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La lutte contre l'onchocercose, ou cécité des riviéres, une maladie parasitaire endémique, fut
entreprise en Afrique de 1'Ouest dans une perspective do développement durable. Tous les
moyens technologiques disponibles ont de ce fait été mobilisés pour le contrdle du vecteur, une
simulie, puis du parasite responsables de cette maladie, par le Programme de Lutte contre
I’Onchocercose en Afrique de 1'Ouest (OCP). La lutte antivectorielle consistant en épandages
d’insecticides chimiques sur les sites de développement de la simulie dans les riviéres, il est
apparu indispensable d’assurer la sauvegarde de I’environnement aquatique qui fournit aux
communautés riveraines eau et ressources biologiques. Les technologies les plus modernes ont
été mises en ceuvre dés leur mise au point, pour combattre la maladie, contribuant ainsi a la
protection de ce milieu. Le programme de surveillance écologique des riviéres traitées par des
larvicides anti-simulies a été mis en place dés le lancement d’OCP. et assuré par des spécialistes
de I' hydrobiologie des pays africains participants du Programme, sous la supervision d’un
groupe international d’experts indépendants, le Groupe Ecologique.

OCP est incontestablement un succés aussi bien pour ce qui est du contréle de la maladie que de
la protection de l'environnement. 1l est I'exemple unique au monde d’un programme de santé
publique de longue durée qui depuis son origine a mis en ceuvre tout ce qui était possible pour
harmoniser les enjeux de I'amélioration de la santé et ceux de la protection de 'environnement.
1l s'est achevé avec la satisfaction de laisser aux générations montantes un environnement non
dégradé et des vallées libérées de 'onchocercose, qui permettront d’accroitre la productivité
agricole des pays africains.

The control of onchocerciasis, or river blindness, an endemic parasitic disease, was implemented in West
Africa in the perspective of sustainable development AH the available technological means to fight this
disease, by way of the control of its blackfly vector, then its parasite, were therefore implemented by the
Onchocerciasis Control Programme in West Africa (OCP). Vector control being achieved through
applications of chemicals on its river breeding sites, it was necessary, at the same time, to fight for the
preservation of the aquatic environment, which supplies the communities that live along the rivers with
water and biological resources. This was the spirit in which the OCP was set up and implemented, and the
most modem technologies were used as they become available to fight the disease, thus facilitating the
preservation of the aquatic environment. This Programme has indisputably been a success as regards the
control of the disease as also from the point of view of the preservation of the environment The aquatic
monitoring programme of the rivers under treatment with anti-simulid larvicides was set up right from the
very beginning, and performed by national experts of the Participating Countries of the Programme, under
the aegis of a group of international independent experts, the Ecological Croup The Onchocerciasis Control
Programme in West Africa is an unique example in the world of a long-term public health programme
which has made every effort possible from its inception to adequately combine health and environment
issues. It ended with the satisfaction of bequeathing to the coming generations a non degraded environment
and valleys freed from onchocerciasis which would increase the agricultural productivity of the countries.
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Avant-propos

Bernard Philippon

On connait le réle déterminant quont joué les entomologistes médicaux de I'Orstom,
devenu IRD en 1998, dans la conception, la préparation et le lancement d'OCR puis
pendant prés de 30 ans dans son exécution et son suivi. On sait moins que 1'Orstom s’était
investi d'emblée dans 1'une des activités les plus originales d’OCP: la surveillance de
I'environnement des cours d'eau soumis a la menace chimique des insecticides
antisimulies. L’Orstom a maintenu pendant plus d'une décennie une forte équipe
d'ichtyologues et d'invertébristes dans la zone d'OCP; il a ouvert trés tét un poste
d'hydrobiologiste au sein de 1'Unité de lutte antivectorielle du Programme, et ses experts
ont siégé durablement au Groupe écologique, y compris a sa téte.

1 était logique que dans la ligne de 1'Orstom, accompagnateur de bout en bout d'OCR I'IRD
fat aussi le vulgarisateur de l'impressionnant bilan de 1'un des volets les plus audacieux
de l'oeuvre de développement réussie d'OCR Ce bilan compte plusieurs réalisations
majeures :

+ la faune des poissons reste indemne et celle des invertébrés n’a subi aucun outrage
irréversible griace a la vigilance des hydrobiologistes, guides et gendarmes de la lutte
antivectorielle ;

¢+ la connaissance de la faune des riviéres africaines et de ses réactions face aux
transformations de toutes sortes de I'environnement a fait des progrés spectaculaires. Des

méthodes de monitorage, mises au point de nihilo, ont été validées au stade opérationnel ;

et surtout, des équipes africaines d’hydrobiologistes dliment formées ont pris en charge la
surveillance de I'environnement de leurs propres vallées, une tiche qu’elles sont pleinement
en mesure de poursuivre, pourvu que la communauté internationale les seconde dans cette

activité encore pionniére dans nombre de pays du Sud.

The outstanding role played by ORSTOM (IRD since 1998) medical entomologiste in the design,
preparation and launching of OCP and then in the implementation and monitoring of the
programme for almost 30 years is well known. ORSTOM's early contribution to the surveillance of
the watercourses endangered by Chemical larvicides for control of blackfly, one of the most original
undertakings in OCR is not as familar. ORSTOM maintained a strong team of ichthyologists and
specialiste on invertebrates in the OCP area for more than a decade; one of its hydrobiologists was a

13



full member of the OCP vector control unit and several of its experts have been members and even
chairmen of the Ecological Group.

In line with ORSTOM's policy of continued association with OCR IRD logically agreed to assemble
the numerous resulte of this most challenging domain of OCP' s successful contribution to
development. Several achievements can be emphasised :

+ the hydrobiologists have been advisors and guides for vector control and their vigilance has mode it

possible to prevent harm to fish and to avoid any irreversible damage to invertebrate aquatic fauna;

tremendous progress has been made in knowledge of the aquatic fauna in African rivers and
understanding of its reaction to all kinds of environmental changes. Monitoring methods were

developed from scratch and validated under operational conditions.

above all, African teams of hydrobiologists have received a high levei training and are responsible for
the environmental monitoring of their own valleys. Their experience makes them fully capable of
continuing this activity—while awareness of its usefulness is still only just emerging in most
developing countries—provided that the international community of environmentalists continues to

assist them in their tasks.
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Préface

Boakye A. Boatin

En moins d’'une décennie, le développement durable est devenu le leitmotiv de toutes les
actions de développement. Le développement durable ne signifie pas pour autant une
protection aveugle et inconsidérée de l'environnement. Son but ultime est en effet de
rechercher des compromis entre, d'une part, un développement dont I'objectif essentiel
reste 1'amélioration des conditions de vie des sociétés humaines et le bien-étre de
I’homme et, d’autre part, une bonne gestion de 1'environnement et de ses ressources.

Pour y parvenir ; il est parfois nécessaire de modifier le cours des choses. Car a c6té des
nombreux biens et services qu'elle nous prodigue (ressources vivantes, eau, sols, etc.), la
nature est également une importante source de nuisances pour ’homme. Ainsi, diverses
maladies sont le produit de la co-évolution entre 'homme et ses parasites, et personne ne
remettra en cause la nécessité de les contrdler. Tous ceux qui ont vécu pres des fleuves
africains il y a quelques décennies se souviennent des nombreuses endémies qui
sévissaient dans des milieux naturels encore peu modifiés par les activités humaines.
Certaines de ces endémies perdurent encore, mais nous sommes en mesure aujourd’hui,
dans la majorité des cas, d’en contréler l'extension et la virulence.

Le contrdle d'une endémie parasitaire comme I'onchocercose s'est inscrit dans une
perspective de développement durable. Il n’était pas acceptable que les populations
vivant dans les vallées fertiles continuent a souffrir de cette maladie, ou soient
contraintes par la cécité de se replier sur des terres pauvres et arides. A partir des années
1970, la sécheresse persistante, s'ajoutant a la croissance démographique, imposait aussi
de rendre a l'agriculture les terres riveraines irrigables infestées pour accueillir les
populations de paysans chassées des terres desséchées. Tous les moyens technologiques
disponibles ont donc été mis en ceuvre pour lutter I'onchocercose. Cette lutte a été dirigée
contre son vecteur une simulie, puis son parasite. La stratégie premiére de lutte
consistant en un contrdle chimique des larves de ce vecteur dans les gites larvaires des
rivieres, il a fallu parallélement s’attacher a la préservation de I’environnement
aquatique qui fournit aux sociétés riveraines l'eau et des ressources biologiques. Cest
dans cet esprit qu'a été lancé le programme de lutte contre I'onchocercose en Afrique de
I’Ouest (Onchocerciasis Control Programme in West Africa : OCP).
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Foreword

Boakye A. Boatin

Within the decade, sustainable development has become the leitmotiv of all development
activities. It is worth noting however that sustainable development does not in any way
mean blind and mindless protection of the environment. The ultmate goal is indeed to
find compromises in which the primary objective of development remains the
improvement of living conditions in human societies and the welfare of human beings on
the one hand, and a good management of the environment and its resources on the other
hand.

To reach this goal, it is sometimes necessary to modify the natural trend of events. In
fact, this rich environment which provides us with numerous goods and services (living
resources, water soils, etc) can also be harmful to human beings. Many diseases are
induced by the coexistence of man and his parasites, and nobody would question the
urgency to bring them under control. All those who lived near the African rivers some
decades ago remember numerous endemic diseases affecting natural environments which
were only slightly modified by human activities. Some of these endemic diseases are still
present, but there is the capacity today to control, in the majority of cases, their
extension and virulence.

The control of an endemic parasitic disease as onchocerciasis falls within the framework
of sustainable development. In fact, it was unacceptable that the populations living in
these fertile valleys continued to suffer from this disease, or leave for less fertile and arid
zones to prevent blindness. Moreover persisting draughts imposed to re-colonize
riverside irrigable lands to host migrant farmers chased out from desertified areas. All
the available technological means to control the disease were therefore implemented.
Control was first directed against the blackfly vector then the parasite. The initial
strategy being based on vector control through applications of Chemicals In its river
breeding sites, it was necessary at the same time to fight for the preservation of the
aquatic environment, which supplies the communities that lived along the rivers with
good quality water and biological resources. The Onchocerciasis Control Programme in
West Africa (OCP) was set up to meet this challenge.
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Concerning the preservation of the environment, the OCP set up, right from the very
beginning, an aquatic monitoring programme of the rivers treated with larvicides,
conducted by national experts from the African participating countries, under the aegis
of a group of national and international independent experts, the Ecological Group. One
of the specific purposes was to preserve the fish populations, En matiére de préservation
de l'environnement, I'0OCP a mis en place, dés l'origine, un programme de surveillance
aquatique des rivieres traitées aux insecticides anti-simulies, exécuté par des experts
nationaux des pays africains participants du Programme, sous I'égide d'un groupe
d'experts indépendants internationaux, le Groupe écologique. L'un des buts affichés était
de préserver les populations de poissons qui constituent une source importante de
protéines pour les populations riveraines.

Pour cela, il a fallu utiliser les technologies les plus modernes au fur et a mesure de leur
développement, tant en matiére de lutte contre la maladie qu'en matiére de protection de
I'environnement. Ainsi, un important travail de sélection des insecticides a permis de
mettre en ceuvre une stratégie de rotation des larvicides tenant compte non seulement de
critéres de colit et d’efficacité mais aussi d’impact sur la faune aquatique non cible. 1l
s’agissait donc de trouver des compromis entre ce qui était techniquement disponible,
écologiquement acceptable, et économiquement viable. L'utilisation des satellites pour
connaitre les débits des fleuves au moment précis des épandages a permis des progres
importants dans 'utilisation des insecticides en évitant aussi bien les surdosages néfastes
a la faune non cible que les sous-dosages préjudiciables au contréle efficace des simulies.
Dans le domaine de 1'épidémiologie, la mise au point de sondes ADN a également permis
de mieux faire la part des parasites d’origine humain et animale dans les simulies
infectantes et d’ajuster ainsi les opérations de lutte.

Le programme de lutte contre 'onchocercose en Afrique de I'Ouest est indubitablement
un succés en ce qui concerne le contrle de la maladie et la protection de
l'environnement. C’est un exemple unique au monde de programme de santé publique a
long terme a s’étre doté dés son lancement en 1974, de tous les moyens possibles pour
préserver I'environnement aquatique. Il a été un précurseur avant la lettre, des principes
du développement durable. 1l s'est achevé avec la satisfaction de léguer aux générations
futures un environnement non dégradé, des vallées libérées de I'onchocercose qui
pourront accroitre la production agricole des pays participant, ainsi que des
connaissances nouvelles sur les fleuves africains et sur les moyens de contrdle des
endémies parasitaires.

C'est le lieu d'adresser ici nos remerciements les plus sincéres a toute la communauté
scientifique (Comité consultatif d'experts et Groupe écologique de I'OCR hydrobiologistes,
entomologistes et épidémiologistes des pays participants et des différents instituts de
recherche de par le monde qui ont collaboré avec I'OCP a cette importante mission), a la
communauté des donateurs qui a fait confiance a 1'0CP pendant de si longues années
malgré les multiples défis a relever et au personnel du Programme dont le dévouement, la
persévérance et |'esprit de suite et de sacrifice ont été salutaires.

Notre souhait est que cette expérience unique de mobilisation de la communauté
internationale en faveur d’un réel développement durable de zones « laissées pour
compte » fasse école pour le plus grand bien des populations locales. which constitute a
considerable source of protein for the riverside populations. Therefore, it was necessary
to use the most modem technologies as they became available, to fight the disease as well
as to preserve the environment. A programme of insecticides selection was launched and
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allowed to use larvicides on a rotational basis taking into account not only their cost/
efficacy ratio, but also their impact on the non target aquatic fauna. The question was to
find compromises among what was technically available, ecologically acceptable, and
economically viable. Using satellites to estimate the river discharges when spraying is
was applied allowed to make considerable progress in the use of insecticides, thus
avoiding both the fatal overdoses on the non target fauna and under-dosages which
would be ineffective against the blackfly populations. In the field of epidemiology, the
development of DNA probes also provided a better knowledge of human and animal
parasites in the infective females of the vector and accordingly, an adjustment of the
control strategy.

The Onchocerciasis Control Programme in West Africa is indisputably a success as regards
the control of the disease and the preservation of the environment. It is a quite unique
example of long-term public health programme which has made every effort possible to
preserve the aquatic environment since its inception in 1974. It has been a precursor of
sustainable development long before the term existed. It ended with the satisfaction of
bequeathing to the coming generations a non degraded environment and valleys free
from onchocerciasis which would increase the agricultural productivity of the countries,
together with novel knowledge on African rivers and means of combating parasitic
endemic diseases.

We are therefore pleased to extend our sincere thanks to the whole scientific community
(the Expert Advisory Committee and the Ecological Group of the OCR hydrobiologists,
entomologists and epidemiologists from the participating countries and from the various
research institutes throughout the world which collaborated with the OCP), to the donor
community which trusted the OCP during so many years despite the multiple challenges
to be met, and to the staff of the Programme for their unvaluable dedication,
perseverance, consistency and spirit of total sacrifice.

We hope that this quite unique involvement of the international community in a genuine

sustainable development of "forgotten areas" becomes widespread for the benefit of the
local communities.

AUTHOR

BOAKYE A. BOATIN

Ancien Directeur de 1'0CP
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Introduction

Qu'est-ce que l'onchocercose ?
Une maladie de santé publique d'importance socio-économique

L'onchocercose est une filariose cutanée provoquée par le développement dans le corps
humain du ver filarien Onchocerca volvulus (DUKE, 1990). Ce parasite est transmis a
I'homme par une simulie du genre Simulium. En Afrique de 'Ouest, il s’agit de simulies
appartenant au complexe Simulium damnosum dont les stades larvaires se développent
exclusivement dans les eaux courantes des riviéres. C'est pourquoi la maladie se
concentre dans des foyers situés le long des cours d’eaux, en particulier dans les zones de
savane séche, d’oti son nom de « cécité des riviéres ».

En dehors de I’Afrique tropicale (30 pays affectés), 'onchocercose est présente dans des
petits foyers isolés (et transmise par des vecteurs locaux) de six pays d'Amérique centrale
et du nord de 'Amérique du Sud, ainsi que du sud-est du Yémen. 1l n’en reste pas moins
que 99 % des 18 millions d’onchocerquiens estimés dans le monde sont africains.

Les principales manifestations cliniques de I'onchocercose se traduisent par des 1ésions
cutanées (atrophie ou épaississement de la peau, dépigmentation) associées a
d'insupportables démangeaisons. La principale manifestation reste toutefois les lésions
oculaires qui vont des lésions réversibles du segment antérieur de I'ceil jusqu’aux lésions
irréversibles du segment postérieur ou antérieur.

L’onchocercose est une maladie cumulative, ce qui signifie que, pour une région
bioclimatique donnée, la sévérité des lésions oculaires est liée a I'intensité de I'infection
par O. volvulus au sein de la communauté humaine concernée, elle-méme dépendante de la
densité de piqlires infectantes du vecteur L’onchocercose est aussi une maladie
invalidante et débilitante qui affecte plus spécifiquement les populations rurales. Dans les
vallées de savane ouest-africaine, le taux de cécité onchocerquienne peut atteindre 10 %
de la population totale, soit 25 % de la population active.

L'onchocercose, et par-dessus tout ses effets sur les yeux, méne a la détresse chez les

by

populations affectées, poussant les jeunes a abandonner les terres riveraines les plus
fertiles, ce qui conduit a la désintégration des rapports sociaux dans les villages. Bien que
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'onchocercose n'ait pas toujours été 'unique cause du dépeuplement des vallées des
riviéres en Afrique, elle est néanmoins le principal obstacle a leur développement et a
I'installation de communautés dans ces zones (MARCHAL, 1978).

Un ver parasite transmis par un vecteur
0. volvulus chez 'homme et chez le vecteur

La femelle adulte d’0. volvulus (macrofilaire, environ 50cm de long), se loge
principalement dans les tissus sous-cutanés humains, libre ou le plus souvent
enchevétrée dans des nodules fibreux (ScCHULZ-KEY, 1990). Pendant sa durée de vie féconde,
elle produit des millions de trés petits embryons (250-330 microns) appelés microfilaires,
qui peuvent survivre plus de deux ans dans la peau humaine. Ces microfilaires sont les
stades pathogénes du parasite qui envahissent les tissus dermiques, en particulier au
niveau des tissus oculaires, pouvant causer des lésions sévéres. Les microfilaires sont
transmises d'une personne a une autre par une simulie femelle qui appartient en Afrique
de I'Ouest au complexe S. damnosum. Seules les femelles piquent ’homme, et parfois les
animaux, parce qu'elles ont besoin de sang pour la maturation de leurs ceufs. Il n’y a pas a
ce jour de réservoir animal du parasite connu autre que ’homme.

Une fois le sang dans 'estomac de la simulie, la plupart des microfilaires sont digérées,
mais certaines d'entre elles traversent la paroi intestinale et atteignent la cavité
abdominale et les muscles thoraciques ou elles subissent une transformation (BAIN, 1971).
Les microfilaires se transforment en larves infectantes d’environ 650 microns qui migrent
vers la région buccale et peuvent ainsi étre transmises a 1'homme lors du repas de sang
suivant. Le cycle de maturation des larves chez la simulie dure environ sept jours a
27-30 °C. Le nombre de larves infectantes présentes dans une simulie est généralement
inférieur a 10 et, dans la plupart des cas, de une a trois, alors qu’une seule femelle de S.
damnosum peut ingérer des centaines de microfilaires au cours d'un repas de sang.
Lorsque des simulies infectées piquent un homme, elles déposent les larves infectantes
sur la peau de celui-ci. Les larves pénétrent les couches superficielles de la peau, muent,
s’accouplent et des nodules apparaissent sept a douze mois plus tard, parfois jusqu'a trois
ans.

Le vecteur : S. damnosum

Les simulies adultes males se nourrissent uniquement de jus de plantes et ne jouent
aucun rdle direct dans la transmission de 1'onchocercose. Les femelles sont hématophages
et peuvent absorber 1 mg de sang a chaque repas. Des études effectuées sous 1'égide de
I'0CP ont montré qu'il n'y pas de préférence particuliere pour les gites de repos, les
simulies adultes peuplant toute la forét galerie, d'ou les difficultés de traitements
efficaces (BELLEC et HEBRARD, 1980). Les femelles adultes de S. damnosum ont une durée de
vie pouvant aller jusqu'a quatre semaines. Elles vont a la recherche d’un repas sucré (jus
des plantes, nectar) puis d’'un repas de sang, ce qui peut conduire a I'ingestion de
microfilaires si le repas de sang est prélevé chez une personne infectée par 0. volvulus. Les
femelles de S. damnosum pondent leurs ceufs dans les parties rapides des cours d’eau o
les larves éclosent et se développent jusqu'au stade adulte en I'espace de huit a douze
jours. Les formes pré-imaglnales (ceufs, larves et nymphes) sont toutes aquatiques et
fortement réophiles. Apres leur éclosion, les jeunes larves restent attachées aux substrats



présents dans l'eau mais elles peuvent également dériver avec le courant. Elles
s’alimentent en se servant de leurs soles mandibulaires rigides pour attraper de fagon
aléatoire les particules suspendues dans I'eau courante, y compris les nutriments dont
elles ont besoin. Si un insecticide est adsorbé sur les particules en suspension dans l'eau,
ou est lui-méme présenté sous forme de particule, il est ingéré par les larves comme
nourriture.

Des manifestations cliniques graves

Les manifestations cliniques de 1'onchocercose sont principalement dues aux
microfilaires qui sont les stades pathogénes du parasite. Les microfilaires provoquent des
démangeaisons et, en cas d'infection, une onchodermatite (MURDOCH et al., 1993). Elles
peuvent envahir I'ceil, causant des troubles graves de la vision qui ménent a la cécité.
Dans le cas d'une invasion massive et prolongée de 1'ceil par des microfilaires, des 1ésions
permanentes apparaissent : la kératite qui opacifie la cornée de I'xil, l'iridocyclite qui
cause le glaucome, et l'inflammation de la rétine et du nerf optique. Ftant donné que
'onchocercose est une maladie cumulative, les complications oculaires apparaissent
aprés une accumulation des infections pendant plusieurs années. Dans certaines régions
hyper-endémiques, la cécité survient entre 30 et 40 ans mais peut se produire plus tot
chez quelques sujets (REMME et al., 1989). Les nodules onchocerquiens sont une réaction
d’enkystement du parasite 0. volvulus par 'hdte humain. Ils sont localisés principalement
la ou les os sont superficiels, prés des hanches, au niveau de la cage thoracique et trés
souvent sur la téte et les jambes. Ils sont généralement petits, 1-2 cm, mais peuvent
parfois dépasser 5 cm. La fréquence et la gravité des symptdmes sont souvent en étroite
corrélation avec le nombre de microfilaires qui, a son tour, dépend du nombre de filaires
adultes présentes chez 'homme. Ce nombre de vers adultes dépend du nombre de larves
Infectantes recues par le sujet, et donc du nombre de piqiires de simulies Infectées par
rapport a la durée de temps passé dans une zone endémique (fig. 1).
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Un contréle de la maladie par des traitements larvicides et par
chimiothérapie

Comme la plupart des maladies transmises par un vecteur ; l'onchocercose peut étre
combattue par des opérations appropriées de lutte antivectorielle. Selon le contexte
géographique et la biologie du vecteur; la stratégie de lutte peut avoir différents
objectifs.

La stratégie d’élimination définitive du vecteur a été envisagée, particuliérement contre
le complexe S. neavei, le vecteur est-africain. Dans le cas du complexe S. damnosum, en
raison des capacités importantes de vol de ces moucherons, les tentatives d'élimination
doivent étre limitées a des situations exceptionnelles de foyers réduits, au travers
d’actions limitées dans le temps et 'espace. Cette stratégie constitue une composante
minime du Programme africain de lutte contre 'onchocercose (Apoc - DADZIE, 1997). Elle
est en cours d'essai dans quatre foyers limités d’Afrique centrale et de I’Est.

Une autre stratégie consiste a interrompre la transmission d'0. volvulus en éliminant les
populations simulidiennes pendant un temps au moins équivalent a la durée de vie du ver
adulte, actuellement estimée a quatorze ans. Cette stratégie a été appliquée et son
efficacité a été démontrée dans certaines parties de I'aire initiale du Programme de lutte
contre 1'onchocercose en Afrique de I'Ouest (OCP) ou la lutte antivectorielle, seule, a été
appliquée pendant plus de quatorze années consécutives et ou la maladie n'est plus un
probléme de santé publique (HOUGARD et al., 2001 - fig. 2). Comme les simulies adultes sont
difficiles a atteindre, les opérations de contréle du vecteur consistent a traiter avec des
insecticides appropriés les gites de reproduction situés le long des riviéres ou se
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développent les stades larvaires réophiles. Chez S. damnosum, le développement du stade
aquatique de l'ceuf a la chrysalide est d’environ une semaine, d’ou l'application
hebdomadaire des insecticides.

L'onchocercose peut également étre contrdlée par la chimiothérapie. Cependant, en dépit
des efforts importants de recherche déployés, seul l'ivermectine (Mectizan ©) s'est avéré
étre efficace, bien toléré et accepté, et sans effet secondaire indésirable. Aujourd'hui, c'est
la seule molécule utilisée pour le contréle de la morbidité onchocerquienne (ABIOSE et dl.,
2000). Contrairement a la diéthylcarbamazine (DEC), l'ivermectine est un microfilaricide
qui est efficace en une seule dose sans causer de réactions secondaires (en particulier la
réaction de Mazzotti) ou d'aggravation des troubles oculaires méme lorsque la dose et la
charge parasitaire sont élevées. 1l réduit la charge microfilarienne de 90 % et cette
réduction est maintenue pendant au moins six mois. L'objectif de l'utilisation de
l'ivermectine a ’APOC et a 'OCP est de contrdler la morbidité onchocerquienne et donc
d'empécher les troubles oculaires et la cécité d’origine onchocerquienne. Pour tirer le
meilleur profit du médicament, le traitement doit étre réguliérement administré pendant
une longue période, dont la durée n'a pas encore été déterminée et qui dépend du niveau
d'endémicité de la maladie. Cela est dii a I'effet limité du médicament sur le ver adulte et
sur I'Interruption de la transmission (WINNEN et al., 2000). L’ivermectine est maintenant
délivré a large échelle dans le cadre des Programmes OCP et APOC grice a une stratégie
institutionnalisée de traitement par 'ivermectine sous directives communautaires (TIDC).
Le principe de cette stratégie repose sur la distribution de l'ivermectine par des agents de
santé communautaire choisis par la population elle-méme et spécialement formés dans
les diverses activités liées au traitement (DARRA, 1998).

Qu'y a-t-il de nouveau au sujet du vecteur ouest-
africain de l'onchocercose et du parasite ?

Un complexe d'espéces de simulies

Les simulies sont de petites mouches hématophages du genre Simulium. 11 y a plus de 2 000
especes dans le monde, dont seulement un petit nombre transmet 1'onchocercose. S.
damnosum, se rencontre dans la majeure partie de 1'Afrique tropicale, non comme un seul
groupe taxonomique homogeéne mais comme un complexe d’especes jumelles ayant leurs
caractéristiques écologiques propres (LE BERRE, 1966). On rencontre neuf espéces dans
I'aire de I'OCP (BOAKYE, 1993). S. damnosum s.s., S. sirbanum et S. dieguerense se rencontrent
en zone de savane jusqu'a la limite nord d'endémicité de 1'onchocercose. S. soubrense, S.
sanctipauli, S. konkourense et S. leonense vivent en zone de forét dense ; elles peuvent aussi
se rencontrer en zone de forét clairsemée et, a certains endroits, atteignent méme les
zones de savane. La présence de S. yahense est limitée a de petits cours d'eau de forét
tandis que S. squamosum appartient probablement a plusieurs groupes différents et se
rencontre 2 la fois dans les zones de forét et de savane. La différentiation des espéces est
basée sur l'examen des chromosomes polythénes des glandes salivaires des larves de
simulies. Des critéres morphologiques et morphométriques qui permettent de séparer la
plupart des espéces ou groupes de femelles adultes ont également été identifiés. Depuis
1995, une technique basée sur les séquences de génes mitochondriaux a été mise au point
et permet d'identifier la plupart des espéces du complexe (TANG et al, 1995).
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Plusieurs souches de parasites

Pendant de nombreuses années, 'OCP a été confronté au probléme de 'identification des
parasites parce que 1'outil taxonomique disponible ne permettait pas une identification
fiable des parasites trouvés dans les simulies femelles pendant les dissections. Au stade
infectant, 0. ochengi, la principale filaire du bétail qui peut étre transmise par S. damnosum
s.L, ne peut étre différenciée morphologiquement de O. volvulus qui est responsable de
'onchocercose humaine. En conséquence, la mesure de la transmission pouvait étre
surestimée puisqu'elle prenait en compte toutes les larves isolées lors des dissections (
PHILIPPON, 1977). C'est pourquoi une méthode permettant de différencier d'une part, O.
volvulus des parasites d'origine animale et, d'autre part, les souches de 0. volvulus les plus
pathogénes, fut mise au point. La découverte d'une famille de séquences répétitives
composées de 150 paires de bases dans le génotype d'Onchocerca sp. a permis la mise au
point de sondes d'ADN pour l'identification des parasites (ZIMMERMAN et al, 1993).
Plusieurs sondes ont été isolées. La sonde OCH a permis de différencier O. volvulus de O.
ochengi. Les sondes PFS-I et pSS-IBT ont permis de différencier les souches de savane et de
forét de 0. volvulus. Elles ont été couramment utilisées par 'OCP a partir de 1992.
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Tendances épidémiologiques lapevalence de microfilaire, de la charge microfilarienne des communautés et
de la cécité de 1975 a 2000 dans un village de Taire initiale de 'OCP (HOUGARD et al, 2001)

Comment le Programme de lutte contre
I'onchocercose a-t-il été congu ?

Une stratégie globale et intégrée

L'OCP a cessé ses activités le 31 décembre 2002, aprés 29 ans d'existence. Aucun autre
programme de santé publique n'a jamais bénéficié pendant aussi longtemps de 1'aide
financiére et logistique de la communauté Internationale. La raison de cet appui est que
les résultats obtenus ont toujours convaincu les donateurs de 1'efficacité des stratégies de
lutte : lutte antivectorielle de 1975 41989 et/ou lutte thérapeutique jusqu'en 2002 (
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MOLYNEUX, 1995). L'OCP a commencé ses activités précisément en janvier 1974. Son
objectif était d'éliminer 1'onchocercose en tant que maladie d'importance pour la santé
publique et obstacle au développement socio-économique (WHO, 1969). La stratégie de
base du Programme a consisté a interrompre la transmission de la souche cécitante de 0.
volvulus en détruisant S. damnosum s.l a son stade larvaire par des épandages aériens
d'insecticides sélectifs sur les riviéres infestées (HOUGARD et al, 1993). Les premiers
traitements aériens ont commencé fin décembre 1974 dans les zones ou l'incidence de la
cécité était la plus élevée. Ils ont été plus tard progressivement étendus pour couvrir vers
la fin de 1977 une aire de 654 000 km? répartie entre sept pays (le Burkina Faso, le sud-est
du Mali, le sud-ouest du Niger ; les parties nord de la Céte d'Ivoire, du Bénin, du Ghana et
du Togo). On se rendit cependant trés vite compte que la frontiére de cette aire était
infestée par des simulies infectieuses provenant de zones situées en dehors de 'aire du
Programme. Afin de protéger de maniére permanente les régions objet de cette ré-
invasion et de nettoyer également les bassins sources de ré-invasions, les zones hyper-
endémiques incriminées furent identifiées et mises sous traitements larvicides. A 1'ouest
de l'aire initiale du Programme (Extension ouest), il s’agissait des bassins de 1'ouest du
Mali, du sud-est de la Guinée et du nord de la Sierra Leone. Au sud et a l'est de I'aire
initiale du Programme (Extension sud-est), il s’agissait des bassins sud de la Céte d’Ivoire,
du Bénin, du Ghana et du Togo (fig. 3).
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L'aire du Programme de lutte contre l'onchocercose

Le lancement des opérations de lutte antivectorielle dans les zones d’extension s'est
achevé vers la fin des années quatre-vingts, alors que tous les bassins de Iaire initiale
étaient encore sous traitement. La couverture des traitements larvicides atteignait alors
son apogée avec plus de 40 000 kilométres de riviéres traitées, correspondant a un million
de kilometres carrés répartis sur neuf pays du Programme. En raison du succés de cette
stratégie, les opérations de lutte antivectorielle furent progressivement arrétées a partir
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de 1989 dans les bassins de 1'aire initiale. Dans les zones d’extension, les traitements
larvicides se poursuivirent de maniére satisfaisante en combinaison avec le traitement a
l'ivermectine. Aujourd’hui, 1'onchocercose humaine ne constitue plus un probléme
d'importance pour la santé publique ni un obstacle au développement socio-économique
dans toute l'aire traitée. La lutte contre cette filariose n'est cependant pas terminée
puisque I'objectif de 'OCP n’a jamais été 1'éradication, ni du parasite ni de son vecteur.
Depuis 2003, les onze pays participants de 'OCP assument la responsabilité des activités
résiduelles de surveillance et de lutte contre cette maladie. Cette tiche est d'une grande
importance parce que toute recrudescence de la transmission menerait a la réapparition
des signes cliniques de l'onchocercose, voire de ses manifestations les plus graves.

Une structure opérationnelle prééminente

L’OCP a compris jusqu'a 11 pays participants : le Bénin, le Burkina Faso, la Céte d'Ivoire, le
Ghana, la Guinée, la Guinée Bissau, le Mali, le Niger le Sénégal, la Sierra Leone et le Togo.
1l a été parrainé par le Programme des Nations unies pour le développement (PNUD),
'Organisation des Nations unies pour I'alimentation et 'agriculture (FAO), la Banque
mondiale et I'Organisation mondiale de la santé (OMS) et a bénéficié depuis son
lancement du soutien financier de 28 donateurs. Un accord opérationnel signé en 1973
entre les pays participants et I'OMS a fixé le champ d’application, les objectifs, les
structures de concertation et de gestion de I'OCP et les moyens par lesquels les opérations
de lutte et les procédures d'évaluation devaient étre effectuées (ANONYME, 1973). Le
niveau le plus élevé de la structure actuelle de I'OCP était le Comité conjoint du
Programme (CCP) qui était doté des pleins pouvoirs de décision en ce qui concerne la
politique globale du Programme, la recherche des stratégies et les questions budgétaires.
Ensuite venait le « niveau consultatif » représenté par le Comité consultatif d’experts
(CCE). Le troisiéme niveau était celui de « I'appui et de la collaboration », comprenant le
Comité des agences parrainantes, la Banque mondiale pour la mobilisation des fonds, le
siege et le bureau régional de 1'OMS pour 1'Afrique pour I'administration des ressources
financiéres et l'assistance administrative. Ce niveau comprenait également la
collaboration avec les pays participants et les donateurs. Enfin, le dernier niveau
consistait en la planification, la programmation et la mise en ceuvre des opérations de
terrain mises au point sur la base des recommandations du CCE approuvées par le CCP.

En 2002, 'OCP était composé de deux unités techniques, I'Unité de planification,
évaluation et transfert (PET) et 1'Unité de lutte antivectorielle (VCU). L'unité PET était
chargée de 1'évaluation et de la surveillance épidémiologique, de I'analyse bio-statistique
et du soutien en matiére de systéme d'information, de la formation et du transfert.
L'unité VCU, de loin la plus importante en termes de personnel et de budget, avait quatre
principales fonctions: (i) effectuer la surveillance entomologique en vue de guider les
opérations aériennes selon la présence ou 'absence de larves de simulies dans les gites de
reproduction et celle de mouches adultes infectieuses, (ii) effectuer les traitements
larvicides aériens dans le but d’interrompre la transmission, (iii) surveiller I'impact des
opérations de 'OCP sur 'environnement et, le cas échéant, ajuster les opérations pour
éviter tout dommage a la faune non cible, et (iv) effectuer des recherches sur le vecteur
(en vue d’accroitre l'efficacité des mesures de lutte), et sur les insecticides, leurs
formulations et leur stratégie d'utilisation (en vue d’améliorer la capacité du Programme
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a faire face 2 un développement éventuel de la résistance aux insecticides et de
maximiser l'innocuité et la rentabilité des traitements larvicides).

Un défi permanent : la recherche de nouveaux
larvicides
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Fig. 4
Des essais en laboratoire a I'utilisation sur le terrain : les différentes étapes du processus de criblage
des insecticides a 'OCP

De la nécessité de surmonter la résistance aux organophosphorés

La stratégie de lutte anti-larvaire pratiquée par 'OCP a été étroitement liée a |'apparition
de la résistance des simulies au téméphos, le seul insecticide utilisé par le Programme
de 1974 21979. La description en 1980 d'un foyer de résistance au téméphos sur le Bas
Bandama en Céte d'Ivoire (GUILLET et dal, 1980), puis au chlorphoxime, une année
seulement aprés son utilisation sur le méme bassin (KURTAK et al, 1982) conduisit le
Programme a intensifier son appui a la recherche, dans un premier temps par
I'intermédiaire d'instituts de recherche tels que I'Institut Pierre Richet (IPR) de 'OCCGE &
Bouaké en Cote d'Ivoire, puis dans un deuxiéme temps par le développement de ses
propres capacités de recherche, en créant en 1986 une structure de recherche sur les
insecticides a Bouaké. Ces recherches avaient pour objectif de sélectionner des composés
d’un bon rapport cofit-efficacité, non toxiques pour les mammiféres et la faune aquatique
non-cible et n’offrant pas a priori de perspectives de résistance croisée avec le téméphos
et le chlorphoxime. Ces recherches avaient également pour but d'optimiser leur
utilisation en riviére afin de diminuer les risques d'apparition de résistance, tout en
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préservant l'environnement aquatique avec des cofits raisonnables d'application (
CALAMARI et al., 1998).

Un criblage intensif de nouveaux larvicides

Pour étre utilisable par le Programme, un insecticide antisimulidien devait répondre a un
certain nombre de critéres, dont les plus importants étaient Iefficacité, la sélectivité et
I'innocuité (HOUGARD et al., 1993). A des concentrations suffisamment faibles, l'insecticide
devait garantir un contrdle total des larves de simulies le plus en aval possible des points
d'épandage, de maniére 3 réduire le nombre d'épandages aériens sur un méme bief,
économisant ainsi les heures de vol. A la concentration létale pour les larves de simulies,
l'insecticide devait avoir un impact minimal sur la faune aquatique non-cible (insectes,
poissons, mollusques et crustacés aquatiques), a la fois sur le court terme (aucune toxicité

aigué) et sur le long terme (absence de bio-accumulation).

Du point de vue de la sélectivité, certains larvicides opérationnels de 'OCP avaient une
marge d'innocuité plus faible que d’autres, ce qui limitait leur utilisation a quelques
applications par an, et uniquement a des débits élevés, de maniére a garantir une
précision maximale de concentration. Naturellement, tous les larvicides opérationnels
devaient avoir une faible toxicité pour I'homme, afin de réduire au minimum les risques
de leur manipulation par les opérateurs. En plus de ces trois critéres, un larvicide
antisimulidien devait étre correctement formulé afin de s'assurer que l'insecticide avait
une couverture uniforme des gites de reproduction larvaire, et un maximum de portée en
aval du point d’épandage. Techniquement, la formulation choisie devait également
garantir une fluidité suffisante pour permettre un pompage facile du réservoir de
1'aéronef ainsi qu'une application uniforme par les buses de pulvérisation. Un larvicide
antisimulidien devait enfin avoir une bonne stabilité dans les conditions habituelles
d’entreposage dans un environnement tropical. Les stocks opérationnels d'insecticides
devaient en effet étre entreposés pres des rivieres, dans des dépdts a ciel ouvert, pendant
des périodes qui pouvaient dépasser un an. 1l était donc capital que les larvicides aient
une stabilité suffisante pour conserver leur efficacité et leurs propriétés physiques, avant
leur application par hélicoptére.

Il y a plusieurs étapes a franchir dans le choix d'un nouveau composé. Ce processus
nécessite une collaboration étroite avec les fabricants de nouveaux composés et/ou
formulations. La premiére étape du processus a consisté a choisir, parmi les composés
commercialisés et approuvés par le Pesticide Evaluation Scheme de 1'OMS (WHOPES), les
produits qui avaient a la fois un impact significatif sur les larves de simulies et une faible
toxicité pour les mammiféres. Ces composés devaient appartenir; si possible, a des
familles différentes des insecticides opérationnels, ou du moins, a différents groupes de la
méme famille, ceci afin d’éviter tout risque de résistance croisée entre les insecticides.
Dans la mesure ou il est impossible de maintenir durablement les simulies en élevage au
laboratoire, 'efficacité des nouveaux composés était évaluée par I'OCP sur le terrain, pres
des gites larvaires. Les insecticides étaient alors soumis a un criblage intensif sur simulies
dans un systéme en circuit fermé, sans risque pour 'environnement (KURTAK et al., 1987).
A cette fin, un laboratoire fut installé in situ par le Programme dans la partie sud-ouest de
la Céte d'Ivoire, pres d'une riviére située en dehors de la zone sous traitements larvicides.
Parallélement a ces essais, des essais standardisés de sensibilité étaient effectués avec les
matiéres actives des composés testés afin d'évaluer leur sensibilité de base. L'étape
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suivante consistait a réaliser a échelle réduite quelques essais sur la faune non cible. Cette
étape nécessitait la collaboration de I'équipe d'hydrobiologie de VCU, responsable de la
surveillance de 1'environnement aquatique sur toute I'aire du Programme. Des essais en
gouttiéres sur la faune aquatique non-cible (insectes principalement) permirent d'évaluer
la marge de sécurité entre la quantité opérationnelle estimée et la dose susceptible de
causer un impact indésirable (YAMEOGO et al, 1991). Si cette marge était acceptable,
comparée aux insecticides déja opérationnels, un rapport technique était alors soumis au
Groupe écologique, seule autorité habilitée a autoriser ou non la poursuite de 1'évaluation
a une plus grande échelle. Si le Groupe écologique donnait son accord, des essais a grande
échelle pouvaient étre effectués en riviere afin de vérifier l'efficacité du produit et sa
portée, et mesurer dans les conditions naturelles son impact sur la faune non-cible. En cas
de résultats prometteurs, des traitements a grande échelle étaient alors effectués.

Un choix de sept insecticides opérationnels

Plusieurs centaines de composés et/ou de formulations ont été évalués par I'OCP, dans le
cadre d'un programme Intensif de criblage. Cette recherche aboutit, en 1997, au choix de
sept insecticides opérationnels, dont six produits chimiques et un agent biologique (tabl.

1).

Tableau I. Principales caractéristiques des larvicides antisimulidiens utilisés par 'OCP

Famille Organophosphorés Pyréthrinoides Carbamates Bactéries
nom commun téméphos  phoxime !  pyraclofos perméthrine | etofenprox  carbosulfan Bt H-14
formulation EC? EC EC EC EC EC WD’

% de substance active 20 50 50 20 30 25 <2
classe de toxicité ! 1l I I I 1} I n
toxicité contre la FNC*  faible moyenne  moyenne élevée moyenne élevée faible
dose * 1507 150 120 45 60 120 500
portée 10 ms 12 3 Non utilisé  Non utilisé ~ Non utilisé ~ Non utilisé 1,5
moyenne 100 mYs 16 5 18 7 6 9 5

a (km) 300 ms 20 Non utilisé 23 8 8 Non utilisé  Non utilisé

! Chlorphoxime jusqu'en 1991 , 2 concentré émulsifiable ; 3 dispersible dans l'eau ; * selon la classification de
I'OMS des substances actives : Il, assez dangereux, lll, légérement dangereux ; ° toxicité contre la faune
non-cible selon les critéres du Groupe écologique , ° en ml de formulation par m%/sec, 7 300 ml dans l'eau
Claire.

LE TEMEPHOS, introduit dés le début de 1'0CP, a été un larvicide exceptionnel pour le
Programme. C'est un composé organophosphoré présentant une tres faible toxicité pour
les vertébrés. Il est doté d'une bonne sélectivité pour les simulies, et a donc un impact
trés faible sur les invertébrés non cibles. De plus, sa portée peut atteindre 50 kilométres a
des débits élevés. La quantité normalement appliquée est de 300 ml de concentrée
émulsifiable (EC 20 %) par métre cube/seconde de débit. Ftant donné son excellente
portée et sa plus grande efficacité en eau turbide, la quantité peut descendre a 150 ml par
meétre cube/seconde en saison des pluies. Malheureusement, son utilisation a été limitée a
partir de 1980 en raison de I'apparition d’une résistance dans les bassins du sud de la Cote
d'Ivoire.

LE CHLORPHOXIME, le seul insecticide de remplacement disponible en 1980, a été introduit
pour remplacer le téméphos dans les zones de résistance. Comme il s’agissait d'un
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organophosphoré, une résistance croisée apparut bientdt chez les espéces forestiéres des
bassins sud de I'OCP, mais cette résistance ne s'étendit pas. Le chlorphoxime, utilisé a
120 ml par métre cube/seconde (EC 20 %), est moins sélectif que le téméphos et a une
portée inférieure. Suite & I'abandon de sa production industrielle, il a été remplacé
en 1991 par le phoxime, a 150 ml par métre cube/seconde (EC 50 %). Son utilisation était
aussi limitée que celle du chlorphoxime.

LE PYRACLOFOS a été introduit en 1990. Sa portée est comparable a celle du téméphos. 11
était utilisé a 120 ml par meétre cube/seconde (EC 50 %). Potentiellement plus toxique
pour les poissons que le téméphos ou le phoxime, son utilisation était limitée aux débits
supérieurs a 15 métres cubes/seconde. Bien que le pyraclofos n'ait pas de résistance
croisée spontanée avec le téméphos ou le phoxime, il a été recommandé de ne pas
l'utiliser plus de huit cycles de traitements hebdomadaires consécutifs. Grace a la
stratégie de rotation des insecticides, la sensibilité des larves au pyraclofos est demeurée
sans changement dans toute l'aire de 'OCP, malgré son utilisation intensive sur plusieurs
bassins.

LA PERMETHRINE, comme la plupart des pyréthrinoides, est un insecticide trés efficace a
faible dose contre les larves de simulies, (45 ml de CE 20 % par métre cube/seconde). Sa
portée est faible, comparée a celle du téméphos et du pyraclofos (inférieure a 10 km,
méme a fort débit). Bien que peu toxique pour les vertébrés a sang chaud, cet insecticide
est moins sélectif que les organophosphorés pour la faune invertébrée non cible (insectes,
mollusques et crustacés) et les poissons. C'est pourquoi, le Groupe écologique a
recommandé qu'il ne soit pas utilisé pendant plus de six cycles consécutifs par an sur le
méme bief et jamais a un débit inférieur & 70 métres cubes/seconde. Malgré ces
contraintes, la perméthrine a joué un rdle significatif dans la stratégie de rotation des
insecticides appliquée par 1'OCP. Cet insecticide est en effet trés efficace contre les
simulies résistantes aux organophosphorés. De plus, son faible cofit et son faible dosage a
permis des traitements en riviére a des débits supérieurs & 500 métres cubes/seconde.
Aucune baisse de sensibilité de S. damnosum s.l. a la perméthrine n'a été signalée pendant
toute la durée du Programme malgré les nombreux cas de résistance enregistrés ¢a et la
chez certains ravageurs des cultures et autres insectes vecteurs de maladies, tels que les
moustiques.

L’ETOFENPROX est un « pseudo-pyréthrinoide » beaucoup moins toxique pour les poissons
que la perméthrine. Introduit dans le Programme en 1994, il fut utilisé a 60 ml de CE 30 %
par métre cube/seconde et, pour des raisons de toxicité, & des débits supérieurs a
15 métres cubes/seconde.

LE CARBOSULFAN est un insecticide de la classe des carbamates. 1l a été introduit en 1985
afin de servir avec la perméthrine comme insecticides de substitution aux
organophosphorés pour le traitement des grandes riviéres. Il a été utilisé a la dose de 120
ml par métre cube/seconde (EC 25 %). Sa sélectivité relativement faible et son risque
d'impact sur les poissons ont restreint les limites de son utilisation, comme pour la
perméthrine, a des débits supérieurs a 70 métres cubes/seconde avec un maximum de six
cycles consécutifs de traitements hebdomadaires par an et par bief. Sa faible portée et son
cofit relativement élevé ont limité son utilisation a une gamme étroite de débits. Aucune
résistance de S. damnosum a cet insecticide n'a été détectée depuis son introduction
jusqu’a la fin du Programme.

BACILLUS THURINGIENSIS H-14 (B.t. H-14) est un insecticide d’origine biologique. Découverte
en 1977, cette bactérie produit des cristaux protéiques toxiques pour les larves de
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simulies et plusieurs autres diptéres. Des formulations commerciales ont été utilisées par
I’'OCP a grande échelle depuis 1982 (GUILLET et al., 1982). La toxine du B.t. H-14 est en effet
extrémement sélective pour les larves de simulies, et il n'a donc pratiquement aucun effet
sur la faune non cible. Son mode d'action est tout a fait unique et aucune résistance
croisée avec les insecticides chimiques n'a jamais été signalée depuis son introduction. En
effet, plusieurs riviéres de l'aire de I'OCP ont été traitées avec le B.t. H-14 pendant plus de
vingt ans sans aucune diminution de la sensibilité des simulies. Ces qualités ont fait du
B.t. H-14 l'insecticide de choix pour parer a la résistance aux organophosphorés.
Cependant, sa dose opérationnelle relativement élevée a limité son utilisation a des débits
relativement faibles. A partir de 1985, 'amélioration des formulations commerciales a
toutefois rendu possible le traitement des rivieres a débit compris entre 75 et 100 métres
cubes/seconde.

Une stratégie de lutte adaptée
Gérer la résistance du vecteur aux insecticides

Parallélement au programme de développement des larvicides antisimulidiens, 'OCP a
mis au point une stratégie d'utilisation de ces composés qui a permis, d'une part, de
contenir la résistance du vecteur aux organophosphorés (téméphos, chlorphoxime,
phoxime, pyraclofos) et, d'autre part, d’éviter le développement de la résistance aux
autres familles d'insecticides. Parmi les stratégies possibles de gestion de la résistance,
I'une d'entre elles consiste a alterner dans le temps, des insecticides appartenant a
différentes familles. Cette stratégie de rotation, retenue par OCP, a permis de réduire la
pression insecticide des différentes familles insecticides et, ainsi, de diminuer les chances
de développement de génes de résistance au sein de cette population. Cette stratégie
aurait été relativement simple a mettre en ceuvre si tous les produits de remplacement
avaient eu les mémes caractéristiques que le téméphos. Le choix des insecticides aurait
été alors seulement dicté par la gestion de la résistance, sans tenir compte des autres
facteurs, tels que l'efficacité, le colit, les propriétés physiques et la toxicité. Ce ne fut
malheureusement pas le cas, ce qui rendit la mise en ceuvre de cette stratégie encore plus
délicate (GUILLET et al., 1991).

Afin de surveiller la sensibilité des simulies aux insecticides, le Programme a mis
rapidement au point des méthodes simples et fiables d'évaluation de la sensibilité des
larves de S. damnosum aux insecticides. Ces tests, dont les principes de base ont été décrits
par MOUCHET et dal. (1977) pour les insecticides chimiques et GUILLET et al. (1985) pour le B.t.
H-14, sont facilement réalisables sur le terrain. Ils ont aidé a déterminer les doses
diagnostiques de chaque insecticide, afin de détecter rapidement la moindre baisse de
sensibilité des simulies a un insecticide donné. Aprés plusieurs années de mise en
pratique de cette stratégie, une amélioration considérable de la situation de la résistance
au téméphos a été notée, puisque la résistance a persisté seulement sur le Bas-Bandama et
la Basse-Comoé en Cote d'Ivoire, & un niveau relativement faible. Le téméphos a donc pu
étre A nouveau utilisé sur 90 % de I'aire du Programme, en rotation avec d'autres
insecticides opérationnels. 1l en a été de méme pour le phoxime, qui avait remplacé le
chlorphoxime. En ce qui concerne le pyraclofos, seulement un cas de résistance a été
signalé sur le Marahoué, aprés une succession de 16 cycles hebdomadaires consécutifs,
effectués a titre expérimental. Cette résistance, heureusement, s'est rapidement révélée
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réversible en 1'absence d'une pression de sélection au pyraclofos. Aucune résistance n'a
jamais été détectée avec les autres familles d'insecticides (fig. 5).

Fig 5
Fourchettes opérationnelles d'utilisation des larvicides utilisés par 'OCP

Exercer le moins de pression possible sur 'environnement
aquatique

La périodicité hebdomadaire des traitements, et l'importance du réseau hydrologique a
traiter ; ont constitué le premier facteur de complexité dans le processus de traitement.
Une décision de traitement devait en effet étre prise chaque semaine pour plusieurs
milliers de kilometres de riviéres, c'est-a-dire, plusieurs centaines de points d’épandages
(fig. 6). La premiére étape du processus de prise de décision était de déterminer pour un
cours d'eau ou une partie d’un cours d’eau, si les traitements larvicides devaient avoir
lieu ou pas. Cette décision dépendait d'un certain nombre de facteurs parmi lesquels les
résultats de 1'évaluation entomologique hebdomadaire ou le niveau d'endémicité dans la
zone concernée. Une fois prise la décision de traitement, le choix de l'insecticide
dépendait, non seulement de la dynamique de la résistance au niveau local, mais
également des caractéristiques de chaque insecticide comme décrit plus haut.

En dessous de 1 métre cube/seconde, seul le B.t. H-14 pouvait étre utilisé. L'utilisation du
téméphos n'était pas exclue, mais son utilisation en eau peu agitée augmentait le temps
de contact avec l'insecticide, et entrainait des sous-dosages favorables au développement
d’individus résistants. Entre 1 et 15 métres cubes/seconde, trois des sept insecticides
disponibles pouvaient étre utilisés : le téméphos, le phoxime et le B.t. H-14. De 15 a
70 métres cubes/seconde, on pouvait utiliser ; en plus des insecticides précédents, le
pyraclofos et I'étofenprox, ce qui permettait de disposer de cinq insecticides. Entre 70 et
150 métres cubes/seconde, l'utilisation du B.t. H-14 devenait onéreuse, mais cette
fourchette de débit offrait cependant le plus grand choix et la plus grande diversité de
composés avec trois organophosphorés (le téméphos, le phoxime et le pyraclofos), un
pyréthrinoide (la perméthrine), un pseudo-pyréthrinoide (I'étofenprox) et un carbamate
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(le carbosulfan). Cette diversité se réduisait entre 150 et 300 métres cubes/seconde parce
que le phoxime et le carbosulfan devenaient trop chers pour étre utilisés. Entre 300 et
450 métres cubes/seconde, seuls le téméphos et la perméthrine étaient rentables. Au-
dessus de 450 métres cubes/seconde, seule la perméthrine était utilisée
opérationnellement. De 1999 42002, la réduction progressive de la couverture des
traitements larvicides a permis de diminuer le nombre d'insecticides, en se limitant aux
cinq les plus efficaces : le téméphos, le pyraclofos, la perméthrine, Iétofenprox et le B.t.
H-14.

L’épandage d'un insecticide nécessite la connaissance précise en temps réel du débit des
riviéres a traiter Une mauvaise appréciation des quantités d'insecticides a pulvériser peut
en effet avoir des conséquences sur le succeés du traitement. Un surdosage peut avoir des
conséquences financiéres et écologiques importantes, si le produit utilisé est cher ou
relativement toxique. C'est pourquoi, un réseau hydrologique de surveillance a été mis en
place deés le début du Programme sur toutes les riviéres traitées. Il comprenait, a 'apogée
des traitements larvicides, jusqu'a 185 échelles de crue, dont 103 équipées de balises
hydrologiques, permettant une transmission par satellite des niveaux d'eau enregistrés (
SERVAT et LAPETITE, 1990). Dans le méme temps, la compagnie aérienne responsable des
traitements, avec 'OCP, mit au point un dispositif de traitement permettant un dosage
précis de I'insecticide (HOUGARD et al., 1996).
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Un impératif : la protection de I'environnement

Un souci constant de surveillance de I'environnement

Le seul fait d'utiliser réguliérement des insecticides pendant de nombreuses années a
soulevé des inquiétudes au sujet des conséquences potentielles que de telles opérations
pouvaient avoir pour l'environnement aquatique. En effet, lorsque 1'0CP a été lancé,
plusieurs études avaient mis en évidence les conséquences néfastes du DDT sur les plans
biologique et écologique. Echaudé par le «syndrome du DDT», la communauté
internationale, les pays participants, ainsi que les donateurs qui soutenaient le
Programme (28 pays et fondations), avaient des raisons de craindre que vingt ans
d'applications répétées des insecticides sur les cours d'eau ne causent de graves
perturbations des écosystémes aquatiques.

En 1974, juste avant le début des activités sur le terrain, I'OCP mit en place un programme
de surveillance aquatique des riviéres qui devaient étre réguliérement traitées avec des
insecticides (LEVEQUE et dl., 1979). Ce programme fut mis en ceuvre pour répondre a trois
préoccupations principales :

+ fournir sur le court terme un signal d’alarme précoce a la disposition de ceux qui
effectuaient les traitements, au cas ou des effets toxiques seraient notés, et s'assurer sur le
long terme (c’est-a-dire pendant toute la durée de 1'0CP) que les épandages d'insecticides ne
perturbaient pas d’une maniére excessive le bon fonctionnement des écosystémes des

riviéres traitées ;

éviter l'utilisation courante de produits chimiques qui pourraient avoir des effets nocifs sur
les populations humaines vivant prés des bassins hydrographiques et/ou qui pourraient
s'accumuler dans la chaine alimentaire comme ce fut le cas avec le DDT ;

 empécher la perte irréversible de la biodiversité aquatique en Afrique de 1'Ouest a la fois
parce que les poissons d'eau douce sont une source importante de nourriture ainsi qu'une
activité économique pour les populations ouest-africaines, et pour répondre a I'objectif de la
convention sur la Biodiversité qui stipule que les pays sont responsables de la conservation

de leur biodiversité.

Au début de I'OCP, la connaissance des systémes écologiques des riviéres et de la flore et
faune associées était encore trés faible. Dans une telle situation, les activités de
surveillance aquatiques étaient congues a la fois pour collecter les informations de base
sur la structure et le fonctionnement des riviéres, et pour étudier 'impact potentiel des
larvicides sur la faune aquatique. En particulier il était nécessaire d'identifier (et parfois
de décrire) les différentes espéces collectées, d’étudier la biologie et la dynamique
saisonniere de la faune non cible, pour comprendre, sur le long terme, les tendances des
débits des rivieres et leur relation avec la dynamique des communautés aquatiques. Cette
recherche fondamentale, essentielle pour l'interprétation des données de surveillance,
fut progressivement réalisée par plusieurs équipes, en particulier I'équipe
hydrobiologique de 1'Orstom basée d'abord a Bouaké, puis a Bamako.

La mise en ceuvre d'une organisation efficace

La surveillance de l'environnement aquatique a été possible grice a la mise en ceuvre
d'une organisation spécifique reposant a la fois sur des études de laboratoire et de
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terrain, ainsi qu'a l'analyse et l'interprétation périodiques des données collectées. Avant
méme la fin du programme, toute l'activité de surveillance était entiérement exécutée
par les pays participants, grice a un protocole standard, tout en recevant un soutien
financier et technique du Programme. Des études spéciales et 1'analyse indépendante des
données étaient effectuées périodiquement en collaboration avec des consultants ou des
institutions spécialisées afin de compléter ou de confirmer les études entreprises par le
Programme et les équipes nationales d'hydrobiologie. Le Groupe écologique évaluait les
différents résultats, ainsi que le niveau de toxicité des nouveaux produits chimiques
proposés, et approuvait ou rejetait leur utilisation opérationnelle par le Programme (fig.
6).

Le Groupe écologique

Avant le lancement du Programme, les Agences parrainantes mirent en place un organe
consultatif indépendant, le Panel écologique, qui plus tard devint le Groupe écologique
(GE). Le Groupe a toujours été composé au maximum de cinq scientifiques indépendants
qui rendaient compte au Comité consultatif d’experts de 1'0CP. Son rdle était de s'assurer
que la lutte antivectorielle menée par 'OCP ne mettait pas en danger I'environnement et
de faire des recommandations au Programme pour la protection effective de
I'environnement. Plus spécifiquement, les objectifs et le mandat du GE étaient :

+ concevoir et évaluer un programme de surveillance a long terme de la faune aquatique ;

+ évaluer le niveau de toxicité des nouveaux produits ou formulations et approuver ou rejeter
leur utilisation opérationnelle par le Programme ;

+ passer en revue la nature et l'importance des probléemes écologiques liés au Programme et
aux projets associés de développement économique proposés dans les zones libérées de
l'onchocercose, afin d’identifier les implications écologiques environnementales et

humaines de tels développements.
Les équipes nationales de surveillance

Les activités de surveillance ont été menées par des équipes nationales d’hydrobiologie
qui ont été créées et établies dans la plupart des pays participants ou il y avait des
traitements larvicides (Burkina Faso, Céte d'Ivoire, Ghana, Togo, Bénin, Mali, Guinée,
Sierra Leone). La majorité des scientifiques nationaux de ces équipes ont bénéficié de
bourses de 1'OCP pour se former aux méthodologies utilisées par le Programme. Certains
d'entre eux ont passé des théses de doctorat. Ils ont également regu 'appui de 'OCP pour
mener leurs activités de surveillance et de recherche, et ils se réunissaient une fois par an
pour discuter de leurs résultats avec le Groupe écologique. Des échanges entre équipes de
surveillance ont été favorisés par le Programme.

Lunité de lutte antivectorielle

L'Unité de lutte antivectorielle (VCU) de I'OCP a été, au travers de plusieurs de ses
activités, parmi les principaux contributeurs 2 la protection de I'environnement. A titre
d’exemple : (i) elle a été responsable de 1'utilisation judicieuse des insecticides dans 1'aire
de I'OCP; (ii) elle a été responsable du criblage des nouveaux insecticides ; (iii) elle a
rendu compte de ses activités lors des réunions du Groupe écologique.
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La section hydrobiologie

La section hydrobiologie de I'OCP a été créée en 1981 au siége de I'OCP a Ouagadougou
comme composante de VCU, et placée sous la responsabilité d'un scientifique confirmé.
Ses principales fonctions étaient (i) d’effectuer les recherches éco-toxicologiques ; (ii) de
coordonner les activités de surveillance et d’aider les équipes nationales dans leurs
travaux sur le terrain dans l'aire de 'OCP; (iii) de gérer les données de surveillance
fournies par les équipes nationales (fig. 7).
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Fig. 7
Structure of OCP and position of the environmental monitoring activities

L'évaluation des risques a court terme des nouveaux larvicides

Une évaluation des risques était effectuée pour chaque nouveau larvicide susceptible
d'étre utilisé par I'OCP. Aprés les premiers tests destinés a évaluer lefficacité du produit
sur simulies, une revue de la littérature était réalisée ainsi que des essais en laboratoire
sur les poissons et des essais en gouttiére sur les invertébrés (CALAMARI et al., 1998). Des
tests de toxicologie aigué ont été réalisés sur les différentes espéces africaines de poissons
selon des protocoles standards (YAMEOGO et al., 1991) afin d’obtenir des données de base
sur la toxicologie des poissons. L'impact a court terme sur les invertébrés non cibles a
également été étudié en utilisant un systéme de gouttiéres artificielles et différentes
concentrations d’insecticides (YAMEOGO et al.,, 1993). A partir de ces tests, les larvicides ont
été classifiés selon leur toxicité générale et une typologie de la sensibilité des taxons les
plus courants a été établie (YaMEoGo et al., 1991, 1993).

Une grande quantité d’informations a également été collectée a partir des tests
insecticides effectués sur le terrain: B.t. H-14 (DEjoUX, 1983 ; DEJOUX et al, 1985);
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deltaméthrine (DEjoUX, 1983), Gh 14 (TROUBAT et LARDEUX, 1982), téméphos (DEjoux et
ELOUARD, 1977 ; ELOUARD et JESTIN, 1982), pyraclofos (YAMEOGO et al., 1993), perméthrine (
YAMEOGO et al, 1993), étofenprox (YAMEOGO et al, 2001). En comparant les différents
larvicides opérationnels, le B. t H-14 s’est avéré le moins nocif pour I'environnement,
suivi du téméphos, du chlorphoxime, du pyraclofos, de I’étofenprox, de la perméthrine et
du carbosulfan, en ordre croissant de toxicité. Parmi les taxons, les Baetidae
(Ephémeropteéres) étaient les plus sensibles aux larvicides chimiques tandis que les
chironomidae (Diptéres) étaient les moins sensibles a la plupart des insecticides.

Apres avoir passé en revue ces résultats, le Groupe écologique recommandait, en cas de
résultats toxicologiques acceptables, des études pilotes a petite échelle sur le terrain.
Pour les insecticides les plus toxiques mais potentiellement les plus prometteurs (tels que
leur faible cofit, leurs grandes possibilités d’application par rapport aux débits des
riviéres et leur portée sur une plus grande distance), des études a grande échelle en
dessous de la dose opérationnelle étaient recommandées. Cela permettait d’obtenir un
apercu complet de I’évaluation des risques avant que I'insecticide ne soit utilisé comme
larvicide opérationnel. La perméthrine, par exemple, a été évalué de cette facon (YAMEOGO
et al, 1993 ; CALAMARI et al, 1998).

La surveillance a long terme de I'environnement aquatique

Les critéres retenus par le Groupe écologique pour I'évaluation de I'impact a long terme
des insecticides sur I'environnement aquatique étaient les suivants (LEVEQUE et al, 1988) :

+ les activités de lutte antivectorielle ne devaient pas réduire le nombre des espéces

d’invertébrés, ou causer un changement marqué de ’'abondance relative des espéces ;

les pesticides appliqués ne devaient avoir un impact direct ni sur les poissons, ni sur le cycle
de vie des différentes espéces de poissons ;

+ la bioaccumulation et la bioamplification a travers les réseaux alimentaires devaient étre
évitées ;

* Les Activités Humaines Dans La Zone De Lutte Ne Devaient Pas étre génées ;

Les Variations Temporaires et Saisonniéres des Populations d’invertébrés non cibles dues

aux insecticides devaient étre d'un niveau acceptable.

Le Programme De Surveillance était principalement concerné par deux grandes
catégories d’organismes : (i) les invertébrés benthiques qui Abondent dans les cours d'eau
et qui sont directement menacés par I'insecticide de la Méme maniére que les larves de
Simulium damnosum ; (ii) les poissons en raison de leur intérét économique pour les
populations vivant le long des riviéres, mais également pour des raisons psychologiques
consistant 3 montrer aux villageois occupés par les activités de péche que toutes les
mesures étaient prises pour éviter les risques de pollution.

Méthodes et protocoles

Afin d'évaluer I'importance du risque environnemental, les hydrobiologistes ont utilisé
des méthodes et des protocoles rigoureux pour surveiller les effets potentiels a long
terme de I'utilisation répétée des larvicides sur les populations aquatiques (YAMEOGO et dl.,
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2001; CROSA et al, 1998 ; LEVEQUE et al, 1979). en mettant en place le protocole de
surveillance, il était nécessaire de garder a I'esprit plusieurs considérations importantes :

« la surveillance devait comporter un échantillonnage régulier et a long terme visant a étudier
les effets écologiques des traitements sur toute la durée du programme, combiné a des
programmes de recherche de plus courte durée sur certains problémes spécifiques ;

+ la périodicité des échantillonnages, les sites choisis pour la surveillance, et les méthodes de
terrain utilisés devaient allier la fiabilité des techniques d'échantillonnage a la fiabilité de
'accés aux sites aussi bien en saison séche qu'en saison des pluies, sur plusieurs kilométres
de routes ou de pistes non encore bitumées ;

+ les techniques de surveillance devaient fonctionner aussi bien dans les riviéres peu
profondes, au cours lent en saison séche, que dans les mémes riviéres, profondes et au cours
rapide en saison des pluies ;

« afin de garantir une comparabilité raisonnable des résultats, toutes les équipes devaient

utiliser les mémes méthodes.

Un réseau de stations d’échantillonnage fut mis en place sur toute 1’aire du Programme
(fig. 8). Quarante sites d’échantillonnage furent utilisés au début du Programme, mais a
mesure que le Programme évoluait ainsi que la stratégie de traitement, ce nombre fut
réduit récemment a dix pour les invertébrés et a dix pour les poissons, aprés qu'une
évaluation ait été faite de I'impact des traitements au cours des dix premiéres années.

Pour les invertébrés, trois principales méthodes d'échantillonnage ont été utilisées (
YAMEOGO et al., 2001) :

« Echantillonnage au filet dérivant en utilisant de longs filets de 2m, avec 20 x 20 cm

d'ouverture, et 300 mm de maillage. les techniques de base de I’échantillonnage au filet

dérivant utilisées par le programme ont été standardisées.

Echantillonnage au Surber en utilisant un Surber d’échantillonnage de 15 x 15 cm. Cette
méthode simple, qui permet de prélever les substrats rocheux, ne peut pas étre utilisée dans

des eaux profondes et son utilisation était donc limitée a la période d'étiage.

Substrats artificiels : des instruments spéciaux ont été congus et utilisés, depuis les blocs de
ciment qu'on laisse immergés au fond de l'eau, jusqu’aux substrats flottants faits de touffes

de fibres en plastique.

Pour les poissons, le programme de surveillance était principalement concerné (LEVEQUE
etal, 1988) par:

+ 1'étude des changements dans les prises (exprimés en poids ou en nombre d'individus) et
dans la composition des espéces dans les péches expérimentales effectuées a intervalles
réguliers (habituellement 2 ou 3 mois) avec une gamme standardisée de filets maillants ;

+ 1'étude des paramétres biologiques, plus particuliérement le coefficient de condition qui est
une mesure de la santé des poissons. Des recherches complémentaires étaient également
effectuées par 1'analyse du contenu de l'estomac de certaines espéces choisies, des périodes
de fraie et de fécondité, ainsi que de l'impact des composés organophosphorés sur 'activité

de l'acétylcholinestérase du cerveau.

Certaines méthodes et protocoles des programmes de surveillance et d’évaluation des
risques ont évolué depuis 1974, du fait de la dynamique du Programme face aux situations
continuellement changeantes (par exemple, les ré-invasions d’insectes, la résistance aux
pesticides, la variabilité de 1'hydrologie, etc.). Cependant, les concepts de base et les
problémes sont restés les mémes.
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Fig. 8
Emplacement des sites de surveillance dans l'aire de 'OCP

Vingt-cinq ans de surveillance aquatique

Le principal souci de 'OCP concernant I'impact des insecticides sur les environnements
aquatiques était d’éviter des changements a long terme ou durables de la biodiversité
aquatique. Les principaux groupes d'organismes qui ont été surveillés ces derniéres vingt
années pour des indications de changements anormaux ont été les poissons et les
invertébrés non cibles (fig. 9).

Principaux résultats de la surveillance des poissons

Les impacts potentiels des traitements larvicides sur les poissons ont été évalués par la
mesure des changements dans la richesse spécifique des prises, des prises par unité
d’effort (PUE) des péches et du coefficient de condition des différentes espéces de
poissons (LEVEQUE et al., 1988 ; PAUGY et al., 1999).

Par rapport a la richesse spécifique des prises expérimentales (qui désigne le nombre
d'espéces attrapées par un ensemble standard de filets maillants expérimentaux pendant
deux nuits de péche), les tendances a long terme observées dans trois zones principales
du Programme (c’est-a-dire les riviéres de Cote d'Ivoire, les riviéres du bassin de la Volta
au Ghana et les rivieres du bassin du Niger en Guinée) étaient différentes. Cependant,
aprés une période de baisse, particulierement dans les riviéres de Céte d'Ivoire et du
bassin de la Volta, un rétablissement et une amélioration de la richesse spécifique des
prises ont été observés dans toutes les rivieres depuis respectivement 1994 et 1996. Ainsi,
apres plusieurs années de traitements larvicides avec plusieurs insecticides, jusqu'a vingt
ans dans l'aire initiale du Programme, il n'y a eu aucun signe indiquant une diminution de
la diversité des espéces de poissons dans les rivieres traitées. Une observation semblable a
été faite apres les dix premiéres années de surveillance durant lesquelles seulement trois
insecticides avaient été utilisés. La comparaison des changements dans la richesse
spécifique avec les tendances hydrologiques suggeére que les tendances observées dans la
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richesse spécifique pourraient étre attribuées a des facteurs climatiques et a la longue
période de sécheresse qui est survenue pendant plusieurs années en Afrique de I'Ouest
(fig. 10 et 11).
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Fig. 9
Changements a long terme des débits annuels pour certaines des rivieres surveillées. Les faibles débits sont
caractéristiques des années 1980 et début 1990 dans beaucoup de riviéres de l'aire de 'OCP

Les tendances globales des prises par unité d’effort (PUE) en relation avec les traitements
larvicides durant vingt ans indiquent également divers scénarios dans les différents
bassins principaux du Programme et parfois entre rivieres d’'un méme bassin, et ce
malgré un régime de traitements larvicides généralement similaire dans toute faire du
Programme. Par exemple, les prises ont diminué dans les rivieres de Cote d'Ivoire
jusqu'en 1989 et 1993 selon les riviéres tandis que des augmentations ont été observées
dans toutes les rivieres depuis 1995 alors que les traitements larvicides avaient été arrétés
a des moments différents selon les riviéres. Dans le bassin du Niger, on n'a observé
aucune diminution des prises depuis le début de la surveillance, alors que depuis 1994 on
a observé des augmentations par rapport a la situation initiale dans les trois riviéres
surveillées du bassin. Dans le bassin de la Volta, on a observé différentes tendances dans
les prises au fil des années. Cependant, une tendance saisonniére commune des prises,
élevée en période d’étiage (décembre-janvier jusqu'en avril-mai) et faible en période de
crue (juillet-aolit jusqu'a octobre-novembre), a été observée pour tous les bassins et
riviéres. L'influence des changements hydrologiques sur les prises a été suspectée plus
haut.
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Changements a long terme de la richesse spécifique des poissons par échantillon dans quelques
riviéres surveillées

Léraba / Leraba bridge

25000

15000
10000

73 75 77 79 81 83 8 8 89 91 93 95 97 99 01 03

White Bandama / Niaka
30000

25000
20000
15000
10000
5000
0

73 75 77 81 83 85 87 8 91 93 95 97 99 0 03

Pru/ Asubende
20000

WJA}‘%M

78 80 82 84 86 88 90 92 94 96 98 00 02

Mandiana / Sankarani

JEEEE

84 86 88 90 92 94 96 98 00 02
years

Fig. 11
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standard de filets maillants expérimentaux dans quelques riviéres surveillées
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Les valeurs du coefficient de condition (le ratio poids - longueur) qui expriment le « bien-
étre » des poissons ont été également surveillées afin d’évaluer 1'effet direct des larvicides
sur les poissons (toxicité aigué) et/ou les effets indirects a travers l'impact des larvicides
sur leurs sources de nourriture (qui sont dans beaucoup de cas les invertébrés
aquatiques). Au cours des années, diverses évaluations des tendances de la « condition »
de plusieurs espéces de poissons dans faire du Programme ont indiqué uniquement des
fluctuations autour des moyennes attendues mais pas de changements significatifs des
valeurs. Les traitements larvicides n'ont donc pas directement affecté les poissons, ce qui
suggeére que la ou certains éléments de la nourriture des poissons ont été affectés,
d'autres éléments ont été trouvés et raisonnablement bien utilisés a leur place.

La bioaccumulation des pesticides dans les poissons était un souci majeur avec
|'utilisation du DDT En effet, 1'étude en laboratoire des effets des organophosphorés a
montré que les poissons pouvaient accumuler le téméphos (MATTHIESSEN et JOHNSON,
1978). Mais cette accumulation semble avoir été limitée et n'a pas augmenté jusqu'au
point observé avec le DDT Les données de terrain récoltées dans faire de I'OCP ont
confirmé que le téméphos ne s’accumulait pas dans les poissons (QUELENNEC et al., 1977).
Par ailleurs, dans les conditions de terrain, l'activité de l'acétylcholinestérase dans le
cerveau des poissons n’a pas semblé étre significativement différente dans les riviéres
traitées avec le téméphos ou celles non traitées (ANTWI, 1985 ; SCHERINGA et al., 1981).

Principaux résultats de la surveillance pour les invertébrés

Le souci spécifique de I'OCP par rapport aux invertébrés non cibles en relation avec les
traitements larvicides des riviéres était d'empécher la perte de la diversité faunique et de
préserver la qualité de la biomasse disponible pour les niveaux supérieurs du réseau
alimentaire de 1'écosystéeme aquatique. L'évaluation de l'impact des larvicides a été basée
sur deux types de données. Ce sont les données d'échantillons du Surber et les données de
la dérive (de jour et de nuit).

En analysant les données sur les Invertébrées collectées au moyen de diverses stratégies
d'échantillonnage entre 1977 et 1996, YAMEOGO et al., (2001) ont évalué les changements a
long terme des populations d’invertébrés par rapport a leur composition taxonomique
ainsi que leurs structures trophiques. Les échantillons de Surber fournissaient une
évaluation qualitative et quantitative de la communauté des invertébrés vivant a
l'endroit de Iéchantillonnage. Ils permettaient un examen clair des changements de la
communauté a la fois du point de vue taxonomique net du point de vue structure
fonctionnelle. D'une maniére générale, les résultats ont indiqué que les différents
larvicides avaient différents impacts sur les rivieres et montraient un certain nombre
d’effets sur les différents groupes d'invertébrés. La plus grande diminution de la diversité
et de 1'abondance des groupes d’invertébrés a été détectée pendant les traitements au
phoxime, a la perméthrine, au carbosulfan et au pyraclofos (YaAMEoGo et al, 1992). Le
téméphos et le B.t H-14 se sont avérés étre les larvicides les moins agressifs. Les groupes
taxonomiques qui montraient les plus grands changements en termes d’abondance
relative étaient les Tricorythidae, les Leptoceridae, les Chironomidae, et les Baetidae.

Du point de vue trophique, toutes les communautés étaient dominées par les collecteurs
rassembleurs et, 3 un moindre degré, par les collecteurs filtreurs. L'abondance de ces
groupes d'aliments a été une preuve directe de la disponibilité des matiéres organiques
particulaires fines qui caractérisent les ressources en nourriture dans les rivieres
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étudiées. Cette structure dominée a tendu a I'augmentation avec 'application de tous les
insecticides a I'exception du B.t H-14 (YAMEOGO et al., 2001). Dans l'ensemble, les résultats
ont suggéré que ni les structures taxonomiques ni les structures trophiques n’étaient
considérablement changées dans la gamme des variations biologiques, liées a
I’écoulement, qui se produisent normalement dans les riviéres étudiées (YAMEOGO et al,
2001, CROSA et al., 2001) (fig. 12).

Cela a permis de conclure que l'effet des insecticides sur la faune aquatique était
habituellement faible mais provoquait chez les invertébrés des changements dans la
composition des espéces et dans la structure de la communauté. Cependant, ces impacts
n'ont pas affecté le fonctionnement général du systéme aquatique et étaient donc
écologiquement acceptables. Afin de s'assurer qu'il n'y avait aucune perte irréversible
d'espéce, la question du rétablissement de la faune aquatique a été soulevée par le Groupe
écologique. La question fondamentale était celle-ci : la communauté aquatique retourne-
t-elle a une structure et a une composition spécifique plus ou moins semblables a celles
d’avant les traitements a la fin de la période de traitement ? En effet, les données de
terrain fournissaient des indications qu’une recolonisation par les taxons (par exemple,
Neoperla sp. et Caridina sp.) qui avaient été affectés pendant la période de traitement était
observée dans la plupart des stations aprés I'arrét des traitements larvicides. La capacité
de rétablissement de la faune aquatique dans les riviéres traitées a donc été démontrée,
méme si elle s’est faite 3 un rythme plutét lent.
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Fig. 12
Changements a long terme dans la densité des invertébrés sur les dalles rocheuses, selon les
estimations faites a partir des échantillons de Surber.
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Lobjectif est atteint, mais qu'en est-il de I'avenir ?

L'OCP en Afrique de I'Ouest a été cloturé en décembre 2002, aprés vingt-neuf ans
d'activités. Aucun programme de santé publique n’a bénéficié pendant aussi longtemps
de l'aide financiére de la communauté Internationale. Une des raisons de cet appui est
que I'OCP a toujours convaincu les donateurs de l'efficacité des stratégies de lutte
utilisées. L'autre raison a été le souci permanent de I'OCP pour la préservation de
l'environnement aquatique avec la participation des équipes nationales et de 1'expertise
internationale. La mise en ceuvre 2 long terme d'un programme de surveillance visant a
évaluer les effets potentiels des traitements larvicides, et le criblage a grande échelle des
larvicides pour choisir les plus efficaces contre S. damnosum tout en étant les moins
agressifs pour la faune non cible, sont des traits uniques dans les grands programmes de
gestion de la santé. Ces efforts ont eu un coiit économique en termes de consommation
des insecticides et des stratégies opérationnelles utilisées, mais ils ont permis de
préserver la qualité de |'eau utilisée par les populations riveraines ainsi que les ressources
en poissons qui constituent une partie importante des produits alimentaires de ces
populations.

L’objectif a été atteint : 'onchocercose a presque entiérement été éliminée de Iaire de
I'OCP en tant que maladie d'importance pour la santé publique et obstacle au
développement socio-économique. En éliminant la menace de la cécité, I'OCP a permis le
repeuplement de ces vallées de riviéres qui avaient été autrefois abandonnées par crainte
de la maladie. Pratiquement, aucune nouvelle infection n'a jusqu'ici été détectée dans
cette zone et un des résultats les plus significatifs est que 18 millions d'enfants nés dans
I'aire de I'OCP ne sont plus infectés par 1'onchocercose. Cependant, la lutte contre cette
filariose n'est pas terminée. En effet, I'OCP n'a jamais visé a éradiquer ni le parasite ni son
vecteur et I'onchocercose existera toujours. La capacité a contrdler le «risque » de
I'onchocercose constituera donc un nouveau défi dans 'avenir.

Du point de vue environnemental, le succés de 'OCP peut étre compromis par une
utilisation déraisonnable de terres libérées de 1'onchocercose. Par exemple, une étude
pilote menée dans la région de la Léraba a montré que 75 % de la savane boisée originelle
avait été défrichée pour le développement agricole et l'installation de nouveaux villages (
BALDRY et al., 1995). Les foréts riveraines de nombreuses petites riviéres ont été détruites
et sur certaines des berges, 1'érosion du sol continue. Par contre, les foréts et les plaines
facilement inondées en bordure des riviéres plus grandes n'ont subi aucune perturbation
de cette envergure. 1l est donc nécessaire de prendre a la fois des mesures et de
sensibiliser les populations riveraines sur la nécessité de protéger 'environnement et de
bien gérer la biodiversité, parallelement au développement des activités agricoles. En
d'autres termes, il s'agit ici d'appliquer sur le terrain les principes du développement
durable tels qu'élaborés a la conférence sur la Planéte Terre tenue a Rio en 1992, et a
Johannesburg en 2002 (fig. 13).
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LE COTE BURKINABE DU FLEUVE LERABA
Fig. 13
Changements dans ['utilisation des terres prés de la station de surveillance de la Léraba

Nuisance simulidienne

Dans certaines zones, 'importante diminution des piqfires de simulies dés le début du
Programme a été un grand soulagement pour les populations riveraines dont les
conditions de vie et/ou de travail ont ainsi été améliorées. Ce résultat était l'avantage le
plus immédiat pergu par les populations sur les activités de 'OCP.

Les traitements larvicides ont progressivement cessé depuis 1990 dans les zones ou la
maladie était sous contrdle et les taux de piqglires de simulies sont parfois remontés a des
niveaux trés élevés. Bien que les simulies ne transmettaient plus 1'onchocercose, leur
réapparition a été percue par les populations, qui associaient ces insectes a la
transmission de la maladie, comme un retour de I'onchocercose. D'autre part, les piqiires
des simulies constituent également une véritable nuisance qui pourrait géner le
développement socio-économique en cours dans les vallées des riviéres (HOUGARD et dl,
1998).

Afin de répondre a la préoccupation des populations, I'OCP a encouragé certaines actions
individuelles contre les simulies, grice a des techniques peu cofiteuses de traitement au
sol des gites larvaires. Le transfert de ces techniques aux villages et aux unités de
développement a été réalisé dans certaines zones. Cependant, ces applications de
larvicides exécutées par des non-spécialistes pendant une période indéterminée
pourraient comporter un risque énorme de pollution environnementale. L'utilisation de
deux insecticides présentant de faibles dangers pour 'environnement (le B.t. H-14 et le
téméphos) a donc été recommandée par '0OCP, Cependant, depuis la fermeture de I'OCP, il
y a un risque que ces communautés utilisent a cet effet les insecticides disponibles
localement, en particulier ceux a usage agricole, avec le danger que cela représente en
termes de résistance et de pollution de I'environnement.
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Accroissement des connaissances et de lI'expertise

Indépendamment du succés de 'OCP dans la lutte contre la maladie, il y a également
plusieurs résultats positifs qui méritent d’étre soulignés.

Amélioration de I'expertise nationale dans le domaine de I'écologie riveraine et de sa
gestion

Une contribution significative de I'OCP est la formation des scientifiques nationaux dans
le domaine de la surveillance de I’environnement aquatique et des programmes de
recherche associés. Dans le cadre de cette formation, plusieurs scientifiques nationaux
ont regu des bourses pour étre formés en Afrique et dans les pays du Nord. Le résultat est
une amélioration générale de 'expertise dans le domaine de la biologie aquatique et des
sciences environnementales.

Une meilleure connaissance de I'écologie des riviéres de I'Afrique de I'Ouest

Avant I'OCP, la connaissance de 1’écologie des riviéres ouest-africaines était treés pauvre.
La mise en ceuvre du programme de surveillance a conduit a :

* Une meilleure connaissance de la faune et de 1’écologie des riviéres ouest-africaines, en
particulier en ce qui concerne les insectes et les poissons (DEJOUX et al., 1981 ; de MERONA,
1981 ;ILTIS, 1983 ; ILTIS et LEVEQUE, 1982 ; GIBON et STATZNER, 1985 ; LEVEQUE et al., 1990, 1992) ;

+ Une meilleure connaissance de la dynamique a long terme des populations aquatiques en
relation avec les changements et les influences climatiques et humaines ;

 L'acquisition d’une masse d’informations sur la réaction de la faune aquatique ouest-
africaine a divers produits chimiques ;

Toutes ces connaissances seront utiles pour d’autres activités de développement et pour
la conservation de I'environnement ouest-africain.

Constitution d'une base de données de la surveillance aquatique : une ressource
exceptionnelle

Tous les résultats enregistrés durant la surveillance environnementale du Programme ont
été compilés dans une base de données gérée et disponible au siége du Programme. Cette
base de données, mise a jour et validée sur I'écologie des riviéres ouest-africaines,
générée pendant une période de plus de vingt-cing ans, est un patrimoine unique.
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Introduction

What is Onchocerciasis ?

A public health disease of socio-economic importance

Onchocerciasis is a dermal filariasis caused by the development in human of the filarial
worm Onchocerca volvulus (DUKE, 1990).The main clinical manifestations of the disease are
skin lesions and visual impairment which may result in blindness. 0. volvulus is
necessarily transmitted to man by the bites of a blackfly vector of the genus Simulium in
West Africa. This fly breeds exclusively in fast-flowing stretches of rivers. Thus the
disease is essentially concentrated in foci alongside watercourses, especially in dry
savanna areas, hence its name “river blindness”.

Onchocerciasis is prevalent in 30 African tropical countries from Senegal to Ethiopia,
between 12-15° North and 12° South.The disease is also prevalent in small isolated foci in
six countries of Central and Northern South America, (transmitted by local blackfly
vector species) and South-Eastern Yemen. More than 99 % of the estimated 18 million
onchocerciasis patients live in Africa.

Onchocerciasis main clinical manifestations include skin lesions (skin atrophies or
thickenings, depigmentations :“leopard skin, caiman skin...”), which are associated with
intolerable itching and scratching ; however the main ones are eye lesions, which may
range from mild reversible anterior lesions to severe, irreversible and ultimately blinding
anterior or posterior lesions.

Onchocerciasis is a cumulative disease : in a given bioclimatic area the severity of eye
lesions are related to the mean intensity of infection of the human communities by 0.
volvulus, itself dependent on the density of infective biting vector Onchocerciasis is a
disabling and debilitating disease which affect more severely small rural communities. In
savannah African valleys, onchocerciasis blinding rates may affect up to 10 % of the total
population, and 25 % of the adult active populations.

Onchocerciasis, and above all its effects on the eyes, leads to distress in the affected
populations, prompting young people to abandon the most fertile riverside lands which
lead to the breakdown of the social relationships in the villages. While onchocerciasis has
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not always been the unique cause of depopulation of the valleys in Africa, it is none the
less the main obstacle to their development and to the settlement of communities in
those regions (MARCHAL, 1978).

A vector-borne parasitic disease
0. volvulus in man and vector

The adult 0. volvulus female (macrofilaria, about half a meter long) lives in the human
subcutaneous tissues, free or more often tangled in fibrous nodules (scHULZ-KEY, 1990). Tt
is sexually active for 9 to 14 years. During its fertile life span it produces millions of very
small embryos (250-330 microns) called microfilariae which can survive more than two
years in the human skin. The microfilariae are the pathogenic stages which invade
dermal tissues and cause severe disorder, in ocular tissues inclusively. They have to be
carried from one person to the other by a female blackfly belonging to the Simulium
damnosum complex in West Africa. Only females of S. damnosum bite man, and sometimes
animals, as they need blood for the maturation of each batch of eggs laid. There is no
known animal reservoir.

Once the blood arrives in the blackfly stomach most of the microfilariae are digested, but
a few of them pass through the intestinal wall and reach the abdominal cavity, and the
thoracic muscles where they transform (BaiN, 1971): the microfilariae give rise to
infective larvae, measuring 650 micros, which find their way in the mouth parts and may
thus be transmitted to man during subsequent blood meal. The maturation cycle of the
larvae in the blackfly takes about seven days at 27-30 °C. The number of infective larvae
in blackfly is generally less than 10 and in most cases from one to three, while one female
S. damnosum may ingest hundreds of microfilariae during one blood meal. When infective
blackflies bite man they deposit the infective larvae in the skin. The larvae penetrate the
skin superficial layers, moult, mate and the nodules appear between seven to twelve
months, sometimes up to three years.

The vector : S. damnosum

As in all the Simuliids, only S. damnosum females are hematophagous. Male adult
blackflies feed solely on plant juices and play no direct role in onchocerciasis
transmission. The females are largely anthropophilic and may absorb I mg of blood at
each meal. Studies carried out on behalf of OCP showed that there are no preferred
locations for resting sites and that the resting blackflies occupy the entire gallery forest,
hence the difficulties for an efficient adulticidal coverage (BELLEC and HEBRARD, 1980). The
female S. damnosum lives for up to four weeks. This female seeks a sugar meal (plant juices
or nectars), then a bloodmeal and may thus ingest microfilariae if the meal is taken from
a person infested with 0. volvulus. S. damnosum females lay their eggs in fast flowing parts
of rivers from which larvae hatch and develop to pupae then to the adult stage in eight to
twelve days. The pre-imaginal forms (eggs, larvae and pupae - ELSEN, 1979) are all aquatic
and strongly rheophilic. After hatching, young larvae stay attached to the substrates but
may also drift with the current. They feed by using their unfolded mandibular fans
indiscriminately to catch particles suspended in the flowing water ; including the
nutrients as they pass through the digestive tube. If an insecticide has been adsorbed on
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the water suspended particles, or is itself particulate, it is ingested by the larvae in the
same way as food.

A serious clinical disease

The clinical manifestations of onchocerciasis are primarily due to the microfilariae,
which are the pathogenic stages of the parasite. They provoke itching and, in case of
infections, onchodermatitis (MURDOCH et al., 1993). The microfilariae may invade the eye,
causing severe eye disorders culminating in blindness. In the case of intense and
prolonged invasion of the eye by microfilariae, permanent lesions appear : keratisis
which opacifies the cornea, iridocyclisis causing glaucoma, and inflammation of the
retina and the optic nerve. Since onchocerciasis is an accumulative disease, the ocular
complications appear after an accumulation of infections over several years. In certain
hyperendemic areas, blindness occurs between the ages of 30-40 but may occur earlier in
some subjects (REMME et al., 1989). Onchocercal nodules are an encysting reaction to the
parasite O. volvulus by the human host. They are located mainly where bones are
superficial, near the hips, the rib cage and quite often on the head and the legs. They are
generally small, 1-2 cm, but may sometimes exceeded 5 cm. The frequency and severity of
the symptoms are often closely correlated with the number of microfilariae which, in
turn, depends on the number of adult filariae. This number of adult worms is governed by
the number of infective larvae received by the subject, and therefore by the number of
bites received from infected blackflies in relation to the length of time spent in an
endemic area.
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THE LIFE CYCLE OF ONCHOCERCA VOLVULUS
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A disease controlled through larviciding and chemotherapy

As most of vector-borne diseases, onchocerciasis can be combated by appropriate vector
control operations. According to the geographical context and vector biology, the vector
control strategy can have different objectives.

The strategy of definite elimination of the vector has been envisaged, especially against
the S. neavei complex, the East African vector In the case of the S. damnosum complex,
because of the important flight potential of those flies, attempts must be restricted to
exceptional situations of small isolated foci, through actions limited in time and space.
This strategy, which is a little component of the African Programme for Onchocerciasis
Control (APOC) (DADZIE, 1997), is being implemented by this programme in four limited
foci in Central and East Africa.

Another strategy consists of bringing the transmission of the parasite to an end. The
objective is to arrest transmission of the 0. volvulus by eliminating vector population for
the duration of the lifespan of the adult worm from the human reservoir which at present
is calculated to be around 14 years. This has been applied and demonstrated in parts of
the original area of the Onchocerciasis Control Programme in West Africa (OCP) where
vector control alone has been carried out for more than 14 consecutive years and where
the disease is no longer a public health problem (HOUGARD et al., 2001 - see figure 2). As
blackfly adults are difficult to target, the vector control operations consist of treating
with appropriate insecticides the breeding sites of rivers where the reophilic larval stages
develop. As far as S. damnosum is concerned, the development of the aquatic stage from
egg to pupae is around one week, hence the insecticide application is undertaken weekly.

Onchocerciasis can also be controlled by chemotherapy. However despite the importance
of the research effort, only ivermectin has proven to be effective, well tolerated and
accepted, and without side effects. Today, it is the only molecule used to control
onchocerdasis morbidity (ABIOSE et al., 2000). In contrast to diethylcarbamazine (DEC),
ivermectin is a microfilaricide which is effective at a single dose without causing any side
effects (particularly Mazzotti reaction) or serious aggravation of ocular troubles even
when the dose and the parasitic load are high. It reduces the microfilarial load by 90 %
and this reduction is maintained for six months at least. The objective of the use of
ivermectin in APOC and OCP is to control onchocercal morbidity and therefore to prevent
onchocercal ocular disease and blindness. To get maximum benefit from the drug, the
treatment has to be regularly administrated over a long period of time, the duration of
which has not yet been determined and depends on the level of endemicity. This is due to
the limited effect of the drug on the adult worm and on the interruption of the
transmission (WINNEN et al., 2002). Ivermectin is now extensively delivered within OCP and
APOC through an institutionalized strategy of Community Directed Treatment with
Ivermectin (CDTI). Its principle rests on the distribution of ivermectin by community
workers selected by the population itself and specially trained in the various activities
related to the treatment (DIARRA, 1998).
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What's new about the West African onchocerciasis
vector and parasite ?

A complex of blackfly species

Blackflies are small hematophagous flies of the genus Simulium. There are over 2000
species around the world, only a few of which transmit onchocerciasis. S. damnosum is
distributed throughout most of tropical Africa, not as a single taxonomic entity but as a
complex of sibling species with own ecological characteristics (LE BERRE, 1966). Nine
species are present in the OCP area (BOAKYE, 1993). S. damnosum s.s., S. sirbanum and S.
dieguerense are found in the savannah zone until the northern limit of the endemic area
for onchocerciasis. S. soubrense, S. sanctipauli, S. konkourense and S. leonense are great dense
forest-dwelling ; they may also be found in the zone of light west forests and, in places,
even reaches savannah zones. S. yahense is limited to small forest watercourses and S.
squamosum probably covers several different entities and is widespread in both forest and
savannah zones. Species differentiation is based on the examination of the polytene
chromosomes of the salivary glands of the larvae. The morphological and morphometric
criteria that enable us to separate most species or groups of females adults have also been
identified. Since 1995, a technique based upon mitochondrial encoded gene sequences has
been developed and makes it possible to identify most species of the complex (TANG et al.,
1995).

Several parasite strains

Considering the geographical differences in the clinical pattern and focalization of
onchocerciasis, the severity of ocular lesions and prevalence of blindness, the existence of
several 0. volvulus strains differing in their pathogenicity to man and their adaptation to
various species of the S, damnosum complex, had been suspected since the years 60's (DUKE
et al., 1966). For many years OCP has been faced to the problem of parasite identification
because the available taxonomic tools could not allow for a reliable identification of the
parasite found in the blackfly females during dissections. At the infective stage, 0. ochengi,
the main cattle filaria which can be transmitted by S. damnosum s, cannot be
morphologically differentiated from O. volvulus which is responsible for human

onchocerciasis. As a result, the measure of the transmission could be overestimated since
it took into account all the larvae found during dissections (PHILIPPON, 1977). That was the
reason to develop a method for differentiating, on one hand, 0. volvulus from the parasites
of animal origin and, on the other hand, the 0. volvulus strains that are the most
pathogenic. The discovery of a family of repetitive sequences composed of 150 basic pairs
in the genotype of Onchocerca sp. made possible the development of DNA probes for
parasite identification (ZIMMERMAN et al., 1993). Several probes were isolated. OCH probe is
able to differentiate 0. volvulus from 0. ochengi. PFSI and pSS-IBT probes made it possible
to differentiate the savannah and forest strains of 0. volvulus. They have been commonly
used by OCP from 1992.
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How was devised the Onchocerciasis Control
Programme ?

An overall integrated strategy

OCP ceased rts activites on December 31, 2002, after 29 years of life. No other public
health programme ever benefited for so long from the logistical and financial support of
the international community, the reason for this support being that the results obtained
have always convinced the donors of the effectiveness of the control strategies used:
vector control from 1975 to 1989, then vector control and/or therapeutic control until
2002 (MOLYNEUX, 1995). OCP precisely began its activities in January 1974. Its objective was
to eliminate onchocerciasis as a disease of public health importance and an obstacle to
socio-economic development (WHO, 1969). The basic strategy of the Programme consisted
in interrupting the transmission of the blinding strain of 0. volvulus by destroying S.
damnosum s.l. at its larval stage through aerial application of selective insecticides on the
rivers infested (HOUGARD et al.,, 1993). The first aerial treatments began at the very end of
1974 in areas where the incidence of blindness was highest. They were later gradually
extended to cover by the end of 1977 an area of 654 000 km? spread over seven countries
(Burkina Faso, south-eastern Mali, south-western Niger ; the northern parts of Cote
d'Ivoire, Benin, Ghana and Togo). However ; it was very soon clearly established that the
border of this area was affected by infective blackflies originating from regions outside
the Programme area. In order to protect permanently the reinvaded area and also clean
the basins which were a source of reinvasions, the incriminated hyperendemic regions
were identified and then put under larvicidal treatment. To the west of the original area
(western extension), these were the basins of western Mali, south-eastern Guinea and
northern Sierra Leone. To the south and east of the original area (south-eastern
extension), these were the Southern basins of Céte d'Ivoire, Bénin, Ghana and Togo (Fig.
3).
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Fig. 3
THE ONCHOCERCIASIS CONTROL PROZRAMME AREA

The set up of vector control operations in the extension area was completed towards the
end of the 80's, while all the basins of the original area were still under treatment. The
larviciding coverage then reached its peak with more than 40,000 km of river stretches
treated, corresponding to a million square kilometres, spread over nine countries of the
Programme. Because of the success of the larval control strategy, larviciding operations
progressively stopped from 1989 in the basins of the original area. In the extension areas,
larviciding was going on satisfactorily in combination with ivermectin. To date, human
onchocerciasis is no longer a problem of public health importance nor an obstacle to
socio-economic development in all of the treated area. The control of this filariasis is
however not over since OCP never aimed at eradication, neither of the parasite nor of its
vector In 2003, the eleven participating countries of OCP have taken over the
responsibility of carrying out the residual activities of monitoring and control of this
disease. This task is of great importance because any recrudescence of the transmission
would lead in the long run to the reappearance of the clinical signs of onchocerciasis, if
not its most serious manifestations.

A pre-eminent operational structure

OCP included up to 11 participating countries : Bénin, Burkina Faso, Céte d'Ivoire, Ghana,
Guinea, Guinea Bissau, Mali, Niger Senegal, Sierra Leone and Togo. It was sponsored by
the United Development Programme (UNDP), the Food and Agricultural Organizaron
(FAO), the World Bank and the World Health Organizaron (WHO) and has received since
its inception a financial support from 28 donors. An operational agreement signed in 1973
between the Participating Countries and WHO determined the scope, objectives,
consultation and management structures of OCP and the means by which control
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operations and the evaluation procedures were to be conducted (ANonYMoUs, 1973).The
uppermost level of the current OCP structure was the Joint Programme Committee (JPC)
which has exercised full directional powers as regards overall programme policy, strategy
development and budgetary matters. Next came the “advisory level” represented by the
Expert Advisory Committee (EAC). The third level was that of "support and
collaboration", consisting of the Committee of Sponsoring Agencies, the World Bank for
the mobillzation of funds and the WHO headquarters and regional office for Africa for the
administration of financial resources and the administrative support. This level also
included collaboration with the participating countries and donors. Finally, the last level
consisted in planning, programming and implementing the field operations developed on
the basis of EAC recommendations approved by JPC.

In 2002, OCP was composed of two technical units, the Planning, Evaluation and Transfer
unit (PET) and the Vector Control Unit (VCU). PET was involved in the epidemiological
evaluation and surveillance, biostatistical analysis and information Systems support,
training and transfer. VCU, by far the most important unit in terms of staff and budget,
had four main functions: (i) to carry out entomological surveillance with a view to
guiding aerial operations according to the observed presence or absence of blackfly
larvae at breeding sites and of infective adults, (ii) to conduct aerial larviciding for the
purpose of interrupting transmission, (iii) to monitor the environmental effect, if any, of
OCP operations and, if required, to adjust operations to avoid damage to the non-target
fauna, and (iv) to conduct research on the vector aimed at increasing the effectiveness of
control measures, and on insecticide compounds, their formulations and their strategies
of use, with a view improving the Programme’s ability to deal with development of
resistance to insecticide and of maximizing safety and cost-effectiveness of larviciding.
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A permanent challenge: a search for new larvicides
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FIg. 4
FROM LABORATORY TESTS TO OPERATIONAL USES: THE DIFFERENT STEPS OF THE INSECTICIDE SCREENING
PROCESS IN OCP

The need to overcome the organophosphate resistance

The strategy of larval control, which was currently practised by OCP, was closely related
to the appearance of blackfly resistance to temephos, the only insecticide used by the
Programme from 1974 to 1979. The identification in 1980 of a focus of resistance on Lower
Bandama in Céte d'Ivoire (GUILLET et al, 1980) urged the OCP to abandon the “all-
temephos” strategy to the benefit of an alternate use of several insecticides that was
intended to contain this resistance. The choice of new anti-blackfly larvicides became a
major concern, especially after the appearance of resistance to chlorphoxim,
approximately a year after its use had started on the same stretch of river (KURTAK et al,,
1982): From 1980 to 1997, the Programme invested heavily in operational research on
insecticides. First of all it was necessary to select compounds, which were cost-effective,
and not toxic for mammals and non-target aquatic fauna. It was then essential to
optimize their use so as to manage the eventual emergence of resistance, while
preserving the aquatic environment and maintaining reasonable application costs (
CALAMARI et al., 1998).

The programme initially intensified its support for research involving laboratories such
as the OCCGE “Institut Pierre Richet” (IPR) at Bouaké in Céte d'Ivoire, and then developed
by 1986 its own research capacities, by creating an insecticide research structure in
Bouaké (Fig. 4).
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An intensive screening of new larvicides

In order to make it usable by the Programme, an anti-blackfly larvicide had to meet a
number of criteria, the most important of which was efficacy, selectivity and
harmlessness (HOUGARD et dl., 1993). At sufficiently low concentrations, the larvicide
compound might guarantee the total control of blackflies larvae as far as possible
downstream the spraying point, in order to reduce the number of aerial applications, on a
given stretch of river thus saving flight hours. At the concentrations lethal for blackfly
larvae, the insecticide might have a minimum impact on non-target aquatic fauna
(aquatic insects, fish, shellfish), both in the short term (no acute toxicity) and in the long
term (absence of bio-accumulation).

From the point of view of selectivity, certain operational larvicides in OCP had a low
safety margin, which restricted their use a few applications per year only In the
watercourses where the high flow rate guaranteed a high degree of accuracy of dosage. Of
course, all the operational larvicides might have a low toxicity for mammals, in order to
minimize the risks of handling by operators and affecting the health of men and animal
using rivers as sources of drinkable water Apart from these three criteria, an anti-blackfly
larvicide had to be correctly formulated so as to ensure that the insecticide had a uniform
coverage of the larval breeding sites, a maximum carry downstream from the spraying
point. Technically, the selected formulation might also guarantee sufficient fluidity to
allow an easy pumping in the tank of the aircraft as well as a uniform application by the
spraying tubes. A blackfly larvicide might finally have a good stability under the usual
conditions of warehousing in a tropical environment. Operational insecticide stocks
might indeed be stored close to the rivers, in open air deposits, for periods that could
exceed one year It was thus critical that the larvicides had a sufficient stability to
preserve their efficacy and their physical properties, prior to application by helicopter.

There are several steps to meet in the selection of a new compound. This process relates
on a close cooperation with the manufacturer In charge of the development of new
compounds and formulations. The first stage consisted in selecting, from among the
compounds provided by the manufacturer and approved by the WHO Pesticide Evaluation
Scheme (WHOPES), the products that had, at the same time, a significant impact on
mosquitoes larvae and a low toxicity for mammals. These compounds might belong, if
possible, to families different from that of operational Insecticides, or at least to different
groups within the same family, In order to minimize the risk of crossed resistance among
insecticides. They were then proposed for evaluation by OCP for screening on blackflies in
a closed System, without any risk to the environment (KURTAK et al., 1987). Insofar as it
was impossible to maintain permanent colonies of blackflies in the laboratory, the
efficacy of the new compounds was evaluated in the field, near larval breeding sites. For
this purpose, a laboratory was established in situ by the Programme in the south-western
part of Cote d’Ivoire, close to a river located outside the rivers subject to larviciding.
Alongside these tests, standard susceptibillty tests were carried out with the active
ingredient of the tested compounds in order to assess their basic susceptibility. The
following stage consisted in realizing at a small scale some tests on non-target fauna. This
stage implied the collaboration of the hydrobiology team of VCU, in charge of monitoring
the aquatic environment for the entire Programme. Tests in gutters on non-target
aquatic fauna (insects mainly) made it possible to evaluate the safety margin between the
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estimated operational amount and the dose likely to cause an undesirable impact (
YAMEOGO et al, 1991). When this margin was acceptable, compared to the already
operational larvicldes, a technical report was submitted to the Ecological Group, the
authority allowed to authorize the follow-up of the evaluation at a larger scale. If the
Ecological Group agreed, large-scale tests might be carried out in river to check the
efficacy of the product and its carry, and to measure its impact on non-target fauna under
field conditions. Should results-promising, large-scale treatments were carried out.

A selection of seven operational compounds

Several hundreds of compounds and/or formulations have been evaluated by OCP, under
an intensive screening programme. This research led to the selection of seven operational
insecticides, six Chemicals and one biological control agent (table 1).

Table |
Main characteristics of the blackfly larvicides used by OCP

Family Organophosphorous Pyrethrioids Carbamates  Bacteria
common name temephos  phoxim'  pyraclofos  permethrin  etofenprox  carbosulfan Bt H-14
formulation ECH EC EC EC EC EC WD
% active ingredient 20 50 50 20 30 25 <2
class of toxicity * 1] Il Il Il 1] Il ]
toxicity against FNC * slight medium medium high medium high slight
dose * 1507 150 120 45 60 120 500
mean 10 m’ / sec 12 3 Not used Not used Not used Not used 1.5
carry 100 m’ / sec 16 5 18 7 6 9 5
(km) 300 m’ / sec 20 Not used 23 8 8 Not used Not used

" CHLORPHOXIM UP TO 1997; 2 EMULSIfIATE CONCENTRATE; ° WATER DISPERSIBLE; * ACCORDINg TO THE WHO
CLASSIfICATION OF ACTIVE INgREDIENT: I, QUITE HAZARDOUS; i, SLIHTLY HAZARDOUS; ° TOXICITY
AZAINST NON AQUATIC FAUNA ACCORDINg TO THE CRITERIA OF THE ECOLOZICAL GROUPE; ° IN ML OF
FORMULATION PER CUMECS; 7300 ML IN CLEAR WATER.

TEMEPHOS, introduced from the very beginning of OCP, was an exceptional larvicide. It is
an organophosphorous compound, with very low toxicity for vertebrates. It has a good
selectivity for blackflies, resulting in a very low impact on nontarget invertebrates.
Moreover, the carry can reach 50 kilometres in favourable conditions. The amount
normally applied is 300 ml of an Emulsifiable Concentrate formulation (EC 20%) per
cumecs of flow in the river Given its excellent carry and its greater efficacy in high turbid
water the amount can drop to 150 ml per cumecs in the rainy season. Unfortunately its
use was limited since 1980 as a result of the appearance of resistance among Simulium
populations.

CHLORPHOXIM, the only alternative compound operationally available in 1980, was
introduced to replace temephos in the areas of resistance. As it is also an
organophosphate, a cross resistance soon appeared in some species in the Southern
basins of OCP, but this resistance did not extend. Chlorphoxim, used at 120 ml per cumecs
(EC 20%), is less selective than temephos and has a lower carry. Because its industrial
production was abandoned it was replaced in 1991 by phoxim, at 150 ml per cumecs (EC
50%). Its use was as limited as chlorphoxim.
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PYRACLOFOS was introduced in 1990. Its carry is comparable to temephos. It was used at
120 ml per cumecs (EC 50%). It is potentially more toxic for fish than temephos or
phoxim, and it was thus restricted to discharge higher than 15 cumecs. Although
pyraclofos does not have spontaneous cross resistance with temephos or phoxim, it had
been recommended not to use pyraclofos beyond eight consecutive weekly cycles. Thanks
to the strategy of rotation, the susceptibility to pyraclofos remained unchanged in the
OCP area, in spite of an intensive use on several basins.

PERMETHRIN, like most of pyrethroids, is a very effective insecticide against blackflies,
used at no more than 45 ml per cumecs (EC 20%). While not being very toxic for hot-
blooded vertebrates, it is less selective than organophosphates for the non-target
invertebrates fauna (insects, shellfish) and fish. Its carry is low, compared to that of
temephos and pyraclofos (lower than 10 km even in favourable conditions). The
Ecological Group recommended no more than six consecutive cycles per year on the same
river stretch and never below 70 cumecs. In spite of these constraints, permethrin played
a significant role in the strategy of rotation of insecticides applied to the OCP. It proved
indeed very active against blackflies resistant to organophosphates. Moreover its low cost
and low operational dosage allowed river treatments over 500 cumecs discharge. No
decrease of Simulium susceptibility to permethrin had been detected in spite of the many
cases of resistance recorded here and there in some crop rodents and other insect
vectors, such as mosquitoes.

ETOFENPROX is a “pseudo-pyrethroid” which is much less toxic for fish than permethrin. It
was used operationally since 1994 at 60 ml per cumecs (EC 30%) for discharge above 15
cumecs.

CARBOSULFAN is a carbamate insecticide. It was introduced in 1985 in order to serve with
permethrin as an alternative to organophosphates for the treatment of large rivers. It has
been used at 120 ml per cumecs (EC 25%). Its relatively low selectivity and its risk of
impact on fish raised the limits of use, as for permethrin, to discharge higher than 70
cumecs with a maximum of six consecutive weekly treatments per year and per river
stretch. Its low carry and relatively high cost limited its use to a low range of river
discharges. No Simulium resistance was detected since its introduction.

BACILLUS THURINGIENSIS H-14 (B.t. H-14) is a biological control agent. Discovered in 1977,
this bacterium produces protein crystals toxic for Simulium larvae and several other
diptera. Commercial formulations were used by OCP on a large scale, since 1982 (GUILLET et
al, 1982).The toxin of B.t. H-14 is indeed extremely selective for blackfly larvae, and
operational spraying does not practically have any effect on non-target fauna. Its mode of
action is completely unique and no crossed resistance with Chemical insecticides has ever
been recorded. In fact, several rivers in the OCP area have been treated by B.t. H-14 for
nearly 20 years without any decrease of Simulium susceptibility. This made B.t. H-14 the
insecticide of choice to counter resistance to organophosphates. However its operational
dose was relatively high, limiting its use at relatively low discharges. By 1985, the
improvement in the commercial formulations made it possible to treat rivers at a
discharge of 75 to 100 cumecs.
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An adapted operational control strategy

Managing vector resistance to insecticides

Alongside the programme of development of Simulium larvicides, OCP developed a
strategy of use of these compounds which allowed, on the one hand, to contain resistance
to temephos, chlorphoxim and phoxim and, on the other hand, to avoid the development
of blackfly population resistance to the other insecticide families. Among the possible
strategies of management of resistance, one consisted jn alternating, in time, the
insecticides belonging to different families. This rotation made it possible to reduce the
insecticide pressure on a given Simulium population and, thus, to decrease the chances of
development of genes of resistance in this population. This strategy would have been
relatively simple to implement if all the products of replacement had shown the same
characteristics as temephos. The choice of insecticides would then have been limited only
to the considerations of management of resistance, other than any other factors, such as
efficacy, cost, physical properties and toxicity. Unfortunately, it was not the case, which
made the implementation of this strategy even more complex (GUILLET et al., 1991).

In order to monitor the susceptibility of Simulium to Insecticides, the Programme quickly
developed simple and reliable methods of evaluation of the susceptibility of S. damnosum
larvae to insecticides. These tests, the guiding principles of which were described by
MOUCHET et al. (1977) for chemical insecticides and GUILLET et al. (1985) for B.t. H-14, are
easily achievable in the field. They helped to determine, for each insecticide, the
diagnostic doses, so as to quickly detect the least fall in susceptibility of the blackflies to a
given insecticide. A considerable improvement in the situation of resistance to temephos
has, however been noted these last years, since the resistance now persisted only on the
lower-Bandama and the lower-Comoé in Cdte d’'Ivoire, on a relatively low level. Temephos
could, thus, be used again in 90% of the Programme area, in rotation with other
operational Insecticides. The same goes for phoxim, which had replaced chlorphoxim.
With regard to pyraclofos, only one case of resistance was reported on the Marahoué
(Céte d'Ivoire), following a succession of 16 consecutive weekly cycles, carried out on an
experimental basis. This resistance, fortunately, quickly proved reversible in the absence
of pressure of selection. No resistance has, never; been detected with the other insecticide
families (Fig. 5).
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FIg5
OPERATIONAL RANSE OF LARVICIDES USED BY OCP

Less pressuring the aquatic environment

The weekly periodicity of treatments, and the importance of the hydrological network to
be treated, constituted the first factor of complexity. A decision to treat should indeed be
taken each week on several thousands of kilometres of rivers, that is to say, several
hundreds of spraying points (fig. 6). The first step among the decision-making process
was to determine, for a watercourse or a portion of it, if larviciding must take place. This
decision depended on a number of factors among which were the results of the weekly
entomological evaluation or the level of endemicity of the zone under study. Once the
decision for treatment was taken, the choice of insecticide depended, not only on the
dynamics of resistance at the local level, but also on the characteristics of each insecticide
as described previously.

Below I cumecs, only B.t. H-14 might be used. The use of temephos was not excluded, but
its use in little agitated water courses increases the time of contact of the insecticide with
substrates, and the risks of under-dosages, favourable to the survival of the individual
heterozygotes, in the case of recessive or semi-recessive resistance gene. Between 1 and
15 cumecs, three of seven insecticides available could be used: temephos, phoxim and B.t.
H-14. From 15 to 70 cumecs, two compounds could be added, pyraclofos and etofenprox,
bringing the number of available larvicides up to five. Between 70 and 150 cumecs, the
use of B.t. H-14 became expensive, but this range of flow allowed the greatest choice and
the greatest diversity of compounds with three organophosphates (temephos, phoxim
and pyraclofos), a pyrethroid (permethrin), a pseudo-pyrethroid (etofenprox) and a
carbamate (carbosulfan).This diversity was reduced between 150 and 300 cumecs because
phoxim and carbosulfan become too expensive for use. Between 300 and 450 cumecs, only
temephos and permethrin were profitable. Above 450 cumecs, only permethrin was used
operationally. By 1999, the gradual reduction in larvicide coverage has made it possible to
decrease the number of insecticides, by limiting to the five most effective ones :
temephos, pyraclofos, permethrin, etofenprox and B.t H-14.
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The spraying of an insecticide requires precise knowledge in real time of the discharge of
rivers to be treated. A mis appreciation of the quantities of insecticides to be sprayed can
indeed have several effects on the success of treatment. An overdosage can have
significant financial and ecological consequences, if the product used is expensive or
relatively toxic. This is why an hydrological surveillance network was set up from the
very start of the programme on the entire treated rivers. It included, at the height of
larviciding, up to 185 river gauges, 103 of which were equipped with hydrological
beacons, allowing a transmission by satellites of recorded water levels (SERVAT and
LAPETITE, 1990). In the same time, the aircraft company in charge of treatments, along
with OCP, developed a treatment device allowing precise dosage (HOUGARD et al., 1996).
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FIg. 6
AN EXAMPLE OF ROTATIONAL USE OF LARVICIDES IN A STANDARD RIVER CLOSE TO OCP AREA

Environmental protection: a need to deal with
A strong concern about the fate of the environment

The mere fact of regularly using insecticides for many years raised the concern of the
potential risk such operations could have for the aquatic environment. Indeed, at the
time OCP was launched, there was much evidence on biological and ecological
consequences of DDT With the awareness of the "DDT syndrom" of the international
community, the Participating countries, as well as the Donors that support the
Programme (28 countries and foundations), had reasons to fear that 20 years' repeated

62



39

40

41

42

applications of insecticides in the watercourses would cause serious disturbances of the
freshwater ecosystems.

In 1974, just before the beginning of operational activities, OCP set up an aquatic
monitoring programme of rivers planned to be regularly treated with insecticides (
LEVEQUE et al., 1979). It was implemented to satisfy three major concerns:

* to provide early warning to those carrying out treatments, should toxic effects be noted on
the short term and to ensure that the insecticide release did not excessively disturb the
functioning of the treated ecosystems on a long term basis (the expected duration of OCP);

* to avoid the widespread use of Chemicals which may have adverse effects on human
populations near the river Systems and/or might accumulate in the food chain as DDT has
been known to do;

 to prevent the irreversible loss of aquatic biodiversity in West Africa both because
freshwater fish are a major source of food as well as an economic activity for West African
populations, and to meet the objective of the Convention on Biodiversity that stipulates that

countries are responsible for the conservation of their biodiversity.

At the beginning of OCP, the knowledge of riverine Systems and their associated flora and
fauna was still very poor In such a situation, the aquatic monitoring activities were
devised both to collect basic knowledge on the structure and functioning of the rivers,
and to investigate the potential impact of larvicides on the aquatic fauna. In particular ; it
was necessary to identify (and sometimes describe) the different species collected, to
investigate the biology and seasonal dynamics of the non-target fauna, to understand the
long-term trends in river water discharges and their relations to the dynamics of aquatic
communities. This basic research, highly critical for the interpretation of the monitoring
data, was progressively achieved by several teams, and particularly by the Orstom
hydrobiological team based first in Bouaké, and then in Bamako.

The implementation of an efficient organization

The monitoring of the aquatic environment was made possible through the
implementation of a specific organization devoted to laboratory and field studies, as well
as to the periodical analysis and interpretation of collected data. Currently, the entire
monitoring activity is catered for by the participating Countries using a standard
protocol, but is backed by financial and technical support to the Programme. Special
studies and independent analysis of data are carried out periodically in collaboration with
consultants or specialized institutions to supplement or support studies conducted by the
Programme and National hydrobiology teams. The Ecological Group evaluates the
different results, assesses the level of toxicity of proposed new Chemicals, and approves
or rejects their operational use under the Programme (see figure 6).

The Ecological Group

Before the Programme was launched, the Sponsoring Agencies set up an independent
advisory body, the Ecological Panel, which later became the Ecological Group (E.G.).The
Group always consists at maximum of five independent scientists and reports to the
Expert Advisory Committee of OCP. Its role is to ensure that vector control carried out by
OCP does not endanger the environment and to make recommendations to the
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Programme for effective protection of the environment. More specifically, the objectives
and mandate of the EG are to:

+ organize and evaluate a long-term monitoring programme of the aquatic fauna;

+ assess the level of toxicity of new products or formulations and approve or reject their
operational use under the Programme;

+ review the nature and magnitude of ecological problems connected with the programme
and with associated economic development projects, proposed in areas freed from
onchocerciasis, in order to identify the environmental and human ecological implications of

such developments.
National Monitoring Teams

The monitoring activities have been conducted by National Hydrobiological Teams which
were developed and established in most of the Participating Countries where larvicide
treatments occurred (Burkina Faso, Cote d'Ivoire, Ghana, Togo, Bénin, Mali, Guinée,
Sierra Leone). Most national scientists received OCP grants to be trained in the
methodologies used by OCP. Some of them received PhDs. They also received support
from OCP to conduct their monitoring and research activities and they meet annually to
discuss their results with the Ecological Group. Exchanges between monitoring teams
were promoted during the programme.

The Vector Control Unit

The Vector Control Unit (VCU) in OCP has been one of the major contributors to
environmental protection through many of its activities. For example: (i) it has been
responsible for the judicious operational use of insecticides in the OCP area; (ii) it has
been in charge of the screening of new insecticides; (iii) it reports its activities at the
Ecological Group meetings.

The OCP Hydrobiological Section

The OCP Hydrobiological Section was created in 1981 at the headquarters of OCP in
Ouagadougou, as a component of VCU, and under the leadership of a senior scientist. Its
main functions were (i) to carry out the ecotoxicological research; (ii) to coordinate
monitoring activities, and to assist the national teams in their field work in the OCP area;
(iii) to manage the monitoring data provided by the national teams (Fig. 7).
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FIg. 7
STRUCTURE DE L'OCP ET POSITION DES ACTIVITES DE SURVEILLANCE DE L'ENVIRONNEMENT

The short-term risk assessment of new larvicides

A risk assessment was performed for every new larvicide to be used in OCP. After the first
trials devised to evaluate the efficacy on blackflies, a review of literature was performed
together with laboratory tests on fish and gutter tests on invertebrates (CALAMARI et dl.,
1998). Acute toxicological tests have been performed on African fish species according to
standard protocols (YAMEOGO et al., 1991) to obtain original data on fish toxicology. Short-
term impact on non-target invertebrates was also studied using a System of artificial
gutters and different concentrations of insecticides (YAMEOGO et al, 1993). From these
tests, larvicides were classified according to their general toxicity and a typology of the
susceptibility of the most common taxa was established (YAMEoGo et al., 1991, 1993).

Quite a lot of information has been collected also from field trials of insecticides : B. t.
H-14 (DEJOUX, 1983 ; DEJOUX et al., 1985); deltamethrin (DEjoUX, 1983), Gh 14 (TROUBAT et
LARDEUX, 1982), temephos (DEJOUX et ELOUARD, 1977; ELOUARD et JESTIN, 1982) pyrachlofos (
YAMEOGO et al., 1993) permethrine (YAMEOGO et al., 1993) etofenprox (YAMEOGO et al., 2001)

Comparing the different operational larvicides, B. t. H-14 proved to be the least
environmental damaging, followed by temephos, chlorphoxym, pyraclofos, etofenprox,
permethrin and carbosulfan, in increasing order of toxicity. Among the taxa, the Baetidae
(Ephemeroptera) were the most susceptible to the Chemical larvicides while the
chironomidae (Diptera) were the least susceptible to most of the insecticides.

The Ecological Group reviewing the results recommended, in cases of acceptable

toxicological results, small-scale pilot studies on the field. For the most toxic Insecticides
that have many advantages to their possible use (such as low cost, wide range of
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application in relation to discharges and long carry distance), large-scale studies below
the operational dose were recommended. This allows a complete risk assessment scheme
to be obtained before the insecticide is used as an operational larvicide. Permethrine for
example was tested this way (YAMEOGO et al., 1993; CALAMARI et al. 1998).

The long-term monitoring of the aquatic environment

The criteria retained by the Ecological Group for the evaluation of the long-term impact
of insecticides on aquatic environment have been the following (LEVEQUE et al., 1988):

« the vector control activities should not reduce the number of invertebrate species, or cause
a marked shift in the relative abundance of species;

+ the pesticides applied should have a direct impact neither on fish, nor on the life cycle of
fish species;

+ bioaccumulation and biomagnification through food webs should be avoided ;

* human activities in the control area should not be impaired,

* temporary and seasonal variations in non-target invertebrate populations due to

insecticides should be acceptable.

The monitoring programme was primarily concerned with two major categories of
organisms: (i) the benthic invertebrates that abound in the watercourses and that are
directly threatened by the insecticide in the same way as Simulium damnosum larvae; (ii)
the fishes, by virtue of their economic interest for the people living along the rivers, but
also for the psychological reasons to show the villagers occupied in fishing that care was
taken to avoid the risks of pollution.

Methods and protocols

In order to evaluate the magnitude of the environmental risk, hydrobiologists have used
consistent methods and protocols to monitor potential long-term effects of continuous
use of larvicides on aquatic populations (YAMEOGO et al., 2001; CROSA et al., 1998; LEVEQUE et
al. 1979). When setting up the monitoring protocol, several important considerations had
to be kept in mind:

+ the monitoring had to deal with a long-term regular sampling aimed at investigating the
ecological effects of treatment over the duration of the programme, combined with shorter
duration research programmes looking at specific short-term problems;

+ the periodicity of sampling, the sites selected for monitoring, and the field methods used
had to combine reliability of sampling techniques with reliability of access in both wet and
dry seasons, over many kilometres of road or tracks which are not yet hard surfaced;

+ the monitoring techniques had to work equally well in shallow, slow-flowing rivers in the
dry season, and in the same rivers, deep and flowing fast in the wet season;

+ in order to ensure reasonable comparability of results, all teams had to use the same

methods.
A network of sampling stations throughout the Programme area was established (Fig. 8).

Forty sampling sites were used at the start of the Programme, but as the programme
evolved together with the treatment strategy, the number has been reduced recently to
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ten for invertebrates and ten for fish, after an evaluation was made on the impact of the
first ten years.

54 For invertebrates, three main sampling methods were used (YAMEOGO et al., 2001):

+ Drift net sampling using 2 m long nets, 20 x 20 cm aperture, 300 mm mesh size. The basic
techniques of drift sampling used in the Programme were standardized.

+ Surber samples using 15 x 15 cm Surber sampler. This simple method, which allows rocky
substrates to be sampled, cannot be used in deep waters and was therefore limited to the
low-water period.

+ Artificial substrates: special apparatus were designed and used, from concrete blocks which

were left immersed on the bottom, to floating substrate made of a bunch of plastic fibres.

55 For fishes, the monitoring programme mainly concerned (LEVEQUE et al, 1988):

56 The study of changes in the catch (expressed in weight or number of individuals) and
species composition of experimental fishing carried out at regular intervals (usually 2 or

3 months) with a standardized set of gill nets.
+ The study of biological parameters, more especially the coefficient of condition which is a
measure of the health of fishes. Complementary research was also conducted on the analysis
of stomach contents of selected species, spawning periods and fecundity, as well as the

impact of organophosphorous compounds on brain acetylcholinesterase activity.

57 Some methods and protocols for the monitoring and risk assessment programmes have
evolved since 1974, the Programme being dynamic in the face of continually changing
situations (e.g. insect reinvasion, resistance to pesticides, variability in hydrology, etc.).
However the basic concepts and issues have remained.

OCP aquatic monitoring sites N

Senegal

—— limits of OCP
------- limits of the initial OCP area
—== Southern limits of larvicidal treatments

(-] fish monitoring sites (e still active in 2002)

] invertebrate monitoring sites ( m still active in 2002) 9 200. AGOkm

FIg. 8
MONITORINE SITES LOCATION IN OCP AREA

Twenty five years aquatic monitoring

58 The major concern of OCP regarding the aquatic environments exposed to insecticides
has been to avoid long-term or lasting changes in aquatic biodiversity. Major groups of
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organisms which have been monitored during over twenty years of OCP operation for any
indications of undue changes are fishes and non-target invertebrates (Fig. 9).

Main fish monitoring results

Potential impacts of larviciding on fish have been evaluated by assessment of changes in
species richness of catch, catch per unit effort (CPUE) of fishing and coefficient of
condition of fish species (LEVEQUE et al., 1988 ; PAUGY et al., 1999). In relation to species
richness of experimental catch (which is the number of species caught in a standard set of
experimental gill nets during two nights’n fishing), long-term trends observed in three
major areas of the Programme (ie. rivers in Céte d'Ivoire, Volta basin rivers in Ghana and
Niger basin rivers in Guinea) have been different. However after a period of declines
especially in Céte d’Ivoire and Volta basin rivers, recovery and improvements in species
richness of catch in all rivers have been observed since 1994 and 1996. Thus, after several
years of larviciding with several insecticides, up to twenty years in the original
Programme area, there is no evidence of reduction in fish species diversity in treated
rivers. A similar observation was made after the initial ten years of monitoring during
which only three larvicides had been used. Comparison of species richness changes with
hydrological trends suggests that the observed trends in species richness might be
attributed to climatic factors and the long period of drought that occurred for many years
in West Africa (Fig. 10 and 11).
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LONg-TERM CHANGES IN THE ANNUAL DISCHARSE FOR SOME OF THE MONITORED RIVERS. LOW
DISCHARZES ARE CHARACTERISTICS OF THE EARLY 1980S AND THE EARLY 1990S IN MANY RIVERS OF
THE OCP AREA

Overall trends of catch per unit effort (CPUE) in relation to larviciding during 20 years
also indicate various scenarios in the different major Programme areas/basins and
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sometimes among rivers of the same basin in spite of a generally similar larviciding
regime in the Programme area. For example, catches reduced in Céte d'Ivoire rivers up
till 1989 and 1993 and increases were observed in all rivers since 1995 although
larviciding was stopped on different rivers at different times. In the Niger basin, no
decrease in catch has been observed since monitoring began, while increases over the
original status have been observed in the three rivers monitored in the basin since 1994.
In the Volta basin, different trends in catch are being observed over the years. However, a
common seasonal pattern of catch, high at low water periods (Dec./Jan. till Apr/May) and
low at high water periods (Jly/Aug. till Oct./Nov.) is observed for all basins and rivers.
The influence of hydrological changes on fish catch has been previously suspected.
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LONg-TERM CHANGES IN fiSH SPECIES RICHNESS PER SAMPLE IN SOME MONITORED RIVERS
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LONS-TERM CHANGES IN fiSH CATCH PER UNIT EFFORT (CPUE) PER SAMPLE USINg A STANDARD SET OF
SILL NETS SAMPLE IN SOME MONITORED RIVERS

Coefficient of condition values (a ratio between weight and length) which express the
“well being” of fish have also been monitored to assess direct effect of larvicides on fishes
(acute toxicity) and/or indirect effects through larvicide impacts on their food sources
which are in many cases aquatic invertebrates. Over the years, various assessments of
trends of ‘condition’ of several fish species in the Programme area indicate only
fluctuations around expected means but no significant changes in values. The situation
indicates that larviciding has not directly affected fish and suggests that where fish food
items have been affected, others have been found and used reasonably well in their place.

Bioaccumulation of pesticides in fish was a major concern with DDT. Actually, the effects
of organophospates in laboratory experiments showed that fish were able to accumulate
temephos (MATTHIESSEN and JOHNSON, 1978). But this accumulation seems to be limited and
does not increase to a point observed with DDT Field data in OCP area confirmed that
temephos did not accumulate in fish (QUELENNEC et al, 1977). Moreover, in field
conditions, the acetylcholinesterase activity in the fish brain does not seem to be
significantly different in the rivers treated with temephos or untreated (ANTWI, 1985;
SCHERINGA et al., 1981).

Main monitoring results for invertebrates

The specific concern of OCP with regard to non-target invertebrates and larviciding of
rivers has been to prevent loss of faunal diversity and to maintain the quality of biomass
available for higher levels of the aquatic ecosystem food web. Impact assessment of
larvicides has been based on evaluation of two types of data. These are Surber samples
data and drift (day and night) data.
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By analysing the invertebrate data which were collected using various sampling
strategies between 1977 and 1996, YAMEOGO et al. (2001) evaluate the long-term changes of
the invertebrate populations with respect of their taxonomic composition as well as their
trophic structures. Surber samples provide a qualitative and quantitative assessment of
the invertebrate community at the sampling location. They allow a clear examination of
the community changes both as taxonomic as well as functional structure. Generally,
results indicate that individual larvicides have different impacts on rivers and exhibit a
range of effects on various groups of invertebrates. The greatest reduction in the
diversity and abundance of the invertebrate assemblages has been detected during
phoxim, permethrin, carbosulfan and pyraclofos treatments (YAMEoGO et dal, 1992).
Temephos and B.t H-14 are the less stressing larvicides. The taxonomic units that present
the wider changes in relative abundance are Tricorythidae, Leptoceridae, Chironomidae,
and Baetidae. From a trophic point of view, all the communities are dominated by the
gathering collectors and, to a less extent, by the filtering collectors. The abundance of
these feeding groups is a direct evidence of the availability of the fine particulate organic
matter that characterizes the food resources within the studied rivers. This dominated
structure tends to increase with the application of all insecticides but the B. t. H-14 (
YAMEOGO et al., 2001). As a whole, results suggest that neither the taxonomic nor the
trophic structures are greatly altered from the range of biological, flow-related variation
that normally occurs in the studied rivers (YAMEOGO et al., 2001, CROSA et al., 2001).

This allows concluding that the effect of insecticides on the aquatic fauna is usually low
but results for invertebrates in changes of species composition and community structure.
However this impact does not affect the general functioning of the aquatic system and is
therefore ecologically acceptable. To be sure that there were not irreversible losts of
species the question of recovery of the aquatic fauna has been raised by the Ecological
Group. The basic question was: does the aquatic community return to a structure and
species composition more or less similar to the pre-treatment one at the end of the
treatment period? Actually, field data provide indications that recolonization by taxa (for
example, Neoperla sp. and Caridina sp.) which had been affected during treatment period
was observed at a majority of stations after larviciding stopped. The ability of the aquatic
fauna to recover in treated rivers has therefore been demonstrated, even if it is at a slow
rate.
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LONgZ-TERM CHANZES IN THE DENSITY OF INVERTEBRATES ON THE ROCKS, AS ESTIMATED USINg SURBER
SAMPLERS.

The goal is achieved, but what about the future?

The OCP in West Africa closed in December 2002, after 29 years activities. There is no
equivalent of a public health programme benefiting for so long a financial support of the
international community. One of the reasons for this support is that OCP always
convinced the donors of the effectiveness of the control strategies used. The other reason
has been the permanent concern of OCP to take care of the aquatic environment with the
involvement of national teams and international expertise. The implementation of a
long-term monitoring programme to assess the potential effects of larviciding, and the
large-scale screening of larvicides to select the most efficient for S. damnosum while the
less drastic for the non-target fauna, are unique features in large health control
programmes. These efforts had an economic cost in terms of insecticide consumption and
operational strategies but they made it possible to preserve the quality of the water used
by the riverine populations as well as the fishing resources which constitute a significant
part of the foodstuff of these populations.

The goal is achieved: onchocerciasis has been virtually eliminated from the OCP area as a
disease of public health importance, and as an obstacle to socio-economic development.
By eliminating the threat of blindness, OCP has made possible the repopulation of those
river valleys which had formerly been deserted by fear of the disease. Practically, no new
infection is currently recorded in this zone and one of the most significant results is that
18 million children born in the OCP area have no longer been infected by onchocerciasis.
However the control of filariasis is not over. Indeed, OCP never aimed at the eradication,
neither of the parasite nor of its vector and onchocerciasis will still be present. The
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capacity to manage the “risk” of onchocerciasis will constitute a new challenge in the
future.

From the environmental point of view, the success of OCP may be jeopardized by an
unsustainable use of the freed land. For example, a pilot study conducted in the Léraba
area thus showed that 75 % of the original wooded savannah was cleared for agricultural
development and the settlement of villages (BALDRY et al., 1995).The riverine forests of
many small rivers were destroyed and on some of the banks, soil erosion is going on. On
the other hand, the bordering forests and the easily flooded plains of the larger rivers did
not undergo any disturbance of this scale. It is therefore necessary both to take measures
and sensitize the riverine populations on the need for environmental protection and
biodiversity management along with the development of agricultural activities. In other
words, that is the field application of the principles of sustainable development as
developed at the conference on the planet Earth in Rio in 1992, and in Johanesburg in
2002.

BURKINA FASO 'S SIDE OF THE LERABA RIVER
Fig. 13
CHANGEES IN LAND USE IN THE VICINITY OF THE LERABA MONITORINE STATION

Blackfly nuisance

In certain areas, the strong decrease of blackfly bites has been a relief for riverine
populations whose life and/or working conditions have been improved. That was the
most immediate benefit perceived by populations from the activities of OCP at the
beginning of the Programme.

Larviciding has, however progressively ceased from 1990 in the regions where the disease
was under control and the blackfly bite rates again reached high levels in some areas.
Even though blackflies no longer transmit onchocerciasis their reappearance was
perceived by populations who associated these insects with transmission of the disease,
as the comeback of onchocerciasis. On the other hand, blackfly bites are also a real
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nuisance that could hinder the ongoing socio-economic development of the river valleys (
HOUGARD et al., 1998).

To take care of the public concerns OCP encouraged individual actions against blackflies,
through low-cost control techniques on the ground for dealing with breeding sites.
Transfer to villages and development units has been achieved in different areas. However;
larvicide applications performed by non specialists for an indeterminate period could
carry an enormous risk of environmental pollution. The use of two insecticides which
present low environmental hazards (B.t. H-14 and temephos) has been recommended by
OCP. However, once OCP closed, there is a risk that these communities will use the
insecticides that are available locally for agriculture purposes for instance, with the
attendant danger of causing resistance and contaminating the environment.

Increasing knowledge and expertise

Apart from the success of OCP in controlling the disease, there are also several positive
consequences which may be stressed.

Improvement of national expertise in the field of river ecology and management

A significant contribution of OCP is the training of national scientists in relation with the
monitoring of aquatic environment and related research programmes. As part of the
training, several national scientists received grants to be trained in Africa and in
northern countries. The result is in an overall improvement of the expertise in aquatic
biology and in environmental sciences.

A better knowledge of the ecology of West African rivers

Before OCP, the knowledge of the ecology of African rivers was very poor. The
implementation of the monitoring programme leads to:

* A better knowledge of the fauna and ecology of West African rivers, particularly for insects
and fish (DEJoux et al,, 1981; de MERONA, 1981; ILTIS, 1983; ILTIS and LEVEQUE 1982; GIBON and
STATZNER, 1985; LEVEQUE et al., 1990, 1992);

+ A better knowledge of the-long term dynamics of aquatic populations in relation with
climatic changes and human influences ;

+ The acquisition of a bulk of information on reaction of African aquatic fauna to diverse

Chemical products ;

All this knowledge will be useful for other developmental activities and for conservation
of the west African environment.

Establishment of an aquatic monitoring data base : an exceptional property

All results recorded during the environmental monitoring of the Programme have been
constituted into a data base managed and available at the OMS Head-quarters in
Ouagadougou. This data base, updated and validated on the ecology of West African rivers
generated during a period of more than 25 years, is a unique heritage.
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Environmental Assessment of
Larvicide Use in the Onchocerciasis
Control Programme

D. Calamari, L. Yaméogo, J-M. Hougard and C. Lévéque

The objective of the Onchocerciasis Control Programme (OCP) is to eliminate onchocerciasis as a
disease of public importance and as an obstacle to socio-economic development. The OCP was
initially based solely on the control of the blackfly vector, Simulium damnosum sensu lato, by
insecticide spraying of the breeding sites on river Systems, where larval stages develop. Results of
monitoring the environmental effects and the process of risk assessment for new insecticides are
reviewed. The achievements of this strategy are outlined here by Davide Calamari, Laurent
Yameogo, Jean-Marc Hougard and Christian Leveque.

Onchocerciasis (river blindness) is caused by a filarial worm Onchocerca volvulus; the
microfilariae live in the skin and cause debilitating skin lesions and, ultimately, blindness.
West Africa used to be the most affected area in terms of the distribution and severity of
clinical manifestations of the disease. Since 1974, successful control has been undertaken
through the Onchocerciasis Control Programme (OCP)*-3.

The strategy of larviciding is designed to interrupt the transmission of the parasite for
longer than the longevity of the adult worms in a human host (estimated to be ~14 years)
by destroying larval stages of the vector through aerial application of insecticides at
breeding sites. The development of the aquatic stage from egg to pupae is around one
week, hence insecticide application is undertaken weekly. At the peak of larviciding
activities, during the years 1986-1991, ~50 000 km of river were treated in an area of over
1000 000 km?.

Recently, the introduction of a microfilaricide (ivermectin) for mass chemotherapy
suggests that the combined use of ivermectin and larviciding should reduce the required
duration of vector control to 12 years®. Despite the introduction of ivermectin, and in the
absence of a macrofilaricide, vector control remains the method of choice to achieve the
goals of the OCP®
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Because prolonged and regular use of insecticides presents a potential risk to the aquatic
environment, an ecological group was set up, prior to launching the OCP, in order to: (1)
organize a long-term monitoring programme of the aquatic fauna; (2) identify criteria for
the selection of pesticides for operational use, and determine the conditions by which
insecticide use can be optimized in relation to season and environmental factors in
different areas of the OCP; and (3) review the nature of the agricultural development
process being undertaken and proposed in the areas liberated from onchocerciasis, and
identify the environmental and human ecological implications of such development.

Although methods, procedures and protocols for the monitoring and risk assessment
programmes have evolved since 1974, with the OCP responding to continually changing
situations (insect re-invasion, resistance, variability in hydrology, etc.), basic concepts
remain. The monitoring activities conducted by National Hydrobiological Teams and the
ecotoxicological research carried on by the Hydrobiological Unit of the OCP, which also
coordinates and assists the field work in the OCP area, are reviewed annually.

The criteria for the evaluation of insecticide impact on aquatic environment include: (1)
the vector control activities should not reduce the number of invertebrate species, or
cause a marked shift in the relative abundance of species; (2) the pesticides applied
should have neither a direct impact on fish, nor an effect on the life cycle of fish species;
(3) bioaccumulation and biomagnification through food webs should be avoided; (4)
human activities in the control area should not be impaired; and (5) temporary and
seasonal variations in non-target invertebrate populations are acceptable.

A network of sampling stations exists throughout the OCP area where selection criteria
have been met®. Initially, there were 40 sampling sites, but as the programme evolved
together with the treatment strategy, the number has been reduced to ten for
invertebrates and ten for fish (Fig. 1).

Details of the methods and sampling techniques for OCP monitoring programmes have
been described’ . It was realized, however, that information on the biology of the aquatic
fauna in West Africa was generally limited, and so specific studies were undertaken to
provide ecological baseline information.

Vector control

Vector control has faced three major obstacles®. (1) It was established that the border of
the initial area (654 000 km? spread over seven countries) was invaded by migrating
infective blackflies originating from outside the designated area. To protect the core area,
vector control was extended (between 1986 and 1990) in the west and southeast, with two
additional countries joining the OCP. (2) Five years after the beginning of the OCP,
resistance of Simulium damnosum to temephos was detected?. This organophosphorous
compound, the only insecticide used at the beginning of the programme, was selected
because of its efficacy, its carry (distance over which it remains effective), its limited
impact on non-target fauna and also its acceptable cost. After the development of insect
resistance to another organophosphate (chlorphoxim) was detected, the OCP adopted a
strategy of rotational use of different classes of insecticides, with different modes of
action, to prevent development of further resistance. (3) Seven insecticides are currently
used>: six of them formulated as emulsifiable concentrates (temephos, phoxim,
pyraclofos, permethrin, etofenprox and carbosulfan), while the seventh is a liquid
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concentrate of a biological insecticide, Bacillus thuringiensis H-14 (Bt-14). The rotational
use of insecticides has been particularly effective, with only limited resistance to the
organophosphates currently in use, while the susceptibility of the Simulium populations
to other classes of compounds remains unchanged.

* Fish monitoring sites 3
®  Invertebrates monftoring ses
o Siles no longer visited (tish)

W Sites no longer visited (invertebrates)
.| Original programme area

7
t | Larviciding extensions

B Area treated with ivermectin alone

Fig. I. Onchocerciasis Control Programme (OCP) area and location of invertebrate and fish monitoring
stations.

The consideration of environmental concerns has resulted in a number of limitations and
restrictions in the use of the available insecticides for the rotational vector control.

Invertebrate and fish monitoring results

For the monitoring process, invertebrate data have been collected in each river and
analysed independently, distinguishing, for each river, the three types of sampling
technique adopted. Invertebrates collected directly from the river-bed by means of a
Surber net (named invertebrate community, living exactly at the sampling station), day
and night drift, where the nets capture animals transported by water (named
invertebrate assemblages, which include organisms from upper river locations).

Numerical analysis methods to assess the variations in invertebrate community structure
during the periods of treatment and during the periods when larviciding is suspended
permit the evaluation of two principal properties of the biological communities: (1) their
resistance (capacity of contrasting stress factors); and (2) their resilience (capacity to
recover after stress).

The taxonomic levels as well as the functional feeding group (trophic role) of the
invertebrates sampled have been determined; the analysis of the biological variation has
been focused on these structural and functional attributes. The OCP concern is to prevent
the loss of faunal biodiversity, and to maintain the quality of the biomass available for the
higher trophic levels in the food webs, while conserving the stability of the energetic
flows (quantity). As the invertebrate communities represent lower levels of the aquatic
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food webs, any change can be a signal of potential detrimental effects on the ecological
characteristics of the whole river System.

On the basis of preliminary results, the following analyses were undertaken: (1)
invertebrate taxonomic diversity; (2) relative abundance of functional groups; (3) rank
abundance models; and (4) multivariate analysis'!.

The taxonomie diversity indices calculated during pretreatment periods showed a normal
structure of invertebrate communities. The result was obtained from relative abundance
of functional groups and diversity indices and from rank abundance models.

During separate insecticide treatments, some rivers showed only limited changes in
invertebrate community structure; in others, great changes occurred.

Individual larvicides have different impacts on river fauna, depending on the river
System to which they are applied. Moreover, each insecticide shows a characteristic
distribution of effects on various invertebrate taxa, thereby providing a 'fingerprint',
because of selective action on particular groups of insects, according to the mode of
action of different types of larvicides2.

Rotational use of the larvicides has led to difficulties in interpreting some biological data
because of the additional effects related to previous treatment history. This is most
frequently seen during a period of suspension, when the invertebrate recovery is related
to the type and the severity of the stresses that occurred during past treatments.

A first survey of the impact of the larviciding campaign was made after the initial phase
of the programme, when only temephos, chlorphoxim and Bt-14 were applied. This
demonstrated an initial deleterious impact on non-target fauna during the first year
(limited reduction in biomass and number of taxa). However, not-withstanding the
continuation of the treatments, there was a partial recovery within a year. Long-term
studies (several years) showed such types of insecticides had little impact®’.

A recent evaluation of 20 years of OCP monitoring data!'3, for a period when different
groups of Chemical substances (eg. carbosulfan and permethrin) were used, showed
greater effects of the insecticides on the invertebrate fauna, particularly the rarefaction
of a few taxa and, for example, in the case of permethrin, a biomass reduction. However,
the ability of the aquatic biota to recover was demonstrated, even if, at a slow rate.
Therefore, the taxonomic and functional variability in non-target invertebrate fauna
seems to be compatible with the range of biological variation that would normally occur
in these river Systems!'13,

In the normal situation, invertebrate communities are rarely constant in taxonomic and
trophic composition because of natural stresses (eg. unusual hydrological conditions,
such as drought and spate events), which occur frequently. When these factors are taken
into consideration, the 'biological variations previously discussed are ecologically
acceptable': a conclusion confirmed by analysis on fish monitoring#4*.

Fish populations at most monitoring sites show no evidence of a reduction in species
richness after almost 20 years of larviciding in the original area of the programme, and
seven years of larviciding in Guinea'. In an earlier evaluation®!®, the same conclusions
were reached after ten years of larviciding with temephos, chlorphoxim and Bt H-14.
Although the total number of species could mask changes in species composition, results
from all rivers showed no loss of species after 20 years of larviciding.
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Fish catches per unit of effort (ie. a standard time during which nets remain in the river)
with a standardized set of gill nets has demonstrated a seasonal pattern, with high
catches at the low water period (January - April) and lower catches in the wet season
(August - November). Long-term, yearly fluctuations are well correlated to the
hydrological pattern, as has been observed for African rivers'’.

The coefficient of condition, a ratio between weight and length (corpulence), of the
principal species of fish fluctuates around the expected means, which have not changed
significantly during the programme. This suggests that larviciding has no effects on food
availability, and that the feeding habits of fish have not altered*®.

There has, therefore, been no evidence of fish mortality due to larviciding at the
operational doses in the OCP area. However, fluctuations have been observed in the
abundance of biomass and richness of fish species. These variations are correlated to
hydrological patterns, and can also be attributed to the pressure exerted by local
fisherman, in certain areas.

As a result of the first ten years monitoring the use of organophosphate insecticides and
Bt-14, the Ecological Group decided to reduce the number of monitoring stations, and to
change monitoring strategies by abandoning drift-sampling®.

Moreover, during the annual evaluation of the research on new insecticides (see below),
and as derived from monitoring data, several means of reducing the impacts of new
Chemicals have been suggested. The following proposals have been made: (1) temephos
and Bt-14 are considered as harmless for the environment and can be used without
restrictions; (2) pyraclofos might show some toxicity (for example, in an accidental
overdose) against the non-target fauna, particularly fish, and it is recommended that it be
used at discharges above 15m?® s but without any restriction on the number of cycles; (3)
permethrin and carbosulfan should only be used above 70m?* s and (if possible) for not
more than six weeks per year on the same stretch of river; and (4) although the toxicity of
etofenprox for fish and crustaceans is less than permethrin, its utilization should remain
limited to discharges above 15 m?® s but without any restriction on the number of annual
cycles.

For these reasons, the OCP has established a satellite transmission network for recording

water discharge, allowing for in-time management of hydrological data in the treatment
of the rivers®.

Risk assessment for new larvicides

In addition to the above monitoring activities, the OCP has carried out a number of
ecotoxicological studies on candidate larvicides.

Acute toxicological tests have been performed on African fish species according to
standard protocols?! to obtain original data on fish toxicology. Short-term impact on non-
target invertebrates was also studied using a System of artificial gutters (semifield
equipment). Qualitative and quantitative drift in such Systems have been evaluated at
different concentrations, including the operational dose, and the larvicides classified
according to their general toxicity and the typology of the susceptibility of the principal
taxa established??23.
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Bt-14 has proved to be the most selective and the least environmentally damaging
larvicide of the seven. The other insecticides can be classified as follows, in increasing
order of toxicity: temephos, chlorphoxim, pyraclofos, etophenprox, permethrin and
carbosulfan.

Among the taxa studied, the Baetidae were the most susceptible to the Chemical
larvicides. The Hydropsychidae were fairly susceptible, while the Chironomidae were the
organisms least susceptible to most of the insecticides. Results suggest that the more
toxic the insecticides were in gutter tests, the more the population abundance differed
from the reference ones in the field.

A risk assessment in different steps was performed for every new larvicide to be used in
the OCP. After the first trials, where efficacy on blackflies was evaluated (as well as
physical properties such as dispersion and viscosity), a review of the literature was
performed, together with some laboratory tests on fish, and gutter tests on invertebrates.
The Ecological Group reviewing the results recommended, in cases of acceptable
toxicological results, small-scale pilot studies in the field, with spraying to be carried out
a few meters upstream of the evaluation zone.

For the most toxic insecticides that have many advantages to their possible use (such as
low cost, wide range of applications in relation to discharges and long carry distance),
large-scale studies below the operational dose were recommended. This allows a
complete risk assessment scheme to be obtained?! before the insecticide is used as an
operational larvicide. Permethrin, for example, was tested in this way?. After 15 weekly
applications at its operational dose, benthic fauna density and diversity were severely
affected. However, both drift and benthic fauna recovered almost to pretreatment levels a
month after the treatment was terminated, but one taxa remains absent. Fish showed
some evidence of stress, but remained in the treatment zone, allowing catches to be
compared with those of the control station. No fish mortality was observed, nor any
variation in the condition factors of the fish.
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Fig. 2. Synopsis of the Ecological Group activities. Introduction of the operational insecticides and the
different toxicity tests in the programme. Bt-14, Bacillus thuringiensis H-14 ; EIA, environmental impact
assessment.

All these studies have allowed the OCP and the Ecological Group to agree on the optimal
use of larvicides that limits the environmental impact. A synopsis of the activities of the
Ecological Group is shown in Fig. 2.

Environmental impact and development

The success of the OCP in vector control in West Africa has allowed extensive areas of
previously abandoned valleys to be resettled and developed.

Thus, despite the long-term use of larvicides in the rivers of the OCP area, the quality of
the aquatic environment has been preserved, largely because of the precautions taken,
and because of the absence of human population pressure in the areas most severely
affected by the illness. However, the situation is now changing rapidly, and there is an
increasing concern for the aquatic and terrestrial environments, because of population
movements and land recolonization.

It was recognized, therefore, that there was a need for the formulation of an appropriate
methodology for environmental impact assessment. A pilot project in the Upper Leraba
Basin was launched in 1993, the primary objectives being: (1) to assess the present
environmental situation in the basin, with a view to determining potential sources of
impact on the aquatic environment; (2) to quantify Chemical loads and assess the
modification to the physical environment; and (3) to identify simple study methods
applicable to other areas, and investigate ways to minimize impacts.

An evaluation of the changes in the physical environment was made for the period
between 1972 and 1993. These studies showed that about 75% of the original savanna
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woodland had been cleared in the past few years for settlement and agricultural
development. There had been no observed significant disturbance of the riverine forest
and associated floodplain grasslands of the main rivers System, and organic loads and
nutrients were only of relevance along limited stretches of the main Leraba River, where
point sources of contamination can be identified (eg. human and cattle wastes).

The presence in river water of pesticides used for cotton protection was calculated from
the quantity of Chemicals used locally by means of simulation models, which permitted
the concentrations of pesticides in the river to be estimated. Although the predicted
concentrations of pesticides in river water were not at levels that would cause damage or
give cause for alarm, they could nevertheless be considered as early warning signais?¢

Conclusions

The OCP has repeatedly been able to demonstrate that, despite the weekly application of
larviciding over a long period, there has been no significant deterioration of the aquatic
environment.

The resuit of the OCP activity should not only be regarded as a success in curbing and
controlling river blindness, but also as an important example of Sound environmental
management in a programme that, from the beginning, had included ecological
considerations in planning vector control activities.
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Long term quantitative ecological
assessment of insecticides
treatments in four African rivers: a
methodological approach

G. Crosa, L. Yamaego, D. Calamari and J.M. Hougard

1. Introduction

Onchocerca volvulus, a parasitic worm giving rise to skin reactions and eventually severe
ocular lesions followed by blindness [1], had been a major public health problem in many
fertile valleys of West African countries. The parasite is transmitted by the female
blackfly of the Simulium damnosum complex [2] and, being difficult to control the adults, it
was decided to destroy with insecticides the vector at its larval stages whose distributions
is limited to rapids.

The initial phase of the project (Onchocerciasis Control Programme - OCP) covered a vast
area of 764 000 km? in which up to 18 000 km of rivers had been partly weekly sprayed
with larvicides. To prevent flies reinvasion, from 1989 the original programme was
expanded to 1 235 000 km?, controlling about 50 000 km of rivers.

Obviously such an extensive and prolonged use of larvicides could have important
environmental risks, therefore an aquatic monitoring programme has been settle up ffom
the initial phase of the program to evaluate the possible long-term effects of the
larvicides on the non target fauna.

From 1975 to 1985 temephos, chlorphoxim (two organophosphorous compounds) and a
biological insecticide, Bacillus thuringiensis var. israelensis [B.t. H-14] had been the
larvicides used.

From 1980, the appearing of certain forest cytotypes of the vector resistant to temephos
[3] and to chlorphoxim by 1982 [4] forced the search of new compounds and the
implementation of a renewed treatment strategy based on the rotational use of the
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insecticides with suspension periods. The new compounds were: permethrin (pyrethroid),
carbosulfan (carbamate), pyraclofos (organo-phosphorus) and vectron (pseudo-
pyrethroid). After the papers of Lévéque et al. and Yaméogo et al. [5,6] that provided a
comprehensive evaluation of the first ten years monitoring of fish and non target insects
populations, the biological data collected within a wide area till 1998 allow to face new
questions arising from the implementation of the OCP.

It is now possible a better evaluation of: i) the long-term changes of the invertebrate and
fish populations with respect to their taxonomic composition as well as to their trophic
structures, ii) the severity of each specific larvicide used during the programme, iii) the
resistance of the communities to the induced stresses and iv) their recovery capacity.
Approaching the analysis of the invertebrate data collected in four countries during a
period ranging from 1977 to 1996 for addressing the above mentioned questions, this
paper presents and discusses the data collections and the applied quantitative and
qualitative numerical methods of analysis used in ecology, with the major objective of
commenting their different contribution and the complementary informations they
provide to the evaluation and comprehension of the data variation.

Examples of the application of the discussed methods are presented, while the detailed
results of the analyses will be published in a forthcoming paper which inelude fish data.

RIVER STATION COUNTRY MAXIMUM SAMPLING PERIOD

Entomokro | Danangoro |Ivory Coast |Dec. ‘77-Feb.’ 96

Pru Asubende | Ghana Gen. ‘80-Apr. 95
Niandan | Sansambaya | Guinea Dec. ‘84 - Apr. ‘94
Kaba Outamba Sierra Leone | Mar. ‘89 - Apr. ‘94

TABLE 1: LOCATION OF THE SAMPLINg STATIONS AND MAXIMUM SAMPLINg PERIODS.

2. Available data and sampling methods

The study addresses the invertebrates collected during the dry season in four rivers
located in West Africa during the time extents and within the sampling stations indicated
in table 1. The rivers are savanna type with a water regime characterised by high
discharges from July to November and a low water period from January to June, details on
hydrological and physicochemical charactristics of the rivers are reported in 1Ilitis and
Lévéque [7] and in Moniod et al [8].

The organisms were sampled, by means of Surber net and as day and night drift, during
the application of the larvicides as well as during suspension and pre-treatment periods.
Details of monitoring and sampling methods can be found in Lévéque et al. [9] and Dejoux
et al. [10].

The three sampling strategies, Surber samples, day and night drift, had been employed in
order to collect biological data showing different informations.
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Night drift, which is supposed to be mainly voluntary, reflects an active period while the
number of the day drift organisms is related with their health condition.

As regards the use of the Surber net, this technique allows to sample, in a quantitative
way, the organisms living in specific river areas and for this reason the collections reflect
the structure of the benthic communities, where this term indicate an assemblage of
interacting individuals sharing at the same time the same space. Obviously this concept of
community is less applicable to the drift samples which represent collections of organism
turning up from a wider area located upstream the sampling site and thus mainly
controlled by factors externai than those related to the sample location.

Because of this possible source of bias the presented examples of the numerical methods
have been applied to the Surber samples.

All the sampled individuals were classified according to their taxonomic level as well as
their trophic role, this second classification method being based on the association
between a limited set of feeding adaptations found in freshwater invertebrates and their
basic nutritional resource categories: gathering and filtering collectors, predators,
shredders and scrapers [11]. To avoid the presence of rare taxa only the principal
systematic units belonging to the Ephemeroptera, Trichoptera and Chironomidae were
used for the analyses.

3. Aims and Protocols

The data analysis strategy has proceeded along two relatively distinct paths, the first
considered the evaluation of the changes in the invertebrate taxonomic and functional
structures, the second has been oriented towards the examination of the main fractions
of the taxonomic variation by means of multivariate techniques of analysis.

On the basis of the results of a preliminary data inspection, the following analysis
techniques were selected for the study.

- Invertebrate taxonomic diversity Three aspects of the taxonomic diversity have been
estimated: taxa richness, the distribution of the individuals among those taxa
(equitability or evenness) and the heterogeneity, a measure that encompasses the first
two diversity measures. The nonparametric indexes utilised were, respectively, the
Margalef richness index: (S-1)/In N, the Pielou evenness index: H'/H’ max and the
Shannon heterogeneity index: H'=-Zp, In (p,)

For the representation of the invertebrate taxonomic structure, occurring during the
pretreatment, treatment and suspension periods, the median values of the indexes was
preferred to the average values, for that the median values are less outliner sensitive.

- Relative abundance of the functional groups. The relative abundance of the invertebrates
classified as functional groups were estimates for each treatment period. On the fact that
the trophic structure is a property of the living organisms emerging at community level,
only the Surber samples have been used for this analysis.

- Rank abundance models. This graph-approach to the analysis of the biological structures
consists in a conventional form of presenting the importance of each taxon as abundance
(y-axis) with the different taxa concerned arranged in rank order along the x-axis from
the commonest to the rarest. The pattern of the line connecting the taxa of each sample
allows a visual examination of the invertebrates structures: S-shaped curves are related
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to high heterogeneity values, on the contrary high slopes indicate more dominated
structures The comparison of the curves permits to detect the changes that can take
place in the invertebrates structures during the different sampling periods.

In the example graphs the species abundance are represented by means of the median
values occurring during the pre-treatment, treatment and suspension periods.

- Multivariate analysis. Because of the linear response of the invertebrates abundance
Principal Components Analysis (PCA) was preferred to the unimodal multivariate analysis
approaches (i.e. Correspondence Analysis sensu ter Braak [12]). The PCA was performed
to the log-transformed abundance of the taxa collected by means of Surber net.

The analysis has been applied separately to each river communities; an all rivers data
matrix has not been analysed because a preliminary ordination of this matrix showed a
wide variation in the invertebrate communities among the rivers.

4. Discussion and Conclusions

For the selection of the appropriate analysis methodology, the following problems, other
than the different sources of bias detailed by Lévéque [5] were considered:
i. insufficiencies of pre-treatments samples and replicates that constrained the use of non
parametric analyses;
ii. the incremental biological variation because of the rotational use of the larvicides;
iii. the presence of outliner values and

iv. the rivers peculiarities that outlines the importance of considering the different antropic
pressure that have been taking place, with different time, in the treated rivers.

It has to be firstly noted that the use of different analysis methods on different biological
informations (taxonomical and functional) allows itself to face the possible source of bias
because of the problems previously listed. Considering that no standard analysis
procedures are available for answering the questions addressed by the monitoring
programme or, more in general, in the long-term impact assessment studies, the use of
different analytic techniques applied on different biological aspects are necessary to
corroborate a comprehensive evaluation of the biological data.

Among the questions posed in the introduction are the measure of the biological
variation because of the larviciding and the evaluation of the severity of each specific
larvicide. For addressing these questions the commonly used analysis is PCA (or
equivalent ones depending of the data property i.e. Correspondence Analysis for
biological variation following unimodal pattern). In Fig. 1 an example of its application to
Niandan samples is shown. PCA detects two biological gradients oriented 45° with respect
the first two principal components. The first gradient explains the biological variation
occurring because of the treatments irrespectively of the applied larvicide (bold arrow in
the figure), the second one is related to the biological variation specifically related to
each larvicide (dotted arrow in the figure), roughly opposing the data sampled during B.t.
treatment and the ones sampled during the application of permethrin.

While these gradients demonstrate both a general effect of the larviciding and a different
response of the communities to the applied larvicides, it is however difficult from the
ordination diagram to define the severity of each specific larviciding (i.e. the taxonomic
structures most affected are the ones related to the use of B.t. or to permethrin?).
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Fig 2a answer to this question, clearly showing the previous severity gradient with the
additional graphic information of the levels of the taxonomic structural changes related
to each larvicide. Normally structured communities, at equilibrium, generally are
composed by taxa having similar abundance and when these are plotted according to
their decreasing abundance, the resulting curve is characterised by a clear “plateau”. This
S-shaped pattern, that in ecological literature is named “broken stick” [13], is clearly
evident for the communities sampled during the pre-treatment periods (Fig 2a) and can
be used as reference to compare the communities structure models of the treatment
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Fig 1. Scatterplot of the samples position according the first two components of the PCA explaining,
respectively 43 and 22% of the total data variation, The bold and the dotted arrows show, respectively,
the biological variation because of the treatments and the biological variation related to each specific
larvicide. Su = suspension, ph = phoxim, pe = permethrin, no = pre-treatment, B.t. = Bacillus
thuringiensis, te = temephos.

92



30

31

32

33

34

16 + 1.0
I b
, 4 08
m1'2 1 heterageneity § gathering collectors
- <
g ‘ ....... 30,6
K]
:0.8 + i
@ 204 4
| 2"
z | K
0.4 + 202 filtering collectors
dominance  Tee..
0,0 =
0 . —r ;
o e bt pe b it no te bt pe ph su

Fig 2. a) rank abundance models showing the taxonomic structure of the invertebrates communities
sampled during the different treatments; b) diversity indexes variation according the treatments and
c) relative percentage variation of the two most abundant functional guilds. Labels as in Fig. 1.

From the visual examination of the rank abundance models it is possible to suggest that
the biological communities sampled during the application of permethrin present the
highest taxonomical changes, both in terms of abundance (y-axis) and taxa richness (x-
axis). On the contrary the model of the invertebrates communities sampled during the
use of B.t. shows a pattern similar to the one of the pre-treatment samples. This
information it can be now of help in answering to the question about the direction of the
severity gradient outlined by the PCA (dotted line).

Similar communities response is corroborated by the diversity indexes (Fig. 2b) while Fig.
2c, showing the variation of the two dominant trophic guilds, adds further informations.
From this figure a different biological response occurring during B.t. treatment is
evident, compared to permethrin and phoxim that it is not clearly outlined by the
previous analyses. With reference to the pre-treatment observations, during B.t.
treatment, the gathering collectors show a reduction in their relative abundance, on the
contrary during the use of permethrin and phoxim the filtering collectors result more
affected. This different response of the invertebrate trophic structures can be partially
justified by the larvicide properties and the feeding habits of the invertebrates; for
example the gathering collectors feed on surface deposit and thus can be more affected
by B.t. because to its rapid adsorption to soil particles [14].

Considering the third question, the resistance of the communities to the larvicides is
measurable, with reference to the pre-treatment data, by the bold arrow in the PCA
ordination diagram and by the slope of the rank abundance models.

Finally the invertebrates’ resilience, can be addressed by inspecting the communities
structure variation occurring during the suspension periods. For this, all the analyses
applied show that during these suspension periods the communities still present changes
in their taxonomic structures, it has to be noted however that these changes do not affect
the relative abundance of the trophic guilds.

In choosing the analysis strategy, we adopted the concept of “significant ecological
change” used by OCP in assessing the ecological impact of larviciding [9]. Whitin the
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mandate of the Ecological Group two criteria were indicated “the vector control activities
should not reduce the number of invertebrate species, nor causing a marked shift in the
relative abundance of species” and “temporary and seasonal variations in invertebrate
populations other then Simulium could be accepted.”

For this we think that, other than considering the social benefit of having oncho free
valley in the operational area, the range of biological variation that would normally occur
in these river Systems should be taken in account. In fact in the natural situation these
river invertebrate communities would rarely be in equilibrium (constant in taxonomic
and trophic composition) because of the natural stresses, like drought and spate events,
which would occur with great frequency and regularity. When these factors are
considered, it can be suggested that the biological variation outlined in the discussed
examples can be positively considered and it can be concluded that the OCP has produced
limited damages and never caused irreversible canges on the non-target invertebrate
populations.
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ABSTRACTS

In West Africa different insecticides had been applied in selected river areas for the reduction of
the blackfly populations vectors of Onchocerca volvulus, a parasite causing blindness. To evaluate
the possible long term effects of the larvicides on the non target fauna an aquatic monitoring
programme has been up from the initial phase of the project. Addressing the attention to the
invertebrates data collected in four countries during a maximum period ranging from 1977 to
1996, this paper shows and discusses the data analysis strategy for the measure and
interpretation of the biological variation. In particular the application of quantitative ecological
analysis methods: Principal Component Analysis, rank abundance models and the community
diversity indexes, is critically discussed and comments are given to the ecological interpretation
of the results. ©1998 Elsevier Science Ltd. All rights reserved
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Mise en évidence d'une résistance
au téméphos dans le complexe
Simulium damnosum [S. sanctipauli et
S. soubrense] en Cote d'ivoire

Zone du programme de lutte contre I'onchocercose dans la région du
Bassin de la Volta

Demonstration of resistance to temephos in simulium damnosum
complex (s. sanctipauli and s. soubrense) in ivory coast

Pierre Guillet, Henri Escaffre, Moussa Ouedraogo et Daniel Quillévéré

Le programme de lutte contre 1'Onchocercose (OCP) entrepris par ’Organisation
Mondiale de la Santé en Afrique de ’Ouest repose sur l'utilisation de larvicides chimiques
déversés dans les riviéres afin d’éliminer les larves des espéces du complexe S. damnosum
vectrices de cette endémie. Le téméphos, en concentré émulsionnable (abate ®) est utilisé
par le programme depuis sa création en 1974. Cet insecticide, de par sa forte toxicité pour
les larves du complexe S. damnosum et sa relative innocuité pour la faune non cible,
convient parfaitement a cette utilisation et a toujours donné d'excellents résultats.
Cependant les captures de simulies effectuées par le programme sur le bas Bandama en
République de Cote d’Ivoire ont montré la présence d’une population de femelles
piqueuses anormalement élevée en dépit des traitements. Simultanément, des
prospections dans les gites ont permis de mettre en évidence la présence de populations
larvaires importantes 24 heures ou 48 heures apres les traitements.

Une étude des facteurs pouvant expliquer ces échecs a été entreprise. Elle porte sur la
sensibilité des larves au téméphos, lefficacité des traitements, la détermination des
especes concernées et enfin la composition physicochimique de I'eau.
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1. PRESENTATION DE LA ZONE ETUDIEE

L’échec des traitements ne s’observe que sur le bas Bandama, en aval du barrage
hydroélectrique de Taabo, en zone de forét tropicale. Les derniers gites larvaires se
situent au niveau de Tiassalé a 65 km du barrage. Ce bief présente un nombre important
de gites de grande taille notamment au niveau du lieu dit « Les chutes Gauthier » ot s’est
déroulée toute cette étude (5° 57' N, 4° 50' ).

Le début du traitement de ce bief (mars 1979) est postérieur a la mise en eau du barrage.
Le débit est relativement régularisé, variant entre 150 et 250m?®/s . On enregistre
cependant des fluctuations journaliéres dues aux rythmes de fonctionnement des
turbines du barrage. L'étendue des gites et I'abondance des supports pour les larves sont
trés favorables au développement d’une population composée d'environ 75% de S.
sanctipauli et de 25 % de S. soubrense (Vajime et Dunbar, 1975 ; Quillévéré et Pendriez,
1975 ; Vajime et Quillévéré, 1978). Les déplacements des femelles semblent trés limités (Le
Berre, 1966 ; Quillévéré, 1979). Les captures de femelles effectuées par OCP indiquent que
depuis le début des traitements, ceux-ci n’ont pas toujours été efficaces a 100 %. Cela peut
s'expliquer en partie par la complexité des gites et les fluctuations journalieres de débit.
Le délai écoulé entre la lecture de I'échelle de crues et le traitement a pu conduire
souvent a des erreurs de dosage. Les concordances observées dans les débits indiqués
simultanément par les échelles de crues relativement voisines ont permis d’éliminer
I’hypothése d’une éventuelle modification du tarrage de 1'une ou 'autre d'entre elles.

2. MATERIEL ET METHODES

2.1. La sensibilité des larves a été mesurée suivant la méthode préconisée par Mouchet et
al. (1977). Les tests sont effectués dans des bols en verre ot sont placées 25 larves de
stades IV et V dans 250 ml d'eau distillée. Le contact dure 3 heures a l'issue desquelles est
effectuée la lecture de mortalité. La température de ’eau est maintenue entre 20 et 25° C.
Le téméphos utilisé est une solution éthanolique de téméphos technique. Le critére
adopté pour différencier les larves moribondes des vivantes est la réaction immédiate de
repli de ces derniéres au contact de la pince. Au cours de la derniére série de tests, les
larves moribondes aux concentrations de 0,125 mg/1 et plus ont été mises en observation.
Dés la fin du test, ces larves sont prélevées, rincées puis transférées dans 250 ml d'eau
distillée aérée par un diffuseur relié & un compresseur d'air. La durée de I'observation est
de 6 heures.

2.2. L'efficacité des traitements au téméphos a été évaluée en utilisant un dispositif de
minigouttiéres. Celles-ci sont alimentées par gravité avec de l'eau de la riviére
préalablement filtrée a 120 . Les larves sont installées dans les gouttiéres au minimum
2 heures avant le début des traitements. En I'absence de traitement, la dérive spontanée
des larves dans ce type de gouttiéres est tres faible (1 a 3 % en 24 heures).

2.3. Les larves de S. damnosum s. 1. survivant dans les tests de sensibilité aux
concentrations supérieures ou égales a 0,25 mg/1 ainsi que dans les gouttiéres aprées les

traitements sont fixées dans le liquide de Carnoy pour I'identification spécifique a partir
des chromosomes.
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2.4. Des échantillons d’eau ont été prélevés en trois points: en amont du barrage,
immédiatement en aval et aux chutes Gauthier (2 55 km en aval). Ces échantillons ont été
analysés par le laboratoire d’analyses de I'O.R.S.T.0.M. a Abidjan. Des mesures
extemporanées de pH ont été effectuées in situ a I'aide d’'un pH-métre électrique au
moment de la collecte des échantillons. Des prélévements de phytoplancton ont
également été effectués et identifiés au Centre de recherches océanographiques de

I’0.R.S.T.0.M. a Abidjan.

3. RESULTATS

3.1. Sensiblité des larves au téméphos

3.1.1. SENSIBILITE AVANT LES TRAITEMENTS

Deux séries de trois tests ont été effectuées aux chutes Gauthier en janvier et juin 1977.
Les deux droites obtenues a partir des récapitulatifs de chaque série sont trés voisines et
paralléles (fig. 1). Les résultats obtenus sont trés homogenes et dans tous les cas, la limite
supérieure de la CL100 a été de 0,125 mg/1 (tabl. ). 1l faut noter cependant que la
population des chutes Gauthier avait fait I'objet de 7 séries de traitement a I’abate
en 1976.

3.1.2. SENSIBILITE ACTUELLE DES LARVES

Les résultats obtenus au cours de deux premiéres séries de tests sont tout a fait
semblables. La CL95 est d’environ 0,2 mg/1 et la limite supérieure de la CL100 de 0,5 et
0,625 mg/1 (tabl. 11 et 111, fig. 1).

Au cours de la troisiéme série de tests, les résultats obtenus sont plus hétérogenes. Un
premier test, réalisé a partir d'un seul support abondamment peuplé de jeunes larves
(majorité de stades III et IV) a indiqué une sensibilité presque normale avec une limite
supérieure de la CL100 de 0,25 mg/1 (tabl. IV). Trois autres tests, réalisés a partir de larves
provenant d’'un grand nombre de supports ont donné des résultats trés différents avec
14,7 % de survivants a 0,312 mg/1 et 3,7% a 0,625 mg/l’. (La pente de la droite de
régression est encore plus faible que celles obtenues lors des deux premiéres séries (tabl.
V, fig. 1). Le rapport CL99,9 actuelle/CL99,9 avant traitement atteint des valeurs allant
jusqu’a 45.
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FIG. 1. — Sensibilité des larves de S. sanctipauli et S. soubrense au téméphos sur le bas Bandama.

Sensibilité des larves du complexe S. damnosum (75 % S. sanctipauli, 25 % S. soubrense) au

téméphos sur le bas Bandama (Chutes Gauthier)

TABLEAU I. Avant le début des traitements (concentrations exprimées en mg/l)

Janvier 1977 Juin 1977
CL50 CL95 Lim. sup. nb. larves CL50 CL95 lim. sup. nb, larves
CL100 testées CL10 testées
Test no 1 0,020 0,055 0,125 421 0,021 0,062 0,125 301
Test no 2 0,019 0,050 0,125 415 0,017 0,049 0,125 337
Test no 3 0,016 0,047 0,125 346 0,023 0,074 0,125 489

TABLEAU II. Premiére série de tests (7 et 8/05/80)

Concentration Nombre de larves
1
en mg) % mortalité
mortes moribondes vivantes

0,625 (4) * 97 11 0 100
0,312 (8 150 19 7 96
0,156 55 88 18 12 89,8
0,078 (4 73 8 28 74,3
0,039 (1.; 47 9 25 69,1

0 (4 0 1 90 1,1
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TABLEAU Ill. Deuxieme série de tests (20 et 21/05/80)

Concentration Nombre de larves
en mg/l

% mortalité 9 corrigé

mortes moribondes  vivantes

0,5000 (1) * 13 0 0 100 100
0,2500 (6) 121 12 10 93 92,4
0,1250 (3) 38 14 10 83,8 82,5
0,0625 (3) N 8 19 67,2 64,6
0 5 0 68 7.8

* entre parenthéses : le nombre de répliques par concentration.

Sensibilité des larves du complexe S. damnosum (65 % S. sanctipauli, 35 % S. soubrense) au

téméphos sur le bas Bandama (Chutes Gauthier)

TABLEAU IV. Troisiéme série de tests (3/06/80)

Concentration Nombre de larves )
en mg/l % mortalité 9%, corrigé
mortes moribondes  vivantes

0,2500 (4) * 160 1 0 100 100
0,1250 (4) 100 11 4 96,5 96,2
0,0625 (3) 41 17 21 73,4 7,5
0.0312 (3) 9 17 28 48 38,8
0 2 4 86 6,5 e

TABLEAU V. Troisieme série de tests (4 et 5/06/80)

Concentration Nombre de larves

en mg/l % mortalité
mortes moribondes vivantes
0,625 (10) * 76 29 4 96,3
0,312 (11) 191 35 39 85,3
0,156 (10) 159 35 45 81,1
0,078 (4) 55 1 29 69,5

* entre parentheses : le nombre de répliques par concentration.

Au cours de la troisiéme série de tests, des larves de S. damnosum s. 1. provenant de la
basse Comoé (zone non traitée) ont été testées a titre comparatif a la concentration de
0,156 mg/l. La mortalité a été de 100 % sur les 184 larves testées, ce qui indique une
sensibilité normale pour cette population.
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3.2. Efficacité des traitements au téméphos

Deux séries d’épandages ont été effectuées, 'une avec I’Abate Procida 20 % CE, I'autre
avec 1’Abate Cyanamid 20 % CE. Lors de ces deux séries, les conditions opérationnelles ont
été les mémes : débit de 180m3/s épandage en trois points (une dose a 'entrée du gite et
deux demi-doses 500 & 600 m en aval, au méme niveau sur les deux bras principaux du
gite). Les gouttiéres étaient situées environ 1000m en aval du deuxiéme point
d’épandage.

Le premier traitement a I’Abate Procida a 0,1 mg/l pendant 10 mn (le 22-05-80) a
provoqué 3,5 % de décrochement des larves et le deuxiéme a 0,2 mg/1 pendant 10 mn le
lendemain, 17,9% de décrochement des larves restant dans les gouttieéres. Le
décrochement global pour ces deux traitement est de 19,1 % (tabl. VI). Dans tous les cas,
les larves s’étant nymphosées apres passage de la vague d’insecticide ont été comptées
comme vivantes.

Le premier traitement & I’Abate Cyanamid a 0,1 mg/l pendant 10 mn (le 5-06-80) a
provoqué 253 % de décrochement et le deuxiéme, & 0,4 mg/l pendant 10mn le
lendemain, 41,8 % de décrochement des larves restant dans les gouttiéres. L'effet global
pour les deux traitements est de 52% (tabl. VII). Lors de ces deux traitements, le
décrochement des larves a commencé 3 heures aprés I'épandage et s’est étalé sur 4 a
5 heures. Passé ce délai, il devient pratiquement nul.

Efficacité * des traitements au téméphos évaluée a l'aide des Gouttiéres

TABLEAU VI. Abate Procida 20 % CE

% de décrochement des larves

stades 2-3 stades 4-5 stades 6-7 total
Premier traitement
0,1 mg/l pendant 10 mn, 0 6,6 3,4 3,5
22-05-80
Deuxiéme traitement
0,2mg/l pendant 10 mn, 40 25 13,6 17,9

23-05-80

1er et 2¢ traitements 40 (20) ** 30 (30) 14,8 (176) 19,1 (226)
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TABLEAU VII. Abate Cyanaraid 20 % CE

9, de décrochement des larves

stades 2-3 stades 4-5 stades 6-7 total
Premier traitement
0,1 mg/l pendant 10 mm 33,6 38,5 23,8 25,3
5-06-80
Deuxiéme traitement
0,4 mg/l pendant 10 mn, 76,1 80,6 22,7 41,8
6-06-80
fer et 2¢ traitements 84,1 (101) ** 88,1 (109) 41,2 (1613) 52 (1823)

* |efficacité du deuxiéme traitement est calculée sur l'effectif de larves restant dans les gouttiéres.
Les larves s'étant nymphosées apres le passage de la vague d'insecticide sont considérées comme
vivantes.

** Entre parentheses : le nombre de larves mises en place dans les gouttiéres.

Tous les contrbles larvaires effectués dans les gites aprés ces deux séries de traitements
ont montré dans tous les cas une importante population larvaire résiduelle, méme a
moins de 200m en aval des points d’épandage. Cette population, comme dans les
gouttieres, est composée a la fois de larves jeunes et 4gées.

3.3. Déterminations spécifique des larves du gite et des larves
survivantes aux tests

La population larvaire du gite Gauthier au moment de I'expérimentation se composait
approximativement de 65 % de larves de S. sanctipauli et de 35 % de S. soubrense. On note
chez les larves survivantes aux tests a 0,312 et 0,625 mg/l, ainsi que dans le gite aprés
deux traitements a I’Abate Cyanamid une forte majorité de S. sanctipauli (environ 80 %). 1l
est également remarquable de noter sur les larves survivantes de S. sanctipauli la
fréquence d’une inversion hétérozygote sur le I L (située entre les bandes 90 a 95). 1l est
difficile de numéroter cette inversion ne connaissant pas a I’heure actuelle la totalité des
inversions du complexe. La fréquence de cette inversion chez S. sanctipauli était de 2 pour
26 dans le gite contre 15 pour 32 chez les larves survivantes aux tests a 0,625 et 0,312 mg/

L.

Etant donné le peu de larves déterminées (40 larves dans le gite et 82 larves survivantes),
il est difficile d’établir des conclusions définitives. Toutefois, il semble bien que la
résistance se manifeste plus chez S. sanctipauli que chez S. soubrense. La relation apparente
entre I'inversion hétérozygote sur le chromosome III L et cette résistance mérite d’étre
signalée.

3.4. Analyse des eaux du Bandama

Les différences minimes observées dans la composition physico-chimique de I'eau des
trois points de prélévement ne peuvent certainement pas expliquer 1’échec des
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traitements (tabl. V). Aux pH rencontrés, la stabilité du téméphos n’est pas altérée. On
enregistre peu de différences au niveau de la composition ionique et de la résistivité. On
note cependant une différence importante dans les matiéres en suspension. Elles sont
cing fois plus abondantes au niveau des chutes Gauthier qu'en amont. On sait
actuellement que I'abondance de particules en suspension accroit sensiblement
Iefficacité du téméphos (Guillet et Escaffre, 1979).

On constate en aval du barrage la présence d’'un peuplement de phytoplancton nettement
moins diversifié qu'en amont, avec prédominance trés nette de pyrrhophytes (Peridinium
sp.) et présence de quelques diatomées (Melosia sp.) et cyanophycées.

Aucune des quelques caractéristiques physicochimiques des eaux étudiées ne peut
expliquer I'échec des traitements a I'abate sur le bas Bandama.

TABLEAU VIII. Composition physico-chimique de I'eau du Bandama

. Résistivité Total Total Matidres Carbone en 9% O"dissous O* consommsé par
Lieudeprélévement pH* (Q/cm & 20°C cations anions en suspension dans les ma- en mg/l la matidre
enméq/l enméq/l en mg/l tidres séches organique
(séchges
4 105°C)
Amont du barrage 7,6 10 000 0,98 1 3,85 18,5 7,58 3,6
de Taabo
Aval immédiat 6,4 9 708 1,02 1,08 3,99 64,5 7,58 4,2
du barrage
Chutes Gauthier 7,1 9 900 1,08 1,08 20,31 56,8 7,7 4,4

* Mesure extemporanée.

4. DISCUSSION - CONCLUSION

La méthode préconisée par Mouchet et al. (loc.. cit.) a permis de mettre trés clairement en
évidence la résistance au téméphos. Cette méthode, qui donne des résultats fiables, est
tout a fait adaptée a la détermination de la sensibilité des larves de S. damnosum s. 1. aux
insecticides. Elle vient d’étre approuvée par le dernier comité 0.M.S. d’experts sur la
résistance des vecteurs aux pesticides.

L’analyse des résultats des tests de sensibilité effectués avant le début des traitements et
16 mois apres indique que les larves de S. sanctipauli et de S. soubrense du bas Bandama ont
rapidement développé une résistance au téméphos. Le coefficient de résistance enregistré
(jusqu'a 45) a une incidence opérationnelle immédiate et évidente. Une dose 4 a 5 fois
supérieure a la dose opérationnelle efficace élimine a peine la moitié des larves présentes
dans les gites, et ce indépendamment de la formulation de téméphos employée. Il faudrait
probablement des concentrations beaucoup plus élevées pour obtenir une efficacité
totale.

Deux éléments confirment cette résistance mise en évidence par les tests. D’une part, le
pourcentage de décrochement lors du deuxiéme traitement a I’Abate Cyanamid n'a pas
augmenté proportionnellement a la dose. En augmentant celle-ci de 4 fois, la mortalité
des larves n'augmente que de 1,6 fois, ce qui indique que la plupart des larves sensibles
ont décroché lors du premier traitement. L'effet du deuxiéme traitement est donc
minimisé du fait qu'il s’applique a des larves génétiquement moins sensibles. Il faut noter
cependant que cette moindre sensibilité a été en partie masquée par le premier

104



28

29

30

31

32

33

traitement qui a probablement sensibilisé les larves au téméphos. Ce phénomeéne
s'observe couramment chez les larves de moustiques lors d’expositions répétées a des
doses sublétales d’insecticides. D’autre part, en dépit de concentrations de téméphos tres
élevées, les jeunes larves (stades II a IV) n'ont décroché qu'a 70-80 %. Ces larves, plus
sensibles que les larves 4gées, décrochent en général toutes lors de sous-dosages
accidentels sur des populations sensibles.

L’échec des traitements a I'abate ne vient pas d’une moindre efficacité des lots utilisés.
Simultanément, ces lots ont donné ailleurs d'excellents résultats. Il n’est pas imputable
non plus aux conditions hydrologiques puisqu’un traitement au chlorphoxim (0.M.S. 1197
20 % CE) a 0,05 mg/] pendant 10 mn dans les mémes conditions opérationnelles a été
efficace 4 100 %.

Si la résistance aux insecticides chez les simulies n'est pas un phénomeéne couramment
observé, c’est probablement que celles-ci n’ont pas fait souvent 'objet de campagnes de
lutte systématique. Des baisses de sensibilité au D.D.T. ont été enregistrées aux Etats-Unis
(Jamnback et West, 1970), au Japon (Susuki et al., 1963 ; Asahina et dl., 1966) ainsi qu’en
Afrique chez S. damnosum s. 1. (Walsh, 1970 ; Kuzoe et Noamesi, 1973) et S. hargreavesi
(Quélennec et Vervent, 1970). Récemment un niveau élevé de résistance au D.D.T. a été
mis en évidence chez S. damnosum s. 1. dans la zone du programme (Guillet et al., 1977).

Le développement d’une résistance au téméphos sur le bas Bandama, 16 mois seulement
aprés le début des traitements, est assez surprenant. Toutefois, un certain nombre de
facteurs ont été favorables a son apparition: I'importance de la population et son
isolement, le manque d'une efficacité totale des traitements opérationnels et enfin,
facteurs communs a toutes les populations de S. damnosum s. 1., la prolificité des femelles
et la briéveté du cycle de développement. L’apparition de cette résistance souligne la
nécessité impérative pour les traitements d’étre systématiquement efficaces a 100 %. La
surveillance entomologique du programme repose essentiellement sur la capture de
femelles piqueuses. 1l serait souhaitable, chaque fois qu'il est possible d'une part de
renforcer les contrdles larvaires dans les gites aprés les traitements, d’autre part
d’utiliser les doses diagnostiques proposées par Mouchet et al. (loc. cit.) afin de suivre
réguliérement la sensibilité des larves surtout dans les zones ou l'on constate une
moindre efficacité des traitements.

La population résistante du bas Bandama est actuellement contrdlée a l'aide d'un
alternatif du téméphos : le chlorphoxim qui s’est révélé efficace & 100 % a la dose de
0,05 mg/l pendant 10 mn. 1l est difficile de statuer sur 1’évolution de la résistance au
téméphos apres un certain nombre de cycles de traitement au chlorphoxim. Toutefois,
cela souligne la nécessité d’intensifier les recherches dans le domaine de I'utilisation
d’autres types de larvicides et notamment les formulations a base de bactéries
entomopathogenes telles que le Bacillus thuringiensis sérotype H 14.
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NOTES

1. Les larves survivantes de ces tests n’ont pas été mises en survie ; en revanche, la totalité des
larves moribondes mises en observation sont mortes dans les trois heures qui ont suivi le test.

RESUMES

Des espéces du complexe S. damnosum ont pu, en zone de forét et dans certaines conditions d’isolement,
développer rapidement une sérieuse résistance au téméphos. Cette résistance semble se manifester
davantage chez S. sanctipauli que chez S. soubrense.

In Ivory Coast, on the lower Bandama River, in forest area, larvae of the Simulium damnosum complex
have rapidly developed a serions resistance to temephos (abate ®). The resistance ratio to the LC 99,9 level
can reach 45. This resistance seems to be more apparent in S. sanctipauli. We have noted for this species a
high frequency of a heterozygote inversion on the chromosome III L in resistant larvae. Treatments fait
completely at dosage 4 to 8 times the normal operational dosage (0,05 mg/l during 10 mn). The resistance
occurs on a very limited portion of the river, 65 km long and limited upstream by a dam and downstream
by the absence of breeding sites in the final 90 km of the river. The resistant population is currently being
controlled with chlorphoxim, an alternative insecticide.
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AUTEURS

PIERRE GUILLET

Entomologiste médical de I'0.R.S.T.0.M.-L.R.0., B.P. 1500, Bouaké (Céte d’ivoire).

HENRI ESCAFFRE

Technicien d'entomologie médicale de I'0.R.S.T.0.M.-LR.0., B.P. 1500, Bouaké.

MOUSSA OUEDRAOGO

Technicien d’entomologie 0.M.S. au Programme de Lutte contre 'Onchocercose, secteur de Bouaké,
B.P. 1474, Bouaké.

DANIEL QUILLEVERE

Entomologiste médical de I'0.R.S.T.0.M.-LR.0., B.P. 1500, Bouaké (Céte d’ivoire).

107



Criteria for the selection of
larvicides by the Onchocerciasis
Control Programme in West Africa

J.-M. Hougard, P. Poudiougo, P. Guillet, C. Back, L. K. B. Akpoboua and D.
Quillévéré

One of the weekly decisions the Onchocerciasis Control Programme has to make, in its
operations in 11 west African countries, is the selection of one insecticide out of the six
used that is most appropriate to the river stretches to be treated. This decision depends
on several criteria, linked not only to the compounds themselves but also the
hydrological conditions and blackfly populations involved. Given the great number of
breeding sites (gites) to be treated, in 23 000 km of rivers at the height of the rainy
season, this paper identifies the parameters needed to facilitate the choice of insecticide
and to optimize the larviciding in terms of cost effectiveness, management of resistance
and minimizing the environmental impact.

The Onchocerciasis Control Programme in West Africa (OCP), which was launched in 1974,
is executed by the World Health Organization. There are 11 participating countries in the
Programme area, which covers more than a million km?. The Programme’s objective is to
control blinding onchocerciasis caused by savanna strains of Onchocerca volvulus
(Zimmerman et al., 1992) transmitted by the Simulium damnosum complex, particularly the
savanna vectors S. sirbanum and S. damnosum s.s. Despite the introduction of ivermectin, a
microfilaricide which Controls the ocular morbidity (Dadzie et al, 1990) and in the
absence of a macrofilaricide, vector control remains OCP’s method of choice to bring the
transmission of the parasite to an end. The objective of the vector control strategy is to
arrest transmission of O. volvulus by eliminating vector populations for the duration of the
life span of the adult worm in the human host (WHO, 1968), at present calculated to be
about 14 years (Plaisier et al, 1991). Onchocerciasis is thus no longer a public health
problem in the original Programme area, where control, that has only involved the
vectors, has been maintained for more than 14 years (WHO, 1992).

The vector control operations consist of treating breeding sites (gites), where the larval
stages of S. damnosum s.1. develop, with insecticides. As development of the aquatic stage

108



takes about a week front egg to pupa, the insecticide is applied weekly. As there are a
large number of breeding sites (over 23 000 km of river are treated each rainy season),
some of which are inaccessible on the ground, the larvicides have always been applied as
aerial sprays. Temephos, an organophosphorous compound and the only insecticide used
for the first 5 years of the Programme, was selected because of its efficiency, its carry (the
distance over which it remains effective), its lack of impact on non-target fauna, and its
acceptable cost. After resistance of S. damnosum to temephos and phoxim (another
organophosphate) was detected (Guillet et al., 1980), the Programme adopted a strategy of
rotational use of insecticides (which, if possible, came from different Chemical groups and
had different modes of action) to slow down and suppress the appearance of new cases of
resistance (Guillet et al., 1990; Kurtack, 1990). This rotational use of insecticides has, to
date, been so effective that there is now very little resistance left to the
organophosphates in use and the susceptibility of the Simulium population to the other
compounds remains unchanged.

The vector control operations staff must decide each week which insecticide to use on
which stretch of river. The decision whether or not to include a river, tributary or stretch
in the aerial larviciding depends on: (1) the results of a weekly entomological evaluation
of the efficiency of earlier treatment on the aquatic stages (involving a search for larvae
and pupae in rivers) and adults (involving capture and dissection); (2) factors such as fly
migrations; (3) the vectorial capacity of the species involved; (4) the levei of
onchocerciasis endemicity in the area; and (5) the treatment coverage with ivermectin.
When larviciding operations are foreseen, the second step consists of selecting, for each
river, the appropriate compound to be used. Although many parameters used in the
overall decision-making process are difficult to codify and subject to mathematical
analysis, the criteria for selection of an insecticide are simpler and therefore easier to
quantify for rational computer analysis. These criteria are discussed and reviewed here to
facilitate the work of those in charge of the vector control operations.

CRITERIA FOR THE SELECTION OF INSECTICIDES
Efficiency and Potential Resistance

Six insecticides are presently used by OCP. Five of them are Chemical insecticides
formulated as emulsifiable concentrates and the sixth is a liquid concentrate of a
biological insecticide. Of these, two organophosphates, temephos and pyraclofos, are
considered to be the most effective larvicides; their required operational doses are low
and their carry may reach over 50 km when the river discharge is high (around 300m*
Vs). Temephos, however, should be used with caution in areas where some species of the
S. damnosum complex have retained low susceptibility to it since 1980, bearing in mind the
risk of cross-resistance with other organophosphates (Kurtak et al., 1987). Pyraclofos is
therefore preferentially used at the beginning of the rainy season, when discharges are
increasing and the breeding sites are being recolonized. Although permethrin, a synthetic
pyrethroid, has a low carry compared with temephos and pyraclofos, its operational dose
is very low and no case of resistance to it has been detected by the OCP. There seems
negligible risk of such resistance developing; it took more than 3 years of consecutive
weekly treatment with permethrin on a 30-km river stretch in Cameroon before a
decrease in the sensitivity of the flies to this product could be detected and this
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phenomenon was found to be reversible (Hougard et al., 1992). Carbosulfan is a carbamate
with almost the same carry as permethrin but with a higher operational dose. There are
no restrictions on its use because of problems with resistance; it has been recently
introduced into the Programme and the current policy of insecticide rotation should
prevent any serious resistance developing. Use of the spore-forming bacterium Bacillus
thuringiensis serotype H-14 (Bt), as a biological insecticide, has shown low cost-efficiency,
both in terms of dose and carry. However, its use is justified because it has no effect on
non-target organisms and, again, because there is Utile chance of resistance to it
developing (Hougard and Back, 1992).

Environmental Toxicity

The insecticides used in the Programme are continually evaluated by an independent
ecological group (Paugy, 1991), given the fact that a larvicide for Simulium control, no
matter how effective it is, would not be accepted for use by OCP if it had short-,
intermediate-or longterm deleterious effects on the environment, particularly on fish.
Temephos and Bt are considered harmless to the environment and are used freely.
Pyraclofos may, in cases of accidental overdose, show some toxicity against non-target
fauna, particularly to fish, and it is recommended that the use of pyraclofos be restricted
to discharges above 15m3/s. Permethrin and carbosulfan should also be used with
caution, only when the discharge stays above 70 m3/s and no more than six times a year
on any stretch of river. In general, all Chemical insecticides should be used in a manner
which avoids the possibility of an overdose likely to harm the environment. The
Programme has established a satellite transmission network to record water discharges
and permit rapid management of hydrological data for the safe treatment of rivers
(Servat and Lapetite, 1990).

Cost of Application

Cost effectiveness is a key factor in the selection of a compound. To make a correct
estimate of this, OCP requires that not only those variables related to the insecticide itself
be considered (operational dose, carry, cost of formulation) but also those related to its
transport and application (fuel and maintenance for vehicles, staff, maintenance and
protection of depots, kerosene, flight hours). The discharge of the river must also be
taken into account when assessing the treatment cost, since it influences the amount of
insecticide used, its carry, its operational dose (in the case of temephos), the frequency at
which depots need replenishing and the number of flight hours.

Each parameter can be evaluated accurately enough to allow the cost effectiveness for
each kilometre of river treated to be assessed as an index for each range of discharges
and each insecticide (see Table). This allows the comparative costs of applications of
different insecticides to one river to be calculated and is also an important criterion for
establishing priority among the six insecticides in use. Experience has shown that U.S.
$45-50/km of river treated may be considered the maximum cost of treatment within the
budgetary constraints of the Programme.
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The Spraying System

Treatment helicopters are equipped with a spraying System that allows for dosing of
insecticides with an accuracy of 10 cm?®. However, below a given quantity (which depends
on the formulation of the product), it is difficult for the pilot to apply the correct amount
of the insecticide to a breeding site, especially when it is impossible to fly at low altitude
because of the vegetation. In particular, accurate treatment of discharges below 1 m?/s
with those compounds that have a low operational dose (temephos and phoxim) becomes
hazardous. This constraint does not apply to Bt, which, due to its low solubility, is never
applied in values less than 1 litre, even to very low discharges.

Hydrological Characteristics of the Rivers

In the majority of cases, the hydrological characteristics of the rivers do not pose any
special problems if the selection criteria listed above are adhered to. However, the choice
of insecticides for use on rivers that have a particularly high discharge over a long period
of time may be limited by cost effectiveness, in particular when the ecological constraints
on permethrin or carbosulfan use (i.e. not more than six cycles/year on any river stretch)
are observed. Consequently, the hydrological characteristics of large rivers, such as the
Niger at Bamako (where the discharge varies from 70 to 3000 m*/s) and some rivers in the
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forest zone of Sierra Leone (e.g. the Rockel) with discharges greater than 300 m Vs for
many months each year, have to be carefully considered.

TABLE
The cost-efficiency index (in U.S.S) for each kilometre of treated river*

Discharge (m’/s)

Larvicide 0-5 5-10 10-15 15-50  50-100 100-150 150-200 200-250 250-300
Temephos 7 8 8 11 16 22 27 31 36
Pyraclofos N.D. N.D. 9 12 19 26 33 38 43
Phoxim 13 17 22 34 54 84 97 122 147
Permethrin N.D. N.D. N.D. 12 14 16 20 21 24
Carbosulfan  N.D. 13 14 22 32 43 57 65 77
Bt 27 36 43 71 114 N.D. N.D. N.D. N.D.

Discharge (m’/s)

Larvicide 300-350 350-400 400-450 450-500 S500-600 600-700 700-800 800-900 900-1000

Temephos 39 45 48 49 54 N.D. N.D. N.D. N.D.
Pyraclofos 50 50 62 66 N.D. N.D. N.D. N.D. N.D.
Phoxim 172 198 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Permethrin 27 27 30 32 36 4] 47 52 52
Carbosulfan 90 94 105 116 N.D. N.D. N.D. N.D. N.D.
Bt N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

*The index is calculated using the equation {[100/P] x D x Q x (F+X)]+ Ty}/ 100, where P is the carry, (
100/P) is the number of applications or ‘drops’ needed to treat 100 km of river, D is the mid-point of the
discharge range m3/s) Q is the quantity of formulation to be dropped perm? /s discharge (litres), Fis
the cost of the larvicide (U.S.$/litre), X is the cost of transporting a litre of the larvicide close to the
river (about U.S.50-06), T is the time it takes to treat 100 km of river—including refuelling at the depot
(min), and y is the total cost of the helicopter flight—including maintenance, kerosene and pilot salary
(U.S.813 57/min). Emboldened values exceed the budgetary constraints of the Programme.

N.D., Not determined; Bt, Bacillus thuringiensis H-14.

OPERATIONAL USE OF INSECTICIDES

After considering all the various constraints, it has been possible to prepare a scheme for
the use of insecticides according to the discharge of the river to be treated (Fig. 1). Below
1 m*/s only Bt should be used, and above 450 m3/s only permethrin is appropriate.
Between 1 and 15 m?/s temephos, phoxim or Bt can be used. At 15-70 m3/s the three
organophosphorous compounds should be used; Bt becomes too expensive for use under
these conditions. Between 70 and 150 m3/s there is more choice; temephos, pyraclofos,
permethrin and carbosulfan are all usable. Carbosulfan becomes too expensive to use at
150-300 m?/s and between 300 and 450 m?/s the cost-efficiency index reduces the choice
to only temephos or permethrin. This scheme can be applied to most of the rivers in West
Africa under larviciding once the characteristics of each river (hydrological conditions,
configuration of breeding sites, and potential for insecticide resistance) are known. It
does, however, need to be adapted at certain sites which have unusual features. Two such
sites are outlined below.
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FIg. 1. The generally preferred insecticide(s) () for different discharges. Low cost efficiency (.L//),

potential environmental damage (M), or lack of accuracy in application (&«1) make each insecticide
unusable under certain conditions. TE, Temephos; PY, pyraclofos; PH, phoxim; PE, permethrin; CA,
carbosulfan; BT, Bacillus thuringiensis H-14.

The Marahoué River in Cote d'ivoire

The Marahoué river begins in the north of Céte d’ivoire, in the area of Boundiali, and
ends in the white Bandama near which, in 1980, the first cases of temephos resistance in
species of the S. damnosum complex were detected. Although the level of susceptibility to
this compound is now acceptable and even though the risk of cross-resistance remains,
the two other organophosphates are used instead of temephos (Fig. 2). This ban on
temephos use could be a handicap at discharges greater than 300 m3/s because
permethrin would be the only usable compound. In reality, the problem does not arise,
since the discharge on the Marahoué seldom exceeds 300 m3/s except during the
temporary flood and this never lasts more than 1 week. In any case, since the Marahoué
river has recently been selected for an evaluation of the impact of carbosulfan on non-
target organisms, no permethrin will be used on it until this assessment is complete.

The Niger River near Bamako

The Niger river begins in Guinea, passes through Mali and Niger, and ends on the
Nigerian coast. Around Bamako there is a stretch of tens of kilometres in which Simulium
breed, although there are no breeding sites further up-or down-stream. Neither phoxim
nor Bt can be used on this stretch as the discharge is seldom below 70 m3/s (Fig. 2).
Temephos is not used because resistance to it was detected in the area in 1988.
Carbosulfan is seldom applied because the discharge is only suitable for its use (70-150 m?
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/s) for about 10 weeks each year. Pyraclofos is more frequently used, in preference to
other products that could have been chosen for the discharges involved. As the discharge
is about 300 m?/s for about two thirds of the year, permethrin is widely used. As
resistance to organophosphorous compounds decreases, susceptibility to synthetic
pyrethroids increases (Kurtak et al, 1987). However, to avoid using all six permethrin
cycles permitted each year, permethrin is generally used only at high discharges, after
which all treatment can be suspended for long periods of time because the breeding sites
are not productive. A pressing need to interrupt transmission occasionally leads to use of
more than six permethrin cycles and costs above the permitted threshold, provided these
options do not affect non-target organisais or affect them only in the short-term (these
organisms can often recolonize treated areas from non-treated areas).

Larvicide
PY PH PE CA BT PY PE CA

7. 777 7
350/ / ,//// % //350

Z/A R
7

300

250
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100

N nnn

Niger river

Marahoué river

FIg. 2. The preferred insecticide(s) (O) for different discharges in the Marahoué and Niger rivers. Low
cost-efficiency (.V/), potential environmental damage (), lack of accuracy in application (t,\\f),

hydrological conditions (L), or a particular experimental need (N) make each insecticide unusuable
under certain conditions. TE, Temephos; PY, pyraclofos; PH, phoxim; PE, permethrin; CA, carbosulfan;
BT, Bacillus thuringiensis H-14.

DISCUSSION

We are unaware of any other vector control programme for public health in which the
selection of several insecticides can be made before each treatment, based on
wellestablished criteria. Among such criteria, the efficiency of the formulation, its
toxicity to non-target fauna, the spraying System and the hydrological conditions of the
river are relatively easy to assess, provided the baseline data are available. On the other
hand, the likelihood of resistance to the insecticides developing and the cost-
effectiveness of each larvicide are more difficult to determine because of the numerous
parameters involved. The genetic and biochemical mechanisms of resistance are not yet
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well known and studies on the transfer of the genes involved between populations of
insects are yet to be conducted (Poirié and Pasteur, 1991). Nevertheless, the use of the
criteria proposed in this paper should facilitate the decisionmaking process.

The diagram outlining the choice of larvicide (Fig. 1) highlights two sets of conditions
that are problematic in terms of treatment:

+ Very Jow discharges (up to 1 m?/s), where il is impossible to use any other product than Bt
Despile the low risk of resistance to this biocide developing (because of the mode of action of
bacterial toxins), research should continue to identify other potencial biological
insecticides, such as Clostridium bifermentans Malaysia, which gave promising results in initial
trials (De Barjac et al., 1990), as a back up to Bt.

o Discharges between 15 and 70 m3/s, at which only use of organophosphates is permitted,
with all the risks of cross-resistance. It is hoped that a pseudo-pyrethrinoid compound,
etofenprox (Udagawa, 1988), can also be used within this range of discharges; preliminary

results indicate it would be a cost-effective alternative.

CONCLUSIONS

It is now generally accepted that the rotational use of six insecticides, although based on
empirical criteria and field experience, has proved successful in the OCP area (Guillet et
al., 1990; Kurtack, 1990), although it may be less useful in other circumstances (Curtis et
al, 1993). Given the consequences of treatment failure, the strategy of rotational use of
insecticides will continue. Once the selection criteria for larvicides had been defined, the
decision makers couid make objective selections based on cost efficiency and
environmental impact. This approach has been applied successfully for several months in
Mali, Céte d’ivoire, Guinea and Sierra Leone. The next step will be the development of a
computer model.
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Twenty-two Years of Blackfly
Control in the Onchocerciasis
Control Programme in West Africa

J-M. Hougard, L. Yaméogo, A. Sékétéli, B. Boatin and K.Y Dadzie

Twenty-two years after the launch of the Onchocerciasis Control Programme in West Africa (OCP),
Jean-Marc Hougard and colleagues critically review the vector-control strategy adopted. They go
on to identify the few hydrological basins where transmission of the infection remains difficult to
control, to analyse the causes and to propose appropriate corrective measures on a case-by-case
basis. Most of these measures, which are mainly based on ivermectin chemotherapy, will continue
to be applied after the end of the OCP in 2002, under the control of the countries concerned.

Onchocerciasis, a dermal filariasis caused by Onchocerca volvulus, is a disease transmitted
to humans by a blood-sucking dipterous insect, the blackfly (Simulium). The most serious
manifestations are blindness and debilitating skin lesions. This disease is found in 37
countries, 30 in Africa, six in America and one in the Arabian peninsula'. Africa is by far
the most affected continent in terms of the severity of the clinicai manifestations of the
disease and the extent of its distribution. Hence, as early as 1968, representatives of the
Organisation de Coopération et de Coordination pour la Lutte contre les Grandes
Endémies, WHO, Institut Francais de Recherche Scientifique pour le Développement en
Coopération (ORSTOM) and United States Agency for International Development,
encouraged by the results of the pilot campaigns for the control of blackflies in the
savanna zone of West Africa?, laid down the foundations of an ambitious regional
onchocerciasis control project at a meeting in Tunis (1-8 July 1968).

The Onchocerciasis Control Programme in West Africa (OCP)* began its activities in
January 1974. Its objective was to eliminate onchocerciasis as a disease of public health
importance and as an obstacle to socio-economic development. The basic strategy was to
interrupt the transmission of the blinding strain of 0. volvulus for a period longer than the
longevity of the adult worm in its human host (about 14 years)*. The interruption of
transmission is achieved by destroying the larval stages of the vector, Simulium damnosum
s.L, through the aerial application of selective insecticides to infested rivers (Fig. 1). Each
week, the OCP selects the most appropriate insecticide (out of seven, which are used in
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rotation) for application in each river stretch to be treated (Fig. 1). This decision allows
the optimization of larviciding in terms of cost-effectiveness, management of resistance
and environmental protection®>®; several criteria need to be considered, not only relating
to the insecticides, but also to the hydrological conditions and blackfly populations
involved. One of the seven insecticides is a liquid concentrate of a biological control
agent, Bacillus thuringiensis H-14 (Ref. 7). Of the six Chemicals, formulated as emulsified
concentrates, three are organophosphates (temephos, phoxim and pyraclofos), two are
synthetic pyrethroids (permethrin and etofenprox) and one is a carbarnate (carbosulfan).

The first aerial insecticide treatments began in February 1975, in areas where the
incidence of blinding onchocerciasis was highest. Later, the area covered was gradually
extended to 654000 km? spread over seven countries (Burkina Faso, south-eastern Mali,
south-western Niger, the northern parts of Cote d'Ivoire, Benin, Ghana and Togo) by the
end of 1977. However, it soon became apparent that the border of this area was infiltrated
by infective blackflies originating from regions outside the OCP area®. To give permanent
protection in the original OCP area and to control the vector in the basins where the re-
invading Simulium originated, the hyperendemic regions were identified and larvicidal
treatment was given®. This resulted in two extensions to the original OCP area, one to the
west, comprising the basins of south-eastern Guinea and northern Sierra Leone (western
extension), and a second to the south and east, comprising the southern basins of Cote
d'Ivoire, Benin, Ghana and Togo (south-eastern extension) (Fig. 1).

The installation of vector-control operations in the extension areas was completed
towards the end of the 1980s, while all the basins of the original area were still being
treated. The larviciding coverage then reached its peak with>40000 km of river being
treated over an area of 106 km?, over nine countries of the OCP The satisfactory results
achieved mean that larviciding operations have now stopped in almost all the basins of
the original area. In the extension areas, larviciding is proceeding, and is combined with
the distribution of the microfilaricide ivermectin, the only drug available so far which is
suitable for the mass treatment of onchocerciasis®®. By pursuing this combined drug and
vector-control strategy, the whole of the basins treated should be free from
onchocerciasis!®. By 2002 at the latest, which is the end point of the OCP operations!t. A
few residual foci of infection will remain, however, after the conclusion of the OCP, both
in the controlled areas and in the extension areas.

Residual foci in the original area

The control strategy. The original OCP area is a savanna zone and is relatively homogeneous
in its blackfly species and parasite strains. Before the OCP was launched, the area was
plagued mainly with the most severe form of onchocerciasis, the savanna type, which is
characterized by high blindness rates, and is transmitted by the group of savanna species
of the S. damnosum complex (Fig.1)'>**. In principie, the vector-control strategy was
simple to implement, as it consisted of arresting transmission of the parasite regardless
of its pathogenicity, through the indiscriminate elimination of vector species'®. Although
the blackflies could carry animal filariae, some of which could not be differentiated from
0. volvulus, evaluation of the treatments posed no particular problem. Indeed, the savanna
blackflies were largely anthropophilic, and the annual transmission potential (ATP; Fig. 1)
reflected the intensity of the blinding form of human onchocerciasis*e.
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The implementation of this control strategy made it possible to interrupt transmission of
the blinding strain of the parasite. From 1990, the first decisions to stop larviciding were
made for the basins in which the situation was deemed satisfactory from both the
epidemiological and entomological points of view!” !, Subsequently, vector-control
operations ceased in other basins that had received at least 14 years of larviciding and
where the trends of the epidemiological data indicated depletion of the parasite
reservoir. However, because of contamination by infective blackflies, some rivers at the
edge of the original area continued to be treated beyond the theoretical period of 14
years, and up to the time the extension areas were set up. Onchocerciasis is no longer a
public health problem in the whole of the original area, that is, clinical signs of the
disease have totally disappeared. WHO forecast in 1991 (Ref. 19) that the whole of the
original area would be free from onchocerciasis by 1997; however, a few basins remain
slightly endemic?®

The residual foci. The persistence of some residual foci is a cause for concern. While the
risk of contamination of the adjacent basins remains, there is no guarantee that an
alternative control strategy would succeed fully where the current strategy has only been
a partial success. The OCP and the participating countries are therefore paying particular
attention to these foci in an attempt to identify the factors that have hindered success. To
our knowledge, six residual foci of onchocerciasis remain in the original area; a succinct
analysis of these foci follows.

(1) In the north-eastern part of Benin, a few villages located near two tributaries on the
east side of the river Niger are still hypoendemic despite 18 years of uninterrupted vector
control. The persistence of this focus is due to a seasonal contamination by infective
blackflies carried by harmattan winds from untreated hyperendemic areas of Nigeria.

(2) The problem of the Lower Black Volta focus in Ghana is partly caused by demographic
factors. A recent sociological study?! has shown that this area attracted large numbers of
migrants in search of new farmlands; the migrants mainly originated from areas to the
east of Lake Volta, which were still endemic.

(3) The control programme in the White Volta focus in Ghana was hampered for many
years by serious logistical problems related to the inaccessibility of two of its tributaries
during the rainy season. Some larval breeding sites thus escaped larviciding, allowing an
unsuspected transmission to continue as a result of the inappropriate location of one
blackfly-catching point.

(4) In the Dienkoa focus in Burkina Faso, onchocerciasis remains mainly because of the
premature decision to stop vector-control operations in the 1980s. This was partly a
consequence of continuing undetected transmission as a result of an inappropriate
reduction in the evaluation network.

(5) The decision to stop larviciding in the basin of the Bougouriba, Burkina Faso in 1989
might also have been premature. Indeed, although transmission had been successfully
controlled for more than 14 consecutive years, focal entomological, epidemiological or
demographic signs suggested that larviciding should have been continued or, at least,
some backup measures (entomological and / or epidemiological monitoring or ivermectin
distribution) instituted.

(6) Lastly, the causes of the persistence of high transmission levels and poor

epidemiological results on three of the tributaries within the Oti focus are difficult to
determine, but could result from interactions between climatic, demographic and
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logistical factors. Aerial larviciding, in combination with ivermectin treatment, is being
continued pending further investigations.

The corrective measures. The identification of the characteristic features of these foci has
made it possible to take corrective actions, in particular, treatment with ivermectin and,
to a lesser extent, larviciding. In the White Volta focus, considering the delay in
controlling transmission and the fact that transmission is localized, the large-scale
ivermectin treatment that was instituted in 1995, soon after larviciding was stopped,
might accomplish more than a simple control of morbidity through more focal treatment.
The relatively isolated nature of this focus and its low endemicity level, combined with
the treatment regime employed (150 ugkg twice a year), permits hope that a significant
impact on transmission might be achieved, as occurred in the savanna zone of northern
Cameroon??, In the Dienkoa focus, satisfactory larvicidal treatments, combined with
ivermectin distribution, were achieved (ATPs <100 infective larvae per person per year,
and no new infections in humans) only from 1990. The ground larviciding by health
service technicians in Burkina Faso should end in 2001, after a period of 12 years of
successful control, which is long enough to reduce the risk of recrudescence to <1%. In
the Oti focus, where vector control is planned only until 2002, and in the other remaining
foci, the long-term control of morbidity through community-directed treatment with
ivermectin is probably the only remaining solution in the absence of a macrofilaricide
suitable for mass treatment. Community-directed ivermectin treatment, which is used by
the African Programme for Onchocerciasis Control, directly involves the exposed
communities?®, which is probably the best way to ensure optimal and sustainable
protection of the populations after the conclusion of OCP, in the current socioeconomic
context.

Potential residual foci in the extension areas

History of onchocerciasis control. Larviciding of the river basins that were the initial sources
of invasion by infective savanna blackflies commenced as early as 1979 in Southern Céte
d'ivoire®. Year-round larviciding was started in 1987 in the Southern parts of Ghana, Togo
and Benin, which were the sources of invasion to the Southern borders of the original
area*» 2>, In 1989, insecticide treatment of the basins of eastern Guinea and then, in 1990,
those of northern Sierra Leone was started?® ?7. With the registration of ivermectin in
1987, these basins also benefited from large-scale ivermectin treatment from 1989. This
strategy led to a rapid reduction in ocular morbidity?® from the effects of ivermectin, as
well as a longerterm reduction in transmission from the combined effects of ivermectin
treatment and larviciding?®. At the same time, the foci of Guinea Bissau, western Mali,
Senegal and Southern Sierra Leone were treated with ivermectin only, because they were
isolated, had low-level endemicity and were not a source of invasion into the original
area. Thus, at the beginning of the 1990s, vector control and/or ivermectin treatment had
brought blinding onchocerciasis under control over the entire area of almost 1 300 000
km? of the 11 countries of the OCP (Fig. 1).

The control strategy. In the extension zones undergoing larviciding, the nature of the soil,
the altitude, latitude, rainfall or human activities determine the different types of
vegetation, which range from the savanna in Sudan and Guinea to the degraded forests.
This diversity is reflected in the habitats of different cytospecies of the S. damnosum
complex, from the savanna to the forest vectors*®*. When larvicidal treatments were
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initiated, a selective strategy exclusively targeted at the savanna blackflies was
considered. Flowever, the transmission dynamics of different parasite strains was
unknown, and it was difficult to identify the infected adult females accurately. This
option was therefore discarded in favour of a less targeted strategy, which took into
account the seasonal abundance of the savanna blackflies in their larval habitat based on
the cytotaxonomic tools available®!. Species identification by cytotaxonomy is based on
the analysis of the banding sequence on the polytene chromosomes from the larval
salivary glands'2. Among the nine sibling species of the S. damnosum complex found in the
area covered by the OCP'* six are the primary vectors for O. volvulus in West Africa.
Simulium sirbanum and S. damnosum s.s. are the primary vectors in the savanna, while S.
squamosum and S. yahense are the primary vectors in the rain forest. The remaining two
vector species, S. leonense and S. sanctipauli, have a restricted distribution, which is mostly
limited to the large Coastal rivers of Sierra Leone and Céte d'ivoire, respectively>°.

Morphological identification of adult blackflies has now improved, allowing the
differentiation of the savanna species from the others at the same blackfly-catching point
30, DNA probes can differentiate between the savanna strain and the forest strain of the
parasite®® and a technique involving mitochondrial DNA sequences is being developed,
which allows the identification of the adult flies of the six main vector species?. These
methods are providing insights into the mechanisms of transmission under natural
conditions and, hence, into vector-control strategies. Toé and colleagues®* have shown
that the relation between savanna vectors and the blinding strain of the parasite is not as
clear as was suggested by earlier experimental xenodiagnostic studies. The consequent
overemphasis on the role of savanna species in transmission, when planning control
activities, might favour the transmission of blinding onchocerciasis by the forest
blackflies. This hypothesis is supported in that the vectorial capacity of forest species is
higher than that of savanna species®*. However, other observations made in several
basins of the extension areas suggest that the current strategy can be maintained without
jeopardizing the achievements of vector control. For example, at the Benin village of
Kaboua in the degraded forest zone (Fig. 1), transmission of the savanna parasite strain is
relatively high (an ATP of 421 infective larvae per person per year in 1996), although the
transmission is mainly due to forest blackflies originating from the untreated basins of
Nigeria (S. soubrense Beffa type)®¢. This level of transmission, in the savanna zone, would
have been assodated with clinicai signs.

These different observations underline the uncertainties regarding the threat posed by
the blinding strain of the parasite in the extension areas. Research is now under way to
improve molecular tools (heteroduplex, DNA microsatellites) to facilitate the
identification of the vector and parasite populations®**’. The heteroduplex technique
permits the identification of individuais on the basis of hybridization with mitochondrial
DNA fragments. Microsatellite DNA provides useful polymorphic markers for populations
and even for individuals. The application of immunodiagnostic techniques to determine
whether different levels of pathogenicity exist in the parasite or whether individuals can
be predisposed to develop blinding onchocercal lesions is also being planned. Pending the
results of these studies, with five years to go to the end of larvicide treatments, the
current vector-control strategy - a realistic compromise between a selective option and a
more global option - should be pursued without major changes until the conclusion of
the OCP.
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The potential residual foci. Vector control, combined with ivermectin distribution, is being
continued in almost all the basins of the extension areas. Larviciding is planned to stop at
the end of 1998 in the Céte d'Ivoire basins, and between 2001 and 2002 in the western and
south-eastern extensions®*>°. However, in a few river basins where the blinding strain of
the parasite predominates, transmission sometimes remains difficult to control despite
continued larviciding and the distribution of ivermectin (eg. the Lower Tinkisso, Guinea,
in the western extension, and the Pru, Ghana, in the south-eastem extension). Therefore,
as observed in the original area, it is possible that a few residual foci of savanna
onchocerciasis will persist after the end of the OCP. After 2002, when vectorcontrol
measures will have ceased, in the absence of a macrofilaricide suitable for mass
treatment, ivermectin will be the only means of control for these residual foci. The
research mentioned previously, if successful, will help to assess the threat represented by
these foci, allowing the appropriate adjustment in ivermectin-treatment strategies on a
case-by-case basis. Meanwhile, work on modelling onchocerciasis transmission and its
control might help to determine precisely how long ivermectin distribution needs to be
continued to make the recrudescence of blinding onchocerciasis unlikely*°

ATP 1975 (pre-control)
(Simulium damnosum s.1/O. vovulus)
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Permethrin

Carbosultan

FIg. I. An OverView of the vector-control activities in the Onchocerciasis Control Programme in West
Africa (OCP). The map (top left) shows the different operational phases of the OCP and identifies the
residual foci in the original OCP area. The photograph below (kindly supplied by the Institut Frangais
de Recherche Scientifique pour le Développement en Coopération) shows an adult of Simulium
damnosum s.l. complex species, which is responsible for the transmission of onchocerciasis. The
background shows a helicopter (photograph kindly supplied by OCP) spraying one of seven larvicides
selected according to their operational range (bottom right). In this figure, the position of the fish
represents the minimum level of water discharge with respect to the water gauge at which the
product is authorized to be used because of the risk of impact on the environment The dollar sign ()
represents the level above which the cost of use of the product is no longer acceptable. The
entomological evaluation is also shown (bottom left). The entomological index most frequently used
to quantify transmission is the annual transmission potential (ATP): the theoretical number of
infective onchocerca larvae that a person at a catching point would receive if highly exposed to
blackfly biting 12 hours a day for 12 months a year. In the savanna area, transmission of
onchocerciasis at a level <100 infective parasite larvae per person per year is considered to give no
risk of developing severe ocular lesions.

Transfer of residual activities

By 2002, the responsibility for maintaining the residual activities of the OCP will be
transferred to the participating countries. A few residual foci will remain in both the
original and the extension areas; however, their total size will be fairly small compared
with the 25 million hectares of fertile land that will be disease free by the end of the OCP;
furthermore, the disease will no longer be a public health problem. Although the studies
conducted so far in the disease-freed zones have given encouraging results, it is possible
that new onchocerciasis foci will emerge after 2002 in the areas currently considered to
have been freed. In the basins of the White Volta in the southeast of Burkina Faso, for
example, onchocerciasis has been reduced from hyperendemic to almost absent after 14
years of vector control alone. The latest parasitological surveys still show excellent
results six years after larviciding was stopped.
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The health services of the countries involved must be given the means to detect an
onchocerciasis focus early enough that control is feasible. The necessary tools and know-
how for entomological surveillance will be made available by the OCP to the national
health services to enable them to detect a resurgence of transmission. A simple and cheap
method for the detection of infective larvae of the parasite in blackflies is in the process
of being tested for use in the field*:. This method will provide an early warning of
potential recrudescence, enabling the health services of the affected area to apply the
various techniques currently available or in development*? before the infection becomes
difficult to control. In the Southern areas of the OCP, especially south-eastem Céte
d'Ivoire, south-eastem Guinea and south-western Ghana, the national health services will
also have to monitor closely the consequences of deforestation on vectorial dynamics
and, hence, on the epidemiology of onchocerciasis. For the time being, to avoid any
deterioration of the situation, OCP will provide the countries with logistical and technical
support for the distribution of ivermectin to control onchocercal morbidity, regardless of
pathogenicity.

All vector-control activities will probably have ceased by the end of 2002, as sustained
vector-control action to arrest transmission in each residual focus would be beyond the
budgets of the participating countries. However, the use of ground larviciding with non-
toxic and non-persistent insecticides to control blackfly nuisance might increase, at least
in socio-economically important sites, where the efficient and sustainable management of
such treatments is possible*?
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Evaluation of larvicides for the
control of simulium damnosum s.l.
(diptera: simuliidae) in west africa

Dan Kurtak, Hugo Jamnback, Rolf Meyer, Michael Ocran and Pierre
Renaud

INTRODUCTION

Temephos resistance in larvae of some cytospecies of the Simulium damnosum s.1. complex
was first reported in the Onchocerciasis Control Program (OCP) area in West Africa in
1980 (Guillet et al.) and chlorphoxim resistance was first reported in 1982 (Kurtak et al.).
These findings led to large-scale use of Bacillus thuringiensis H-14 (Kurtak 1986) and to an
acceleration of a screening program in a search for possible alternative larvicides.

Considerations in selecting a candidate larvicide for testing include the following:

1. It must be active against all larval instars of S. damnosum s.l. Ideally, the concentration
required to kill all of the larvae with a 10-min. exposure should not exceed 0.1 mg/liter
(equivalent to temephos). Concentrations up to 0.3 mg/liter might be accepted in some
circumstances but higher application rates cause serious logistical problems because of the
limited capacities of the helicopters and fixed-wing aircraft used for spraying.

2. The distance that the larvicide remains nearly 100 % effective downstream (“carry”) should
approach 20 km in large rivers.

3. Since the larvicide is added to rivers which serve as village water supplies, formulations
with a rat oral toxicity greater than 250 mg/kg (LD50) are ruled out. In practice, this implies
that dilute formulations of moderately toxic materials can be tested. Danger to the Program
and aerial contractor staff handling the product must also be limited, especially since pilots
work alone in remote locations.

4. The formulation, ideally, should have no acute or long-term toxic effects on fish even at
considerable overdoses. Toxicity to non-target invertebrates should be minimal, but it is
recognized that some reduction will occur. In principle, no important group of invertebrates
should be eliminated, but shifts in proportions are considered to be tolerable.
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5. The preferred formulation is an emulsifiable concentrate which has a lower specific gravity
than water and forms a stable emulsion without agitation. Formulation has an important
influence on performance, but the factors influencing effectiveness are not well understood.
Wettable powders and flowable formulations, especially those which must be diluted with
water, are more difficult and dangerous to mix, load and apply, and are generally avoided.
The formulation should not degrade rapidly when stored as a concentrate in unprotected
containers in a hot climate where the air temperature often reaches 40°C.

6. The applied larvicide should not be so stable as to lead to its accumulation in the food web.

7. Formulations with solvents that corrode the spraying equipment and the aircraft itself
should be avoided.

Of the insecticides currently used or proposed for use in the program, only temephos
comes close to meeting all of these criteria. Other than temephos, chlorphoxim (another
organophosphate) and B.t. H-14 have already been used extensively. A pyrethroid
(permethrin) and a carbamate (carbosulfan) have recently undergone large-scale
operational trials in OCP and are entering into routine use.

This paper will briefly describe the screening methods and criteria for acceptance and
then compare the new larvicides with those already available and comment on possible
modalities for their use.

SCREENING METHODS AND CRITERIA FOR
SELECTION!

To be introduced into the OCP screening program, a compound must first have
demonstrated that it kills mosquito larvae at low concentrations. Mosquito trials are
carried out by the WHO Pesticide Evaluation Scheme (WHOPES) which is described in
World Health Organization (1982). The compounds must also meet the toxicological
criteria mentioned in the introduction, as well as can be determined from the
manufacturers data.

Susceptibility tests: As a first step in screening, the compound is subjected to a series of
susceptibility tests to determine its cross-resistance status vis a vis larvae resistant to
organophosphates. These tests are carried out according to the method of Mouchet et al.
(1977). Mature larvae are exposed for 3 hours to technical grade compound mixed in
oxygenated distilled water. The compound is added to the water as an alcoholic solution.
There is no agitation. Temperature is held constant between 20 and 25° C and the
mortality is read immediately at the end of the exposure. If there is significantly less
mortality with organophosphate-resistant versus susceptible larvae, it is concluded that
cross-resistance exists and the compound is not tested further. To date such tests have
demonstrated cross-resistance with carbamates, and a negative correlation with
pyrethroids (Kurtak et al. 1987a).

Trough test: If there is no evidence of cross-resistance, the formulated product is next
tested in a field laboratory in a closed circuit trough System similar to that described in
an unpublished OCP report.? In this System, a small electric pump circulates river water
between a 60 liter plastic garbage can and a small trough. The trough discharges back to
the garbage can over a narrow, shallow lip where the water velocity reaches that required
by S. damnosum (about 1 m/sec). In the bottom of the lip is a removable metal plate. Field-
collected larvae, when placed in the trough, migrate to the lip and attach to the metal
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plate. This plate is then transferred to the lip of another trough-bucket System where
insecticide is circulating with the water. After a 10-minute exposure (length chosen to
simulate a field application), the plate is transferred to a third untreated “holding”
system where mortality is scored after 24 hours by counting the surviving larvae and
comparing this number with the total exposed. All detached larvae are considered to
have died. In the control plates subject to the same manipulations, detachment is less
than 1%. In trough testing, the goal is to determine the minimum concentration which
gives 100% or nearly 100% mortality. Insecticides that require more than 0.5 mg/liter/10
min to obtain this level of control are not tested further. The more active compounds are
next tested in rivers.

River tests: If activity is sufficient, individual river applications are carried out to confirm
the operational dose and observe the carry. These tests consist of applying the
formulated product by spraying or pouring above a series of breeding sites (rapids) where
trailing grass or other larval attachment sites have been checked and the densities of
young (instar 1 to 5) and mature (instars 6 and 7) larvae have been estimated. Twenty-
four hours after treatment the sites are examined again and the percentage reduction in
larval numbers estimated. The initial dose used is the minimum which gave 100% effect in
the troughs. If this result is not achieved in the field, river tests are continued until the
minimum field dosing rate giving 100% is found. For a product to be considered for OCP
operations this dosing rate should be no more than about 700 ml/cubic meter (m 3) of
discharge (for a 25% EC formulation equivalent to 0.3 mg/1-10 min of Al or 0.5 mg/1-10
min for a 50% EC formulation). Compounds with dosing rates of 0.1 mg/1-10 min or less
are much more attractive. If the product shows some promise, but the dose is high, the
manufacturer will be asked to furnish more formulations.

The results of the carry observation are more difficult to interpret, since with any
product carry will vary with the transport characteristics of the river. Among the
characteristics influencing transport, discharge is the most important. An application of
temephos at 0,1 mg/1-10 min in a river flowing at 2 m*/sec in the dry season may only
cover one rapids (a few hundred meters) while the same compound at 0.05 mg/1-10 min
will clear 30 km or more of the same river in the rainy season at 200 m?®/second. In
general, carry is considered “adequate” when results obtained are at least equivalent to
the operational compounds, i.e., 2-5 km at 10 m3/sec and 10-15 km at 100 m*/second.

If activity and carry are adequate, several more river tests may be done to cover the
range of turbidity and discharge to be encountered during operations. Later applications
will be carried out with helicopter or fixed-wing aircraft equipped with standard OCP
release equipment. Six or more river tests are often done. Several formulations may be
tested in parallel to ensure that an optimum formulation has been found.

Non-target fauna: As soon as field effectiveness against S. damnosum s.l. is confirmed,
evaluation of effects on the non-target invertebrates begins. Even before this, during the
first river tests, a close watch is kept for drastic mortality of fish or Crustacea. Any
evidence of this will cause the product to be dropped. Catastrophic effects almost never
occur because of prescreening based on manufacturer’» data and literatura. Lacking
catastrophic effects, a detailed evaluation is carried out. The first step is a test against
non-target insects in troughs parallel with standard insecticides [see Troubat (1981) for
details of method). Acute toxicity to fish and Crustacea is determined in aquaria. The
effect of individual river applications is followed by surber sampling (before and after),
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drift net samples before, during and after the application, and observation of detachment
of non-target insects in gutters (Lévéque et al. 1977).

Operational trial: If the short-term effects of individual treatments on the non-target fauna
are acceptable, and all other criteria (compatibility with application equipment, etc.) are
met, an operational trial is carried out. An entire river basin is treated weekly by aircraft.
These treatments continue for several months, so that the effectiveness of the
formulation both in controlling larvae and in reducing the number of biting S. damnosum
s.l. females over a wide area can be evaluated. At the same time changes in the non-target
fauna are monitored by a combination of the methods described above plus fish net
catches before, during and after treatments. The monitoring continues for several
months after the applications stop, to follow recolonization. Sediment samples are
recovered along the river at the end of the trial and at various times after the treatments
stop. Insecticide residues are extracted and analysed by appropriate methods (usually
GLC).

All of the results from the aforementioned procedures are considered in making a
decision as to if, and under what conditions, the product will be used operationally.

RESULTS AND DISCUSSION

As of December 1986, 18 organophosphate compounds, 2 organochlorine compounds, 10
carbamates, 17 pyrethroids and 6 miscellaneous categories have been screened. This
includes a total of 115 formulations. The results are summarized in Appendix 1. Where
several formulations have been tested, only the results with the best one are given. In
general, it can be seen that most of the organophosphates have been rejected because of
cross-resistance with strains resistant to temephos and/or chlorphoxim. Only one
pyrethroid, permethrin, and one carbamate, carbosulfan, have been subjected to
operational trials. Several other pyrethroids with similar characteristics may be suitable
for operational trial, but have not been given high priority because of the probability of
cross-resistance between pyrethroids, if resistance to permethrin were once selected.

Table 1. Performance of Simulium larvicides operational in the Onchocerciasis Control Program.

Operational  Volume of Influence of? Carry® (km)
dose (mg Al/ lati
liter for 10 per m*/sec (li- Low High Effect on non-target inverte-
Compound Class' _ Formulati min) ters) Algse Turbidity disch disch brates
temephos O-P emulsifiable 0.06-0.1 0.15-0.30 0 + 1-3 50 acceptable for continuous use in
concentrate all seasons
chlorophoxim o-p emulsifiable 0.05 0.15 0 0 1-3 15 acceptable for long-term use in
concentrate wet season
carbosulfan Carb emulsifiable 0.06 0.12 0 0 3-6 10-15 acceptable for short-term use in
concentrate wet season
permethrin Pyr emulsifiable 0.015 0.045 - 0 1-3 15 acceptable for short-term use in
concentrate wet season
B.t. H-14 (Sandoz H-PD  bacterial  suspension 12 0.72 - - 1-2 10 acceptable for continuous use in
or Abbott 12A8) toxin all seasons

1 For abbreviationa see Appendix 1.

20 = neutral,+ = incressed efficacy, — = reduced efficacy.
3 Distance below application point with 100% effect.
410 m®/sec or less.

5100 md/and above
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Table 2. Cost effectiveness and risk of selecting resistance of Simulium larvicides operational in the
Onchocerciasis Control Program.

Relative cost per km of river
treated'
Dry season (10  Wet season
Compound m*/sec) (500 m*/sec) Risk of selecting resistance
temephos 1.0 1.0 high (forest species)
moderate (savannah species)
chlorophoxim 0.7 13 high (forest species)
moderate (savannah species)
carbosulfan 0.9 23 moderat:
permethrin 0.6 0.7 high
Bacillus thuringiensis H-14 (Sandoz 14 43 low

HP-D or Abbott 12A8)

T temephos = 1.0

In Tables 1 and 2, the newly-selected compounds are compared with the existing
operational compounds (temephos, chlorphoxim and Bacillus thuringiensis H-14 (Sandox
HP-D formulation)). These tables will be commented on in some detail since they
represent the knowledge gained by considerable practical experience.’ A general review
of control methods is given by Kurtak et al. (1987b).

Temephos has the best combination of low dosage rate, long carry (up to 50 km), mineral
effect on non-target fauna and cost effectiveness. It has a very low mammalian toxicity
and the formulation used does not damage application equipment or aircraft. The
emulsifiable concentrate retains its efficacy after 3 or more years of storage under
tropical conditions. Turbidity and high discharge rates in the rivers enhance its
effectiveness to the extent that the dosage can be cut in half during the wet season.
Unfortunately, resistance to it has developed in both forest and savannah species of the S.
damnosum complex (Kurtak 1986, Kurtak et al. 1987b).

Chlorphoxim is as effective as temephos at the application point, but has a much inferior
carry. It also has a more severe effect on non-target organisms and so is not normally
used over long periods or when rivera are low. The emulsifiable concentrate formulation
used is corrosive to spray equipment and aircraft and its storage life is not more than 2
years. In temephos-resistant populations, resistance to chlorphoxim develops in less than
one year of weekly treatments. This resistance is not always stable in the absence of
treatment and the product can be used for brief periods each year in some areas.

Bacillus thuringiensis H-14 is effective against both susceptible and resistant populations of
S. damnosum s.1. It is not injurious to most non-target organisms. Although formulations
have improved over the last 6 years, a high dosage rate is required (0.72 liter/m3/sec of
river discharge compared with temephos which requires 0.15 to 0.3 liter/m3/second).
Given the type of aircraft used in OCP, the use of B.t. H-14 is normally limited to rivers
with a discharge rate below 100 m®/second. In exceptional cases, it has been used, with
considerable difficulty and added expense, in larger rivers to eliminate temephos-
resistant larvae before other alternatives were available. The product is formulated as a
more or less viscous suspension. Some formulations require dilution before application.
Even those which do not must be applied as a coarse spray or dumped at high airspeeds to
ensure good dispersel. Placement must be precise for effective control and carry is much
inferior to that of temephos.* As a result, in large complex rapids, as much as 20 times
more product is needed as compared to temephos and the cost is at least 4 times greater
(Table 2). In the dry season, the increased cost of B.t H-14 treatments is less, but still
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substantial, given the scale of OCP. Another disadvantage of Bacillus thuringiensis H-14 is
that at the beginning of treatments, more weekly cycles are needed to achieve 100%
control than with other products. There are con8istently more small failures along
treated rivers. Algae growing in stagnant pools between rapids in the dry season interfere
with B.t. H-14 and make it necessary to increase the dosage. High turbidity during the wet
season may also reduce effectiveness.

The potential for development of resistance to B.t. H-14 is thought to be low. Work with
mosquitoes (World Health Organization 1986) showed only a low level of resistance after
60 generations. However, resistance to another strain of Bacillus thuringiensis has been
detected in stored grain pests (McGaughey 1985). There remains considerable latitude for
improving the effectiveness of the product through augmenting active toxin content and
improving formulation.

Permethrin is effective against S. damnosum s.l. larvae at dosage rates 1/6 to 1/3 that of
temephos. Permethrin is available as an emulsifiable concentrate that posts no problema
so far as its stability in storage, its dispersal in river waters, or its corrosive effect on
equipment are concerned. Unfortunately, the carry is less than for temephos, not
exceeding 15 km under ideal conditions for any of the many formulations that have been
tested (unpublished OCP data). Nonetheless, due to its effectiveness at low
concentrations, the cost/km of river treated is only 60 to 70% that of temephos. As is the
case with B.t. H-14, high concentrations of algae, such as may be found in nearly stagnant
rivers during the dry season, can reduce the effectiveness of permethrin to almost zero.

Permethrin is somewhat more effective against a organophosphate-resistant population
of S. damnosum than against a susceptible population. There is also some evidence that
permethrin accelerates the reversion of chlorphoxim resistance. The operational
usefulness of this phenomenon is being explorad (Kurtak et al. 1987a).

Permethrin causes the most severe reduction in non-target invertebrates of any of the
larvicides in operational use. This reduction persists as long as the treatments are
continued. However, after treatment stops, recovery to pretreatment levels occurs within
a few months. Permethrin is only used for short periods at high river discharge to
eliminate organophosphate resistant populations.

Many insects readily develop resistance to pyrathroids with widespraad cross-resistance
to other pyrathroids (World Health Organization 1976). As pyrathroids are used to control
cotton pests along the banks of some rivers in the OCP area, there is the possibility that
some pre-selection has already occurred due to runoff. Even in areas where no Simulium
larviciding has been carried out, seasonal changes in pyrethroid susceptibility have been
recorded (OCP unpublished data). These may be related to agricultural use.

Carbosulfan, in its present formulation, requires the same dosage rate as chlorphoxim,
and has the same limited carry of about 15 km below the treatment point under optimal
conditions. The insecticide formulated as 250 g Al/liter EC is not corrosive to equipment.
Its storage life under tropical conditions is at least 18 months.

Carbosulfan is less injurious to non-target organisme than permethrin, but more toxic
than temephos or chlorphoxim. Its toxicity becomes more pronounced at river discharge
rates below 75m?/sec. Below 25m3/sec there is a danger that fish will be traumatized (OCP
unpublished data). Therefore, this product can only be used at high river discharges and
for limited periods of time.

134



26

27

28

29

There is also a risk of resistance developing to carbamates, including carbosulfan, which
could lead to cross-resistance to organophosphates but not to pyrathroids according to
Hemingway and Lines (1985).

The pattern of use of these and other larvicides in future OCP operations will depend on
the extent and character of resistance that develops in S. damnosum s.l. populations and
on a further analysis of their effects on non-target fauna. The present strategy is to use
B.t. H-14 during the dry season when the rivers are low because it is nearly as effective
and much less injurious to non-target fauna than the other operational insecticides and
also because it is less likely to provoke the development of resistance. These advantages
compensate the moderate increase in cost. As river discharges increase,
organophosphates, carbamates and pyrathroids will be used in a sequence determined by
the susceptibility of the populations involved. Temephos will remain the product of
choice during the rainy season when rivera are high and where there is no resistance. It is
hoped that dry-season alternation with B.t. H-14 will retard the development of resistance
to temephos.

Where resistance to temephos occurs, chlorphoxim will be used when there is no cross-
resistance. An alternation between chlorphoxim and permethrin might be envisaged if
the “negative correlation” proves to be operationally useful. If not, carbosulfan might be
chosen over permethrin in spite of its high cost because it is not as injurious to non-
target fauna and less likely to provoke the development of resistance as compared to
permethrin.
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APPENDIX 1. Compounds testad as Simulium

damnotum larvicides in the Onchocerciasis Program
since the beginning of accelerated screening in 1982.

Results
Cross-
Formula-  resist- Effect on non-
Compound' Class® tion® ance  Trough test' River trial® target fauna  Operational trial Remark:
azamethiphos (Ciba-Geigy)  O-P EC 10% no acceptable insufficient activ-  acceptable none poor storage life,
(0.2t00.3) ity (0.3/3-6/10- 10% max. conc.
20)
bromophos (Celamerck) 0-P tech Al yes  none none unknown none -
OMS 3036 CME 16002 (Ce- O-P EC 48% no in progress in progress none -
lamerck) 0.3)
chlorfenvinphos (Shell) O-P tech Al yes none none unknown none -
chlorphoxim (Bayer) O-P EC 20% no* b ble (0.05/2- bl 1977 “improved” for-
(0.05) 3/2) (0.06/2-8/ mulations
35)
chlorpyrifosmethyl (Dow) O-P tech Al yes - none unknown none -
dichlorvos (Ciba-Geigy) O-P EC 650% no mﬂlﬁnmt none unknown none -
(0.53 =
98%)
etrimphos (Sandoz) O-P tech Al yes - none unknown none -
fenchlorvos (Dow) 0-P tech Al yes = none unknown none -
fenthion (Bayer) o-P tech Al yes = ng: unknown none -
iodenphos (Ciba-Geigy) 0-P tech Al yes n unknown none -
pirimiphosmethyl (ICI) 0-] tech Al yes - none unknown none -
propetamphos (Sandoz) 0-P tech Al yes - none unknown none -
temephos (Phytagri) o-P EC 20% NA. bl ble (0.1/ bl 1l ive sup-
0.2) 6.5/7) plier
temephos sulfone (Cy- o-P tech yes none none unknown none -
anamid)
temephos sulfoxide (Cy- o-P tech Al yes none none unknown none -
anamid)
tetrachlorvinphos (Shell) 0-P tech Al yes  none none unknown none -
trichlorphon (Bayer) O-P tech Al yes  none none unknown none -
cartap (Takeda) Carb WSP 50% no insufficient none unknown none -
activity (1.0
=50%)
carbosulfan (FMC) Carb EC25% bl ble (0.05/ ble for ion under
(0.05) 10-15690) (0.05/ short pe- development
8-9/17) riods
E=mE Resalts
Crome-
Formuls-  resist- Effect on non-
Compound Clas® tion'  amce  Troughtest'  Rivertrial  tamget founs  Operstionaltrisl  Remurks
ethiofencarb (Bayer) Card BC 50% 0 insufficient none. ‘unknown ‘none -
e
macbal (Hodogaya) Carb EC 20% o m-nld-’u noere. unknown none -
activity (3.0
‘methiocarb (Bayer) Carb Fso% o o acceptable unknown mooe -
©5) o ket b -
‘methiocarb (Bayer) Carb BEC10% no Y m&,ﬁ unknown nn.— m ﬁl ::;.
mulatson too di- w' tent
‘metolcarb (Sumitomo) Carb EC 0% B0 it m::. unkown none. -
activity (20
‘pirimicarb (ICT) Carb EC5% o hﬂi‘.’. none unknown none -
activity (0.6
propoxur (Bayer) Carb EC2% no otd) none unknown nove -
sty 03
thiodicarb (Union Carbide)  Carb F315% 0o one. unknown none -
activity (L1
xylylcarb (Sumitomo) Card EC 0% no it -N?) unknown - -
activity (0.7
DOT (Ligtermoet Chemical  0-C BC 25% "o -;-ﬂ”:hi’- Tesidues pose
LAY 03 15) werious for many only authorized
probiems years before
methoxychlor (Nordisk) oc EC30% no scceptable insufficient activ- unknown ey -
©5) ity (05 = 90%/
alphamethrin (Shell, FMC,  Pyr EC10% no acceptable l% 0010/  more toxic -
cn (o01) L] m
cyfluthrin (Bayer) Pyr EC5% o acceptable nooe. imilar to no sdvantage over
A 10015) permethrin ‘permethrin
cybalothrin (ICT) Pyr EC 10% o ey -ﬂ;r/:h (0.025/ _::'IIK:‘.W nooe M‘L.:k 1o Crus-
il
cypermethrin (Shell) Pyr BC 40% 0o acceptable acceptable (sbout  very severe,  none ‘more toxic to
(0.008) 001 ‘especially non-target
Crustaces ?ﬂl than 1o
cyphenothrin (Samitomo) Pyr ECH% no acceptable acceptable (0.01/1/  similar to ‘none. B0 advantage over
(0.006) 1) permethrin permethrin.
cypothrin (Cyanamid) Pyr BC20% no acceptable insufficient activ- unknown nooe. -
deltamathrin (Roussel- Pyr BC1% no ot Awwq‘hlﬂ severemor-  nove ffective, but too
Uelan (0.0006) N tality to ‘tonic for non-
Crustaces target fauns
estenvalerate (Sumitomo) Pyr BC25% 0o insufficient none unknown nooe. -
Fo% Mg)ly 00
ethoproxyfen (Zoescon/Mit-  Pyr EC 0% 0 M mcceptable (0.2/3/  similar to ‘none. Nm ats
wui Tostau) 1) 1)
fenfluthrin (Bayer) Pyr EC 20% no acceptable (0.015/  wimilar to none. 50 advantage over
(o) 25/1.8) permethrin. permethrin
flucythrinate (Cyanamid) Pyr EC 20% no none probably se-  nome high mammalian
{over 0.13) vere toxicity
fuvalinate (FMC) Pyr ECBRF o inmufficent actiy-  moderstest  nonme dosage rata too
U% {01 t008) ity (048 = 035 high
‘OMS 3021 (ICT PP 321) Pyr EC5% no ‘scoeptable m)mm- similar to none. no advantage over
- =] L] 0% 1984 in -
AsLmaTe e ow o ogh egpe SER oy
ons) 80-90% of
Empbem-
3 - -
Pynaminforte (Sumitome)  Pyr BCH% o e 1 In progress. -rmluﬂ none
neo-Pynaminforte (Sumi- Pyr ECH% o in progress. ‘unknown none -
tomo) (0.05 to 0.1)
Talstar* FMC 54500 (OMS Py BC10 Do acceptable  inprogress similarto  none -
3024) ©01) permathnn
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Results
Cross-
Formula-  resist- Effect on non-
Compound’ Class® tion® ance  Trough test! River trial® target fauna _ Operational trial Remarks
avermectin (Merck, Sharpe lactone EC1 no none unknown none mammalian toxic-
and Dohme) (0.03) ity too hi
Bensultap (Takeda) Nereis toxin WP 50% no insufficient none unknown none -
EC activity (0.5
25% to 3.0+)
evisect (Sandoz) Nereis toxin ~ WSP 25% no insufficient none unknown none -
activity
(over 6.0)
octyl propargyl sulfite (Uni-  sulfite EC 90% no insufficient none unknown none -
Royal) activity (0.5
- 50%)
BTS 49178, pure Zisomer hydrazone F no insufficient none unknown none -
OMS 3027 (FBC) activi
(1.2)
BTS 49178, Z + E isomers hydrazone F no insufficient none unknown none -
OMS 3028 (FBC) activity

(12)

T Common name, WHO code, or manufacturer's code. Manufacturer un parentheses.

2 0-P = organophosphate, Carb = carbamate, Pyr = pyrethroid, O-C = organochlorine.

8 EC = emulsifiable concentrate, F = flowable, WDP = water dispersable powder, WSP = water soluble
powder.

41n parentheses = LC 100 in mg/liter/10 min followed by carry in km followed by river discharge in m3
/sec.

5In parentheses = operational dose in mg/liter/10 min followed by carry in km followed by river
discharge in m3/sec.

6 Multiple resistance develops rapidly.

NOTES

1. This section deals with the screening of Chemical compounds other than bacterial toxina and
insect growth regulators which will be the subject of other reports.

2. Jamnback, H. 1982. Insecticide screening tests against Simulium damnosum larvae, Lama Kara,
Togo. Unpublished OCP report.

3. In the height of the wet season, OCP aircraft apply about 8.5 tons of insecticide at up to 4,500
applications points on 15,000 km of river every week.

4. Emulsifiable concentrates, especially of temephos, can be applied quite successfully through a
simple pipe or dump System. Their placement is less critical, since there is a spreading effect and

the emulsions form spontaneously.

ABSTRACTS

The Onchocerciasis Control Program of the World Health Organisation is carrying out an
extensive screening program in a search for new larvicides to be used for control of Simulium
damnosum s.l. Emphasis has been given to finding a pyrethroid and a carbamate to supplement
the organophosphates currently in use. These Chemicals with differing modes of action, together
with Bacillus thuringiensis H-14, are being used in an attempt to cope with the development and

spread of resistance to the organophosphates temephos and chlorphoxim.
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Onchocerciasis control programme
in West Africa: ten years monitoring
of fish populations

C. Lévéque, C.P. Fairhurst, K. Abban, D. Paugy, M.S. Curtis and K. Traoré

INTRODUCTION

Human Onchocerciasis is a dermal filariasis particularly serious in Guinean and Sudanian

African savannas where it causes irreversible blindness among exposed populations. The

filaria Onchocerca volvulus is transmitted to man by female blackfly of the Simulium

damnosum complex (Philippon, 1977). The larvae of these flies are aquatic and occur only
in fast-flowing parts of rivers. Thus the disease is most prevalent near water courses.

In the absence of any effective cure suitable for large-scale use, vector control was the
most effective way to prevent the spread of this disease. Adult control being difficult,
Chemical treatment of larval stages in the rivers was considered the only feasible method
(Anon., 1985).

The Onchocerciasis Control Programme (OCP) commenced in December 1974 under the
auspices of the World Health Organisation (WHO) and was planned for a twenty year
intensive implementation (Davies et al., 1978). The initial control area of 764,000
km’included Burkina Paso and parts of Ivory Coast, Ghana, Togo, Benin, Niger and Mali
(Figure 1). The first routine insecticide treatments were in February 1975 in the central
part of the OCP area, and have been progressively extended. Up to 18,000 km of rivers
have been monitored, and treated when necessary in the weekly spraying programme.

Prolonged and extensive use of insecticides could have important environmental risks,
and therefore it was necessary to evaluate the possible short-, medium-and long-term
effects of insecticides on the non-target fauna (Leveque et al., 1979).

The aquatic monitoring programme is performed by national teams of scientists in the

countries in the OCP area, aided by outside specialists. This support was essential because
little information on the aquatic fauna was available. The surveillance has been primarily
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concerned with two major categories of organisms: the fish, by virtue of their economic
importance, and the benthic invertebrates, which may more quickly respond to
insecticides. An important consideration for OCP is the demonstration to the local human
population that care is being taken in reducing the risks of pollution.

An independent Ecological Group, consisting of experts of international repute, meets
every year and is in charge of the evaluation of the collected data which has been
analysed by outside specialists (Cummins, 1985). The group advises OCP on safe
insecticide use and new monitoring procedures.

AIMS AND PROTOCOL

All insecticides used by OCP have to follow an intensive screening procedure in order to
prove their high toxicity against the S. damnosum larvae, and their low toxicity for non-
target fauna (Leveque, 1987). The criteria are that the pesticides should have neither any
direct impact on fish nor any effect on their life cycles. Among hundreds of insecticide
formulations tested by OCP, few are selected after operational field trials.

The fish monitoring programme was based on two fundamental ideas: -

~
.
'

L

,'/ Burkina Faso

L10°
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FIGURE 1 - Map of OCP area.
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FIGURE 2 - Location of Major Fish Monitoring Stations in Ivory Coast and Ghana.
1. Leraba - Pont Frontiere

3. Bandama - Niakaramandougou
5. Nzi - bridge of Dabakala Road
7. White Volta - Daboya

9. Oti - Sabari

11. Sassandra - Semien

13. Wawa - Dodo Papasse

2. Comoe - Ganse

4. Bandama - Marabadiassa

6. Black Volta - Bamboi

8. Bagoe - Kouto

10. Maraoue - Mankono

12. Pru - Asubende

a) repeated long-term treatments could change the reproductive cycle of fishes, either by
affecting the physiology or by direct effect on eggs or juveniles. If so, there could be
changes in fish recruitment and, on a long-term basis, a decrease in fish abundance. This
would apply to the fish community as a whole, or to particular species which could be
more sensitive to insecticides.

b) Insecticides could affect the food chain leading to a serious reduction in diet.

It should be noted that such investigations could hardly be conducted in the laboratory
because of the number and diversity of fish species involved, and the difficulties of
maintaining most of the species in rearing conditions to complete their life cycle.

The monitoring stations (Figure 2) were chosen on the basis of accessibility at all seasons,
suitability for sampling, availability of hydrological data and abundance of fish stocks.

In establishing the monitoring programme, the terms of reference included the
introduction of simple standardized sampling techniques for use by different teams and
under various environmental conditions (Leveque et al., 1979). Experimental fishing is
therefore carried out using sets of gill nets 25 metres long and two metres deep with
various mesh sizes (15, 20, 25, 30 and 40 mm).
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Usually each collection is the result of two sets of gill nets fishing on two consecutive
nights, but some protocol variations have taken place, particularly in the early years of
the programme. Data sheets for each sample record the number and total weight of
individual species caught in the different mesh sizes. for comparison and standardization,
resulta are expressed as catch per unit effort (CRUE) which is the number or weight of
fish caught in 100 m? of net per night. Most of the monitoring stations were investigated
every three months, but again there were some protocol variations during the ten years,
mainly due to the accessibility of stations and availability of teams.

From the results obtained in sampling the different stations, it was therefore possible to
follow long-term changes in:

a. total catch for the set of gill nets with different mesh sizes or combinations of mesh sizes.

b. the number of species caught.

c. the quantity of each species caught.

d. the structure of the fish catch i.e. relative abundance of species in each mesh size.

Coefficient of condition, is a standard expression of the health of fishes which provides an
assessment of feeding and ecological conditions. fish were individually measured and
weighed, to estimate the coefficient of condition (K) derived from the formula: - K = W x
105 /13, where W is the weight in grammes and L is the standard length in mm.

Before the monitoring programme there were very few detailed studies on the biology
and ecology of West African fishes. It was soon apparent that additional research was
essential if the results of the monitoring programme were to be correctly interpreted.
Various studies have since provided a better knowledge of the biology of the main
species: Alestes baremoze, Brycinus nurse, B. imberi, B. macrolepidotus, B. lonqipinnis
(Paugy, 1978, 1980a, 1980b, 1982a, 1982b), Petrocephalus bovei (Merona, 1980), Schilbe
mystus and Eutropius mentalis (Leveque & Herbinet, 1980, 1982).

A study of the Bandama basin (Merona, 1981) provided information on the ecology of the
fish species and confirmed the representative nature of monitoring stations. Electro-
fishing has also been carried out in the rapids of some rivers to give a better
understanding of fish populations of these habitats which cannot be sampled by gill nets,
and of their changes over time. In order to help the different teams in identification of
species, a catalogue of fishes was produced (Leveque & Paugy, 1984). All this information
will be developed further in other publications.

INSECTICIDE TREATMENTS

Temephos ("Abate") is an organophosphtirus larvicide which was used exclusively from
1975 to 1980. A 20 % emulsion concentrate was applied at a dosage of 0.05 mgl™ per 10 mn
during the wet season, and at 0.1 mgl™ per 10 mn in dry seasons.

In December 1979 temephos resistance developed in larvae of some cytospecies of the S.
damnosum complex (Guillet et al., 1980; Kurtak, 1986) and spread rapidly to the Southern
forest zone and part of the humid savanna zone. This situation led to a large-scale
application of Bacillus thuringiensis H14 ("Teknar") during the dry season (dose rate 1.2
mgl? per 10 mn) in these areas of resistance, together with "Chlorphoxim", another
organophosphate, during the wet season (0.025 mgl" per 10 mn). However, a resistance to

Chlorphoxim was discovered in July 1981 in the forest species already resistant to
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temephos (Kurtak et al., 1982). This necessitated an acceleration of screening of other
alternative insecticides, and "Permethrin" and "Carbosulfan" appeared to be promising.
These had only been used in the field during the rainy season (0.015 mgl! per 10 mn)
where resistance to organophosphates was observed. No direct effect on fishes was
apparent.

By the end of 1985 the treatment situation could be summarised as follows. Temephos
was still used in those regions of, the OCP area where no resistance had developed among
Simulium populations; in the south-west, where strains resistant to this larvicide had
appeared, Teknar was used where river discharge was below 75m3s!. Above this level, the
strategy was to alternate other larvicides such as temephos, Chlorphoxim and, when
necessary, Permethrin (WHO, 1986). As a result, insecticide treatment varied between
rivers. Figure 3 illustrates the treatment regime for the main fish monitoring stations
since the start of observations. More details of insecticides and treatment strategies will
be found in Anon (1985).

It must be remembered that other insecticides may also affect the rivers in Ghana and
Ivory Coast. Large amounts of agricultural pesticides, which are difficult to evaluate, may
reach the water courses. According to Calamari (1985), 300 t of DDT, 600 t of Lindane, 100
t of methylparathion and 30 t of other compounds were used in 1976 in Ivory Coast. Since
1979 DDT has been replaced by organophosphates, carbamates and pyrethroids. Similar
values are given for Ivory Coast by Balk and Koeman (1984) and are expected to increase
two to three fold by the end of the century.
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FIGURE 3 - Insecticide Treatment at the Major Aquatic Monitoring Stations

The areas surrounding some West African rivers are also treated with insecticides to
control tsetse flies. The side effects of helicopter applications of dieldrin, endosulfan,
permethrin and azamethiphos were monitored (Everts et al., 1983a, 1983b: Takken et al.,
1978). No acute fish mortality was observed, except in Nigeria where a mass mortality of
fish occurred following endosulfan spraying (Koeman et al., 1978) as well as in Ivory Coast
(Everts et al., 1983b).
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Another source of pollution is the sugar and fruit factories often situated along the rivers.
The residues from this organic pollution could cause fish mortalities, such as those
reported from the Sassandra upstream of the Semien monitoring station in 1985-1986.

RIVER HYDROLOGY AND BIOLOGICAL SIGNIFICANCE

The OCP area covers major river Systems in West Africa, such as the Volta basin, part of
the Niger basin, the northern parts of the Sassandra, Bandama, Comoe, Mono and Oueme
basins. Most of these rivers are savanna type, with a water regime characterised by a
flood period from July to November, with a peak in September and a lengthy low water
period from January to June. for Ivory Coast, hydrological and physicochemical
characteristics for the main water courses are summarised in Iltis and Leveque (1982). For
the Volta basin, Moniod et al (1977) gave a synthesis of hydrological data.

Many of the rivers in the central part of the OCP area are intermittent and may dry up
completely. For permanent rivers discharge is very low during the dry season, and the
upper course is sometimes reduced to a series of pools. There are therefore several
seasonal changes in flow which result in major ecological changes for the fish species.
However, the importance of the flood period is also directly related to the abundance of
seasonal rains and as a result of climatic fluctuations, the water discharge of rivers
exhibits large changes from year to year (Figure 4). There may be differences between
basins, but it is clear that a poor hydrological situation prevailed in the whole OCP area
from 1982 to 1984.

In tropical rivers fish biologists recognise that hydrology plays a major role in fish
behaviour. Fish reproduction tends to be highly seasonal and correlated primarily with
flow (Welcomme, 1985). This is the case for many West African species which spawn
during the earlier part of the flood: Alestes baremoze, Brycinus nurse, Petrocephalus

bovei, Marcusenius furcidens, M. ussheri, Labeo senegalensis, L. coubie, Schilbe mystus,
Eutropius mandibularis etc. (Albaret, 1982; Leveque & Herbinet, 1980, 1982; Paugy, 1978,
1980). However, some species are known to breed throughout the year: B. imberi, B.

macrolepidotus, Hydrocynus forskalii, Tilapia zillii, Hemichromis fasciatus (Albaret, 1982;
Paugy, 1980, 1982).

It is also assumed that breeding success and survival of fry of many species could be
related to the duration and water level of the flood period (for review see Welcomme,
1979, 1985). In years when there is insufficient water, the young fish have fewer refuges,
are more vulnerable to predators and have fewer sources of food. Dansoko et al (1976)
have shown that the reduction in commercial catches of Hydrocynus brevis and H.
Forskalii in 1972 and 1973 was a consequence of inadequate levels during the flood
periods, and resulted in a poor condition factor, limited growth and weak recruitment to
the fish stocks.
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FIGURE 4 - Discharge (m3s™ per month for Some Monitoring Stations in the OCP area.

In a detailed study of fish populations from the Logone flood plain, Benech and Quensiere
(1983) were also able to demonstrate over ten years the existence of a positive correlation
between fish production and flood volume, as well as changes in species composition and
community structure related to drought periods. Many fish species migrate long
distances upstream at the beginning of the flood in order to spawn and find good
conditions favouring the development of fry. This is the case in the rivers considered
here for A. baremose, B. leuciscus, Mormyrus rume, Mormyrops deliciosus, Distichodus

rostratus, Eutropius niloticus, E. mandibularis, tabeo senegalensis, etc. These migration

patterns could be modified as a result of water management schemes such as dams and
impoundments, whose numbers and surface area are expected to increase greatly by the
end of the century (Clay, 1984). These dams could act as barriers interrupting upstream
migrations, but could also favour species which develop in the lakes where they find good
ecological conditions and migrate upstream during flood (See Bernaczek, 1984, for
review). Such examples are the Volta and Kainji lakes (Kapetsky & Petr, 1984) as well as
the Kossou lake on the Bandama. Since the beginning of the monitoring programme other
dams have been built, such as the Taabo on the Bandama, Buyo on the Sassandra and
numerous smaller irrigation reservoirs on the upper reaches of the rivers. Other projects
are planned for the future in Ivory Coast and Ghana. As a result of this management,
changes in fish community structures are expected in many rivers both upstream and
downstream of the dams (Bernaczek, 1984).

In conclusion, the composition of experimental fish catches could be subject to: a)
seasonal changes as a result of migrations; b) year to year changes as a result of climatic
fluctuations; c) long-term changes following effects of impoundments; d) possible
larvicide impacts.
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ECOTOXICOLOGICAL STUDIES

The effects of organophosphates (temephos and Chlorphoxim) in laboratory experiments
showed that fish were able to accumulate temephos (Miles et al., 1976; Matthiessen &
Johnson, 1978), but this accumulation seems to be limited and does not increase
indefinitely, as was observed with DDT for instance. As an example, Sarotherodon
mossambicus exposed weekly to operational doses (0.05 mg 1! for 10 minutes)
accumulated 3-4 mg kg by direct absorption. They could also accumulate residues by
eating contaminated food. An affinity of temephos for fatty tissues has been observed, but
in contrast to organochlorides there is no accumulation in the liver.

According to results obtained in field conditions (Quelennec et al, 1977) fish captured
during the dry season just below the spraying point exhibited traces of temephos
(between 1.3 and 14.3 mg 1 according to species) one day after treatment. Six days later
contamination was lower (between 1 and 7 mg 17). At a distance of 1 km below the
spraying point, fish were weakly contaminated (between 0 and 0.25 mg 1?). In the rainy
season, accumulation of temephos is much lower; 0-0.4 mgl™? five hours after spraying,
just below the spraying point, and 0-0.03 mg 1 five days later. It should be mentioned
that DDT residues were also found (0.01-0.35 mg 1) in the fish studied, probably as a
result of the use of this pesticide in agriculture.

The inhibition of acetylcholinesterase activity due to organophosphates was aiso studied
in laboratory and field conditions. In the laboratory (Gras et al., 1982; Pelissier et al., 1982,
1983), where operational doses were tested (0.05 mg 17 for 10 minutes) inhibition by
temephos was about 25" for Tilapia quineensis, but no fish intoxication was noted after

repeated weekly exposures. When fish were exposed to the operational dose for 24 hours,
the inhibitory effect is much higher; 38" after one exposure ad 69 % after three weekly
exposures. In the latter case the fish did not survive. The inhibition of
acetylcholinesterase activity appears more important with Chlorphoxim.

In field conditions, the acetycholinesterase activity in the fish brain does not seem to be
significantly different in rivers treated with temephos or untreated (Antwi, 1983, 1984;
Scheringa et al, 1981). When Chlorphoxim is used, fish captured below spraying points
exhibited a 20" reduction in enzymatic activity, but this inhibition was shown to be
reversible (Antwi, 1983, 1985).
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FIGURE 5 - Total Numbers of the Most Common Fish Caught in Gill Nets per Unit Effort at the Major
Aquatic Monitoring Stations.

1. Petrocephalus bovei

3. Alestes baremoze

5. Brvcinus imberi

7. Brycinus leuciscus

9. Schilbe mystus
11. Eutropius mandibularis

2. Hydrocynus forskalii

4. Brycinus macrolepidotus
6. Brycinus nurse

8. Labeo senegalensis

10. Eutropius niloticus

12. Chrysichthys velifer

RESULTS OF ECOLOGICAL MONITORING

1. Species Composition

The monitoring stations are situated in different river basins and at different levels of the
water course. It is therefore not surprising to observe differences between stations in the
relative abundance between species (Figure 5). Alestes baremoze is the dominant species
in the south-flowing Ivory Coast rivers except in the Leraba-Comoe basin where Schilbe
mystus is co-dominant. The Sassandra demonstrates a spectrum similar to the Maraoue.

The Bagoe (Nigerbasin) and Volta exhibit a somewhat different fish fauna: Alestes
leuciscus, Eutropius niloticus and Chrysichthys auratus instead of Brycinus imberi,
Eutropius mandibularis and Chrysichthys velifer respectively.
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2. Number of Fish Species

The number of fish species caught at selected stations (Figure 6) exhibits a seasonal
change with a maximum at low water. This represents the greatest efficiency of the gill
nets. There are different long-term trends in each river, but overall there is no evidence
of a reduction in species richness over the ten year period. for Ivory Coast, there is a
decrease in the number of fish species between 1981 and 1984 which could be related to
the poor river discharges during that period (Figure 4). The recovery observed in 1985
follows a season of particularly heavy rain.

The total number of species could mask changes in species composition, some species
being replaced. However, the results did not show evidence of disappearance of fish
species in the experimental catches.
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3. Changes in Total Experimental Catches

When considering changes in the fish catches, expressed as the mean CPUE For the
standardized set of gill nets (Figure 7) » a seasonal pattern is generally observed, with
higher catches at the end of the high water period (November to January) and lower
catches during the flood (August to September). Again this pattern is partly the result of
the Fishing gear being more eFFicient in low water conditions. The high CPUE values
observed in the Sassandra in 1900 appear to be due to an increase in Alestes/Brycinus
species (Alestes baremoze, Brycinus nurse, B. imberi). A similar phenomenon was

observed in 1980-1901 in the Leraba due to increased catches of Alestes baremoze,

Eutropius mandibularis, Schilbe mystus and Lates niloticus. Over the ten year period no

long-term reductions in mean catch can be discerned.

When considering different mesh sizes (Figure 8), and particularly the smaller ones
eFFicient For juveniles, there is a more obvious correlation with year-to-year changes in
hydrology. At Niaka on the Bandama, For instance, catches in the 15 mm mesh size are
lower in 1976-1977 and 1982-1984 which correspond to a poor Flood (Figure 4). The catch
was better with more Favourable hydrology between 1979 and 1981. A similar situation
occurred on the Leraba (Figure 8b).
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Station 1

Station 3

FIGURE 8 - Changes in Catch (C.PU.E.) for Different Mesh Sizes at Two Monitoring Stations (Leraba
and Bandama)

4. Changes in the Structure of the Fish catches

It is difficult to compare many graphs of species abundance against time and overlay
these with abiotic factors. Therefore multivariate analyses are appropriate and the
method used here is the factorial analysis of correspondance, the salient points of which
are amply described elsewhere (Benzecri, 1973: Lebard & Fenelon, 1973: Hill, 1974). This
method is particularly informative as it permits simultaneous graphical representation of
species and samples.

Two examples are given here, the first being the river Oti at Sabari with only Abate
treatment being applied. Although treatments have been less frequent in recent years,
the river Mo has received heavy insecticide applications. This tributary joins the Oti
before the Volta Lake so all migratory fish would be exposed to Abate at some time.

In the ordination presented in Figure 9a. the first axis separates the samples into low and
high water periods. Dry period collections are characterised by Alestes, Labeo and
Chrysichthys species, as well as Synodontis filamentosus and Schilbe mystus. The second

axis has a group of high water samples in the middle, with rising and falling water
periods being more diffuse. Comparison with Figure 10 gives some reasons for this
pattern, as the Petrocephalus spp. are not common after 1979, while Eutropius niloticus
continues to be abundant throughout the sampling period. Apparent reductions in
abundance can also be correlated with a reduction in frequency of monitoring from

monthly to quarterly. Therefore species such as E. niloticus may be under-represented as
the main migration period is more likely to be missed.
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FIGURE 9 - Correspondance Analysis of experimental catches (in fish numbers) at:

a) Oti at Sabari

b) Bandama at Niakaramandougou
Pb Petrocephalus bovei

Ps Petrocephalus simus

Se Synodontis eupterus

So Synodontis ocellifer

Sss Synodontis sorex

Sg Synodontis gambiensis

Ss Synodontis schall

SF Synodontis filamentosus
Sb Synodontis bastiani

Em Eutropius mandibularis

En Eutropius niloticus
HF Hydrocynus forskalii

Bm Brycinus macrolepidotus
Bn Brycinus nurse

B1 Brycinus leuciscus

Bi Brycinus imberi

Ab Alestes baremoze

Cv Chrysichthys velifer

Ls Labeo senegalensis

Lc Labeo coubie

Sm Schilbe mystus

Ln Lates niloticus

Tg Tilapia galilea

Mb Marcusenius bruyerei
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In conclusion, the major patterns of community change reflect seasonal influences rather
than year-to-year differences. Changes in abundance of individual species over time have
a partial explanation in reduction of sampling frequency, but species such as
Petrocephalus bovei and P. simus appear to become rarer, a trend which is more difficult

to explain in terms of hydrology.

The second example is the river Bandama at Niakaramandougou. The river feeds into the
Kossou Dam, and early treatments were with Abate, other insecticides being employed
from the end of 1980. The ordination (Figure 9b) appears to separate Abate treatments
from the rest, but doser examination reveals a distinct community change at the end of
1976, with A. nurse becoming more rare and species such as A. imberi, C. velifer and

Hydrocynus forskalii increasing in abundance. The second axis is dominated by Labeo

senegalensis, Schilbe mystus and Tilapia galilaea, indicative of another change at the

beginning of 1982 when these species became a smaller proportion of the catch (Figure
16). In the centre of the ordination lies Eutropius mandibularis which has maintained a

relatively constant proportion of the catch throughout the sampling period. The reason
for the changes could lie in a combination of a lag effect of the filling of the Kossou Lake
and the wet years of 1979 and 1980. Therefore, effects of treatment are again not obvious,
and this conclusion is reached for other sampling stations.

5. Coefficient of Condition

Long-term changes in the mean coefficient of condition (K) were studied for the most
abundant species at the different monitoring sites. Selected examples are given in Figure
10 for species whose food is primarily based on aquatic invertebrates. The values of the
coefficient of condition are relatively random, fluctuating around a mean which does not
seem appreciably altered over the ten year period of treatment. There is no evidence of a
long-term decrease or irreversible modification in K. Nevertheless, when examined in
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detail, significant short-term decreases were observed for a few species. This is the case
for Alestes baremoze and to a lesser extent for Eutropius mandibularis in the Bandama

river in 1976-1977. A similar phenomenon occurred for Brycinus nurse in the Sassandra
and Leraba rivers between 1981 and 1983. Such decreases, which apparently do not affect
all species in the same river, or the same species at every site, seem difficult to explain.
However, the drop in K for A. baremoze in 1976-1977 was restricted to the course of the
Bandama between the Kossou and Ferkessedougou dams (Paugy, 1978) and coincided with
a period of poor floods (Figure 4). The fall in value of K for A. nurse between 1981-1983
coincided with severe drought in the Sassandra and Leraba. For some species, therefore,
there should be a relationship between K and changes in hydrology. Minor fluctuations in
K relate to the life cycle and the seasons (Paugy, 1978, 1980; Leveque & Herbinet, 1980). It
was also observed that for the same species there could be differences in K for the
different river basins.

The relative stability of coefficient of condition indicates that fish are able to feed
normally in treated rivers. In fact, stomach content analysis carried out in 1975, just after
the start of treatment (Vidy, 1978), and in 1976-1977, did not reveal significant changes in
the diet of fish species feeding entirely (Petrocephalus bovei) or partially (A. baremoze, B.

imberi, B. nurse, E. mentalis) on the aquatic invertebrate fauna. It has been observed that

temephos treatment resulted in a temporary reduction of aquatic insects by only 30-40 %
(Dejoux, 1983), and it does not seem that treatment could lower food stocks to a critical
threshold. Moreover, the adaptability of many freshwater fishes to various types of food
has been demonstrated a number of times (Lauzanne, 1976; Welcomme, 1985).
Nevertheless, Corbet (1956) observed a change in the diet of some fish, particularly
Mormyridae. Some species with a specialized diet, such as Mastacembelus victoriae

apparently suffered from malnutrition or migrated.
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FIGURE 10 - Changes in coefficient of conditions for selected species
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CONCLUSIONS

Experimental fish sampling has been carried out for ten years in West African rivers
treated weekly with insecticides by OCP using the standard protocol. The monitoring
stationsinvestigated differed in many ways, with:-

a. their location on different river basins

b. the relative abundance of fish species, despite many species being common to different
basins

c. the insecticides used, some stations always being treated with temephos, others with
temephos up to 1980 and later with an alternation of insecticides (Figure 3).

For the interpretation of data collected, we were faced with different sources of bias:-

a. the human factor, in that data were collected by different teams and there were changes in
the personnel responsible for fish monitoring in Ivory Coast and Ghana. This could lead to
some differences which on occasion could be recognised by detailed statistical analysis. This
source of bias did not appear to change the overall picture.

b. lack of knowledge concerning the changes in fish community structure as the result of
changes in natural environmental factors. This is the case for instance for river discharge,
which could vary greatly between years, and is known to affect the reproductive success of
fishes.

c. lack of knowledge concerning the uses and abuses of insecticides other than those applied
by OCP. It is known (Calamari, 1985; Balk & Koeman, 1984) that large amounts of agricultural
pesticides are used in the OCP area, but the questions are: what reaches the river beds, and
what is the impact on the aquatic fauna? A few direct, observations also showed that
insecticides are sometimes used as poison when fishing in rivers. However, the extent of this

influence is not known.
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ABSTRACTS

Commencing in 1975, under the auspices of W.H.0., weekly applications of insecticides have been
employed to control the blackfly which transmits human river blindness in West Africa. The
results provided in this paper do not show, as a whole, any clear impact of OCP-applied pesticides
on fish populations. The total catch, the number of species caught in each sample and coefficient
of condition, appeared to fluctuate around a mean value, and no long-term drop was observed
over the period investigated. The seasonal pattern is generally clear. In some cases longer term
declines occur, generally being followed by a rise correlating with changing hydrological
conditions.
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The Onchocerciasis Control
Programme and the monitoring of
its effect on the riverine biology of
the Volta River Basin

C. Lévéque, M. Odei and M. Pugh Thomas

This paper outlines the problems both logistic and scientific, which arose when designing
and setting up the World Health Organization’s monitoring programme in connection
with the control of river blindness in the Volta River Basin. At present Simulium
damnosum Theo. is being controlled by the application of the organo-phosphorous
pesticide ‘abate’ to the larval breeding sites. The monitoring programme, using simple
but effective techniques, has now been running for more than 18 months and the
techniques of monitoring are described and early results are discussed.

INTRODUCTION

Onchocerciasis is caused by a thread like filarial worm which amongst other symptoms
produces lesions in the eye which may eventually lead to total blindness.

The disease occurs in Africa, the Yemen and in parts of Central and South America,
affecting in all some 20 million people. The largest endemic areas occur in Africa and one
of the most serious of these is located in the savanna region of the Volta River Basin. In
an area of approximately 700,000 km? about one million people have the disease, and of
these some 70,000 are either totally or partially blind. The location of the programme
area is shown in Fig. 1.

159



—_————

CONTROL
ZONE

UPPER VOLTA
NIGERIA

SIERRA LEONE

IVORY COAST

LIBERIA

0 400 km TOGO
 SCRMEPIREREE |

FISURE 1. THE LOCATION OF THE WORLD HEALTH ORZANISATION, ONCHOCERCIASIS CONTROL
PROSRAMME IN THE VOLTA RIVER BASIN OF WEST AFRICA.

The filarial worm is carried from person to person by the female adult of the black fly
Simulium damnosum Theo. The larvae of these Aies occur only in fast flowing water,
requiring a minimum flow of about 50 cm/second for survival. Because of this association
with fast flowing waters, the disease has the common name of river blindness.

In addition to causing blindness, the disease produces other symptoms including hanging
groin and intense irritation of the skin. Because of these symptoms and of the threat of
blindness, people have tended to leave the river valleys and move to the uplands. Here,
they have increased the pressure on already over-taxed soils and this led to soil erosion
and loss of fertility. In 1970, the United Nations Development Programme funded the
preparation of a strategy for the control of onchocerciasis on behalf of the governments
of Benin, Ghana, Ivory Coast, Mali, Niger, Togo and Upper Volta (P.A.G., 1973). The
preparation of this report was completed in 1973 and control operations commenced in
1974. The programme is run by the World Health Organisation and is to continue for
some twenty years.

Because of the large area of West Africa to be covered, the poor roads, the general
difficulties of the terrain and the restricted and often localised distribution of the fly
breeding sites, the disease is being attacked by controlling the numbers of Simulium
larvae by aerial spraying. At present the pesticide used is ‘abate’, (a proprietory
formulation of‘temephos’, C,H, OP,S,, 000°0-tetramethyl 00™-thiodip-phenylene
diphosphorothiote, an insecticide with a low toxicity to mammals, birds and aquatic
organisais) but other pesticides are being considered. Because of the ecological
implications of the heavy use of pesticides over so large a part of West Africa, an
Ecological Panel was appointed to check on the ecological effects of the work. The
Monitoring Programme was set up at the suggestion of the Panel and reports to them.
The Panel contains observers from the World Health but no staff of the Organisation sit

on it as members.
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THE MONITORING PROGRAMME

The ecological monitoring seeks to evaluate the effect of abate on the non-target
organisms. The effect of the pesticide on Simulium damnosum is watched over by the
Vector Control staff of the Onchocerciasis Control Programme itself. When setting up the
monitoring programme several important considerations had to be kept in mind.

(i) Would the monitoring aim principally at investigating the long term effects of the
abate on the river ecology or would it look only at the short term effects. The techniques
for each approach being different. In effect, the monitoring work is divided into two
parts. A long term regular sampling programme aimed at investigating the ecological
effects of treatment over the duration of the programme; combined with shorter duration
research programmes looking at specific short term problems.

(ii) The best possible use has to be made of the available manpower and of local facilities.
The monitoring is based on three teams; one in each of the following countries: Ivory
Coast, Ghana and Upper Volta. In order to ensure reasonable comparability of results, all
three teams had to use the same methods.

(iii) The periodicity of sampling, the sites selected for monitoring, and the field methods
used had to combine reliability of sampling technique with reliability of access in both
wet and dry seasons over many kilometres of roads or tracks which are not yet hard
surfaced.

(iv) The monitoring techniques had to work equally well in shallow slow flowing rivers in
the dry season and in the same rivers flowing fast and deep in the wet season.

(v) The sequence of sampling had to be sufficiently frequent to make it possible to at least
attempt to differentiate between naturally and artificially induced changes in the
populations. In most cases a monthly sequence was established.

In summary a monitoring programme had to be devised which would not only give the
desired levei of scientific information, but which would be reliable and consistent when
applied to the conditions pertaining in the Programme Area. 1t is, therefore, worth
expanding some of the points listed above. There is no long term monitoring of the effect
of pesticide on the phytoplankton and other river algae. The bulk of the monitoring is
being done by the Institute of Aquatic Biology in Ghana and the Laboratoire
d’'Hydrobiologie at Bouaké in Ivory Coast. Neither team had the full facilities, or more
importantly, the fully trained algologists needed to monitor the algae in the rivers in the
savanna region of the Volta River Basin. In addition, this effectively would have required
an extensive preliminary research programme on the phyto-plankton of African rivers.
The absence of a vast fund of knowledge on African river biology, similar to that available
for temperate rivers, is one of the major difficulties in interpreting data collected in the
monitoring programme. It was, therefore, not possible to include phytoplankton
monitoring as part of the long term work. A research programme into the phytoplankton
of one of the sampling sites in Ghana is under way and preliminary studies into the
effects of various insecticides on phytoplankton reproduction is in progress at the
University of Salford.
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FISURE 2. THE LOCATION OF THE MONITORING STATIONS. —, NATIONAL BOUNDARIES; —, RIVERS. 1.
BANDAMA RIVER AT NIAKARAMANDOUgOU (TREATED RIVER). FISH AND INVERTEBRATE SAMPLES. 2.
BANDAMA RIVER AT MARABADIASSA (TREATED RIVER). FISH SAMPLES ONLY. 3. RIVER MARAOUE AT
DANANZARO (UNTREATED RIVER). INVERTEBRATE SAMPLES ONLY. 4. RIVER N'ZI AT THE BRIDZE OF
DABAKALA (TREATED RIVER). FISH AND INVERTEBRATE SAMPLES. 5. RIVER COMOE AT THE GANSE
FERRY (TREATED RIVER). FISH AND INVERTEBRATE SAMPLES. 6. RIVER LERABA AT THE FRONTIER
BRIDGE (TREATED RIVER). FISH AND INVERTEBRATE SAMPLES. 7. RIVER BAZOE AT KOUTO (TO BE
TREATED IN 1977). FISH AND INVERTEBRATE SAMPLES. 8. RIVER SASSANDRA AT SEMIEN (UNTREATED
RIVER). INVERTEBRATE SAMPLES ONLY. 9. RED VOLTA RIVER AT PO BRIDZE (TO BE TREATED IN 1977).
INVERTEBRATE SAMPLES ONLY. 10. WHITE VOLTA RIVER AT POURA (TO BE TREATED IN 1977).
INVERTEBRATE SAMPLES ONLY. 11. BLACK VOLTA RIVER AT BAMBOI (TREATED RIVER). FISH AND
INVERTEBRATE SAMPLES. 12. WHITE VOLTA RIVER AT DABOYA (TREATED RIVER). FISH AND
INVERTEBRATE SAMPLES. 13. RIVER OTI AT SABARI NEAR YENDI (TO BE TREATED IN 1977). FISH AND
INVERTEBRATE SAMPLES.

The selection of sites was based on a preliminary field investigation carried out by Dr
Stanley Frost from Salford University, Dr Christian Lévéque from Bouaké and Dr S. K.
Prah and Mr J. Samman from Accra. The importance of this survey, by competent
freshwater biologists, cannot be over-emphasised. It was possible to select sampling
stations on the basis of practical knowledge of the sites rather than solely on the basis of
theoretical desirability of map location. The sites were selected to do two main things. To
sample a wide range of river types in Upper Volta and Ivory Coast and to sample as near
as possible to Volta Lake, with its important fishery, in Ghana. In all seven sampling sites
were selected in Ivory Coast, two in Upper Volta and three in Ghana. These are shown in
Fig. 2. Of these rivers the Maraoué and Sassandra will not be treated and act as
permanent Controls. The Rivers Oti and Bagoé will not be treated until 1977 and the Red
Volta, a temporary river, was studied for one year/season, before treatment commenced.
(Studied 1975, treatment commenced 1976.) Thus, there will have been precontrol studies
for one season on the Red Volta and for 20 months on the Oti and Bagoé. When treatment
of the latter rivers commences the data from them will be of great interest as there will
be the possibility of a before and after study on the effect of abate on the river faunas.

162



19

MONITORING METHODS AND EQUIPMENT

As already stated, the methods of sampling were selected to be usable, as far as possible,
in both wet and dry seasons. The apparatus was also selected for ease of maintenance and
robustness, an important consideration because of the difficulty of replacement in the
African bush.

Five sampling methods are used: drift net sampling for invertebrates; fish drift; surber
samples; artificial substrates and fish of edible size sampled using commercial gill nets.

Drift net sampling for invertebrates

At dusk many riverine invertebrates leave the river bottom and drift downstream. These
are sampled by placing nets across the flow of the river. The apertures of the nets were 25
X 25 cm, and the mesh aperture was 300 pum. In order to allow a large filtering surface the
nets were 2 m long. The nets are arranged in several positions across the river and
located so that the top of the frame is 2 cm below the surface. Samples are taken
approximately one and one half hours before and after sunset. For the day drift samples,
three nets are used for half an hour. For night samples a total of six nettings are used, the
nets remaining in the river for three minutes. The river flow is measured at the time of
sampling and the number of animais represented as the number of organisms per cubic
metre filtered. In terms of actual numbers of animais per cubic metre, the numbers are
only approximate but the data collected are comparable both within one site over
successive months and for the different sites in the monitoring programme. The basic
techniques of drift sampling are well established, but those in use in the programme are
as described by Elouard & Lévéque (1975).

Fish drift

Small fish drift at night in a similar way to the invertebrates and as they are not caught
by gill or other commercial nets, fish drift nets are used to catch small fish either as fry or
as small species. These nets have a rectangular opening 40 x 70 cm with a mesh size of 1.5
mm, They are 3 m long. Two fish drift nets are used, the nets being placed in position at
sunset and retrieved two hours later. Sampling of the fish drift usually occurs every two
months. There are at present considerable taxonomic problems concerning the
identification of the small fish, but these are being overcome by the fish biologists on the
staff of the two hydrobiological institutes and by Dr B. Roman, a World Health Consultant
based at Ouagadougou in Upper Volta. The details of this method were worked out by Dr
C. Lévéque from whom information may be obtained.

Surber samples (Fig. 3)

A modified form of surber sampler developed by the 0.R.S.T.0.M. team is used to sample
known areas of river bed. Again, this is a simple method using robust apparatus. In this
case, however, it cannot be used during the wet season. The apparatus cannot be used in
water deeper than about half arms length. For comparative work the figures are
represented as number of animais per square metre. (Although in fact the method is
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unlikely to sample every animal in the area enclosed by the apparatus.) As the surber
samples are standardised for all monitoring groups, it is possible to compare the data not
only on successive months, but also for different stations. The area of river bottom
covered by the sampler is 15 x 15 cm, and a metal mesh is placed across the upstream
opening of the apparatus. This grid reduces the possibility of drifting organisms entering
the sampler.

FISURE 3. SURBER SAMPLER AS USED BY THE MONITORINg TEAMS. THIS FORM OF SAMPLER WAS
DEVISED BY THE 0.R.S.T.0.M., TEAM AT BOUAKE AND IS MORE ROBUST AND RELIABLE THAN THE
TRADITIONAL PATTERN. THE SRILL FROM THE UPSTREAM APERTURE OF THE APPARATUS HAS BEEN
REMOVED IN THIS PHOTOZRAPH.

Artificial substrates

The team at Bouaké have developed a method of securing small concrete blocks in the
rivers. These are colonised over three months and the animals counted. The blocks are
colonised by some genera which are not caught in the drift. This method can be used
during both low and high flow periods. Several artificial substrate methods were tried but
this proved the best, principally because the blocks are less likely to be stolen than the
bags and metal baskets used in the other trial methods. The apparatus as used in the
monitoring programme consists of a metal rod 90 cm long. On this rod there are five
hooks. At each end of the rod are large concrete weights. In use, small cernent blocks 7 x
7 X 4 cm in size are secured to the hooks and the whole apparatus is then securely
anchored in the river. The blocks are left immersed for one month, after which the
organisms are carefully removed and counted. The blocks are easily cleaned and are of a
definite size, making it possible to represent the fauna as numbers of animals per square
metre. This method, together with other artificial substrate techniques investigated for
the monitoring programme are described in a paper by Dejoux & Venard (1976).
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Fish of edible size sampled using commercial gill nets

These nets are 25 m long and 2 m deep. They are divided into five blocks of mesh size, 15,
20, 25, 30 and 40 mm. Each block is 5 m long. Such nets are used by the teams in Ghana
and Ivory Coast, but labour is not available for fish sampling by this method in Upper
Volta. The nets are left in position over night. The fish catch is represented as fish per
unit effort, which is the number of fish caught per 100 m of net per night. Only that area
of net which is in a position to fish is considered in the calculation. For instance in
shallow water those parts of the net which are not usable are excluded from the
calculation.

Finally in Upper Volta, Roman is making fish collections on the basis of hand net
sampling for a fixed time per site. From these data species percentage composition is
worked out.

THE STANDARDISATION OF METHODS

Six-monthly meetings of the monitoring groups have been held to discuss field methods
and to try to ensure that the monitoring groups keep to the standard methods. To aid in
the standardisation of methods they have been written up in the form of a ‘Protocol for
Aquatic Monitoring’'which defines the various methods of sampling. Copies of this
Protocol are held by the monitoring teams from Bouaké, from the Institute of Aquatic
Biology and by the workers in Upper Volta. The field sampling programme has been
running for twenty months and appears to have worked well. There has been no
breakdown in the sampling programme and once standard equipment was available,
identical collecting methods were used by all monitoring groups.

THE INTERPRETATION OF FIELD DATA

The data collected from the field is discussed at the six-monthly meetings and it is also
sent regularly to WHO, at Geneva. Recent work at Salford by Drs Stanley Frost and Colin
Fairhurst (1976) has indicated that similar river types have similar faunas and that data
from them can be compared one with the other. Some of the rivers are not duplicated in
type and can only be compared with themselves on previous occasions and at periods of
similar river flow, the latter being a very important consideration.

Analysis of the data is as yet at a very early stage but we hope to look for changes in the
species diversity index and changes in the proportion of pollution tolerant to pollution
resistant species. This is based on the concept that abate is essentially a pollutant and will
therefore affect pollution tolerant species less than resistant ones.
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FIURE 4A-D. VARIATION IN THE COEFfICIENT OF CONDITION FOR ALESTES BAREMOSE IN THE TREATED
RIVERS BANDAMA (A, B) AND COMOE (C) AND THE UNTREATED RIVER SASSANDRA (D). THERE IS NO
EVIDENCE TO SHOW THAT THERE IS A CHANGE IN THE COEFfICIENT OF CONDITION DUE TO TREATMENT.
A. BARCMOSE IS A SENERAL FEEDER. E, F. COEFfICIENT OF CONDITION, FOR THE CAT-fiSH EUTROPIUS
MENTALIS IN THE TREATED BANDAMA. THERE IS NO INDICATION THAT TREATMENT IS AFFECTING THE
fiSH. DATA ARE AVAILABLE FOR BOTH MALE AND FEMALE fiSH. ONLY DATA FOR FEMALE fiSH ARE
PRESENTED IN THIS figURE. (FROM LEVEQUE, 1976.)

A literatura survey on the effects of organic and toxic Chemical pollution on the fauna of
tropical and particularly of African rivers is at present being undertaken. Information
gained from this survey will, it is hoped, help in thc interpretation of monitoring data.

With regards to the fish; in addition to data on the relative abundance of the various
species, the Coefficient of Condition is being calculated by the formula:

10°P

K=-_Ils—.
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FIZURE 5. VARIATION IN THE NUMBER OF fiSH CAUGHT PER UNIT EFFORT IN THE TREATED RIVER
BANDAMA. THE MAJOR FLUCTUATIONS OCCUR BECAUSE OF FLUCTUATIONS IN RIVER FLOW. A. FISH
CAUGHT PER UNIT EFFORT FOR ALL fiSH. B. CATCHES FOR ALESTES BAREMOSE. (FROM LEVEQUE, 1976.)
[] LARGE MESH NET; O, MEDIUM MESH NET; @, SMALL MESH NET.

Where P = weight in grammes, L = length in millimetres of fish from tip of head to end of
caudal peduncle

The coefficient of condition is an indication of the general health of a fish.

The analysis and interpretation of data from the monitoring is only now being developed
and one of the largest problems of interpreting results is ignorance of the biology of
African rivers and of the behaviour of tropical riverine organisms to pollution. Ease of the
interpretation is not aided by the absence of long-term control rivers in the programme
area. There are considerable differences in the topography of the rivers outside the
programme area to the south, as they are in rain-forest and not in savanna. To the north
east most of the larger rivers drain into the Niger System and not into the Volta River
Basin. The Niger differs both in catchment and water regime from rivers in the Volta
System. This part of the work is, therefore, being developed on a progressive basis
combining knowledge gained from the actual monitoring, from general field observations
and from a search of the relevant literature. We have only now completed a full 12
months of sampling and thus have only just obtained complete coverage of an annual
cycle of river conditions in the Programme Area. The analysis of data and it nterpretation
is, therefore, now being given active consideration.
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FISURE 6. NUMBERS OF fiSH CAUZHT IN THE UNTREATED RIVER SASSANDRA. A. TOTAL NUMBER OF
fiSH CAUgHT PER UNIT EFFORT. B. NUMBER OF ALESTES BAREMOSE CAUZHT PER UNIT EFFORT. IN
SENERAL, THE SAME PATTERN OF fiSH CATCHES CAN BE SEEN AS IN THE TREATED RIVER BANDAMA.
(Fig. 5). (] LARZE MESH NET; O, MEDIUM MESH NET; @, SMALL MESH NET.

At this stage it is, however, possible to say that there are no discernable effects on the fish
in the programme area on the basis of fish caught per unit effort, species composition of
the fish fauna, or coefficient of condition, see Figs 4, 5 and 6.

For the invertebrates the situation is more difficult to interpret because of the rapid
turnover of many invertebrate species. At present it is not possible to demonstrate any
clear long term effects of abate on the invertebrates in treated rivers. Such changes as
have occurred, could well be within the natural variations of the river faunas. When the
Oti and Bagoué are treated in Phase III of the Control Programme, it will be possible to
compare the two rivers before and after treatment. This comparison will be very
interesting.

As stated above, data from the field is sent regularly to the World Health Organisation
Headquarters in Geneva. Provision has been made there for the storage, analysis and
print out of the field information. Expert statistical advise is also available on how the
accumulated material may best be handled in the future.

DISCUSSION AND SUMMARY

The biological monitoring programme of the Onchocerciasis Control Programme is aimed
at identifying major ecological change in the biology of the rivers in the control
programme area. To achieve this, sites and methods have been selected which will allow
the collection of data on a regular and standarised basis. These data can then be used to
try to estimate changes in the river fauna due to the use of pesticide in the area.
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There are 12 sampling sites in the monitoring programme. Two of these are permanently
outside the Simulium control area and two of them have not yet been treated with abate
(December 1976). By looking at data from all the sites it should be possible both to see
and, therefore, discard natural changes in the fauna on one or two of the individual river
catchments and at the same time check on long term changes in the fauna of the
Onchocerciasis Control Programme region of the Volta River Basin as a whole. The size
and difficulty of this task is not to be underestimated. There are 700,000 km? of land in
the treatment area. Little is known about the biology of African Rivers and even less
about their biology when polluted. The monitoring programme is rapidly increasing this
knowledge. Even in temperate rivers the concept of significant ecological change is
difficult to comprehend and define. The ecology of the fauna of the rivers in the
Programme Area will certainly change if only because of the control of Simulium
damnosum larvae. It is also unlikely that during the whole of the control period the non-
target organisms will be totally unaffected.

The use of biological indicators of pollution to show changes in water quality as outlined
by Wilhm (1975) may help to indicate ecological change in a theoretical or academic
sense. In terms of the Onchocerciasis Control Programme, significant ecological change
musi be related to 70,000 severely disabled people, to upland soil erosion and to the
general deprivation of the population in the Volta River Basin. The concept of ‘significant
ecological change’is, therefore, being actively considered by the Ecological Panel.
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Onchocerciasis Control Programme
in West Africa: a 20-year monitoring
of fish assemblages

Programme de lutte contre I’onchocercose en Afrique de I’Ouest: vingt
années de surveillance des peuplements ichtyologiques.

Didier Paugy, Yves Fermon, Kofi Eddie Abban, Moussa Elimane Diop and
Kassoum Traoré

1. INTRODUCTION

Human onchocerciasis, or river blindness, a filaria that causes major public health
damage and is a great problem to the economic growth, has been the target of a
widespread control campaign that started in the middle of the 1970s in West Africa.
Under the auspices of the World Health Organisation (WHO), the Onchocerciasis Control
Programme (OCP) was set up in December 1974 on the Volta basin, one of the more
seriously affected areas. The control programme was initially planned for a 20-year
period, and to include 11 countries comprising an area of 1 300 000 km?. The control area
initially included 50 000 km of rivers with about thirty million human residents. At the
beginning of the programme, Burkina Faso, the western part of Niger, the northern parts
of Benin, Ghana, Cote d’Ivoire, Togo and the south-eastern part of Mali were included
(figure 1). Treatments started in February 1975 in the central part of the area covered by
the OCP, and the programme progressively extended to the south, east and west [10, 29].

1.1. Strategy of larvicide applications

The only possibility to stem the disease transmission was to control the vector, and to
avoid a major risk of pollution, it was decided to use pesticides to target the aquatic larval
population living in the fast-flowing parts of the rivers.
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Figure 1. Maximum extension of the Onchocerciasis Control Programme in West Africa and location
of the fish monitoring stations.

Table I. Amount (in thousands of litres) of commercialised pesticides used by the OCP.

Year Temephos Chlorphoxim B.t. H14 Permethrin Carbosulfan Pyraclofos Phoxim Etofenprox
organo- Organo- *biological’ pyrethroid carbamate organo- organo- pyrethroid

phosphate phosphate insecticide phosphate phosphate

1975 76

1976 130

1977 156

1978 216

1979 263

1980 185 6 0.5

1981 130 70 L5

1982 163 7 233

1983 75 36 ilo

1984 77 57 257

1985 130 6 211 3 9

1986 120 1S 385 10 20

1987 71 30 229 10 8

1988 84 80 380 26 11

1989 92 65 275 51 3

1990 109 34 407 4 36 3

1991 76 27 46 i3 32 21

1992 47 376 23 27 55 34

1993 76 209 20 13 45 20

1994 48 225 29 13 45 20 5

1995 41 237 15 21 38 18 17

1996 28 205 21 6 Kk} 24 4

At an early stage of the programme, the OCP used a single organophosphorous compound
called temephos. Then, the appearance of resistant strains of the vector to temephos
necessitated the use of various kinds of pesticides belonging to compounds of several
families (table I).

In order to insure optimum efficiency and to avoid any important or even definitive
resistant strains, the current strategy of the OCP is complex [11]. First, the sections of
rivers where blackflies still occur are the only ones treated. Second, strategies related to
the discharge of the rivers are used to promote efficiency (rotation of molecules), and to
be cheaper and less hazardous for the environment.
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1.2. The environmental monitoring

Insofar as it has been proved that the fish were not really affected by a direct effect of the
pesticides in the conditions of the nest control campaign [2], it was decided to monitor
the variations in the fish communities in the long term.

The Onchocerciasis Control Programme was probably one of the first long-term pesticide
programmes to take into account potential long-term environmental impacts of the
pesticides. In order to evaluate the magnitude of the environmental risk, hydrobiologists
have used consistent methods and protocols to monitor potential long-term effects of
continuous use of larvicides on aquatic populations [4, 8, 18].

Fish monitoring was carried out with standard sets of gillnets of different mesh size.
Despite the selective properties of this kind of fishing gear, it was the only method which
could be used as a standard by all the teams on the whole OCP area. The following
information was recorded: catch per unit effort (CPUE), measured as the quantity of
fishes, the communities’ structures and the degree of balance between them. For each
fish we recorded: weight, length, condition, stomach contents, sex and sexual maturity.

The study we present here follows a synthesis made after 10 years of monitoring of
potential long-term effects of the pesticides on the fish fauna [16]. Samples were collected
by researchers from IRD-ex Orstom and from the national teams of the participating
countries with the financial support of the OCP.

1.3. River hydrology

The OCP area covers a large number of river Systems, mostly savannah rivers with a
water regime characterised by a flood period from July to November, with a peak in
September and a long low water period from December to June. Many of the rivers are
intermittent and may totally dry up. For permanent rivers, the discharge is very low
during the dry season and the upper course is sometimes reduced to a few pools. Seasonal
flood regimes strongly affect the ecology of fish populations [30].

Water discharge shows strong inter-annual variation (figure 2). During the major part of
the monitoring period, a long drought occurred, not only in the OCP area, but also in all
of West Africa [20]. Such a long drought greatly influences aquatic organisms because,
even if the rainy season is normal for a particular year, lack of ground water will induce a
very quick decrease of the discharge [23].
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FIgURE 2. Discharge (m3 x s for Ihe seven monitoring sites of the Onchocerciasis Control Programme
(OCP) area.

2. MATERIALS AND METHODS

2.1. Selection of the stations

Initially, for each country three or four sites were selected both on treated and untreated
rivers. But, later the OCP and the Ecological Group requested a decrease in monitoring
sites, mostly for economical reasons. Therefore, the number of stations with available
sampling data on a significant period was re stricted to seven (the eighth one, Baoule
(Upper Senegal) in Mali (site 50) was never treated and therefore removed from analysis

(figure 1):

— Leraba at boundary bridge (Comoe basin/Cote d’Ivoire), site 01;

— Comoe at Ganse (Comoe basin/Cote d’Ivoire), site 02;

— Bandama at Niakaramandougou (Bandama basin/Céte d’Ivoire), site 03;
— Oti at Sabari (Volta basin/Ghana), site 11;

— Pru at Asubende (Volta basin/Ghana), site 20;

— Milo at Boussoule (Niger basin/Guinea), site 60;

— Sankarani at Mandiana (Niger basin/Guinea), site 63.
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FIURE 3. Baoule at Missira (site 50): effect of the flood on CPUE (nb x 100 m x night ") and species
richness. CPUE: —; species richness: —; discharge:

2.2. Sampling protocols

According to the protocol established before the experiment was started [18], the
sampling was undertaken with a standard set of gillnets of different mesh sizes: 15, 20, 25,
30 and 40 mm (knot to knot distance). Gillnets were used for two consecutive nights,
every 3 months.

We first checked that no bias was induced by the different teams’ operational procedure.

The most effective mesh size proved to be 15 mm, then 20 mm. There were many small-

sized species and many juveniles of the larger species.

2.3. Variables considered in the analyses

We consider catch per unit effort (CPUE) as the numbers of specimens caught each night
for 100m? of gillnet area. Condition factor (K) was calculated according to the following

formula:
k=¥ x10°
L

where W is the weight (g) and L the standard length (mm).

Condition is an expression of health and, more generally, the physiological State of the
fishes. It may reflect the direct effect of the pesticides on the physiology of the fishes (for
example, the impact on reproductive potential) or for indirect effect of pesticides due to
an impact on the aquatic invertebrate fauna which is the main feeding source for many
species.

To detect community-level change, we calculated the dominance index of Berger-Parker
(d) [19] and the Shannon diversity index (I) calculated using the formula: where Nmax is
the number of individuals of the most abundant species caught, N is the total number of
specimens, pj the relative frequency of the species i and log pj its decimal logarithm.
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Species richness and CPUE appear to be closely related to the hydrological conditions
(figure 3). To reduce the effect of hydrology we have also used the variables described
above considering only the sampling dates during the dry season. Dry season months
were defined as those months with minimal discharge.

Generally, we have to consider that there is a link between the species richness, the size
of the samples [19] and the number of fish caught. In order to avoid this problem, we
have calculated the residuais of the regression log SR/log N (SR: species richness, N:
number of fish). Whatever the sites and the season, we could never establish whether a
significant decrease or increase in the residual richness exists. In each case, the slope is
not significantly different from 0. Furthermore, whether we consider residuais or species
richness alone, the general trends are more or less similar.

Finally, to check that the pesticides had not particularly affected any trophic group, the
two indices described above were tested on seven well-defined trophic groups [25].

2.4. Analyses carried out

Among the different methods available, we chose to observe an ecological System and its
variation throughout and after perturbation [12].

In order to establish the evolution of the structure of the fish assemblages, we carried out
correspondence analysis (CoA) on log transformed data [Ln (x + 1)] so as to homogenise
and normalise the variances. This analysis optimises the variability when dealing with
numerous variables (here species are the variables). A first normalised principal
component analysis (PCA) was performed considering the overall stations so as to look at
the geographical variations. A UPGMA distance analysis was carried out on the factorial
coordinates of this PCA to check the intra-and interbasin relationships. A number of CoA
was made taking each station separately on the overall sampling dates and on the dates of
the dry season only. The first four or five axes generally explain more than 50 % of the
total variance. So, during the monitoring period, the evolution of these variables will let
us know the structure change in fish assemblage.
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Table II. Shared species ratio: A inter-basins; B inter-sampling sites.

A) Inter basins n=225 Comoé Bandama Volta o Up. Niger
Comoé 100 701 383 259
Bandama 100 39.2 25.5
Volta 100 44.6
Up. Niger 100
B) Inter- n=118 sTol STO02 $T03 ST11 ST20 ST60 sTe3
sampling sites
STO1 100 843 78.2 379 383 39.7 36.‘8' X
ST02 100 71.9 379 40.0 36.3 352
STO03 100 337 383 37.8 35.2
ST 100 81.1 55.3 62.5
ST20 100 56.7 64.1
ST60 100 74.0

ST63 100

n: number of samples.

Concerning the factorial correspondence analysis, we considered for each site only the
species with an occurrence of higher than 5 % of the total number of catches. We carried
out the same analyses using different trophic levels.

For the coefficient of condition, for each site, we only considered the species for which
the number of specimens was, at least, equal to 5. To compare sites, we also considered
ecologically similar species of the same genera (e.g. Schilbe mystus and S. mandibularis).

3. RESULTS

In general, catches were higher during the low water period (from November to June)
than during the flood period (from July to October). This relates in part to gillnet
efficiency which is lower when comparing sites or years. For that reason, when analysing
the data we considered all samples or those taken during the dry season. Indeed, we have
noted some differences, but the general pattern is globally the same in the long term.
That is why most of the time we considered all together the dry and rainy season samples.

3.1. Species characteristics

The sites were selected in four different basins belonging to two distinct ‘ichthyoregions’
[13,27]:

Eburneo-Ghanean zone: Leraba (site 01), Comoe (site 02) and Bandama (site 03);
Sahelo-Sudanian zone: Oti (site 11), Pru (site 20) and Niger (sites 60 and 63).

The climates of the different regions are quite similar, but the fish fauna from each is
quite distinct

(table 1I) and it is necessary to consider each sampling site separately. Although we
observed differences between each station, the same 27 species were caught in all the
rivers. Nevertheless, most of the species were caught at few sites only and 20 species were
caught only at one site.

The numerically dominant species in the rivers of the Céte d’Ivoire was Alestes baremoze,
and to a lesser degree Schilbe intermedius, which lives mainly in the Comoe basin (sites 01
and 02). The dominant species in the Oti (site 11) was Schilbe mystus, but many other
species might sometimes co-dominate such as Brycinus spp. and Synodontis schall. In the
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Pru river (site 20), which is a small tributary of the Volta basin, Schilbe intermedius was the
dominant species, but Brycinus spp. and Schilbe mystus were also very abundant. In the
Upper Niger basin, the situation is quite different according to the various sites. At
Boussoule (site 60), mormyrids were very numerous as were Brycinus spp. and Schilbe
intermedius. The situation was very different at Mandiana (site 63) where Brycinus leuciscus
was the dominant species but Schilbe mystus and Chrysichthys auratus were occasionally
also abundant. Each site obviously has a fairly different configuration. For example, the
Milo, in the region of Boussoule-Kankan, is a rocky river, which is a good biotope for
mormyrids. Conversely, the Sankarani near Mandiana, is a large and sandy river just at
the mouth of the Selingue dam, which is favourable to pelagic species such as B. leuciscus.
For most species, seasonal and annual changes in abundance follow the fluctuations of
total catches. Among frequent species we have not noted serious decline, except for two
species of Mormyridae, Hippopotamyrus pictus which disappeared from the Milo river (site
60) since mid 1992, and Marcusenius ussheri, which became very scarce in 1990-1991 in the
sites of the Cote d’Ivoire, but reappeared later in the years 1995-1996.
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FIGURE 4. Schilbe intermedius (Schilbeidae): changes in CPUE (nb x 100 m x night™) in six monitoring
sites sampled with gillnets.

The case of Schilbe intermedius in the rivers of Céte d’Ivoire is distinct and deserves an
explanation. There were cycles of 1-3 years during which we did not catch any member of
that species. We initially attributed this disappearance to insecticides but as specimens
became abundant again in spite of the continuous spraying of larvicides, the phenomenon
appeared to be independent of insecticide applications. The absence of the species does
not seem to be linked to any particular hydrological event. This should suggest that some
natural fluctuations exist, but in the present State of our knowledge they are impossible
to link with any precise external event [17]. The above phenomenon observed in the Cote
d’'Ivoire was not found in the Volta and Niger basins, where the catches were always more

or less constant during the study (figure 4).
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3.2. Species richness

In the Leraba (site 01) and the Comoe (site 02) rivers (figure 5), there was a decline in
species richness until 1992-1993 (less than half of the species that were observed at the
end of the 1970s), followed by an increase.

The situation was similar for the third station of the Céte d’Ivoire (site 03). The recovery
started in 1995 and the values we observed in 1996-1997 are identical to those observed at
the beginning of the study.

On the Volta basin, the situation differs between sites. On the Pru river (site 20), the
species richness was lower during the early 1980s than after the first treatments (in
1985). However, since the early 1990s, there has been a regular decrease in species
richness. Species richness in the Oti river station (site 11) was variable but with no
obvious trends (see residuais figure 5).

In the Niger basin, both stations (sites 60 and 63) have shown an increase in species
richness whether we take into account all samples or only dry season samples (figure 5).

To asses whether variation in CPUE and species richness were synchronised among sites,
we carried out a PCA (principal component analysis on log transformed data [Ln (x + 1)] of
the dry season) between 1988 and 1993. We only took into account the 20 most
representative species for each station. As expected, stations in Céte d’Ivoire were more
similar than between the stations of Céte d’Ivoire and others regions, even if these sites
belong to the same basin (figure 6). This result shows that the correlation between
geographical and/or climatic phenomena is higher than a possible impact of insecticides.

3.3. Experimental catches

At the Coéte d’Ivoire stations, CPUE decreased until 1991 or 1993, after which time the
number of catches in the three sites showed a clear rising trend (figure T). The treatments
on the Leraba river (site 01) stopped in 1989. They stopped later (1993) on the two other
rivers (sites 02 and 03). It is worth noting that the catches started rising again in 1995 in
the three situations, after the end of the spraying operations. However, if the recovery of
the number of catches occurred the same year, even through all the treatments did not
end at the same time on the stations. These observations do not allow us to dismiss the
idea of a possible effect of larvicides, but as the number of catches increased
synchronously it is plausible that the improved situation is linked to better ecological
conditions, as a result of improved hydrology and climate.

On the Pru river (site 20), CPUE seems to have been rising slightly from 1996 onwards.
Trends in CPUE on the Oti river (site 11) are not evident. In this case, there may be an
influence of the Volta lake which acted as a buffer against the flood that occurred in the
region. In the case of the Pru river, the lake would play a smaller part because of the
smaller size of the river.
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FIgURE 5. Changes in species richness per samples for the whole set of gillnets.

Generally speaking, the conditions in the Niger basin are good. In the Milo river the CPUE
were stable until 1994 and then increased. At the Sankarani river, catches varied strongly
with hydrological conditions. However, if we only consider the results of the dry season,
no real decrease was observed (figure 7).

3.4. Structure of the fish catches
3.4.1. Correspondence analysis

In order to compare samples as well as species, the factorial analysis of correspondence
(CoA) for which salient points have been described elsewhere [3, 15] was used. We used
the software ‘ADE-4’ [5] for the whole analysis.

Pru (20)

Ot (11)

12

Milo (60)

Sankarani (63)

Bandama (03)

Comoe (02)

Leraba (01)

FIURE 6. Hierarchical classification (average link on Euclidian distance) of the centre of mass of the
factorial co-ordinates (PCA) of the sampling dates for each site.

Similarly to what can be seen for the species abundance and the CPUE, seasonal variations

in the structure of catches are evident.
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To illustrate the main results, three examples are considered, one for each region. A
smooth change of structure in relation to first axis in the Céte d’Ivoire, particularly since
1989, is evident on the Bandama river (site 03) (figure 8). The diagram is approximately the
same whether all the samples or only the dry season data are considered. The change in
structure occurs especially in the case of rare species such as Barbus macrops, Hemichromis
bimaculatus or Raiamas senegalensis which disappeared from the samples taken recently.
Nevertheless, considering the most dominant species, there is a decrease in the total
number of catches, conceming particularly Alestes baremoze, even if that species was
clearly dominant in 1974-1976, it no longer dominates the catches to the detriment of
others. In terms of abundance of species, the values are more or less the same, because
only a few species are concerned. However, in terms of catches, because these species
represented more or less 50 % of the total catches, the decrease in the CPUE is
considerably influenced. The balance is different whether it is the abundance of species
or the CPUE. It is unlikely that the situation has improved under the influence of
insecticides, we can think for several reasons that we are facing a natural phenomenon.
Following the perturbations due to different human impacts on the Bandama river
(Kossou and Ferkesse dougou dams), it is likely that the System has attained a new
improved equilibrium.
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FIGURE 7. Changes in total CPUE (nb x 100 m™ x night) in the seven monitoring sites sampled with
gillnets.

Our results suggest a slight, but regular change in the structure of catches in the Pru
river. Some rare species such as Heterotis niloticus, Mormyrus macrophthalmus, Gymnarchus
niloticus, Clarias anguillaris and Auchenoglanis occidentalis have completely disappeared
front the catches. Conversely, species such as Barbus macrops, Schilbe mystus, Siluranodon
auritus and Synodontis violaceus have started to appear or become more abundant since the
beginning of 1990s onwards.

181



54

55

56

57

Concerning the Sankarani river (site 63) (figure 9), the first axis clearly separates the
samples of the dry and the rainy seasons. More precisely, considering only the samples of
dry season, there is a clear distinction between the samples taken in May and in June, and
those of the other months. The rainy season samples are characterised by the presence of
Parailia pellucida, a small Schilbeidae (i.e. S. mystus and

S. intermedius), which has to migrate upstream from the lake during the flood to reach its
breeding sites. This species does not accomplish as long a migration as do large schilbeids
such as Schilbe [22]. The catches in May-June are dominated by the presence of Schilbe
mystus which start their anadromous migration and leave the lake. At the end of the dry
season and during the rainy season, the catches are characterised by the presence of
three species of Petrocephalus (P. bovei, P. soudanensis and P. ansorgii). Apparently, in
manmade lakes, migrations of mormyrids to the river mouths can occur several months
before the flood starts [22].

3.4.2. Shannon diversity and evenness indexes

The dominant species in Cote d’Ivoire was Atestes baremoze and it was associated with
Schilbe intermedius or S. mandibularis (table III). These species were dominant in more than
50 % of the catches. Since the monitoring started, the diversity has been relatively stable.
However, events (1982-1984 and 1992-1994) sometimes lead to a decrease in diversity. In
all of the cases, these events are related to a strong dominance of the species named
before, mainly Alestes baremoze.
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FIgURE 8. Bandama River (site 03): factorial plan 1and Il of the correspondance analysis (samples and
species projection). Species listed are those which have an important contribution (axis 1) in the
performed analysis (taxonomic classification). 1975-1988: @; 1989-1997: W

The structure and the diversity have not changed but these two or three species are
‘naturally’ dominant in the catches. The abundance of species and the total CPUE
parameters confirm these observations.

182



oxis |
o
1210
e 12 e
hs
= " yiolanin
0 %4 o ™ L
= o
0
s 3
0,51
- ll.l. ]
«
LY
by
1208 ; Petrwcephalus ansorgtl 4301 1 Porailia polincide -
1210 : Petrvophaius sudanensts 4901 : Awchewaglonts vookdensall
o L V0L : Sckilde myrtwx 7401 : Tetroondon Mneatws
2 o & 3 ’
* ’ 2 1 0 | 2

FIURE 9. Sankarani (site 63): factorial plan I and m of the correspondence analysis (samples and
species projection). Species listed are those which have an important contribution (axis 1) in the
performed analysis (taxonomic classification). Dry season: @; rainy season: il

Table 11l. Dominance frequencies of the species in the seven monitoring sites for all the catches
(AS) and for the dry season (DS) catches only.

Species

Polyprerus senegalus
Polypterus endlicheri
Mormyrus hasselquistii
Hippopotamyrus pictus
Marcusenius
senegalensis
Marcusenius cyprinoides
Marcusenius ussheri
‘Marcusenius mento
Petrocephalus bane
Petrocephalus bovei
Petrocephalus ansorgii
Petrocephalus
pallidomaculatus
Petrocephalus
soudanensis
Hippopotamyrus
psittacus
Pollimyrus isidori
Hepsetus odoe
Hydrocynus forskalii
Hydrocynus vittatus
Alestes baremoze
Brycinus macrolepidotus
Brycinus imberi
Brycinus nurse
Brycinus leuciscus
Distichodus rostratus
Distichodus
engycephalus
Labeo senegalensis
Labeo coubie
Labea parvus
Schilbe intermedius
Schilbe mysts
Schilbe mandibularis
Chrysichthys auratus
Chrysichthys
nigromarginatus
Chrysichthys maurus
Synodontis sorex
Synodontis eupterus
Synodontis filamentosus
Synodontis violaceus
Synodontis acellifer
Synodontis velifer
Synodontis schall
Synodontis bastiani
Synodontis comoensis
Hemichromis fasciatus
Chromidotilapia
suntheri
Sarotherodon galilaeus
Tilapia zillii
Lates niloticus

Site 01
AS DS
11 23
11
21 45
340 295
2.1 23
2.1 45
32 45
287 295
106 23
53 6.8
53 68
11 23
21 45

Site 02

AS DS
1.0 21
51106

398 340
20 21
4.1 64
4.1 43

255 234
s 106
82 21
10 21
31 21
10

" site 03

AS DS
36 64
18 21

491 426
73 10.6
182 213
21 43
9.1 43
09 21
09

36 21
18 43
09

St

AS DS
14 25
0.7 13
22 25
22

22

14 13
14 25
79 138
180 213
0.7 13
101 138
22 38
29 25
266 138
07 1.3
29 25
14 13
07

22 38
07 13
36 38
14 13
43 25
07 1.3
07 13
0.7

Site 20

AS DS
50 43
25 43
17 29
a1 29
08

33 43
58 87
99 159
50 29
58 72
33 43
174 116
157 43
25 29
17 29
08 14
17 14
83 1.6
08

4.1 58

Site 60
AS DS
32 26
16 26
79 77
111 17
63 103
a8 51
48 17
175 231
79
79 103
1.1 26
16
95 154
16
32 L8

134
16.1

188
09

27

0.9

ni

32
254

159
32

30.2
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The catches in the Volta basin rivers are generally diverse but, sometimes, species such as
Brycinus nurse, B. leuciscus, Labeo senegalensis and Schilbe mystus are particularly abundant.
The case of the Pru river (site 20) requires few comments. The catches were more diverse
between 1983 and 1992. The abundant species were less influent and, at the same time, a
notable increase in the abundance of species occurred, mainly during the dry season.
That period corresponds to a favourable hydrological balance. Because of the shape of the
Pru (a small tributary of 6 500 km?), we consider that the good flood conditions favoured
the resettlement by species which remain scarce when the field conditions are less
favourable. In that way, the Lake Volta played the role of a sanctuary when favourable
conditions enabled its re-colonisation by a type of fauna close to that of the lake. For
example, there is a decrease in the catches of species which are characteristic of small
tributaires (e.g. Polypterus senegalus, Hepsetus odoe and Hemichromis fasciatus). On the
contrary, the number of Siluranodon auritus, Schilbe mystus and Synodontis violaceus, which
are characteristic of large rivers, increased in the catches of the Pru river.
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FIgURE 10. Brycinus nurse (Characidae): changes in coefficient of condition (K) for selected stations.

There is not much change in the index of diversity for the Niger basin. If Brycinus leuciscus
is still dominant in the Sankarani (site 63), it is now often supplanted by Schilbe
intermedius. This result is confirmed by the value of the evenness which has been higher
since 1994. The bloom of the catches of B. leuciscus is likely to have been a consequence of
the filling of the dam of Selingue. The fact that lower catches are returning is certainly
the sign of a smooth equilibrium of the communities.

3.5. Condition factor

All results of the condition factor listed were calculated and interpreted for each single
species and for each site. Condition factor can account for the direct effect of the
pesticides on the physiology of the fishes (for example, the impact on the reproductive
potential) or for indirect effects through an impact on the invertebrate fauna which is the
main feeding source for many species. In order to analyse these possible effects, we
selected species answering three criteria: abundance, strategies of reproduction and diet.

Considering all the populations of a species, a clear cycle of the condition factor
according to the month or the season is not evident. Nevertheless, literature on the
subject is full of data concerning the evolution of K according to the season. This depends
mostly on the maturation of the gonads [1], but in a global analysis as is performed here
where the average of the condition factors according to the month are calculated, the
inter-annual variations seem to override any seasonal cycle.

On the contrary, in most cases, the average condition is linked to geography. That way,

taking an ubiquitous species such as Brycinus nurse, nearly all the fish of the Volta basin
have a lower condition than those of the Niger river or of the rivers of Céte d’Ivoire (figure
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10). Further more, species of the SaheloSudanian group such as Schilbe mystus (formerly
Schilbe niloticus = Eutropius niloticus) have a lower condition factor in the Volta than in the
Niger basin. In general, the condition of the fish from the Oti river is less than that of the
fish of the Pru river (figure 11). For the fish of Cote d'Ivoire alone, in most cases the K of
the fish of the Leraba river is better than that of the fish of the other rivers.

Whatever the stations and whatever the species and their trophic group (insectivorous,
carnivorous, omnivorous, etc.), the selected examples show that the values of the
coefficient of condition are relatively irregular and fluctuate around an average. This
does not appear to have been altered since the beginning of the treatments, except
possibly for Schilbe mystus in the Oti (figure 11) and Black Volta (not in our analysis) rivers.
In these two sites, the decrease in K for S. mystus more or less follows the introduction of
treatments with permethrin and carbosulfan. These two drastic larvicides were not
required that much in the Pru river where there was no decrease in K apart from the
short period 1989-1990. So, although we are not able to demonstrate that there is an
absolute correlation between the decrease in K in Oti (and Black Volta) and the
application of toxic larvicides, we cannot dismiss the idea of a temporary effect of the
insecticides on the condition of the fishes.

Other short-term effects were observed and seem to be independem of the insecticide
spraying. For example, the condition of Alestes baremoze or Schilbe mandibularis which was
initially low or medium in the same site eventually increased (figure 12). The low K values
observed for these species at this site, beyond strict poor hydrological conditions, is
probably due to the fact that this site is situated between two large dams (Kossou and
Ferkessedougou). The harnessing of that river and the regulation of the flood must be a
serious constraint for migratory species such as A. baremoze and S. mandibularis. The drop
in K during the period 1976-1977 for A. baremoze was restricted to the course of the
Bandama river situated between Kossou and Ferkessedougou. Below the Kossou dam and
upstream from the Ferkessedougou dam, fishes show normal condition [24]. As the entire
course of the Bandama was treated, it would appear that the decrease in condition is not
due to the spraying of insecticide. These examples suggested that the effects of a single
perturbation (dams) can interact with and multiply the consequences of other
disturbances (low flood), with a cumulative impact on the ecosystem [9].
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FIgURE 11. Schilbe mystus (Schilbeidae): changes in coefficient of condition (K) for the selected
stations.
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4. CONCLUSION

The species considered in this study reach maturation at the end of their first year and
they rarely live more than 4 or 5 years [1, 21].

Therefore, for all the sites, the catches do not give more information concerning long-
term variations, whether analysed as a whole or by trophic group (see above). Evidently,
no trophic association, particularly the insectivorous group for which the main feeding
item might be reduced by the treatments, seems to have been affected during the
monitoring period. This compares favourably with other experiments carried out in other
areas. For example, in the Victoria Nile (Uganda), the control of blackflies with the use of
DDT induced a drastic change in the feeding resources of some of the species such as
Mormyridae or a drastic lack of food for other species such as Aethiomastacembelus
frenatus [6, 7].

The relative stability of the condition factor for each species indicates that their feeding
was not unduly interrupted. Two hypotheses can be proposed. Either feeding sources are
always available, or the fishes are able to change their feeding habits as has been
demonstrated for other untreated rivers of the region [25]. Whatever explanation applies
the fish do not seem to be affected biologically nor physiologically by larvicides [2]. That
also indicates that the insecticides used do not have any detectable toxicity on the
metabolism of species [28].

Alestes baremoze
1.5 .
é_lu A "l 4 . r
g J 1 . A=/ I B S
» b f
z 1.0 o AAIN v’ ¥ W
]
L L 1] 1 L 1 { yeomy T 1 \ G 53 T 1 1 L4 14 T T ] 1 T 1
Schilbe mandibularis
1.5
= v 2 R
n A [ B0 [
3 fl N £ !.},“-\ iw N
g ) oy fl A2
- 2 - A-F V% -/t va‘ ] 1
s v\ r VAT \ /V/ v
2 1.0 b‘l " t.' ". “h, v - 'y [T
V
T T T I T 1 ! 1 T L T T T T T T T 1 T T T T T
74 76 78 BO R2 B4 86 88 90 92 94 Q96years

FIgURE 12. Bandama (site 03): changes in coefficient of condition (K) for the selected migratory
species.

Considering the different variables used in this study, we did not find any detectable
effects of pesticides on the CPUE, the abundance of species, as well as on the community
and trophic structure and the fish health (condition factor and reproduction strategies).
However, we noticed a number of trends which appear to be related mainly to climatic
conditions, probably to hydrology. Thus, there was a regular decrease in CPUE from the
beginning of the monitoring until 1995. The rivers were treated during that time until
1990 or 1993, depending on the stations (figure T). The decrease persisted even after the
treatments ended. As a result, we consider other factors to be the cause of that process.
The average level of annual discharge in that region has been decreasing regularly from
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the beginning of the 1970s (figure 13). A recent study (Hugueny, pers. comm.) showed that
there was a correlation between discharge and CPUE during the first 10 years of
monitoring (year™). The production of fish fluctuates in all the rivers according to the
flood rate. Important floods inundate larger areas, making greater quantities of food
available, and improving the conditions for reproduction [30]. In the central delta of the
Niger (Mali), plots of annual catches and loss of water are highly correlated. The
determinant factor of the ichthyological stock abundance appears to depend on the
extern and durability of the flood. In fact, 69 % of fish under 1 year old are caught in nets
of mesh sizes smaller or equal to 20 mm [14]. Those observations agree closely with our
own observations. In our catches, the observed effect was not immediately clear but
appeared a few years later as a cumulative effect of poor hydrological conditions.
Conversely, the increase in the CPUE since 1996 has been related to better hydrological
conditions (IRD, France, Hydrological Service, Internet data). In these latter years, there
has been an intensification of the basic flow leading to a ground water renewal, although
that phenomenon remains quite clearly smooth if we consider the whole basin (Sircoulon,
pers. comm.).
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Figure 13. Average annual and regional discharge (m3 x s and rainfall (mm) in four regions of West
Africa (after Mahé, 1993).

Furthermore, for three of the stations investigated, it appeared that the hindrance of
rivers (dams) induced different and/or antagonistic effects. In certain cases,
notwithstanding poor hydrological conditions, some of the species were favoured by the
presence of the dam. For example, in the Sankarani river just upstream from the Selingue
lake, a bloom of pelagic species such as Parailia pellucida was recorded because of
lacustrine conditions. At the same time, the condition factors of predators such as
Hydrocynus spp. increased significantly. In a similar way, Lake Volta acted as a buffer for
the rivers of the Ghanaian region under poor hydrological conditions. Conversely, the
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damming of the river also has a negative effect on some species, particularly on the
coefficient of condition of migratory fishes.

When compared with the results obtained after the first 10 years of monitoring [16], the
fish structure has not changed and we can conclude that the pesticides sprayed by the
OCP do not influence the structure of the main fish community, the species richness nor
the fish biology. Finally, we record that no fish species has disappeared entirely. The
influence of long-term monitoring must be considered before we interpret the results.
Thus, climatic changes, which generally have a great influence on the population
dynamics of fishes, need to be considered. This is why we have to understand and remove
the natural fluctuations of species from the situation. In a short-term study, we could
have ended up with the wrong conclusions, because natural fluctuations do occur and
species (Schilbe intermedius, for example) can temporarily disappear.

Another important aspect is to evaluate the results in terms of the investment made.
Apart from the results concerning the use of larvicides, the monitoring generated an
important understanding of fish biodiversity [26]. We conclude that the OCP was a very
successful control programme because, not only did it not have any drastic effect on the
fauna, but we also know now that it prevented three million of children from going blind
[29].
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ABSTRACTS

Onchocerciasis is a widespread disease in intertropical Africa, which, ultimately, causes
irreversible blindness. The disease is transmitted by a small blackfly, Simulium damnosum
(Diptera), which has aquatic larval and pupal stages. The breeding sites of the blackflies are
riffles. These river reaches are the targets of the control campaign of the Onchocerciasis Control
Programme in West Africa (OCP). An aquatic monitoring network covering the totality of the
area exposed to the insecticide was set up to evaluate environmental impact. In this paper, we
present results from the OCP 20-year period of monitoring of the ichthyofauna regularly exposed
to larvicides. We do not record any measurable effects of pesticides on the CPUE, abundance of
species, trophic structure, community structure or fish health. However, we detect the
emergence of a number of medium-term tendencies. These tendencies may relate to climatic
conditions that have a consequent effect on hydrology. Thus, we note a constant decrease in the
CPUE from the beginning of the monitoring until 1995. The rivers were treated during that time
until 1990 or 1993, depending on the station. But even after the treatments ended, the number of
catches continued to decrease. As a result, we consider other factors to be the cause of that
decline. The average level of annual discharges in this region has been decreasing regularly from
the beginning of the 1970s. The production of fish fluctuates in all the rivers according to the
flood rate. Important floods inundate larger areas, making greater quantifies of food available,
and thus improving the conditions for reproduction. The determining factor of the
ichthyological stock abundance seems to depend both on the extern and the duration of the
flood. In our catches, the observed effect was not immediately evident but appeared a few years
later as a cumulative effect of poor hydrological conditions. An increase in the CPUE since 1996
has been related to improved hydrological conditions. In these last few years, we have observed
an intensification of the basic flow leading to a ground water renewal. Furthermore, on three of



the stations investigated, it appeared that the impediment of rivers (dams) could induce different
and/or antagonistic effects. In some cases, we have observed that in spite of unfavourable
hydrological conditions, certain species appear to be favoured by the presence of the dam. But,
the damming of the river has a negative effect on other species, particularly on the coefficient of
condition of migratory fishes. The impact of these factors is enhanced by the fact they exist
conjointly. © 1999 Ifremer/Cnrs/Inra/Ird/Cemagref/Editions scientifiques et médicales Elsevier
SAS

Résumé — Maladie largement répandue en Afrique intertropicale 'onchocercose est un fléau qui
provoque, a son stade ultime, une cécité irréversible. La maladie est transmise par un petit
Diptere, Simulium damnosum, qui présente une phase larvaire et nymphale aquatique. Ce sont les
gites larvaires de ce vecteur, biefs a courant rapide des riviéres, que le Programme de lutte
contre 'onchocercose en Afrique de 1'Ouest (OCP: Onchocerciasis Control Programme in West Africa)
traite lors de ses campagnes de lutte. Comme toute lutte insecticide, OCP représentait une
menace importante pour 'environnement. C’est pourquoi le programme s’est doté d’un réseau
de surveillance des écosystémes aquatiques, couvrant I'ensemble de la zone exposée aux
épandages d’insecticides. Ce sont les résultats de vingt années de surveillance de I'ichtyofaune,
réguliérement exposée aux traitements larvicides, qui sont présentés ici. Les différentes variables
étudiées dans cette étude, ne permettent pas de mettre en évidence un effet décelable des
pesticides sur la structure et la richesse spécifique des peuplements. De méme, la composition
trophique ou la santé des poissons ne semblent pas affectées. Cependant, nous observons parfois
certaines tendances, a3 moyen terme, qui semblent étre essentiellement sous l'influence des
conditions climatiques, probablement hydrologiques. Ainsi, nous observons une diminution
réguliére des prises par unité d’effort (PUE) du début de la surveillance jusque vers 1995. Durant
cette période, les riviéres ont été, selon les stations, traitées jusque 1990 ou 1993. Mais, alors que
les traitements étaient terminés, la diminution des captures s’est poursuivie. Nous pouvons donc
estimer que d’autres facteurs en sont la cause. Si nous considérons les crues moyennes annuelles
et régionales, nous observons une diminution réguliére depuis le début des années 1970. Dans
toutes les riviéres, la production de poisson fluctue en fonction du régime d’inondation. Lorsque
les crues sont favorables, elles inondent des superficies plus grandes, ce qui favorise la
disponibilité en nourriture, et améliore donc les conditions pour la pérennité des espéces. En fait,
le facteur déterminant de la production halieutique semble étre lié a la fois a 'étendue et a la
durabilité de I'inondation. Dans nos captures, 'effet apparait avec quelques années de retard
comme s’il y avait eu un effet cumulatif des mauvaises conditions hydrologiques. Inversement,
I'accroissement des PUE depuis 1996 parait bien corrélé aux meilleures conditions de crue
observées. Ces derniéres années, nous notons un renforcement de I’écoulement de base qui se
traduit par une recharge des nappes phréatiques. Enfin, sur trois stations étudiées, les barrages
peuvent induite différents effets, antagonistes ou non. Dans certains cas, nous observons qu’en
dépit de mauvaises conditions hydrologiques, certaines espéces semblent étre favorisées par le
barrage et sa retenue d’eau. Inversement, le barrage du fleuve peut avoir un effet négatif sur
certaines autres espéces, particulierement sur celles qui effectuent des migrations
longitudinales. Tous ces facteurs semblent montrer une pression d’autant plus importante qu’ils
se produisent en synergie. © 1999 Ifremer/Cnrs/Inra/Ird/Cemagref/Editions scientifiques et
médicales Elsevier SAS
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The Onchocerciasis Control Programme of the World Health Organization uses larvicides
to fight against the aquatic stages of the vector Simulium damnosum s.l., and thereby
interrupt transmission of the disease. Since the appearance of resistance to Abate and
chlorphoxim in certain cytotypes of the vector, the efficacy of many possible replacement
insecticides has been tested and the impact of the best of them (permethrin,
cyphenothrin, pyraclofos, and carbosulfan) on the aquatic fauna evaluated. © 1991
Academic Press, Inc.

INTRODUCTION

A vast Chemical control operation was launched in 1974 to interrupt the transmission of
human onchocerciasis in several West African countries. The aquatic larval stages of the
Simulium damnosum Theobald complex, the vector, are eliminated by the weekly
application of degradable insecticides on the breeding sites. Three insecticides have been
utilized in the Onchocerciasis Control Programme area (Fig. 1) : temephos, chlorphoxim,
and Bacillus thuringiensis H-14. Aware of the potential environmental risk of this
insecticidal treatment, the Programme pays particular attention to the selection of
larvicides and has developed monitoring facilities and protocols. An ecological group,
composed of independent experts, Controls and directs the Programme’s activities
regarding environmental protection. The monitoring is geared mainly toward a regular
study of the fish populations and the lotic benthic invertebrate populations on which
many fish feed. In view of the results recorded during more than 10 years of larviciding, it
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can be said that the larvicides utilized have little effect on the nontarget fauna in the
tropical lotie environments (Lévéque et al., 1988 ; Yaméogo et al., 1988 ; Lévéque, 1989).

Since the appearance of resistance in some cytotypes of the S. damnosum s.l. complex to
temephos and then chlorphoxim (Guillet et al., 1980 ; Kurtak et al., 1982), the screening of
new blackfly larvicides has become one of the main fines of research in the
Onchocerciasis Control Programme in West Africa.

Among the many larvicides and/or formulations tested, permethrin, cyphenothrin
(pyrethroids), pyraclofos (organophosphorus compound), and carbosulfan (carbamate)
have shown sufficient efficacy against the vector and present a very little risk of rapid
development of cross-resistance with the organophosphorus compounds.

Trials were therefore carried out on the nontarget aquatic fauna to evaluate the toxicity
levei of these larvicides. This paper reports the main results recorded during tank tests in
laboratory on some fishes.
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FIG. 1. Area covered by the Onchocerciasis Control Programme in West Africa (O.C.P).

These tests were performed in difficult periods and field conditions. Therefore the results
are not presented as a standard comparison at a fixed time and for the same fish species.
It was, however, considered relevant to publish the results because of the scantiness of
data on aquatic toxicity for African fish species.

MATERIALS AND METHODS

1. Fishes

A number of species that are members of families which are well represented in the
Programme area were used. They were Schilbe mystus, Pollimyrus isidori, Chrysichthys velifer,
Chrysichthys nigrodigitatus, and Barbus macrops.

S. mystus (Schilbeidae)—Linné 1762. This species is one of the most widespread African fish
species, from the Zambesi and Kunene Rivers to the Senegal and Nile in the north
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including the east coast rivers. The maximum standard length is about 300 mm. The
species feeds on insects, shrimps, small fishes, and fruits but is, above all, ichthyophagous
and this tendency increases with size. The average length of the individuals tested was
about 50 mm.

P. isidori (Mormyridae)—Valenciennes 1846. Well known from the Niger, Gambia, Senegal, and
Volta basins and from different Coastal rivers, P. isidori is a small species which feeds on
insect larvae and on zooplankton. The average length of the individuals tested was about
47 mm.

C. nigrodigitatus (Bagridae)—Lacépéde 1803. This species is known from the Gambia, Senegal,
Niger, and Volta basins and from most of the Coastal rivers. The maximum standard
length is 475 mm but the average length of the individuals tested was 65 mm. Chrysichthys
feed mainly on insect larvae (Chironomidae) but also on small mollusca, zooplankton, and
Hemiptera.

C. velifer (Bagridae)—Norman 1923. Reported only in the Bandama and Sassandra river
basins, C. velifer presents the same feeding habits as C. nigrodigitatus. The average length of
the individuais tested was 57 mm.

Barbus macrops (Cyprinidae)—Boulenger 1911. Widely distributed in the Programme area, the
maximum standard length of this small species is 98 mm but the average length of the
species tested was 46 mm. It feeds mainly on insect larvae, small crustaceans (Copepoda,
Cladocera, Ostracoda), and plant debris.

Before the beginning of the trials the different fish species were kept in separate tanks in
laboratory for a week. They were fed once daily and the water was oxygenated using
diffusers.

The fishes were of comparable size for each of the species. They were carefully put one by
one into the test tanks so as to have 10 individuals of the same species in each solution.
The water utilized was from the same source as the fishes.

2. Tests

The acute toxicity tests were performed by means of the technique with periodic
replacement of solutions (Ward and Parrish, 1983), which makes it possible to avoid the
problems of decrease of the concentration of producis in aquariums during exposure time
; the solutions were replaced every 12 hr.

The test solutions were 10 liters for each tank and were oxygenated. The water
temperatures were 27 + 2°C. The end point was death. The lethal concentrations were
calculated according to the probit analysis (Finney, 1952).

The Chemicals tested were : permethrin (3-phenoxybenzyl-(1 RS)-cis, trans 3-(2,2-
dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate)  ;  cyphenothrin  (cyano(3-
phenoxyphenyl)-methyl-(1R)-cis, tans-2,2-dimethyl-3-(2-methyl-1-propenyl)-cyclopropa-
necarboxylate) ;  pyraclofos ((RS)-[0-1-(4-chlorophenyl)-pyrazol-4-yl-O-ethyl-S-pro-
pylphosphorothioate]) ; and carbosulfan (2,3-dihydro-2,2-dimethyl-7-benzofuramyl
[(dibutylamino) thio] methylcarbamate).

The technical products were diluted taking into account the percentage of active
ingredient and the results were expressed for each time, e.g., concentration of active
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principie (ug/liter). The larvicide solutions were prepared 1 hr before the start of the
trials.

RESULTS

The results are reported in Table 1 together with confidence limits and slopes. The
toxicity curves are shown in Fig. 2. All the curves seem to be asymptotic and have normal
trends ; therefore some missing data could be extrapolated. For example, the 72-hr LC50
for permethrin and P. isidori would be around 20 ug/liter, while the 72-hr LC50 for C.
velifer exposed to cyphenothrin is about 150 ug/liter.

Permethrin

The trials were carried out only with P. isidori. No mortality was recorded in the control
tanks and the behavior of the individuais was normal up to the end of the trials.

TABLE 1. MEDIAN LETHAL CONCENTRATIONS (LC50) FOR DIFFERENT TROPICAL FISH SPECIES AND DIFFERENT
INSECTICIDES

Median lethal concentrations (ug/liter)
Confidence limits

Slopes
Larvicide used 24 hr 48 hr 72 hr
Pollimyrus isidori Permethrin 40 26 —
20% EC (30-63) (19-31)
3.25 5.37
Chrysichthys velifer Cyphenothrin 630 220 —_
10% EC (501-800) (121-270)
4.39 547
Barbus macrops Cyphenothrin 15 12 10
10% EC (14-17) (11-13) (7-11)
5.73 4.26 4.44
Pollimyrus isidori Pyraclofos 170 70 40
TIA-230, 50% EC (149-184) (41-87) (3-66)
5.27 3.71 2.95
Chrysichthys Pyraclofos 150 78 68
nigrodigitatus TIA-230, 50% EC (113-632) (53-995) (48-82)
2.66 3.41 4.45
Pollimyrus isidori Carbosulfan 82 —_ 71
25% EC (71-81) (61-82)
7.81 7.3
Schilbe mystus Carbosulfan 180 140 136
25% EC (124-26,970) (105-162) (108-152)
4.72 7.76 11.53

The fishes introduced into the permethrin solutions were a bit more active than those of
the untreated tanks and less than 5 hr after the start of the trial some of them
demonstrated disorderly movements followed by death.

The 24-hr LC50 for P. isidori (40 pg/liter) is less than with pyraclofos and carbosulfan. The
mean lethal concentration for a 48-hr exposure time is 26 ug/liter.

A lot of data exist on the acute toxicity of permethrin in laboratory conditions on various
fish species. However, they are quite scattered and different authors have given as 24-hr
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LC50 on rainbow trout values ranging from 8 ug/liter (Mulla et al., 1978) to 61 pg/liter
(Coats and O’Donnel-Jeffrey, 1979) in comparable testing conditions. However, most of
these values are in the low range : 12.5 ;;g/liter (Hill et al., 1976a), 13.7 ug/liter (Abram et
al., 1980). Other species showed the same range of sensitivity. The 24-hr LC50 for
Pimephales prometas is 15 ug/liter (Hill et al, 1976b), 6 ;;g/liter for Ictalurus punctatus
(Buccafusco, 1976), 8.6-21 ug/liter (Hill et al, 1976c, 1977). Oreochromis aureus, a Tilapia
species, has a toxicity of 6 ;;g/liter as 24-hr LC50 (Herzberg, 1988), while Oryzias latipes,
Cyprinus carpio and Gambusia affinis have 41 pg/liter, 98 ug/liter, and 100 pg/liter,
respectively (Miyamato, 1976 ; Hill et al., 1976¢ ; Mulla et al., 1978).
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FIG. 2. Toxicity curves for the four insecticides tested. B.m, Barbus macrops, Pi, Pollimyrus isidori ; C.n,
Chrysichlhys nigrodigitatus ; C.v, Chrysichthys velifer ; S.m, Schilbe mystus. +, Pyraclofos ; O, carbosulfan ;
X, permethrin ; [, cyphenothrin.

Cyphenothrin

During the trial no fish died in the control tanks, which were handled in the same way as
the treated tanks. B. macrops and C. velifer were the species utilized for the trials.

For B. macrops the 24-hr LC50 is the highest toxicity observed, while for C. velifer more
than 40 times this dose is necessary to obtain 50 % mortality within 24 hr.

For C. carpio, in a temperate climate, the 48-hr LC50 is 5.65 ug/liter (Sumitomo, 1983), a
value that is very low compared with that recorded for C. velifer in a tropical
environment.

The two species tested, therefore, presented different susceptibilities to cyphenothrin. B.
macrops was the most affected species ; for the same exposure time (48 hr), the LC50 of B.
macrops was 18 times less than for C. velifer. However, according to the results of
Sumitomo Ltd., the C. carpio susceptibility is two times higher than that of B. macrops.
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Carbosulfan

In the control tanks, only one Mormyridae died more than 48 hr after the beginning of

the experiment.

In addition to the mortalities recorded in the tanks treated, which made it possible to
calculate the lethal doses (Table 1), the quite particular behavior of the Schilbeidae
should be mentioned. In fact, 36 hr after treatment, while most of the fish in the control
tank remained towards the bottom, the individuais that had received the larvicide but
were sufficiently energetic tended to move to the surface. They showed signs of weakness
towards the 72nd hr. The Schilbeidae then became very black, a characteristic of the
survivors through the remainder of the experiment.

The 24-hr LC50 of the species P. isidori for carbosulfan is less than that for S. mystus, being
about half of the latter.

Few data are available on carbosulfan acute toxicity. Rand et al. (1985) reported, in a
review for bluegill, rainbow trout, and carp, 96-hr LC50 of 15, 42, and 55 pg/liter,
respectively, while Bayoumi and Ibrahim (1988) observed a much higher toxicity on
Tilapia zillii, 0.29 ug/liter, in contrast with the other data.

Pyraclofos

Throughout the experiment no mortality was recorded in the control tanks for the two

species used (P. isidori and C. nigrodigitatus).

The behavior of P. isidori in the treated tanks did not change almost 10 hr after the
introduction of the individuais into the larvicide solutions. Following the first change of
solution, i.e., 12 hr after the start of the trial, the individuais showed agitation in all the
tanks and mortalities were recorded for concentrations above 80 ug/liter. At the dose of
249 ug/liter, all the surviving individuais were moribund less than 24 hr after the
beginning of the experiment and died within 48 hr.

For C. nigrodigitatus, there were mortalities within 24 hr in the tanks treated with
pyraclofos at 80 pg/liter. However, the situation became stable in all the solutions 72 hr
after the start of the experiment and there were no additional mortalities up to the end of
the trial 24 hr later.

The above indicates a difference in susceptibility between the two species tested. The
longer the exposure time, the more the least increase in dose results in considerable P.
isidori mortalities, while C. nigrodigitatus becomes less affected by slight concentration
increases. P. isidori therefore tolerates long-duration exposures less than C. nigrodigitatus
even if the concentration of the pyraclofos solution is relatively low.

The only available data for pyraclofos are those of the producer (Takeda, 1988), who gave
the median tolerance limits (TL50) for an exposure time of 48 hr as 0.080 ppm for Salmo
gairdneri and 0.044 for C. carpio.

Simulation Experiments

Spraying simulations were carried out with Cyphenothrin on B. macrops. Solutions were
prepared at the following doses : 0.1,0.05, 0.02, 0.01,0.001, and 0.0005 mg/liter. The
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individuais were then exposed to these doses successively for increasing times of 30 sec, 1
min, 3 min, 6 min, 3 hr, and 10 hr from the highest to the lowest doses. They were then
put under observation in nontreated water. The experiment was repeated every week for
5 weeks and the tanks were visited regularly to remove dead individuais. The specimens
were fed at least once every day in the observation tanks but this was stopped 24 hr
before the start of each experiment.

B. macrops was selected for this trial because of its relatively great susceptibility to
cyphenothrin. Nevertheless, no mortality due directly to the insecticide was observed
after 5 weeks of weekly treatment. The individuais manifested signs of agitation but it
should be noted that even in the absence of any insecticide, Barbus are active by nature.

DISCUSSION

As the first goal of this testing was to give an indication of the biological activity of these
insecticides (which gave positive results on the target S. damnoswn) in terms of acute
toxicity on fish, a comparison will be made between 24-hr LC50 for fish and the
operational dose (OD).

An operational dose is the concentration of insecticide that will kill Simulium larvae with
a carry of 2.5 km at 10m®/sec and 10-15 km at 100m3/sec and it is usually expressed in
mg/liter/10 min, Obviously the concentration at the spraying point in the river is 10 to 20
times higher than the operational dose but dilution quickly occurs since the Chemical
insecticides are used at high water while during low water the biological insecticide B.
thuringiensis is applied most of the time.

It should be recalled as a guide that the 24-hr LC50 for P. isidori is 30.9 mg/liter with
temephos (OD = 0.100) and that the lowest leveis found in literature data on other species
are around 1 mg/liter. With the exception of this larvicide, which has been considered
providential for the Programme for more than 10 years, all the insecticides currently
utilized showed a high toxicity in laboratory on the fishes.

The operational dose for permethrin, cyphenothrin, carbosulfan, and pyraclofos are
0.015, 0.015, 0.050, and 0.100 mg/liter/10 min, respectively.

For permethrin, compared to the dose of 0.015 mg/liter utilized by OCP, the LC50
calculated are relatively higher while they correspond to those for cyphenothrin. Besides,
the difference between the operational dose and the 24-hour LC50 is greater for
permethrin than for carbosulfan.

In laboratory, P. isidori is susceptible to the effects of carbosulfan. The susceptibility of S.
mystus is less but the doses which caused mortalities are not too far from that utilized in
the control campaign.

For pyraclofos, the 24-hr LC50 of the species P. isidori is 1.5 times the operational dose and
slightly greater than that of C. nigrodigitatus.

In order to avoid mass fish mortalities and not considering any other factor, a first levei
of a basal assessment is made comparing the 24-hr LC50 with the operational dose,
bearing in mind that the exposure in river is much less (10 min versus 24 hr).

Therefore, a worst-case situation is considered for the evaluation and a risk index for the

ranking of the products is calculated.

The following table compares the lowest 24-hr LC50 for fish with the operational dose :
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Permethrin | Cyphenothrin | Carbosulfan | Pyraclofos

Operational dose Mg/liter | 15.0 15.0 50.0 100.0
24-hr LC50 fish Mg/liter | 40.0 15.0 82.0 150.0
Risk index 0.37 1.0 0.60 0.67

The highest score for risk was obtained by cyphenothrin ; it was medium for carbosulfan
and pyraclofos, while the lowest was for permethrin. It can therefore be recommended to
give low priority for further research to cyphenothrin in other experiments to be
performed for more precise hazard assessments.

CONCLUSIONS

The question whether African fish species are more tolerant to Chemical poisoning than
fish from temperate areas has for a long time been a matter of debate among aquatic
toxicologists, but experimental data were not available.

Now, as a preliminary response, one can say from the above results that the toxicity of
the insecticides tested is not extremely different for African fish species and fish from
temperate areas and it seems that African fish react more or less like warm water fish
with the exception of cyphenothrin, for which only a single record exists and, therefore,
the possibilities of comparison are limited.

From the few data available, it seems also that P. isidori and B. macrops are less tolerant
than other species and this could be an indication for future toxicity testing.

As a second resuit of this series of tests, one can give priority for further testing and
investigation to permethrine, carbosulfan, and pyraclofos according to the ratio between
operational dose and toxicity (0.37, 0.60, and 0.67, respectively).

This second phase of the hazard assessment will include a literature search for
metabolism, bioaccumulation potential, and persistence as well as experimental toxicity
testing on nontarget invertebrate fauna in minigutter.

The third phase will consist of the evaluation of the role of physicochemical parameters
in the dispersion, taking into account river characteristics such as suspended solid/
organic matters, flood, and carrying capacity, and in carrying out pilot-scale treatments
on selected rivers. All these steps should be followed before an insecticide is allowed to be
used in the Onchocerciasis Control Programme.

Reports on the overall ecotoxicological evaluation are in preparation for pyraclofos
(Yameogo et al., 1990b) and permethrin (Yameogo et ai, 1990a).
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Long-term assessment of
insecticides treatments in West
Africa: aquatic entomofauna

L. Yaméogo, G. Crosa, J. Samman, K. Nabé, F. Kondé, D. Tholley and D.
Calamari

1. Introduction

Onchocerca volvulus is a parasitic worm giving rise to skin reactions and eventually severe
ocular lesions followed by blindness (Zimmerman et al., 1992). This human disease had
been a major public health problem in many fertile valleys of West African countries in
which it was an obstacle to their social and economic development. The parasite is
transmitted by the female blackfly of the Simulium damnosum complex (Philippon, 1977),
particularly the savannah vectors S. sirbanum and S. damnosum s.s., whose larval instars,
requiring a minimum flow of about 50 cm s-* for survival, breed in the bedrock areas of
fast flowing water courses.

In December 1974 the United Nations Development Programme under the aegis of WHO
launched a 20-yr campaign for the control of the vector (Davies et al., 1978) and, being
difficult to repress the adult of Simulium, it was decided to treat the larval stages whose
distributions are limited to rapids.

The initial phase of the Onchocerciasis Control Programme (OCP) covers a vast area of
764,000 km? in which up to 18,000 km of rivers had been partly weekly sprayed with
insecticides selected according to the criteria reported in Lévéque (1989) and on account
of their efficacy against the larvae of the vector and their low toxicity for the non-target
fauna.

Obviously, such an extensive and prolonged use of insecticides could have important
environmental risks, therefore an aquatic monitoring programme as well as lab and on
field toxicity tests have been set up from 1974 to evaluate the possible short-and long-
term effects of the insecticides on the non-target fauna.

203



From 1975 to 1985 temephos (Abate®), chlorophoxim (two organophosphorous
compounds) and a biological insecticide, Bacillus thuringiensis var. israelensis [B.t. H-14]
(“Teknar”) had been the insecticides used. After these first 10 yr of treatment, the data
collected on aquatic insect larvae and on fish populations lead to review papers
demonstrating that “... the insecticides employed had little effect on the non-target fauna
(Lévéque et al., 1988; Yaméogo et al., 1988). Although the first application of temephos
and chlorphoxim had a fairly strong impact on invertebrate communities in the short
term, it would seem that these situations disappear fairly quickly after a year or less of
successive applications”.
From 1980, the appearing of certain forest cytotypes of the vector resistant to temephos
(Guillet et al., 1980) and to chlorphoxim by 1982 (Kurtak et al., 1982) forced the search of
new compounds and the implementation of a new treatment strategy based on the
rotational use of different insecticides. The new compounds were searched from groups
unlikely to produce cross-resistance and having different modes of action: permethrin
(pyrethroid), carbosulfan (carbamate), pyraclofos (organophosphorus compounds) and
vectron (pseudopyrethroid). To prevent Aies reinvasion, from 1989 the original
programme was expanded to 1,235,000 km? controlling about 50,000 km of rivers.
After the above-mentioned review papers that provided a comprehensive evaluation of
the first 10-yr monitoring of non-target aquatic fauna, the biological data collected
within a wide area till 1998 allow to face new questions arising from the implementation
of the OCP previously outlined.
Besides the main question addressed to the long-term changes of the invertebrate and
fish populations with respect to their taxonomic composition as well their trophic
structures, a better outlining of it is now possible:

I. the severity of each specific insecticide used during the programme,

II. the resistance of the communities to the induced stresses, and

III. their recovery capacity.

Analysing the invertebrate data collected in four countries during a period ranging from
1977 to 1996, this paper addresses the above questions.

With respect to the long-term changes of the invertebrate and fish populations it has to
be outlined that the observed patterns by the end of treatments represent an addition of
the effect of all the treatments. If such additive effect can bias the evaluation of the
biological effects of each specific treatment, however it can be considered a minor
problem in our case where the main question focuses on the overall biological effect of
the programme.

All the ecological activities, encompassing the application of biological monitoring
protocols, insecticides risk assessments and extensive impact evaluation studies, were
recently reviewed in a synthetic paper by Calamari et al. (1998).

2. Materials and methods

2.1. Biological data and sampling methods

The study addresses the analysis of the invertebrates collected in four rivers located in
West Africa during the time extents and within the sampling stations indicated in Table 1.
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The rivers are savannah type showing high discharges from July to November and a low-
water period from January to June, details on hydrological and physicochemical
characteristics of the main West African rivers are reported by litis and Lévéque (1982)
and by Moniod et al. (1977).

The biological data were collected from 1977 to 1996 after the larvicides application as
well as during suspension and pre-treatment periods; the insecticides applied are detailed
in Table 2 with the code adopted in this paper.

It is difficult to describe or to graphically show the overall treatment strategy but, to fully
understand the presented results, the following aspects have to be clarified. The different
larvicides were regularly applied during all the treatment period with a rotational
strategy to avoid the appearing of resistant forms and the compounds were selected and
applied according to the river flow. The biological samples were collected soon after the
insecticides application and during the suspension periods, that mainly took place during
the low-water season. In the first case the samples, other than to describe the “post-
treatment status” of the rivers, mainly represent the effect of the last applied compound;
thus, the insecticides labels are used to group the samples for the analyses as well as in
the graphs identify such “last” applied compounds.

Table 1. Location of the sampling stations and sampling periods

River Station Country Maximum sampling period

Maraoué | Entomokro |Ivory coast |December 1977 to February 1996

Pru Asubende |Ghana January 1980 to April 1995
Niandan | Sassambaya | Guinea December 1984 to April 1994
Kaba Outamba | Sierra Leone | March 1989 to April 1994

Table 2. Treatments for which biological samples had been collected

Code | Treatment

no Pre-treatment

su Suspension

bt Bacillus thuringiensis (B.t).

H-14)

ab [Temephos (Abate®)

ph | Phoxim

pe |Permethrin
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ch [cChlorophoxim

py |Pyraclofos

A relative elevate number of pre-treatment observations is available for Niandan (25) and
Pru rivers (17), on the contrary only 1 and 8 pre-treatment observations are available,
respectively, for Kaba and Maraoué rivers.

The organisms were sampled by means of Surber net and as day and night drifts. Details
of monitoring and sampling methods can be found in Lévéque et al. (1979) and Yaméogo
et al. (1991).

2.1.1. Drift samples

Drift nets, 2 m long, 20 x 20 cm of diameter and 300 um mesh size, were used to collect
the drifting organisms. Considering that the densities of the drifting organisms in natural
conditions are low during the daytime and maximum 1-2 h after the sun set, both these
two phases had been sampled. Three samples were taken 1% h before sunset (day drift)
and six samples 1% h after sunset (night drift), the sampling time was 10-30 min for
daytime drift and 3 min for night drift.

As the number of drift organisms is related to the volume of water filtered the data were
standardised expressing the number of individuais captured per m® of filtered water

(drift index).

2.1.2. Surber samples

The benthic invertebrates were collected in shallow riffles over rock substrate using a
modified 15 x 15 Surber sampler. The sampling stations were chosen because, being the
breeding sites of S. damnosum, these areas had been subjected to direct application of the
insecticides.

Five samples were normally taken for each site and the mean number of individuais as
well as the 95% confidence limits were calculated (Elliott and Décamps, 1973).

The three sampling strategies, Surber samples, day and night drifts, had been employed
in order to collect biological data showing different information. Night drift, which is
supposed to be mainly voluntary, reflects an active period while the number of the day
drift organisms is related to their health condition. Schematically, an increase in the
number of day drift organisms can be related to external factors stressing the
invertebrates, by contrast a high night drift could reflect an increased activity of the
benthic organisms.

As regards the use of the Surber net, this technique allows to sample, in a quantitative
way, the organisms living in specific river areas and for this reason the collected
organisms reflect the structure of the benthic communities, where this term indicate an
assemblage of interacting individuals sharing at the same time the same space. Obviously,
this concept of community is less applicable to the drift samples which represent
“collections” of organisms turning up from a wider area located upstream the sampling
sites.
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All the sampled individuais were classified according to their family levei and their
trophic role: predators, shredders, scrapers and filtering or gathering collectors, this
second classification method is based on the association between a limited set of feeding
adaptations found in freshwater invertebrates and their basic nutritional resource
categories (Cummins, 1973). To avoid the presence of rare taxa only the principal
systematic units belonging to the Ephemeroptera, Tricoptera and Chironomidae were
used for the analysis.

2.2. Numerical analysis methods

The invertebrate data collected in each river have been analysed independently,
distinguishing, for each river, the three techniques adopted: Surber net (named
invertebrate communities), day and night drifts (named invertebrate assemblages).

The numerical analyses strategy was selected in order to assess the long-term
invertebrate structure variations with respect to the pre-treatment periods as well as the
biological variation occurring during the suspension periods. The attention given to these
two situations - treatment and suspension - is justified by the fact that they allow the
evaluation of two main attributes of the biological communities, namely, the resistance
(the capabilities of contrasting stress factors) and the resilience (the recover capabilities
after a stress).

Since the invertebrates collected were classified with respect to their taxonomic leveis as
well as to their functional feeding group (trophic role), the analysis of the biological
variation was addressed to both these structural and functional attributes. Whereas the
first aspect concern, besides the faunistic interest over loss of global biodiversity, the
quality of the biomass available for the upper trophic leveis, the second one is related to
the stability of the energetic flows. On account of the invertebrate position in the first
levels of the river food webs, changes in this latter aspect can be an alert signal about
greater detrimental effects on the ecological characteristics of the whole river System.

Because the trophic structure is a property of the living organisms emerging at
community levei, only the Surber samples were used for the analysis of this biological
property.

On the basis of the results of preliminary data inspection (Crosa et al., 1998), the following
analysis techniques were applied:

+ Invertebrate taxonomic diversity. The non-parametric index utilised was the Shannon
heterogeneity index: H'=-Spi In(pi). The deviation of the Shannon index from the pre-
treatment situation was statistically tested by means of the Mann-Whitney U-test.

* Relative abundance of the functional groups. The relative abundance of the invertebrates
classified as functional groups was estimated for each treatment.

* Rank abundance models. This graph approach to the analysis of the biological structures
consists in a conventional form of presenting the importance of each taxon as abundance
(y-axis) with the different systematic units concerned arranged in rank-order along the
x-axis from the commonest to the rarest. The pattern of the line connecting the taxa of
each sample allows a visual inspection of the invertebrate structures: Sshaped curves are
related to high heterogeneity values, on the contrary high slopes indicate more
dominated taxonomic structures.

207



32

33

34

35

36

37

38

39

40

The comparison of the curves pattern facilitates the inspection of the changes that can
take place in the invertebrate structures during the different sampling periods.

In the graphs, the species abundance are represented by means of the median values
occurring during the pre-treatment, treatment and suspension periods.

* Multivariate analysis. Due to the linear response of the invertebrate abundance the
Principal Components Analysis (PCA) was preferred to the unimodal multivariate analysis
approaches (i.e., redundancy analysis). The PCA was applied to the log-transformed
abundance of the taxa collected by means of Surber net.

To avoid the biological variation due to the different environmental conditions of the
sampled rivers, outlined by a preliminary factorial analysis applied to an all rivers data
matrix, the invertebrates collected in each river were analysed independently.

3. Results

3.1. Invertebrate structures analysis

The results of the analyses of the invertebrate community structures are shown
according to the type of sampling method used to collect the organisms: Surber samples,
day and night drifts.

3.2. Surber samples

The gathering and filtering collectors were the most abundant trophic groups analysed in
the sampled comcommunities; the remaining three functional groups show a low
contribution to the overall invertebrate abundance and for this reason these guilds are
not illustrated in the graphs (Fig. 1). More in detail the pre-treatment samples show a
dominance of the gathering collectors in Pru, Niandan and Kaba rivers and a co-
dominance of the gathering and filtering collectors in the communities sampled in
Maraoué river.

With reference to the pre-treatment data, changes in the relative abundance of these two
collector guilds are noticeable during the insecticides application in all rivers but Pru.
These changes, that take place mainly during chlorophoxim, pyraclofos, phoxim and
permethrin treatments, are the resuit of the increase of the gathering collectors, related
to a decrease of the filtering collectors. A different variation occurs during B.t. treatments
in Niandan and Kaba rivers for which the gathering invertebrates decrease and the
filtering group increases.

Regarding the communities sampled during temephos treatments, no appreciable
changes occur in the guild structures with respect to the pre-treatment periods. A similar
absence of changes is outlined for the invertebrate functional structures identified during
the suspension periods; in these occasions the gathering and filtering collectors show
percentages similar to the pretreatment periods.

For the analysis of the diversity of the taxonomic invertebrate communities collected by
means of the Surber net during the pre-treatment, treatment and suspension periods, the
mean values of the Shannon heterogeneity index are shown in Fig. 2(a).
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The communities sampled in the Niandan river show the most noticeable reductions in
the taxonomie diversity during the treatment periods with the greatest changes
occurring after permethrin and phoxim treatments. During these periods the Shannon
index shows the lowest mean values. The communities sampled during the suspension
periods are characterised by lower heterogeneity values compared with the pre-
treatment ones.
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Fig. 1. Surber samples. Mean percentages of the functional groups sampled during the pre-treatment
periods (no), at the end of the different treatment periods (x-axis) and during suspension periods (su);
for the treatment code see Table 2. White bars gathering collectors, dark bars filtering collectors, the
remaining three functional groups are not illustrated in the graphs because of their very low
abundance.

Maraoué and Kaba rivers show appreciable reductions of the heterogeneity values only
for the communities sampled during chlorophoxim and pyraclofos treatments.

Regarding the comparison of the Shannon index calculated for the biological data
sampled during each treatment and those related to the pre-treatment situation, the
Mann Whitney U-test reveals statistically lower values (95% confidence range) during
temephos, B. t. and suspension periods for Niandan and during chlorophoxim for
Maraoué.

Fig. 2(b) shows the comparison of the taxonomic structures related to each treatment
period with respect to the pre-treatment ones by means of rank abundance models.

The greatest variations in the rank models occur in the Niandan and Kaba rivers for
which the total abundance and heterogeneity of the sampled communities were generally
reduced during the insecticides applications.

For these two rivers the ranking gradients with respect to the pre-treatment data can be
outlined as folfollows: B.t., temephos, pyraclofos, phoxim and permethrin; the models
related to the suspension periods are located in an intermediate position.

In Pru river, excluding the model related to the suspension period which shows the
highest heterogeneity, no differences are appreciable for the remaining models.

In Maraoué, only the community structure sampled during chlorophoxim treatment
shows a reduction both in heterogeneity and abundance.
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3.3. Day drift

The diversity indices calculated for the day drift invertebrate assemblages show patterns
similar to those detected for the Surber sampled communities: no changes appear in Pru
river, on the contrary, changes are evident for the invertebrates sampled in the
remaining three rivers (Fig. 3(a)).

With respect to the pre-treatment periods a clear decrease in the heterogeneity can be
shown for the assemblages collected during pyraclofos (Kaba; H' approximately from 2 to
0.7), permethrin (Niandan; H' approximately from 1.6 to 0.8) and, in less degree, during
temephos and chlorophoxim treatments. In all the sampled rivers the diversity indices
calculated for the invertebrates collected during B.t. treatments show values similar to
the pre-treatment ones. In the Niandan and Kaba rivers, for which the greatest variation
of the heterogeneity indices was measured, the structures of the invertebrate
assemblages collected during the suspension periods are characterised by low
heterogeneity values. The comparison of the heterogeneity indices between pre-
treatment and suspensions periods for the remaining two rivers points out no
differences. With reference to the pre-treatment period, the Mann Whitney U-test reveals
statistically lower values (P <0.05) during temephos, B.t. and suspension periods for
Niandan river and during temephos for Maraoué river.
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Fig. 2. Surber samples. (a) Mean values of the Shannon diversity index calculated for the invertebrate
communities sampled during the pre-treatment periods (no), at the end of the different treatment
periods and during suspension periods (su) (x-axis); for the treatment code see Table 2; (+) denotes a
significant (95% confidence range) deviation from the pre-treatment situation according to the Mann
Whitney U-test; id — insufficient data to apply the test; vertical bars designate 1 S.D. (b) Rank
abundance models showing the departure of the invertebrate communities structures sampled at the
end of the insecticides application from the pre-treatment condition (bold fines).
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The rank abundance models related to the day drift assemblages sampled during the
treatments periods in Kaba, Niandan and Pru rivers (Fig. 3(b)) show a small change in the
taxonomic structures from pre-treatment periods mainly due to a general decrease of the
taxa abundance; no differences in the structures are evident for the communities
sampled in Maraoué river.

3.4. Night drift

As for the day drift, the mean values of the diversity indices calculated (Fig. 4(a)) for the
night drift assemblages sampled in Pru river during the different treatments do not show
appreciable variations for that the mean values remain close to 1.6. This value points out
invertebrate assemblages characterised by a relatively high heterogeneity.
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Fig. 3. Day drift. (a) Mean values of the Shannon diversity index calculated for the invertebrate
communities sampled during the pretreatment periods (no), at the end of the different treatment
periods and during suspension periods (su) (x-axis); for the treatment code see Table 3. (+) denotes a
significant (95% confidence range) deviation from the pre-treatment situation aceording to the Mann
Whitney U-test; id — insufficient data to apply the test; vertical bars designate 1 S.D. (b) Rank
abundance models showing the departure of the invertebrate communities structures sampled at the
end of the insecticides application from the pre-treatment condition (bold fines).

For the remaining rivers the lowest diversity values of the invertebrate assemblages

occur in Niandan river during phoxim and permethrin applications.

According to the Mann Whitney U-test, significant difference from the pre-treatment
heterogeneity, approximately AH'= 0.4-0.5, is recognisable for the values related to B. t.
and temephos treatments in Maraoué river.

Regarding the rank abundance models related to the night drift illustrated in Fig. 4(b), a
general greater abundance of the systematic units can be outlined with respect to the
drift invertebrate assemblages collected during the day. Only the invertebrate structures
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sampled in Kaba and Niandan rivers present changes according to the different
treatments with the wider heterogeneity reductions related to the first river.

Similar structure, in dominance, pattern and abundance values, is evident for the
invertebrate assemblages sampled during the different treatment periods both in
Maraoué and Pru rivers.
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Fig. 4. Night drift. (@) Mean values of the Shannon diversity index calculated for the invertebrate
sampled during the pre-treatment periods (no), at the end of the different treatment periods and
during suspension periods (su) (x-axis); for the treatment code see Table 3. (+) denotes a significant
(95% confidence range) deviation from the pre-treatment situation according to the Mann Whitney U-
test; id — insufficient data to apply the test; vertical bars designate 1 S.D. (b) Rank abundance models
showing the departure of the invertebrate communities structures sampled at the end of the
insecticides application from the pre-treatment condition (bold lines).

3.5. Ordination

The results of the ordination analysis of the sampled invertebrate communities are
illustrated by means of functional graphs which consist in representing the sample co-
ordinates along with the sampling time (Figs 5-9).

For the description of the biological variation the first two components of the analysis
have been used; in Table 3 the percentages of variance accounted for each axis are
reported.

3.6. Niandan

The first PCA axis scores show a cyclic pattern with maximum values occurring
approximately every 6 1/2 months. This pattern is quite evident during 1988-1995 and
can be explained with reference to the periodic variation of the river discharges (Fig. 6).
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The co-ordinate scores show the maximum values after the rain season then, as the dry
season proceed, the values decrease and the following year the cycle repeats itself again.
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Fig. 5. Niandan. Functional graphical presentation of the first two axes PCA scores (after 45° axes
rotation). Arrows mark the end of the pre-treatment observations; white squares show biological data

collected during suspension periods.
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Fig. 6. Niandan. Functional graphical presentation of the first PCA axis scores after 45° axes rotation

(dotted line) and river flows (lower line). Only the treatments period is shown.
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Fig. 7. Maroué, functional graphical presentation of the first two axes PCA scores. Arrows mark the
end of the pre-treatment obobservations; white squares show biological data collected during
suspension periods.

This regular variation of the invertebrate communities is not altered by the different
treatments and the suspension period scores follow the cyclic pattern.

The second axis scores show a change of the taxonomic invertebrate structures occurring
at the beginning of the treatments (Fig. 5). This difference is mainly due to the reduction
of the relative abundance of the Tricorythidae, Leptoceridae and Chironomini. It has to be
noted that these changes are mainly related to a decrease of the scores variation that is
quite wide during the pre-treatment period. During the treatments no further patterns
are evident and the sample scores of the suspension periods still show low values.

3.7. Maraoué

In Fig. 7, the first and second axes scores plotted along with the sampling time show no
evident long-term trends or differences with respect to the pre-treatment scores. The
invertebrate taxonomic structures show cyclic variation non-altered by the different
insecticides applied during the investigated period.

The second axis scores, positively correlated to Tricorythidae and Baetidae and
negatively to Orthocladiinae, describe a reduction in the abundance of the first two
systematic units associated to the increase of the third one as the treatments take place.
The decrease of the second axis scores occurring at the beginning of the treatments
disappears after 5 yr.
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3.8. Kaba

Although the unique pre-treatment observation does not allow a significant
interpretation of the changes of the treated communities (Fig. 8), an increase of the first
component scores does occur at the end the treatment period. The second component
scores do not resuit structured along with the sampling time.
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Fig. 8. Kaba, Functional graphical presentation of the first two axes PCA scores. In both graphs only
the first point is a pre-treatment observation; white squares show biological data collected during
suspension periods.
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|

11/08/87

Axis 1| Axis 2 | Axis 3 | Axis 4
Maraoué | 38 18 11 9
Pru 40 15 12 10
Niandan |43 22 11 8
Kaba 52 16 11 7
3.9. Pru

The sample co-ordinates do not show changes as the treatments take place and no long-
term variations resuit structured along with the sampling time (Fig. 9). With reference to
the first component, it has to be noted that the wide variation of the suspension period

scores at the end of the studied period.
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4. Discussion

4.1. Comments on the invertebrate communities and assemblage
structures

The results of the analyses allow the following general considerations:

« Although no absolute reference values exist for the Shannon index (in theory this index
can increase to infinite but common values range between 1.5 and 3.5), the heterogeneity
values and the rank-abundance models calculated during the pre-treatments periods are
compatible with non-altered invertebrate communities.

« The most informative invertebrate collections were those related to the Surber samples.
These allow a detailed examination of the community changes in terms of both
taxonomic and functional structures.

With regard to the drift, the one collected during the night provides slightly better data
for the analysis of the invertebrate structures than the day drift.

* Pru river shows the lowest changes of the invertebrate structures sampled during the
different treatments, the greatest changes occur for the invertebrates collected in
Niandan and Kaba rivers.

+ Some of the insecticides show different efifects on the invertebrate structures
depending on the river in which they are applied. For example, the diversity of the
invertebrate assemblages collected in Niandan river was greatly reduced by phoxim, but
no effect is recognisable during the same treatment in Pru river.

A different response also occurs in relation to the type of invertebrate collection
analysed: during temephos treatment in Kaba river, a reduction of the heterogeneity
indices is detectable only for the day drift assemblages but no or very little changes are
shown for the night drift assemblages or for the invertebrate communities sampled by
means of Surber net. These differences can be partially explained with the different
selective capture of the taxonomic units by the different sampling techniques applied.

« Irrespective of the above-mentioned differences, the greatest reduction in the
heterogeneity and abundance values of the invertebrate assemblages occur during
phoxim, permethrin and pyraclofos treatments.

« During the suspension periods, the invertebrate communities and assemblages do not
show structures similar to the ones typical of the pre-treatment periods for that the
diversity values and the rank models present more or less evident differences. This
suggests that, although the invertebrates show a recover trend, the time for this to be
completed strongly depends on the treatments that take place before the suspension
periods.

4.2. Comments on the PCA

The results of the PCA allow the following general considerations.

For all the investigated rivers, the component scores related to the suspension samples
follow the cyclic pattern defined by all the scores that suggest a seasonal, flow-related
variation of the invertebrate community structures. This is particularly evident for the
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rivers showing cyclic variation of their samples’scores as Niandan (first axis in Figs. 5 and
6) or Maraoué (both axes in Fig. 7). In these situations the suspension samples are not
altered by the treatments. Only for Niandan river the second axis scores clearly point out
a relevant change in the community taxonomie structures occurring as the treatments
took place and persisting during the suspension periods.

No changes are evident for Pru river, while for Kaba river the unique pre-treatment
sample does not allow an evaluation of the taxonomie variations that take place during
the treatment periods.

5. Conclusions

For the data analysis we faced different difficulties, among the sources of bias that can
introduce additive variation to the biological data due to the natural environmental
differences of the treated rivers and to the human factors, the following problems resuit
more specific of the sampling protocol adopted:

* A natural factor that can bias the biological data collected can be identified in the
different hydraulic conditions occurring during the treatments. Actually, the operational
use of insecticides was set up according to the discharges of the river to be treated, for
example, during low discharges (up to 1 m? s-) only B.t. was applied and above 450 m? s
only permethrin resulted appropriate. Because it is reasonable to assume that the drift
and the benthic organisms react to the changing hydraulic conditions, this correspondent
between discharges and treatment makes less comparable the biological data.

« For some rivers, the number of pre-treatment samples is not sufficient in defining the
invertebrate taxonomic and functional structures as well as the natural biological
variation occurring before the treatment campaigns. Obviously, this makes more difficult
the judgement of the biological changes induced by the treatment and, as the underlying
abiotic and biotic processes and functions of running waters are still largely unknown in
subtropics rivers, this insufficiency in reference data becomes a more serious problem in
the investigated areas.

» The rivers were differently treated with a rotational use of the insecticides. This cyclic
sequence leads to difficulties in interpreting the biological data collected during specific
periods because of the additional effects related to “what happend before”. This is clearly
the case of the suspension periods during which the invertebrate recovery tendency is
related to the severity of the stresses taking place during the past treatments.

Since it is difficult to compare many graphs of taxa abundance against time, for the
functional graphical presentation of the sample co-ordinates an appropriate technique
has been revealed that it allows, for each sample, the inspection of the changes of the
invertebrate structures with reference to the remaining ones in a single scatterplot, at
the same time making it easy to relate each sample to the corresponding period.

« Biological data often show outlier values that can bias the statistical analyses being, in
most cases, related to factors extemal than those in study. Usually a great number of
replicates can smooth their effects but in the specific study for operational constrains the
number of replicates is limited.

« The number of invertebrate collection replicates is not enough to show the distribution
of the parent distributions sampled and this prevenis from applying parametric test for
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the comparison of the samples. This is a common problem in the sampling programmes
encompassing wide temporal or spatial extents in which the logistic difficulties constrain
the field Works.

This forces the use of descriptive methods, like the rank abundance models, and
quantitative ones, like the non-parametric Shannon diversity index and the PCA, to show
and measure the biological variation without reference to the statistical descriptors of
the data.

» The effects of each treatment on the biota are river specific, for example, the faunistic
changes that occur during pyraclofos and B.t. treatments are greater in the Kaba river
than in Maraoué river. The greater induced stress detected in Kaba river is partially
explainable because of its pristine environmental condition compared to those of
Maraoué for which a number of stressing factors are recognisable.

This example outlines the importance of considering the different anthropogenic
pressures that have been taking place, with different time, in the treated rivers.
Obviously, the induced stresses on the non-target fauna are less noticeable in those rivers
in which the biological communities are altered because of extemal factors.

Finally, it has to be outlined that the analysis strategy employed allows itself to face the
possible source of bias included in the biological data collected.

Considering that no unique standard analysis procedures are available for answering the
question addressed in this paper or, more in general, in the longterm impact assessment
studies, different numerical analyses are necessary to corroborate a comprehensive
evaluation of the biological data.

Regarding the results of the analyses applied to the biological data collected during the
20-yr monitoring programme a first synthesis can be shown for the response leveis of the
four sampled rivers. Niandan river presents the most relevant changes in the
invertebrate taxonomie and functional structures. Pru river shows the lowest biological
variation; Kaba and Maraoué rivers are located in an intermediate levei with the wider
biological variation limited, respectively, during pyraclofos and chlorophoxim
treatments. For these two rivers it has to be noted that the low amount of pretreatment
observations does not allow a significant comparison of the biological variation that takes
place during the treatment periods.

This synthesis is corroborated by the high similarity of the results obtained with all the
analyses applied both to the taxonomie as well as to the functional classifications of the
invertebrates.

The most informative data collections for the above conclusions can be identified in the
Surber samples.

Regarding the leveis of the stressing factors induced on the aquatic fauna by the different
treatments, the lowest have been revealed for temephos and B.t., the highest for the
remaining insecticides.

A tentative of classifying the applied insecticides on the basis of the stresses induced on
the invertebrate communities can be drawn from the results of the taxonomic and
functional structure analyses applied to the Surber samples, the gradient, ranking from
low to high stress, results: temephos, B.t., chlorophoxim, permethrin, pyraclofos and
phoxim.
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From a trophic point of view all the communities are dominated by the gathering
collectors and, to a less extent, by the filtering collectors; the abundance of these feeding
groups is a direct evidence of the availability of fine particulate organic matter (FPOM)
that characterise the food resources within the studied rivers.

This dominated structure tends to increase with the application of all insecticides but the
B.t. During this biological treatment the two guilds show the highest evenness.

The similar trophic structures shown by the communities sampled during the suspension
periods with respect to the pre-treatment ones, as well as the changes occurring after the
insecticide treatments, have to be positively considered, because they demonstrate the
recovery potential of the guild structures analysed.

In conclusion the data analyses demonstrate community levei effects of the insecticides
applied during the OCP on the invertebrate fauna as well as the maintaining of their flow-
related cyclic variation. This second aspect is encouraging and, though we did not discuss
population levei data of different species so that no concluding remark is possible with
respect to biodiversity, it can be concluded that the taxonomic and functional biological
structures examined are not greatly altered from the range of biological variation that
would normally occur in these river Systems. In the natural situation these river
invertebrate communities would rarely be in equilibrium (constant in taxonomic and
trophic composition) because of the natural driving forces, like drought and spate events,
which would occur with great frequency and regularity. When these factors, the high
priority of the human health protection objective of the programme and the criteria
indicated within the mandate of the ecological group: “temporary and seasonal variation
in invertebrate populations other then Simulium could be accepted” are taken into
consideration, the biological variations previously discussed can be considered
ecologically acceptable. Finally, it has to be considered that the programme succeeds in
protecting 30 million people from onchocercal disease and it is estimated that none of the
9 million children that has been born within the OCP area since operation began has ever
run the risk of contracting onchocercal blindness (Samba, 1994).
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ABSTRACTS

For the control of the Onchocerca volvulus vector in West Africa, up to 18,000 km of rivers from
1975 and up to 50,000 km from 1989 had been partly sprayed weekly with insecticides as part of
the Onchocerciasis Control Programme (OCP). To evaluate the possible short-term and long-term
effects of the application of insecticides on the nontarget fauna, an aquatic monitoring
programme was set up during the initial phase of the programme. By analysing the in vertebrate
data, which were collected using various sampling strategies from four different countries
between 1977 and 1996, this paper evaluates the long-term changes of the invertebrate
populations with respect to their taxonomic composition as well as their trophic structures. The
discussed results of the applied numerical analysis strategy suggest that neither the taxonomic
nor the trophic structures are greatly altered from the range of biological, flow-related variation
that normally occurs in the studied river Systems. This allows us to conclude that the biological
variation found here is ecologically acceptable. © 2001 Elsevier Science Ltd. All rights reserved.
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Chapter 9. The Fish Monitoring
Programme of the Onchocerciasis
Control Programme in West Africa:
a Model for Fish and Fisheries
Preservation in the Face of
Development

E.K. Abban, L. Yaméogo, D. Paugy, K. Traoré, M.E. Diop and E.M. Samba

9.1 Introduction

Human onchocerciasis, or river blindness, is a filarial disease caused by Onchocerca
volvulus which, in West Africa, is transmitted by the adult female of the blackfly, Simulium
damnosum s.l. (Zimmerman et al, 1992). It was common mainly along the fertile valleys of
the watercourses and was not only a major public health problem but also an obstacle to
the socioeconomic development of the infested areas.

In 1974, the concern of the governments of seven of the most affected countries in West
Africa (Benin, Burkina Faso, Céte d’Ivoire, Ghana, Niger, Mali and Togo), supported by the
World Health Organization (WHO), the United Nations Development Programme (UNDP),
the Food and Agriculture Organization of the United Nations (FAO), the World Bank and
many donor countries and institutions, culminated in the launching of the Onchocerciasis
Control Programme (OCP) (WHO, 1985). Following requests for membership made by four
other countries in the sub-region (Guinea, Guinea-Bissau, Senegal and Sierra Leone), the
Onchocerciasis Control Programme in West Africa has since 1984 involved 11 countries
and has now been effectively controlling the reinvasion of the original area by exogenous
blackflies.
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The principal objective of the OCP has always been to reduce the incidence of the disease
to a level at which it will no longer be a major public health problem or an obstacle to
socioeconomic development. Because of the absence of an effective drug for mass
treatment of infected humans, it was decided to apply larvicides on the fast-flowing
sections of the watercourses where the aquatic larval stages of the vector develop. The
very short larval life of the blackfly led to the choosing of weekly larvicide applications to
eliminate transmission of the filarial worm by the blackflies.

It was also emphasized that this larviciding would need to last for 20 years (WHO, 1969;
Davies et al.,, 1978) to permit Virtual elimination of 0. volvulus from the human population.
With such an expanse of aquatic environment to be exposed to regular larviciding, the
concerns of the participating countries and the donors were as numerous as they were
diverse. Therefore, the sponsoring agencies instituted several checks at different stages
of its operations. Principally, these included the criteria for selecting insecticides for
operational use (Lévéque et al.,. 1979;Yaméogo et al, 1991a), the process of identifying
which of the approved larvicides would be used in a particular week’s treatment (Guillet,
1991; Hougard et al., 1993) and the long-term monitoring of aquatic fauna (Dejoux, 1980;
Lévéque et al, 1979, 1988; Paugy, 1983; Yaméogo et al, 1988; Yaméogo et al, 1991b; Hugueny,
1992; Yaméogo, 1994).

This chapter presents an overview of the current status of the fish monitoring
component, its objectives, rationale, methodologies and results in order to show the role
that different factors could play in the modification of the structure and composition of
the fish populations.

9.2 The fish monitoring programme and practice
9.2.1 Basics

The concepts and issues considered in evolving the fish monitoring programme and
protocol prior to the commencement of the OCP larviciding have remained valid till now.
Lévéque et al (1979) outlined the issues and established the programme and protocol
within two years of practice. However, the programme has been dynamic and
refinements and standardization have continued as a consequence of accumulated data
and a better understanding of the ecosystems involved. For example, Paugy (1983) made a
comprehensive review of aspects of the monitoring practice and interpretation of data.
However, the primary objectives of the monitoring have remained valid after 20 years of
OCP operations. These briefly are:

1. To detect any indications of any long-term effect of larviciding on fish populations and
communities, and thus provide warning to larvicidal activities of the OCP, should any
adverse effect be noted

2. To assure all concerned that care was being taken not to unduly interfere with fisheries of

the rivers as they form a major economic activity base for several communities in the OCP
area

The rationale behind the objectives, as indicated by Lévéque et al (1979). and Lévéque
(1989), are that long-term exposure of fish populations to even sub-lethal concentrations
of insecticides could physiologically influence the life cycles of populations or affect eggs
and juveniles. In either or both cases, fish abundance would be expected to decrease in
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the long term. This could be for the whole fish community or particular species. Secondly,
it could be possible that larviciding may affect the food chain of fish, leading to reduction.
Such a situation could, in the long term, be observable by a change in the ‘condition’ of
species affected (Lévéque, 1989; Yaméogo et al, 1993a). It is for the above reasons that,
with particular reference to fish, one of the criteria for the selection of a larvicide for
operational use has been that the larvicide, at the operational dosage, should heve no
direct or indirect impact on the life cycle or activities of fish (Lévéque et al, 1979;
Lévéque, 1989; Hougard et al.,, 1993).

9.2.2 Manpower

For reliable data collection over the OCP area, appropriate human resources had to be
available. Initially, the fish monitoring exercise was undertaken by two institutions: an
ORSTOM hydrobiological laboratory in Bouaké, Cote d’Ivoire, and the Institute of Aquatic
Biology, in Ghana. Over the years, the two institutions, with great assistance from the
OCP, have provided training grounds for personnel from all programme countries to
constitute national monitoring teams. The national teams continue to expand their
knowledge through the OCP by mutual interactions and exposure to international
experts. A group of international experts, constituting an independent ‘Ecological Group’
meets every year to evaluate the results of the national hydrobiology teams and advises
the OCP on monitoring procedures and on safe insecticide screening and use (Cummins,
1985).

9.2.3 Selection of stations

The locations of the sites which have been used as regular monitoring stations are shown
in Fig. 9.1. The major criteria for their selection were: accessibility all year round,
suitability for the deployment of sampling gear and availability of hydrological data
(Lévéque et al, 1979; Lévéque, 1989). While theoretical suitability of a site was based on
map location, practical knowledge of stations was considered for their selection.

9.2.4 Sampling methods

Details of the methods used for OCP fish monitoring have been described by previous
authors (WHO, 1976, Paugy, 1983).

A basic fish sample for OCP fish monitoring consists of fish caught in a standard battery of
gill nets. Initially the battery consisted of five mesh sizes, 15, 20, 25, 30 and 40 mm).
During the late 1980s, these were augmented to include three more mesh sizes (12.5, 17.5
and 22.5 mm). Each net has a surface area of 50 m? (2 m deep and 25 m long).

Usually a sample is the catch made by deploying two batteries of nets for two consecutive
nights. For comparison and standardization, results are expressed as number of fish
caught per 100 m? of gill net per night or catch per unit effort (CPUE). Standard data
sheets are available to all teams to record CPUEs per mesh size of net, per species and a
cumulative CPUE per sample at a station.

After individual identification, the length and weight of fish are measured as well as
sexing and determination of gonad stage. Other biological parameters of individual
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FIg. 9.1 The Onchocerciasis Control Programme in West Africa as accepted by the Joint Programme
Committee (JPC) in 1984. Location of the fish monitoring sites as at 31 December 1993. (Key to
monitoring stations: 1 = Léraba-bridge/Léraba; 2 = Gansé/comoé; 3 = Niaka/White Bandama; 11 =
Sabari/Oti; 20 = Asubende/Pru; 60 = Boussoulé/Milo; 63 = Mandiana/Sankarani; 68 = Baranama/Dion;
72 = Matotoka/Pampana; 79 = Magburaka/Seli.)

species such as the coefficient of ‘condition’ factor of species, gonadosomatic index of
fish, length at first maturity and fecundity are also estimated from the sample. The
estimation of the ‘condition’ of species is a basic requirement from all monitoring teams.
This is because the ‘condition’ (K) is a mathematical expression of the wellbeing of a fish.
The factor is thus used to assess the ecological suitability of an environment to fish. With
reference to OCP larviciding therefore, it is paramount to follow the ‘condition’ of species
as a summary assessment of the influence of environmental conditions on fish. Data
obtained in the field are recorded on standard designed forms and sent to the OCP
headquarters in Ouagadougou, Burkina Faso, where they are fed into a computer for later
analysis.

In addition to data collected by the regular monitoring, it was realized at the beginning of
the programme that scientific information on fish and their biology in the OCP area was
generally limited. Therefore specific special studies were and are still made to provide
background information to and aid the interpretation of the monitoring results. These
have included studies on the short-term effects of various larvicides on fish, feeding
habits, fecundity and biology of specific species (e.g. Paugy, 1978, 1980; de Merona, 1981;
Abban and Samman, 1982; Albaret, 1982; Antwi, 1983; Antwi, 1987; Yaméogo et al., 1991c,
1993a, 1993b).

9.2.5 Sampling frequency

The concept at the beginning of the programme was that the sampling had to be
sufficiently frequent to make it likely to differentiate between natural and artificially
induced changes in the fish populations. Thus, basically, a monthly sequence was
established for all stations (Lévéque et al., 1979).
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Since 1985, sampling frequency for basic OCP monitoring data at most of the operational
stations has been reduced to once every two months. The number of sampling sites has
also been reduced, justified by accumulated data on stations, comparability of
geographically close stations, expansion of programme area and resource availability.

9.2.6 Hydrological regime

In the whole OCP area, hydrology of most of the rivers is mainly characterized by a flood
period from July-August to October-November with a peak in September, and a low-water
period from January to June. The flood period is correlated mainly with high turbidity
and conductivity values, with a decrease in pH values.

The discharges of the savanna rivers in the original programme area indicated low values
from 1975 to 1978 (Niaka on White Bandama) and from 1982 to 1984-85 (Niaka on White
Bandama and Oti at Sabari), periods which corresponded to the drought (Fig. 9.2). In
tropical conditions, water volume is a limiting factor of production compared with
temperate zones where temperature is the limiting factor. Welcomme (1985) showed that
fish reproduction tends to be highly seasonal and correlated primarily with flood. 1t is
therefore assumed that poor flood years will be followed by poor recruitment and then
poor catches by gill nets.

9.3 Results and discussion

The data which will be analysed here are those recorded by the national hydrobiology
teams which work under contracts signed with the OCP programme.

9.3.1 Fish species richness

At most of the monitoring sites, the number of fish species caught shows seasonal
fluctuations with a maximum at low-water periods. These periods correspond to the
maximum efficiency of the gill nets. All rivers show no evidence of a reduction in species
richness (Fig. 9.3) after almost 20 years of larviciding in the original area of the
programme and some seven years of larviciding in Guinea. Lévéque et al. (1988) reached
the same conclusions after ten years of larviciding with Abate®, Chlorphoxim and Bacillus
thuringiensis H-14. The same authors suggested that the total number of species could
mask changes in species composition. However, results from all rivers did not show
disappearance of species after 20 years of larviciding.
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FIg. 9.2 Trend in discharge for some of the monitoring sites studied in this chapter.

9.3.2 Species composition

The data collected since the beginning of the monitoring make it possible to affirm that
not all the stations are located in the same ecological zones or watercourses. The species
composition and representative species therefore differ from one site to another (Fig. 9.4)
but, on the stations covered by this report, Petrocephalus bovei,
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monitoring period.

Brycinus macrolepidotus, B. nurse, Schilbe intermedius and Synodontis schall are the species
which are encountered in most of the catches. Brycinus leuciscus and Chrysichthys auratus
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are virtually absent from Niaka on the White Bandama and Lérababridge on the Léraba
while they are represented at the other stations.
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FIg. 9.4 Frequency of experimental catches of the principal species caught in gill nets at different
monitoring stations.

9.3.3 Fish abundance in experimental catches

In the short term, the catches per unit effort (CPUEs) of fishing could be affected by the
use of larvicides, the duration of the effect being dependent on the discharge and the
nature and/or dosage of the larvicide (Abban and Samman, 1982; Yamégo et al., 1993). It
has been observed, just as for the richness, that the maximum CPUEs are recorded at the
end of the high-water period (November to January).

Considering the experimental catches made at different monitoring stations and
expressed as the mean CPUE for the standardized set of gill nets (Fig. 9.5), two
phenomena are noted:
1. A seasonal pattern with higher catches at the flood subsidence and lower catches during the
high-water period

2. In the long term, the catches indicate some fluctuations but the mean remains quite stable
in most of the cases (Oti at Sabari, Pru at Asubende and Sankarani at Mandiana), a slight
decrease is observed in the Léraba at Léraba-bridge and on the White Bandama at Niaka

The fluctuations in the abundance of fish in the rivers are related mainly to the
hydrologic regime (Lévéque and Herbinet, 1980; Abban et al., 1982; Lévéque et al, 1988). In
recent years, the great pressure exerted by fishermen, who are increasingly using fishing
gears that are not very selective, has contributed to the impoverishment of the
watercourses. In fact, at Léraba-bridge, where the number of inhabitants increased from
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zero in 1980 to 400 in 1993, the catches are less good (CPUE = 1482 g) than at 12 km
downstream (CPUE = 7414 g) where there is still no village.

As regards catch composition, the data collected for almost 20 years do not indicate any
disappearance of species. On the other hand, a dynamics of the fish, which is difficult to
interpret, has been noted. The case of the species Schilbe intermedius, in the upper basin of
the Léraba, is an illustration: after the start of the anti-blackfly control operations in
1975, this species decreased and, in 1978, disappeared from the catches (Fig. 9.6). This was
thought to be the result of the temephos sprayings. However, while the programme
activities had remained unchanged, in 1979 this species reappeared in abundance. A
similar observation was made on the same species in the River Pru, Ghana, prior to the
commencement of its treatment. Alestes baremoze presented a similar problem on the
Bandama (Paugy, 1978). In these cases, it was observed that the population returned to
their initial level when the hydrological regime became ‘normal’ after a period of
disruption due to drought.

9.3.4 Coefficient of condition

Estimates generally show relative stability in the ‘condition’ (corpulence) of the principal
fish species (Fig. 9.7). However, the values for individual species fluctuate around means
which do not seem to have been appreciably altered over the years. The above suggest the
availability of sufficient food and no alteration in the feeding habits of fish, both of which
could be affected by the presence of ‘excessive’ amounts of insecticides (Abban and
Samman, 1982). The fluctuations observed seem to be attributable to the influence of the
reproductive cycle of the fish as well as the ecological effect of flood regimes (Paugy, 1978
and 1980; Lévéque and Herbinet, 1980; Lévéque et al., 1988; Abban et al., 1993). There is
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thus no evidence of a long-term modification in the ‘wellbeing’ of fish attributable to OCP

larviciding.
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FIg. 9.6 Trend in catches per unit effort of Schilbe intermedius at Léraba-bridge/Léraba.

9.3.5 Special and one-off studies

Studies on a one-off basis are conducted on the biology of fish (especially feeding habits
and brain cholinesterase activity of fish species) to ensure that there is no evidence of a
strong impact of larvicides on these parameters.

As regards the food of fish, analysis of the stomach contents of different species from
treated and untreated rivers did not provide evidence of an influence of larviciding on
fish food (Vidy, 1976). For insectivorous species, this situation is attributed to the
recolonization by entomic fauna of the treated sections of the rivers from untreated
segments and tributaries (Yaméogo et al., 1993a). Also, the capability of most of the fish
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species to adjust their feeding habits to new conditions was considered an important
factor.

Toxicity of organophosphorus compounds is due mainly to their effect on the brain
cholinesterase activity (Lévéque, 1989). Antwi (1985) found no inhibition effect in the
brain AChE activity of fish (Brycinus nurse, Schilbe mystus and Tilapia spp.) in rivers treated
for many years. However, caged Tilapia zillii showed a 20% reduction in the brain AChE
activity five hours after Chlorphoxim treatment.

These studies indicate therefore that there is no evidence of a long-term impact of
larviciding on the biology of fish in the watercourses treated by the programme.

9.4 Conclusion

The biological monitoring programme developed and instituted by the OCP gives an
overview of fish populations in the rivers affected by the larviciding activities. After
almost 20 years of monitoring, the results show that apart from the larviciding, other
different factors (hydrological regime, human activities) have to be taken into
consideration in order to understand the situation.

In fact, there has been no evidence of fish mortalities due to the use of blackfly larvicides
at operational doses but fluctuations are observed in the abundance and richness of fish
attributable to hydrological conditions and to the pressure exerted by- local fishermen.
As regards the condition of principal fish species, slight variations around a raean which
remained quite stable have been observed, indicating the availability of food for the fish
despite the use of different larvicides to control blackfly larvae. It is concluded therefore
that the impact of human activities and that of drought seem to have more adverse
effects on fish populations than that of the OCP’s larviciding.

Petrocepholus dovei Chrysicthys auratus at Mandiana
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Fig. 9.7 Changes in the condition of the principal fish species at different monitoring stations.
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Effects of Aerial Spraying of
Chlorphoxim on the Brain
Acetylcholinesterase Activity of Fish
from Three Rivers in the Ivory
Coast, West Africa

L. A. K. Antwi

INTRODUCTION

Since 1974, rivers in the Volta River Basin of West Africa have been treated with
temephos (0, 0, 0', 0'-tetramethyl-0, 0'-thiodiphenylene phosphorothioate) to kill larvae
of the Simulium damnosum complex, the vectors of river blindness (onchocerciasis), in
connection with the ongoing Onchocerciasis Control Programme (OCP). However, from
May 1980, it was detected that two forest species of the S. damnosum complex (S.
sanctipauli and S. soubrense) had developed resistance to temephos on the lower Bandama
river in the Ivory Coast (OCP, 1981). Later in the year, temephos resistance was observed
on the rivers Marahoué and N’zi. These unexpected developments necessitated replacing
temephos treatment of the three rivers with a series of weekly chlorphoxim (0, O-
diethyl-2-chloro-a-cyanobenzylidene amino-oxyphosphonothioate) treatments, which
began in October 1980.

Toxicity of chlorphoxim to African fish species has not been studied extensively, but
Galleta (1968) had reported the 24 h LC, of chlorphoxim to Gambusia affinis to be 2 mg
litre* while the 24h laboratory tests with 0.10 mg litre and 1.0 mg litre chlorphoxim on
black bullhead gave mortalities of 10% and 80%, respectively (Anon., 1967). These studies
did indicate that chlorphoxim might be more toxic to fish than temephos. Again, at the
beginning of the OCP operations in 1974, some concern was expressed over the possible
harmful effect such large-scale application of insecticide would have on the riverine
fishery (Asibey, 1975, 1977). There was therefore a need to monitor closely the effect of
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the chlorphoxim treatment on the fish species in the treated rivers. This paper reports
one such study on fish from the rivers Marahoué, N’zi and Bandama in the Ivory Coast,
which have all been treated with chlorphoxim.

MATERIALS AND METHODS

Description of the study area

The Marahoué and N’zi rivers are tributaries of the river Bandama and all flow from
north to south. Details of the hydrology and the physicochemical characteristics of the
rivers have been given by Iltis & Lévéque (1982). At Danangoro on the river Marahoué,
where the cage experiment was carried out (see below), the breeding site of the blackfly
Simulium damnosum s.1. is an expanded section of the river containing huge rocks (Fig. 1).
At the time of the river treatment, the water level was high and the river flow fast,
forming small rapids on the rocks.

Fish collection

Three commercial fish species, Tilapia galilaea, Tilapia zilli and Alestes nurse, were randomly
caught daily for one week with a cast net from the treated rivers—the Marahoué at
Danangoro, the N’zi at Dabakala and the Bandama at Marabadiasa—and from the
untreated river Kadioni, which was used as the control.

S. domnosum s.1.
Breeding Site

Position of Fish Coges
in the River

FIg. 1. Expanded section of river Marahoué at Danangoro.
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Cage experiment with Tilapia zilli in the river Marahoué

To study the immediate impact of aerial applications of chlorphoxim to rivers on the fish
brain acetylcholinesterase activity, a cage experiment was carried out using T. zilli in the
river Marahoué during one of its weekly aerial sprayings with chlorphoxim.

On the day of the river treatment, T. zilli were obtained with a cast net from an untreated
barrage at Loka near Bouaké. The fish were transported live in plastic bags filled with
aerated water to the riverside, where they were divided into groups according to size and
distributed among two 52 x 52 x 52cm cages, each holding about 10 fish ranging from 8 to
12 cm in length. A set of 10 fish was taken for the control measurement. The cages were
next placed in the river at a point below the breeding/treatment site (Fig. 1) 2 h before
treatment. At about 1200 h the larvicide was applied by the OCP team as part of their
routine treatment of the river from a helicopter at a point about 200 m upstream of the S.
damnosum s.l. breeding site. According to an OCP estimate, the concentration of the
larvicide at the breeding site of the blackfly was 0 05 mg litre™! for 10 min of river
discharge (Davies et al., 1978).

The first cage was removed from the river 2 h after spraying and the second cage was
removed after 5 h. The fish in each cage were placed in a polythene bag, labelled and
placed in an ice-box for transportation to the laboratory for enzyme analysis.

Acetylcholinesterase activity measurement

The colorimetric method of Ellman et al. (1961) was used to measure the
acetylcholinesterase activity.

Each fish was decapitated and the operculum removed. The fish head alone was weighed
and homogenised using a Potter-Elvehjin homogeniser in a 0 1 M phosphate buffer
solution (pH 7 0) so as to make a 10% solution. The fish homogenate solution was next
diluted with the phosphate buffer to make a 0 1% solution, 4 0 ml of which was measured
into a photometric cuvette, and 0 1 ml dithiobisnitrobenzoic acid (DTNB) solution added
and thoroughly mixed. The spectrophotometric zero was set with this solution, after
which 0 1 ml acetylthiocholine (ASCh) solution (0 2 M) was added. Immediately after
mixing, the rate of the yellow colour production was followed by measuring the
absorbance (A) at 412nm every 30s for 120s using a Coleman 295 spectrophotometer.
Duplicate measurements were made on each fish homogenate. At the end of each
measurement, 0 004 ml anticholinesterase solution was added to check for any non-
enzymatic hydrolysis. No increase in the yellow colour was recorded after the addition of
the anticholinesterase solution, indicating that there was no other hydrolysis than that
due to the acetylcholinesterase.

Change of absorbance per minute (AA min~? was calculated and the rates converted to
absolute units using the formula:

umol ASCh min~! g! fish head wt
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Total vol. solution in cuvette (rpl)
Val. of homogenate solution taken (ml)
1:36 x 10* x 10°
R
% homogenate

AAmin~! x

% 10 x head wt (g)

where 1.36 x1% = extinction coefficient of DTNB,'% = conversion of mol litre~! to mol ml-!,
and 10° = conversion of mol ASCh min g head weight to umol ASCh min g* head
weight. The measurements were made at a room temperature of 25-30°C.

RESULTS AND DISCUSSION

The results of the AChE activity measurements are summarised in Tables 1 and 2. The
enzyme activities are expressed as umol acetylthiocholine (ASCh) hydrolysed per minute
per gram fish head weight. Student’s t-test (p = 0 5) was used to compare the enzyme
activity of.the fish from the treated rivers with their respective Controls.

Table 1 shows that the brain AChE activity of the caged T. zilli was significantly reduced by
16.32% after 2 h (p <0.05) of the river treatment and by 19.06% after 5 h (p <0.05). These
results indicate that during the river treatment with chlorphoxim the larvicide induces a
significant reduction in the brain acetylcholinesterase activity of fish present in the river
water just below the S. damnosum s.l. breeding site. Near the point of the chlorphoxim
release, the level of enzyme inhibition would be greater than the observed 20% because of
the higher larvicide concentration.

TABLE 1. Acetylcholinesterase (AChE) Activity of Caged Tilapia zilli Kept in the River Marahoué
During Chlorphoxim Treatment

No. of fish Exposure Fish head Total ACKE %

analysed time weight activity tn inhibition
(h) (2) pmol ASChmin~'g="
(mean + SD) head weight
(mcan + SD)
Experiment A 10 2 2794 120 1686 =405 16:32
Experiment B 12 5 276+ 118 1631 £534 19-06
Control 1 - 305+ 1-69 20:15 £ 6-15 —

The increase in the level of the enzyme inhibition from 16% after 2 h to about 20% after 5
h of river treatment might have been caused by either the residual chlorphoxim left in
the river after the bulk of the larvicide had passed downstream or the appearance of
some metabolites of chlorphoxim more toxic than the parent compound. Metabolites of
malathion were found to continue inhibiting AChE activity for several weeks after
exposure was discontinued and the parent compound had disappeared from the water
(Weiss, 1961). Verma et al. (1979) have also reported that cholinesterase of vertebrates
remained inhibited for several weeks after exposure caused by oxygen analogue
metabolites of thiophosphates.

A similar cage experiment performed in the Black Volta river treated with temephos did
not reveal any significant inhibitory effect on the fish brain AChE activity (Scheringa et
al, 1981), providing further evidence that chlorphoxim is more toxic to fish than
temephos.
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In contrast to the observed toxic effect of chlorphoxim treatment on the brain AChE
activity of the caged T. zilli in the river Marahoué, the enzyme activity levels of A. nurse, T.
galilaea and T. zilli randomly sampled with a cast net from the rivers Bandama and N’zi
(Table 2) were not significantly different from their respective Controls (p> 0.05).

Both rivers had had weekly treatments with chlorphoxim for about 10 months. It appears
then that during treatment the majority of the fish in the treated rivers avoid the impact
of the Chemical by swimming downstream. Avoidance reactions of fish to Chemicals in
water have beeri observed by many workers including Hansen (1969), Scherer (1975) and
Abban & Samman (1980). The large volume of flowing river water, especially during the
rainy season when the chlorphoxim treatment of the rivers in the Ivory Coast is
undertaken, ensures a rapid dilution of the larvicide from the dosing point, so that
downstream below the breeding site the chlorphoxim is barely detectable. The fish near
the treatment site can swim safely into the waters downstream of the breeding site.

TABLE 2. Acetylcholinesterase (AChE) Activity of Three Fish Species Randomly Taken from Two
Rivers which had been Treated with Chlorphoxim

Total AChE activity in umol ASCh
) Fish No. of fish|Fish head weight (| v ] H
River . min g ! head weight (mean *
species analysed g) (mean * SD)
SD)
Bandama o
. Tilapia
(chlorphoxim- - 5 325 + 073 2041 + 373
zilli
treated)
Barrage de Loka | Tilapia
o 11 305 + 169 20-15 * 615
(control) zilli
Bandama o
. Tilapia
(chlorphoxim- ) 11 266 £ 079 1820 £ 596
galilaea
treated)
N’zi  (chlorphoxim- | Tilapia
i 9 273 +077 17-70 £ 4.21
treated) galilaea
Tilapia
Kadioni (control) ,p 6 2+46 + 0-82 17:65 * 5:08
galilaea
Bandama
. Alestes
(chlorphoxim- 12 212 £ 050 13-11 + 463
nurse
treated)
N’zi (chlorphoxim- | Alestes
14 252 £1-35 11-81 +3-11
treated) nurse
o Alestes
Kadioni (control) 7 191 + 056 1111 + 468
nurse

Another factor which has contributed to the survival of the fish population in the treated

rivers from the toxic effect of the larvicide is its low persistence in the environment (OCP,
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1973). This property of chlorphoxim ensures that it does not accumulate to lethal levels
in the treated rivers even after a series of prolonged treatments.

No fish kill was observed during the chlorphoxim treatment of the river. However, the
recorded 20% reduction in the caged fish brain AChE activity might have cause! the fish to
exhibit some toxic symptoms such as a reduction both in their ability to tolerate reduced
oxygen tension (Eaton, 1970) and in their feeding activities (Verma et al., 1979).

In the laboratory, fish exposed to sublethal concentrations of organophosphorus
compounds recover their brain AChE activities to the normal levels usually within one
month (Weiss, 1959; Benke & Murphy, 1974). However, in the fish’s natural environment
such recoveries could be much faster. It is therefore possible that in the treated rivers,
fish that are exposed to chlorphoxim could recover their original acetylcholinesterase
activity before the next river treatment.
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ABSTRACTS

The effect of aerial treatment of rivers with chlorphoxim, in connection with the ongoing Onchocerciasis

Control Programme (OCP) in the Volta River Basin, on the brain acetylcholinesterase (AChE) activity of

three fish species Tilapia galilaea, Tilapia zilli and Alestes nurse has been studied in the Ivory Coast. A
cage experiment with Tilapia zilli, placed just below the breeding site of Simulium damnosum s.L. in the

river Marahoué and aerially treated with chlorphoxim at a concentration of 0.05 mg litre™ per 10 min of

river discharge, showed a 16% reduction in the brain acetylcholinesterase activity of the caged Tilapia zilli
after 2 h and about 20 % after 5 h of the river treatment. However, there was no reduction in the brain AChE
activity of some Tilapia galilaea, Tilapia zilli and Alestes nurse randomly taken with a cast net from the
rivers Bandama and N'zi, which had been similarly treated with chlorphoxim for about 10 months. It
appears that during river treatment the fish avoid the impact of the larvicide by swimming downstream.
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EDITOR'S NOTE

Onchocerciasis Control Programme, B.P. 549, Ouagadougou, Burkina Faso

1. INTRODUCTION

Since vector control started in 1975, waves of Simulium sirbanum and S. damnosum s.str. the
principal vectors of severe blinding onchocerciasis in the West African savannas, have
reinvaded treated rivers inside the original boundaries of the Onchocerciasis Control
Programme in West Africa (OCP) (Le Berre et al. 1979). Larviciding of potential source
breeding sites has shown that these ‘savanna’ species are capable of travelling and
carrying Onchocerca infection for at least 500 km northeastwards with the monsoon winds
in the early rainy season (Garms et al. 1979; Magor & Rosenberg 1980; Walsh et al. 1981;
Johnson et al. 1985; Garms & Walsh 1987). Annual Transmission Potentials (ATP), as
defined by Walsh et al. (1978), in communities near the original western borders of the
Programme have remained above tolerable levels and human infection indices have
decreased much more slowly than in central areas where this reinvasion has been
controlled. Vector control has, therefore, been extended progressively westwards.
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Garms et al. (1979) documented how experimental treatments of the Marahoué and
Sassandra Basins in western Cote d’Ivoire during 1977 and 1978 markedly reduced the
reinvasion of the Leraba and Upper Bandama Basins in the northeast of that country. In
1979, year-round control activities were extended to these river basins and substantial
reductions in biting and transmission were recorded, although the Marahoué and
Sassandra continued to be reinvaded (Walsh et al. 1981). In 1984, the Programme
embarked on a major western extension into Guinea, Sierra Leone, western Mali, Senegal,
and Guinea-Bissau. The first significant impact on reinvasion occurred in 1985 when the
Upper Sassandra Basin in southeastern Guinea was treated with larvicides for the first
time. Biting and transmission by re-invading flies in the Sassandra, Marahoué, Bandama
and Leraba Basins decreased by over 90% (Baldry et al. 1985).

The Baoulé, Bagoé and Banifing tributaries of the River Niger in southeastern Mali and
the extreme northwest of Céte d'Ivoire have been treated since 1977 but have proved to
be more difficult to protect. The treatment of the Sankarani and Fié, the easternmost
river basins in Guinea, had only a marginal effect on reinvasion (Baker et al. 1986).
Further west, but still downwind and within 300 km of the re invaded areas, the Milo,
Niandan, Kouya, Mafou and Niger Rivers were found to contain very large S. sirbanum
breeding sites and flies collected from these sites were similar in size to those invading.
Once the Inter-Tropical Convergence Zone (ITCZ) had been established to the north of the
reinvasion zone, the periodicity of reinvasion could be related to changes in the height of
these rivers, starting soon after their first rise at the end of the dry season and ending
when they began to fiood after the onset of the main rainy season. It was concluded that
these rivers must be the principal sources of the reinvading flies (Baker et al. 1987).

This paper describes progress in discovering the sources, elucidating the migration
pathways and controlling reinvasion in the western area of the OCP during 1987-1989.
Progress in containing the reinvasion of the eastern area of the OCP has been presented
by Garms et al. (1982); Cheke & Garms (1983) and Walsh (discussion after Le Berre, this
symposium).

2. STUDY AREA

The area covered by this study (figure 1) extends through five countries and includes the
Upper Niger River Basin in Mali and Guinea, the Sassandra, Bandama, Comoé and Black
Volta River Basins in C6te d’Ivoire and Burkina Faso, together with Coastal river basins in
Sierra Leone such as the Great and Little Scarcies and Seli (Rokel). Descriptions of these
areas have been given by Baldry et al. (1985) and Baker et al. (1986, 1987) and, for Sierra
Leone, by Post & Crosskey (1985).

3. METHODS

The graduai westward extension of OCP’s vector control operations was preceded by
extensive helicopter and ground prospections to determine the geographical and
seasonal distribution of breeding sites for each vector species. A network of points (only a
few of which are shown in figure 1) for 11-hour day collections of biting flies was
progressively established along all the main rivers. Flies were dissected to determine
parity and infection following a standard protocol (Walsh et al. 1979). Water-level gauges
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were installed or recalibrated on all the main wateourses, the most representative
being fitted withA'9°sRpeacons, which transmitted river heights every 20imto the aerial
bases via satellite, to enable the accurate caldida of discharge rates.

FIGUREL. The Study Area showing: country boundaries (+ + + + +), the main rivers (thin lines), the river
lengths (at maximum) treated in 1989 (thick dashed lines), and the capture points mentioned in the
text (1, Niamotou; 2, Massadougou; 3, Kato, 4, Gite 3; 5, Pont Leraba; 6, Badi Kanti; 7, Kaba Ferry; 8,
Musaia; 9, Makpankaw; 10, Arfanya; 11, Yirdaia; 12, Yin; 13, Balandougou; 14, Banfarala; 15,
Diaragbela; 16, Yalawa; 17, Kouya Laya; 18, Yradou; 19, Sansanbaya; 20, Morigbedougou; 21, T2ge;
Madina; 23, Madina Diassa; 24, Mpiela; 25, Kankela; 26, Metela).

Cytotaxonomy of the larval polytene chromosomes (jifae & Dunbar 1975) was the only
unequivocal method of identifying savanna vectorgut adult females could generally be
distinguished from ‘forest’forms of theS. damnosum sdmplex in this area by their pale
wing tufts (Kurtak et al.1981), pale fore-coxae and short, pale, compressetdennae
(Garmset al.1982; R. H. A. Baket al.,unpublished). In Sierra Leon€&$. squamoswwere
distinguished by electrophoresis (M. C. Thomson, published).

Maps showing the distribution of each cytospecieseve prepared and compared with
graphs showing the strength and periodicity of reimasion in the areas under vector
control. In this way, the critical river stretchesrequiring priority treatment to prevent
reinvasion were selected. To minimize the costs wéctor control, only river stretches
with rapids colonized by the savanna vector speciegere subjected to weekly aerial
larviciding. Kurtak et al.(1987) have reviewed the insecticides, applicationethods and
strategies involved. One biologicaB@cillus thuringiensgerotype H14) and four Chemical
insecticides (temephos, chlorphoxim, permethrin, ah carbosulfan) were carefully
alternated to maintain effective control and minimze the development of insecticide
resistance while preserving the ecological balande the treated rivers. The insecticides
were generally applied by helicopter, although axXed-wing aircraft was sometimes used
when river discharges were high.

In the Upper Sassandra Basin of southeastern Guinghere anti-invasion larviciding had
been so successful (Baldrgt al. 1985), the same treatment limits were maintained,
enlarging as each large tributary began to flow anzbntracting with the disappearance of
savanna species.
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