Now Worldfish Center, Penang, Malaysia
% Now Institut de Recherche pour le Développement, IRD
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Biology of Brachydeuterus auritusin Sénégal B. Samb

BIOLOGICAL STUDIES

CONTRIBUTION A LA CONNAISSANCE DE LA BIOLOGIE DE BRACHYDEUTERUS
AURITUSDES EAUX SENEGALAISES

ON THE BIOLOGY OF BRACHYDEUTERUSAURITUSFROM SENEGALESE WATERS

Birane Samb
Centre de Recherches Océanographiques de Dakar-Thiaroye (CRODT), BP 2241, Dakar, Sénégal; Tel.: +221-
834 04 62; Fax: +221-834 27 92; E-mail: bsamb@crodt.isra.sn

RESUME

L’ espece semi-pélagique Brachydeuterus auritus (Valenciennes, 1831) n'a, jusqu'ici, jamais éé
étudiée au Sénégal, bien qu’elle présente un fort potentiel d’ exploitation. Elle est capturée par des
engins de péche artisanale et industrielle. Cette éude décrit sa distribution le long des cotes
senégalaises, procede a I’ estimation de différents paramétres biologiques indispensables a I’ étude de
leur dynamique et détermine la composition alimentaire de I’ espéce.

ABSTRACT

Studies on the semi-pelagic species, Brachydeuterus auritus (Vaenciennes, 1831), have not been
previously conducted in Sénégal, although this species has a strong potential for fisheries exploitation.
Both artisana and industrial fisheries exploit it, mostly as bycatch. This study describes its
distribution along the Sénégal ese coasts, estimates of the various biological parameters essential to the
study of population dynamics and determines the food consumption of this population.

INTRODUCTION

Les cOtes senégalaises, du fait de remontées d’'eaux froides profondes ou ‘upwelling’ riches en
éléments nutritifs recélent dimportantes ressources marines. Certaines especes sont fortement
exploitées, alors que dautres comme le ‘pelon’, Brachydeuterus auritus (Vaenciennes, 1831)
constituent des captures accessoires. Elle est péchée par des engins de péche artisanae et industrielle
et elle est rejetée par certaines pécheries spécialisées.

Bien que faisant I’ objet d’une consommation locale trés modérée, cette espéce n’'est pas importante
d'un point de vue économique. En effet, dans les principaux centres de débarquement, elle est
commercialisée a des prix supérieurs a ceux des sardinelles utilisées pour la transformation artisanale
(salé-seché et fumé). Ces produits sont essentiellement destinés aux marchés des pays de la sous
région. Ailleurs, de la Cote d'Ivoire au Nigéria, le pelon est tres recherché et fait I’ objet d’ une intense
exploitation. Aussi, les seules études de cette espece sont faites dans ces pays.

L’abondance de I'espéce dans les eaux sénégaaises, la possibilité de développement de son
exploitation par les pécheries nationale et étrangere et |’existence de marchés potentiels justifient
I'intérét de cette éude qui portera en particulier sur |'estimation des parametres biologiques
indispensables a toute gestion des ressources halieutiques.
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Biology of Brachydeuterus auritusin Sénégal B. Samb

Description

Le pelon, Brachydeuterus auritus (Vaenciennes, 1831) est appelé, selon les pays, ‘Friture a écaille
ou ‘Bigeye’ . Cette espece appartient a la famille Haemulidae de I’ ordre des Perciformes. Elle a une
distribution tropicale et subtropicale et est rencontrée le long de la cote de I’ Afrique de I’ ouest, de la
Mauritanie al’ Angola, dans les eaux cotiéeres entre 10 et 100 m de profondeur.

Selon la description des fiches de la FAO, le corps est oblong et comprimé. La hauteur est égale a 2.6
a 3 fois la longueur standard. Les yeux sont grands et occupent 2.5 a 3.5 la longueur de la téte; la
bouche est grande et protractile; le museau est plus court que le diamétre de I’ cgl. La nageoire dorsae
a 12 épines de force modérée et 11 a 13 rayons mous; la troisieme, et parfois la quatriéme épine, est
plus longue que les autres. La nageoire anale a 3 épines et 9 a 10 rayons mous. La caudale est
profondément échancrée. Les écailles de la ligne latérale sont de 48 a 52; 4 ou 5 rangées d' écailles
sont en dessous de laligne latérale.

Le dos de cette espece est de couleur olive, les cotés et le ventre sont argentés a blanc. Il existe une
tache sombre sur le bord supérieur de I’ opercule et sur la base de la nageoire dorsale se trouvent
parfois de petites taches foncées.

Répartition

Brachydeuterus auritus est une espéce dont la biologie a été trés peu étudiée. Les travaux les plus
importants ont été menés en Cote d' Ivoire, au Ghana, au Nigeria et au Congo. Certains de ces travaux
ont abordé la distribution de I’ espéce (Williams, 1968). Selon des études effectuées par Salzen (1957)
au Ghana, I’ espéce est abondante sur les fonds de 55 a 90 m. De fortes abondances de I’ espéece ont été
rencontrées en Sierra Léone, au Libéria, en Cote d'lvoire et au Ghana au cours d'une campagne
effectuée par le N/O Birkut (Chrzan, 1961), du Maroc au Ghana.

Une campagne guinéenne portant sur la distribution des poissons demersaux de I’ Afrique de I’ ouest a
montré que le pelon est présent du Sénégal au Congo, sur les fonds de 10 & 100 m. Longhurst (1964)
décrit le pelon comme une espece eurybenthique que I’ on trouve jusqu’a 100 m de profondeur, de part
et d’ autre de lathermocline.

Une carte de la FAO, compilant les informations disponibles sur cette espéce dans la région, décrit le
schéma de migration de Brachydeuterus auritus. Les adultes migrent en saison froide, de la
Mauritanie vers le Sénégal. En saison chaude, ¢’ est-a-dire a partir de mai, le schéma s'inverse avec
des pontes cétiéres lors de la remontée. La zone d’'abondance du pelon s étend le long des cotes du
Sénégal avec deux nurseries d’inégale importance de part et d’ autre de la presqu’ile du Cap-Vert.

Une campagne acoustique conjointe a été organisée par le COPACE, le dernier semestre de 1986 et
elle a couvert la zone s éendant du Maroc au Bénin. La distribution du pelon qui a éé éablie
concorde avec celle décrite par Garcia (1982). En fin de saison chaude (29 ao(t au 05 septembre),
I’ espéce a été rencontrée a la cote, au sud du Sénégal; sa limite d’ extension vers le sud est en Guinée
Bissau. Par ailleurs, son absence en Guinée et sa présence a partir de la Cote d'lvoire suggeére
I’ existence d’un stock sud indépendant. En début de saison froide (du 23 novembre au 07 décembre),
ladistribution de I’ espece s éend de la cote sénégalaise ala Guinée-Bissau.

Des campagnes d’ évaluation par chalutage ont été effectuées au Sénégal par le N/O Louis Sauger en
novembre 1986, mai 1987, mars 1988, octobre 1988 et avril 1989 (Cavériviére et al., 1988). Le
maillage du cul de chalut utilisé était de 45 mm. Lors de ces campagnes, le pelon a été capturé et
mesuré au sud et au nord de la presgu’ile du Cap-Vert. La distribution des modes en fonction de la
bathymétrie montre que les jeunes individus ne sont rencontrés qu’'entre 10 et 60 m. Au dela, il n'y a
que des adultes dont le mode se situe entre 17 et 21 cm; ils sont également présents a la cote, mais le
mode le plus élevé ne dépasse pas 19 cm.
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En conclusion, cette espéce semi-pélagique évolue en bancs souvent trés denses de la Mauritanie a
I’ Angola sur des fonds alant de la cote jusgu’a 100 m de profondeur. Les jeunes ne se rencontrent que
dans la frange cotiére et les adultes ont une répartition plus large et s approchent de la cote,
probablement, au moment de la ponte.

Les campagnes scientifiques

De septembre 1987 a mars 1989, des échantillons de pelon ont été prélevés chaque mois dans les
principaux centres de débarquement de péche artisanale (Saint-Louis, Kayar, Hann, MBour et Joal) et
au port de Dakar. Dans les quatre derniers centres, la série de données est incompléte. Les individus
collectés ont été, pour I'essentiel, capturés par les filets tournants de la péche artisanale et par les
sardiniers dakarois. Le traitement des échantillons a permis d’ obtenir des informations biologiques sur
les longueurs totale et a la fourche (au demi cm inférieur), le poids totd, le sexe, le stade sexuel et le
poids des gonades.

Les données de fréquence de taille utilisées pour I’ é&ude de la croissance proviennent des campagnes
d évaluation par chalutage effectuées dans les eaux sénégalaises par le N/O Louis Sauger en
novembre 1986, mai 1987, mars 1988, octobre 1988, et avril 1989. Ces campagnes ont couvert
I’ensemble du plateau continental entre 10 et 100 m. Le chalut utilisé est a grande ouverture verticale
de 27 m de corde de dos et de 36 m de bourrelet. Le cul du chalut est formé par des mailles de 2.5 cm
de cbté, soit 45.4 mm d ouverture de maille.

La méthodologie utilisée pour I’ échantillonnage a été décrite en détail par Cavériviére et al. (1988).
Les données ont été extrapolées a la capture. La gamme de taille varie de 3 & 22 cm et peut étre
considérée comme représentative de la population. Les données issues des différentes campagnes ont
€té regroupées en une ‘ année synthétique’ pour le traitement des fréquences de taille.

METHODOLOGIE

Relation taille-poids, facteur de condition et relation entre la longueur & la fourche et la
longueur totale

La relation taille-poids permet de convertir la taille d’un poisson en poids théorique ou I'inverse.
Cette équation facilite, lors de I’ échantillonnage, I’ estimation du poids a partir de la longueur du
poisson qui est un parameétre plus aisé a mesurer.

L’indice de condition permet de suivre les variations de |la balance métabolique des individus a travers
les modifications saisonniéres de I’embonpoint sous I'influence des facteurs externes et internes
indépendamment de la longueur.

La relation entre la longueur L et le poids W des poissons est exprimée généralement par |’ équation:
W=a L". Les données taille-poids peuvent étre gjustées par régression linéaire s on prend les
logarithmes des deux parties de la relation soit: logiW=a+b-log,cL. Le facteur de condition (fc)
S exprime par |’ écart entre le poids réel d’ un individu et son poids théorique, dans le temps, d’ aprés la
relation taille-poids. L’ équation utilisée sera celle proposée par Le Cren (1951): fc=P/a.L"; ou P est le
poids observé, a-L" est le poids théorique du poisson, a et b étant déterminés par la droite de larelation
taille-poids et L est lalongueur du poisson.

Une relation longueur a la fourche-longueur totale a été établie a partir des mesures de longueur (en
mm). Cette formule s exprime suivant une équation de laforme: LF=a+b-LT.

Sexe-ratio

La proportion des sexes est, comme la fécondité, une caractéristique de I’ espéce et dont les variations
sont parfois en relation avec le milieu. Par des mécanismes divers d gjustement en réponse aux
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conditions variables du milieu, ces paramétres contribuent au maintien dans une certaine limite, de la
capacité reproductrice de I’ espece, voire de sa pérennité. Dans le cadre de I’ étude dynamique des
populations, la connaissance de la proportion des sexes d’'un stock permet, en liaison avec d autres
facteurs, d évaluer la fécondité potentielle du stock (Kartas et Guinard, 1984). Le sexe-ratio sera
exprimé par le pourcentage de femelles dans | es différentes classes de taille.

Taille ala premiére maturité sexuelle

Lataille & la premiere maturité sexuelle est définie de plusieurs maniéres, selon les auteurs. Dans le
cadre de cette éude, elle sera la longueur a laquelle 50 % des individus sont matures, c'est-a-dire au
stade |11 ou au dela

I ndice de maturité sexuelle

Cet indice permet de suivre I’ éat de maturation sexuelle des gonades des poissons méales ou femelles
et son évolution dans le temps détermine la période de ponte. |l sera exprimé par le rapport gonado-
somatique: RGS=Pg/P, ou Pg est |e poids de la gonade et P le poids de I’ individu.

Croissance

L’ estimation de la croissance des poissons est un paramétre indispensable de la biologie des péches.
Elle est essentielle pour la plupart des évaluations de stocks éant donné que c'est la croissance
moyenne des poissons qui régit, d’année en année, les captures effectuées par les pécheries. La
croissance des poissons peut étre exprimée au moyen d’ une éguation unique telle que I’ éguation de
von Bertalanffy dont la version la plus simple est: L=Lg-(1-€*"*). Dans cette expression, Ls est la
longueur moyenne que le poisson atteindrait S'il avait grandi jusgu'a un &ge infini, K est un
coefficient de croissance, t, est I’ &ge que le poisson aurait eu alalongueur zéro s'il avait grandi selon
un modéle défini par I’équation (t, a en général une valeur négative) et L, est la longueur a I’ ége t.
L’ estimation des parametres de la croissance a été effectuée en passant par deux étapes:

1. La méthode Bhattacharya du logiciel FISAT (Gayanilo et al., 1996) qui a permis de
décomposer les distributions modales de chague échantillon en plusieurs composantes
normales, ceci en utilisant les différences des |ogarithmes des effectifs des classes;

2. Aprés avoir suivi une cohorte sur trois années, la méthode graphique de Gulland et Holt,
qui donne des estimations de croissance, a éé ensuite utilisée, i.e., (L-L1)/(t>-t1)=a-KL;
ou L=(L,+L,)/2 e ou L, e L, sont les longueurs successives correspondant
respectivement aux temps t; et t,. L’ordonnée a I’origine a et la pente b donnent des
estimations de K et Lg, grace aux relations. K=-b et Lg=a/K..

Pour comparer les différentes estimations de croissance, I'équation empirique de Pauly et Munro
(1984) a été utilisée, i.e., o=log; oK +210g10L 5, dans laquelle K est exprimé sur une base annuelle et Lg
en cm. Par ailleurs, un index permettant de caractériser la performance relative de la croissance de
I’espéce a éé calculé. En effet, face a la difficulté de tester la validité d’ estimation de croissance
variée, une approche a été proposée par Pauly (1980a). |l a montré qu’ en exprimant sur un graphe les
logarithmes des coefficients de croissance K, en fonction des poids asymptotiques Wg, pour une
grande variété d espéces, on obtient une régression linéaire avec une pente trés proche de la valeur
théorique de 0.67. Ainsi, on peut écrire: logi; oK =a-2/3-10g10Ws ou a=log;oK +2/3-l10g;0Ws. Si la pente
est fixée par des considérations physiologiques et reste constante, les différences dans les
caractéristiques de croissance peuvent étre révélées par le point d'interception sur |’ axe y, soit a.

Mortalité

L’ estimation de la mortalité totale est effectuée par unecourbe des captures. La valeur initide de Z et
obtenue a partir de I’ équation: In(N/?t)=a+b-t, ou N est le nombre de poissons pleinement recrutéset
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donc vulnérables a I’ &ge t, -b=Z=mortalité totale, et 7 le temps de croissance nécessaire a l’intérieur
d une classe (Gayanilo et al., 1996). La mortalité naturelle (M) est estimée par I’ équation de Pauly
(voir Gayanilo et al., 1996): 10g10(M)=-0.0066-0.279:10g10(L 5) +0.6543:10g10(K) +0.4632:10g10(T). Il
est supposé que la mortalité naturelle M reste constante pour toutes les cohortes considérées. En
déduisant la mortalité naturelle M de la mortalité totale Z, on obtient la mortalité par péche F=Z-M.

Nutrition

L’ analyse des contenus stomacaux permet de connaitre le comportement alimentaire. La nutrition de
Brachydeuterus auritus, jusgu’a présent, n'a été étudiée qu’au Nigeria. Les travaux ont &é menés
successivement par Longhurst (1957), Sagua (1966) et Ikusemiju et al. (1979). Les estomacs ont été
prélevés dans les échantillons utilisés pour étudier la biologie. L’examen des estomacs a permis
d'identifier et de regrouper les especes. Les données ont été traitées en utilisant la méthode par
occurrence et la méthode numérique. La définition et les problémes inhérents a I’ utilisation de ces
deux méthodes ont été discutés en détail par Hyslop (1980). La méthode par occurrence consiste a
calculer le pourcentage du nombre de poissons qui ont ingéré la méme quantité de nourriture par
rapport au nombre total de poissons examinés. Pour la méthode numérique, les organismes présents
dans tous les estomacs sont comptés et |e pourcentage correspondant a chague organisme est calculé.

RESULTATS
Relation taille-poids

La relation taille-poids a été calculée séparément pour les males, les femelles et les deux sexes
(Figure 1). L’intervalle de taille observé et utilisé est de 10.5 a 20.6 cm pour n=1,011 femelles. Les
relations trouvées sont les suivantes: Wienaies=0.02467-L>*%, n=1,011, r=0.89; W 13e=0.01322.L ***,
n=1,101, r=0.92; Wx,s=0.01986-L%°"°, n=1,449, r=0.90. Dans ces équations W, le poids vif, est
exprime en gramme et L, lalongueur totale, en centimétre.

Facteur de condition

L’évolution mensuelle de I'indice de condition est présentée sur la Figure2. Les variations
saisonniéres de |I’embonpoint sont assez faibles. Toutefois, une |égéere baisse, apparait en saison
chaude, au cours de laguelle le milieu est pauvre. De plus, cette saison correspond a la période de
ponte et cette baisse s expliquerait, entre autres, par I’ utilisation des réserves énergétiques pour la
reproduction. En revanche, les indices les plus élevés ont été observés durant la saison froide, i.e.,
période pendant laquelle la nourriture est abondante et |e rapport gonado-somatique faible.
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Figure 1. Relation taille-poids chez Brachydeuterus auritus a partir des campagnes d’évaluation par
chalutage effectuées dans les eaux sénégalaises par le N/O Louis Sauger en novembre 1986, mai 1987,
mars 1988, octobre 1988, et avril 1989.
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Figure 2. Evolution mensuelle de I'indice de condition chez Brachydeuterus auritus & partir des
campagnes d’évaluation par chalutage effectuées dans les eaux sénégalaises par le N/O Louis Sauger en
novembre 1986, mai 1987, mars 1988, octobre 1988, et avril 1989.

Relation longueur fourche-longueur totale

La formule tirée de la régression entre les mesures de longueur totale et de longueur a la fourche,
toutes deux en mm, a été définie comme suit: LF=0.9058-L T+2.151 ou r=0.99 et LT=1.091-LF-
0.2147 ou r=0.99. Ces résultats, illustrés sur la Figure 3, sont trés proches de ceux trouvés au Congo et
qui sont exprimés en cm soit, i.e,, LT=1.08-L F+0.35 (Fontana et Bouchereau, 1976). Cette relation
est utile quand il s'agit de comparer les résultats de certains travaux pour lesquels les mesures de
longueur ne sont pas réalisées de la méme maniére.

Sexe-ratio

La Figure 4 montre I’ évolution des pourcentages de femelles capturées sur la cote sud en fonction de
lataille, avec une nette dominance des femelles. Sur la cbte nord, cette prédominance n’est observée
que dans les tailles supérieures & 20 cm (il faut noter, dans ce cas, que la taille de I’ échantillon était
faible). Cependant, a partir des données de capture, il est difficile de savoir s cette répartition est
réelle au niveau de la population, car elles pourraient résulter du fait que les femelles sont plus
accessibles aux engins de péche. Toutefois, cette prédominance des femelles qui, par ailleurs, sont les
seules a étre représentées au dela de 22 cm, a dga été observée au Congo (Fontana et Bouchereau,
1976) et au Nigéria (Ikusemiju et al., 1979). De méme, cette caractéristique biologique est fréguente
dans les régions tropicales ou pour de nombreuses espéeces, notamment pélagiques, les individus
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males sont peu représentés dans les grandes tailles. En revanche, les travaux de lkusemiju et al.
(1979) font éat d'une prédominance des maes par rapport aux femelles (100 males pour 46
femelles). Cette éude présente, toutefois, des limites, notamment la faiblesse de la talle de
I’ échantillon (460 individus) et la courte durée de I’ é&ude (d’ octobre 1975 a mars 1976). Par ailleurs,
ladistribution du sexe-ratio en fonction de lataille n'a pas été faite, ce qui aurait permis de savoir s la
dominance des méles est réelle pour toutes les classes de taille.
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Figure 3. Relation entre les longueurs fourche et totale chez Brachydeuterus auritus a partir des
campagnes d’évaluation par chalutage effectuées dans les eaux sénégalaises par le N/O Louis Sauger en
novembre 1986, mai 1987, mars 1988, octobre 1988, et avril 1989.
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Figure 4. Evolution des pour centages de femelles capturées sur la cote sud en fonction de la taille chez
Brachydeuterus auritus a partir des campagnes d’évaluation par chalutage effectuées dans les eaux
sénégalaise par le N/O Louis Sauger en novembre 1986, mai 1987, mars 1988, octobre 1988, et avril 1989.

Taille & la premiére maturité sexuelle

En considérant comme poisson méture tout individu ayant atteint le stade 111, les Figures 5 illustrent
les tailles a la premiére maturité a 14.4 cm pour les males et a 14.8 cm pour les femelles. Cependant,
ces illustrations ne reflétent pas, surtout pour les méles, I'alure de la courbe théorique, en raison des
points correspondants aux grandes tailles. Cela s expliquerait, entre autres, par les effectifs réduits des
grandes classes de taille et par le fait que certains individus peuvent avoir déa pondu au moment de la
capture.
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Indice gonado-somatique

Les valeurs mensuelles du rapport gonado-somatique ont été calculées pour les males et les femelles
(Figure 6) ayant atteint la taille a la premiére maturité sexuelle. La ponte est fractionnée et s étale
durant toute la saison chaude, avec des pics en juin et en septembre. Au Congo, trois pontes annuelles
(mai, septembre-octobre et janvier) ont éé mises en évidence, au Nigéria, deux (décembre-janvier et
juillet-ao(t) et en Cote d'Ivoire une, de janvier a ao(t.

Males

05

Maturité

(N T N T (N
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Figure 5. Tailles a la premiére maturité chez Brachydeuterus auritus a partir des campagnes d’évaluation
par chalutage effectuées dans les eaux sénégalaises par le N/O Louis Sauger en novembre 1986, mai 1987,
mars 1988, octobre 1988, et avril 1989.
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Figure 6. Rapport gonado-somatique chez Brachydeuterus auritus a partir des campagnes d’évaluation
par chalutage effectuées dans les eaux sénégalaises par le N/O Louis Sauger en novembre 1986, mai 1987,
mars 1988, octobre 1988, et avril 1989.

Croissance

Le Tableau 1 donne les valeurs modales (en cm) des groupes d’individus identifiés par la méthode de
Bhattacharya (Gayanilo et al., 1996). En suivant la cohorte de valeur modale 6.48 cm au mois de
novembre de I’année t, on peut retenir | hypothese que ces individus atteignent 10.5 cm en avril de
I’année t+1, 13.0 cm en novembre de la méme année, 16.3 cm en novembre de |I’année t+2 et 18.2 cm
de |’année t+3.
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Tableau 1. Longueurs totales modales (cm) des cohortes ou groupes de Brachydeuterus auritus identifiés
par la méhode de Bhattacharya a partir des campagnes d’évaluation par chalutage effectuées dans les
eaux sénégalaises par le N/O Louis Sauger.

Mars 1988 Avril 1989 Mai 1987 Octobre 1988 Novembr e 1986
6.9 - - 6.9 6.5
10.7 10.5 12.2 13.1 13.0
16.6 18.2 16.5 - 16.3

Tableau 2. Parameétres de croissance de Brachydeuterus auritus pour 5 pays africains et en compar aison
avec ceux obtenus dans cette éude (voir Figure 8).

Pays Auteurs Ly K a
Congo Fontana et Bouchereau (1976) 235 0.732 261
Coted Ivoire Barro (1979) 231 0.400 233
Togo Beck (1974; méle) 231 0.292 219
Togo Beck (1974; femelle) 221 0.322 2.20
Nigeria Raitt et Sagua (1972) 20.6 0.400 2.23
Sénégal Samb (cette étude) 22.3 0.590 247

L’ application de la méthode graphique de Gulland et Holt donne (Figure 7) les estimations suivantes:
Lg=22.3cm (LT) et K=0.59 an™. Ces résultats sont comparables & ceux estimés par d’ autres auteurs
au Nigéria (Raitt et Sagua, 1972), au Togo (Fontana et Bouchereau, 1976) et enfin en Céte d'Ivoire
(Barro, 1979). Le Tableau 2 et la Figure 8 présentent, respectivement, les estimations et les courbes de
croissance (K) de I’ espéce. Lavaleur trouvée au Sénégal se situe dans I’ intervalle défini pour la valeur
calculée au Congo. L’essentiel des différences réside dans le coefficient de croissance qui est plus
élevé au Congo ou les auteurs ont trouvé trois pontes par an; en Céte d'lvoire, une seule ponte
annuelle a été identifiée. Les indices calculés sont pratiquement les mémes que ceux trouvés au
Nigéria et au Togo. Ces résultats sont en concordance avec ceux de Munro (1983) qui a estimé, pour
les Pomadasyidés, des valeurs de K comprises entre 1.11 et 1.79, pour une moyenne de 1.46 an™.
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Figure 7. Estimation de croissance par la méthode de Gulland et Holt (Lg=22.3cm LT et K=0.59 an™)
pour Brachydeuterus auritus a partir des campagnes d’'évaluation par chalutage effectuées dans les eaux
sénégalaises par le N/O Louis Sauger en novembre 1986, mai 1987, mars 1988, octobre 1988, et avril 1989.
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Figure 8. Courbes de croissance chez Brachydeuterus auritus a partir des données rassembléesdansle
Tableau 2.

Mortalité

Sur la courbe de capture (Figure 9), la valeur de Z obtenue est Z=1.54 an’™. L’ équation empirique de
Pauly (1980b), pour une température moyenne de 18°C, donne une mortalité naturelle M=1.12 an™.
Ainsi, la mortalité par péche estimée a partir de cette valeur de M est F=0.415an™ et le taux
d’ exploitation est E=0.27.
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Figure 9. Courbe de capture chez Brachydeuterus auritus a partir des campagnes d’'évaluation par

chalutage effectuées dans les eaux sénégalaises par le N/O Louis Sauger en novembre 1986, mai 1987,
mars 1988, octobre 1988, et avril 1989.

Nutrition

Le Tableau 3 donne les résultats de I'application des méthodes par occurrence et numérique. Les
crustacés constituent le groupe le plus important des espéces identifiées dans les contenus stomacaux.
I1s représentent 68.7 % par la méthode par occurrence et 92.8 % par la méthode numérique. Parmi les
crustacés, ce sont les calanoides qui dominent avec un pourcentage de 13.9 % par la méthode par
occurrence et de 44.5 % par la méthode numérique. Par la méthode par occurrence, les crustacés sont
suivis par les amphipodes (9.3 %) et les larves de crustacés (4.6 %). En revanche, avec la méthode
numérique, ce sont les oeufs de crustacés qui ont un pourcentage trés élevé (39.8 %). Cependant, il
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faut noter que cette nourriture n’a été identifiée que dans deux échantillons et que le fort pourcentage
résulte de la spécificité de la méthode qui amplifie le pourcentage.

Tableau 3. Résultats de I'analyse des contenus stomacaux de Brachydeuterus auritus a partir des
campagnes d’évaluation par chalutage effectuées dans les eaux sénégalaises par le N/O Louis Sauger en
1986-1989 (voir lestravaux de Cavériviére et al., 1988, 1989).

Groupes Méthode par Méthode
d espéces occurrence numérique
Nombre % Nombre %

Crustacés
Pince de crustacés 1 12 4 0.13
Amphipodes 8 9.3 5 0.16
Cumacés 1 12 2 0.06
Calanoides 12 139 1,315 44.6
Cladocéres 1 12 1 0.03
Cyclopoides 1 12 1 0.03
Harpacticoides 2 23 2 0.06
Larves de balane 1 12 1 0.03
Larves de crustacés 4 4.6 13 0.44
Larvesmysis 1 12 4 0.13
Larves de cirripedes 3 35 10 0.33
Larves zoé de brachyoure 2 23 12 0.40
Larves cypris de Lepas 1 12 1 0.03
Mysidacés 3 35 22 0.74
Ostracodes 3 35 3 0.10
Oeufs de crustacés 2 2.3 1,175 39.8
Partie antérieure de calanoide 5 5.8 131 4.44
Partie antérieure d' amphipode 1 12 1 0.03
Partie antérieure de mysidacés 1 12 1 0.03
Partie postérieure de calanoide 2 2.3 32 1.08
Partie postérieure de mysidacés 2 2.3 2 0.06
Sergestidés 2 23 2 0.06
Soustotal 59 68.7 2,740 92.8
Mollusques
Larves de lamellibranches 5 5.8 56 1.89
Gastéropodes 1 12 4 0.13
Véligéres de gastéropodes 1 12 4 0.13
Soustotal 7 8.2 64 215
Poissons
Oeufs de poisson 3 35 64 2.16
Poissons 1 12 1 0.03
Restes de poisson 3 35 3 0.10
Juvéniles de poisson 1 12 1 0,03
Soustotal 14 16.4 69 2.32
L ophophoriens
Chaetognathe 2 23 20 0.67
Annédlides
Annélides polychétes 1 12 4 0.13
Larvesd annélide 3 35 38 1.28
Morceaux de larves d’ annélide 1 12 9 0.30
Partie antérieure d’ annélide 1 12 1 0.03
Soustotal 6 71 52 174
Fragments d’algues rouges 1 12 1 0.03
Echinoder mes 1 12 4 0.13
Débris organigues 2 2.3 — —
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Par la méthode par occurrence, les poissons représentent, aprés les crustacés, le groupe le plus
important avec 9.4 % du bol alimentaire et 2.3 % par la méthode numérique. Un clupédé entier a été
trouvé dans I’un des estomacs. Les mollusques, avec 8.2 % par la méthode par occurrence et 2.1 %
par la méthode numérique, représentent le troiséme groupe. Il Sagit surtout de larves de
lamellibranches. Des annélides, des lophophoriens, des échinodermes, des fragments d’ algues rouges
et des débris organiques ont été également trouvés dans les contenus stomacalix, mais en des quantités
relativement faibles.

En conclusion, aussi bien au Sénégal, qu’au Nigéria, ce sont les crustacés qui dominent dans les bols
alimentaires analysés. La méthode par occurrence donne 68.7 % pour le Sénégal, contre 37.4 % pour
le Nigéria (Ikusemiji et al., 1979) et prés de 80.0 % dans |’ étude menée par Sagua (1966). Les deux
autres groupes qui viennent ensuite sont les mollusgues et les poissons qui sont essentiellement
constitués de juvéniles de petits pélagiques cotiers.

CONCLUSION

Les espéces secondaires des captures, comme le pelon, Brachydeuterus auritus, font I’ objet de trés
peu d études, bien gu’elles constituent de fortes potentiaités dans le milieu marin. Les paramétres
biologiques estimés dans cette étude permettent de disposer a présent de connaissances préliminaires.
Le fort potentiel de cette espece et I'intérét qu’ elle suscite dans de nombreux pays voisins militent en
faveur de I’exploitation de cette ressource. Avec le développement de la pécherie de pelon, les
données statistiques exhaustives permettront d’identifier les travaux a mener pour une meilleure
connaissance de |’ espéce.
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REPRODUCTION ET FECONDITE DES POISSONS DU FLEUVE KOLENTE, BASSE-
GUINEE

REPRODUCTION AND FECONDITY OF FISHES OF THE KOLENTE RIVER, LOWER
GUINEA

Sékou Camara
Centre National des Sciences Halieutiques de Boussoura (CNSHB), BP 3738/3739, Conakry, Guinée

RESUME

La reproduction et la fécondité de Brycinus longipinnis et de Schilbe micropogon du fleuve Kolenté
dans la Basse-Guinée ont été étudiées a partir d’ échantillons obtenus de septembre 1991 a septembre
1992. La longueur standard a la maturité sexuelle du Schilbe micropogon est environ 108 mm avec
une période de reproduction de juin a aolt, la premiére maturité étant observée en avril avec une
augmentation rapide atteignant un RGS de 20.5 % en juillet. La fécondité moyenne observée et de
382,510 oeufs par kilogramme de femelle et la gamme de diamétre d’ ovocyte de 0.50-1.08 mm avec
une distribution unimodale.

Brycinus longipinnis a deux modes de maturité, 63 millimétres et 81 millimétres; les femelles matures
se produisent tout au long de I’année, mais le nombre maximum des femelles matures (29.7 % de
I’ échantillon) a été observé en juin avant les inondations annuelles. La fécondité moyenne est 155,863
oeufs par kilogramme de femelle. La distribution des ovocytes est unimodale avec une gamme de
diamétre de 0.83-1.25 mm.

En plus de ces deux espéces principales, quelques paramétres de fécondité ont été enregistrés pour
I’ espece suivante: Petrocephalus |évéquei, diamétre d’ ovocyte de 1.16-1.91 mm et fécondité moyenne
de 89,400 oeufs par kilogramme de femelles, Synodontis waterloti, diamétre d ovocyte de 1.08-
1.66 mm avec une fécondité moyenne de 72,399 oeufs par kilogramme de femelle; Polypterus
palmas, diamétre d’ ovocyte de 1.25-2.00 mm et fécondité moyenne de 42,809 oeufs par kilogramme
defemelle.

ABSTRACT

The reproduction and fecondity of Brycinus longipinnis and Schilbe micropogon from the river at
Kolenté station in the Lower Guinea were studied from samples obtained from September 1991 to
September 1992. Standard length at sexual maturity of the Schilbe micropogon is about 108 mm with
a reproduction peak from June to August, first maturity being observed in April with a rapid increase
reaching an RGS of 20.5 % in July. An average fecundity of 382,510 eggs per kg of female was
observed, with ovocyte diameters ranging from 0.50-1.08 mm, with a unimaodal distribution.

Brycinus longipinnis has two maturity modes, 63 mm and 81 mm; mature females occur throughout
the year, but the maximum number of mature females (29.7 % of the sample) was observed in June
prior to the annual floods. The average fecundity is 155,863 eggs per kg of female. The distribution of
ovocytesis unimodal with a diameter range of 0.83-1.25 mm.

In addition to these two main species, some fecundity parameters were recorded for the following
species. Petrocephalus levegquei — ovocyte diameter range of 1.16-1.91 mm and an average fecundity
of 89,400 eggs per kg of females; Synodontis waterloti — ovocyte diameter range of 1.08-1.66 mm
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with an average fecundity 72,399 eggs per kg of female; Polypterus palmas — ovocyte diameter range
of 1.25-2.00 mm with an average fecundity of 42,809 eggs per kg of female.

INTRODUCTION

La reproduction des poissons des eaux continentales de I’ Afrique de I’ Ouest a surtout été étudiée au
Mali (Paugy, 2002) et en Cote d' Ivoire (Albaret, 1982); en Guinée, les travaux sont rares. C'est pour
cette raison que, dans le cadre d’ une convention entre I’ ORSTOM et le CNSHB (Office de Recherche
Scientifique et Technique/Centre National des Sciences Halieutiques de Boussoura), une étude de la
reproduction des poissons du fleuve Kolenté a éé entreprise ce qui a permet un échantillonnage
régulier pendant un an a une station fixe (Figure 1). Ces analyses ont concerné les deux especes les
plus abondantes. Brycinus longipinnis, a large répartition et Schilbe micropogon, a répartition limitée
dans la zone occidentale guinéenne. Par ailleurs, le diamétre des ovocytes et la fécondité moyenne de
Petrocephalus levequel, de Synodontis waterloti et de Polypterus palmas ont été décrits.

Fleuve Kolenté

[
(ﬁvm

1\ % GUINEE

GUINEEFE
Q AFRIQUE

"~

Station ORSTOM/CNSHB

g

(QJ SIERRA LEONE;
“§iE

Figure 1. Carte du site d’ étude indiquant la station ORSTOM/CNSHB dans le Fleuve Kolenté ou les
échantillonson été pris, de septembre 1991 a septembre 1992.

MATERIEL ET METHODE

Lalongueur standard (LS) a été mesurée en mm et le poids total en grammes relevé. La détermination
du sexe est faite par un examen macroscopique des gonades et |e stade de maturité sexuel, en utilisant
I’échelle a sept stades de Durand et Loubens (1970). Les deux premiers et trois derniers stades ont été
regroupés, ce qui aréduit I’ échelle a quatre stades. stade 1 (F1): femelle immature ou au repos sexuel;
stade 2 (F2): femelle en début de maturation; stade 3 (F3): femelle en maturation ; stade 4 (F4):
femelle en maturation avancée, mdre ou préte a pondre.

Le rapport gonado-somatique ou RGS, rapport entre le poids des gonades et le poids somatique, est
calculé pour chague stade. Les gonades méles sont réparties en deux groupes. les méles (-) qui
regroupent tous les individus immatures, au repos ou en début de maturation et les mées (+)
constitués par les individus en maturation.

Pour déterminer la taille a la premiére maturité sexuelle, la médiane de la classe de taille a laquelle
50 % des femelles sont au stade 4 a été retenue. Pour éablir la fécondité moyenne, les gonades des
femelles au stade 4 sont conservées dans du formol a 4 %. Le comptage et les mesures des ovocytes
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sont faits a la loupe binoculaire sur laquelle est fixée un micrométre oculaire. A I'objectif de
grossissement 12 utilisé, une unité de micrometre oculaire est égale & 0.083 mm.

RESULTATS

La courbe de maturité sexuelle de Brycinus longipinnis a deux modes: I'un a 63 mm et I'autre a
81 mm de longueur standard. Schilbe micropogon a un mode a 108 mm. En ce qui concerne
I’évolution du RGS et des stades de maturation sexuelle, chez Brycinus longipinnis, les femelles
matures sont rencontrées toute I’année et le RGS est maximum en juin (Figure 2; gauche), ' est-a-
dire, avant la période de crue. Le rapport gonado-somatique est inversement proportionnel a lataille
des individus des espéces étudiées.

Chez Schilbe micropogon, la reproduction est saisonniére. La maturation débute en avril, elle est
suivie d' un développement rapide, avec des maxima de RGS en juillet (Figure 2; droite). La période
de reproduction dure de juin a ao(t ; aprés cette période, bien que certaines femelles présentent encore
de signes de maturation, le RGS moyen est faible.
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Figure 2. Rapport gonado-somatique chez Brycinuslongipinnis et Schilbe micropogon échantillonnés dans
le fleuve K olenté, Basse-Guinée, de septembre 1991 a septembre 1992,

Le Tableau 1 donne les variations de taille des ovocytes et de la fécondité moyenne exprimée en
nombre d oaufs et en nombre d’ ceufs par kilogramme de femelle pour les cing especes étudiées. La
distribution des ovocytes des cing especes étudiées est représentée sur la Figure 3. Les paramétres des
relations linéaires entre la fécondité, la longueur standard, le poids du corps et e poids des gonades
sont résumés dans le Tableau 2. La distribution du diamétre des ovocytes des especes étudiées indique
que la ponte n'est pas fractionnée. Les principaux résultats obtenus sur la reproduction des cing
espéces sont donnés dans le Tableau 3.

Tableau 1. Taille des ovocytes et fécondité (nombre d' caufs par kg de femelle) de cing espéces de poissons
du fleuve K olenté en Basse-Guinée échantillonées en septembre 1991 au septembre 1992.

Espéces Taille des ovocytes(mm)  Nombred' caufs Fécondité
Brycinuslongipinnis 0.83-1.25 2,664 155,863
Schilbe micropogon 0.50-1.08 11,238 382,510
Petrocephal us leveque 1.16-1.91 2,388 89,400
Synodontis water|oti 1.08-1.66 2,948 72,399
Polypterus palmas 1.25-2.00 6,380 42,809
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Tableau 2 : Parameétres des régressions linéaires entre la fécondité, la longueur standard (mm), le poids
du corps (g) et le poids des gonades (g) de cing espéces des poissons du fleuve Kolenté en Basse-Guinée
échantilonnées entre septembre 1991 et septembre 1992.

Espéce LS r Poids du cor ps r Poids des gonades r
Vs Vs Vs
fécondité fécondité fécondité

Brycinus longipinnis F=170-LS-12581 0.728 F=153-P.-161.63 0.691 F=712-P;-11584 0.734
Schilbe micropogon F=464.LS-49478 0.873 F=531-P-48438 0908 F=3112-P,-987.53 0.917
Petrocephaluslevequei  F=44.9.LS - 2623 0.804 F=685-P+356.45 0.816 F=402-P;+602.09 0.871
Synodontis water|oti F=80.3.LS - 6206 0724 F=722-P-90926 0.707 F=442-Py+27355 0.938
Polypterus palmas F=708.1S-11185 0.801 F=463-P-690.52 0.870 F=2373-P;-767.93 0.966

Tableau 3. Résultats obtenus sur la fécondité (F) de cing espéces de poissons du fleuve K olenté en Basse-
Guinée entre septembre 1991 et septembre 1992.

Especes n LS Poids RGS F moyen/ F relative/
(mm) ducorps moyen kgdefemelle kgdefemelle
(9 (%)

Brycinus longipinnis 14 67-101 6,4-30,8 15,01 155863 156
Schilbe micropogon 16 111-151 194-51 14,34 382510 382
Petrocephaluslévéquel 9  94-130 14,2-436 15,89 89400 89
Synodontis water| oti 9 103-133 20,6-60 17,29 72399 72
Polypterus palmas 7 246-270 96,7-200 15,05 42809 43

% .o, | Brycinus longipinnis % Schilbe micropogon

o [SEREE

5 2000 5

o o

[} 1500 = D 000

g g

g 1000 « g

z 500 B

0,83 0.91 1 1,08 1,18 1,25 2

Diamétre des ovocytes (mm) Diametre des ovocytes (mm) I
Petrocephalus levequei Synodontis waterloti Polypterus palmas

2000 0
LE 3 2
§ § 1500 - §

3 3 8 °
o o 109 o
g g g

Qo J Q2 .
£ £ £
(=) (=) (=)
2 z | 2

Diamétre des ovocytes (mm) Dia}néreaé ovE)cytesr(m;n)

Figure 3. Histogramme des fréquence des diamétres des ovocytes chez les espéces de poisson du Fleuve
Kolenté échantilonnées entre septembre 1991 et septembre 1992.

DisCcussiON

Les résultats obtenus sur la reproduction de Brycinus longipinnis et de Schilbe micropogon a Kolenté
sont comparables a ceux des especes rencontrées dans d’ autres régions. En effet, selon Ganda (1987),
en Sierra Léone, Brycinus longipinnis se reproduit de mai a ao(t, avec un maximum de femelles
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matures en juillet-aolt. En Cote d’lvoire, lataille ala premiére maturité sexuelle varie de 42 mm (ala
station Kan sur la Riviére Didiévi) 4 70 mm (ala station Bandama sur laRiviere N’ Zi N’'Da). En régle
générae, plus les riviéres sont grandes, plus la taille a la premiére maturité est élevée Paugy (2002).
Cependant, les données récoltées sont insuffisantes pour déterminer de fagon satisfaisante la période
de ponte de Brycinus longipinnis qui, selon Planquette et Lemasson (1975), se situerait en fin de
saison seche. Au Togo, dans le Mono, la reproduction est continue si on considére I’ ensemble de la
population, alors qu’ elle est annuelle au niveau de I’ individu (Paugy et Benech, 1989).

Toutes les é&udes menées en Afrique de I’ ouest indiquent que la reproduction de Brycinus longipinnis
est tres étalée, probablement, sur toute I’ année, avec un pic marqué en début de saison des pluies. La
distribution bi-modale de la taille a la premiére maturité sexuelle notée en Guinée est un résultat
important, car, jusgu’a ce jour, ce phénomeéene n'a été observé que chez les espéces sahéliennes
(Benech, 1990). Dans ce pays, comme ailleurs en Afrique de I’ ouest, les données sur la croissance
sont insuffisantes pour déterminer si la bi-modalité observée est due & deux classes d’&ges ou s elle
résulte de différences dans les vitesses de croissance. Le nombre d’ ceufs par ponte observé en Guinée
est du méme ordre de grandeur que celui trouvé en Cote d' Ivoire (2,175 oaifs), de méme que le RGS
moyen des femelles matures (13.5 %).

Les résultats obtenus sur la période de reproduction de Schilbe micropogon dans la Kolenté sont
semblables auss a ceux observés en Sierra Léone (Ganda, 1987) ou la reproduction débute en mai
avec un pic en juin, c'est-a-dire, un peu avant la crue. Ces observations sont auss trés similaires a
celles faites sur I’espéce voisine, Schilbe intermedius, en Coéte d' Ivoire (Albaret, 1982), au Tchad
(Blache, 1964) et dans les fleuves Gambie (Svensson, 1933; Johnels, 1954) et Sénégal (Reizer, 1971).
Quelque soit la région, cette espece se reproduit pendant une période limitée a deux ou trois mois et
toujours pendant la crue. Chez Schilbe micropogon, le nombre d' ceufs par ponte observé en Cote
d'lvoire est supérieur (Albaret, 1982) a celui trouvé en Guinée (44,900 contre 18,140). A I'inverse, le
RGS moyen des femelles matures est plus faible en Céte d’ Ivoire gu’ en Guinée (8.0 contre 14.3).

La taille a la premiére maturité sexuelle des deux especes de Schilbe (Schilbe intermedius, en Cote
d'Ivoire et Schilbe micropogon en Guinée) est du méme ordre de grandeur dans les deux pays. Pour
les autres especes étudiées, seules les valeurs relatives a la fécondité et au RGS moyen sont
comparables a celles obtenues dans d'autres régions. Selon Albaret (1982), qui a travaillé sur la
reproduction et la fécondité des poissons d’eau douce de Cote d'Ivoire, le nombre d’ caufs émis a
chaque ponte est fonction de la taille des ovocytes. Plus ils sont gros, plus faible est la fécondité
moyenne.

Lataille ala premiére maturité sexuelle et le cycle de maturation des gonades a permis de déterminer
la période de ponte de Brycinus longipinnis et de Schilbe micropogon dans le fleuve Kolenté. La
reproduction de Brycinus longipinnis est plus ou moins étalée sur toute |’ année et sa période de ponte
vade ma ajuillet, avec un pic en juin, ¢’ est-a-dire, un peu avant la crue. Chez Schilbe micropogon la
reproduction est saisonniere (de juin a ao(t) et le pic est en juillet. La distribution unimodale des
diameétres des ovocytes indique que la ponte N’ est fractionnée chez aucune des espéces étudiées.
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ABSTRACT

The parameters of length-weight relationships, i.e., W=a:L", were determinated for 11 species caught
in tributaries (Souru, Nakambé, Mouhoun and Bougouriba) of the Volta River, Burkina Faso. Vaues
of b ranged from 2.71 to 3.20.

RESUME

Les paramétres de la relation taille-poids de la forme W=a-L" ont éé déterminés chez 11 espéces de
poissons péchés dans des tributaires (Souru, Nakambé, Mouhoun et la Bougouriba) de la riviere
Volta, Burkina Faso. Les valeurs de b variaient de 2.71 & 3.20.

INTRODUCTION

Dans les écosystemes lotiques sahéliens, la biologie et I'écologie de certaines espéces piscicoles
d'intérét économique sont insuffisamment étudiées. C'est le cas en particulier des paramétres de
croissance, lataille et le poids. Chez les poissons, le poids (W) est relié alataille (L) par une relation
non linéaire de la forme, W=aL". La connaissance de cette relation trouve des applications en
biologie des péches et dans I’ évaluation des stocks halieutiques (Kochzius, 1997; Ruiz-Ramirez et al.,
1997; Le Tourneur et al., 1998). Par ailleurs les parametres a et b donnent généralement des
informations sur les variations pondérales d’ un individu par rapport a sataille et peuvent a ce titre étre
comparés entre deux ou plusieurs populations vivant dans des conditions écologiques similaires ou
différentes.

Le présent article contribue & améliorer la connaissance de ces paramétres chez les poissons dans les
écosystemes fluviaux de la zone sahélienne. Ces écosystemes représentent plus d'un tiers de la base
productrice du poisson au Burkina Faso (Breuil, 1995), et I'éude envisagée servira de point de
comparaison entre la croissance des poissons dans les lacs de barrages, qui ont pris une importance
considérable ces dix derniéres années, et les systemes fluviaux.

MATERIEL ET METHODES

Les données pour 9 especes ont été extraites d’'un rapport interne a I’administration des péches et
consécutive a un inventaire piscicole dans les fleuves des Hauts-Bassins de la VVolta de 1980 & 1981.
De plus, de juin & juillet 2000, les longueurs et les poids de 294 individus du Arowana, Heterotis
niloticus, et d'un poisson chat du genre Clarias ont été collectés. Dans les deux cas, les captures ont
été effectuées par des pécheurs professionnels, utilisant des filets maillants, avec des mailles
supérieures ou égales a 30 mm. Les échantillons furent prélevés parmi les spécimens présentés a la
vente. Les poissons furent identifiés a partir de la description de Roman (1966). La longueur standard
des poissons fut mesurée en cm de I’ extrémité de la bouche a la fin du pédoncule caudal. Le poids
total (non éviscéré) de chaque poisson a été mesuré en gramme. Le sexe n'a pas été différencié. Les
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données brutes ont été analysées en utilisant le logiciel Microsoft EXCEL. Les paramétresa et b de la
relation W=alL" ont é&¢é estimés & travers une transformation logarithmique linéaire de type
In(W)=In(a)+ b-In(L).

RESULTATSET DISCUSSION

Le Tableau 1 indique pour chaque espéce, le nombre de spécimens collectés, les valeurs minimales et
maximales de la taille et du poids, les parametres a et b estimés ainsi que le coefficient de corrélation
(r%) de la relation taille-poids. Les effectifs examinés par espéce sont faibles car les sujets collectés
étaient de bonne valeur commerciae. Il en est de méme pour les tailles des poissons qui ne
représentent que celles autorisées par |a réglementation forestiére.

Tableau 1. Relation taille-poids de neuf espéces de poissons péchés dans les fleuves des hautsbassins de la
Volta.

Espéces Lieudecapture n Taille(cm) Poids(g) a b r?
Clariasanguillaris Nakambé 24 26-29 165-4000 0.0052 3.20 0.976
Clarotes |aticeps Bougouriba 24 13-56 50-1595 0.0343 2.87 0.963
Clarias sp. Souru 187 22-72 100-4400 0.0061 3.14 0.830
Distichodusrostratus  Mouhoun 15 16-52 90-3000 0.0184 3.05 0.981
Heterotis niloticus Nakambé 20 20-76 172-7000 0.0422 271 0.977
Heterotis niloticus Souru 294 22-67 200-3300 0.0230 2.80 0.962
Labeo coubie Mouhoun 16 14-52  80-2550 0.0576 2.74 0.994
Lates niloticus Mouhoun 38 12-128 40-53000 0.0239 3.00 0.996
Mormyrus rume Bougouriba 14 20-70 80-3000 0.0157 286 0.977
Oreochromis niloticus  Mouhoun 14 17-29  260-920 0.0993 2.72 0.926
Tilapia zllii Bougouriba 17 10-27 52-890 0.0751 2.81 0.986

Si I’on ignore Clarias sp., qui est mal défini au niveau taxonomique, les valeurs de r? varient de 0.926
pour Oreochromis niloticus a 0.996 pour Lates niloticus, traduisant ainsi une régression hautement
significative (p=0.01). Les vaeurs estimées de b sont autour de 3 pour Clarias anguillaris,
Distichodus rostratus, Lates niloticus, indiquant pour ce groupe que la forme du corps ne change pas
au cours de la croissance. Notons que les valeurs de b pour les deux populations de Heterotis niloticus
sont faibles comparées aux valeurs des populations dans le Sud (Sudan: 3.03; Hickley et Bailley,
1986). Pour le reste des poissons examinés, la valeur de b varie de 2.7 & 2.8, ce qui signifie en terme
de croissance, que le développement du corps (croissance pondérale) est moins rapide que celui de la
taille. Pour toutes ces espéces examinées dans le systéme fluvial des Hauts-Bassins de la Volta, la
valeur de b est concordante avec celle habituellement rapportée et admise par la littérature et qui situe
cette valeur entre 2.5 et 3.5 (Pauly, 1997). Dans ces écosystemes fluviaux, les conditions d’une
croissance isométrique peuvent étre appliquées aux especes examinées.

Les données relatives a la croissance des poissons dans les écosystémes fluviaux sahéliens sont trés
peu abondantes dans la littérature. Ces milieux représentent un important support & la production
piscicole et des études devraient S'intéresser a ces écosystémes afin de permettre une comparaison de
croissance avec les espéces des lacs de barrage, dont I'importance s accroit d’ année en année dans les
pays sahéliens.
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ABSTRACT

The biology of lungfish Polypterus senegalus (Pisces, Polypteridae), was studied, based on samples
from the Pru River, in Ghana, where it is abundant in backwaters and coves. The length-weight
relationship is expressed by the equation W=0.0963-L>* (live weight in g, standard length in cm;
n=110). The corresponding mean condition factor (K=W-100/L *) was 0.68. Fecundity (F) was related
to both standard length (cm) and weight (g) as summarised by the equations F=227+0.0125-L and
F=59.3+0.016-W, respectively. Relative fecundity was estimated to be 25.7 eggs per g body weight.
Analyses of stomach contents revealed preys consisting mainly of insects.

RESUME

La biologie de Polypterus senegalus (Pisces, Polypteridae) a été étudiée a partir de spécimens de la
Riviére Pru au Ghana, ou cette espéce est abondante dans les bras morts et les anses. Le rapport taille-
poids est exprimé par W=0.0963-L*" (poids vif du corps en gramme, longueur standard en cm et
n=110). Le facteur de condition correspondant est exprimé par K=W-100/L °=0.68. Le rapport de la
fécondité (F) avec la longueur standard et le poids est exprimé respectivement par F=227+0.0125-L S
et F=59.3+0.016:W. Lafécondité relative est estimée a 25.7 caufs par gramme du corps. Des analyses
des contenus stomacaux montrent que cette espece se nourrit principalement d’ insectes.

INTRODUCTION

Polypterus senegalus (Cuvier, 1829) is widely distributed in freshwater bodies of West Africa, and is
known in Ghana as ‘alideka in Ewe (Titiati, 1970). The fish is aliving representative of a group that
can be traced to the Devonian period. Its primitive features include “a cylindrical body structure,
armour-like scales, a dorsal fin made up of a series of finlets, and fan-like pectoral fins, representing
early formsin the evolution of vertebrate limbs’ (Holden and Reed, 1972). In addition, the young fish
possess external gills, while the adults use lungs to aid in respiration (Holden and Reed, 1972). In
Ghana, P. senegalus occurs in Volta Lake (Evans and Vanderpuye, 1970), and in most of the Volta
basin, including the Pru River, where it is particularly abundant (Abban, 1982). However, its biology
has been little studied in Ghana, and hence this contribution.

MATERIALSAND METHODS

Samples were obtained with gillnets and castnets in different parts of the Pru River, and the standard
length (to the nearest mm) and weight (to the nearest gram) of fish samples were recorded. The sex
and stage of gonad development were determined, based on the scale in Laevastu (1965). The
stomach and gonads of each specimen were removed and preserved in 10 % formalin for subsequent
food and fecundity analyses. Fecundity was determined by gonad sub-sampling (by weight), as
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described in Ricker (1968), then plotted against body length, and against weight. Stomach contents
were recorded studied using the ‘ points method’ of Hynes (1950), which combines relative volumes
and frequencies of occurrence. The parameters a and b of a length-weight relationship of the form
W=a:-L" were estimated by linear regression, after logarithmic transformations.

RESULTSAND DISCUSSION

A total of 110 fish were sampled, ranging in length from 13.8 to 35.1 cm (SL). The linearised version
of the length-weight relationship (not shown) gave an extremely good fit, and led to the equation
W=0.0963-L *'®" with length expressed as standard length (cm) and live weight in gram. Fish with
mature ova aso had immature ones, suggesting that spawning occurs in multiple batches. Mean
relative fecundity was estimated to be 25.7 eggs per g of body weight. The relationship between body
length and fecundity was F=227 + 0.0125-L (r=0.64; n=16), while that between fecundity and weight
was F=59.3+0.0160-W (r=0.66; n=16).

As might be noted in Table 1, insects formed 51 % of the diet (in % volume) and occurred in al
stomachs sampled; this corresponds with earlier observations of the author (unpublished data), based
on samples from the Afram arm of Volta Lake. However, the presence of crabs and of remnant from a
large vertebrate (a bird) indicates a high versatility in capturing preys, perhaps one of the reason why
this and related lungfish species were able to maintain themselves for so long without marked
morphological changes.

Table 1. Diet composition of Polypterus senegalusin the Pru River, Ghana (n=40).

Food Items Volume (%) Occurrence (%)
Crabs 28 40.0
Birds (1 leg only) 15 25
Odonata nymphs 19 100.0
Orthopteralarvae 11 100.0
Tricoptera 10 100.0
Hemiptera 6 100.0
Dipteralarvae 5 20.0
Unidentified materials 6 100.0
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ABSTRACT

The Beninese part of the Atlantic Ocean’s continental slope is not well known, and this include the
aquatic living resources, i.e., the ichthyofauna, which is subjected to high exploitation rates. In order
to ensure the sustainable management of these commercially important resources, two research
ingtitutions associated with the fisheries services of the Government of Benin performed a study to
understand their aguatic resources. The objective of this study was to establish length-weight
relationships as well as total length to standard length conversion ratios for the mgjor fish species
caught. This was achieved for 22 species.

RESUME

La partie béninoise de la pente continentale de I’ Océan Atlantique N’ est pas treés connue, y compris ses
ressources vivantes aguatiques comme par exemple, |’ichtyofaune, soumise a des taux d exploitation
élevés. Afin d'assurer la gestion durable de ces ressources commerciadlement importantes, deux
établissements de recherches associés aux services de péche du gouvernement du Bénin ont réalisé
une étude destinée a mieux connaitre leurs ressources aguatiques. Les objectifs de cette étude sont
d éablir les rapports de tailles longueur-poids et des longueurs totale-standard pour les espéeces les
plusimportantes. Les résultats présentésici couvrent 22 especes.

INTRODUCTION

The fisheries off the coast of Benin play an important role in the national economy. However the past
has seen a rather uncontrolled development of this highly diversified sector, which has raised concern
about the sustainable management of its resources. In view of this, the University of Benin, the
National Oceanographic Centre, and the Department of Fisheries of Benin jointly organised a three-
year research programme, devoted to a better understanding of the biology and ecology of the fish
fauna off Benin and identification of those shelf areas that might prove suitable for trawl fisheries.
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The present report summarises the results of morphometric studies carried out on the magjor
commercial fish species of Benin.

MATERIALSAND METHODS

The data used for this study were obtained during regular trawl surveys that were part of the ongoing
research program described above. Each haul was sorted by species and subsamples consisting of 20
individuals for each species of interest were taken. Each fish was weighed, i.e., total wet weight, in
grams and standard and total lengths in cm were measured. Length—weight relationships were
established according to the function W=aLl"°, where W represents total weight in gram and L
represents total length in cm. Tota length (TL, cm) to standard length (SL, cm) conversion ratios
were then expressed using the linear equation TL=a+b-SL. The parameters (a) and (b) in both of
these functions were computed by means of the least squares regression routine of Microsoft Excel for
Windows.

RESULTSAND DISCUSSIONS

The parameters of the length-weight relationships estimated for 22 species are summarised in Table 1
together with their respective standard deviation and correlation coefficients. Also presented in this
table are values from other studies of the same species. The parameter (b) in the present study ranges
from 2.85 (Epinephelus aeneus) to 3.65 (Fistularia petimba), which is within the typical range of
values of (b) usually found in fish. Moreover, the values (2.85 in E. aeneus to 3.4 in B. auritus)
observed in this study for the parameter b of the equation describing the weight-length relationships
are very close for all species to values reported in previous study. Indeed, in Nigeria and Brazil for
example, Nomura (1962) observed the value 2.91 in Chloroscombrus chrysiurus, in Ghana, Rivajec
(1973) obtained 2.88 in Dentex canariensis. Similarly, the values 3.23 in Sénégal (Magnusson and
Showers, 1993), 2.95 in Ghana (Lim, 1987) and 3.29 in South Africa (Van der Elst, 1981) were
reported for E. aeneus, Pagrus coeruleostictus and Trichiurus lepturus respectively. The values
obtained in those previous studies for the parameter a are generdly very low (see Table 1), similar to
the one estimated in our study (0.0002-0.0222).

The relationship between standard length and total length for the species investigated in this study are
summarised in Table 2. The high correlation coefficients for al of these relationships show that these
models are appropriate. Fish size varied from 18.6 cm in Brachydeuterus auritus to 73.5cm in
Trichiurus lepturus. This shows that species diversity also implies the diversity in size. Size
comparisons with results of previous studies indicate that size vary by country, e.g., the maximum
size (24 cm; see Beck, 1974) reported for B. auritus in Togo is higher than that (18.6 cm) observed in
the present study.
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Table 1. Length-weight relationships of commercially important species off Benin; total lengthsin cm and wet weight in grams.
Species Cg/lmmmaz)n Tlmin TLmax N a o b o r? Country Source
names
Brachydeuterus auritus Noutoui 75 186 98 0.0051 0.076 3.36 0.069 0.961 Benin This study
- 24.0 - - - - - - Togo Beck (1974)
- 30.0 - - - - - - - Bauchot (1992)
Chloroscombrus Zozroevi 78 255 71 0.0111 0.059 2.86 0.053 0.977 Benin This study
chrysurus
10 350 — 0.0160 - 291 - - Brazil Nomura (1962)
10.0 245 — 0.0699 - 252 - - Colombia Garciaet al. (1998)
50 280 - 00140 - 278 - - Nigeria King (1996)
Cynoglossus cynoglossus ~ Afokpakpa 145 472 30 0.0022 0.068 3.21 0.021 0.985 Benin This study
- - 139 0.0040 - 315 - - India Edwards et al. (1971)
Dentex canariensis Cicacica 42 345 81 0.0154 0.036 298 0.029 0.993 Benin This study
85 404 128 0.0169 - 3.04 - 0.989 Gulf of Guinea Showers (1993)
164 404 40 0.0156 - 3.06 - - Ghana Showers (1993)
- - - 0.0223 - 3.00 - - Morocco Mennes (1985)
- - - 0.018 - 288 - - - Rivgec (1973)
Drepane africana Ghagba 82 235 103 0.0128 0.028 328 0.085 0.991 Benin This study
- 450 - - - - - - Sénégd Thiam (1988)
Elopslacerta Agban 270 338 5 0.0059 0.033 300 0051 0944 Benin This study
Epinephelus aeneus Toboko 186  68.0 9 0.0207 0.099 285 0.062 0.997 Benin This study
390 560 14 0.0017 - 3.58 - - Cap Verde Magnusson and Magnusson
(1987)
- - - 00053 - 323 - - Sénégal Cury and Worms (1982)
Fistularia petimba Dan 46.3 980 9 0.0000 0.076 365 0.008 0.983 Benin This study
190 440 43 0.0003 - 3.16 - 0.993 New Caedonia Le Tourneur et al. (1998)
Gal eoides decadactylus Shikoue 105 345 100 0.0102 0.049 3.02 0.037 0.984 Benin This study
160 320 312 0.0119 - 314 - - Cap Verde Magnusson and Magnusson
(1987)
[lisha Africana Kanflanvi 90 250 178 0.0057 0.050 3.06 0.043 0.967 Benin This study
35 115 114 0.0219 - 254 - - Nigeria King (1996)
113 211 142 0.0078 — 29 - - Nigeria King (1996)
- - — 0.0038 - 3.35 - - Sierraleone Anyangwa (1991)
Lagocephaluslaevigatus ~ Ako 75 475 18 0.0187 0.023 289 0.052 0.996 Benin This study
Pagellus bellottii Cica-cica 135 241 34 00172 0.037 292 0.060 0.983 Benin This study
10.5 195 144 0.0136 - 3.15 - 0.932 Coted Ivoire Showers (1993)
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Species Cg/lmmmaz)n Tlmin TLmax N a o b o r? Country Source
names
105 198 33 00346 - 282 - 0.963 Liberia Showers (1993)
Pagrus coer uleostictus Cica-cica 72 396 83 00222 0041 288 0.031 0991 Benin This study
126 383 41 0.0252 - 2.95 - - Ghana Showers (1993)
190 540 328 0.0287 — 295 - - Sénéga Dah et al. (1991)
- - - 00025 - 295 - - Eastern Centra Lim (1987)
Atlantic
Pentanemus quinquarius  Shicoue guinfio 112 228 61 0.0006 0.070 343 0.046 0.963 Benin This study
102 240 32 0.0003 0.146 4.07 0119 0975 Benin This study
- 350 - - - - - - - Daget and Njock (1986)
Pomadasys jubelini Cocouin 132 360 20 00182 0.071 290 0.055 0994 Benin This study
118 1512 17 0.0018 - 281 - - Nigeria King (1996)
Pseudotolithus elongatus ~ Kan 90 625 250 0.0032 0.046 3.27 0.033 0975 Benin This study
55 125 88 0.0911 - 364 - - Nigeria King (1996)
Pteroscion peli Finvi 6.5 19.7 147 0.0112 0.004 3.03 0.041 0.974 Benin This study
- 320 - - - - - - - Chao and Trewavas (1990)
Raja miraletus Tatra, Zoun 175 468 10 0.0037 0.004 3.07 0.047 0.994. Benin This study
(Fon)
166 410 28 0.0003 - 325 - 0.998 Spain Manellaet al. (1997)
Selene dorsalis N’gogba 65 235 69 00087 0018 3.09 0.050 0.953 Benin This study
180 380 85 0.0428 - 2.73 - - Cap Verde Magnusson and Magnusson
(1987)
Sphyraena sphyraena Lizi 85 448 44 0.0049 0.006 3.01 0.027 0.998 Benin This study
335 498 22 0.031 - 2.32 - - Greece Petrakis and Stergiou (1995)
Trichiurus lepturus Adokin 239 735 109 0.0002 0.112 333 0.069 0.956 Benin This study
59.3 1120 20 0.0002 - 325 - - Colombia Garciaet al. (1998)
280 105.0 393 0.0008 - 3.48 - - Cuba Claro and Garcia-Arteaga (1994)
- - - 0.0002 - 329 - - South Africa Van der Elst (1981)
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Table 2. Relationships between standard length (SL) and total length (TL) of commer cially important
species off Benin (length in cm).

. Mina 2
Species common a b r
names
Brachydeuterus auritus Noutoui 0.732 1.200 0.965
Chloroscombrus chrysurus Zozroevi 0.134 1.310 0.991
Cynoglossus cynoglossus Afokpakpa 0.193 1.076 0.999
Dentex canariensis Cica-cica 0.021 1.300 0.999
Drepana africana Ghaghba 0.758 1.240 0.981
Elops lacerta Agban 1.646 1.231 0.983
Epinephelus aeneus Toboko 0.863 1.200 0.994
Fistularia petimba Dan 9.274 1.242 0.986
Galeoides decadactylus Shikoue 0.439 1.390 0.982
Ilisha africana Kanflanvi 0.075 1.240 0.963
Lagocephallus laevigatus Ako 0.212 1.265 0.927
Pagrus coer uleostictus Cica-cica 0.219 1.310 0.992
Pentanemus quinquarius Cica-cica 1.650 1.316 0.973
Pentanemus quinquarius Shikoue guinfio 0.981 1.300 0.983
Pomadasys jubelini Cocouin 0.502 1.200 0.997
Pseudotolithus elongatus Kan 1474 1.200 0.991
Pteroscion peli Finvi 0.478 1.290 0.980
Raja miraletus Tatra, Zoun (Fon) 0.211 1.242 0.986
Selene dorsalis N’gogba 0.261 1.280 0.991
Sohyraena sphyraena Lizi 0.161 1.180 0.996
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POPULATION PARAMETERS FOR THE SIX COMMERCIAL SPECIES IN LAKE KAINJ,
NIGERIA USING LENGTH FREQUENCY DATA SAMPLED FROM ARTISANAL FISH
CATCHES

PARAMETRES DE POPULATION DE SIX ESPECES COMMERCIALES DE POISSONS DU
LAC KAINJI, NIGERIA, BASES SUR DES DONNEES DE FREQUENCE DE TAILLES DE LA
PECHE ARTISANALE

Tim du Feu
c/o School of Biological Sciences, Hull University, Hull HU6 7RH, UK; E-mail: T.DuFeu@gov.je.

ABSTRACT

Estimates of growth parameters are widely used for detailed assessment and modelling of fish species
and fisheries. The length-weight relationship, age at length zero (t,), growth coefficient (K),
asymptotic length (Ly) and rates of natural (M) and total mortality (Z) were estimated for the six main
commercial species from the artisana fishery of Lake Kainji, Nigeria. Length-weight relationships
were calculated from individual fish length and weight records collected from sampling using fleets of
multi-meshed gill nets. Large numbers of fish lengths for length frequency analysis were obtained by
sampling direct from the fishers' catches. Large sized fish were under-represented in the sample since
fishers mainly fished with gears that targeted small fish. The number of fish sampled was raised to the
total yield of each species and gear type. Data were analysed using the FiSAT software. For four of
the commercial species, the estimate of K was around 0.5 year™, whilst Ly was approximately 50 cm.
Lates niloticus had the lowest value of K (0.25 year™) and the largest Ly (159 cm). Oreochromis
niloticus had a K=0.25year" and Ly=53 cm. Natural mortality was the lowest for L. niloticus
(M=0.49 year™) and fishing mortality was highest for Chrysichthys niloticus (F=4.3 year™). Length-
weight, growth parameter and mortality estimates generally agreed with previously published figures
from Lake Kainji and elsewhere. The magjority of fish caught of the main commercial species in the
Lake Kainji fishery were from the O+ cohort, at a size far below the optimal length at capture. This
suggests growth overfishing of the six sampled species. The situation was most apparent for
Citharinus citharus.

RESUME

Les estimations des paramétres de croissance sont largement utilisées pour des analyses de la biologie
et pour la modélisation détaillées de la péche. Les paramétres du rapport longueur-poids, I'age a la
taille zéro (t,), le coefficient de croissance (K), la longueur asymptotique (Ly) €t les taux de mortalité
totale (Z) et naturelle (M) ont été estimés pour les six especes commerciales principales de la péche
artisanale du lac Kainji, Nigeria. Les rapports longueur-poids ont éé calculés a partir des données de
longueur et de poids de poissons rassemblés en utilisant des flottes de filets maillants multi-engrenés.
Un grand nombre de longueurs de poissons pour I’ analyse de fréquence de tailles ont été obtenues par
I’échantillonnage direct de la capture des pécheurs. Des poissons de grande taille ont été sous
représentés dans I’ échantillon parce que les pécheurs ont principaement ciblé les petites tailles de
poissons. Le nombre de poissons prélevés a été élevé ala production totale de chaque espéce et engin
de péche. Ces données ont été analysées en utilisant le logiciel FiSAT. Pour quatre especes
commerciales, K a été estimé a des valeurs proches de 0,5 an™, avec Ly a prés de 50 cm de longueur
totale. Lates niloticus a eu la valeur la plus basse de K (0,25 an™) et la plus grande Ly (159 cm; LT).
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Oreochromis niloticusaeu un K de0.25an™ et Ly de53 cm; LT. Lamortalité naturelle la plus basse
est celle de Oreochromis niloticus (M=0.49 an™) et la plus haute est celle de Chrysichthys niloticus
(M=4.3 an™). Les paramétres du rapport longueur-poids, de croissance et les calculs de mortalité sont
généralement conformes aux chiffres précédemment édités pour le Lac Kainji et ailleurs. La majorité
des poissons d’ especes commerciaes exploitées dans le Lac Kainji vient de la cohorte O+, a une taille
bien au-dessous de la longueur optimale de capture. Ceci suggere une surexploitation de croissance
des six especes prélevées. La situation était la plus évidente pour Citharinus citharus.

INTRODUCTION

The World Bank (1992) stated that most fish stocks, globally, are fully or over-exploited. This led
them to recommend that fisheries research should be directed towards increasing the understanding to
enable accurate management decisions. The recommendation is particularly valid for many tropical
reservoir fisheries. An important aspect of such ‘management-orientated’ research is the estimation of
the maximum size and age of fish, length-weight relationships and population parameters of the
commercial fish species. These are essential, not only to gain an understanding of the fish species, but
also for use in analytica fisheries models; particularly yield per recruit, dynamic pool models, and
more recently, for trophic modelling of ecosystems (Ecopath with Ecosim; see Pauly et al., 2000).
The accuracy of the estimates of population parameters can therefore affect the validity of
management decisions.

Within temperate fisheries, otoliths, scales and vertebrae display seasonal markings for both summer
and winter. These form daily and/or annual rings, which can be used to indicate the age of the fish
(Bagenal, 1974). The lack of defined seasons in tropical fisheries means that often only daily growth
rings can be identified and high-powered microscopes are required to count these (Pauly, 1987). It is
therefore often difficult and time consuming to age fish species from tropical fisheries using hard
parts (Gulland and Rosenberg, 1992).

In the present study the ageing by hard parts was further hampered by the lack of expertise of staff
and the fact that fishers were unwilling to allow the cutting and removal of hard parts from their fish.
These are likely to be common problems within tropical fisheries of developing countries. A method
more suited to tropical fish species has been the conversion of age-based models into length-based
models (Sparre et al., 1989). This involves the collection of fish lengths from each fish species. The
resulting ‘length-frequency data’ have the advantage that they are relatively quick and inexpensive to
collect and that they can be used to give an overview of fishing patterns (du Feu, 2003a). Analysis of
length frequency data was made easier through the FiSAT software (Gayanilo and Pauly, 1997°).

Despite the voluminous research undertaken since the creation of Lake Kainji, little recent work is
directed at estimating the growth parameters of its fish species. Banks et al. (1965) presented length at
age data for Oreochromis niloticus in pre-impounded river fishery, while Lelek (1972) presented
those for the early lake fishery. Mean length at age estimates in the lake fishery were made by ageing
hard parts for Bagridae (using spines and vertebrae, Ajayi, 1972), Mochokidae (vertebrage;
Willoughby, 1974) and Lates niloticus (scales, Balogun, 1988).

This paper presents recent estimates of population parameters for the six main commercial species
using length frequency data. The parameters estimated for each species include the asymptotic fish
length (Ly), growth coefficient (K), age at length zero (t,) and the instantaneous rates of natural (M)
and fishing (F) mortalities. It is hoped that these estimates will add to those available for tropical
fisheries and so assist managers working elsewhere.

* Fish Stock Assessment Tools initiated by Daniel Pauly from the ELEFAN software at ICLARM and
developed further by F. Gayanilo through a collaborative effort with FAO
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MATERIALSAND METHODS

Measurements of length frequency were collected for the six main commercial species of Lake Kainji
(Table 1). The species were identified from the yield estimates derived by the 1995 to 1997 catch
assessment survey (du Feu 2003b). L. niloticus was included due to its high market price and large
contribution to the total catch value of the fishery.

Table 1. The six main commercial fish species sampled for length frequency from Sept. 1997 to Dec. 1998
in the Lake Kainji fishery, Nigeria. English common names obtained from FishBase (Froese and Pauly,
2003 and see www.fishbase.org). Hausa common names from Anon. (1997).

Species Author English name Hausa name

Citharinus citharuscitharus ~ (Geoffroy St. Hilaire, 1808-  Moonfish Faia

1809)
Sarotherodon galilaeus (Linnaeus, 1758) Mangotilapia  Garagaza, Gargaza
galilaeus
Oreochromis niloticus (Linnaeus, 1758) Niletilapia Bugu, Falga, Garagaza,
niloticus Gargaza, Karfasa
Hemisynodontis (Geoffroy St. Hilaire, 1808-  Catfish Bulundi, Folashe, Karfasa
membranaceus 1809)
Chrysichthys nigrodigitatus  (Lacepéde, 1803) Bagrid catfish ~ Durukulli, Marushe, Tandu,

Warushe

Lates niloticus (Linnaeus, 1758) Nile perch Giwan ruwa, Giwan rowan

Two stage cluster sampling and pooling of data was used (Lohr 1999). Sampling stations were Anfani
and the Dam site (in the southern basin), Warra and Foge Island (central basin) and Jijima, Zamare
and Rofia (northern basin; see Figure1). Individua fish lengths were sampled from fishers catch
landed at the seven sampling sites during the middle 10 days of every month from September 1997 to
December 1998. September represented the time of spawning and the beginning of the first year
cohort for many of the sampled species (Omorinkoba and du Feu, 1994). Individua fish lengths were
recorded from each fishing gear type and separated into 10 mm length classes (Table 2).

The total number of fish caught during each month for each species, gear type and length class was
estimated. This was done by raising the number of fish sampled during the length frequency sampling
to the total yield from each gear type using the monthly yield estimates from the catch assessment
survey. The length-weight relationships were used to convert fish lengths into weights. The resulting
length frequency distribution was assessed to determine whether it represented all sizes of fish
occurring within the natural population. To do this, C. citharus was used as an example. The
distribution from the length frequency sampling was compared with that obtained from gill net tria
sampling. Gill net trials involved sampling between February and April with multi-meshed gill nets
(mesh sizes 25 to 178 mm) throughout the lake, the catch was assumed to be more representative of
the size structure of the fish populations. Numbers of fish lengths were pooled for the three months.
To obtain distributions of fish that were comparable, the small number of lengths obtained from the
gill net trial (n=227) were raised to the total number recorded by sampling fishers' catches.

Estimates of length-weight relationships for the six fish species were obtained from records of
individua fish length (L; cm) and weight (W; g) from sampling with different meshed gill nets (gill
net trials) undertaken between 1970 and 1996. Both sexes were combined and the relationship
expressed as: W=logyoa+b-log;el . Conversions between length types (total, fork and standard lengths)
by species were calculated to enable comparison/conversions with data from other sources (Table 3).

The winter point (WP) was expressed as the fraction of a year at which the species’ growth rate was
minimal. The amplitude (C), represented by a value between zero and one, describes the magnitude of
the annual (seasonal) fluctuation of growth rate. Approximate values of WP and C were estimated
considering the limnology and productivity of the lake and the biology of the species.
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Figure 1. West Africa, showing the location of Lake Kainji and the sampling stations used for the
collection of length frequency data.

Table 2. Total number of individual fish lengths sampled in Lake Kainji, Nigeria (Sept. 1997 to Dec. 1998)
for each of the six commercial species and fishing gear types. The numbers, rounded to the nearest 100,
aregiven prior toraising to the estimated monthly yield using data from the catch assessment survey. FL:
fork; TL: total; and SL: standard length.

Citharinu  Sarotherodo  Oreochromi  Hemisynodonti  Chrysichthys Lates Total

scitharus n galilaeus sniloticus S nigrodigitatu  niloticu
membranaceus s S

L. type SL TL TL FL FL TL -

Gill net 53100 27000 16100 2500 22000 8000 12870
0

Drift net 10300 7100 7100 6700 6000 100 37300

Beachsein 15300 3500 2000 6200 1600 600 29200

e

Cast net 8700 8300 2000 700 0 100 19800

Longline 0 0 100 0 100 1200 1400

Trap 100 5800 10000 200 12000 600 28700

Total 87500 51700 37300 16300 41700 10600 24510
0

The maximum fish length (Lmax; €M) was obtained from the gill net trial data and converted to the
asymptotic fish length (Ly; cm), using: Ly=10"(0.044+0.9841-10g:0L max (Froese and Binohlan, 2000).
To facilitate the identification of growth curves, a threeemonth running mean was applied to the
length frequency data for C. citharus and S. galilaeus. Square root transformation was applied to O.
niloticusand C. nigrodigitatus.

The value of Ly was used as an initia input for the estimation of growth parameters by ELEFAN and
Shepherd’ s method (see Gayanilo and Pauly 1997). For those species where the modal length groups
for differing cohorts were distinct (C. citharus and L. niloticus), the growth parameter estimates were
verified using Bhattacharya's modal progression analysis. Vaues were then further refined using
Hasselblad’s NORM SEP method (Hasselblad, 1966).
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The growth rate (K; year™), the refined estimates of Ly and the theoretical age at which the fish has
zero length (to; years) were calculated using Gulland and Holt and von Bertalanffy plots. Estimates of
to were obtained mainly from an empiricall model in Froese and Pauly (2003). Length growth
performance indices, phi prime (?, for length), were estimated as ?’ =log;0K +2-l0g10Ly (Pauly and
Munro, 1984). For each species the mean value of ? and Ly from the ELEFAN and Shepherd's
method, Gulland and Holt and von Bertalanffy plots were used to calculate the mean value of K.

Table 3. Length-length conversions of five species from the Lake Kainji fishery, Nigeria calculated from
fish lengths (in mm) collected during the gill net trial fishing from 1970 to 1996. TL= total length, FL=
fork length, SL= standard length. Lmi,=minimum fish length sampled, Lyax=maximum fish length
sampled, r= coefficient of correlation.

Species Formula Lmin  Lmax T Samplesize

Citharinus citharus citharus TL=1.200FL -2.90; 130FL 528 0.99 261
FL=0.819TL + 5.55

Sarotherodon galilaeus galilaeus  TL=1.291SL +2.25; 43SL 318 0.99 100
SL=0.772TL - 1.22

Oreochromisniloticusniloticus ~ TL=1.251FL +4.41; 120FL 280 0.96 337
FL=0.737TL +11.14

Hemisynodontis membranaceus  TL=1.364FL - 14.36; 76FL 354 0.98 224
FL=0.705TL +17.70

Chrysichthys nigrodigitatus TL=1.256SL - 6.74; 16SL 524 0.99 982
SL=0.791TL + 6.09

Natural mortality (M; year™), the mortality caused by all other factors except fishing, was estimated
using: 1og;oM=-0.065-0.287-10g;0L yx +0.604-10g;0K +0.513-logT (Pauly, 1980). Here, Ly is the total
length (cm) and T is the mean annua water temperature of 27.85°C (Mbagwu and Adeniji 1994).
Tota mortality (Z=M+F; year’) was estimated using Jones length-cumulation method, i.e.,
In(Ci/?t)=atbty, where ?t; is the time difference for fish to grow or 1/K:n(Ly-Li;) and
bt;=U/K-In(1-(Li/Ly)-(Lx-L;)), Ci=terminal catch, Li=mid point of the length class. The exploitation
rate, the fraction of al deaths caused by fishing, was estimated as E=F/Z.

RESULTS

Assessment of methodology

The comparison of the distribution of the length frequencies sampled (from fishers' catches) with
those obtained from the gill net tria data for C. citharus is shown in Figure2. The data were
combined for the three months during which gill net trial samples were collected. The sample number
for the gill net trial data was small (n=227) and had to be raised to the higher number of length-
frequency data. Results are therefore tentative. Figure 2 also shows that sampling from fishers
catches provided higher proportion of numbers of fish at small size than gill net trial data (fishery
independent data) for sizes below 17 cm. For fish lengths greater than 20 cm, the sampling from gill
net trial data provided the larger proportion of samples, particularly for sizes greater than 23 cm. The
overal distributions are, however, smilar.

Estimates of the length-weight relationships
C. citharus and L. niloticus exhibited approximate isometric growth, i.e., their growth proceeds in the

same dimension as the cube of length (L ®). The four remaining species, the catfishes and tilapia show
alometric growth, i.e., growth proceeding in a different dimension than L* (see Table 4).
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Figure 2. Comparison of the distribution of fish lengths sampled during length-frequency sampling and
gill net trial fishing between February and April 1996 for Citharinus citharus in Lake Kainji, Nigeria.
Total number of fish sampled during the gill net trial fishing was raised to the total number sampled
during the collection of length-frequency data. L ength classesare 1 cm wide.

Table 4. Length-weight relationships for six major commercial speciesin the Lake Kainji fishery, Nigeria
calculated from fish lengths (in cm) and weights sampled during gill net trial fishing, 1970 to 1996. TL=
total length, FL= fork length, SL= standard length. Ln,=minimum length sampled, L nax=maximum
length sampled, r?=Pearson’s correlation coefficient, CV=coefficient of variation.

Species Length  Sample Lpin Lmpn 1> a cVv b cVv

type size (cm) (cm) Std. Std.

Err. Err.
Citharinus citharus FL 185 11.0 289 094 0.020 0.162 3.04 0.052
0.003 0.017
Sarotherodon galilaeus TL 59 124 357 098 0.014 0.004 3.14 0.106
0.154 0.053
Oreochromis nilaticus TL 15 83 195 096 0.017 0.602 3.13 0.067
0.010 0.210
Hemisynodontis FL 381 154 28.0 067 0.015 0.007 3.12 0.222
membranaceus 0.332 0.113
Chrysichthys nigrodigitatus FL 191 16.0 300 083 0.028 0.012 279 0.186
0.279 0.092
Lates niloticus TL 833 130 520 094 0.015 0.002 294 0.049
0.078 0.025

Estimation of the growth parameters
Citharinus citharus citharus

The first year cohort was well represented in the length frequency sample and showed a prominent
progression of distinct modes. The strong representation of the first year cohort was due to the
targeting of the species by small meshed nets and the high bycatch of beach seine. Length classes for
C. citharus older than the first year cohort were less well-defined (Figure 3). Fishing of the upper
length classes within first year cohort some five months after spawning (February onwards) caused
the modes to have a positive skew. The number of fish sampled declined seven months after spawning
(April onwards) due to juveniles leaving the shallow nursery areas and migrating to deeper water.
Thereafter, they could not be sampled by the mgjority of inshore fishing gears. The reduced number
was also due to the fishing out of the upper length classes by the fishing methods that targeted small-
sized fish.
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The initial estimate of Ly using gill net trial data was 43.6 cm. The value of K from the scan the K
values using ELEFAN was 0.54 year™. The value of R, (goodness of fit index) was 0.12. Optimising
for these two parameters, ELEFAN produced a similar value for Ly and a dight increase in K.
Response surface analysis gave a slightly higher value for Ly and a lower K. Shepherd’s scan of K
values decreased K to 0.47 year™. Gulland and Holt and von Bertalanffy plots gave lower estimates of
K and higher estimates of Ly. The mean ? from al these methods was used to calculate the fina
estimation of Ly=56.6 cm and K=0.47 year™ (Table 5).

Sarotherodon galilaeus galilaeus

The number of small-sized fish in the length frequency sample of S galilaeus increased from August
1998. This was assumed to represent the time of the main spawning and was used as the starting point
for plotting growth curves. Baijot and Moreau (1997) report the main spawning season in small
reservoirs in Burkina Faso to be June to August. The value of Ly, obtained from the gill net trial data,
was refined using ELEFAN response surface analysis. Resulting values were Ly=43.0 cm,
K=0.41 year™. The scan of K values gave a higher estimate of K. The ELEFAN optimising routine
gave an estimate of Ly=45.7 cm and K=0.47 year™. Plotting the results from Shepherd’s scan of K
values back onto the length-frequency curve did not produce a better fit than the results from
ELEFAN. The results from the ELEFAN response surface analysis were therefore used as the final
estimates.

Oreochromis niloticus niloticus

Using estimates obtained from the gill net trial data as initial inputs for ELEFAN produced high
values of Ly and K for O. niloticus. ELEFAN’s scan of K values agreed with these estimates but
displayed a second optimum for R, with a lower K value. Shepherd's scan of K values also gave a
lower estimate for K. Final estimates were Ly=53.2 cm and K=0.29 year™.

Hemisynodontis membranaceus

The length frequency distribution gave a clear depiction of the first, second and third year cohorts.
September was used as the starting point for the growth curve. Like many of the lake species, this
month corresponds to the peak spawning of the species due to the occurrence of the main flood at this
time. ELEFAN scan of K values gave an estimate of K=0.55 year™. The estimate of R, was improved
by using increasing values for Ly; higher values of Ly caused the value of K to decline. An optimum
vaue for R,=0.16 was achieved, where Ly=52 cm and K=0.53 year™. The mean of the estimates were
used to scan K vaues. The resulting curve was bimodal and was not used. Response surface analysis
also produced a wide spread of values and made the identification of an optimum value of R, difficult.
The identification of peaks in the Bhattacharya s and NORM SEP methods was straightforward. The
subsequent linking of means was, however, more problematic. The initial results from ELEFAN were
therefore used as estimates of Ly and K.

Chrysichthys nigrodigitatus

There was a large variation in the number of C. nigrodigitatus sampled every month. This was caused
by the seasonality of the trap fishery that was responsible for catching most C. nigrodigitatus. Large
numbers were sampled in March when fencing of drawdown areas of the lake using traps was
prominent. Ly was derived from gill net trial data and used for ELEFAN optimising parameter
routine. This gave an estimate of Ly=49 cm and K=0.54 year™. ELEFAN’s scan of K values increased
the estimate of K to 0.59 year™ (R,=0.15). Shepherd’s scan of K values gave unredlistic estimates of
Ly. Results from ELEFAN were therefore taken as the final estimates.
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Lates niloticus

The distribution of length frequencies for L. niloticus was dominated by samples from the first year
cohort. Older cohorts were represented as smaller modes. The extended breeding period from
November to April was evident from the high number of juveniles sampled during this time.
ELEFAN’s response surface analysis gave estimates of Ly=155cm and K=0.27 year™. ELEFAN’s
scan of K values produced similar estimates. The values obtained from Shepherd’'s scan of K values
missed severa observed peaks when plotted and were not used. Gulland and Holt and von Bertal anffy
methods gave estimates that were similar to those from ELEFAN. The K vaue, calculated from the
mean ? was taken as being representative of the population.

Table 5. Estimates of winter point (WP), amplitude (C) and growth parameters (Ly, K and ?") of six
major commercial speciesin the Lake Kainji fishery, Nigeria using data collected during the sampling of
length frequencies between September 1997 to December 1998. Ly=asymptotic fish length, K=growth
coefficient, ?' =length-based index of growth performance, mean annual water temper atur e=27.85°C.

Species WP C Ly K ? Method used
(cm)
Citharinus citharus 0.75 0.2 56.6 047 317 Mean? of ELEFAN, Shepards, Gulland and

Holt, von Bertalanffy plots
Sarotherodon galilaeus 066 0.2 457 047 3.00 ELEFAN
Oreochromis niloticus 066 0.2 532 029 292 Mean? of ELEFAN and Shepards

Hemisynodontis 025 02 520 053 314 ELEFAN

membranaceus

Chrysichthys 025 02 490 053 310 ELEFAN

nigrodigitatus

Lates niloticus 0.17 0.2 158.7 025 3.80 Mean? of ELEFAN, Gulland and Holt and von
Bertalanffy

Mortality rates

Values for total mortality (Z, see Table 6) ranged from 1.39 year™ (O. niloticus) to 5.29 year™ (C.
nigrodigitatus). In al cases, with the exception of O. niloticus, the largest proportion of mortality was
caused by fishing mortality (F). For L. niloticus, C. nigrodigitatus and S. galilaeus, F accounted for
about 80% of total mortality (Z). Estimates of fishing mortality varied more than natural mortality,
from O. niloticus (0.62 year™) to C. nigrodigitatus (4.31 year™). Four of the six sample species had
vaues of F>3.0year’. Natural mortality (M) for most of the sampled species was high, as is
commonly the case with tropical species. The value of M is amean for al the cohorts of a species and
is therefore usually expected to be highest during the juvenile stages when the number of predatorsis
large. This was the case for L. niloticus, whose adults have few predators and has a low overall value
of M. The exploitation rate (E) was lowest for C. citharus and O. niloticus and high for the remaining
four species.

DISCUSSION

The objective when sampling length frequencies of fish populations is to ensure that the sampled
frequency distribution of fish lengths mirrors that of the actual population (Hoenig et al., 1987). To
achieve this, the methods of sampling of catch and effort and length-frequencies need to be carefully
implemented (Gulland and Rosenberg, 1992). Gulland (1987) pointed out that one way to help ensure
that the sample represents the natural population is to collect as many length frequency samples as
possible.

Direct sampling of the landed fish catches helped ensure that a large number of fish was measured (n
~ 250,000) at minimal expense for the six mgjor commercia species in Lake Kainji. The lowest
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number was collected for L. niloticus. Pauly (1987) recommended that larger sized fish, such as L.
niloticus, require more samples due to the increased number of age classes in the samples. The
average of 700 L. niloticus sampled every month is still considered adequate by Hoenig et al. (1987).
Numbers of fish measured of the remaining five species were in excess of 1,500 fish per month.

Table 6. Total (Z; year™), natural (M; year™) and fishing (F; year™) mortalities, rate of exploitation (E)
and length at t, (year) for six major species of the Lake Kainji fishery, Nigeria using data collected during
the sampling of length frequencies between September 1997 to December 1998 and a mean annual water
temper ature=27.85°C.

Species Z r Cl Cl M MK F E to
2) (2) (2)
lower upper
Citharinus citharus 207 -0946 181 233 090 191 117 056 -0.04
Sarotherodon galilaeus 486 -0993 453 519 100 214 38 079 -0.30
Oreochromis nilaticus 139 -088 115 164 072 248 067 048 -0.50
Hemisynodontis membranaceus 4.17 -0.947  3.32 501 097 187 320 0.76 -0.30
Chrysichthys nigrodigitatus 529 -0990 4.96 562 098 185 431 081 -0.30
Lates niloticus 361 -0861 275 447 049 196 312 086 0.24

A further advantage of sampling from fish catches was that samples could be raised to the total catch
of each gear type. This helped ensure that fish from easily sampled gears did not dominate the final
sample. Separation by gear type also enabled later assessment of fishing patterns by gear (du Feu,
2003a).

A problem noted when sampling direct from catches was the possible bias caused by measuring fish
only from fishers willing to co-operate with the investigators. This was aso noted around Lake
Victoria by Garrod (1963). In the case of Lake Kainji, the bias is likely to be small since the main
reason that caused fishers not to cooperate was the length of time taken to sample large catches. Large
catches were characterised by small fish, which however, were already well represented in the final
sample due to the large sample sizes recorded within these length ranges.

The large diversity of fishing methods (and mesh sizes) used in the Lake Kainji fishery meant that a
cross section of fish sizes were caught and sampled. The distribution of fish sizes sampled was
compared with that obtained from sampling using experimental fishing with graded fleets of gill nets.
The comparison is limited due to the small samples obtained from the gill nets and the short three-
month sampling period. The method did provide an approximate crosscheck of representation of the
sample. The two distributions appeared similar, with the majority of fish being of small size. There
was some indication that the larger sized fish in the population were not adequately sampled using
lengths recorded from fishers' catches. This was due to the fishers mainly using gears that targeted
small sized fish within shallow waters and not fishing in deeper waters where the larger fished lived.

Final growth curves of all the species sampled were therefore mainly based on small sized fish, which
implies that ut was difficult to estimate the value of Ly. It was therefore necessary to verify values of
Ly from the length frequency sampling with the maximum fish sizes sampled during the historical gill
net trial fishing. The lack of large sized fish will also cause mortality to be overestimated. This is
because large fish, if not present in the sample, are assumed to have died (Hoenig et al ., 1987).

This problem is likely to be common. A way to overcome it may be to undertake a more thorough
sampling program using a range of experimental gear. However, it is thought unlikely that research or
project programs will be able to afford such high intensity sampling. A further consideration is that
inland fisheries are increasingly becoming overexploited and therefore a large amount of effort will be
required to obtain the sample number recommended by Hoenig et al. (1987). An aternative method
may be to sample from the fishers, but to raise the final sample numbers by the proportion obtained
from experimental gill net trials (or gill nets handed over for the fishers).
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The analysis of length frequency data using FiSAT (Gayanilo and Pauly, 1997) did not produce ‘clear
and unambiguous’ sets of values for Ly and K. Gulland and Rosenberg (1992) stated that this is a
genera finding when analysing length frequency data. It was therefore necessary to use a variety of
differing analytical routines contained in FISAT when estimating the growth parameters for Lake
Kainji. The mean ? from the various von Bertalanffy parameter estimates and the mean Ly was used
to calculate the final estimate of K. The availability of 15 months' worth of data, alowing length
curves to overlap, further helped verify results.

The growth curves for Lake Kainji were easier to identify for species that had well defined spawning
times and high fingerling growth rates (such as C. citharus). Length modes for species with more than
one spawning per year (such as the Cichlidae) were less easy to identify. Lelek (1972) who sampled
length frequencies just after the impoundment of Lake Kainji reported similar findings.

It is important to compare the growth estimates for Lake Kainji with estimates from other water
bodies. Gulland and Rosenberg (1992) suggested that estimates can vary from one water body to
another, since environmental factors such as lake productivity, food availability and predation may
vary. Such fluctuations will be particularly evident following the initial flooding of reservoirs before
the ecosystems have stabilised (du Feu, 2003c). The comparison of estimates from individual
reservoirs will therefore aso present problems.

The length-weight relationships derived for three species in Lake Kainji were found to agree with
previous estimates from the reservoir. These were L. niloticus (Balogun, 1988), H. membranaceus
(Willoughby, 1974) and C. nigrodigitatus (Ajayi, 1972).

The mean size of the first year cohort of C. citharus was 20.5 cm in the pre-impounded river fishery
and was 25.0 cm in the early Lake Kainji fishery (Imevbore and Okpo, 1975). In the present study, the
mean size declined to around 15.0 cm. The reduction might possibly have been caused by food not
being as abundant as it was during the initial lake flooding. It may also have been due to the
decreasing size of gear (such as mesh size) that targeted the upper length classes of these cohorts. This
was evident from the lower number of fish sampled within these classes (Figure 3).

FishBase (Froese and Pauly, 2003) was used to compare the growth parameters and mortality
estimates with records from other water bodies (Tables 7 and 8). The computed growth coefficient
(K) for C. citharus in Lake Kainji was dightly less than values reported from Lake Chad in West
Africa while estimates of Ly were similar (Table 7). Estimates of natural mortality for Lake Chad
were similar. However, fishing mortality of the species in the Lake Kainji fishery was dightly lower
(Table 8).

S galilaeus appears to grow dightly larger in Lake Kainji, whilst the growth rate is within the wide
range of values reported elsewhere in Africa. Estimates of total mortality were more than double the
other values cited for reservoirsin West Africa

Estimates of Ly and K for O. niloticus in Lake Kainji agreed with estimates from Lakes Victoria and
Nasser and a small reservoir in Nigeria. Comparison of mortality estimates was not possible due to the
small number of published estimates. However it appearsto be low for Lake Kainji.
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Table 7. Comparison of estimates of growth parameters Ly (cm); K (year™), and ? for major commercial fish species from Lake Kainji, Nigeria using data
collected during the sampling of length frequencies between September 1997 to December 1998 with estimates obtained from other water bodies, TL=total length,
FL=fork length, SL=standard length. Data arranged by ascending values of Ly. Records marked with * were recalculated growth parameters using length at age
data from cited authors and von Bertalanffy plots.

Species L ocality Country Length Ly K ? Reference
type  (cm) (vear?)
Citharinus citharus LakeKainji Nigeria FL 56.6 047 3.17 Present study
Lake Chad Chad TL 49.3 054 312 Moreauetal. (1995)
Lake Chad Chad SL 63.9 0.59 3.38 Benech (1974)
Sarotherodon galilaeus Lake Kainji Nigeria TL 457 047 3.00 Presentstudy
Lake Chad Chad SL 26.6 0.60 2.63 Moreauetal.(1986)
Petit Bale Reservoir BurkinoFaso TL 36.2 0.22 246 Baijot and Moreau (1997)
Lake Nasser Egypt SL 41.0 029 268 Moreauetal. (1986)
Lake Kainji Nigeria TL 49.7 046 5.05 Lelek (1972)*
Oreochromis niloticus LakeKainji Nigeria TL 53.2 0.29 292 Present study
Lake Nasser Egypt SL 52.1 026 277 Moreauetal. (1986)
Opa Reservoir Nigeria TL 56.7 0.26 2.93 King (1997)
Lake Victoria Kenya TL 61.3 0.39 3.12 Dache(1994)
Hemisynodontis membranaceus Lake Kainji Nigeria FL 52.0 053 3.14 Present study
Lake Volta Ghana SL 445 0.62 3.09 Ofori-Danson et al. (2001)
LakeKainji Nigeria FL 49.0 - —  Willoughby (1974)
Chrysichthys nigrodigitatus Lake Kainji Nigeria FL 49.0 053 3.10 Present study
Lake Volta Ghana SL 445 0.65 3.11 Ofori-Danson et al. (2002)
LakeKainji Nigeria FL 45.0 - - Ajayi (1972)
Lates niloticus LakeKainji Nigeria TL 158.7 0.25 3.80 Present study
Lake Kainji Nigeria TL 160.0 0.24 5.76 Balogun (1988)*
LakeKainji Nigeria TL 174.0 026 - Balogun(1988)
Speke Gulf, Lake Victoria ~ Tanzania TL 185.0 0.17 3.76 Witte and de Winter (1995)
Nyanza Gulf, Lake Victoria Kenya TL 205.0 0.19 3.90 Aslaand Ogari (1988)
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Table 8. Comparison of the estimates of natural (M; year™), fishing (F; year™) and total mortality (Z;
year™) for major commercial fish species from Lake Kainji, Nigeria using data collected during the
sampling of length frequencies between September 1997 to December 1998 with estimates obtained from
other water bodies. Data sorted by ascending values of Z.

Species L ocality Country M F Z Reference
Citharinus citharus LakeKainji Nigeria 0.90 117 207 Presentstudy
Lake Kainji Nigeria 0.75 1.23 198 Moreauetal.(1995)
Lake Chad Chad 104 156 256 Moreauetal. (1995)
Sarotherodon galilaeus  Lake Kainji Nigeria 100 3.86 4.86 Presentstudy
Fleuve Sénéga Sénégd 113 099 212 Moreau et al. (1995)
Lac Ramitinga Burkina 151 2.28 Moreau et al. (1995)
Faso
Oreochromis niloticus Lake Kainji Nigeria 0.720 0.67 1.39 Present study
Nyanza Gulf Lake Kenya - — 3.02 Getabu(1992)
Victoria
Hemisynodontis Lake Kainji Nigeria 097 320 4.17 Present study
membranaceus
Lake Volta Ghana 128 320 4.48 Ofori-Dansonetal.
(2001)
Lates niloticus LakeKainji Nigeria 049 312 361 Presentstudy
Nyanza Gulf Lake Kenya 034 160 194 Aslaand Ogari
Victoria (1988)

The value of Ly for H. membranaceus agreed with the earlier estimate of the species for Lake Kainji,
but was higher than that cited for Lake Volta. Values for K, fishing and total mortality (Z), however,
were in agreement.

The estimate of Ly for C. nigrodigitatus agreed with a previous estimate for Lake Kainji by Ajayi
(1972) and with estimates from Lake Volta. Growth rates of C. nigrodigitatus for Lake Kainji were
dightly lower than those estimated for the species from Lake Volta

Vauesof Ly and K for L. niloticus in Lake Kainji were in agreement with earlier estimates from the
reservoir using ageing by scales, and length-frequency analyses by Balogun (1988). Fishing and total
mortality were higher than reported in Lake Victoria

Length frequency studies of L. niloticus have mainly been performed in East Africa (Froese and
Pauly, 2003). L. niloticus in Nigeria do not appear to grow as large as the species in East Africa. The
calculated Ly and the estimate by King (1997) for the River Niger were lower than values cited for
Lake Victoria by Asila and Ogari (1988). The calculated growth rates for Lake Kainji, however,
appeared higher than that recorded for L ake Victoria

Mortality estimates for all sampled species are high. The high rates of exploitation indicate that thisis
due to high levels of fishing mortaity. This agrees with the numbers and sizes of fish caught
calculated for the lake fishery. More detailed analysis will be possible when the population parameter
estimates are used in fisheries models. The initial indication is that there is a high mortality of the
early year groups. The mgority of the fish caught were below the optimal length at capture. This
suggests growth overfishing. Higher economic return may therefore be possible if the size at capture
were increased. The need for management intervention in the Lake Kainji fishery is thus strongly
indicated.
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Figure 3. Length frequency histogramsfor Citharinus citharus collected during the length frequency
sampling Lake Kainji, Nigeria. Sept. 1997 to Dec. 1998. Y -axis length frequencies have been raised to
total catch data from the catch assessment survey. X-axis length classes are 10 mm wide.
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ABSTRACT

Samples of llisha africana (Bloch, 1795) were collected from the artisanal beach seine fishery in
Sierra Leone, West Africa, from July 1993 to March 1994, and used to estimate growth and diet-
related parameters. The relationship between weight (in gram) and total length (cm) for I. africana
(male and females combined) was found to be W=0.008-L>%. Length at first maturity was 12.6 cm for
males and 14.6 cm for females. Fecundity ranged from 6,384 to 17,219 eggs per individual, while the
relationship between fecundity (F) and body size (total length) was best described by the model
F=27.6 L*®®. Growth parameters of the VBGF were estimated as asymptotic length=28.2 cm and
K=1 year™. Natural and apparent total mortality were 1.8 and 5.5 year™, respectively, the latter being
an overestimate due to the migration of older specimens from the sampling area.

The diet composition showed a gradual transition from a predominance of crustaceans and detritus in
smaller fish, towards a substantial portion of the diet being fish in larger specimens. January was
identified as a month with high spawning activity for |. africana, with the data suggesting the
existence of another spawning period in August/September.

Implications for management suggest that there is a high risk of both recruitment and growth
overfishing for this species, if it is to be found that it also makes up a large proportion of the usualy
discarded catch of the shrimp fishery operating in deeper waters.

RESUME

Des échantillons d' Ilisha africana (Bloch, 1795) ont été rassemblés a partir de la péche artisanale par
seine de plage en Sierra Leone, Afrique occidentale, de juillet 1993 a mars 1994, et ont été employés
pour estimer les parametres de croissance et le régime alimentaire. Le rapport entre le poids (en
gramme) et la longueur totale (en centimetre) pour llisha africana (méle et femelles combinés) a été
calculé 2 W=0.008-L>*. La longueur & la premiére maturité sexuelle était de 12,6 cm pour les méles
et de 14,6 cm pour les femelles. La fécondité est de 6.384 a 17.219 oeufs par individu ; le rapport
entre la fécondité (F) et lataille du corps (longueur totale) est décrit par I’ équation F=27.6 L*%%, Les
parameétres de croissance, suivant I’ hypothése de von Bertalanffy, ont été estimés en tant que longueur
asymptotique de 28,2 cm et K de 1 an™. La mortalité naturelle et la mortalité totale apparentes étaient
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1,8 et 5,5 an’, respectivement, cette derniere valeur éant une surestimation due & la migration des
spécimens &gés de la zone échantillonée.

L’ étude du régime alimentaire a montré une transition progressive des crustacés et du détritus chez les
plus petits poissons vers le poisson aux plus grands spécimens. Janvier a été identifié comme le mois
d activité reproductive élevé; les données ont suggéré I’ existence d’ une période de ponte additionelle
en ao(t et septembre.

Les implications pour la gestion suggérent un un gros risque de surexploitation pour cette espece,
notamment si elle contribue également une grande proportion de la capture habituellement rejetée par
la péche dans les eaux plus profondes

INTRODUCTION

Ilisha africana (Bloch, 1795) (Figure 1, inset) occurs aong the West African coast from northern
Sénégal to Angola. It is atypical representative of a group of small predatory clupeids with alaterally
flattened body, relatively small tail and a large up-turned mouth. This bentho-pelagic species occurs
in warm inshore waters, along sandy beaches and further offshore, often down to about 25 m water
depth, where it forms a common constituent of tropical trawl catches (Longhurst and Pauly, 1987). It
is also found in brackish waters, lagoons and estuaries, penetrating into near freshwater (Fischer et al .,
1981; Marcus and Kusemiju, 1984; Whitehead, 1985; Y ankson and Azumah, 1993).

In Sierra Leone, 1. africana is an important component throughout the year in artisanal landings at
most coastal beaches and estuaries along the coast (Okera, 1978), where it is fished with beach seines
from the shore. It is also caught in the Sierra Leone River estuary in accord with its tolerance for
estuarine conditions. In the early 1990, total annual catch in Sierra Leone was reported to be around
3,000t (FAO, 1999), which might be an underestimate, given the inaccessibility to fisheries officers
of many of the fishing villages along the Sierra Leone coast.

The present study is an attempt to estimate a number of biological and ecological parameters
pertaining to I. africana, as required for managing the fishery and constructing ecosystem models of
the near-shore waters as was done, eg., for Mozambique (Paula e Silva et al., 1993), Brunei
Darussalam (Silvestre et al ., 1993) or the northeastern Venezuela shelf (Mendoza, 1993).

MATERIALSAND METHODS
Sampling

Fish samples were obtained twice monthly from July 1993 to March 1994, except for November and
December during which |. africana was absent from the catches. Until February 1994, samples were
collected from beach seine catches landed at Goderich village and caught at adjacent beaches (see
Figure1). In March 1994, the samples came from Hamilton village because of the absence of I.
africana in the catches landed at Goderich.

At each sampling event, large samples of 1. africana were taken at random from the catches and used
for length measurements yielding 4,456 fish measured during the period of investigation. Measured
fish were arranged by length and then sub-samples were taken for further studies at the rate of at most
15 specimens per one-centimeter length group.

ACP-EU Fisheries Research Report (14) — Page 47



Ilisha Africana off SieraLeone JM. Valiky and A. Cham

Africa

N : Atlantic Ocean
N 50m
NN Freetown
NN
o |
20m 1| Sampling sites: /' SIERRA LEONE
N Goderich,

Hamilton

llisha africana

. SHERBRO
*~-~__ISLAND

I~

FAO S - LIBERIA

Figure 1. Map showing the coastline of Sierra Leone and the location of the sampling sites; inset: Ilisha
africana reproduced from Whitehead (1985).

Length and weight measurements

Length measurements taken included total length (TL) and standard length (SL), the latter measured
from the tip of the mouth to the end of the hypura bone, with both lengths measured to the lower
centimetre. Weight (W) is expressed as fresh weight, measured to the nearest gram.

The length-weight relationship is expressed by the equation: W=a:L°, where W is the body weight of
fish (in g); L, the body length (cm; TL); a, the multiplicative factor; and b, the exponent of the length-
weight relationship. To estimate the regression coefficients a and b, the length-weight data pairs were
analysed by ordinary least square regression, using a linearised form of the above equation, viz.:
logioW=logeat+b-logsel . The goodness of fit of the regression analysisis estimated by r?.

Length frequency analyses

All analysis of length frequency data was done with the FiSAT software of Gayanilo et al. (1996),
which includes the ELEFAN routine for estimating growth parameters.

Growth

The growth in length of I. africana is assumed to be best described by the von Bertalanffy Growth
Formula (VBGF), viz.: L=Lg-(1-€*""); where, L, is the mean total length (in cm) of the fish at age
t: Ly is the mean asymptotic total length (cm); K is a growth constant (year™); t is the age of the fish;
and t, is the theoretical “age” of the fish at zero length. For the purpose of this analysis the “age at
zero length” (tp) was set to zero. Thus, al time dimensions in the analysis are expressed in relative
terms. This, however, has no influence on the results presented here. With the growth parameters Ly
and K thus abtained, the growth performance index ? (Pauly and Munro, 1984) was computed from:
? =log;oK +2:10g10L 5, With the parameters K and Ly as defined above.
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Mortality

Total mortality (Z) can often be estimated from a length converted catch curve under the assumption
that the collected length frequency data represent a steady-state population. If other factors, such as
the migration of older (= larger) specimens to areas beyond the reach of the sampling gear influence
the shape of the length frequency histograms, the computed total mortality is overestimated (hence
“apparent” total mortality).

The routine provided in FiSAT to compute total mortality is basicaly a plot of number of fish
occurring in a certain length class divided by the time (Dt) it takes a fish to grow through a length
class, vs. the mean (relative) age of the fish in that length class. Z is estimated by means of linear
regression of the form: In-(N;/?t;)=atbt;, where, N; is the number of fish in length classi; Dt; is the
time needed for the fish to grow through length classi; t; is the (relative) age of the fish in length class
i; a bthe coefficients of the regression analysis; where b (with signed changed) is an estimate of total
mortality Z.

Natural mortality (M) was computed using an approach suggested by Pauly (1980), which relates
natural mortality to the growth parameters Ly and K of the VBGF and to mean annua water
temperature (T, in °Celsius).

Diet composition

Stomach fullness

For each specimen in the sub-sample, for which weight and length were measured, an anaysis of
stomach content was carried out. To this end, the stomachs were dissected and the degree of stomach
fullness was estimated visually for each fish using a ‘point’ method, wherein a zero point was allotted
to a completely empty stomach, 10 for a fully distended stomach, and intermediate values ranging
from 1 to 9 to stomachs with increasing degrees of fullness.

Relative food abundance

The stomachs were fixed in 5% formalin before proceeding with the identification of food items.
Food items were sorted into five magor groups, viz.. ‘Fish’, ‘Crustaceans, ‘Phytoplankton’,
‘Detritus/Sand’, and ‘Miscellaneous'. The food items usually contained in these groups are listed in
Table 1. In addition to these five groups, the occurrence of nematodes in the stomachs was noted,
though nematodes are not food, but parasites. Where necessary, identification of the various items was
done with the help of alow power microscope. No attempt was made to identify items to the species
level. Occurrence of each of the predefined food groups in a stomach was expressed on a relative
scale ranging from zero (food group not present in stomach) to ten (food group is the only one present
in the stomach) (Kikuchi and Y amashita, 1992).

Table 1. Food items making up the five food groups defined for Ilisha africana sampled from catch
landingsin Goderich, Sierra L eone from July 1993 to Mar ch 1994.

Food Group Food Items

Fish: Fish, fish larvae, scales, eggs, fish bones;
Crustaceans: Pink and white shrimps, crabs (appendices), stomatopods, copepods, amphipods;
Detritus/Sand: —

Phytoplankton:  Noctiluca, Trichodesmium, Bacillaria, diatoms;
Miscellaneous: Molluscs, insects, coelenterates and unidentified debris.
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Reproduction

Maturity stages

Specimens from the sub-sample with weight and length measurements were used to determine
maturity stages. The gonads were dissected, weighed (accuracy=0.01 g), and the sex and maturity
stages determined by direct observation using (for the latter) the scale of gonad maturity stages given
by Marcus and Kusemiju (1984).

Fecundity

Fecundity was determined by estimating the average number of eggs contained in the ovaries.
Samples of |. africana for fecundity estimates were obtained in different months of the study period.
Only gonads at maturity stages 11, 1V and V were selected, yielding sixteen such gonads during the
period of this study. The gonads were dissected, weighed and preserved in Gilson's fluid for about
three months to break down the ovarian tissues and separate the eggs from each other. Then the eggs
were fixed in 5 % formalin to be hardened until ready for counting. Before counting, the formalin was
decanted and replaced with water to clean the eggs, and remove the ovarian tissues; any remaining
tissues were removed manually.

Egg counts weres done using the wet gravimetric sub-sampling method. The eggs of a single gonad
were filtered and total weight (W;) determined. The sample was then split into sub-samples and the
weight measured (Ws). A number of these sub-samples were spread over a grid of 1cm x 1cm
sgquares, and the eggs in randomly selected squares counted. The average number of eggs per square
raised to the total number of squares containing eggs gave an estimate of the total number of eggsin a
sub-sample (Ng). The sum of these counts, raised by the relationship between total sample weight and
accumulated weight of sub-samples used for egg counts then gave the estimated total number of eggs
(N9 in an ovary, or: Ni=[S(Ng,. Ng,...Ng)/S(Wg, We,...Wg)]-W,. This gravimetric method is
reported to sometimes generate an underestimate (Bridger, 1961). However, Wolfert (1969) reported
that the method produced less variabl e results than the one based on volumetric measurements.

RESULTS AND DISCUSSION
Length-weight relationships

Table 2 summarises the length-weight parameters and their corresponding statistics. A comparison of
the coefficient b of the length-weight relationship suggests that females have a higher value of b than
malesin |. africana. While this might be true to some extent the present data set also shows that such
results are easily generated by the inability to sex smaller individuals (hence the large number of
unsexed fish in the sample). The parameter b for unsexed fish is much lower (2.87) than the one for
males (3.06) or females (3.26), as is the average length in this group compared to those of males and
females (9.1 cm vs 12.4/13.2 cm). As a consequence it is felt that the result of b for al specimens
combined (2.94) represents best the length-weight relationship in I. africana over the whole length
range. Only if dealing specifically with larger specimen of |. africana might it be worthwhile to
consider using the sex-specific values of b listed in Table 2.

Length conversions

A total of 622 pairs of values for total length (TL) and standard length (SL) were available to compute
the relationship between TL and SL. Using linear regression analysis and forcing the regression line
through the origin of the coordinates, two relationships were obtained: one predicting SL from TL and
the other to predict TL from SL. The resulting formulas are SL=0.814-TL and TL=1.227-SL.
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Table 2. Length-weight relationships of Ilisha africana sampled from catch landings in Goderich, Sierra
Leone from July 1993 to March 1994. Summary of the parameters obtained through regression analysis,
separately by sex, and all specimens combined

Parameters Male Female Unsexed Combined
Constant (a) 0.006  0.004 0.010 0.008
Coefficient (b) 3.063 3.255 2.873 2.944
Regression coefficient (r2) 0940 0.946 0.941 0.958
No. of observations (n) 216 246 159 621
Std. Error of constant ( Sa) 0.058 0.056 0.054 0.026
Std. Error of coefficient ( Sh) 0.053 0.050 0.057 0.025
Std. Error of Y-estimate (S(y)) 0.060  0.060 0.106 0.077
F statistics 3368 4273 2506 14186
Min. length 6.5 7.3 3.8 3.8
Max. length 19.1 21.2 22.6 22.6
Average length 12.4 13.2 9.1 11.9

Length at first maturity

Length at first maturity (Lmso) is the length at which 50 % of the fish have reached maturity. Figure 2
presents a cumulative plot of number of mature specimens versus total length for both sexes in 1.
africana. Using a weighted average of the vaues in the two length classes adjacent to the 50 %
maturity level, the corresponding values for Ls are as follows: Mae, 12.6 cm (n=216); Female,
14.6 cm (n=246). This suggests that male |. africana attain maturity at a smaller size than females, the
difference being almost 15 % of their total body length at that stage. The smallest male found in the
sample to have reached maturity measured 10.1 cm, while the corresponding size for females was
12.6 cm.

100

Females

Males

Number of mature
individuals (%)
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o

8 12 16 20
Length (cm; TL)

Figure 2. Cumulative plot of length at first maturity for Ilisha africana sampled from catch landings in
Goderich, Sierra Leone from July 1993 to March 1994; shown separately for males and females.

Growth

The analysis of the length frequency data with ELEFAN (see Figure 3) yielded growth parameters,
summarised in Table 3 which aso includes results for the same parameters from other growth studies
for I. africana. The results are comparable to those obtained for this species in a predominantly
marine environment in Nigeria. |. africana from the Niger Delta seems not to reach such large sizes as
in Sierra Leone. But on the other hand, it approaches its asymptotic length much faster as manifested
by a higher value of K. As different as the growth parameters in Table 3 might look, the underlying
growth performance is very similar, as is shown by the relatively narrow range of ? values (2.85-
3.05).
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Table 3. Growth parameters of the von Bertalanffy Growth Formula (Ly and K) and growth
performance index ?° for llisha africana (unsexed, total length in cm) sampled from catch landings in
Goderich, Sierra Leone from July 1993 to March 1994.

Country L¥ K f! Source
(LT,cm) (year™
Nigeria (east of Niger delta) 220 233 3.05 Stockholm and Isebor (1993)
Nigeria (marine) 29.6 0.80 285 King (1997)
SierraLeone (south of Freetown) 28.2 100 290 thisstudy

Figure 3 presents the length frequencies of I. africana with the growth curve as identified by
ELEFAN superimposed as a solid line. Fish represented by this growth curve have been hatched early
May and will take about two years to come within 80 % of their asymptotic length. As . africana can
be expected to have two spawning periods per year, as do many other tropical fishes (Longhurst and
Pauly, 1987), a second growth curve with the same parameters was drawn over the length frequencies
to trace the growth of a second batch of recruits. Jointly, the two growth curves explain well the peaks
in the frequency histogram. The origin of the second curve suggests the birth-date of these recruits to
be in January, which coincides with a high level of maturity stages in I. africana at that time (see
below).

n= 87 9 743 674 808 1097 1038

20

10

Length (cm)

Jan Feb Mar Apr May Jun Jul Aug Sep  Oct Nov  Dec

Figure 3. Length frequencies of Ilisha africana sampled from catch landings in Goderich, Sierra Leone
from July 1993 to March 1994, with superimposed VBGF. Both curves are based on the same set of
growth parameters, i.e,, Ly=28.2cm TL and K=1.0 year * (R,=0.366). Note that for a better presentation
of the growth curves, samples from 1993 have been plotted as samples taken at the same time in 1994.
This has no effect on the results but facilitates the visual inter pretation of the data.

Mortality

Using the approach of length converted catch curves in FiSAT, apparent total mortality (Z) was
estimated to be 5.5 year (r=0.983). The confidence interval for this estimate ranges from 4.32 to
6.67 year™. However, the absence of larger specimens from the samples (Figure 3) and the seasonal
disappearance of 1. africana from the sampling area indicate a regular migration pattern of older fish
towards deeper waters. This violates the assumption of the samples representing the entire population.
Thus, the above estimates are most likely an overestimate of the true value of the total mortality.
Natural mortality (M) calculated from Pauly’s (1980) equation, the VBGF growth parameters and a
mean annual water temperature (T) of 27.8°Celsius resulted in an estimate of M=1.81 year™.
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Diet composition

A total of 621 specimens were analysed for the months of July, August, September, October and
January. Out of these, 117 (18.8 %) had empty stomachs. The total lengths of the specimen examined
ranged between 3.8 cm and 22.6 cm. Occurrence of food items was assessed using a point system
based on visual examination of the stomachs. Though not as accurate as a weight-based assessment
method, it alows for the rapid examination of a large number of samples, and thus was given
preference in this study. Table4 summarises the diet composition in each sampling month, while
Tablel provides the list of items contained in each group. Figure4 presents the overal diet
composition for |. africana (sum of monthly totals, weighted by sample size).

Table 4. Monthly variation in the distribution of various components of the diet of Ilisha africana sampled
from catch landings in Goderich, Sierra Leone from July 1993 to March 1994; food points, expressed in
percent of total food points accumulated in each month.

Sample Sample Fish Crustaceans Detritus Phyto- Misc.
Month Size (n) plankton
Jul-93 97 37.3 185 220 5.2 17.0
Aug-93 224 433 26.3 13.1 3.6 13.7
Sep-93 100 220 49.5 113 6.9 10.3
Oct-93 150 33.8 9.0 322 8.0 16.9
Jan-94 50 34.7 38.0 12.2 18 134

Miscellaneous
14%
° Fish

\ 36%

Phytoplankton
5%

Detritus
19% Crustaceans

26%

Figure 4. Diet composition of Ilisha africana for the period July 1993 to January 1994 from catch landings
in Goderich, Sierra Leone; total occurrence in percent, weighted by monthly sample size and summarised
over all months.

The relative distribution of the various food item groups in Figure4 clearly shows the overall
importance of fish as food for I. africana (35 %) followed by the group ‘crustaceans (25 %) and
‘detritus/sand’ (18 %). The rest consisted mainly of molluscs, insects, and unidentified items
(‘miscellaneous’); ‘phytoplankton’ comprised only a very small portion in the diet of |. africana
(5%). The genera pattern of this diet composition remained the same throughout the period of
investigation, except for the month of September, where there was a dominance of crustaceans in the
diet. September is the height of the rainy season in Sierra Leone. Thus, this result might reflect the
decreased availability of fish as food to I. africana, due either to changes in salinity (and hence
changes in distribution pattern of their prey) or increased turbidity of the coastal waters, making the
catching of their regular prey more difficult.
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Figure 5 summarises the occurrence of the various diet components observed in |. africana in relation
to body size. Data were aggregated by 2 cm length classes (TL) over the whole period of observation.
It clearly shows the gradual change from a predominantly crustacean/detritus diet in the younger
stages of |. africana to a diet in the older individuals, where fish plays the most important role. The
‘miscellaneous’ component, which comprises molluscs, insects and unidentified matter, occupies a
fairly constant proportion of the diet throughout the life span of I. africana, whereas phytoplankton
and detritus tend to disappear from the diet of older individuals. The nematodes found in the stomachs
of I. africana were considered parasitic and, thus, not part of their diet. Infestation with parasites (here
expressed as the occurrence of nematodes in the stomach) seems generally low, reaching a maximum
of 3% in larger individuals.

Fecundity

Egg counts were carried out on 16 preserved females, with lengths ranging from 14.0-22.6 cm LT and
weights from 20.0-70.8 g. Fecundity started at 6,384 eggs and reached 17,219 eggs in larger
individuals. Using the geometric mean of this range, the average fecundity of |. africana is about
10,484 eggs per femae, which is dightly higher than the 8,716 eggs per individua reported from a
Nigerian estuary (King, 1991). Relative fecundity varied between 221 and 369 eggs per gram body
weight (mean=295).
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Figure 5. Length-dependent variation in diet composition of Ilisha africana for the period July 1993 to
January 1994, sampled from catch landingsin Goderich, Sierra L eone.

The relationship between fecundity on one hand and fish length, body weight, respective gonad
weight on the other were investigated by means of least square regression technique with fecundity
being set as the dependent variable. These relationships can be described by the following models (r%,
i.e, fit of the log-linear regression analysis): a) total length (TL, cm), F=27.6-L%%%, (r*=0.923); b)
body weight (W, gram), F=993.1.W%%  (r*=0.937); c) gonad Weight (G, gram), F=11967.4.G*%",
(r’=0.797). While the correlation between fecundity and length, respective body weight, is quite
strong, this is less obvious in the relationship between fecundity and gonad weight, an observation
also reported elsewhere (Marcus and Kusemiju 1984; King et al. 1991).
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Spawning periodicity

The classification of the gonad stages was used to identify months with a high percentage of
individuals in spawning condition (stages |11 and higher). Table 5 presents the results of the monthly
variation in the percentage of mature individuals in the samples.

Table 5. Monthly distribution of percentage of mature males and females of Ilisha africana (gonad stage
1l and higher) for the period July 1993 to January 1994, sampled from catch landings in Goderich,
SierraLeone.

\ Females \ Males
Month Number  Number % Number Number %

immature mature matur e immature matur e matur e
July 23 12 343 26 10 27.8
August 68 15 18.1 20 59 74.7
September 38 0 0.0 10 25 71.4
October 60 3 4.8 24 20 455
January 8 19 70.4 0 22 100.0

Both females and males of |. africana show a very clear peak of spawning activity in January, where
70 % of the females and 100 % of the males are in spawning condition. For the other sampling
months, the situation is less clear. Practically no females in ripe conditions were observed in
September, while in the same time males seem to be in another period of high spawning activity. Such
an asynchronous pattern in a spawning cycle, however, seems very unlikely to occur naturally and the
results, therefore, should be treated with some scepticism. It might very well be that larger sample
sizes are needed to obtain a clearer picture of this possible second spawning period. It was also noted
that while maturing individuals were frequently found in the samples, occurrence of spawning and/or
spent individual s was rather the exception.

Implications for management

It has been previously mentioned that larger specimens of 1. africana are generally missing from the
catches of the beach seines at the sampling site. This selectivity towards smaller and younger
individuals of the population is most likely due to the size-dependent distribution of the species, the
larger ones usually being found in deeper waters and thus out of reach for beach seines.

In order to assess in a more general context the possible effects of the beach seine fishery on the I.
africana resource off Sierra Leone, the available length frequencies (weighted by sample size) were
used to generate a single frequency distribution representative of the average length composition of
the species in the catches over a year (see Figure 6). This distribution peaks at a total length of 9 cm.
As suggested by Froese and Binohlan (2000), index lines were added to the graph, which place the
frequency distribution into a framework of biological parameters against which fishing practices can
be assessed.

These index lines comprise the length at first maturity (L) for males (12.6 cm TL) and females
(14.6 cm TL), as well as the asymptotic length (Ly, 28.2 cm TL) of the VBGF. Clearly, the bulk of the
catches comprise specimens of a length considerably below the line where 50 % of the fish attain
maturity and practically no fish is caught in the upper third of the length range.

The implications of this will largely depend on the question whether the length distribution shown
here is characteristic of a heavily exploited fishery or whether the catches represent only a small
fraction removed from the stocks. If the latter applies, there is little reason for concern, as the
remaining stock is probably not much affected. In case exploitation is high, it is very likely that
recruitment overfishing occurs, i.e., the stock’s capacity to reproduce may be affected. The fact that
larger fish are absent from the catches could have a positive impact on recruitment, though, asin fish
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the old, large females are known to have a comparatively much higher fecundity than smaller ones.
However, a large trawler fleet usualy operates in the deeper waters off the coast of Sierra Leone
(Vakily, 1992), which is very likely to add more fishing pressure on the stocks of primarily larger
specimens of |. africana. Before a conclusion can be drawn, information from the Sierra Leone
industrial fishery is needed on catch, effort, and size distribution in respect to |. africana.

Beside recruitment overfishing, another factor to consider is whether a fishery makes good use of the
available growth potential of a species. The optimum length (L) at capture for a given stock is
defined as the length where the product of individual times their average weight reaches a maximum,
as determined by means of yield per recruit analysis. Applying this concept to a large data set
consisting of estimates of asymptotic length and a corresponding value of Loy, Froese and Binohlan
(2000) have shown that Loy can be estimated from asymptotic length (Ly) using the empirical
relationship: 10g:0L opi=-0.2161+1.0-l0gi0L s (see Froese and Binohlan, 2000, for the estimation of
confidence intervals).

The shaded area in Figure 6 denotes the length range at which |. africana is assumed to produce an
optimum yield for an Ly of 28.2 cm TL. This range lies between 16 and 18 cm. Most of the catch,
though, consists of smaller fish. It thus can be assumed that the beach seine fishery investigated in this
study does not make full use of the growth potential offered by I. africana. This would have to be
considered when making a comprehensive assessment of the catches and the species composition of
this fishing gear. If 1. africana turns out to be the main target species, it might be worthwhile to
develop a fisheries management plan for these beach seines that will ultimately increase the average
size of this speciesin the catches.
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Figure 6. Average size distribution of Ilisha africana in beach seine catches with superimposed lines
identifying the length at first maturity (L ns0) for males and females, as well as the asymptotic length (Ly)
given by the von Bertalanffy growth function. The grey shaded ar ea denotes the mean length (L) and its
95 % confidence interval (ClI), at which the species would generate the maximum possible yield according
to ayield-per recruit analyss.
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LES EAUX COTIERES DU CAMEROUN
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Fisheries Research Sation, PMB 77, Limbé, Cameroon; Cell: +237-7978295; Fax: +237-333 20 25; E-mail:
theodor edjama@yaho0.co.uk.

ABSTRACT

Investigations of biological parameters of exploited fish species has been carried out at the Fisheries
and Oceanographic Research Station in Limbé Cameroon, since 1984. Knowledge of biological
parameters of exploited fish species is an essential tool in fish stock assessment and proper
understanding of the dynamic of the exploited fisheries resources. These parameters are summarised
herein, for use and/or comparisons with other countries with similar ecosystems and/or fish fauna
Comparing the values of these population parameters (especially L) with the existing lengths
observed in fish landings, one can conclude that the sciaenids are being over-fished whereas the
clupeids mostly exploited by the artisana fishery are in a comparatively better shape.

RESUME

Les paramétres biologiques des poissons exploités ont fait |’ objet d’ études a la Station de Recherche
Halieutique et Océanographique de Limbé, Cameroun depuis 1984. La connaissance des parameétres
biologiques des poissons exploités est essentielle pour I'évaluation des stocks et la maitrise de la
dynamique des ressources. Ces parametres sont résumés dans cet article pour étre utilisés et/ou
comparés a ceux d autres pays ayant des écosystemes ou faunes de poissons similaires. En comparant
les valeurs de ces paramétres (spécialement Lm) avec les longueurs observées au niveau des captures
actuelles, il ressort que les « Bars » sont surexploités, tandis que les stocks de sardinelles surtout
exploitées par la péche artisanale sont encore en bon état.

INTRODUCTION

Biological parameters required to assess the state of the fisheries resources in Cameroon are scanty,
e.g., an early attempt by Djama and Pitcher (1989). However, due to the importance of the fishery
sector in Cameroon, especially with regard to its contribution to high value protein food supply (46%
of animal protein consumed in Cameroon), employment generation (5% of the active population) and
earnings from export of Penaeus notialis to Europe (Djama, 1992), regular updating of the state of the
stock are necessary for proper management of the resources.

This paper summarises population parameters of some exploited fish species in Cameroon waters to
be used for improved assessment and understanding of the dynamics of these important resources.
Other countries with similar ecosystems and fish fauna may also make good use of these hiological
parameters, be it only for comparisons.
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MATERIALSAND METHODS

The Fisheries and Oceanographic Research Station in Limbé, Cameroon, began investigations of
biological parameters of exploited fish speciesin 1984. Fish length frequency data and individual fish
weight (in g) were used in these analyses. Very often, length frequency measurements (total length in
cm) were taken from representative fish samples once or twice a month, for a minimum period of one
year. For the length-weight relationship studies, a minimum number of 300 fish were weighed within
0.1 g using a Mettler balance.

The methods used to estimate population parameters include: Bhattacharya's (1967) method of
decomposing a population distribution into Guaussian components; Macdonald and Pitcher’s (1979)
mixture analysis, the estimation of growth parameters using ELEFAN 1 (Pauly and David, 1981); the
estimation of the von Bertalanffy growth coefficient (K) from a fixed value of Lg using a
representative population sample (see Wetherall et al., 1987); and Shepherd's (1987) length
composition analysis. Sometimes, it was necessary to combine one or two methods to yield the
necessary hiological parameters (Djama and Pitcher, 1989).

RESULTS

Target fish species

Both the demersal and small pelagic resources are exploited by the artisanal and commercial fisheries
of Cameroon. The artisanal fishery mostly exploits small pelagic species, mainly clupeids, while the
commercial fishery is specialised in the exploitation of demersal resources, especially croakers
(Tablel).

Table 1. Sometarget fish species of the commercial and artisanal fisheries of Camer oon.

Type of fishery Family Species
Commercial fishery Sciaenidae Pseudotolithus typus
P. elongatus
P. Snégalensis

Cynoglossidae  Cynoglossus canariensis
Polynemidae  Pentanemus quinquarius
Galeoides decadactylus
Ariidae Arius heudol otii
Artisanal fishery Sciaenidae Pseudotolithus typus
P. elongatus
P. Snégalensis
Clupeidae Sardinella maderensis
Ethmalosa fimbriata
Ilisha africana

Biological parameters

Biological parameters presented in this paper were obtained either from available literature (including
theses submitted by researchers of the Station). As previously mentioned, croakers and clupeids
congtitute the two essential components of the fisheries landings in Cameroon. Croakers are demersal
coastal resources living on soft bottoms (sand or sandy mud); they belong to and in fact define the
sciaenid community (Longhurst, 1963). Clupeids are small coastal pelagic fishes exploited by the
artisanal fishery. Sardinella maderensis, one of the most commonly caught species, feeds on plankton,
e.g., diatoms, dinoflagellates and crustacean larvae (Hilton-Taylor 2000). Table 2 presents population
parameters of these species.
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Table 2. Summary table of population parameters of some target fish species of the fisheries of
Cameroon; L =length at first capture; L n=length at first maturity.

Family Species Lg K L-W L. Lm Source
(cm) (year™ reationship (cm)  (cm)
Sciaenidae Pseudotolithus ~ 82.7 0.25 W=0.00368L°"* - —  Djama(1988)
typus
815 0.22 - 11 - Djamaand
Pitcher (1989)
80.0 0.23 - - - Djamaand
Pitcher (1989)
81.0 0.20 - - —  Djama(1992)
63.3 0.13 W=0.00636L3%%°  _ - Njock (1990)
61.9 0.26 - - —  Njock (1990)
Pseudotolithus ~ 51.0 0.28 W=0.00598L3%"  _ 19.5 Njock (1990)
elongatus
61.4 0.20 - - —  Njock (1990)
Pseudotolithus ~ 61.0 0.32 W=0.00389L3** 1 - Djamaand
Sénégalensis Pitcher (1989)
67.0 0.23 - - 230 Djama(1992)
52.3 0.24 W=0.00416L3%¢  — - Njock (1990)
51.0 0.21 - - 26.5 Njock (1990)
Cynoglossidae  Cynoglossus 63.0 0.40 W=0.00221L3%2  — —  Njock (1990)
canariensis
Ariidae Ariusheudelotii 68,5 0.15 - 15 - Njock (1990)
Arius parkii 55.0 0.29 - 12—  Njock (1990)
Polynemidae  Pentanemus 30.0 0.39 W=0.00402L 3 1 - Njock (1990)
quinquarius
Galeoides 41.2 020 W=0.00132L2% 12 - Njock (1990)
decadactylus
Clupeidae Sardinella 272 0.48 - 9 - Gabche and
maderensis Hockey (1995)
Sardinela 325 0.59 - 11 -  Djama(1989a)
maderensis
Sardinella - - - - 16.5 Youmbi and
maderensis Djama (1990)
Sardinela 27.7 0.82 W=0.00132L2% 9 - Djama (1989b)
maderensis

DISCUSSION

According to results in Table 2, the average length at first maturity for the three croaker species is
approximately 23 cm. Landing data from Djama (1992) indicate an average value of 20 cm for
croakers suggesting that sciaenids are exposed to growth overfishing in Cameroon. Similarly for
clupeids, the main target of artisanal fisheries, growth overfishing is suggested by the fact that most
species, including Sardinella maderensis (length at first maturity of 16.5 cm; see Y oumbi and Djama,
1990), are captured at 12-14 cm (recent observations).

Further studies would need to done on the feeding habits of these species as well as on the trophic
interactions of the species groups in order to establish a good understanding of the impact of the
various fisheries on this ecosystem.
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ABSTRACT

The fisheries of Erithrea are underdeveloped and artisanal in nature. They employ mainly gill nets and
hook and line targeting cora reef fishes (groupers, snappers, emperors etc.) and pelagic species
(mackerels, barracuda, jacks, etc). Two of the 140 species that are caught, Lutjanus bohar and
Pristipomoides filamentosus contribute 16 % and 7 % of the total artisana catch, respectively. The
status of these two species were evaluated using length-frequency analysis; results indicated that only
3.2% and 4.3 % of these species’ catches, respectively, consist of fishes with size less than their
length at first maturity, indicating alow risk of overfishing.

RESUME

La péche dans les eaux de I’ Erythrée est sous-développée et souvent artisanale. Les engins de péche
traditionnelle sont principalement des filets maillants et des hamegons et lignes spécialisés pour la
péche de certains poissons associés aux récifs coraliens, par exemple, des mérous, des lutjans, et des
empereurs, ainsi que des espéeces pélagiques comme les maguereaux, les barracudas, et les carangidés.
Deux des 140 especes, Lutjanus bohar et Pristipomoides filamentosus contribuent respectivement a
16 % et 7 % des captures artisanales. Les statuts de ces deux espéces ont été évalués sur base de
I’analyse des fréguences de taille; les résultats indiquent que respectivement 3.2 % et 4.3 %des
captures de ces deux espéces sont des poissons avec des longueurs inférieures aux longueurs a |’ age
de maturité sexuelle, ce qui indique un risque bas de surpéche.

INTRODUCTION

Erithrea is located at the southern part of the western Red Sea and has an extended continental shelf
area of 56,000 km Major features are the Dahlak Archipelago and other islands; overall, there are
more than 350 idands in the area. Both coastal and offshore islands, the majority being surrounded by
fringing reefs, support a large and diverse reef fishes community with an estimated maximum
sustainable yield (MSY) of 3,000 to 8,500 .

Eritrea's fisheries fall under the category ‘lightly fished’” and the fish stocks in these waters are likely
to be underexploited. Due to a limited infrastructure and to a particular political history, the fisheries
of the country were mostly underdeveloped and artisanal. The most commonly used gears were
gillnets and hooks and lines deployed from traditional boats; catches were mainly composed of reef
and pelagic fishes. The artisanal fisheries land about 140 species, including groupers, snappers,
emperors, jobfishes, mackerels, barracudas and jacks. However the contributions of these different
groups to the total catch is very disparate. Two spot snapper, Lutjanus bohar, and Gold-band jobfish,
Pristipomoides filamentosus, are two of the most abundantly represented species in the 1996—2000
artisanal catch average of 16 % and 7 %, respectively.
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The high spatial variability of Eritrean fishing effort deployment and the limited biological data on the
various target species, has so far prevented the estimation of CPUE trends that would have helped in
evauating the status of its fishery. Length-frequency data for these two species were available,
however, and it was possible to do some analyses of these data, the results of which are presented in
this paper.

METHODOLOGY

To evauate the status of the two commercially important species, Twin spot snapper (Lutjanus bohar)
and Gold band jobfish (Pristopomoides filamentosus), a representative sample from artisanal catches
of length-frequency data was taken for each species. Samples were collected from major landing areas
in Massawa where fish are landed for domestic consumption and exportation and the two fish landing
harbours at Ghibi and Erifish, representing 80 % of the total artisana catch.

Samples were obtained from fishers using ‘ sambuks', “houri’ and longliners, al of which targeted the
two species being studied here. Okidegbe (2001) describes two types of sambuks, i.e., 6-8 m long
wood or fiberglass boat powered by a 6-15 hp outboard engine with 3-4 crew members; and 13-15m
long boats with an inboard diesel engine and 6-12 crew members. The houri is a 3 m long dugout
canoe operated by one or two men sailing or paddiing or fitted with a 6 hp outboard engine
(Okidegbe, 2001). The sampling scheme followed here was random with respect to boat types. To
mininise potential bias, length measurements preceeded size sortings of the catch. Total length (TL)
of the fishes were measured with measuring boards. Standardised data-sheets were used to record
sample parameters, then logged into Excel spreadshests.

Data parameters not measured during the survey were taken from the FishBase database (see
www.fishbase.org and Froese and Pauly, 2000). These include L o (optimum length), L, (length at
maturity), and also the length-weight relationship parameters a and b. The status of the fisheries
targeting these two species were evaluated using input data adapted from FishBase and the length-
frequency analysis tool proposed by Froese et al. (2000).

Tablel. Catch weight (in kg) of Lutjanus bohar and Pristipomoides filamentosus estimated from the
length-frequency tool of Froese et al. (2000) and length-frequency distributions from survey data collected
in Massawa, Ghibi and Erifish, Eritrea.

Twinspot snapper Goldband jobfish
(Lutjanus bohar) (Pristipomoides filamentosus)
Class Midlength Freq. Weight Class Midlength  Freq. Weight
(cm; TL) (kg)  (cm;TL) (kg)

20-25 225 3 1 20-25 225 0 0
26-30 275 22 8 26-30 275 5 3
31-35 325 44 28 31-35 325 23 19
36-40 375 85 84 36-40 375 19 23
41-45 425 76 111 41-45 425 24 42
46-50 475 59 122 46-50 475 30 71
51-55 525 59 166 51-55 52.5 42 131
56-60 575 58 217 56-60 575 63 252
61-65 62.5 39 189 61-65 62.5 56 283
66-70 67.5 25 154 66-70 67.5 31 194
71-75 725 10 77 71-75 725 16 122
76-80 775 1 9 76-80 775 15 138

81-85 82.5 12 131

86-90 875 8 103

91-95 925 18 270

96-100 97.5 12 209
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RESULTS

Over the entire sampling period, 481 and 374 specimens of Lutjanus bohar and Pristipomoides
filamentosus were sampled, respectively. The catch distribution by length classes indicated that
48.9 % of the yield of Pristipomoides filamentosus was contributed by lengths above 57.5 cm, while
20.7% of Lutjanus bohar catches were contributed by lengths above 62.5 cm (see Table 1).

Note that no records are available on growth parameters of these two species from the Red Sea. Thus,
values of Loy and L, resulting from the length-frequency analysis tool proposed by Froese et al.
(2000) were estimated from von Bertalanffy growth parameters adapted from results of studies
performed on the same species in nearby waters (see Table 2).

The fishes caught with size ranges between L, and Loy for Lutjanus bohar and Pristipomoides
filamentous represented 35 % in the former and 24 % in the latter. Catch biomasses caught before
maturity represented 30 % and 14.4 % for these two species, respectively.

Table 2. Estimates of L, (optimal length), L, (length at maturity), Lg (length at infinity) and length-
weight constantsfor Lutjanus bohar and Pristipomoides filamentosus estimated from the length-frequency
tool of Froese et al. (2000) and length-frequency distributions from survey data collected in Massawa,
Ghibi and Erifish, Eritrea.

Parameter Lutjanus Reference Pristipomoides Reference Remarks
bohar filamentosus
Lmax (cm; TL) 90 Frimodt (1995) 100 Anderson (1983)
Lg (cm; TL) 66 Munro (1983) 874 Hardman-Mountfordet ~ Median record of estimates availablein
al. (1998) FishBase

K (year) 0.33 idem 0.36 idem idem

T 3.16 344 fromLg, K using Pauly and Munro (1984)

M (year™) 0.63 0.62 fromLg, K and annual mean temperature of
27°C using Pauly (1980)

Lopt (cm; TL) 59.7 66.5 from L ma Using Beverton (1992)

Lm(cm; TL) 48.8 535 from Lg using Froese and Binohlan (2000)

a 0.0121 Ralston (1988) 0.0514 Mees (1993) Median record of estimates availablein
FishBase

b 312 idem 2.78 idem idem
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Figure 1. Results of the length-frequency analyses (Froese et al., 2000) on length-frequency distributions
of Lutjanus bohar and Pristipomoides filamentous from survey data collected in Massawa, Ghibi and
Erifish, Eritrea.

DiscussioN AND CONCLUSION

The part of the catch biomass of the populations of Lutjanus bohar and Pristipomoides filamentous at
Lopt represented 79.3 % and 51.1 % of the catch biomass. Figure 1 show the catch biomass peak
Stuated between L, and L. This indicates that the catch is largely based on sexually mature fishes
and that the fisheries are not at risk of recruitment and/or growth overfishing. Eritrean fisheries
statistical reports record total annual catches of snappers and jobfishes ranging between 300 and 5001t.
Thisis small compared to the estimated 8,500 t of potential yield of snappers, groupers, emperors and
jacksin Guidicelli (1984).
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ABSTRACT

This preliminary compilation presents growth and natural mortality parameters for 28 species of
freshwater fish from the Okavango Delta, Botswana. The magjority of the population parameters are
derived from unpublished data collected by staff of the Fisheries Section (Botswana) while data from
8 species are adapted from the first author’s MS thesis. The maturity parameters were derived from
historical data collected by the JLB Smith Institute of Ichthyology (South Africa).

RESUME

Cette compilation préliminaire présente des paramétres de croissance et de mortalité naturelle de 28
especes des poissons d’ eau douce du Delta de I’ Okavango, Botswana. La majorité de ces paramétres
sont obtenus a partir des données brutes non publiées rassemblées par les chercheurs de la Fisheries
Section (Botswana). Certaines données sur 8 especes ont été obtenues grace a la thése de Maitrise du
premier auteur. Les paramétres de maturité sexuelle sont tirés de I’analyse des données rassemblées
par le JLB Smith Institute of Ichthyology (Afrique de Sud).

INTRODUCTION

Embedded in the otherwise arid and parched Kalahari Desert is the delta of the Okavango River
which, with an area of 16 835 sq. km, is the largest inland delta in the world (Allanson et al., 1990).
The Okavango River is created by the confluence of the Cubango and Cuito riversin Angola just west
of the Caprivi Strip, where the river enters the Botswana border at Mohembo (McCarthy, 1992;
Giske, 1996). Annual inflow is about 11,000 million m®, which is augmented by 5,000 million m® of
rainfall. Of this, 15,400 million m® is lost annually to the atmosphere through evapo-transpiration
(McCarthy, 1992; Giske, 1996) while approximately 2 % of the input appears as output at the distal
end of the Delta (Wilson and Dincer, 1976). As a green oasis in the arid Botswana, the Okavango is
aptly named “The Jewel of the Kalahari” (Ross, 1989) and is the most important water body therein.
The Okavango delta supports the largest capture fishery in Botswana, which yields approximately 340
tons annually (Mosepele, 2001; see Figure 1). Severa studies have been done on the biology (Merron
et al., 1990; Holden and Bruton, 1994; Booth et al., 1995), ecology (Merron and Bruton, 1988, 1995),
taxonomy (Skelton et al., 1985) and assessment (Bills, 1996) of the fishes of the Okavango Delta.
However, no estimates of the von Bertalanffy growth parameters, mortality parameters, size at
maturity and length weight coefficients of the fishes of the Delta have been published. Therefore, this
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contribution is a first attempt to compile a preliminary array of the important parameters of fishes
from the Okavango delta

Approximately 80 species of freshwater fish occur in the Okavango (Kolding, 1996; AQUARAP,
2000). Twenty-eight of the most common and important species are presented. The cichlid species are
the most important commercially and recreationally exploited species in the Okavango delta. Most of
the momyrids and cyprinids are important prey species for the top predators, Hydrocynus vittatus

(Tigerfish) and Hepsetus odoe (African pike); the former aso is an important recreational species.

Fig. 1: The Okavango Delta, Botswana; major biomes of the delta: 3-Okavango riverine floodplain; 4-
Permanent swamp; 5-Seasonal swamp; 6-Drainagerivers; 7-L ake Ngami.

MATERIALSAND METHODS

Swedish Lundgren Nets (SLN) were used to collect data for analysis of vital population parameters of
selected fish species. The mesh sizes in these experimental nets were increased with the underlying
assumption that they are non-selective over a wide range of the different size classes present in afish
population. This “non-selectivity” feature is important for the assumption that the sample is
representative of the population. Two fleets of experimental monofilament Swedish Lundgren Nets
(SLN), consisting of 12, 3-m long panels were set at each station for approximately 12 hours. Two
fleets of multi-filament nets consisting of 5, 5-m long and 2-m deep panels were also used at each
sampling station. The data used for maturity studies data existed in old computer printouts at the JLB
Smith Institute of Ichthyology in Grahamstown, South Africa. It is the only time series of gill net data
from the Delta (1983-1991). A description of the data collection process is provided in Merron and
Bruton (1988).

Data collected by the JLB Smith Institute of Ichthyology between 1983 and 1991 and the data
collected from this study were analysed separately for length-weight relationships. A regression was
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done in PASGEAR (Kolding, 2000) on the length-weight relationship, W=a.L" (Ricker, 1975) to
estimate the coefficients. All the species data were corrected for gear selectivity before further
analysis for growth parametersin FiSAT (Gayanilo and Pauly, 1997). Millar and Holst (1997) normal
location shift curve was used to correct for selectivity in species whose maximum retention length
changed with mesh size, while the log normal selection curve was used for species such as the
tigerfish and catfishes which exhibited skewed distributions due to entanglement by spines, teeth, etc.
For all speciesthe ELEFAN | module implemented in FISAT was used to calculate parameters for the
von Bertalanffy growth function (VBGF) (Pauly, 1982). In ELEFAN I, the parameter t, of the VBGF
is replaced by a starting sample (SS) number and a starting length (SL), with both coordinates
defining a size at which some non-zero frequencies are observed (Gayanilo and Pauly, 1997). These
points are used to fix the curve onto atime scale. f * is a growth performance index which can be used
to compare the growth performance of fish in length (Gayanilo and Pauly, 1997). The length at
maturity (L) was estimated by fitting the data to a logistic model implemented in PASGEAR
(Kolding, 2000).

Total mortality (Z) was calculated from a linearised length-converted catch-curve analysis (Gayanilo
and Pauly, 1997). Sparre and Venema (1998) suggest that, in many cases, direct estimates of natural
mortality (M) are impossible to obtain. Hence, methods for measuring M provide at best, rough
estimates. “Pauly’s empirical formula’ (Pauly, 1980) was used to obtain such estimates.

RESULTSAND DISCUSSION

Vital population parameters for 28 selected species from the Okavango Delta are listed in Table1.
The VBGF has been discussed and used extensively to model fish growth from length frequency data
(Pauly, 1982, 1983, 1987; Sparre and Venema, 1998; Galucci et al., 1996; La et al., 1996). The
present study used the VBGF implemented in ELEFAN | in FiSAT (Gayanilo and Pauly, 1997).
Galucci et al. (1996) indicate that the ELEFAN method does not have an underlying statistical model,
which means that the accuracy of the estimated growth parameters cannot be determined using
parametric methods. Hence no confidence interval was estimated for these parameters. Concerns
about the robustness and validity of this method have been raised in favour of agebased methods
from hard body parts (see Ebert, 1987; Wetheral et al., 1987; Matsuishi, 1998; Pauly 1982; Thiam
1988).

Pauly’s empirical formula has been used extensively in tropical and temperate fisheries to estimate M
(Krajevic et al., 1996; Gabche and Hockey, 1995; Sparre and Venema, 1998). This model assumes
that (1) small fish have high natural mortalities; (2) fast growing species have high natural mortalities;
and (3) warmer ambient temperature results in higher natural mortalities. Stergiou and
Papaconstatinou (1993) advise that different methods for the estimation of M be used due to several
reasons: (1) al methods suffer from certain limitations and are subject to various assumptions; (2) a
variety of methods provides a conservative range of M values; and (3) errors arising from method-
specific assumptions and/ or limitations may cancel each other. In their review, they found that
length-based methods tended to produce low estimates for M, and conversely for age-based methods.
Empirical regressions, on the other hand, tended to produce estimates close to the mean estimates of
all the direct methods. No other methods for M estimates were done in this study, thereby placing
reliance on “Pauly’s empirical formula’, which made it difficult to assess the reliability of the
estimated M values. However, consistency between the estimated M values and the estimated VBGF
parameters were tested by applying the M on an arbitrary un-fished cohort to determine if it died out
a the time where the estimated size had reached close to Ly. In this regard, it can be asserted that the
estimates of K, M and Ly arereliable.

Total mortality (Z) was estimated from length-converted catch curves modified from age-structured
catch curves (Beverton and Holt, 1957; Gulland, 1969; Ricker, 1975; Pauly, 1982, 1983, 1987,
Lablache and Carrara, 1988). The length converted catch curve estimates Z by assuming that
mortality is uniform with age and that the sample is representative of the age groups considered. If
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these assumptions are sdatisfied, the right limb of the catch curve can be assumed to represent
survivorship (Ricker, 1975).

Table 1. Growth, maturity and mortality related parameters of 28 species of freshwater fish from the
Okavango Delta, Botswana. Taxonomic names after Skelton (1993). The maturity parameters are
expressed in standard length instead of total length because Merron and Bruton (1988) used standard
instead of Total lengths. "Ly =asymptotic length estimated from total length; a' and b" = length/ weight
coefficients calculated from total length in cm. Data marked with * were adapted from the first author’s
thesis.

Family Species TLy a’ bT K Lsw Lswe M z ?
?) @)

Cichlidae Oreochromisandersonni  53.0*  0.004* 3.424* 1.00* 2430 2812 139* 399* 345*

O. macrochir 40.0r 0.014* 3.106* 1.00* 14.66 20.16 150* 271* 3.20*
Tilapia rendalli 47.0~ 0.026* 2.911* 0.78* 2478 1952 1.22* 3.30* 3.24*
Serranochromis 44.0~ 0.003* 3.449* 1.00* 26.30 28.02 146* 195 3.29*
angusticeps
S robustus 56.5* 0.008* 3.229* 0.83* — 2362 1.21* 224 342
S macrocephalus 420 0012 3.072 0.77 — 1793 125 291 313
Sargochromis 350 0.017 302 09 1550 1431 152 233 3.07
carlottae
S. codringtonni 420 0.011 315 077 1769 1550 125 145 3.13
S giardi 450 0005 3363 066 2090 1961 111 237 313
Clariidae Clariasgariepinus  90.5* 0.021* 2.738* 0.26* 27.28 36.18 0.50* 1.00r 3.33*
C. ngamensis 80.0 0.009 2960 035 2694 3705 062 139 335

Characidae  Hydrocynusvittatus 68.0* 0.002* 3.355* 0.55* 39.17 28.72 0.88* 0.99* 3.41*

Brycinus lateralis 170 0004 3325 280 - - 374 1646 291
Schilbeidae  Schilbeintermedius 455 0.005* 3.190* 0.40* 20.23 1892 0.80* 1.42¢ 2.92*
Mormyridae Mormyrus lacerda 470 0017 2810 080 2936 3065 124 112 325

Marcusenius 290 0.005 3202 070 1283 1358 130 572 277
macr ol epidotus
Petrocephalus 200 0.007 3169 078 760 755 155 405 249
catastoma
Mochokidae Synodontis 309 0.016 280 080 1428 16.10 140 357 288
nigromaculatus
S. woosnami - 0179 2026 — 1356 14.49 - - -
S macrostigma - 0.029 2.633 - - - - - -
S macrostoma - 0018 2810 - - - - - -
S leopardinus - 0263 1877 - 1327 1312 - - -
S thamalakanensis - 0157 2.056 - - - - - -
S vanderwaali - 0032 2613 - - - - - -
Claroteidae = Parauchenoglanis - 0.022 2750 - - - - - -
ngamensis
Hepsetidae  Hepsetus odoe 490 0001 3653 059 2468 2429 101 204 315
Cyprinidae  Labeo lunatus 480 0.012 2930 0.60 - - 102 253 314
Barbus poechii — 0.004 3.488 - 7.68 6.02 - - -

Lack of data made it difficult to estimate the growth and mortality parameters for Synodontis sp. (Paul
Skelton and Roger Bills, pers. comm.). Several biases might have affected the validity of the results
obtained from this study. Govender (1994) discusses that length frequencies from young fish are best
to determine growth rates because of better separation of modes. In addition, growth of younger fish
is fastest which makes the identification of moving modes over time easier. Lastly, the determination
of K in relation to Ly is more robust when the length frequencies contain younger fish. There were
few cichlid juveniles in the data, which suggests that the samples were unrepresentative of the
younger size classes. This may have introduced bias in growth parameter estimations.
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It is also possible that the sampling stations in this study could have been major habitat for few size
classes of the species in the study. Predators like tigerfish are known for cannibalism (Merron and
Bruton, 1988) which results in strict segregation of size classes by habitat. Skelton (1993) states that
juvenile tilapia (Oreochromis andersonii, O. macrochir, Tilapia rendalli, etc.) prefer littoral areas
while the adults prefer deeper waters. A rigorous sampling design should take these spatio-temporal
variations into consideration, which was not done in this study. These factors might have aso
introduced error into the growth parameters estimated here.

Growth parameters were assumed to represent the general population, irrespective of sex differences
in growth, which may also introduce bias into the results. Skelton (1993) reports that female
Hydrocynus vittatus exceed 70 cm (fork length) while males grow to only about 50 cm. He aso
mentions that growth rate in female Clarias gariepinus decreases after about three years, whereas
males continue to grow. Dudley (1972) and Kapetsky (1974) estimated growth parameters by sex for
O. andersonnii, O. macrochir and Tilapia rendalli, which indicated growth differences between the
sexes. Salvanes and Ulltang (1992) avoided this source of error in their growth estimates of cod; there
were no significant differences between males and females before pooling data from the two sexes.
Such two-step analysis was not done here, due to limited data, which might have also compromised
the growth estimates.

The growth of tropical floodplain fish tends to be fast and seasonal (MRAG 1994). Merron and
Bruton (1988) made similar observations for the Okavango fishes. Therefore, the seasonalised version
of the VBGF has been used in lieu of the generalised VBGF to account for these seasonal differences
in growth in other studies (Pauly, 1982; Thiam, 1988). However, Sparre (1990) shows that growth
seasonality is important only in the case of short-lived species with one or a most two spawning
periods during their life (e.g., penaeid shrimp). He also thought that the seasonalised VBGF makes it
difficult to estimate Z from length converted catch curves though this problem is solved in FiSAT (see
Gayanilo and Pauly, 1997, p. 118-122). The generalised VBGF was therefore used instead of the
seasonalised model assuming that it reflected average growth of Okavango fishes. However, it might
still be necessary to estimate growth parameters using both methods for the sake of comparison and
validation. Moreover, Mosepele (2000) discusses the possibility of separate populations of similar
species in the Okavango, based on the differences observed between his estimated growth parameters
for O. andersonni and O. macrochir and those obtained by Booth et al. (1995, 1996). Similar species
experience different growth rates in different habitats (Lowe-McConnel, 1982; Merron and Bruton,
1988). The complex nature of the Okavango then suggests that it may be prudent to separate data
from different locations in the delta, which was not done in this study. These species specific
differences based on different habitats might have caused bias in the parameters estimates, when the
data from the different sampling stations was pooled for analysis.
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RAINFALL DETERMINES DIET COMPOSITION FOR SCHILBE INTERMEDIUSAND
OREOCHROMISMOSSAMBICUS IN GABORONE RESERVOIR, GABORONE, BOTSWANA®

NIVEAU DE PRECIPITATION DETERMINANT LA COMPOSITION DE NOURRITURE CHEZ
SCHILBE INTERMEDIUSET OREOCHROMISMOSSAMBICUS DANS LE RESERVOIR DE
GABORONE, GABORONE, BOTSWANA.

Getachew Teferra, Bawani Feledi and Ditro Motlhabane
Dept of Biological Sciences University of Botswana, Pvt bag 00704, Gaborone, Botswana; Tel.: +267-355 25
97; Fax: +267-318 50 97; E-mail: teferrag@mopipi.ub.bw.

ABSTRACT

Oreochromis mossambicus and Schilbe intermedius were caught using monofilament gill nets in
Gaborone reservoir, Gaborone, Botswana. The stomach contents were studied to see if there were
differences in diet composition during the wet and dry seasons. In the wet season, the dominant food
ingested by S. intermedius and O. mossambicus were insects (83 % dry weight) and algae (66 % dry
weight), respectively; whereas in the dry season the predominant components of the diet were fish
(68 % dry weight) and detritus (83 % dry weight), respectively. The increase in rainfall also improved
the quality of the diet for O. mossambicus as the level of protein, energy and organic matter in the diet
increased in quantity. However, for S intermedius the effect of rainfall resulted in shifting the diet
from fish that requires effort to capture, to insects that tend to be easily accessible. Thus, seasonal
patterns of rainfall can affect food resources and quality of fish diets.

RESUME

Oreochromis mossambicus et Schilbe intermedius ont été échantillonés a I’ aide de filets maillants en
monofilaments dans le réservoir de Gaborone, Gaborone, Botswana. Les contenus stomacaux ont été
étudiés pour déterminer les différences de composition du régime alimentaire pendant les saisons
seches et humides. Pendant la saison des pluies, la nourriture dominante ingérée par Oreochromis
mossambicus et Schilbe intermedius étaitdes insectes (83 % du poids sec) et des algues (66 % du
poids sec), respectivement; considérant que pendant la saison seche les composantes prédominantes
du régime alimentaire étaient des poissons (68 % du poids sec) et dudétritus (83 % du poids sec),
respectivement. L’ augmentation des précipitations a également amélioré la qualité de la nourriture
ingérée par Oreochromis mossambicus avec une augmentation en quantité du niveau de protéine,
d énergie et de matiere organique. Cependant, I’ augmentation des précipitations a décalé le régime
alimentaire du Schilbe intermedius qui se nourrit normalement du poisson, une proie qui exige un
effort pour la capturer, aux insectes qui sont devenus plus facilement accessibles. Ainsi, les modéles
saisonniers des précipitations peuvent également affecter les sources de nourriture et la qualité du
régime alimentaire des poissons dans ce barrage.

® Submitted to Botswana Notes and Records, Nov/Dec 2003. Vol. 35.
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FOOD AND FEEDING HABITS OF TIGERFISH, HYDROCYNUSVITTATUS, IN LAKE
KARIBA, ZIMBABWE

L’ ALIMENTATION DU POISSON-CHIEN, HYDROCYNUSVITTATUS, AU LAC KARIBA,
ZIMBABWE

Wilson Mhlanga
Lake Kariba Fisheries Research Institute, PO Box 75, Kariba, Zimbabwe; Tel.: +263-61 29 38; E-mail:
wmhlanga@africaonline.co.zw.

ABSTRACT

Lake Kariba is a man-made dam that was created in the late 1950s, in which the Tigerfish,
Hydrocynus vittatus (Castelnau, 1861), an indigenous piscivorous fish, was able to adapt to the newly
created lacustrine ecosystem while the Kapenta, Limnothrissa miodon (Boulenger, 1906), was
introduced to fill the vacant pelagic niche that had been created. Prior to the introduction of L.
miodon, fishes of the family Characidae and Cichlidae were the dominant prey items. After the
introduction of L. miodon, Kapenta became the dominant food item in the Tigerfish diet (more than
45 %). Thus, the introduction of the exotic L. miodon resulted in a major dietary shift for the
indigenous H. vittatus.

RESUME

Le lac Kariba est un barrage construit a la fin des années 1950s, ou le characidé Hydrocynus vittatus
(Castelnau, 1861), une espéce locale piscivore, a pu s adapter et ou le clupéidé Limnothrissa miodon
(Boulenger, 1906) a été introduit pour remplir la niche pélagique crée par le lac. Avant I’introduction
de L. miodon dans le lac, le régime aimentaire de H. vittatus était surtout composé d’ espéces de
Characidé et Cichlidé. L’introduction de L. miodon, espece exotique, dans le lac pendant les années
1970 a déclanché une modification importante du régime alimentaire de H. vittatus.

INTRODUCTION

Lake Kariba is a man-made lake on the border between Zambia and Zimbabwe between longitudes
26°40" to 29°03 East and latitudes 16°28' to 18°06’ South. Construction of the dam began in 1955
and it was completed in 1959 (Coche, 1974). The lake has a catchment area of 663,820 km® and a
total surface area at full supply level of 5,500 k. The lake's volume at the normal operating level
(485 m above sealevel) is 156.5 km?® (see Coche, 1974 for details on the morphometry of the lake).

The Tigerfish, Hydrocynus vittatus (Castelnau, 1861), is an important species in Lake Kariba,
particularly for the ‘Inshore gillnet fishery’. In 1995, it constituted 24 % of its annual catch of 1,175t,
and 20 % of the annua catch of 1,310t in 1999. In the ‘Kapenta fishery’, Tigerfish is the most
important species by weight in the by-catch with a total of 8 t landed in 1995 (Karenge and Kolding,
1995). Tigerfish is aso one of the popular angling species in the lake and is usually featured in the
annual International Tigerfish Tournament which attracts national and regional anglers from as well
as anglers from Europe and North America. In the 1996 tournament, a total of 4t of Tigerfish were
caught in this three-day event (Lake Kariba Fisheries Research Institute, unpublished data).

Kapenta, Limnothrissa miodon (Boulenger, 1906), was introduced into Lake Kariba from Lake
Tanganyika in 1967 and 1968 (Bell-Cross and Bell-Cross, 1971). This introduction was aimed at
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filling the vacant pelagic ecological niche created by the construction of Kariba dam. A few years
after the introduction, Kapenta had established itself and it became an important food item for some of
the indigenous species including Tigerfish (Kenmuir, 1973). The biology of Kapenta has since been
closely associated with that of the Tigerfish, since part of the natural mortality of Kapenta is due to
Tigerfish predation. Prior to the introduction of Kapenta, cichlids were the main prey item of
Tigerfish.

A number of Tigerfish studies were conducted in the mid 1960s and early 1970s (e.g., Matthes, 1968;
Kenmuir, 1973). However, over the last twenty years, no mgjor studies have been carried out to assess
whether there have been any further changes in the feeding pattern of this species. The objectives of
the study is thus: (a) to assess the food composition of H. vittatus in the mid 1990s; (b) to determine
the importance of L. miodon as a prey item in the diet of Tigerfish; and (c) to determine whether there
are dietary overlaps among different length classes.

MATERIALSAND METHODS

The study was carried out in the Eastern Basin of Lake Kariba, on the Zimbabwean side from March
1994 to January 1997 at three stations (Figurel), i.e., Fothergill, Lakeside and Crossroads. At
Lakeside station, a fleet of bottom set multifilament gillnets was used with stretched mesh sizes of 38,
51, 63, 76, 89, 102, 114, 127, 140, 152, 165 and 178 mm. At Fothergill and Crossroads, both top-set
and bottom-set gillnets were used with the same stretched mesh sizes. Nets were set between 16H00
and 18HO00 and retrieved the following morning between 06H30 and 08H30.

Zambia

Ume River

' Sengwa River

Zimbabwe
. Luzilukulu River

L - Lakeside
F — Fothergill
C - Crossroads

Figure 1. Map of Lake Kariba showing stations sampled between March 1994 to January 1997.

Total and standard lengths (TL, SL; cm) and weight (g) data were obtained. Stomach contents were
examined and indentified to the species level where possible, otherwise to Family or Order level. The
frequency of occurrence method was used to determine the important food items (Hyslop, 1980). In
order to determine whether there was a change in food composition among the different size groups,
the fish were separated into seven length classes. The overlap coefficient of Colwell and Futuyma
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(1971) was used, i.e, Ci=1-0.5""" where Ci,=overlap coefficient of length groups i and j;
P;=proportional occurrence of prey type j in length group i; and Py=proportional occurrence of prey
typej in length group h.

RESULTSAND DISCUSSION

The regression between total length (TL) and standard length (SL) resulted in the relationship:
TL=1.207-SL+1.483 (n=2,335; r’=0.9739). Out of 3,195 stomachs examined, only 34 % were filled.
Table 1 summarises the food items resulting from the stomach contents analyses for Hydrocynus
vittatus sampled at the three stations. Adult H. vittatus are predominantly piscivorous on the families
Clupeidae, Cichlidae, and Characidae and sometimes on Clariidae, while invertebrates constituted a
very small percentage of the diet (Figure2). The distribution of prey items by length class of H.
vittatus (Figure 3) shows that Limnothrissa miodon and cichlids were the major prey items across
length classes, with the exception of fish in the 17.0-22.9 cm class and those >43 cm; which feed
predominantly on cichlids.

Table 1. Food items occurring in the stomachs of Hydrocynus vittatus sampled at three stations in Lake
Kariba from March 1994 to January 1997.

Common name Scientific name

Kapenta Limnothrissa miodon

Imberi Brycinusimberi

Silver Robber Brycinus lateralis

Silver Catfish Schilbe intermedius

Sharptooth Catfish ~ Clarias gariepinus

Zambezi Happy Pharyngochromis acuticeps

Southern Pseudaocrenilabrus philander

M oothbrooder

Pink Happy Sargochromis codringtonii

Kariba Bream Oreochromis mortimeri

Freshwater Shrimp  Caridina nilotica

Chironomids -

Grasshoppers Order: Othoprena: Suborder:
Codlifera

Termites Order: Isoptera

The frequency of L. miodon, a shoaling small-sized fish, in the food bolus might be due to its
suitability as compared to cichlids, which are relatively large-sized prey. As mentioned above, L.
miodon was not aways the preferred prey of H. vittatus. The trend in H. vittatus diet has changed
since the early 1960s, i.e., Matthes (1968) reported a predominance of characids and cichlids in its
diet which was later confirmed by Kenmuir (1973). Increased consumption of L. miodon by H.
vittatus was observed by Kenmuir (1973) in the early 1970s after its introduction to Lake Kariba, and
thisis confirmed in this study.

Note that this shift in the diet of H. vittatus may not be a simple effect of the abundance of L. miodon
in the lake. Consider Synodontis zambezensis, an abundant species in the littoral zone of the lake
(Sanyanga, 1996) which has not been observed in the stomachs of H. vittatus. Matthes (1968) and
Kenmuir (1973) noted that S. zambezensis occurred infrequently in the diet of H. vittatus even though
it seemsto be a highly suitable prey item.

The analyses of stomach contents by length class indicated a high degree of dietary overlap over all
length classes. Note that, since no H. vittatus juveniles were sampled, the dietary overlap presented in
Table2 refers only to adults. Kenmuir (1973) reported that H. vittatus fry were cannibalistic,
however, no evidence of cannibalism was obtained in this study: fry were absent in the catch survey
due to the selective nature of the sampling gear.
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Figure 2. Frequency occurrence of prey itemsin 3,195 ssomachs of Hydrocynus vittatus sampled at three
gtationsin Lake Kariba from March 1994 to January 1997.
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Figure 3. Frequency of occurrence of different prey items by length classin 3,195 stomachs of Hydrocynus
vittatus sampled at three stationsin Lake Kariba from March 1994 to January 1997.

Table 2. Size related dietary shift among the different length groups of Hydrocynus vittatus sampled at
three stationsin Lake Kariba from March 1994 to January 1997.

Lengthgroups 17.0-229 23.0-279 280-329 330-379 38.0-429 >43
12.0-16.9 0.51 1.0 0.995 0.995 1.0 1.0
17.0-22.9 1.0 0.995 0.995 1.0 1.0
23.0-279 0.995 0.995 1.0 1.0
28.0-329 0.99 0.995 0.995
33.0-37.9 0.995 0.995
38.0-42.9 0.64
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100 r

Empty stomach (%)

Feb-94 Jul-94 Dec-94 May-95 Oct-95 Mar-96 Aug-96  Jan-97
Figure 4. Incidence of empty stomachs in 3,195 individuals of Hydrocynus vittatus sampled at three
stationsin Lake Kariba from March 1994 to January 1997 varied from 49 to 93 %. Note that post
capture digestion might have contributed to the high incidence of empty stomachsin the samples.

The stomach analyses aso indicated a high incidence of empty stomachs, i.e., a mean monthly value
of >40 % of empty stomachs was recorded (Figure4) with lows records during October and
November 1994 and January 1996. In a study of H. vittatus from Lake Kariba, Matthes (1968) noted
that the percentage of empty stomachs varied from 60% to 90% and 20% of the empty stomachs were
attributed to post-capture digestion. Matthes (1968) also showed that stomach eversion was low in this
species. Since very few of the stomachs which contained food were completely full, a quantitative
assessment of stomach fullness was not possible.

The results of this study show that L. miodon is currently the major prey item in the diet of H. vittatus.
This predation on L. miodon has a significant impact on this population’s natural mortality. Since
natural mortality is an important parameter in ecosystem models, e.g. ECOPATH (Christensen and
Pauly, 1995; Moreau et al., 1997) as well as in stock assessment models (Sparre and Venema, 1998),
afollow-up study investigating such parameters as well as the interactions between the different prey
and predator groups is recommended to better understand the long-term effects of introducing exotic
species into a closed ecosystem such as Lake Kariba
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SOME POPULATION PARAMETERS OF THE GOATFISH, MULLOIDICHTHYS
VANICOLENSISFROM THE LAGOON OF MAURITIUS
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ABSTRACT

The length-weight relationship, growth and mortality parameters of a population of goatfish,
Mulliodichthys vanicolensis (Vaenciennes, 1831) from the Mauritius Lagoon were estimated from
samples collected during 1988. The growth parameters Ly=42.0cm TL and K=0.68 year™" were
estimated from length frequency data. The following estimates of mortality parameters were
caculated: total mortality, Z=2.64year; natural mortality, M=1.17 year™; fishing mortality,
F=1.47 year™. Exploitation rate was estimated at E=0.56 and length at which 50 % of the fish will be
vulnerable to fishing gear (Lso) was calculated at 19.8 cm TL. Annual recruitment was found to occur
in one seasona pulse only.

RESUME

Les paramétres du rapport longueur-poids, de la croissance et de la mortalité de la population du
rouget, Mulliodichthys vanicolensis (Valenciennes, 1831) du lagon de I'ile Maurice ont été estimés a
partir d’ échantillons obtenus en 1988. Les paramétres de croissance Ly=42,0 cm de longueur totale et
K=0,68 an™" ont été estimés & partir des données de fréquence de taille. Les valeurs suivantes des
paramétres de mortalité ont éé caculées mortalité totale, Z=2,64an™; mortalité naturelle,
M=1,17 an’’; mortalité par péche, F=1,47 an™. Le taux d exploitation a été estimé & E=0.56 et la
longueur a laguelle 50 % des poissons sont vulnérable aux engins de péche (Lsy) a été calculée a
19,8 cm de longueur totale. Le recrutement annuel se fait durant une seule période de I’ année.

INTRODUCTION

Goatfishes (Family Mullidag) are commercially important fishes contributing about 12 % of the total
annual catch of 1,200 to 1,500 t by the artisanal multi-gear and multi-species fishery of the lagoon and
off-lagoon of Mauritius (Anon., 1997). This group is represented by several species including
Upeneus vittatus (‘Rouget canal’ or ‘Rouget queue grise’ in French), Parupeneus cyclostomus
(‘Rouget deux fréres’), P. bifasciatus (‘Rouget gros la bouche’), P. heptacanthus (‘Rouget grande
barbe’), P. macronema (‘Rouget tach€'), P. barberinus (‘Rouget chinois’), Mulloidichthys
flavolineatus and M. vanicolensis (Baissac, 1976). The last two species known locally as ‘Yellow
tailed goatfish’ (‘Rouget queue jaune') are relatively more abundant than the others, but are often
confused with one another except by the presence of a dark spot on the lateral line of the former (see
FishBase, www.fishbase.org). Mulloidichthys vanicolensis is more predominant in the south east of
Mauritius, where all the fish samples were obtained.
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MATERIALSAND METHODS

Materials for this study were obtained from 1,800 individuals ranging in size from 8 to 36 cm by-
catches of a 1988 seine fishing collection of live penaeid shrimp spawners from the lagoon of
Mauritius for a pilot hatchery (Anon., 1986). A beach seine, 75 m long and with mesh size of 0.5 cm,
was operated in selected areas of the lagoon on a monthly basis. The seinings also extended into two
fishing reserves (see Figure 1). Fish total lengths were measured to the nearest mm and weighed to the
nearest gram. The sexes were determined on sub-samples by dissection. Gonads were weighed to the
nearest milligram and the gonado-somatic indexes of both sexes separately were determined as
GSI=GW-100/BW, where GW=gonad weight and BW=body weight. The constants of the length-
weight relationship of the form, W=aL ®, were determined separately by non-linear least squares fit to
the equation for both sexes as well as for the mixed population using the Abee software (Pauly and
Gayanilo, 1987).

The FISAT software (Gayaino et al., 1996) was used with the length-frequency distributions to
estimate von Bertalanffy growth parameters, K (growth coefficient) and Ly (asymptotic length). The
growth performance index (?7) described in Pauly and Munro (1984) was calculated using the
relationship, i.e., 7" =logK +2-10goL y.

Total mortality (Z) was estimated from length converted catch curves and natural mortality (M) from
the empirical relationship of Pauly (1980), using a mean annua environmental temperature of 24 °C.
The estimate of F was obtained by substracting M from Z and exploitation ratio was obtained as
E=F/Z. The parameter L 5, was determined by extrapolating the catch curve backward and calculating
the numbers of fish that would have been caught, had it not been for selection effects and incomplete
recruitment (assuming knife-edge selection). The relative yield-per-recruit and relative biomass-per-
recruit were derived from the estimated values of K, Ly, Lsp and M (Pauly and Soriano, 1986). A
recruitment pattern was obtained by the projection on the length axis of the available set of length
frequency data.

RESULTSAND DISCUSSION
Length- weight relationship

The results of the length-weight regression analyses are summarised in Table 1, where the maximum
and minimum sizes of the fish sampled are also given. Values of the exponent (a) for male and female
and unsexed fish are very close to 3, i.e, reflecting isometry, with highly significant values of the
coefficient of determination (r?).

Growth parameters

The original length frequency distribution was restructured (3 cm interval) and the best fitting growth
curve was obtained iteractively by the method of joining peaks using the ELEFAN | routines
incorporated in the FISAT package (Figure 2). The best value of the ratio of the number of peaks
through which the curve passes relative to the total number of peaks (Rn) obtained was 0.499.

It may be assumed that the bias in growth parameter estimation as pointed out by Guanco-May (1991)
has been eliminated in this study by the use of the non-selective gear (mesh size=0.5 cm) where fish
of small sizes have been adequately sampled. The life span of M. vanicolensis as recalculated using
the ‘life history tool’ in FishBase 99 with input values of Ly=42 cm and K= 0.68 year™ and t,=-0.2 is
4.2 years. These results suggest that the fish has arelatively short life cycle with afast growth rate.
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Figure 1. Sampling stations during the 1988 seine collections in the Mauritius L agoon.

Table 1. Length-weight relationships of Mulloidicthys vanicolensis sampled from prawn seine survey in
the Mauritiuslagoon in 1988.

No of individuals Sex Range (cm, TL) a b r2
108 female 14 -39 0.0145 2905 0.985
124 male 10-33 0.0099 3.015 0.960
200 unsexed 10-39 0.0133 2.923 0.9227

Vaues of growth performance indices (7) for M. vanicolensis adapted from FishBase 99 are
presented in Table 2. The concept of growth performance requires that values of (?) are normally
distributed within a given species with different populations, each of which has different but mutually
compatible values of Ly and K. The value of (?) obtained in this study (3.08) is close to both the
average values of the population of the male and female (2.70) and that of the female alone (3.11)
from the Gulf of Agaba region. More growth data on this species from other regions would be
required for a more valid comparison of its growth performance.

Table 2. Growth parameter estimates and indices of growth performance of Mulloidicthys vanicolensis
sampled from prawn seine survey in the Mauritius lagoon in 1988 in comparison with a Red Sea
population.

L ocation Sex TLy K ? References

Red Seg, Jordan female 36.3 0.970 3.107 Wahbeh, M.l. 1992
Red Seg, Jordan male 328 0.199 2331 Wahbeh, M.l. 1992
Mauritius unsexed 42.0 0.680 3.079 Thisstudy
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Figure 2. Growth curves fitted by ELEFAN 1 to length-frequency of Mulloidicthys vanicolensis in

Mauritius Lagoon in 1988 (K=0.68 year ™*; Ly=42cm TL).

Mortality

Figure 3 represents the catch curve utilised in the estimate of total mortality (Z). The open oval dots
represent fish not fully recruited and hence discarded from the calculation. A value of 2.64 year™
(r=0.982) was obtained from the descending arm of the curve using the fully recruited points (shown
as black oval dots). The estimates of natural mortality (M), fishing mortality (F) and exploitation rate
(E=F/Z) were 1.17 year™, 1.47 year™ and 0.556, respectively.
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Figure 3. Length-converted catch curvefor Mulloidicthysvanicolensis sin Mauritius L agoon in 1988.

Selection pattern/probability of capture

Figure 3 also shows the extrapolated catch curve (shown in rectangular open dots) from which
Figure 4 was derived. This provided an estimate of Ls;=19.8 cm (wh