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FOREWORD

The final recommendations of the Workshop on African Limnology held in
Nairobi in December 1979, under the =auspices of SIL (Societas
Internationalis Limnologiae) and UNEP (United Nations Environment
Programme), suggested the development of specialised working groups. One
such group concerns African shallow lakes and wetlands which have been
the subject of numerous studies during the past twenty years.

At the same time, SCOPE (Scientific Committee on Problems of the
Environment) organised a working group on wetlands (primarily those of
temperate zones) within which ecosystem modelling was emphasised. Later,
tropical systems were also included within the objectives of the SCOPE
project.

It was in this context that a group of scientists decided to share their
experience and knowledge of shallow African systems in order to attempt a
synthesis of the available knowledge. This co-operative work resulted in
the publication of African Wetlands and Shallow Water Bodies (Zones
humides et lacs peu profonds d'Afrique), which is divided into three
complementary parts:

1. BRBibliography (Bibliographie) — B.R. Davies & F. Gasse, editors;

2. Directory (Répertcire) - M.J. Burgis & J.J. Symoens, editors;

3. Structure, functioning and management (Structure, fonctionnement et
aménagement) — C.M. Breen & C. Lévéque, editors.

The Bibliography is the first compilation of the majority of references
concerning these systems. It is not strictly limited to limnology but
also includes interdisciplinary and other relevant works. Indexes allow
the user entrance and insight into the work available on different water
bodies and different regions of Africa.

The Directory concisely presents as much information as possible
concerning the principal characteristics of climate and geomorphology,
structure, functioning and utilisation by man, of those shallow lakes and
wetlands which are relatively well known.

The third part attempts to synthesise the main factors pgoverning the
structure and functioning of known systems from physical, chemical and
biological viewpoints, emphasising their dynamics. Human impacts and
utilisation are also discussed and a number of recommendations for
management are proposed.

In all three parts the systems considered are diverse: shallow lakes,
swamps, floodplains, ccastal lagoons, permanent or temporary pans, etc.
The following have been excluded:

-~ estuarine and mangrove areas;

—- articificial systems such as man-made lakes and rice paddies;

—- the deep, great lakes of the Rift Valley: lakes Mobutu Sese Seko
(Albert), Idi Amin Dada (Edward), Kivu, Tanganyika and Malawi/Niassa;
also lakes Victoria and Turkana (Rudolf).

The general objectives of the project were defined at meetings held at
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Rhodes University, Grahamstown (July 1980) and in Paris {(Janvary 19%8L)
with the following perticipants: P.J. Aghlon. NIWR, Pretoria;
M.N. Bruton, JLB Smith Institute of Ichthyology, Grshamstown; 5.G. Catto,
CsP, CSIR, Pretoria; F.M. Chutter, NIWR, Pretoris; J. Daget, Muséum
National d'Histoire Naturelle, Paris; B.R. Davies, University of Cape
Town; H.J. Dumont, Rijksuniversiteit Gent; F. Gas:se, Ecole Normale
Supérieure, Fontenay-aux-Roses; C. Lévéque, QORSTOM, Paris;
C.H.D. Magadza, University of Zimbabwe, Harare; ¥.K.M. Mavuti, MNairobi
University; R.G. Noble, CSP, CSIR, Pretoria; J. Quensidre, ORSTOM, Paris;
K.H. Rogers, University of the Witwatersrand, Johannesburg, and
J.A. Thornton, NIWR, Pretoria.

The project was formally defined during a workshop meeting at
Thonon-les-Bains (January 1982), where an executive conmittee was
proposed comprising: C. Lévéque (Chairman); C.M. Breen, University of
Natal, Pietermaritzburg; M.J. Burgis, City of London Polytechnic;
B.R. Davies; H.J. Dumont; F. Gasse; C. Howard-Williams, DSIR0O, Taupo, New
Zesland; J. Lemoalle, ORSTOM, Tunis; and J.J. Symoens, Vriije Universiteit
Brussel. P. Dufour, ORSTICM, Thonon-les-Bains, and A. el Moghraoby,
University of Khartoum, also participated in the Theonon meeting.

The work has progressed during workshop meetings in Tunis (January 1983),
at Durban and St Lucia, Natal (July 1983) and in London (December 1983).
In addition to the Executive Committee members, R.G.Bailey, University of
London; P. Compére, Jardin Botanique National, Meise; P. Denny,
University of London; J.Y. Gac, ORSTOM, Dakar; J. Green, University of
London; S.E. Jorgensen, Copenhagen; H. L&ffler, Universitdt Wien; J.
Moreau, Ecole Nationale Supérieure Agronomique, Toulouse; B. Patten,
University College of Georgia, Athens and J. Talling, reshwater
Biological Association, Ambleside, also attended at various times and
contributed to the work.

These three volumes on African Wetlands and Shallow Water Bodies
interlink with many other general works, completed or in progress, which
cover various aspects of African Limnology, all of which were initiated
at the Nairobi meeting:

A Bibliography of African ITnland Wsater Invertebrates (to 1980).
B.R. Davies, T. Davies, T. Frazer & F.M. Chutter:; South African
National Scientific Programmes, Report Number 58 (1932) 418 pp.

Checklist of the Freshwater Fishes of Africa (CLOFFA). J. Dsaget,
J.P. Gosse & D. Thys van den Audenserde (Eds). MRAC-ORSTOM, 1984
(vol. 1), 1985 (vol. 2)

The Ecology and Management of African Wetland Vegetation. P. Denny
(Ed) Ser. Geobotany 6. Dr. W. Junk, The Hague (1985)

Biology and Ecology of African Freshwater Fishes. . Lévéque,
M.N. Bruton & G. Ssentongo (Eds)

The work on African wetlands and shallow water bodies was completed with
the financial assistance of several countries. We have to thank in
particular the Council for Scientific and Industrial Research (South
Africa), le Fonds national de 1la Recherche fondamentale collective -
contrat No. 2.0033.82 (Belgium}, the Royal Society (Great Britain) and le
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Ministére de 1l'environnement et du cadre de vie (France), funds from whom
allowed us to complete this work. Funds and facilities for the
preparation of camera ready text were made available by the International
Union for Conservation of Nature and Natural Resources (IUCN) and the
World Wild Fund for Nature (WWF), Gland, Switzerland, and we gratefully
acknowledge their support. We also thank ORSTOM for publishing this work
end warmly thank all scientists who participated in the development of
the project and who have given a great deal of time, as well as the
institutions to whom they are affiliated. It is only thanks to the
converging efforts of many individuals that this project has been
completed.

AVANT-PROPOS

Dans les recommandations finales de 1la Réunion sur 1la limnologie
africaine (Workshop on African Limnology) tenue & Nairobi en décembre
1979 sous 1l'égide de la SIL (Societas Internationalis Limnologiae) et du
PNUE (Programme des Nations Unies pour 1'Environnement), les
scientifiques présents ont reconnu la nécessité de poursuivre leurs
discussions au sein de groupes de travail spécialisés. L'un de ces
groupes de travail concernait plus particuliérement les lacs peu profonds
et les milieux humides africains qui ont fait 1'objet de nombreux travaux
au cours des vingt derniéres années.

A la méme époque, le SCOPE (Scientific Committee on Problems of the
Environment) a organisé un groupe de travail sur les milieux humides
(principalement ceux des zones tempérées), en mettant 1'accent sur la
modélisation des écosystémes. Par la suite, les milieux tropicaux ont
également été inclus dans les préoccupations du SCOPE.

C'est dans ce contexte qu'un certain nombre de scientifiques ont été
amenés & confronter leur expérience des milieux aquatiques peu profonds
d'Afrique en vue de synthétiser les connaissances dans ce domaine. Ce
travail commun a conduit & la publication d'un ouvrage Zones humides et
lacs peu profonds d'Afrique (African Wetlands and Shallow Water Bodies)

divisé en trois parties complémentaires:

1. Bibliographie (Bibliography) - B.R. Davies & F. Gasse, rédacteurs;

2. Répertoire (Directory) - M.J. Burgis & J.J. Symoens, rédacteurs;

3. Structure, fonctionnement et aménagement (Structure, functioning
and management) - C.M. Breen & C. Lévéque, rédacteurs.

La Dbibliographie rassemble pour 1la premiére fois 1la majorité des
références sur les milieux considérés. Elle ne se limite pas strictement
aux références limnologiques mais elle inclut aussi quelques travaux
réalisés dans d'autres disciplines pouvant présenter un intérét pour 1les
limnologistes africains. Des index permettent aux lecteurs de se rendre
compte rapidement de 1'état d'avancement des recherches sur différents
milieux aguatiques et dans différentes régions d'Afriques.

Le Répertoire présente sous une forme condensée le maximum d'informations
possible sur les principales caractéristiques climatiques et
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géomorphologiques, la structure, le fonctionnement «f 1i'viliisetis’ pa&r
1'homme des lacs peu profonds et milieux humides d*Afrigus relatlivemernt
bien connus.

Dans la troisiéme partie, nous recherchons les principaux facteurs qui
gouvernent la structure et le fonctionnement des milieux étudiéds, au
point de vue physique, chimique et biologique, en insistant sur les
aspects dynamiques. Nous discutons également de 1'influence et de

1'utilisation de ces écosystémes, et proposons un certain nombre de
recommandattions pour les aménagistes.

Les milieux considérés dans les trois parties sont relativement variés:
lacs peu profonds, marais, plaines inondées, 1lagunes cotiéres, mares
permanentes ou temporaires, etc. Les milieux ci-aprés ont été exclius:

- les zones d'estuaires et de mangroves;

- les milieux artificiels (lacs de barrage, rizieres, etc.);

- les grands 1lacs profonds du grand graben: lacs Mobutu Sese Seko
(Albert), 1di Amin Dsda (Edouard), Kivu, Tanganyika, Malawi/Niassa;
également les lacs Victoria et Turkana (Rudolf).

Les objectifs généraux du projet ont été définis lors de réuniong tenues
& Rhodes University, Grahamstown (juillet 1980) et a Paris (janvier
1981), auxquelles ont participé: P.J. Ashton, NIWR, Fretoria;
M.N. Bruton, JLB Smith Institute of Ichthyology, Grahamstown; G.G. Catto,
CSP, CSIR, Pretoria; F.M. Chutter, NIWR, Pretoria; J. Daget, Muséum
National d'Histoire Naturelle, Paris; B.R. Davies, University of Cape
Town; H.J. Dumont, Rijksuniversiteit Gent; F. Gasse, Ecole Normale
Supérieure, Fontenay-aux-Roses; C. Lévéque, ORSTOM, Paris;
C.H.D. Magadza, University of Zimbabwe, Harare; K.R.M. Mavuti, Nairobi
University; R.G. Noble, CSP, CSIR, Pretoria; J. Quensiére, ORSTOM, Paris;
K.H. Rogers, University of the Witwatersrand, Johannesburg; et
J.A. Thornton, NIWR, Pretoria.

Le projet a été définitivement formalisé au cours de la réunion de
Thonon-les-Bains (janvier 1983), ol un comité exécutif a été proposé,
composé de: C. Lévéque (président); C.M. Breen, University of Natal,
Pietermaritzburg; M.J. Burgis, City of London Polytechnic; B.R. Davies;
H.J. Dumont; F. Gasse; C. Howard-Williams, DSIRQO, Taupo, New Zealand:
J. Lemoalle, ORSTOM, Tunis; et J.J. Symoens, Vrije Universiteit Brussel.
P. Dufour, ORSTOM, Thonon-les-Bains, et A. el Moghraby, University of
Khartoum, ont également participé & cette réunion.

Enfin le travail a pu étre mené a bien lors des réunions de travail de
Tunis (janvier 1983), Durban et St Lucia, Natal (juillet 1983) et Londres
(décembre 1983). Outre les membres du comité exécutif, les participants
4 ces réunions ont été R.G. Bailey, University of London; P. Compére,
Jardin Botanique National, Meise; P. Denny, University of London;
J.Y. Gac, ORSTOM, Dakar; J. Green, University of London; S.E. Jorgensen,
Copenhagen; H. L&ffler, Universitdt Wien, J. Moreau, Ecole Nationale
Supérieure Agronomique, Toulouse; B. Patten, University College of
Georgia, Athens; et J. Talling, Freshwater Biological Association,
Ambleside.

Ces trois volumes sur 1les lacs peu profonds et 1les milieux humides
africains s'insérent parmi d'autres travaux généraux concernant la
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limnologie africaine achevés ou en cours, et qui avaient été suggérés
dans les recommandations de la réunion de Nairobi:

A Bibliography of African Inland Water Invertebrates (to 1980).
B.R. Davies, T. Davies, T. Frazer & F.M. Chutter; South African
National Scientific Programmes, Report Number 58 (1982) 418 pp.

Checklist of the Freshwater Fishes of Africa (CLOFFA). J. Daget,
J.P. Gosse & D. Thys van den Audenaerde (Eds). MRAC-ORSTOM, 1984
{vol. 1), 1985 (vol. 2)

The Ecology and Management of African Wetland Vegetation. P. Denny
(Ed} Ser. Geobotany 6. Dr. W. Junk, The Hague (1985)

Biology and Ecology of African Freshwater Fishes. C. Lévéque,
M.N. Bruton & G. Ssentongo (Eds)
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INTRODUCTION
This Directory is an attempt to summarize the state of our knowledge for
the majority of the wetlands and shallow water bodies in Africa.

The Directory is divided into the same nine regional sections (see map)
as the Bibliography which, as mentioned in the Foreword, forms volume 1

of this inter-dependent trilogy. These regions and their subdivisions
are trested in the seame order and have the same numbers as in the
Bibliography. 1In this volume, the principal sources of information are

cited by author and date of publication only: for the full references
users must consult the Bibliography.

The boundaries between regions and sub-regions have been chosen on the
bases of hydrography and convenience for contributors. Where maps
indicate international boundaries, this is for information only and does
not imply any opinion on the part of the contributors or the editors.

The co-ordinators eand authors of each section all have first-hand
experience of their area although they may not be familiar with every
equatic system therein. Which systems to include has been their
decision, after discussions with the whole project group and the
editors. Inevitably the types of water bodies treated are extremely
varied both within and between regions. In Region 2, the Sahara, every
drop of water is significant so many very small aquatic systems are
treated while in other regions such as 6, Eastern Africa, and 7, the
Zaire Basin, due to limitations of space, cnly a number of the major
wetlands and shallow water bodies are selected. We have tried to ensure
that all the most significant systems have been covered. Significance
may be consequent on size, economic or conservation importance, or
beceause the system has been well studied.

The language in which each contribution was written has mostly been
retained for publication in this Directory. It corresponds by and large
with the European language most widely used or known in the relevant
territory with, however, a few exceptions: Region 2, Sahara, is entirely
written in English; in Region 3, West Africa, the coastal lagoons of
Nigeria are described in French and the East of Region 7, Zaire Basin,
comprising Lake Bangweulu and Mweru Wantipa are also treated in French.

In order to summarize the climate of each area the editors recommended
the use of diagrams drawn according to the excellent system of Walter and
Lieth (1960-1967) whose Atlas provides one of the best representations of
the climate in all regions of Africa.

The other information on each system covers as many aspects as possible
but, inevitadbly, has a bias towards aquatic biology, because of the
authors’' specislizations. Nevertheless, due to 1lack of space, no
checklists of organisms are included; only the dominant or particularly
interesting species are named.

In reporting aspects of human use and management of these systems we have
confined ourselves to facts and no opinions are implied or intended.

In spite of 1its deficiencies, we hope that this Directory, and its
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complementary volumes, will be of use not only to those involved in
research but also to those concerned with all forms of exploitation,
management and conservation anywhere in the catchment areas of the
aquatic ecosystems treated here.
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INTRODUCTION

Le présent Répertoire a été rédigé en vue de donner un résumé de 1'état
de nos connaissances sur la plupart des zones humides et lacs peu
profonds d'Afrique.

Ce Répertoire comporte les neuf sections régionales, également traitées
dans la Bibliographie qui, ainsi qu'il est mentionné dans l'avant-propos,
constitue le volume I d'un triptyque aux volets étroitement
interdépendants. Ces régions et leurs subdivisions sont traitées dans le
méme ordre et numérotées de la méme maniére que dans la Bibliographie.
Dans le présent volume, les principales sources d'information sont citées
de fagon bréve par la seule mention du nom de leur auteur et de la date
de publication: le lecteur désireux d'en trouver les références complétes
voudra bien consulter la Bibliographie.

Les limites entre régions et sous-régions ont été choisies sur la base de
1'hydrographie ou simplement en fonction des collaborations possibles.
Lorsque nos cartes portent des frontiéres internationales, celles-ci sont
données & titre de simple information et leur tracé n'implique aucune
opinion & leur sujet de la part des auteurs ou des rédacteurs.

Les coordonnateurs et les auteurs de chaque section ont une expérience
personnelle de la région qu'ils ont traitée, sans toutefois avoir eu
nécessairement 1'occasion de se familiariser avec chacune des zones
humides ou des lacs qu'elle comporte. Le choix des zones ou lacs décrits
a été fait par eux, aprés discussion avec 1'ensemble du groupe
responsable du projet et les rédacteurs. En fait, les types de zones
humides traités sont extrémement divers, tant au sein d’'une méme région

18



que d'une région & l'autre. Dans la Région 2, le Sahara, chaque goutte
d'eau est & ce point précieuse que de nombreux points d‘eau, méme
d'étendues trés réduites, ont été traités, tandis que pour d'autres
régions, comme la Région 6, 1'Afrique orientale, et la Région 7, 1le
Bessin du Zaire, la limitation du volume de 1l'ouvrage nous a imposé de ne
retenir qu'un certain nombre de leurs vastes zones humides et lacs peu
profonds. Nous avons tenté de veiller a ce gqu-au moins les zones
d'importance aient pu étre considérées. Sous ce vocable, nous entendons
ici les zones importantes par leur étendue, leur rdle économique, leur
intérét du point de vue de la conservation de 1l1la nature, ou tout
simplement par 1'ampleur des études qui y ont été faites.

Las langues dans lesguelles ont été rédigés les textes des diverses
contributions ont généralement été maintenues pour 1la publication du
présent Répertoire. Elles correspondent les plus souvent aux langues
d'origine européenne généralement utilisées ou connues dans 1les
territoires considérés, avec toutefois quelques exceptions, la Région 2,
Sahara, est traitée entiérement en anglais; dans 1la Région 3, Afrique
occidentale, 1les lagunes cOtiéres du Nigeria sont décrites en francais,
et l1l'est de 1la région 7, Bassin du Zaire, comportant notamment le 1lac
Bangweolo et le Mweru Wantipa, est traité en frangais.

En vue de synthétiser les données sur le climat de chaque région, les
rédacteurs ont recommandé 1l'ussge de diagrammes dessinés selon
1'excellent systéme de Walter et Lieth (1960-67), dont 1'Atlas fournit
une des meilleures représentations du climat de toutes les régions
d'Afrique. S

Les sautres informations relatives a chaque zone visent a en couvrir les
aspects les plus divers, mais inévitablement avec un développement
particulier des aspects hydrobiologiques, ne serait-ce qu'en raison de 1la
spécialité des auteurs. Néanmoins, en vue d'une limitation du volume,
aucun inventaire d'organismes n'a été publié, sueles les espéces
dominantes ou d'un intérét particulier sont citées.

En signalant les actions humaines et 1'aménagement des zones humides,
nous nous sommes limités aux faits, sans vouloir émettre d'opinions ni
formuler de propositions.

Nous espérons que, malgré ses imperfections, le présent Répertoire et les
volumes qui 1'accompagnent, seront utiles non seulement aux chercheurs,
mais également & tous ceux & qui incombent des tédches d'exploitation,
d'aménagement et de conservation dans les bassins hydrographiques des
écosystémes aquatiques.

REMERCIEMENTS
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auxquelles ils appartiennent, & celles qui ont subventionné leur travail,
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fondamentale collective"” - Contrat No. 2.0033.82 (Belgique), ainsi qu'aux
coordonnateurs régionaux qui ont rassemblé les informations trés diverses
et détaillées reprises dans le présent volume. Nous exprimons aussi
notre gratitude & tous <ceux qui ont bien voulu nous donner des

19
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inévitablement dans le présent travail, et nous prions les lecteurs de
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Jean-Jacques Symoens, Vrije Universiteit Brussel
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GLOSSARY/GLOSSAIRE

compiled by Bryan Davies and Frang¢oise Gasse

This glossary is an attempt to list definitions of local or general terms
used in Africa to designate different types of wetlands. The terms are
classified 1in alphabetical order. Terms of 1local origin are not
translated. English words do not always have very precise French
equivalents and vice versa. In such cases, nearest translations are
given in parenthesis.

Nous avons tenté dans ce glossaire de donner une définition des termes
locaux ou généraux s'appliquant en Afrique aux différents types de zones
humides. Ces termes sont classés par ordre alphabétique. Les mots
d'origine 1locale ne sont pas traduits. Les termes anglais n'ont pas
toujours un équivalent exact en frangais et réciproquement et dans ce
cas, la plus proche est indiquée entre parenthéses.

AGUELMANE
Berber term meaning lake.
Terme berbére signifiant lac.
CHOTT

Terme d'origine nord africaine. Ce sont des grandes dépressions peu
profondes, dont 1'inondation est irréguliére dans le temps (pas chaque
année) et dans leur étendue (Morgan 1982). Ils sont situés le long de la
bordure septentrionale du Sahara et sont généralement salés. Certains
d'entre eux constituaient des 1lacs au cours des périodes humides du
dernier Quaternaire.

A North African term; they are 1large, shallow depressions flooded
irregularly both in time (not each year) and space (Morgan 1982). They
are situated along the northern border of the Sahara and they are usually
saline. Some were lakes during the wet periods of the late Quaternary.

DAMBO

This term is close to '"swamp", but dambos are thought by some authors to
be genetically different from swamps. Ackerman (1936) defined a dambo as
a "periodically inundated grass covered depression at the headwaters of a
drainage system in a region of dry forest or bush vegetation". He
considered dambos as streamless grassy depressions as opposed to river
flats. A slightly different definition is given by Hindson (1955) "...
seasonally waterlogged, grass-covered treeless areas bordering a drainage
line”. As far as Balek (1977) 1is concerned, dambos differ from
intermittent swamps in that they are recharged mostly by precipitation,
whereas the subsurface inflow is more important for swamps.

According to Balek & Perry (1973), vleis in South Africa and "mbuga" in
East Africa are equivalent to dambos. However, this is to be discouraged,
for the term "vlei” as applied in South Africa has a very wide meaning.

25



Ce terme est voisin de marais mais quelques subc.rs popsent gue les
dambos différent des "swamps'" par leur ovrigine. Ackerman (1930) cérinit
un dambo comme une dépression couverte de végétation Therbacée et
périodiquement inondée, & 1'amont d'un bassin de drainage danc une région
de forét séche ou arbustive. Cet auteur consigére qu’'il s'agit de
dépressions colonisées par la végétation herbacée et sans cours d'eau, &
1'inverse des "river flats™.

Une définition un peu différente est donnée par Hindson (1935): des zones
couvertes de végétation herbacée, sans arbres, saisonniérement sslurées
d'eau, bordant 1la ligne de drainage. Selon Balek (1977), lies dexbcs se
différencient des "swamps' intermittents dans la mesure ou le: apgpcrts en
eau proviennent surtout des précipitations alors gue lez epports par
drainage de surface sont plus importants pour les “swamps™.

Selon Balek & Perry (1973), les 'vleis" d'Afrique du 3uvd et lcs "mbuga™
d'Afrique de 1'Est sont équivalents aux "dambos". Le terme 'viei"™ ayant
une signification trés large en Afrique du Sud, cette zyrenymie ne peut
étre retenue.

DAYA {DAYET)
Berber term meaning temporary pool or swamp or permanent lake.
Terme berbére signifiant mare temporaire ou marais permanent.
ETANG

Ce terme francais désigne souvent une étendue d'eau peu profonde, plus
petite qu'un lac, mais plus grande qu'une mare. En [ait, i1 n'a pas de
sens trés précis et Dussart (1966) a proposé de 1l'utiliser exclusivement
pour des corps d'eau artificiels contr6lés par 1l'homme. Si 1'on sadmet
cette définition, le terme anglais équivalent serait "artificial ponds®™,.
Ce terme est peu utilisé en Afrique.

In French, this word is often used for shallow waterbodies intermediate
between lakes and ponds. In fact, the meaning is rather vague and Dussart
(1966) proposed that the term be used only in cases of artificial
waterbodies controlled by man. If that meaning is recognized then the
English equivalent is "artificial pond”. The term is rarely used in
Africa.

FLAT = PLAINE INONDEE (PLAINE D'INONDATION, PLAINE INONDAELE)

Flats may be considered synonymous with floodplains: for instance, the
Kafue Flats in Zambia, within the Zambezi watershed.

On peut considérer que ce terme est synonyme de plaine incndée; c'est le
cas par exemple des Kafue Flats en Zambie dans le bassin du Zambeze.

FLOODPLAIN = PLAINE INONDEE, PLAINE D'INONDATION, PLAINE IKONDABLE

These are typically associated with a river and sare flooded regularly.
They appear flat but the micro-relief can lead to great differences in
period of immersion. In fact, a floodplain consists of a complex pattern
of 1lagoons, pools, ox-bow lakes, seasonal marshes, etc. According to
climate and depth, these different waterbodies are seasonal or more or
less permanent.

26



A detailed description of the origin and morphology of floodplains is

given by Welcomme (1979). Three main types may be considered:

- Fringing Floodplains are relatively narrow strips of floodable 1land
lying between the river valley walls.

- Internal Deltas occur where river systems spread laterally over very
large alluvial plains. The main stream 1is wusually divided into
anabranches which join the main channel below the deltaic area. Eg. the
River Niger.

~ Coastal Deltaic Floodplains develop where the main channel breaks down
into smaller branches and produces the classic fan-shaped delta. These
are usually strongly influenced by the sea. Eg. the Rivers Nile and
Niger.

Ce sont des milieux typiquement associés & des «cours d'eau et

périodiquement inondés., Ils sont en général trés plats mais en fonction

du micro-relief, il peut y avoir de grandes différences dans la durée de

1*'inondation.

En réalité, une plaine inondée est un complex de lagons, de mares, de

bras morts et de marécages saisonniers etc. Selon le climat et 1la

profondeur des eaux, ces milieux sont saisonniers ou plus ou moins

permanents.

Welcomme (1979) donne une description détaillée de 1'origine et de 1la

morphologie des plaines inondées. Trois types principaux peuvent é&tre

considérés:

- Les plasines inondées frangeantes sont des bandes étroites de terre
inondable dans le lit majeur de la riviére.

~ Les deltas interieurs apparaissent lorsque les fleuves s'étalent dans
de grandes plaines alluviales. Le cours principal se ramifie et 1les
bras secondaires rejoignent le cours principal au dela de la zone
considérée. E.g. le Niger.

~ Les plaines inondées des deltas cOtiers apparaissent lorsque le cours
principal se ramifie pour donner la forme en éventail classique des
deltas. Ceux ci sont généralement fortement influencés par la mer. E.g.
le Nil et le Niger.

GUELTA

These are desert river-bed pools which occur in mountainous areas,
situated either at the foot of former waterfalls or at a site where the
river bed was earlier deepened. They may be permanent, temporary or
spring fed (the term may also be applied to Ssharan "kettle holes"”).
Variants on this term are: glat (plural), gueltet, glertat.

Ce sont des vasques dans le 1lit des riviéres en zone désertique et
montagneuse, situées soit au pied d'anciennes chutes, ou & un endroit oi
le 1lit de la riviére a été surcreusé. Elles peuvent é&tre permanentes,
temporaires ou alimentées par des sources (le terme peut s'appliquer
également aux "kettle holes™ sahariens). Des variantes de ce terme sont
glat (pluriel), gueltet, glertat.

LAC = LAKE

Grande nappe naturelle d'eau douce ou plus rarement salée a 1l'intérieur
des terres.

Large, natural inland waterbody, occasionally saline.
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LAGOON = LAGON

Lagocns are shallow standing wsterbodies asscciated with a river.
Compared to true lakes they are more transitory open waters without
vegetation (Welcomme 1979). They are equivalent to the "varzea" lakes of
Amazonia - also coastal depressions which may have c¢ither temporary or
permanent connection with the sea (Lankford 1977)

Ce sont des mileux peu profonds d'eau dormante générclement reliéds i des
cours d'eau toute l'année. Par rapport aux vrais lacs, ils son: des wones
d'eau libre, sans végétation, plus éphéméres (Welcomme 1979). 1ls sont
équivalents aux lacs de "varzea" d'Amazonie - aussi dépreszions citiéres
avec une communication permanente ou éphémére avec la mer (LankFford 1977).

MARAIS, MARECAGES (= SWAMP, MARSH)

La définition des termes marais et marécages est imprécise en frangais.
D'aprés le dictionnaire Robert, un marécage est un "lieu inculte et
humide & flore particuliére ou s'étendent des marais”. Un marais est une
"nappe d'eau stagnante généralement peu profonde recocuvrant un terreain
partiellement envahi par 1la végétation”. Ces deux termes paraissent
synonymes pour Verger (1971) pour qui "les marais sont des terrains dont
le drainage naturel est imparfait". Les marais intérieurs (par opposition
aux marais cotiers) ont des origines assez semblables & celles des 1lacs
auxquels ils succédent souvent.

The definitions of "marais"™ and "marecages" are not too clear in French.
According to Robert's Dictionary, a "marecage” is a wet area with a
specific flora, whereas '"marais" are stagnant waterbodies, wusually
shallow, and which lie over partly vegetated areas. According to Verger
(1971), these two words seem to be synonymous; both refer to areas with
imperfect natural drainage. Continental "marais" (as opposed to coastal
"marais") have similar origins to 1lakes, which they often eveniually
succeed.

MARE = POOL; POND (ETANG)
Ce terme désigne généralement des petites nappes d'eau peu profondes et
stagnantes. Ce sont donc des lacs de dimensions restreintes gqui peuvent

étre permanents ou temporaires.

This term generally refers to small, shallow and stagnant waterbodies.
They are equivalent to small lakes and can be permanent or temporary.

MARIGOT
Les marigots sont des bras de riviéres périodigquement inondés dans
lesquels stagnent, lors du tarissement, des mares (vasgues d'eau)

s'asséchant lentement.

Marigots are periodically inundated river valleys which subsequently
develop temporary standing pools and dry out slowly.
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MARSH (= MARAIS, MARECAGES)

Marshes differ from swamps in that there is little or no standing water
among the vegetation (Wetzel 1975). The sediments are water-saturated.

The distinction between the terms marsh and the European "fen”" is largely
made on the basis of phytosociological differences, where floristic
associations occur with species or groups of species exhibiting high
fidelity. Some marshes and fens under poor nutrient conditions possess a
well developed bryophyte layer, particularly of Sphagnum species. The
moss vegetation can eventually dominate the system in the formation of
bogs (Wetzel 1975).

Ces milieux différent des "swamps" par le fait qu'il n'y a pas de plan
d'eau stagnante entre la végétation (Wetzel 1975). Le sédiment est saturé
d’eau.

La distinction entre les termes "marsh” et "fen'" (utilisés en Europe) est
principalement basée sur des différences phytosociologiques, avec des
associations floristiques d'espéces caractéristiques. Lorsque ces milieux
sont pauvres en éléments nutritifs ils sont colonisés d'une couche de
bryophytes, particuliérement de 1'espéce Sphagnum. Si 1la végétation de
mousses devient dominante, il y a formation de tourbiéres (Wetzel 1975).

MIRE = TOURBIERE

Mire is a collective term which embraces both bog (= moss in British
literature) and fen, differentiated according to rather subtle floristic
variations and often containing both communities together (Wetzel 1975).
In some cases bogs are genetically related to lakes as a possible final
stage of lake development.

"Mire™ est un terme général regroupant a la fois les "bogs" (tourbiére &
bryophytes en litérature britannique) et les "fens'" qui se différencient
par leurs variations et souvent associant les deux communautés
floristiques (Wetzel 1975). Dans certains cas, les tourbiéres peuvent
représenter le stade final de 1'évolution d'un étang ou d'un lac.

OASIS

This term is used in the Saharan zone.
An oasis may be defined as a spring-fed waterbody holding permanent water
(Morgan & Boy 1982). They are usually relatively small.

Terme utilisé dans la zone ssharienne.
I1 peut étre défini comme un milieux alimenté en permanence par les eaux
de source (Morgan & Boy 1982). Ils sont en général de dimension réduite.

PAN

Pans are endorheic and are not associated with river drainage systems.
They are shallow oval depressions without outlet, but with an impervious
substratum. They flood during local rains and dry out seasonally. They
are characteristic of the Kalahari, and the western and south western
Transvaal, forming the so called '"pans belt"™ of southern Africa (Noble &
Hemens 1978; Geldenhuys 1981). Different types of pans can be
distinguished and these appear to have North African equivalents:
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—~ Salt Pans are dry for most of the time but may coatain parennial pools
filled by springs. These pans are equivalent to North Afr-icen "chotts™
while the springs conform to North African oases.

~ Temporary Pans are also dry for long periods and are moderately saline
but are flooded during the rainy season. They are equivalen: to the
North African "sebkhets” or "sebkhas™ and have been variously desecribed
as brackish pans, alkaline pans, mud pans, and pans without vegetation.

- Grass Pans_ or Diplachne Pans are seasonal and dry up in winter. They
are covered by a thick growth of hygrophilous grasses and other low
terrestrial vegetation. Their waters are fresh to siightly saline.

~ Reed Pans and Sedge Pans are temporary or semi-perwmanent pans with a
dense stand of Phragmites and Cyperaceae. They are equivalent to swemps,

Some of the so-called pans are sufficiently large and permanent to be

lakes sensu strictu {for 1instance, Lakes Chrissie and Eanaghei,

Barberspan).

Les pans sont des mileux endoréiques gqui ne sont pas asszociés a un réseau

hydrologique. Ce sont des depressions ovales peu profondes san: emissaire

sur substrat imperméable. Ils se remplissent durant les pluiez et
s'assechent saisonniérement. Ils sont caractéristiques du Kalahari, du

Transvaal occidental et sud-occidental, formant ce qui est appelé 1la “pan

belt" en Afrique du Sud (Noble & Hemens 1978; Geldenhuyvs 1%81). On pecut

distinguer différentes catégories de pans qui paraissent équivalents a

certains milieux définis de 1'Afrique du Nord:

- Les "Salt Pans"™ sont & sec la plupart du temps mais peuvent contenir
des mares permanentes alimentées par des sources. Ceux <¢i sont
équivalents aux "Chotts" d'Afrique du Ncrd, alors que les sources se
conforment aux "oasis" Nord Africain,

- Les "Temporary Pans" sont asséchés durant de longues périodes mais
inondés réguliérement en saison des pluies. Ils sont moyennement salés.
Ils sont équivalents aux "sebkhets™ ou "sebkhas" d'Afrique du Nord et
sont décrits sous divers noms: "brackish pans", "alkaline pans”, "mud
pans™ et pans sans végétation.

~ Les "Grass Pans" ou "Diplachme Pans" sont saisonniers et s'asséchant en
hiver. 1Ils sont couverts par une épaisse végétation d'herbes
hydrophiles ainsi que par une végétation terrestrs de petite taille.
Les eaux sont douces ou légérement salées.

- Les "Reed Pans" et '"Sedge Pans" sont temporaires ou semi-permanents
avec une roseliére dense de Phragmites et de Cypéracédes. Ils sont
équivalents des '"swamps™. Certains milieux appelés ‘'pans" sont
suffisamment grands et permanents pour é&tre des lacs sensu strictu
(c'est le cas par exemple des lacs Chrissie et Banagheil, Barberspanj).

POOL = MARE

Pools are generally shallow and small-sized waterbodies. Their origin may
either be rainfall (rein pools) or river flooding. They are seasonal,
drying out in the dry season. In Zaire, the term pool is used to describe
expansions of a river system (e.g. Pool Malebo = Stanley Pool).

Les "pools" sont des milieux en général peu profonds et de petite taille
qui doivent leur origine aux pluies ("rain pools™) ou a l'inondation par
des rivieéres. Ils sont saisonniers, s'asséchant en saison séche. Le terme
est utilisé au Zaire pour désigner les vasques dans les cours d'eau (e.g.
Pool Malebo = Stanley Pool).
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SEBKHET OR SEBKHA

North African terms describing systems which are, in many ways, similar
to chotts. However, the major difference lies in the fact that they hold
water seasonally and some of them may remain full for over a year (Morgan
1982; Morgan & Boy 1982). They occur in northern Tunisia, to the north of
the arid chotts zone, and on the plateau to the south of Constantine in
Algeria (Morgan 1982) and Mauritania (Sebkha Chemchane). Vegetated and
unvegetated sebkhas have been distinguished in the literature.

Ces termes nord africains désignent des systémes qui sont semblables aux
chotts, mais qui sont mis en eau saisonniérement, certains pouvant méme
rester humides toute 1l'année (Morgan 1982; Morgan & Boy 1982). Il se
rencontrent en Tunisie, au nord de la zone aride des chotts, sur le
plateau au sud de Constantine en Algérie (Morgan 1982), et jusqu'en
Mauritanie (Sebkha Chemchane). Les '"sebkhas™ couverts ou non de
végétation ont été différenciés dans la litérature.

SPONGE

A bog or mire system at high altitude; used frequently in the context of
southern African "Mont-aux sources". Many sponges are associated with,
for instance, the headwaters of the Orange River and other systems in the
Drekensburg Mountains (e.g. Jacot Guillarmod 1962, 1963).

C'est une tourbiére ("bog" ou "mire") d'altitude. Terme wutilisé
fréquemment en Afrique du Sud dans le contexte du "Mont-aux-Sources".
Certains sont associés aux zones amont de la riviére Orange et d'autres
systémes fluviaux des montagnes Drakensberg (e.g. Jacot Guillarmod 1962,
1963).

SWAMP

"In Africa the term swamp generally applies to wet areas covered with
tell herbaceous vegetation" (Howard-Williams & Gaudet 1979). A swamp is a
more or 1less permanently water-logged system with persistent standing
water among the vegetation (Wetzel 1975).

"In Africa, herbaceous swamps can be defined as flat areas which are
flooded to a shallow depth either permanently, or for most of the year,
which are densely covered with herbaceous vegetation whose shoots rise
out of the water to a height of more than one metre. Such swamps can be
bottom-rooted or floating™ (Howard-Williams & Gaudet 1979).

Ce terme désigne généralement en Afrique des zones humides couvertes
d'une végétation herbacée assez haute (Howard-Williams & Gaudet 1979). Un
"swamp” est un milieu saturé en eau de maniére plus ou moins permanente,
avec de 1l'eau stagnante entre la végétation (Wetzel 1975).

En Afrique, cn peut définir les "swamps”™ herbacés comme des zones plates
recouvertes en permanence ou durant la majeure partie de 1'année d'une
faible épaisseur d'esu, et qui sont colonisées par une végétation
herbacée dense dont 1les liges peuvent dépasser de plus d'un metre 1la
surface du plan d'eau. Ces '"swamps" peuvent étre enracinés ou flottants
(Howard-Williams & Gaudet 1979).

31



TOICHE

Terme utilisé pour désigner une plaine inondée saiscnnierement du bassin
du Nil (région Sudd en Soudan).

A "toiche" is a seasonally inundated floodplain of the Nile system (in
the Sudd region of Sudan).

TOURBIERE (= PEAT BOG, MIRE SPONGE)

Une tourbiére est un écosystéme formé d'hydrophytes dont la croissance
engendre 1'accumulation d'importantes quantités de matiére végeét:le wui,
aprés une décomposition modérée, forme 1la tourbe, roche reafermant
jusqu'a 50% carbone ((RBournerias 1973). Les tourbidres topogénes se
forment dans les vallées marécageuses. Par comblement et épaississenent
vertical du tapis végétsl, elles peuvent se transformer en tourbiére
bombée, ombrogéne alimentées par les pluies (tourbiéres & Sphaignez}. De
telles tourbiéres acides existent dans les hautes montagnes
est-africaines et en bordure du littoral atlantique au Sénégal.

A "tourbiére” is formed through the growth of hydrophytes which
accumulate in large amounts. Eventually, peat forms after partial decay,
with up to 50% carbon (Bournerias 1973). Topogenic peat bogs occur in
swampy valleys. These depressions may be filled by vegetative
accumulations, in which case raised peat bogs or ombrogenic (fed by
rains) may form. These wetlands are colonized by Sphegnum and such acid

bogs occur in the high mountains of East Africa as well as along the
Senegal coast.

VLEI

Applied 1in South Africa to a wide range of situations including
seasonally or perennially wet areas within river drainage systems, which
are dominated by emergent hydrophytes. The term is also applied to many
South African coastal and estuarine lakes, many of which have extensive
areas of reeds and sedges (Noble & Hemens 1978)., Some vleis may bde
described as marshes or swamps, while others are equivalent to dambos.

Ce terme s'applique en Afrique du Sud & une grande gamme de milieux
humides, permanents ou pérennienes, associés a un réseau hydrographique,
qui sont caractérisés par 1'abondance des macrophytes émergants. Ce mot
désigne également en Afrique du Sud des lacs cdtiers ou estueriens qui
possédent de grandes surfaces de roseaux {Noble & Hemens 1978).

Quelques uns peuvent étre considérés comme des "marshes" ou des "swamps"
alors que d'autres seraient plutdt des "dambos".
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REGION 1

AFRIQUE DU NORD COTIERE COASTAL NORTH AFRICA

Coordinateur Co-ordinator

Jacques LEMOALLE

1.1. LAGUNES ET MARAIS COTIERS DU MAROC ET DE L'ALGERIE

par Abdellatif BAYED, Pierre-Christian BEAUBRUN, Michel THEVENOT (Maroc)

& Neville C. MORGAN (Algérie)

1.1.a. MERJA ZERGA (lagune de Moulay Bou Selham)

1.

Géographie et Morphologie

Localisation (figure 1.2): Cercle de Souk el Arba, Province de
Kenitra (Maroc) 34°37' — 34°52'N, 06°13' - 06°18'W; altitude: O m

Surface: bassin de drainage: 150 k.mz; surface de 1la 1lagune:
45 km? dont 30% d'eau libre en moyenne suivant le marnage

Paysage: plaine alluviale

Mocphométrie: Fforme générale elliptique; longueur maximum (N-S) =
9 km, largeur maximum (E-W) = 5 km.

La profondeur moyenne est de 1,5 m dans les chenaux et de 0,5 m dans
1la lagune s.s. La profondeur maximale, atteinte dans le goulet, est
de 4,5 m.

Géologie et Climat

Géologie: La Merja Zerga appartient au bassin du Rharb situé entre
deux grands ensembles structuraux: 1la Meseta et le Rif. Elle
constitue un milieu sédimentaire actuel qui occupe une dépression
(courbure des Fformations Villafranchiennes) dont 1'axe est jalonné
par le cours de 1'oued Drader.

Climat: Les environs immédiats de 1la lagune ne comportent pas de
station météorologique. Nous utilisons les données climatologiques de
1a station de Kenitra, 79 km au Sud (figure 1.4).

Type: Csas.
Vents: Prédominance des vents de secteur W et SW (60%) qui sont 1les

plus violents (moyenne annuelle = 4,5 m/s). Les vents d'E sont peu
fréquents (20%). Les vents des secteurs N et S sont rares (10% + 10%).
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Fig. 1.2 Merja Zerga
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Précipitations: La moyenne annuelle varie entre 600 et 700 mm. La
saison pluvieuse s'étend de 1'automne au début du printemps avec deux
maxima en octobre et en janvier. Les minima, voire 1'absence de
pluie, s'observent en été (de juin a aoiit).

Température de 1'air: La température moyenne mensuelle oscille entre

12*C et 23*C alors que la moyennc annuelle est de 17,4°C. Au cours de
1'hiver les gelées sont rares.

Hydrographie et hydrologie

Par 1'intermédiaire d'une passe, permanente depuis 1953 bien qu'elle
puisse exceptionnellement étre obstruée lors de trés vives tempétes,
la Merja Zerga communique avec 1'Océan Atlantique. Son régime
hydrologique est donc soumis au balancement des marées. Deux arrivées
d’eau douce, permanentes, se jettent dans la lagune: 1'oued Drader au
NE (débit moyen annuel de 0,5 m3/s calculé avant la construction
récente d'un petit barrage) et le canal du Nador au S gqui draine
toutes les merjas coOtiéres situées au Sud de la lagune. Ajoutons a
cela les apports {(non quantifiés) d'une nappe phréatique souterraine.
L'ensemble de ces conditlons implique de trés grandes variations de
salinité et de température et si, en été, toute la superficie du plan
d’eau est envahie par les eaux euhalines, en hiver toute la merja est
dessalée (eaux mixo-halines).

Caractéristiques physico-chimiques
Maximum Minimum

Force maximum du
courant dans le
goulet

Retard de haute
mer (en heure)

Retard de basse
mer (en heure)

00:45 en automne prés du

1,0 m/s

goulet (M.E.)
01:05 en hiver emb. du
Drader (M.E.)

02:30 de sept. & mars,
goulet (V.E.)
03:17 en mars, emb. du
Drader (V.E.)

0,5 m/s

00:05 en automne, goulet

(V.E.)

00:30 en automne, emb.
Drader (V.E.)

00:17 en automne, goulet

(M.E.)

00:27 en automne, emb.
Drader (M.E.)

Marnage 1,56 m en automne dans 0,15 m en hiver dans le
le goulet goulet
1,03 m en automne, emb. 0,08 m en hiver, emb,
du Drader Drader
Température eaux 28,7°C en été dans le 13,6°C en hiver dans le
de surface goulet goulet
28,3°C en automne, emb, 12,8°C en hiver, e¢mb.
du Drader du Drader
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Température eaux 27,9°C en été dans le 13,8°C en hiver dans 1le

de fond goulet goulet
28,7°C en automne, emb. 12,9°C en hiver, emb.
du Drader du Drader

Salinité 36 /oo a marée haute toute 16,7 °/oo0 en hiver, goulet
1'année dans le goulet 1,47 °/00 en hiver, emb.
et 1'emb. du Drader Drader (marée bhasse)

5. Macrophytes

Végétation riveraine de 1'oued Drader et du canal du Nador:
Phragmites sp., Scirpus lacustris et Iris pseudacorus. Végétation
halophile des schorres: Salicornia arabica, S. perennis, Juncus
acutus, J. subulatus, Scirpus maritimus et Cladium mariscus.

Zostera noltii, Ruppia cirrhosa, Ulva sp. et Enteromorpha sp.
constituent la végétation submergée.

6. Phytoplancton: diatomées et algues unicellulaires.
7. Invertébrés

Microfaune benthique et planctonique: abondante mais composée de peu
d'espéces parmi lesquelles Ammonia beccarii et Nonion depressulum
(Foraminiféres benthiques), Cyprideis torosa et Loxoconcha elliptica
{Ostracodes) sont dominantes.

Une estimation quantitative révéle une abondance assez grande: plus
de 200 foraminiféres benthiques et plus de 100 ostracodes dans 10 g
de sédiment brut (liste compléte drespéces dans Bidet et al., 1980).

Macrofaune:
substrat rocheux 1limité dans 1le goulet et 1le chenal principal:

Mytilus sp., Ostrea stentina, Crassostrea angulata, Pholas dactylus,
Nassa sp. et Carcinus moenas.

substrats meubles: Cerasltoderma edule (800 a 1000/m2), Venerupis
semidecussata (10/mZ) et Solem marginatus (5/m?) sont tres
abondants dans les sables marins et se retrouvent en moins grand
nombre dans les sables vaseux ou 1l'on rencontre aussi des Annelides
polychétes et le crabe Uca tangeri. Scrobicularia plana (200/m?) en
profondeur et Hydrobia ulvae (1800/m?) en surface dominent dans la
zone des vases thixotropiques (M. Lacoste, comm. pers.).

8. Poissons

La majeure partie des poissons, d'origine marine, ne se trouve gqu'au
niveau du chenal de commupnication avec la mer: Sparidés, Mullus,
Soleidés et Torpedo ocellata sont les plus communs. Dans les chenaux
s'observent des poissons amphihalins: Mugilidés (3 espeéces),
Dicentrarchus labrax et D. punctatus, mais surtout Anguilla anguilla
dont les ressources sont évaluées a environ 100 t.
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9. Autres vertébrés

Batraciens, Reptiles et Mammiféres: faune banale des zones littorales
du Nord du Maroc (Rana esculenta, Pleurodeles waltii, Pelobates
varaldii, Natrix maura, Mus spretus, Gerbillus campestris, Lepus
capensis...)

Qiseaux: importante zone de transit et d'hivernage pour les oiseaux
migrateurs européens; les effectifs moyens en hiver sont de 2% 000
Anatidés (11 espéces, principalement Anas penelope), 45 000 Limicoles
(19 especes réguliéres ou dominent Calidris alpina, Limosa 1limosa,
Charadrius hiaticula et Tringa totanus) et de 1500 & 2000
Phoenicopterus ruber. Parmi les espéces remarquables ou menacées qui
se reproduisent sur la merja, citons Asio capensis, Himantopus
himantopus, Recurvirostra avosetta, Vanellus vanellus, Glareola
pratincola et Sterna albifrons.

10. Pressions et activités humaines

Huit douars (= 1500 habitations = 7500 personnes) sont actuellement
recensés autour de la merja. Les riverains vivent presque
exclusivement de la péche qu’ils pratiquent dans la merja ou de 1la
vente de nattes de joncs tressés qu'ils récoltent dans le schorre.

Par ailleurs, on enregistre 1l'afflux de trés nombreux estivants
durant les 3 mois d'été; ces personnes se cantonnant dans le village
de Moulay Bou Selham ne pratiquent leurs activités (motonautisme,
voile, camping...) qu’au niveau du goulet.

La pollution due & l1l'urbanisme est trés faible, mais aucune étude n'a
été faite sur les pesticides quil sont certainement charriés par 1le
canal du Nador et 1'oued Drader.

Depuis 1978, 1la Merja Zerga est incluse dans un périmétre mis en
Réserve Bilologique. La chasse, autrefois trés importante, n'y est
donc plus pratiquée. Par contre, la péche et la récolte des joncs
sonl autorisées aux riverains selon des restrictions précises.

Quelques projets sont a 1'étude: le développement de 1'aquaculture et
la construction d'une route rapide cétiére menant de Larache a

Kenitra.

La lagune est inscrile sur la convention de Ramsar.

1.1.b. SEBKHA BOU AREGC (lagune de Nador)

1. Géographie et morphologie

Localisation (figure 1.3): Province de Nador (Maroc), 35°07°'-35°16°N,
02°44'-02°56'W. Altitude: O m.

Surface: bassin de drainage: 1000 kmZ, mal structuré et en cours
d’aménagement. Surface de la lagune: 150 km? dont 75% d'eau libre.
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Paysage: Plaine alluviale.

Morphométrie: Forme allongée; longueur maximum (NW-3E) = 25 km;
largeur maximum (NE-SW) = 7,5 km.

Profondeur variant entre 7 et 0,5 m.

Géologie et climat

Géologie: L'ensemble géologique local est caractériseé par
1'opposition entre un avant-pays atlasique et 1les lambeaux d'une
nappe d’affinité rifaine. Des formations plus récentes recouvrent ou
bordent ces ensembles. La lagune cst séparée de la mer Méditerranée
par un cordon dunaire quaternaire dqui peut atteindre par endroit
20 métres de hauteur.

Climat: Code type: Csag (figure 1.4)

Vents: Entre décembre et avril 1les vents de secteur Ouest et
Sud-ouest dominent; leur fréquence annuelle est de 23,3% tandis que
leur vitesse moyenne est de 3,4 m/s. De mai a novembre ce sont les
vents soufflant de 1'Est et du Nord-Est qui dominent; leur fréquence
annuelle est de 35% et leur vitesse moyenne de 4,2 m/s mais, lors de
tempétes, ils peuvent atteindre 12,5 m/s.

Précipitations: La moyenne annuelle est comprise entre 420 mm
(Melilla) et 310 mm (Nador, seulement 240 mm depuis 1976). I1 pleut
de 1'automne jusqu'au printemps avec un pic a chaque saison: octobre,
février et avril. Les minima de pluie s'échelonnent de juin a
septembre.

Température de 1'air: la température moyenne mensuelle est de 17,7°C.
La valeur moyenne des minima est de 13,1°C tandis que celle des
maxima est de 22,3°C.

Hydrographie et hydrologie

La Sebkha Bou Areg est un milieu ou les modifications hydrologiques
sont particuliérement rapides. Cette instabilité est due & deux
phénoménes principaux: une passe non permanente et 1l'arrivée récente
(depuis 1970 environ) d'effluents d'eau douce relativement importants
(230 a 500 . 10% m3/an).

Autrefois sursalée (salinité entre 40,5 ct 37,9 °/00 en 1961, passe
entretenue artificiellement et arrivée d'eau douce trés faible), 1la
Sebkha Bou Areg tend actuellement 3 une dessalinisation (comblement,
voire fermeture de 1la passe, calibrage de petits oueds et
installation d'exutoires de canaux d'irrigation dans la portion 3W).
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4, Caractéres physico-chimiques
Maximum Minimum

Température Surface 26,1 15,0
(°C) Fond 25,5 15,1
Salinité Surface 35,5 30,2
(°/00) Fond 35,3 31,0
Oxygéne dissous Surface 6,4 4,6
(m1/1) Fond 6,5 3,0
Rapport N/P Surface 1,2 0,2

Fond 1,5 0,25
5. Macrophytes

44

Schorres a4 Salicornia sp., prairies de Zostera marina entre 1,5 et
3,5 m de fond, prairie rase de Posidonia caulinii au-dela de 3,5 m.

Phytoplancton: aucune donnée disponible

Invertébrés

De 0 a 1,5 m de fond, peuplement d’'Actinies avec des Echinodermes
(Paracentrotus 1lividus) dans 1les zones rocheuses. De 1,% & 3,5 m,
facies a Holothuries avec de fortes concentrations locales.

Principales espéces rencontrées: Crustacés (Penaeus keraturus,
Leander serratus, Carcinus_ moenas...); Mollusques (Pectunculus sp.,
Cardium tuberculatum, Venerupis decussata, Mactra sp., Pinna nobilis,
Sepia officinalis et Octopus vulgaris...)

Poissons

On y trouve la plupart des poissons marins diadromes méditerranéens
et, lors des périodes de communication avec la mer, on constate
1'entrée de poissons marins. Lozano-Cabo (1953) et Aloncle (1961)
signalent plus de 60 espéces de poissons parmi lesquelles Pagellus
mormyrus, Mullus barbatus et M. surmuletus, Mugil (5 espéces), Sparus
aurata et Anguilla anguilla présentent un intérét économique.

Autres vertébrés

Avifaune nicheuse comportant des espéces rares dans la région
(Recurvirostra avosetta, Himantopus himantopus, Stecrna hirundo, S.

albifrons). Hivernage de Phoenicopterus ruber (jusqu'a 500),
d’Anatidés et Foulques (environ 3000 dont Tadorna tadorna, Anas
penelope, Mergus serrator, Fulica atra...) et de Limicoles
(Haematopus ostralegus, Limosa 1limosa, Charadrius alexandrinus,

Tringa totanus...).
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10. Pressions et activités humaines

Avant la construction (en cours) du port de Beni Anzar, extérieur a
la Sebkha, la passe était artificiellement entretenue et la péche (en
mer ou dans la lagune) importante, portant sur des especes de grande
valeur commerciale. Le comblement progressif de 1la passe et son
obstruction compléte en 1981 ont entrainé le repli des pécheurs sur
le port de Beni Anzar, et les activités humaines sur le plan d'eau
sont aujourd'hui trés réduites.

Aucune mesure de pollution n'a été réalisée dans la lagune, mais elle
atteint son maximum aux abords immédiats des villes de Nador et
Kariat Arkman. Par ailleurs, le débouché récent de canaux
d'irrigation doit entralner dans la lagune les pesticides utilisés en
agriculture. Enfin, signalons la présence d'une usine métallurgique
(avec bassin de déversement dans la lagune) falsant partie d'un grand
complexe sidérurgique en cours d’installation dans la région.

Notons en outre gue le schorre ceinturant la cdte OQuest de la lagune
est en train de disparaitre devant l'extension de la ville de Nador
(19 357 habitants en 1960 et prés de 50 000 aujourd'hui) associée a
une explosion du développement des zones cultivées sous 1'impulsion
d'un Office de mise en valeur de la région.

Un projet est en cours pour étudier les possibilités d'y développer
une aquaculture.

l.1.c. LAC OUBEIRA

Le plus grand lac naturel oligo-halin du Maghreb. Il fait partie du
complexe lacustre et marécageux d'El Kala, au pied des collines du NE de
1'Algérie, dans une plaine séparée de la mer par un cordon dunaire
(Figure 1.5). Le climat d'El Kala (La Calle) s'applique également aux
quatre plans d’'eau pris en compte ici: L. Oubeira, L. Tonga, L. Melah,
Garaet el Mkhada (figure 1.4).

10 km

O. el Kebur
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Géographie et morphologie

Situation: NE de 1'Algérie, 36°50'N, 08°23'E

Altitude : proche de la mer

Distance a la mer: 3 km

Surface: 2100 ha d'eau libre.

Des collines gréseuses avec un maquis dense et des chénes-liége
forment le bassin versant.

Profondeur maximale 3 m, variations saisonniéres 2,5 m. Fonds de
sable et d'argile recouverts de vase. Longueur 6 km, largeur 3 k.

Hydrographie

Un chenal, qui débouche dans le sud-est du lac, alimente le lac en
hiver lorsque la crue de 1'0Oued el Kebir inonde le marais qui les
sépare. A la décrue de 1'Oued, il se forme un courant de retour qui
est maintenant arrété par des portes construites pour retenir 1'cau
dans le lac.

Physico-chimie

Température de 11 a 12°C en hiver (janvier 1977) supérieure i 30° en
été. pH 7,2 a 7,6.

Lors des coups de vent, 1'eau est colorée par des suspensions
organiques brunes qui proviennent du sédiment.

Salure de 1'ordre de 100 mgs/1 (19.01.1977) i 300 mg/)l (4.03.1957),
eau sulfato-chlorurée calcique.

Stratification occasionnelle de courte durée.

Macrophytes

Quelques Phragmites communis sur la cdte ouest; 90% des fonds sont
occupés par un herbier ou Myriophyllum et Ceratophyllum dominent.
Trapa patans, rare en Algérie, a été signalé par Gauthier (1928) et
Ledant & van Dijk (1977).

Phytoplancton: peu dense.

Invertébrés

Gauthier (1928) signale Diaptomus numidiens, Diaphanosoma brachyurum
et Moina en abondance. Seuls Simocephalus et Eurytemora ont été
observés en janvier 1977.

Paleomonetes varians (dominant), Hirudo medicinalis, des
Coenagrinidae, Libellulidae, Cloeon dipterum, des Nepidae,
Hydrophilidae et Chironomidae sont importants dans le zoobenthos. Les
gastéropodes cités par Gauthier (1928) n'ont pas été observés en
janvier 1977.

La diversité de cette faune invertébrée, incluant de nombreuses
espéces dulgaquicoles souligne 1'intérét de ce lac.
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Poissons

Trois espéces de Muges, Anguilla anguilla, Atherina sp. et Alosa
viennent de la mer dans le lac en hiver via 1'Oued el Kebir. Gambusia
affinis a été introduit.

Autres vertébrés

Site d'hivernage important pour les migrateurs, en particulier Anas
penelope, Aythya Ffuligula pour lequel le lac est le site le plus
important, selon Ledant & van Dijk, et pour A. ferina, Fulica atra,
Podiceps ruficollis et P. nigricollis.

Activités humaines

Peu de tourisme et densité d'habitants Ffaible sur le bassin versant.
Le lac est exploité par une pécherie commerciale. L'inclusion de la
seule cOte ouest dans les projets de parc national d’El Kala a été
proposée par Bougazelli et al. (1977).

1.1.d4. LAC TONGA (GARAET MTA EL HOUT)

1.

2.

Géographie et morphologie

Situation: Algérie, 36°51'N, 08°30'E.

Surface: 2000 ha dont 3% en eau libre; s'asséche chaque été jusqu'a 3
mois entre aout et novembre.

Profondeur maximale: 1,5 m

Méme type de bassin versant que le lac Oubeira, avec maquis et bande
cétiére utilisée en paturages (figure 1.5).

Hydrographie

Alimenté par les pluies et des oueds temporaires. Emissaire vers 1la
mer également temporaire. Des essais de drainage par un canal vers la
mer ont été abandonnés parce gue le fond du lac est proche du niveau
de la mer.

Climat: voir L. Oubeira
Physico-chimie
Température de 1'eau proche de la température moyenne de 1l'air; (10°C

le 18 janvier 1977).
Salure équivalente & 0,4 g/1, pH proche de la neutralité.

Macrophytes

Le lac est en fait un marécage pour 97% de sa surface, avec Scirpus
lacustris dominant, Phragmites communis, Typha sp., Iris pseudacorus,
Glyceria maxima, Sparganium erectum, Schoenoplectus et Alisma
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1.

plantago-aquatica. Les chenaux et 1'eau libre oni% &palement une riche
flore immergée. Lotus sp. est également signalé.

Invertébrés

Dans 1le zooplancton, Ceriodaphnia megops domine, accompagné de
Metacyclops minutus et Myxodiaptomus incressatus. Le benthos :est trés
diversifié, incluant Hirudo medicinalis, des Ostracodes, Asellus sp.
et de nombreuses larves d'insectes. Les gastropodes sont également
plus divers que dans les autres plans d'eau douce d'Algérie.

Poissons: Seul Anguilla anguilla a été signalé.

Autres vertébrés

Anas penelope et A. clypeotra hivernent. Le lac Tonga est également
un site important de reproduction notamment pour Porphyrio porphyrio
et Oxyura leucocephala.

Activités humaines

Population peu dense sur le bassin mais chasse active en hiver. Le
gquart nord du lac est inclus comme réserve de chasse dans le projet
du Parc National d'el Kala par Bougazelli et al. (1977).

e. LAC MELAH

Géographie et morphologie

Situation: Algérie, 36°53'N, 08°20'E; }

Altitude: 1 m; situé prés de la mer, entre des dunes Ffossiles, dans
une vallée ancienne, barrée par les dunes et envahie par la mer.
Fonds sableux (figure 1.5);

Surface: 879 ha;
Dimensions: 4 km du N au S, 2 km de largeur

Profondeur: 6 m.

Hydrographie

Alimenté en hiver par les oueds el Aroug et el Melah au 35, et se
déversant dans la mer, au N par un étroit goulet.

Gauthier (1928) signale que 1l'influence de 1l'eau douce des oueds se
maintient jusqu'a 200 métres devant leur embouchure. Le 20 janvier
1977, la salure au milieu du lac était de 8,5 g/l. En été, les oueds
s'asséchent, le niveau s'abaisse par évaporation et 1'eal de mer
entre dans le lac. La salure augmente, mais un gradient nord-sud est
maintenu par les apports de la nappe phréatique sous les dunes.

Macrophytes
Ruppia cirrhosa, Ceratium et les Rhodophycées dominent. Marais a

Juncus maritimus au sud. Tapis algaires a proximité du chenal endigué
qui relie le lac a la mer. B




4,

5.

6.

7.

8.

COASTAL NORTH AFRICA

Phytoplancton: peuplement alterné, fonction de 1la salinité et de
1'influence des oueds.

Invertébrés

En janvier 1977, seul Daphnia étail présent dans 1le zooplancton.
Cerastoderma edule abonde en hiver, avec Corophium sp., Gammarus sp.,
Sphaeroma, Hydrobia et Pisidium. Gauthier (1928) et Bougazelli et al.
(1977) signalent également des Polychétes, Paleomonetes varians,
Carcinus mediterraneus et Talorchesia deshayesei en été. Oligochétes,
Chironomides et Hydracariens sont présents prés des arrivées d'eau
douce.

Poissons

Faune diversifiée, d'origine principalement marine, avec péche de
Muges, de Dicentrarchus labrax, Solea et Sparus aurata. Rendement de
50 kg/ha en 1971. Gambusia holbrookii a été introduit.

Autres vertébrés

Site d'hivernage pour des nombres importants de Fulica alra, Aythya
fuligula, A. ferina, Podiceps cristatus, P. ruficollis et P.
nigricollis.

Activités humaines

Faible densité de population sur le bassin versant. I1 est envisagé
de développer 1l'exploitation actuelle de 1la péche et des essais de
conchyliculture sont en cours.

Le lac est inclus dans le projet du Parc National d'el Kala.

1.1.f. GARAET EL MKHADA

1.

2.

Géographie et morphologie

Situation: Algérie, 36°48'N, 08°00'E;

Altitude: 1 m;

Surface: 89 kmz, 1'un des derniers grands marécapges d'Afrique du
Nord situé sur une plaine d'inondation argileuse orientée et séparée
de 1la mer Méditerranée par une ligne de dunes (figure 1.5). Traversé
par une voie ferrée.

Profondeur: moyenne, de 1'ordre de 30 cm, variable.

Climat

Pluie moyenne annuelle 750 mm, évaporation 980 mm (voir figure 1.4).
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Hydrologie

Le marais est alimenté par trois oueds, O. Bou Namoussa, 0. Chourka
Garaet et 0. el Kebir. Ce dernier, le plus important, a sa source
dans les massifs montagneux de Kroumirie & la frontiére
algéro-tunisienne.

Les variations saisonniéres du niveau de 1'eau sont bien marquées,
avec inondation pendant la premiére partie de 1'année et asséchement
presque total de juin & novembre. Il subsiste cependant des mares
comme 1'indique 1la présence de genres tels que Gammarus qui ane
peuvent résister a un asséchement complet.

Un court exutoire est situé a 1'extrémité ouest de la garaet et
rejoint la mer a travers le cordon dunaire.

Climat: voir L. Oubeira.
Physico-chimie

L'eau est douce a oligo-haline. Une observation du 21 janvier 1977
donne une salinité de 4,6 g/1 et une température de 17°C.

Macrophytes

La végétation émergente couvre plus de 90% de 1la surface du marais.
En hiver, une zone périphérique d'eau libre résulte du broutage par
les troupeaux, et des chenaux dans la végétation ménent jusqu'au
centre. Les macrophytes comprennent de nombreuses espéces parmi
lesquelles Scirpus littoralis, S. lacustris, S. maritimus, Phragmites
communis et Juncus sp. sont abondants et dominants dans diverses
régions. La végétation submergée est aussi abondante, aussi bien en
cau libre que dans les zones de macrophytes émergents, avec notamment
HMyriophyllum sp., Chara sp., Nitella sp., Ruppia sp., Callitriche
sp., Zannichellia palustris et Ranunculus sp. On trouve également
Tamarix par endroits ainsi que Lemna minor.

Invertébrés

Des Oligochétes, Gammarus marinus, des Corixidae, Corixa panzeri,
Plea sp., divers Odonates, Coléoptéres, Chironomides, Epiphydra sp.
et des Hydracariens ont été observés.

Poissons

Plusieurs espéces de Mugilidac, anguilles, ainsi que Cyprinodon
fasciatus et Atherina sp.

Autres vertébrés

Site d'hivernage pour de nombreux canards plongeurs, pour Fulica
atra, et 1'un des rares plans d'ecau du Maghreb ol Anser anser
(jusqu'd 8000 individus) passe 1'hiver. C’'est également un site
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important de reproduction pour Bubulcus ibis, d'autres hérons, Aythya
nyroca, Circus aeruginosus, Rallus aquaticus et Podiceps ruficollis.

Activités humaines

Peu d'habitants autour de la Garaet el Mkhada, mais chasse active
1'hiver.

Contrairement a 1la plupart des autres marais d'Afrique du Nord,
celui-ci n’a pas encore été drainé, ce qui fait son intérét pour la
conservation de la flore et de la faune, et contribue sans doute a la
grande richesse des macrophytes présents.

Péche de muges (M. cephalus, L. saliens, L. labrosus) et d’anguille.

1.2. LAGUNES COTIERES DE TUNISIE
par Jacques LEMOALLE

Les lagunes cOtiéres constituent, en Tunisie, 1'essentiel des plans d'eau
naturels permanents. Les sebkhas (ou chotts) cotiéres ou intérieures,
sont des plans d'eau temporaires, soumis aux variations saisonniéres et
interannuelles de précipitations (figure 1.6).
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Fig. 1.6 Lacs, lagunes et sebkhas du Nord tunisien
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L'exploitation par 1'homme des deux types de milieu est- également trés
différente: continue et ancienne dans les lagunes, notamment pour 1la
péche, elle est beaucoup plus épisodique dans les sebkhas: péche a la S.
Kelbia, exploitation d'évaporites a la S. el Melah & Zarzis.

CLIMAT GENERAL

Les lagunes tunisiennes sont réparties entre 37°10' et 33°15'N. Le climat
est caractérisé par des étés chauds et des hivers pluvieux, un vent moyen
notable (4 a 5 m/s) et, surtout, une importante variabilité interannuelle

de la pluviométrie, le coefficient de variation atteignant 70% dans le
Sud.

La pluviométrie moyenne annuelle décroil du N au 3 de la cdte tunisienne
(614 mm a Ichkeul, 228 mm & ¢l Bibane). Les diagrammes climatiques de
Bizerte et Zarzis (figure 1.4) sont trés sensiblement représentatifs de
ce gradient. Cette influence =zonale est cependant tempérée par
1'influence marine: les différences d'humidité ou de température (fig.
1.4) le long de la cdte sont relativement limitées, comparativement aux
différences entre 1la région coOtiére et 1'intérieur du pays ou les
températures extrémes sont plus accusées, et 1'humidité beaucoup moindre.

1.2.a. LAC DE GHAR EL MELH

1. Géographie et morphologie

Situation: N de 1la Tunisie, entre Bizerte et Tunis: 37*10'N, 10°10'E.
Bordé par 1le village de Ghar el Melh (ex Porto Farina), et par
1'extrémité de la dorsale tunisienne (334 m) (figure 1.7).

Surface: 26,1 km(; longueur: 7 km; largeur: 4,5 km (pour la lagune
principale)}.

T10° 10 N

GHAR el MELH C. FARINA

137010

L. de
GHAR el MEL

0. MEJERDAH

Fig. 1.7 Lac de Ghar el Melh
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Profondeur : max. 2 m, moyenne 1 m, Cette profondeur a diminué
sensiblement au cours des derniers siécles, mais tend a se stabiliser
aprés la régularisation du cours de la Medjerdah. Cordon littoral

avec une passe de 70 m de large, mais peu profonde (1 m). Fond de
vase Sableuse. Marécages dans 1'Ouest.

Les affluents sont des petits ruisseaux et des canaux de drainage.
Anciennement, les crues de la Mejerdah se déversaient en partie dans
la lagune.

Géologie

Formé par les alluvions récentes de 1la Mejerdah, reposant sur des
formations quaternaires et sur des grés et marnes du Pliocéne. Zone
de subsidence actuelle. La lagune actuelle, qui fut aulrefois la baie
d'Utique, est séparée de la mer par un cordon littoral agé de moins
de 1200 ans.

Climat

Moyenne annuelle des précipitations (1931-1960): 576 mm, maximum en
janvier (114), minimum en juillet (0,6).

Vent NW en automne-hiver, NE ou SE en été.

Evaporation (Piche): 189 mm en juillet, 70 mm de décembre a février.
Températures moyennes mensuelles: 11,7°C en janvier; 28,7° en
septembre.

Hydrologie

Variations saisonniéres de niveau liées a celui de la mer, avec une
légére augmentation due aux pluies d'hiver.

Hydroclimat

Température moyenne: 18,5°C; max. 27,4°C; min. 9,7°C. Salinité plus
forte qu’'en mer en été (39 a 46 °/00) et plus faible en hiver
(25-37), avec des valeurs plus extrémes dans les zones bordiéres.
Composition: semblable a 1'eau de mer.

Oxygéne: pas d'anoxie observée.

Macrophytes et phytoplancton

Macrophytes: Phragmites communis, Zostera marina sur la majeure
partie du fond, également Ulva lactuca, Enteromorpha sp. et
Cladophora sp. Pas de données sur le phytoplancton.

Invertébrés

Faune dominée par les mollusques, bivalves (Cerastoderma glaucum) et
gastéropodes (17 espéces citées). Polycheétes: Ficopomatus
enigmaticus, Sphaeroma sp.
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2.

Poissons

Les sédentaires sont de petites espéces marines (12 spp.). Les
migrateurs marins comportent 25 espéces communes plus 7 accidentelles.

Activités humaines

La régularisation et 1la canalisation de 1la Mejerdah limitent les
apports de sédiments et stabilisenl la lagune. Des éléments nutritifs
sont apportés par le drainage d'une zone agricole trés active.

La péche, organisée en coopérative, utilise essentiellement les
filets trémails et les palangres, avec des barques de péche cbtiére
et lagunaire. Le village de Ghar el Melh abrite 420 marins, soit 11%
de la population.

Production lagunaire estimée a 62 + 20 t/an. Les Mupges (M. cephalus
surtout) représentant plus de la moitié des captures, Anguilla 15%,
Dicentrarchus 8%.

b. LAC ICHKEUL

Géographie et morphologie

Situation: N de 1la Tunisie, Gouvernorat de Bizerte, au NE de 1la
plaine de Mateur (figure 1.6); 37°17'N et 09°40'E,

Surface: 89 kmZ en été, env. 100 km? en hiver.

Bassin _versant: 2200 km? dans une zone de Corét dégradée A
oléolentisques. Lac orienté E-W (14 km), largeur de 5 a 6 km, avec
extensions marécageuses en hiver.

Collines au N et & 1'W; un massif abrupt, émergeéant de la plaine de
Mateur forme la cOte S: le Djebel Ichkeul (510 m).

Altitude du fond : - 1,25 m NGT (niveau moyen mer 0,15 m NGT).

Niveau en été: ONGT, en hiver généralement supéricur a 1 m NGT
(niveau maximal 2,7 NGT).

Profondeur moyenne en été: 0,9 m.

Géologie

Le bassin est entouré de roches crétacées a récentes, le matériel
étant encore peu consolidé: calcaires, roches gypseuses, argiles. Le
Djebel Ichkeul, qui se dresse dans la plaine de Mateur et Forme 1la
rive S du lac s est formé par diapir au Vindobonien. Il est constitué
de roches métamorphiques plus dures: schistes calcaires, dolomite et
marbre.

Climat
Voir données climatiques générales sur la Tunisie (figure 1.4).

Pluviométrie moyenne (1952-1976): 614 mm/an, avec une année sur 10
égale ou inférieure & 435 mm.

Humidité relative: 80% en été, supérieure en hiver.

Amplitude thermique journaliére: 10°C en été, moins forte en hiver.
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Hydrographie et hydrologie

Les apports par les vriviéres (271.10% m3  annuels) sont dus
principalement a 1'Oued Sejnane (44%) et & 1'Oued Joumine (38%). En
hiver, ils excédent 1'évaporation, et un courant d’eau se dirige vers
la mer & travers 1'Oued Tinja et 1le 1lac de Bizerte. En été,
1'évaporation excéde les faibles apporls continentaux et 1'eau de mer
pénétre dans Ichkeul par 1'Oued Tinja.

L'évaporation annuelle en bac est de 1800 mm, et estimée pour le lac
a 1300 mm (Hollis 1979).

Hydroclimat et chimie

Température semblable & la moyenne de 1l'air.

Composition dominée par les influx d’'eau de mer.

Le brassage fréquent di au vent crée en général une homogénéisation
verticale et horizontale de la masse d’'eau. Avec remise en suspension
des argiles du fond et faible transparence (disque de Secchi compris
entre 5 et 80 cm).

Salinité: 1 a 3 g/1 en fin d'hiver; 30 & 33 g/1 en fin d'été

Macrophytes et phytoplancton

Potamogeton pectinatus occupe prés de la moitié du lac en été.
Phragmites communis sur 1la 1ligne de rivage. Ruppia prés de
1'0. Tinja; Scirpus lacustris dans les marécages.

Composition du phytoplancton non connue. Biomasse entre 5 et
30 mg.m“3 de chlorophylle a (été 1981).

Invertébrés

Sphaeroma hookeri et Nereis diversicolor importants prés des rivages
particuliérement en été.

Faune benthique plus diversifiée dans la partie orientale, proche de
1'influence marine. Hydrobia ventrosa, Ammonia beccarii, Cyprideis
forosa, Conopeum seurati, Cerastoderma glaucum sont présents partout
(Zaouali 1975).

Poissons

Muges (M. cephalus et M. ramada) et A. anguilla dominent, entrent a
1'état de juvéniles et repartent en mer se reproduire.

Dicentrarchus labrax, Solea vulgaris et Syngnathus abaster sont
également présents.
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Autres vertébrés

Lutra lutra rare, Bubalus bubalis en semi-liberté. La tortue Clemmys
leprosa est fréquente, ainsi que Rana ridibunda, Bufo viridis et
Natrix maura (Hollis 1979).

Le 1lac et ses marécages sonl une zone d'hivernage pour beaucoup
d’oiseaux d'Europe: plus de 70 espéces y sont observées, dont
certaines en grand nombre: Anser ansec, Anas penelope, Aythya
fuligula, Fulica_ atra hivernent. Jusqu'a 90 000 individus de Aythya
ferina. Nicheurs: Oxyura leucocephala, lHimantopus himantopus,
Acrocephalus arundinaceus, etc.

Activités humaines

Le 1lac, ses marécages et le Djebel Ichkeul constituent un parc
national, situé en aval d'une plaine agricole en cours d'aménagement
et proche de deux villes industrielles: Menzel Bourguiba (5 km) et
Bizerte (20 km). Des sources chaudes atlirent 1les curistes qui
campent sur les flancs du Djebel.

La construction de barrages sur les principaux affluents, Joumine et
Sejnane modifiera prochainement les équilibres hydriques et salin du
lac, et donc son intérét comme parc national. Des mesures
conservatoires sont a 1'étude.

La péche est gérée par 1'0Office National des Péches. Les captures ont
lieu a la bordigue sur 1'Oued Tinja, aux trémails dans le lac pour
les muges (68%) et avec des nasses pour 1'anguille (25% des
captures). Prises totales: 128 tonnes/an, soit 13,5 kg/ha avec une
forte variabilité interannuelle.

¢. LAGUNE DE MONASTIR

Géographie et morphologie

Situation: Au S de la ville de Monastir, Tunisie, 35°45'N, 10°45'E
(Figure 1.8). -
Dimensions: N-S: 3 km, largeur: 0,5 km.

Surface: 173 ha.

Une bande sableuse de 100 m de large est prolongée au sud par une
digue qui rejoint la berge. Deux communications avec la mer, au Nord
et au Sud, reliées par un chenal de 2 & 2,5 m de profondeur. Le reste
de la lagune a une profondeur inférieure a 0,5 m.

En 1983, de grands travaux ont été entrepris pour installer une
station d’'aquaculture.

Climat et géologie

Située au fond d'une baie peu profonde comportant de nombreux hauts
fonds, bien protégée des vents dominants.

A l'origine, wune fléche sableuse orientée N-S protégeait un plan
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d'eau peu profond (0,5 m) ou se sont installées des salines. La
lagune proprement dite a éLé créée en 1952 par la construction d'une
digue, au sud, qui a individualisé le plan d'eau

Précipitations: environ 500 mm par an. Climat intermédiaire entre
celui d’Ichkeul et celui de Jerba (figure 1.4).
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Fig. 1.8 Lac de Monastir

Hydrographle et hydrologie

Marnage dé 0,45 m maximum, parfois amplifié par 1le vent. Apports
d’'eau douce par ruissellement superficiel.

Physico-chimie

Température moyenne mensuelle 12,8°C en janvier, 28°C en juillet
(1977-78).

Oxygéne influencé par le benthos, 60 a 130% de 1la saturation.
Salinité 40 & 50 °/oo0.

Benthos
Biocénose de sable vaseux de mode calme.

Herbier & (Cymodocea nodosa  en faible profondeur, et Caulerpa
prolifera dans les chenaux (1978).
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Poissons et péche
Production sannuelle moyénne de 34 kg/ha, au moyen de bordigues et
filets. Les muges (M. cephalus, L. aurata, L. saliens, L. labrosus)
et les sparidés (S. aurata, L. mormyrus) dominent.
Activité humaine
Située cn bordure de la zone industrielle de Monastir, la lagune a
été ulilisée en saline, puis en pécherie avec quelques bassins
d'élevage. Elle est ensuite (1984) le siege d'une importante station
d’'aquaculture. Les travaux de terrassement et le creusement de
chenaux ont sensiblement modilié ses caractéristiques.

.2.d. BAHIRET EL BIBANE (LAGUNE EL BIBANE)
Géographie et morphologie

Situation: cdte du 5 de la Tunisie, approximativement centrée sur
33°15'N et 11°15'E., (figure 1.9).

Surface : 230 kmf. Bassin versant en grande partie inactif. Bassin
ovale allongé, d'axe WNW-ESE de 32 km, plus grande largeur d'environ
10 km. En 1liaison aux deux extrémités avec des sebkhas (plaines
supratidales).

Volume moyen : 934.10%m%, profondeur maximale 6,8 m, profondeur
moyenne 4 m, le niveau moyen est celui de la mer.
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Fig. 1.9 Lagune el Bibane

La lagune est séparée de 1la mer par un cordon dunaire calcaire
fossile. La partie centrale de ce cordon est scindée sur environ
2,5 km en une série de 9 pelits ildéts séparés par des passes (Bibane
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signifie portes en arabe). Sur la plus grande de ces iles (3 ha)
entourée des deux passes les plus profondes, se trouve la pécherie
qul exploite un barrage de péche en grillage. Toutes 1les autres
passes sont barrées par des murs en pierre.

Climat et géologie

Le lagune el Bibane est séparée de la mer par un cordon littoral
fossile de calcaire oolithique tyrrhénien. Son aspect actuel daterait
de la transgrossion flandrienne de 3000 ans BP (Medhioub 1979).

Rsyonnement. global incident 1971. 104 Jm~?d~1 (année 1980) en
moyenne annuelle; max. en juillet (2960.10% Jm‘zd“l), min. en
décembre  (1017.10% Jm=2a-1);  insolation  (1980): 6,1 h.d"l
novembre; 12,6 h.g—31 juillet.

Vent NNW en hiver, SE en été; moyenne annuelle 5,5 ms~1 sans
variation saisconniére des moyennes mensuelles. Les vents violents
sont cependant plus rares en été (380 xkm.d"1 en juillet 1982 et 570
km.d~t en avril 1982).

Moyenne annuelle des précipitations (1901-1950): 207 mm et
(1960-80) : 228 mm; avec un coefficient de variation interannuel de
70%.

Evaporation réelle du plan d’eau estimée a 1800 mm/an.

Température annuelle de 1°air (1981): min. en janvier 9,9°C, max. en
aolt 27,7°C. Ampiitude journaliére en été de 10°C.

Les ucnditions climatigues sont semblables & celles de Jerba (Houmel
tesouk) et de Zarzis (figure 1.4).

Hydrologie

Les apports de 1'unique tributaire, 1'oued Fessi, irréguliers en
volume eb en fréquence, sont estimés a 107m3  en moyenne, mais
peuvent &tre nuls certaines années. Avec les précipitations
(52.10%m3) les apports d’'eau douce ne compensent pas
1'évaporaktion. Le bassin est donc hyperhalin.

Des évaluations approximalives permettent de situer a environ

5.109m3 1’eau qui entre et ressort chaque année de la lagune sous
1'effet des variations de niveau de la mer (marée et oscillations du
niveau moyen). Les apports d'eau douce sont donc peu importants a
long tuerme mals, comme pour 1'évaporation, sont nettement
discernables pour les variations saisonniéres.

Ltamplitude de la marée en mer est de 5 a4 40 cm. Elle se traduit par
une oscillation ew lagune d'amplitude généralement inférieure a 2 cm.

Par ccnbce, les varlations du niveau marin moyen, dues aux conditions

stmoapiariques, atteignent 40 cm et sont transmises sans
amorllsseneat notable & 1l'intérieur de 1la lagune.
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Physico-chimie

Température de 1'eau: elle suit trés exactement la température
moyenne de 1'air: maximum en aoGt entre 28 et 30°C, minimum en
janvier entre 6 et 11°C.

Transparence: mesurée au disque de Secchi (DS), variable entre 1,5 et
6 m. Relation entre (DS) et K d'atténuation du spectre visible:

K (DS) = 1,7 pour DS compris entre 3 et 6 m.

Salinité (période 81-82):

ZONE FIN DE L'ETE FIN DE L'HIVER
Centrale 45 a4 45,5 42 & 43,5

N.W. 46,5 43

S.E. 48,5 43,3

Alcalinité: 2,5 ~ 2,8 mq/1, minimum en été, maximum au printemps.

Composition en ions majeurs: proche de celle de la mer, avec légeére
augmentation du rapport Mg/Ca dans la zone ouest (Medhioub 1979).

Phosphore: PO, réactif dissous 1le plus souvent inférieur a
1.10~%¢ p/1, sauf lors de stratification estivale (4 a
10.107% p/1).

Oxygeéne: proche de la saturation dans 1'ensemble de la masse d'eau.
Oscillations diurnes d'environ 30% prés du fond en été (herbiers);
anoxie prononcée prés du fond en stratification estivale.

Mixité: stratification estivale occasionnelle.

Macrophytes et phytoplancton

Les macrophytes émergents sonl absents. Par contre, environ 80% des
fonds sont recouverts d'herbiers. Cymodocea nodosa se rencontre
partout, avec des densités fortes dans les profondeurs moyennes.
Caulerpa prolifera s'associe & Cymodocea. Vers les extrémités de 1la
lagune, on trouve également Lithothamnium sp. ou Ruppia maritima avec
des algues filamenteuses (Cladophora et Chaetomorpha sp). Des petites
prairies a Posidonia ont également été signalées.

Le 1long du cordon 1littoral, et principalement dans 1la région
nord-ouest, affleure wune frange coralligéne a Neopgoniolithion
notarisii.

La concentration du phytoplancton est généralement faible (0,3 3 2 mg
Chla m™3), sauf lors de périodes sporadiques de stratification
estivale ol on a observé jusqu'a 10 mg m~3 en relation avec une
anoxie prés du fond avec décomposition des herbiers. La systématique
de ce phytoplancton n'a pas été étudiée.

Invertébrés

La macrofaune benthique (tamis de 1 mm) est inégalement distribuée
avec une plus grande richesse spécifique dans le centre (50 espéces)
que vers les extrémités (20 espéces). Pour l'ensemble de la lagune,



COASTAL NORTH AFRICA

les mollusques comportant essentiellement des Pélécypodes (45%)
dominent pondéralement (Guelorget et al. 1982, pour 1le printemps
1980). Lorsque seuls les plus grands de ces organismes benthiques
sont pris en compte, les répartitions sont sensiblement différentes
(Zaouali 1982).

Poissons

Peuplement marin diversifié: plus de 60 espéces dont 20 d'importance
commerciale. Importantes migrations de reproduction (Sparus aurata)
ou trophiques vers la mer.

Oiseaux

Hivernage de petits limicoles et présence fréquente d'une centaine de
Phoenicopterus ruber.

Activités humaines
Traces d’'occupation néolithique et romaine.

Densité humaine dans 1la région: 10 a 20 hab./km?. Un seul village
de pécheurs/agriculteurs sur le bord de . 1la lagune, Jedaria. La
gestion de la péche est assurée par un organisme public, 1'Office
National des Péches, qui exploite le barrage de péche ainsi que la
péche a la ligne dans 1la passe, et concéde des aulorisations de péche
au filet & une soixantaine d’artisans. La production commercialisée
est en moyenne de 535 tonnes/an, soit 23 kg/ha dont 60% pour le
barrage et 30% pour 1la péche privée. Sparus aurata, Diplodus
annularis et Solea vulgaris constituent plus de 60% des captures
totales (1981-82)., Fermeture de la péche en mars et avril.

1.3. LAC DE TUNIS
par Jeanne ZAQUALI

Géographie et morphologie

Situation: 36°50'N, 10°10'E; 1lagune vive de premiére ligne située
entre la ville de Tunis et la mer (figure 1.10).

Superficie de 4500 ha en constante diminution; plan d'eau séparé en
deux: lac nord et lac sud (2800 et 1300 ha) par un canal central
bordé de digues, creusé en 1885 et joignant la mer (zone de 1la
Goulette) a la ville de Tunis.

Le lac nord communique avec la mer par le canal de Kherredine (1953),
le lac sud par le canal de Radés (1928).

Profondeur moyenne: 1 m.

Climat et géologie

Mémes caractéristiques climatiques que celles de Bizerte, avec des
pluies légérement inférieures (figure 1.4).
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Le lac s'est formé par fermecture progressive d'un golfe il y a
environ 7000 ans, par formation de deux tombolos nord et sud. La
sédimentation est d'origine détritique et organique avec dominance de
vases noires.
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Fig. 1.10 Lac de Tunis

Caracteres physico-chimiques des eaux

Température moyenne: 19,2°C (9 en février, 30 en aoiit).

Salinité moyenne: lac nord, 38 °/00o (hiver 33, été 43 */o0o0); lac sud,
42 °/o0 (hiver &0, été 45 °/oo). Il existe dans le lac nord un
gradient de salinité croissanle de 1'W vers 1'E.

Les éléments nutritifs apportés principalement par les eaux de
ruissellement urbaines et les rejets d'eaux usées présentent une
zonation inverse de celle de 1la salinité: 8 a 1,5.1076 atg/1
PO4~P; 5 & 0,2.107% atg/1 NO,-N; 11 & 2.107% atg/1 NO3-N.

Trés forte teneur des sédiments et des eaux en hydrogéne sulfuré,
notamment dans le lac nord (milieu trés fortement eutrophisé, Sticn
1968).

Caractéristiques biologiques

Bactéries: Trés importante biomasse liée au cycle sulfato-réducteur;
crises anoxiques estivales dans le lac bod aboutissant & la formation
"d'eaux rouges" et mortalité de poissons (estimée i 100 tonnes en
1983).

Plancton: Phytoplancton: deux blooms (printemps et automne).
Zooplancton: abondant (étudié par Heldlt 1929 dans le lac nord).
Benthos: Dans 1le lac nord dominance d'Ulva lactuca et Ficopomatus
enigmaticus.

Biomasse moyenne annuelle des macrophytes: 860 gm’z (1975-76)
constituée & 75% par Ulva (Belkhir & Hadj Ali Salem 1981).

Dans le 1lac sud: dominance d’'Ulva lactuca et Cerastoderma glaucum
(Zaouali 1974).
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Poissons: dominance d’Anguills anguilla et des Mugilidae
(essentiellement Mugil cephalus, Chelon labrosus et Liza ramada),
pour les migrateurs et Aphanius fasciatus pour les sédentaires.

Oiseaux: trés nombreux passages et séjours hivernaux notamment des
Cormorans et des Flamants roses (présence attestée depuis le début du
17e siécle (de Bréves 1628).

Interventions humaines

Permanentes depuis le 8e siécle (creusement d'un canal & la mer au
niveau de la Goulette et d'un chenal vers Tunis).

Dans le lac nord, présence de deux usines thermo-électriques rejetant
leurs eaux dans la lagune; construction d'un canal d'assainissement
dans la zone proche de Tunis; projet de comblement de prés du quart
du lac en vue d'y installer une zone résidentielle. Dans le lac sud,
présence de deux salines; mise en place d'un port occupant environ le
quart de la superficie du lac; construction en cours d'une usine
thermo-électrique (canal de Radés).

Péche: 8 "bordigues” (pécheries fixes, Chauvet 1981); production
annuelle moyenne de 500 tonnes.

1.4. COASTAL LAGOON OF LIBYA AND DELTA LAKES OF EGYPT
by Jacques LEMOALLE (Libya) & Massoud A.H. SAAD (Egypt).

1.4.a FARWA LAGOON

1.

Geography

Situated in the extreme NW of The Arab Republic of Libya, at 33°05°'N,
11°45'E (see Figure 1.11).

4/ | - 1045
RAS ASHDIR , - 3310
i
\ ; ,
)
RN S FARWR
'S
TUNISIA ™=
X LIBYA
0 10
km

Fig. 1.11 Farwa Lagoon
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Surface area 25 km?, length 12 km, maximum width 2.5 km, width of
the opening to the sea 2.5 km. :

Drainage area negligible, but connected with supratidal sebkha. This
lagoon which is rather a deep bay with its axis parallel to the
coast, is separated from the sea by a fossil dune bar similar to that
of el Bibane.

Mean depth 1 m; Z,,x at the entrance 6 n.

Climate and geclogy

This lagoon is situated about 30 km from the Lagoon el Bibane and its
climate and geology are very similar.

Hydrography and hydrology

Tidal range 0.8 m at spring tide, 0.2 m at neaps. No inflow,
freshwater inputs are limited to rain and runoff From the banks.
Occasional exchanges with a supratidal sebkha.

Hydroclimate

Water temperature 10°C in winter, 28°C in summer.
Composition: seawater with a relative ‘deficit in Ca compensated by Mg.
Salinity: 40.2 - 43.1 °/oo
Alkalinity: 2.38 meq/1 (June) to 3.0 meq/1 (winter).
Nitrogen: NH, 0.11 - 1.2.10"% moles1 (min. in winter);
NO, 0 - 5.107% mole/l (max. in winter);
NO3 0 - 8.10~® mole/l (max. in summer).

Phosphorus POg4 - P less than 0.1.107% moles1
Prot Up to 2.2.10% mole/l.

Flora and fauna

Posidonia oceanica very dense in the whole lagoon.

Phytoplankton: very diversified diatom - dinoflagellate community.
Floristic list and counting results published (M.R.C. 1982).
Planktonic primary production: mean annual value 2 mgC a3l at
the middle of the day; maximum in March.

No data on the fisheries, which are not very active. Mullet are
present.

Human activity

Population density very low, no industry. Limited Ffishery on the
lagoon itself, but there is a coastal fishery.

Additional reference
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1.4.b-f. DELTA LAKES OF EGYPT

Five water bodies lie adjacent to the Mediterranean Sea on the fringe of
the Nile Delta: Lake Mariut and Nozha Hydrodrome, L. Edku, L. Brollus and
.. Manzalah (figure 1.17). The current configuration of Lhese lakes is
changing rapidly, due to natural processes and, mostly, to man’s
activities; fishing, agricultural practices and the construction of the
Aswan High Dam in 1964 appear to be the driving forces of a continuous
evolution of the Delta Lakes. As a result, the descriptions given here,
although wusing the latest information available to the author, may
rapidly become obsolete in some aspects.

Climate

Data for Alexandria are considered representative of the western Delta
Lakes (fig. 1.13).

The climate of L. Edku (Saad 1976 b for years 1969-70) is chagacterised
by a dry summer and rain in winter (maximum 57.7 mm during October);
evaporation: 2.1 - 5.1 mm per day; wind is NW-3E, ranging from 7.4 -
10.7 km/h.

The climate of L. Manzalah is close to that of Damietta. Rainfall occurs
in winter, from October to March. Average wind (1967) is 357 km.d-1
(or 4.1 m/s), from N-NW in summer (maximum speed in spring). Relative
humidity between 65 and 75% at L. Manzalah.

Insolation: 195 h in December and 380 in July (1957-58).

1.4.b. LAKE MARIUT

1. Geography and morphology

SW of Alexandria, separated from the sea by a limestone ridge
(figure 1.14).

Altitude: -3 m

Initially an elongated lake with an area of 110 k@z; area reduced
by half between 1950 and 1980, now about 27.3 km? for L. Mariut
proper.

Water depth: 0.9 - 1.5 m.

Sediments of silt and clay with shells.

Mostly fed by drainage water (Qalaa drain).

Outflow: water pumped to the sea.

Z. Physico-chemical characteristics

From Saad (1973) for the period 1969-70.

Temperature 12.7 - 29.0°C

Transparency 10 -105 cm, Secchi disc.

pH: 7.3 -~ 9.7. Low pH near industrial inpuls.

Total residue: 1,758 - 11,434 mg/1

Chloride 1.09 - 2.63 g/1 (but 1.5 - 6.5 /1 in 1960).
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Fig. 1.12 Nile Delta lakes
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Fig. 1.13 Climatic diagrams for the Nile Delta (after Walter & Lieth 1960-67)
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Several occasions of 0y depletion due to organic matter
decomposition

Phosphate: 2.3 - 10.9 mg PO4/1 (Saad 1973)

Silica: 8.2 - 15.9 mg Si0,/1

Nitrite: 108.6 — 659.7.10~% & NOz/1 (Saad 1980)

Pesticides: 2.1 ppd Lindane, and DDT compounds with high values near
drainage water (Saad et al. 1982).

Mixing regime: wind action in this shallow lake prevents any stable
stratification.

Macrophytes

The 1lake shores, particularly along the southern part, near the
drainage water discharge, are thickly covered with Phragmites
communis, Cyperus and Juncus. In general, Najas sp. and
Ceratophyllum sp. are abundant in the central region of Lthe lake,
whereas fixed vegetation is generally absent (Elster and Jensen 1960).

Phytoplankton

L. Mariut is considered highly eutrophic and productive: Production
(1960-61): 7.5 gC/m¢/d in polluted zone;
5.2 gC/mzld in central zone.

Fish and fisheries

The fishery on the 1lake proper (27.3 m?) is highly productive
yielding 17,000 tonnes per year (6,200 kg/ha); the proportion of
Tilapia has decreased (77%) and that of catfish (Clarias sp.) (17%)
increased.

Human actlivity and management

The lake is Fed by drainage, as well as domestic and industrial waste
water.

Evidence of pesticide and heavy metals accumulation in fish (Saad
1973b, 1973c, 1980; Saad et al. 1982; Elster & Jensen 1960).

l1.4.c. NOZHA HYDRODROME

The Nozha hydrodrome was isolated from L. Mariut in 1939, it is now
surrounded by a concrete embankment 9 km in length, and used as a fish
farm.

Geography and morphology

Situated east of Alexandria airport; 3.3 km in length and Z.4 km
wide, area 4.8 kmZ (figure 1.14).

Altitude (bottom): - 3.65 m

Mean depth: 3 m

Main water supply from Rosetta branch of the Nile via Mahmoudia canal
Lake sediments: silty clay with shells in the central zone
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Physico-chemical characteristics

Temperature: close to mean air temperature: 15.5°C (January 70) to
27.5°C (September)

Secchi disc.: 37 - 51 cm

pH: 7.45 - 8.85

Chloride: 0.12 -~ 0.48 g/1 controlled by Nile water discharge and
evaporation.

Oxygen: well oxygenated, average monthly observations between 6.3 and
10.7 mg/1.

Total residue: 488 - 6,134 mg/l

Alkalinity: 2.1 - 4.3 meq/l

Nutrients: 45 - 720.10-6 g PO4/1, 12.4 - 52.3.107% 3 NOop/1,
8.2 - 15.9.107% g si0,/1.

MEDITERRANEAN
(SEA. '

QALAA DRAIN |

g. 1.14 Lake Mariut and Nozha Hydrodrome
Macrophytes, Zooplankton, Benthos

The following brief biological information was obtained from Elster
and Jensen (1960). Potamogeton pectinatus formed a belt along the
shore line and P, crispus was present in restricted areas. Najas
armata covered about 70% of the total 1lake area. Arctodiaptomus
salinus and Diaphanosoma excisum dominated in the zooplankton,
whereas Mesodopsis slabberi and Leander squilla were common. The
only bottom fauna occuring in considerable amounts were Corophium
volutator and C. multisetosum, Gammarus locusta and G. oceanicus.

Human activity

The 1lake is used as fish farm, and all Nile Ffishes, especially
Tilapia sp. are cultured in it (Saad 1973a).
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1.4.d4. LAKE EDKU

1.

Geography and morphology

Situated half way between Alexandria and the Damietta Branch of the
Nile, 30 km to the NE of Alexandria (figure 1.15).

Ares 126 kmz, a great proportion of which 1is <covered with
macrophytes. Many islets dividing the lake into several regions.
Depth: from 0.5 to 1.5 m

Sediments: muddy in the 3 and SE, where drainage water discharges‘
into the 1lake; sandy mixed with silty material at the N and NW
borders.

Hydrology

Increasing drainage inputs with progress of time. Exchange of water
between the lake and the sea through Bougaz el Maadiah, with sea
water inflow during winter.

Physico-chemical characteristics

For the year 1969-70 (Saad 1976)

Water temperature 14.5 - 28.5°C (January and August)

pH: 7.63 - 9.50

Cl™: 0.44 - 23.24 g/1; controlled by drainage and sea water influx.
Alkalinity: 183 - 235 mg/1

Total residue: 1,096 - 45,182 mg/1

PO, - P: 9 - 840.1076 g PO4/1;

NOy: 4.9 - 204.1076 g NO,/1;

$i0z: 0.6 - 7.5.1070 g 5i03/1 (Saad 1978)

Macrophytes

According to Nasr et al. (1963), Eichhornia crassipes and
Ceratophyllum demersum formed the main cover of the lake area, where
fresh or slightly brackish water dominated. Potamogeton pectinatus
and P. crispus predominated im areas with relatively higher
salinities. The growth of these plants may be so dense as to hinder
navigation.

Fish and fisheries

During year 1982, percent amounts in total catch were: Tilapia sp.
82%, A. anguilla 10% and Mugil sp. 6%.

.e. LAKE BROLLUS (see Darrag 1974, Saad 1976, 1979)

Geography and morphology (from Saad 1976, 1979)

This second largest delta lake is situated in the northern part of
the Nile Delta (figure 1.16).
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MEDITERRANEAN SEA

Fig. 1.15 Lake Edku

' MEDITERRANEAN SEA

NASSER

ORAIN

Fig. 1.16 Lake Brollus
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Area about 7,200 ha, depth 0.7 - 2.4 m

Changes in the water level expose or flood extensive parts of the
lake shores.

The northern border is separated from the sea by & strip of 1land
covered with sand bars and dunes, and the southern shore is irregular.

2. Hydrology {(from Saad 1976, 1979)

Large amounts of drainage water enter into the lake via seven drains
on its southern border. These plus other water sources (small
amounts of fresh water from Rosetta branch of the Nile, rainfall and
seepage of underground water) cause the lake level to rise inducing a
flow from lake to sea. As in case of Lake Edku, exchange of water
between Lake Brollus and the sea occurs through a narrow channel.
The lake bottom varies in structure from sandy mixed with silty
material in the region of the lake-sea connection to muddy at the
southecrn side of the 1lake.

3. Physico-chemical characteristics (from Darrag 1974 for the period
1970-71)

Water temperature 11.0°C (February) to 29.5°C (August)

Secchi depth 8 - 37 cm

pH 8.08 ~ 8.72; 0, 2.7 - 11.8 mg/1;

Cl™ 0.36 - 13.5 g/1, controlled by drainage and sea water inputs.

The values of dissolved phosphate, nitrate, nitrite and silicate
varied from depletion to 1.74.10°% g-at/1l, from depletion to
240.107° g-at/1, from depletion to 73.1076 g-at/1 and from 125 to
399.10-6 g-at/1l respectively.

4. Flora and fauna

Darrag (1974) reported some biological information on the lake:
Phragmites communis dominated the emergent plants, Potamogeton
pectinatus and P. crispus constitued over 90% of the submerged
plants, Ceratophyllum demersum and Eichhornia crassipes were
generally found drifting in all drains, causing a severe problem for
the 1lake. Lemna gibba formed a mat on the surface of stagnant
water. In the phytoplankton, diatoms dominated. The dominant
zooplankton species Dbelonged to the Copepoda, Cladocera and
Decapoda. About 30 fish species were Ffound in the 1lake, with
different tolerances towards the salinity.

1.4.f. LAKE MANZALAH

The largest of the delta lakes, with a marked evolution towards lower
salinity and strong nutrient inputs during the past 60 years, due to
increase in agricultural drainage inflows (figure 1.17).

1. Geography and morphology

Located 31°15°'N, 32°E between the Damietta branch of the Nile, to
which it is connected by the small Enaneya canal, and the Suez
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canal. It has several connections to the sea, the largest being El
Gamil. Inputs by numerous drains on the SE coast, the most importaat
being Bahr el Bagar drailn (1.7 109m3/year) and Hadous drain (3.3
109m3/year) . .

Water area decreasing with time Ffrom 1,700 km¢ during early 190C's
to 1,260 xmZ in 1960. Present open water area: 900 kmé (1980).
Dimensions: 64 x 49 km.

Mean depth: 1 m

Numerous islands, enclosures and fish farms

Evaporation: 1.5 to 2 m/year

Sediments: silty clay with high ocrganic content (1 to 7%) on the
periphery; mixed sand-clay-silt in central region.

Phosphorus content of sediment: 0.016 to 0.1%

e e

"MEDITERRANEAN SEA

PORT,

L+’ RAMSIS,
km . BRAIN

Fig. 1.17 Lake Manzalah
Physico-chemical characteristics

Pronounced N-S and 1less pronounced E-W salinity gradients, and
increasing eutrophication since 1960 by the S-E drains.

Mean salinity decreasing from 1921-26 (16.7 g/1) to 1962-63 (9 g/l)
and now 2.9 g/1 due to restriction of lake-sea connections and
drainage inputs. Range Z - 15 g/l1.

Salinity is 1lowest after peak drainage inflow in September and
October.

Oxygen low during night in S sector, elsewhere over 5 mg/l at all
times.

PO4 -~ P: 0.129 mg/l1 annual mean (1979)

NO, - N: 0.627 mg/1l annual mean

Nitrogen is depleted in spring while phosphate remains always lower
than 15.107% g p/1.
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Macrophytes

Emergents dominated by Phrapgmites and Typha. The southern hall of
the 1lake is covered by Potamogeton pectinatus, P. crispus and
Ceratophyllum demersum, with a mean annual production estimated at
1.3 5/m2/d, and diurnal variations of pli from 7.5 to 9.

Diatom and blue green epiphytes are found on these submerged
macrophytes, e.g. Campylodiscus, Mastogloea and Navicula on which
feed Gammarus locusta and the small snail Theodoxus nigricans.
Eichhornia crassipes is fought by aeral spraying.

Phytoplankton

The main species ubiquitous in the lake are Cyclotella meneghiniana,
Melosira granulata and Ulothrix sp. About twenty euglenophyte
species are indicative of the lake eutrophic status.

Primary production 6 - 23 gozlmzld in the eastern eutrophic
zone. Total lake: 2-23 gOz/m?/d.

Zooplankton

_Population typically estuarine with nilotic freshwater Cladocera and
Copepoda, brackish rotifers and <coastal mediterranean forms:
Brachionus calyciflorus, Diaphanosoma excisum, Moinas micrura present
several peaks in the year. Dominants: rotifers in winter, Cladocera
in warm season, Copepoda during May and June.

Fish and fisherles

Fish catch statistics have increased with eutrophication. Annual
figures for 1979-80 amount to 40,000 t for open water fisheries and
20 to 25,000 t for hoshas (enclosures) and fish farms. This is to be
compared to 20,000 t in 1960-70. Commercial fish catch is mainly
tilapia (85%) in which Sarotherodon niloticus is the most abundant,
Wwith S. aureus, S. galileus and T. zillii in smaller numbers. Liza
ramada, historically dominant, has decreased to 2% of the total catch.

Also present in the catch: the crustacean Palaemon elegans, Anguilla
anguilla, Mugil cephalus, Liza saliens and other marine species 1in
smaller numbers as Dicentrarchus labrax, D. punctatus, Sciena aquila,
Sparus__aurata. Freshwater species also present include Clarias
lazera, Bagrus bayad, Labeo niloticus while Lates niloticus has
almost disappeared.

Human activities and management

About 17,000 people are [ishing the lake, using 4,000 boats.

Hoshas are enclosures with small openings, situated in the lake.
There also exists a wide variety of enclosures between the
water-based and land-based aquaculture. Approximately 143 km? of
hosha-type enclosures are in operation, managed by 9,000 people.

" The pgeneral evolution has been increased fishing of the lake with
decreasing salinity and increased nutrient inputs.
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Part of the E1 Bagar Drain inflows, rich in Cairo sewage water, are
being diverted to the close Um el Rish Lake where a3 similar increase
in production and exploitation is starting.

A general danger for the delta lakes lies in coastal erosion which
has become rather pronounced since the building of the high Aswan
Dam. Thinning of the lake-sea barrier may lead to change in salinity
and biota.

1.5. EAUX INTERIEURES D'ALGERIE ET DE TUNISIE
par Neville C. MORGAN & Jacques LEMOALLE

1.5.a. CHOTT ZAHREZ CHERGUI

C'est un exemple intéressant des grands chotts d'Afrique du Nord, a 1la
limite septentrionale du Sahara; il est caractérisé par une altitude
assez élevée et une surface inondable importante. Il est complété a
1'Ouest par le chott Zahrez Rharbi. Le bassin versant total est de
5000 km?.

1. Géographie et morphologie

Latitude: 35°14'N; Longitude: O03°32'E, a environ 160 km au SSE
d'Alger (Algérie).

Altitude: 900 m

Surface: 2750 km?; la surface en eau maximale observée n'atteint gque
66% de la surface totale. Zp,y = 3 m.

Le chott est situé dans les Hauts Plateaux, entre les chaines de
1'Atlas saharien et de 1'Atlas du Tell.

C'est une cuvette plane, allongée d'E en W, formée d'un substrat
argilo-sableux, bordée au nord par wune garcrigue halophile, et des
dunes de sable au sud. I1 y a trois iles principales.

2. Climat

Evaporation moyenne annuelle estimée & 1050 mm par an, et
pluviométrie de 280 mm (figure 1.4).

3. Hydrologie et chimie

Pas d’'exutoire. Les apports proviennent du ruissellement superficiel,
convoyé par les oueds aprés des orages ou de fortes pluies. Au cours
d'une période de 30 mois, 1la plus grande période en eau a été de 4
mois consécutifs,et la plus grande sécheresse totale a duré 14 mois.

C'est un lac salé dans lequel la concentration augmente jusqu'a 1la
saturation quand le chott s'asseéche.

4. Flore et faune

Pas de macrophytes; pas de données sur le phytoplancton.

Pas de poissons. Présence d'Artemia salina. Le chott est probablement
utilisé par Phoenicopterus ruber et Tadorna tadorna 1lorsque les
conditions s'y prétent.
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Activités humaines

Population rurale dispersée, pas d'implantation importante sur 1le
bassin versant. Broutage sensible par les troupeaux sur la céte nord
et cultures clairsemées. Aucune activité sur le chott lui-méme.

1.5.b. SEBKHA KELBIA

(D'aprés les informations du rapport de 1'University College, London,
édité par B. Wood & T. Hollis 1982)

1.

Géographie et morphologie

Centrée sur 35°50'N et 10°15'E, & 30 km a 1'Ouest de Sousse
(Tunisie). Altitude du fond environ 16 m. Altitude actuelle du seuil
aval: 18,7 m.

Surface maximale en eau 110 a 120 kmz, forme ovale d'axe NE-SW de
15 km sur 8 km de large.

Périodiquement asséché: 31% du temps. Les périodes d'inondation
durent en général plusieurs années conséculives. La derniére crue a
eu lieu en 1973 et 1'asséchement en 1980.

Géologie et climat

La géologie récente de la sebkha est dominée par les sédiments
quaternaires qui sont partout présents dans cette région de la plaine
de Kairouan. Leur lithologie est semblable & celle des sédiments du
Pliocéne, indiquant des conditions géologiques et sédimentaires
constantes depuis deux millions d'années. Le seul élément tectonique
important est le pli N-S du Draa es Souatir, formé au Villafranchien,
qui est 1'expression superficielle d'une fracture profonde.

La pluviométrie, comprise entre 150 et 600 mm, a une moyenne annuelle
de 300 mm.

Hydrographie et hydrologie

Bassin versant de 14 000 km<. Affluents intermiltents: O. Nebahna,
0. Merguellil, O. Zeroud. La sebkha se déverse parfois par 1'0. Sed
vers la Sebkhet Halk el Menzel et la mer, lorsque le niveau de 1'eau
dépasse le seuil (au NE) a 18,7 m d’altitude.

Sans apport de surface, la diminution du niveau, par évaporation est
de 1,4 m par an: cette vitesse augmente quand la profondeur diminue.

Physico-chimie

Le plan d'eau, temporaire, présente une qualité de 1'eau trés
variable (Zaouali 1976), avec une concentration minimale de 1 a 2 g/1
de sels dissous: en ordre décroissant Cl, Na, SO4, Ca, Mg. En fin
d'asséchement, des concentrations de 40 a 70 g/1 ont été observées.
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Végétation

Zonation <concentrique des macrophytes en fonction de la salinité
et/ou de 1'humidité (Wood & Hollis 1982).

Dans l'eau: Althenia filiformis et Arthrocnemum perenne. En bordure
A. perenne, Phragmites communis, Scirpus lacustris et, plus 1loin,
Tamarix. Cette zonation est netle & 1'Est el au Nord, moins prononcée
4 1'Ouest sous 1'influence de 1'agriculture.

A noter que A. filiformis subit um broutage imporltant de la part des
oiseaux.

Invertébrés

Cyclopides et Cladoceéres, 1larves de Chironomidae ¢t Culicinae.
Ostracodes (Eucypris inflata).

Poissons

Les parts respectives de 1'immigration naturelle, depuis la mer ou
1'amont, et des introductions par 1'homme, sont mal définies pour
A.<anguilla, Mugil cephalus, M. raemada, C. carpio et B. barbus.
Gambusia affinis et Fundulus hispanica sont introduits. La biomasse
varie en fonction de 1'hydrologie; la croissance semble trés rapide
(Zaouali 1976).

Autres vertébrés

Quatre groupes de batraciens et reptiles peuvent étre définis suivant
les conditions de milieu et 1les préférences des espéces, toutes
communes 4 la région méditerranéenne.

Hivernants en provenance d'Europe, de septembre & mars. Lorsqu'il y a
suffisamment d'eau, jusqu’'a 250 000 oiseaux occupent la sebkha, parmi
lesquels dominent Anas penelope, A. acuta, A. clypeata, Fulica atrs
et T. tadorna. C'est aussi un lieu de rassemblement pour
Phoenicopterus ruber et parfois la derniére étape pour les migrateurs
paléarctiques. Rassemblement pour Grus grus {(jusqu’a 5000 individus).

Activités humaines

Le pourtour de 1la sebkha est une zone d'agriculture et d'élevage
semi-nomade. La péche est trés variable suivant les inondations, et
peut atteindre jusqu'a 80 t/an. Les plus gros poissons atteignent des
tailles remarquables (anguilles, mulet, carpes).

L'existence de la sebkha dépend des crues des affluents: une série de
barrages construits (Nebahna, Sidi Saad) ou prévus, limiteront les
apports, surtout en année normale. Par ailleurs, 1'érosion du seuil
de 1’exutoire 1limite également les durées et 1'extension de
1'inondation.
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1.6. LAKE QARUN
by Mary J. BURGIS

The following information is taken from the papers of Abdel-Malek & Ishak
(1980) and Ishak & Abdel-Malek (1980).

1.

3.

Geography and morphology

Location: 29°25' -~ 29°34°'N; 30°34' -~ 30°49'E; in the Fayoum
Depression 87 km south of Cairo; it is surrounded by the intensive
agriculture of a large oasis.

Altitude: 44 m below sea level.

Area: total area of the lake c. 235 km?.

Length: 40 km on SW-NE axis.

Width: maximum c. 9.25 km in western part.

Depth: mean 4.2 m; maximum 8.5 m in the wesl basin; only 18% of area
more than 5 m deep; shallowest in SE area.

Climate

Air temperature: ranges from 17°-18°C in December-January to 30°-33°C
in July-August.

Relative humidity: 48.9% in June to 75.3% in December.
Rainfall: annual total c¢. 8.6 mm.
Evaporation: estimates range from 1774-1903 mm per year.

Hydrology

The lake lies in an endorheic basin which has been artificially fed with
water from the River Nile for many centuries. Today the lake receives
only drainage water from the irrigation system via two canals which enter
the eastern part of the basin. These supply an averapge 390 x 106 m3
per year of increasingly saline water.

4,

Physico-chemical characteristics

Water temperature: surface: 15°-16°C in January; 28°-30°C in August.
There is a daily variation of 4°-7°C but the water column does not
stratify. _

Transparency: 60 cm near the inflows, Z00-300 cm in the western part
increases in summer and decreases in winter.

pH: always c. 8.

Alkalinity: c¢. 200 mg/1 CaCO5.

Salinity: in 1901 the salinity of the lake water was recorded as
13.4°/00; by 1953-55 it has risen to 30.6°/00 and between 1974-76
rose from 30.9 to 34.5°/00. This process of salinization has been
accelerated since the closure of the High Aswan Dam on Lhe Nile;
artificial fertilisers are used to replace the nutrients formerly
supplied by the sediments of the river flood and these raise the salt
content of the drainage water entering the lake. The salinity is

greatest in the western part of the lake and lowest near the inflow
canals. '

Nitrates: 40-50.10"0 5/1.
Phosphates: 0-0.7.107
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Phytoplankton

The phytoplankton 1is characterised by diatoms and dinoflagellates
with the former dominant. Some blue-green algae are also present
such as Lyngbya and Oscillatoria. The majority of species are

related to those found in the Mediterranean Sea and are presumed to
be imported with the fish Ffry that are stocked into the lake each
year.

There are two maxima of phytoplankton abundance, in spring and
autumn; the estimates of average organic carbon biomass is
0.36 gC/m3.

Invertebrates

Zooplankton: the original fresh/brackish water fauna has been
replaced by a variety of predominantly marine species although a few
rotifers have survived the increasing -salinity. The copepod Acartia
latisetosa is dominant and constitutes 21-31% of the total
zooplankton abundance; it is most abundant in the eastern part of the
lake. Many marine larvae such as those of Balanus (Cirripedia) and
polychaeta worms are also abundant in the zooplankton.

Benthos: the benthic fauna is dominant by relatively few vigorously
growing species of which by far the most abundant are the Mollusca,
particularly Cerastoderma glaucum which has an average standing crop
of 288.5 g dry weight per m? forming 70% of the total average
biomass (413 g dry weight per m?) of the benthos. The benthic
fauna includes many euryhaline marine species such as the polychaete
worm Nereis diversicolor.

Fish

There are four main species of fish in the lake (Tilapia zillii,
Mugil cephalus, M. capito and Solea vulgaris). All were artificially
introduced in 1928 and their fry are restocked into the lake each
year.




REGION 2

SAHARA SAHARA
Co-ordinator Coordinateur

HenriJ. DUMONT

2.1. SOUTH MOROCCO AND ZEMMUR

2.1.a. LOWER OUED DRA

1.

Geography and morphology

29°N, 11°50'W, sea level. Just north of the town of Tan-Tan, a
variable area of permanent, mostly stagnant water. Width of the Oued
5-6 m; depth unknown. Floods used to occur in winter or spring, but
have now largely been eliminated by dam-building in the Atlas
mountains. The water is saline, probably mesohaline for most of the
time, and chloride-dominated, but no analyses were available to this
author,

Geology and climate

The upper Oued Dra descends from the high Atlas into the Western
Sahars, makes a westward loop while seeping under the sands, but
reappears at the surface as a saline stream in its lower reaches.
The lower Oued Dra cuts & shallow canyon through a 1low plateau
composed of Cambrian rock (Hammada du Dra). The very lowest part
runs through Quaternary sands. The climate is of the Atlantic
Saharian subtype (Dubief 1971). Kdppen: BWa.

Average annual irradiation is c¢. 7.5 h.d"l, (more than 10 h.d"!
in July). Average solar irradiation 17,000 kJ.m.~2d.°1, There
is a strong predominance of NE and NNE winds, with relatively little
seasonal variation. The strongest winds tend to occur in summer.
There are sbout 300 d.a~! with at least some cloud cover, and 10-15
mist days per annum. Rainfall (c. 50-100 mm.a~l) is erratic;
maximum during winter.

Mean annual air temperature is c. 19°C, with maximum in September
(14-34°C), and minimum in January (5-27°C).
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Macrophytes

Submerged macrophytes have not been observed; filamentous green algae
and Enteromorpha are common. The inundation zone is rich in
Salicornia; higher spots are covered with Tamarix.

Algae

Compére (1967) gives a 1list of 25 species of Cyanophyceae and
Diatoms, collected in December 1964.

Invertebrates

Hydrobia sp. (Mollusca), and shrimps and fairy- shrimps occur. No
information on other groups.

Fish

Fish have been spotted at Tan-Tan, but no species identifications are
recorded. Sightings seem to indicate Mugil sp. rather than freshwater
Cyprinids or Cichlids.

Humen activity: Human use is almost non-existent.

2.1.b. LOWER SAQUIAT EL HAMRA: SPRINGS OF MESSEIT

82

Geography and morphology

In the flanks of the lower Saguiat el Hamra (the "red" canyon),
springs are found. The ones at Messeit (27°04'N, 13°09'W) are fairly
numerous. Some flow from shallow caves, but most have been diverted
into concrete tanks, which are allowed to fill up and are then
emptied into a palm tree oasis for irrigation purposes.

Geology end climate

The canyon is a fossil river valley several km wide and several
hundreds of meters deep. In the Messeit area, it cuts through
Neogene surface layers overlying Eocene and Cretaceous rocks. The
climate is gimilar to that of the Oued Dra. The average irradiation
is slightly higher (c. 18,000 kJ.m?.d~l, with a maximum of 57,000
kJ.m?.a°1) in July.

Water chemistry

Conductivity was 3600-4200.10-6S.cm~l in April 1975.

Na K Ca Mg HCO4 Cl S0,

90.0 0.4 8.7 4.8 5.8 35.7  60.0 meq.1"}1

The water is saline and, in addition to much chloride, contains a
remarkably high amount of sulphates.
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4. Macrophytes

The irrigation zone is a typical oasis, with date palms and garden
cultures. The springs have no macrophytes, but sedges grow in some
of the concrete tanks.

5. Invertebrates

The invertebrate fauna has a number of significant species. The
gastropods Hydrobia aponengis (Martens), Melanopsis praemorsa (L.),
and Pseudamnicola canovula Frauenfeld have been recorded by Van Damme
(1984), Among Crustaceans, the Amphipod Orchestia gammarellus
(Pallas) was found (Monod, pers. comm.). This is the southernmost
record of a surface living amphipod in North African inland waters.
Among Copepoda and Cladocera, Daphnia similis Claus, and Halicyclops
troglodytes Kiefer should be cited (see Dumont & Van de Velde,
1976). Rotifers (Dumont & Coussement, 1976), Nematodes (Grootaert,
1976), and Oligochaetes (De Henau & Dumont, 1977) are also
documented. Among the insects, only dragonflies have been studied.
Three species occur, one of which is the desert damselfly Ischnura
saharensis (Aguesse).

6. Vertebrates: None recorded.

7. Human activity

The oasis is uninhabited, yet is exploited for garden cultivation. A
surfaced road, connecting El1 Aioun (Lajoun) to Semara, runs nearby
and used to bring tourists on visits from the Canary Islands to the
oasis. This activity ceased in 1976.

2.1.c. GUELTA ZEMMUR
1. Geography and sorphology

The guelta (20°09'N, 12°24'W) is found in an area of rather low
mountains, cut by river valleys into a number of shallow gorges of
modest dimensions. The canyon in which the guelta is situated has a
SW~-NE orientation. It is exclugsively rainwater-fed and at one time
in the 1950's it was nearly dry (Valverde 1957). Refilling occurred
a8 a result of torrential rains. The pool 1is triangular, with
longest side c. 60 m. When the guelta is full maximum depth is c.
6 m. Flood frequency is not documented in the literature, but is
probably not yearly. Because of its periodical drying, the guelta is
only semi-permanent and thus houses no fish. Because it is
periodically flushed out, on the other hand, its water remainsg fresh.

2. Geology and climate

Rocky outcrops of Devonian age, tilted to an angle of c. 20° at the
site of the guelta, are cut through by a small oued. The guelta is
in a typical situation, at the foot of a former waterfall (photograph
in Dumont & Van de Velde, 1975). The climate is of the Subatlantic
Saharian subtype (Dubief, 1971, and Kdéppen BWa. Mean
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annualinsolation is 9.5 h.d”l. There are aboul 100 cloudless days
per annum, and no mist days. Mean annual solar irradiation is c.
20,000 kJ.mz.d’l. with a mean minimum of 15,000 and a sean
maximum 23,000 kd.m?.d~1, S and SW winds predominate, with
highest frequencies in autumn and winter. Seabreeze influence is
still present, but of limited importance.

Rainfall (c. 40-50 mm.a~l) 1is rather erratic. Annual mesan air
temperature is c¢. 25°C; maximum in August (45-46°C), minima in
December-January (down to -3°C) (Fig. 2.2).

Water chemistry

Conductivity of 350.107%s.cm™1

Na K Ca Mg HCO4 cl 50,

1.8 0.1 2.1 0.2 2.0 1.7 0.5 meq.1-1

Vegetation and algae

No macrophytes occur. Beds of Characeae are found in the littoral.
Large colonies of Volvox sp. were abundant in samples collected in
spring 1975.

Invertebrates

No molluscs are known from the guelta. Because of the absgence of
vertebrate predators, the zooplankton consists of large species. The
Anostracan Streptocephalus torvicornis (Waga), and the large Daphniid
Daphnia dolichocephala Sars and Calanoid Neolovenula alluaudi (De
Guerne and Richard) abound. Rotifers, Oligochaetes and aquatic
Nematodes have also been recorded (see uander 2.2).

Human activity

Guelta Zemmour is a permanent settlement, and a border-post with
Mauretania. It attracts many nomads for trade. The guelta, in 1975,
wag exploited as a source of drinking water. A cistern truck was in
use for pumping up water from the guelta and distributing it around
the settlement. Between April and June 1975, the water level had
declined by more than one meter, largely as a result of this
activity. Pumping ceased in 1976, when Guelta Zemmour became a sgite
of active fighting in the struggle between the Polisario movement and
the Moroccan army.
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2.2. WESTERN MAURETANIA (Fig. 2.3)

Geology

The deeply dissected Palaeozoic sandstone plateau of the Adrar is
very rich in deep, narrow gorges that conserve surface water well.
Most gorges empty into wider wadi beds, usually invaded by sand
dunes, but their upper reaches provide sites where rain and
spring-fed gueltas abound. The gueltas of Molomhar (Oum Lem Har) are
found in one of three major E-W oriented canyons that cut through the
Tagguel massif, West of the city of Atar. The springs of Terjit, El
Berbera and Gueltet Z1i are other important relict waters situated in
the Adrar. The Tagant 1is another Palaeozoic sandstone plateau
separated from the Adrar by the wide fossil Qued E1 Khatt. It lies
to the SE of the Adrar, and takes a more continental position. Its
western part is deeply dissected, hence rich in surface water. The
guelta system of Matmata-Tartega is situated at the site where the
Oued Ntakech, N-S oriented, close to and parallel with the western
edge of the plateau, cuts through a sandstone ridge and empties into
the wide basin of the Tamourt-en-Na'aj, one of the two major river
systems of the region.

The valley of the Qued Bourraga runs West and parallel to that of the
Oued Ntakech and, like it, empties into the Tamourt-en-Na’'aj. Its
western flank is formed by a sandstone wall, that has two
diverticles. The southern one contains the Gamra Ouarbi-Lemzailgue
gueltas. The Northern one is the gorge of El Houssiniya.

Lake Le Bheyr is situated at the foot of the NW -.-flank of the Assaba
sandstone plateau, a southern extension of the Adrar and the Tagant.
It is separated from the latter by the narrrow pass of Diouk and,
like the other two, is deeply eroded and dissected by river canyons,
rich in waterpoints and with a wide diversity of microclimates.

Climate

The climate of this region is of type BWa (KOppen) but in Dubief's
(1971) system that of the Tagant belongs to the northern rim of the
tropical trangsition climate of the Sahara-Sahel. This is evident in
the variation in rainfall and temperature seen between the more
northern Adrar (represented by data from Atar, Fig.2.2), the Tagant
(at Moudjeria) and the more southernly Assaba plateau (as at Kiffa).
Mean annual insolation is 9-10 h.d~! and average annual irradiance
22,000-25,000 kIm—24-1. The summer monsoon has a marked effect
on the climate of the whole region replacing the usual N-NE trade
winds with SW winds which bring most of the rain during June-August.
The mean annual rainfall (103 mm at Atar, 140 mm at Tidjikja, 225 at
Moudjeria and 350 mm at Kiffa) increases from North to South but its
geasonality becomes more marked: in the Adrar some rain may fall in
any season but at Kiffa there is normally no rain from November - May
yet 120 mm may fall in August alone. Inter-annual variation is also
great: in the Tagant between 1931-60 a minimum of 56 mm fell in 1941
and in 1943 a maximum of 405 mm (Toupet 1975).
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Fig. 2.3 Western Mauretania: locations of the permanent and

ephemeral surface waters. 1-Lake Mal, 2-Lake Bheyr, 3-Guerou
Marigots, 4-Guelta and Spring of El Ghaira, 5-Lake Aleg, 6-Periodic
floodplain of Magta Lagjar, 7-El1 Housseinye Gamra Ouebi, 8-Matmata
Guelta, 9-Achet Spring, 10-Nbeika Marigots, 11-El1 Gheddia Guelta,
12-Rachid Guelta, 13-Z1i Gueltet,14-Glat El1 Bil, 15-El1 Berbera,
16-Toungad, 17-Terjit, 18-Hamdoun Guelta, 19-I1ij Guelta, 20-Oum
Lemhar Guelta, 21-Tod Spring, 22-Chemchane Sebkhas, 23-Choum Guelta,
24-E1 Beyyed Spring, 25-Foum-n-Meh Guelta, 26-Ouadane Guelta,
27-Floodable part of the Crater, 28-Oumm Aghouaba fossil lakes.
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Average air temperatures are lower (25.2°C) in the Adrar than further
south (30.1°C at Moudjeria, 29.0°C at Kiffa). Maximum temperatures
occur in June; 34.2°C (up to 41.8°C) at Atar, 38.3°C at Moudjeria,
and 34.3°C in May at Kiffa. Average minima in December increase from
19.8°C at Atar to 22.8°C at Kiffa. Throughout the region annual
amplitudes (11.5°C at Kiffa - 14.6°C at Atar) exceed average diurnal
amplitudes (15.7 - 15.2°C). Annual evaporation averages 3.5 m at
Kiffa, 4.5 m.a~l at Moudjeria and 4.2 m at Atar despite the fact
that relative humidity may be 10-17% for most of the year in the
South but exceed 80% during the monsoon. In the north, even in the
monsoon season, relative humidity does not exceed 60%.

2.2.a. GUELTAS OF MOLOMHAR

1.

Geography and morphology

The gorge of Oum Lem Har (20°35'N, 13°07'-13°11'W) opens into the
sandy valley of Tayaret Cdar, an affluent of the Wadi Seguellil, at
an altitude of 245 m. The upper portion of the canyon is situated at
400-450 m. The length of the main gorge is about 6-7 km. A saline
pool (Azougui) is situated at its mouth, and pools are found
scattered along its course. Their degree of permanence increases as
one moves up the valley. A string of elongated upper gueltas above
400 m asl are permanent and with depths exceeding 4 m. During the
dry season, the water is mostly stagnant. The upper gueltas receive
continuous but minute inputs from numerous small seeps, but this is
not sufficient to compensate evaporation. The lower, shallow gueltas
are replenished by floods only. Many dry out once or twice a year,
and any vertebrate fauna they contain then perishes. Floods occur up
to three times a year, with highest probability in August.

Water chemistry

Becaugse of the increasing degree of exposure to evaporation
downstream, there is a pronounced gradient in salinity along the

gorge during the dry season. In February 1976, values for
conductivity ranged from 245.1079s.cm™1 in the upper gueltas to
3130.107%s.ca™l in the 1lower gueltas. No measurements were

obtained from the saline pools at Azougui, but a saline crust
indicates that saturation conditions may be reached at this site.
Dekeyser & Villiers (1952) recorded a chlorinity value of 15 g.l"1
in March 1951 at Azougui.

The table hereunder presents a set of values for the major ions (in
meq.l‘l) collected from five different gueltas, starting upstream
and moving towards Azougui.

Na K Ca Mg HCO4 Cl S0, Cond.
(10-6s.
em~1)

1. 0.4 0.13 2.7 0.6 3.55 0.6 0.2 245
2. 2.2 0.1 5.1 3.0 4.75 2.7 2.5 635
3. 8.3 0.44 4.4 5.5 4.55 9.9 4.0 1,396
A. 12.0 0.3 10.6 3.8 6.2 13.9 6.6 1,997
5. 80.8 0.36 10.7 8.0 5.1 33.6 5.5 3,130
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Macrophytes

An inventory of terrestrial and aquatic plants is given by Dekeyser &
Villiers (1952). Emergent macrophytes are mainly found along the
upper gueltas, and are dominated by Phragmites australis, but
Cyperaceae and Juncaceae also occur. Among submerged macrophytes,
four species of Potamogeton are present. On wet rocky surfaces, the
fern Adiantum capillus-veneris abounds. Equisetum ramosissimum and a
relict Ficus, Ficus gnaphalocarpa, are also reported.

Phytoplankton

A short 1list of algae given by Dekeyser & Villiers (1952) has baen
much expanded by D’'Hollander & Caljon (1978, 1980).

Invertebrates

Lists of representatives of various groups (Rhizopods, Ciliates,
Mollusca, Tardigrades, Crustaceans, various insect orders) were
presented by Dekeyser & Villiers (1952). Of particular significance
is the presence of the African freshwater medusa Limnocnida
tanganyicae Gunther. Interesting relict damselflies are Pseudagrion
hamoni Fras., and Molomhar is also a site where the Afrotropical
Ischnura senegalensis Ramb. and the Saharian Ischnura saharensis
(Ag.), of northern origin, meet. Finally, the West-African snail
Bulinus guernei (Dautz.), an important vector of Schistosoma
haematobium, is very abundant.

Fish

Four species occur, all of Afrotropical origin: Barbug deserti (but
the Molomhar population might really belong to B. macrops Boul., D.
Thys van den Audenaerde, pers.comm.), B. pobeguini Pell., Clarias
anquillaris L. and Sarotherodon galilaeus Art.. There are also four
species of Amphibia on record: Ptychadena occipitalis (Gunther),
Tomopterna  cryptotis (Boul.), Bufo regularig Reuss and B,
mauretanicus Schl. No true aquatic reptiles occur, but Varanus
griseus Deud. abounds around the guelta, and several species of
Colubriid snakes have been cited from the wet parts of the gorge.

Human activity

The canyon is subject to occasional pastoralism and wood gathering.
Some hunting by the small settlement at Azougui also takes place.
The date palms around the upper gueltas are harvested yearly.
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2.2.b. TERJIT

Geography and morphology

(20°15°'N, 13°06'W) There are apparently two springs at Terjit,
situated at the foot of a fault across the narrow gorge that drains
towards the Oued el Abiod, resulting in a string of pools and
marshes, connected by a trickle of running water over a distance of
about one kilometer. According to Dekeyser & Villiers (1952), one
spring is cold (water temperature not stated), and one is warm (32°C
at origin). In addition to these main springs, numerous seeps occur
throughout the gorge. On one of the overhanging walls, a curtain of
travertine stalagtites has thus been formed.

Water chemistry

The average chemical composition (measured after the mixing of the
outflow of the two springs) indicates a Cl value compatible with that
given by Dekeyser & Villiers (1952) for both springs individually.
The water of Terjit (see table) is notably rich in CaS0,, in
contrast to some very nearby gueltas, such as the one of Hamdoun (bed
of the Oued Seguellil).

meq.1-1 Na K Ca Mg HCO4 c1 50,
Terjit 2.80 0.18 18.0 8.8 4.3 3.9 20.0
Hamdoun 0.12 5.4 5.0 2.1 3.5 6.6 1.9
Flors

The macrophytes are very similar to those of Molomhar. There are
important date palm plantations, and the relict Ficus gnaphalocarpa
Rich. also occurs. The Algae were studied by D'Hollander & Caljon
(1978, 1980).

Fauna

Aquatic invertebrates are numerous, and include the
bilharzia-transmitting Bulinus guernei. The fish Barbus deserti (or
macrops), and the anurans Ptychadaena occipitalis and Bufo regularis
are also present.

Human activity

Terjit is permanently inhabited. There is a small maur settlement
and some garden-cultur2s and goat-farming takes place. The date palm
is exploited, and plantations were expanding in 1975-76. However,
the water supply of the springs is too 1limited to permit much
irrigation. The watering of the gardens and of the newly growing
palm trees is therefore effected in the traditional oasis-

fashion, by 1lifting water from man-made wells using a delou, and
distributing it through a network of shallow canals across the
gardens.
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Geography and morphology

The lakelet of E1 Berbera is situated (19°59'N, 12°49'W) in a side
gorge of the large Oued Timinit. 1Its canyon is NW-SE oriented and
about 3 km long. Its course is lined by date palms and, as it
narrows and deepens upstream, surface water appears. At the very top
of the gorge, a fairly large lakelet (diameter about 30 m, depth c. 6
m) is found, surrounded by a 5-10 m wide macrophyte fringe, 2nd fed
by several springs in the northern wall of the gorge.

Water chemistry

A sample collected from the outflow of the lakelet into the lower
oasis (April 1975) was analysed. The water is slightly saline, and
rich in sodium.

Na K Ca Mg HCO4 cl1 S0,4 Cond.
10-6s.
cm‘l

meq.l‘l 11.7 0.26 8.25 3.10 5.3 11.3 5.8 1,790

Macrophytes

No detailed survey has been conducted, but Typha, and several
Cyperaceae and Juncacese occur commonly.

Algae

A list of species is given by D'Hollander & Caljon (1978, 1980).

Invertebrates

The inventory available is fragmentary. Cladocera and Copepoda were
studied by Dumont (1978) and Van de Velde (1984). Only 3 dragonfly
species are on record, with Ischnura gsenegalensis the only
demgelfly. Among Mollusca, Afrogyrus coretus Blainv., a wide-ranging
Afrotropical species, is noteworthy (Van Damme, pers. comm.)

Vertebrates

Barbus deserti (or macrops) is found commonly in the flowing water
downstream of the main gueltsa. Possibly, more specieg occur here,
including some Anura, but no collections seem to have been made.

Human activity

A small village is established on top of the gorge (to avoid
mosquitoes), and the valley is exploited for horticulture and date
picking. .
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2.2.4. GUELTET ZLI

1. Geography and morphology

Gueltet 2Z1i (19°31'N, 12°47'W) differs from previous sites by not
being directly connected to a major Wadi system. It is a system of
two superimposed gueltas, the upper one small and filled only for
short periods after torrential rains, the lower one situated at the
foot of an intermittent waterfall, about 40 m in diameter, and 6 m

deep when full, completely devoid of macrophytes, and semi-permanent
in nature.

2. Water chemistry

At the time an analysis was made (Feb 1976), maximum depth measured
was 4 m, and the guelta could be considered more than half full. Its
water was fresh, with Ca and HCO4 the dominant ions.

Na K Ca Mg HCO4 Cl S04 Cond.
10-6s,
cm”™

meq.l'“1 0.3 0.33 3.56 1.4 2.73 0.6 2.2 352

3. Biota

The impermanence of the lower guelta is reflected in the absence of
fish, and hence the presence of 1large invertebrates that produce
drought-resistant eggs (the Anostracan Streptocephalus torvicornis,
the 1large Daphnia similis). Because the guelta dries out at
irregular intervals, the molluscan and insect life is also less rich
than in permanent waters.

For a list of algae, see D'Hollander & Caljon (1978, 1980).

2.2.0. GUBLTA SERIES OF MATMATA (TARTEGA)

l. Geography snd morphology

The canyon of Matmata-Tartega (17°53°'N, 12°07°'W) is about 7 km long,
E-W oriented, and progressively narrowing eastward, although its
average width is, at all times, in excess of 200 m. The floor of the
gorge is covered with numerous gueltas and springs, and marshy areas
in which Phragmites and Juncaceae abound. It ends in a cirque-shaped
widening, where the main guelta of E1 Tartega is situated. Its
surface area is somewhat variable with water level, but may reach
20-30 ha. It is thus the largest guelta of the Sahara s.1. Its
maximum depth is not known. The water of the guelta is turbid, and
has a characteristic muddy-brown colour, suggesting it is not very
deep. In addition to several yearly floods, the guelta is fed by a
considerable underflow. The importance of this source of water to
the water balance is stressed by Toupet (1976).
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Water chemistry

Analyses were made of the water in the main guelta, and of several

gueltas and springs in the canyon downstream, in May 1975 and
February 1976.

meq.1"1 Na K Ca Mg HCO3 Cl1 S0,  Cond.
10-6s.
cm”

main guelta

1975 9.9 0.2 2.5 2.8 2.0 13.4 0.2 1395

1976 7.9 0.5 6.9 2.3 3.1 16.9 0.3 1785

small gueltas and springs

1 0.1 0.2 0.9 0.4 0.6 0.3 0.5 127

2 0.3 0.4 1.5 1.7 2.4 0.6 0.6 387

3 0.4 0.4 1.5 1.8 2.5 0.6 0.5 286

4 0.5 0.2 5.4 3.0 3.5 5.6 0.1 265

The relatively high salinity of the main guelta is ascribed to its
exposed position. Dominant ions are Na* and C1-.

Macrophytes

Absent from the main guelta; islands of Phragmites and Juncaceae are
mainly found in spring areas. No palm trees occur in the Matmata
gorge.

Phytoplankton

A 1list of species (with the exception of Diatoms) is given by
D'Hollander (1980).

Invertebrates

The zooplankton was studied by Dumont (1979). The guelta is the type
locality for an eremian calanoid copepod, Metadiaptomus mauretanicus
Kiefer & Roy, and a relict site for the Cladoceran Daphnia barbata
Weltner. Dragonflies are discussed in Dumont (1978), but no data on
other insect groups appear to be on record. Molluscs have not been
studied either.

Fish

Clarias anquillaris abounds in the guelta, and there are probably
cyprinids and Cichlids as well, but a detailed inventory of species
is not available.

Other vertebrates

The Amphibia of the gorge are undocumented. Crocodylus niloticus
still has a relict population in the main guelta (traces of small to
medium sized crocodiles were seen in 1976).
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Human activity

Except for occasional hunting (crocodiles being one of the targets),
and grazing by sheep and goats, no human interference with the canyon
occurs.

2.2.f. GUELTA SERIES OF EL HOUSSEINYA, GAMRA OUARBI AND LEMZAILGUE

1.

2.

3.

4.

Geography and morphology

(17°44°'N, 12°23'W; 17°38°'N, 12°23'W). Gamra Quarbi is composed of a
string of gueltas, situated in the hollows of a cascading riverbed.
The bottom part is an elongate oxbow-lake. El Housseiniya is a
powerful spring that collects into a riverbed that is several
kilometers long and stagnant during the dry season. Strong floods
occur during the monsoon, which wash the beds of both systems into
the main Oued Bourraga. The climate is as for 2.2.e.

Water chemistry

The water chemistry (in meq.l“l) of the spring outflow, of 4
gueltas in the Gamra Ouarbi series, and of guelta Lemzailgue, is
presented below. It is a typical dilute Ca(HCO3), solution.

meq.1-1 Na K Ca Mg HCoz C1 S04 Cond.
10-6s.

cm

El Housseiniya
0.3 0.3 2.4 1.6 2.6 0.4 0.8 157

Gamra Ouarbi

1. 0.2 0.4 1.8 0.7 2.0 0.06 0.8 239
2. 0.2 0.4 1.0 0.5 1.2 0.06 0.9 157
3. 0.4 0.6 1.0 0.7 1.4 0.06 0.9 161
4, 0.5 0.4 1.3 0.8 0.8 0.3 1.0 215
Lemzailgue

0.4 0.4 0.7 0.7 1.3 0.6 0.3 200
Macrophytes

While the gueltas are devoid of macrophytes, the bed of El
Housseiniya i3 richly overgrown with emergent and submerged
macrophytes, including various Juncaceae, Potamogeton and Nymphaea.
The whole valley is covered by an extensive date palm plantation.

Algae
With the exception of Diatoms, were studied by D’Hollander (1980),

who stressed the species richness of E1 Housseiniya. The gueltas
were dominated by Volvox rousseleti West.
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5.

6.

7.

8.

Invertebrates

A rich assemblage of Cladocera and Copepods (c. 30 species) occurs in
the area (Dumont 1979). Among the insects, 9 species of dragonflies
were recorded, including Agriocnemis zerafica (Le Roi) and
Pseudagrion hamoni Fraser. Bulinus spp. abound in E1 Housseiniya,
but no comprehensive inventory on Mollusca is available.

Fish

Clarias anquillaris occurs in tremendous population demsities in El
Housseiniya, and Hemichromis bimaculatus Gill. was also noted here.
More fish species are, however, expected to occur here.

Other vertebrates

Among the Anura, Ptychadena spp. and Bufo spp. occur. A significant
record is that of the Nile monitor, Varanus niloticus, in Gamra
OQuarbi.

Human activity

The gueltas are situated in barren terrain, but the oasis of El

Housseiniya is exploited for dates. Also, Clarias are caught.
Because of the lush vegetation of the Oued Bourraga, there is intense
grazing by goats, zebu, and camels. Cattle also use the 1lower

gueltas to water. Some eutrophication (indicated by the abundance of
Volvox) results therefrom.

2.2.g. LAKE LE BHEYR (EL BEHER)

1.

2.

94

Geography and morphology

The lake is situated (16°33'N, 12°05°'W) at an altitude of 75 m. in an
almost closed depression at the western edge of the Assaba. It is
supplied with rainwater from these mountains, but 1is probably
spring-fed as well (Toupet, 1966). The lake has a limited and
temporary outflow to the South-West towards the Oued el Akhdar
(Gorgol Noir), an affluent of the Senegal river. It is elongate, and
generally N-S oriented. It occupies a shallow basin of maximum 6 km.
long. During dry years, and especially in consecutive dry years, it
splits up into 2 or 3 separate basins.

Water chemistry

An analysis was made of a sample collected in May 1975, at the end of
the dry season. The water of the lake was still remarkably fresh:

Na K Ca Mg HCO4 Cl1 S04 Cond.
10-6s.
cm"1

meq.1-1 2.7 0.2 2.2 1.2 3.5 2.5 0.3 532
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Macrophytes

The water of the lake is extremely turbid, and the shores trampled by
watering cattle, so that no macrophytes can survive there. The
floodplain 2zone 1is covered with Piliostigma reticulata. In the

upstream pguelta of Hairlabe, Toupet (1966) records stands of Typha
elephantina. Algae have not yet been studied.

Invertebrates

Little is known about aquatic insects. The dragonflies Ischnura
senegalensis, Brachythemis leucosticta and Trithemis arteriosa, all
wide-ranging African species, were recorded (Dumont 1976). The
zooplankton is poor in species and in individuals, an indication of
heavy predation pressure by the fish present.

Figh

No inventory exists, but Clarias anquillaris certainly occurs, and
there 1is an active Tilapia-fishery (main species: Sarotherodon
niloticus and S. galilaeus). No information on other vertebrates is
available. The Nile crocodile does not exist in the lake, probably
because of human interference. It is still present in quite a few
other waters of the Assaba.

Human activity

There is a permanent gettlement of maurs to the south-east of the
lake. Their number increases during the colder dry season, when
cattle concentrate on the wetter areas. A Peul village lies a little
to the SW of the lake. The lake itself is used for watering
livestock, and for fishing. It is strongly eutrophic and turbid, but
the upstream gueltas are much less eutrophic. Bilharzia and malaria
occur in the area.

2.3. ALGERTIAN SAHARA (Fig. 2.4)

2.3.a. OUED SAOURA (Western Algeria)

1.

Geography and merphology

The Oued Guir and the Oued Zousfana, drain the southern flanks of the
Atlas mountains and meet at Igli to form the Oued Saoura which is a
major river extending into the western Sahara. It penetrates between
the great western erg, which encroaches on the river's valley in the
East, and the erg Chech in the West. Northwards it is bounded to the
West by the stony Hammada du Guir. The Saoura has permanent surface
water about as far South as the village of El Ouata, S. of the town
of Beni Abbes. However, the Saoura used to be noted especially for
its strong periodical floods: several pulses per annum were not
uncommon. One of these floods due, not to runoff from the Atlas, but
to heavy precipitation, mainly on the lower Oued Zousfana on 19-21
March 1959, was described in great detail by Vanney (1960). It was
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Fig. 2.4 Locations of the permanent and ephemeral surface waters in
the Central Saharan mountains (mainly the Ahaggar and northern
annexes, and the plateau of Tassili-n-Ajjer). 1-Tedjert Spring,
2-Tamada Guelta, 3-Ti-m-Misaou Well, 4-Silet Spring, S-Abalesso
Spring, 6-Amsel Guelta, 7-Chapuis Spring, 8-Im Laoulacuen Guelta,
9-0toul Guelta, 10-Terhenanet, 1ll-Issakarassene Guelta, 12-Afilale
Guelta, 13-Tamada Guelta, 14-Hassi Dehine, 15-Mertoutek, 16-In ziza
Guelta, 17-Tesnou Well, 18-Amais Guelta, 19-Tamrit Guelta, 20-Ghat
Spring, 21-Ga-Bei-Bei, 22-Dider Guelta, 23-Efenni Guelta, 24-Qued
Jmichou, 25-Torset Guelta, 26-Hot Springs of Tihoubar Ti Afella, 27,
28, 29-Oued Djerad Gueltas, 30-Amguid Guelta, 31-Tiguelguemine
Guelta, 32-Dijoraf Hot Spring, 33-Essameur Spring, 34-Tamesguidat Hot
Spring, 35-Bahar El Hammar, 36-Mekerrhane Sebkha, 37-Arak Springs and
Pools, 38-Tit Spring, 39-Aoulef Spring.
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felt as far South as Adrar. Periodically even stronger floods
occur. Dubief & Cornet (1958) 1list the frequency with which the
Saoura flowed into the desert over specified distances, measured from
the source of the Oued Guir for the interval 1900-1957:

flood over 200 km 33 times
300 km 13
400 km 6
500 km 5
800 km 1 (March 1959)

An unconfirmed report stated that in 1915 a flood reached Reggane
(975 km from source), and this seems to have been a normal phenomenon
in the 16th century, when slaves coming from the South were shipped
north by boat from Reggane. In the middle of the 19th century, an
exceptional flood extended well South of Reggane, as far as the well
of Hassi Boura. Because of the damming of the Oued Guir at Djorf
Torba, such floods no longer occur. They created enormous, temporary
flooded areas of desert land, and strings of pools remained in the
southern bed for varying periods of time, some even permanently. The
Saoura is one of the main pathways, and certainly the one that was
open most recently, in carrying biota of northern origin into the
central Sahara.

Two types of stagnant water occur: the flocoded valley, and the
remaining pools in the river bed. The first is very ephemeral and,
although no areas have been studied explicitly, they are probably
very similar to the short-term flooded surfaces that occur elsewhere
in the Sahara after torrential rains. Pools in the riverbed, on the
other hand, show all gradations between ephemeral and permanent
characteristics.

Climate

Képpen BWa, and West continental Saharian in Dubief's
clagsification. It becomes more and more arid as one moves South
through the valley. Desert conditions are reached quite abruptly in
the rainshadow of the Atlas; the area of Beni-Abbes has an average
of less than 50 mm.a~l of rain, Adrar has only 18 mm.a’l, and
Reggane c¢. 10 mm.a~l. As in most desert environments, however,
there is strong year-to-year variation. In Adrar (258 m asl), for
the interval 1912-1968, the absolute minimum was zero precipitation
(3 times in 50 years), while the maximum was c. 65 mm. There were
five years with more than 50 mm of precipitation. Adrar may also be
used as an example for the yearly temperature curve of the lower and
middle Saoura valley. Highest mean temperatures are reached in July
(c. 34°C), but absolute maxima in July may exceed 50°C. The lowest
average falls in January (c. 12°C), but absolute minima may descend
as low as -4°C. Winds from S to W dominate in summer; NW to NE winds
in winter.

Water chemistry

Because of strong seasonal fluctuations in discharge and the ensuing
evaporation, the water chemistry varies greatly both in time and
space. This has certainly acted as a filter, selectively removing
gtenoionic (and stenothermic) species from the communities remaining
in the valley today. In spring, the upper Oued Guir releases low
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conductivity water. As the water flows down the valley, and the
season advances, evaporation leaves a salt film along the edges of
the receding river. The Oued Zousfana is salty over most of its
course, most of the year. Whatever water it adds to the Saoura also
adds to the salt load of the latter. Also, while the annual floods
derived from the upper Oued Guir usually carry relatively 1little
sediment, the few floods that are derived from the Zousfana (e.g.
1959) produce very turbid, reddish-brown water. A further effect of
the damming of the Oued Guir is that the valley of the Saoura itself
is becoming much more salty. Results of an analysis performed on
samples collected in different parts of the valley are presented
below.

Chloride Conductivity
meq.l'l 1076s. cm1

Oasis of Tit (Tidikelt) 8.7 1700
Adrar: Foggara 9.3 1250
Saoura, N. Adrar 326.7 more than 10%
Saoura, Kerzaz 1 14.3 3000

2 10.8 3000
Saoura, Guerzim 1 10.8 2000

2 8.2 2000
Saoura, N. Kerzaz 75.9 7400
Saoura, El Ouata 1 111.1 8800

2 131.7 more than 102
Saoura, Beni-Abbes 1 185.9 more than 109

2 400 more than 10%
Saoura, Igli 1 248.6 more than 104

2 232.1 more than 10%
Zousfana, Tarhit 22.0 2100
Zousfana, Beni-Ounif 1 41.8 3900

2 34.1 2300
Macrophytes

Because of the variable water level of the Qued, no macrophyte fringe
is found in most places. Phragmites occurs locally, and along the
seguias of irrigated oages, Typha spp. and various hygrophytes may be
found (Phalaris spp., Melilotus spp.). Quézel (1975) studied some
communities at Igli from a sociological point of view. He noted the
poverty of species and their salt tolerance. He lists Phragmites
augtralis, Scirpus holoschoenus, Sonchug maritimus, Juncus maritimus,
Cynodon dactylus as the dominant species. Along the Oued, Tamarix
spp and Nerium oleander abound. The dominant tree in the valley is
undoubtedly the palm tree. Their number is estimated at more than
500,000.

Algae

Stray notes and identifications are to be found in Feldman (1946),
Fremy (1930), Gauthier-Liévre (1931, 1941). Compére (1967) lists 18
species from Adrar. On balance, our knowledge of the algae of the
Saoura valley is quite unsatisfactory.
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Invertebrates

Only pools in depressions remain long enough to allow the development
of animal life. It is 1likely to consist of 1large Euphyllopods,
Notostraca, Conchostraca, Ostracods and large Rhabdocoelids. A
community very similar to this is described by Gauthier (1938) from
the basin of the Oued Zousfana near Beni-Ounif ("Oued Melias™): the
Anostraca Streptocephalus torvicornis, Tanymastix perrieri,
Branchipus stagnalis; the Notostracan Triops granarius; the
Conchostracan Leptestheria sp.; the Ostracod Cyprinotus incongruens;
unidentified Calanoids and Chironomid larvae. Shrimps (Atyaephyra
desmaresti) abound along the banks of stagnant sections of the river,
and Ostracoda, Cladocera, Copepoda and Rotifera occur plentifully,
but no detailed species 1lists have as yet been published. Among
Ingects, the same seems to hold true for Coleoptera, Hemiptera and
Ephemeroptera. The dominant Zygopteran of the valley is Ischnura
saharensis; typical mediterranean species such as Platycnemis
subdilatata and Coenagriom caerulescens do not extend beyond Tarhit
on the Oued Zousfana. The dominant Anisoptera are Orthetrum
chrysostigma, Trithemis kirbyi ardens, and Crocothemis erythraea.

Vertebrates

All fish species that live in the Atlas could theoretically occur in
the Saoura. Several Barbus species of the callensis-group indeed
occur, but many do so only temporarily. When salinity increases,
there is back-migration towards the upper reaches (pers. obs. on QOued
Zousfana, May 1979). Only very euryhaline species persist, among
which the Cyprinodonts Aphanius fasciatus and A. iberus. Among
Anura, Rana ridibunda perezi, Discoglossus pictus and Bufo
mauretanicus are widespread, especially in date-palm oases.

Human activity and management

The valley of the Saoura is densely inhabited, and several major
townships (Beni-Abbesg, Adrar, Reggane) occur, in addition to numerous
villages. Irrigation agriculture and palm culture have probably been
performed here since antiquity, and probably there was
hunter-gathering activity during the Palaeolithic, and cattle farming
during Neolithic times. The Foggara system is still extensively used
between Adrar and Reggane and in the Oases of the Tidikelt.

Tourism is developing in the valley, which is accessible by
motor-vehicle on a good sealed road. Tourism concentrates on
Beni-—-Abbes (scenery) and on Tarhit (scenery and rock engravings)
where modern tourist resorts are available. Problems of pollution
exist in the vicinity of the major towns, where sewage is diverted
directly into the Oued. This produces off-flavours and local algal
blooms (e.g. at Beni-Abbes).

A particular problem has been created by dam-building in the Atlas.
The ecology of the river had not been studied in enough detail prior
to damming, and the changes that occurred can only be guessed at.
Without doubt, however, salinity is on the increase and some
selective effect of 'this on the biota is inevitable in the long run.
Large dams, and also some newly constructed fords that fall dry
during spring may (and do) hamper the fish in the seasonal migrations
mentioned earlier.
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2.3.b. GUBLTA IN ZIZA

1.
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Geography and morphology

Guelta In Ziza (23°31'N, 0°12'E) is one of the most isolated surface
waters in the Sahara. It is situated at the southern end of the
Adrar n'Ahnet and inside a 1large inselberg of (Cenozoic?) volcanic
origin. It has been suggested that this mountain, in fact a circular
wall surrounding a wide valley, is the crater rim of a volcano which
is partly buried into the surrounding plain of the Tanezrouft. In
places, the granitic basement 1is visible. Rhyolithic glass and
alkaline tuffs occur commonly. The guelta forms a circular basin of
13 m diameter and, when full, is about 6 m deep. It collects
waterfrom two different oueds that drain part of In Ziza mountain and
has no additional spring water input (Monod, 1932). 1In the bed of
the main feeding oued, some additional small basins retain water for
some time (hence it is often said that there are several gueltas at
In Ziza).

Climate

Temperature data are cited by Monod (1932): July is the hottest month
(¢c. 33°C), while in December-January the average is c¢. 16°C. The
climate is likely to be almost identical to that of the southern
Saoura Valley, with annual precipitation in the order of 10mm.a"1.

Water chemistry

A chemical analysis showed that both the guelta and the upper pool
with Chara had 1low conductivity (200 and_ 600.1075s.cm-1
respectively), and chloride content (43 and 128 mg.l‘l). '

Biota

In one of the gueltas Characeae were collected in May 1979, but no
other macrophytes occur. Algological studies have not yet been
conducted. 1In May 1979, the main guelta was half empty, and clumps
of blue-green algae were floating at the surface and lying on the
bottom. The zooplankton in May 1979 was rich in the large Calanoid
Paradiaptomus greeni. Corixids also appeared toc be common. In the
bed of Characeae, Chydorids occurred. Dipteran larvae were plentiful
in the benthos, but Mollusc. were absent. Iwo dragonflies were
collected: Trithemis arteriosa, a widespread Afrotropical species,
and the Mesasiatic Orthetrum ransonneti, which also occurs in the
Hoggar and the Air.

The absence of aquatic vertebrates, and the presence of large-sized
zooplankton, suggest a periodical drying-out of the guelta.

Human activity

The valley of In Ziza supports a single Tuareg .family and their

cattle (a few camels, some goats). All use the guelta as a
multipurpose resource, including for drinking. Eutrophication is
apparent.
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2.3.c. GUELTAS OF OUED IMIRHOU, INCLUDING ITS AFFLUENTS

(OUED THERIR AND OUED TORSET)

Geology and morphology

The Tassili-n-ajjer (Tassili = a tuareg expression for a ring of
plateaux which, deeply dissected and locally interrupted, surrounds
the central Sahara mountains of the Ahaggar) is named after the Ajjir
(or Adjer) tuareg tribes who inhabit that region (c. 3,500 in 1950;
c. 10,000 1in 1970). It 1is basically a sandstone plateau of
Palaeozoic age that overlies the crystalline (granitic) Precambrian
basement. Killian (1922) divided the plateau into three main areas:
the northern (and western) upper (or outer) Tassili, which consists
of Devonian sandstone, uplifted towards the South (I1lizi in the
North is 535 m asl.). A series of parallel N-S oriented river beds
cut through this plateau and divide it into several blocks: Tanget in
the East, Fadnoun in the centre, and Tamelrik in the West. The inner
(or lower) Tassili is situated to the South of the outer Tassili. It
is composed of Cambrio-Ordovician sandstone and is also tilted in a
N-S direction. It is the area where the main oueds, that dissect the
Inner Tassili, originate. The Intra-tassili, finally, is a mostly
narrow zone between the preceding ones, of Gothlandian age, and best
expressed in the V-shaped lower valleys of the main Upper Tassili
Oueds, one of which is the Oued Imirhou (or "Mihero"). The dendritic
upper reaches of the Oued Imirhou extend southward as a fan, reach
25°10°'N, and roughly extend between 8 and 9°20'E. The total basin
covers an area of 12,700 km? . It springs at 1800 m. Certified
permanent lakes, as well as a multitude of semi-permanent and
ephemeral ones, abound over most of its upper and middle course,
including some of its tributaries such as the Oued Iherir and the
Oued Torset. The Oued Therir in the West is particularly famous, and
in wet years has flowing water over a distance of 20 km. Here alone,
some 45 permanent lakes occur, out of the c. 300 known from the
entire Tassili. They are situated at altitudes varying between
1100-1200 m, and some are separated by small but active waterfalls.
Their depth may reach as much as 15 m, and many are between 4 and 6 m
deep. The Oued Torset also contains numerous permanent gueltas, and
neer its junction with the Oued Imirhou a hot  spring,
Tihoubar-ti-n-Afella (c. 45°C) is found, which supplies water to a
guelta with the same name.

Climate

Little is known about the climate of the plateau area and its deep
canyons. while annual precipitation at Djanet is only c.
15 mn.a‘l, Bernard (1953) estimates that the plateau should receive
150 mm in good years but the average should not exceed c. 30 mm.a~1
(Dubief, 1971). Rains tend to be erratic, with highest probability
of occurrence in May. Summer storms that result from hot air masses,
cut off from the monsoon front are not unusual. Snow was observed
five times between 1925 and 1961. Winter temperature minima in the
higher regions are 1-2°C, and maxima do not exceed 13-14°C. Summer
minima are 18-21°C, and maxima are around 30°C. Mean irradiation is
around 20-25,000 kJ. m’l.d'l, but the microclimates of the
permanent lakes are very different, and they receive only a fraction
of this energy.
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Hydrology

In spite of the relatively low precipitation, the upper basin of the
Oued Imirhou can collect enough water to produce substantial floods.
Some of these have been known to reach a distance of 270 km from the
source (Dubief 1971). However, floods of a more modest nature are
more common. They even occur without substantive rain, and are
driven by a mechanism which is as yet not clearly understood. Floods
have been recorded in 39 months over a period of 26 years.

The great variation in longevity of the waters found in the Oued
Imirhou (and, 1indeed, in the whole Tassili), results in wide
fluctuations of their ionic content, in time and space. While the
Therir gueltas are incorporated into a flowing river for up to six
months per annum, evaporation and concentration of solutes occurs for
the rest of the year.

Water chemistry

The basic chemistry of six Iherir gueltas sampled in June 1978 is
listed below. There was some flow from one to the other, but
conditions were basically stagnant. Conductivity and total ionic
content varied fourfold.

Oued Imirhou gueltas

Na K Ca Mg HCO;  cC1 SO, Cond.

meq.1-1 10-6s.

cm—
1 5.1 0.05 2.1 4.2 7.5 3.7 1.0 641
2 7.9 0.1 2.3 2.8 8.5 5.4 1.0 1170
3 6.1 0.1 6.1 7.9 7.8 5.4 1.0 1214
4 6.3 0.1 2.8 8.8 7.1 2.8 6.0 1328
5 7.5 0.3 17.1 10.0 16.4 5.2 12.0 2244
6 5.9 0.2 12.9 19.5 16.5 5.3 12.1 2336

Dry guelta beds in the valley are notably saline; the relatively
large quantities of magnesium among cations is striking, while in
gueltas 5 and 6, sulphates were very high.

Macrophytes

The Oued Imirhou gueltas have thick stands of the Typha elephantina -
Typha australis association, sometimes extending over tens of meters
ag thick green walls, effectively separating adjacent gueltas.
Submerged waterplants are also present: Potamogeton spp. are common.
Myriophyllum spicatum and Utricularia spp. are locally abundant.
Tamarix gallica and Nerium oleander, in addition to thousands of
planted date palms, occur in the drier places. The relict olive tree
Olea laperrinii is rare: only few specimens are known from Iherir
valley. :




SAHARA

Algae

Little has been published on the aquatic algae of the
Tassili-n-Ajjer. Occasional notes are found in Amossé (1941); Behre
(1953); Gauthier-Liévre (1941). Volvox sp. is common in the shallow,
eutrophic gueltas; filamentous green algae abound in deeper,
semi-permanent gueltas.

Invertebrates

The aquatic invertebrates form an intricate mixture of Palaearctic
and Afrotropical elements, with the African fraction dominant.
Oriental elements also occur but rarely. Unusual species for a
desert environment are the poriferan Spongilla carteri and the
bryozoan Fredericella sultana. In some gueltas, large Rhabdocoelids
abound (Mesostoms sp.). The composition of the zooplankton is
determined, aside from historical factors (relicts), by the presence
or absence of vertebrate predators and of dense stands of aquatic
plants that provide protection against them. It is thus a direct

reflection of the degree of permanence of these biotopes. The
permanent lakes of Iherir and Torset have only littoral assemblages,
or & species-poor zooplankton in which rotifers dominate. The
Daphniid Simocephalus vetulus lives among littoral macrophytes (sole
site in the Sahara). In turbid waters, the African cyclopoid

Thermocyclops retroversus is found. Other significant relicts are
Moina belli, an eremian species, and Alona elegans, a Palsearctic
gspecies, and among the cyclopoids, Afrocyclops gibsoni, a widespread
African endemic (see Lindberg 1953; Brehm 1958; Dumont 1979). In
ephemeral gueltas and pools, Anostraca (Streptocephalus, Tanymastix),
Conchostrac. {(several ill-studied genera and species), and Notostraca
(Apus granarius) abound. Diaptomids are also restricted to this type
of low-predation environment. Two species of Metadiaptomus,
Paradiaptomus greeni and Neolovenula alluaudi, all eremian or
Palaearctic in nature, have been recorded (Kiefer 1958; Dumont 1979).

Water beetles also offer a picture of a mixed Mediterranean and
Afrotropical fauna (Bernard 1953). The aquatic Hemiptera, studied by
Poisson (1953) comprised some 21 species, 13 African and 8
Palaearctic. In fact, some of the species which he classified as
Bthiopian belong to groups widespread in Africa, Asia and even
Australia, and might be more nearly related to Oriental species.
Several dipteran vectors of malaria are present (Senevet et al
1953). Dragonflies (Dumont 1979, 1982) include the eremian Ischnura
saharensis and relict populations of Pseudagrion hamoni, an African
species. Mollugc. are represented by both Biomphalaria and Bulinus
species, and hence both major forms of bilharzia occur in the
Tassili. The remainder of the Molluscan fauna also includes a
majority of Afrotropical elements, with some Mediterranean species
(Van Damme 1984).

Vertebrates

Aquatic vertebrates have made the gueltas of the Oued Imirhou

famous. The Palaearctic Barbug biscarensis here meets the
Afrotropical Barbus deserti; two species of Clarias,. a common
predator co-occur (C. anquillaris and C. gariepinus). Coptodon

zitlii has not been recorded at Iherir, but occurs in great schools
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in Aguelmam Tihoubar-ti-n-Afella and in the Oued Torset. Bufo
viridis, Ptychadena occipitalis and P. mascareniensis arce the
dominant anurans. Urodela and water turtles have not been recorded.
The most famous inhabitant of the Oued Imirhou was the Nile
crocodile. However, it has been extinct here for more than half a
century and the exact sites where it used to live ("side canyons of
the Oued Therir") are not known. Three specimens have certainly been
killed by Europeans: one in 1909 and two in 1924, The local
population was probably small and consisted of dwarfs. One specimen,
preserved in Algiers, is 1.40 m long.

Human activity and management

The relative abundance of water in the Oued Imirhou and affluents has
ensured continuous human habitation, at least since Neolithic times.
In spite of malaria (Perret 1933) and bilharzia, the valley of Iherir
was inhabited by some 1,000 people around 1950. This number had
considerably expanded by the mid 1960s, but then decreased again as a
result of the attraction of the o0il fields around In Amenas.
Agriculture concentrates on dates, wheat, figs, vine, carrots and
onions (Bernard 1953), but the Tuareg also know how to exploit the
aquatic resources of their valley. Perret (1935) describes a
technique, now disused, whereby the women lowered a piece of cloth
weighted with stones and baited inside with chunks of goat meat, onto
the bottom of the lakes. After a few days, the cloth was quickly
hauled up, and the catfish that had been attracted to the meat were
caught by hand. The crocodile is not known to have been hunted by
the locals, who seem to have feared it, but no memory of their
presence remains with today's inhabitants of the valley. As rifles
became widely available early in this century, local Tuareg probably
contributed to the elimination of crocodiles.

Typha is widely used, for roofing zeribas (huts), a practice which is
also known in the Ahaggar and the Tefedest (Mertoutek). The white
"heart” of Typha shoots is also used as a vegetable by the Tuareg,
and is usually eaten raw.

Human settlements occur not only at Iherir, but also at other sites
such as the hot spring of Tihoubar-ti-n-Afella. The valley of Iherir
has now been classified as a nature park, and falls under the
authority of the Ministry of Fine Arts of Algeria. Emphasis is not
on protection of the flora and the fauna but of the numerous frescoes
that are found on the plateau west of Iherir. Some basic facilities
(huts, guides) are provided for visitors but tourist stress is still
neglegible.

2.3.d. GUELTAS OF THE OUED TADJERADJERI

1.

104

Geography and morphology

The Oued Tadjeradjeri, W. of the Oued Imirhou, cuts through the Upper
Tassili and separates the plateau of Fadnoun and of Tamelrik. Its
lower course, N-NE oriented, extends between 8° and 8°15'E. Numerous
gueltas, identical in nature to those of the 0. Imirhou, extend along
its middle course and upper tributaries, but water is less abundant.
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The majority of permanent gueltas extend along the bed of the Oued
Aharhar (7°50'-8°E, 25°10'- 25°50'N) an area of historical interest.
During the early explorations, the first Flatters expedition reached
the junction between the Oueds Aharhar and Tadjeradjeri in April
1880, and turned back N. from there. They found a lake named
Mengough (Menrour), situated close to 26°N, about 4 m in depth, and
rich in fish. The French Tassili expedition of 1949 led by F.Bernard
explored, among other things,the upper Oued Tadjeradjeri and the Oued
Aharhar down to Edjef, the site with the last palm trees (25°27'N),
but narrowly missed Menrour, which lies in a diverticle about 2 km
South of the main oued, and is presently called Aguelmam Efenni (alt.
1120 m a.s.1.). On 5.6.1978, this aguelmam was seen shortly after a
flood, and had turbid water. On 17.4.1979, the level was about 1 m
lower, and the water transparent to the bottom. The total length of
the Aguelmam is c¢. 500 m; its width varies. In places, it is
constricted and even interrupted by dense stands of Typha. 1Its long
axis is roughly N-S oriented; the eastern shore is rocky, while the
western side is part of the Oued bed. The French expedition probably
overlooked it because, contrary to many other gueltas, it is situated
in a fairly open and flat area.

Water chemistry

A chemical analysis at the south end, the centre, and the north end
of the guelta in 1978 gave the following result:

Na K Ca Mg HCO4 Cl S0, Cond.

meq.l‘l 10-6s.
em~1
1 1.8 0.2 8.4 3.4 5.9 2.4 5.0 741
2 1.6 0.1 5.4 4.1 5.9 2.2 3.2 527
3 4.3 0.4 5.7 4.3 5.9 3.4 4.9 779

These are typical freshwater conditions. However, in 1979 a white
salt film occurred on the dry parts of the guelta bed, indicating
that salinity may fluctuate quite strongly.

Florsa

Typha is the dominant macrophyte. Potamogeton occurs locally, and so
do some Characeae. Micro-algae have not been studied. There are no
palm trees in the immediate vicinity which may account for its being
inconspicuous. Instead, Tamarix occurs in the Oued bed, and Acacia
on the surrounding stony plateaux.

Fauns

Four fish species co-occur with certainty in the guelta; the predator
Clarias gariepinus (det. J. Teugels), Barbug biscarensis, B. deserti

" and Coptodon 2zilli. The open water zooplankton is impoverished,

while in the Typha stands various cyclopoids and Cladocera
(Chydorids, Macrothrix spp., Ceriodaphnia spp.) are found. The

benthos contains Ogtracods (Martens 1981), chironomids,
Ephemeropteran and Odonata larvae. Aquatic beetles and waterbugs are
numerous. Two dragonfly species, not yet found elsewhere in the

Tassill were recorded: Trithemis annulata and Paragomphus genei.
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Other sites visited by the French team are temporary pools in the
upper Tadjeradjeri at Armar, 1100 m. Their fauna remains
undocumented, but is probably similar to the calanoid and ancstracan
plankton found in a series of kettle holes ('marmites de géant')
named Aguelmam Tin Azzaret in the Oued Adji, an affluent of the OQued
Samene, the first Oued West of 0. Tadjeradjeri and only 25 km West of
Ain Tairhe (25°52'N, 7°44°'E). In the upper Aharhar, Ag. Adjeraoua
(1160 m) occupies a typical guelta-site. It is said to be permanent,
and rich in insect 1life, with the gyrinids Dineutes grandis and
Gyrinus regimbarti explicitely recorded (Bernard 1953).

5. Human activity

A well, Ain Tairhe (1120 m), situated some 3 km N. of A. Efenni, was
visited by the French Tassili expedition. It is here called Foggara
of Aharhar, and the spring is named Tamera. It was captured, and
surrounded by a concrete basin in 1947. Canals were dug to conduct
its water to the village of Aharhar. Gambusia was introduced into
the canals to control mosquito larvae.

There is a settlement at Aharhar, including a date palm plantation
(palmeraie), at 3 km from the guelta of Efenni. Its influence on the
guelta is limited. No fishing occurs. There were 400 inhabitants
here in 1950, but only few families in 1978-79. Most of the
workforce had moved to In Amenas. Grazing and watering by goats and
camels is the only use that is made of the gueltas in the area.

2.3.e. AGUELMAM TIN BAWENDI (TAMADJERT)

1. Geography and morphology

The village of Tamadjert (25°37'N, 7°19'E) is situated W. of a large
fogsil floodplain, c. 8-10 km across, at c¢. 1160 m. asl. and at the
confluence of two major and one minor gorges. The central gorge,
Oued Tin Bawendi, is still extremely humid, and contains a series of
gueltas over a distance of several kilometres, separated by long,
dense stretches of Typha, sometimes united by a narrow channel of
stagnant ocr running water. There are springs in several places.
This system, entirely situated on the inner Tassili, is not connected
directly to any of the major Oueds of the Tassili.

2. Flors

Potamogeton, Ceratophyllum, Myriophyllum, Polygonum and Characeae
abound.

3. Fauna

A single, preliminary inventory was made on 18.4.1979. No Mollusca
were seen. The largest guelta, several meters in depth, contained
Calanoids, Cyclopoids, larvae of Ephemeroptera and of Chaoborus. 1In
the submerged vegetation, species-rich communities of Chydorids
(Alona, Pleuroxus), Macrothricids, and Ceriodaphnia were found. The
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macrofauna consisted of Coleoptera, Hemiptera, Diptera and
Oligochaeta. No fish were seen (as confirmed by the presence of
Calanoids in the open water) but Bufo viridis and Rana ridibunda
perezi were numerous, as were Colubriid snakes that fed on them.

Human activity

The drier parts of the gorge provide excellent grazing, and cows and
goats freely roam about through the canyon. The small villages of
Tamadjert and Edjef Eberchenaten also conduct limited horticulture.
Of special interest is the fact that the area is rich in neolithic
frescoes, indicating continuous habitation of the area since
prehistoric times.

2.3.f. AGUELMAM AZAR (ASSAR) AT DIDER

1.

2.

3.

Geography and morphology

The gueltas of Azar (or Assar, Assa) (25°12'N, 8°28'E) are named
after the Assar massif which (mean altitude c¢. 1600m) rises some 150
m above and south of the vast plain of Dider. They are situated in
the bed of a short (2-3 km) gorge that drains the N. of this plateau
and consist of a number of upper pools, and two large lower pools,
separated by a cascade. All pools are rain-fed and none is
permanent. The upper ones are small, elongate, shallow and lie in
cracks in the bed of the oued. The basal ones are circular plunge
pools, several meters deep; the lower one is ¢. 30 m diameter, and
4-5 m deep when full.

Biota

No macrophytes or vertebrates live here, and all these gueltas are
excellent examples of environments fully exploited by large
invertebrates. The small upper pools are rich in Iriops granarius,
large Ostracods, Dsaphnia, conspicuously red-pigmented calanoids,
large rhabdocoelid flatworms, and no mollusca. Large flocs of
filamentous green algae are abundant. The 1lower gueltas are
populated by dense swarms of Anostraca, red calanoids, and, in the
benthos and epilithon, Trichoptera larvae, Ostracods, Oligochaetes
and mites.

Human activity

The upper gueltas appear to be of no interest to the nomads living
around the plain of Dider. The lower guelta (Azar s.s.), however, is
frequently vigsited by Tuareg, to wash, drink and water cattle. Small
caravans come almost daily to the guelta and drinking water is taken
away in guerbag carried by mules. The gorge is lined by a number of
overhanging cliffs, most of which contain rock paintings.
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2.3.g. GUELTAS OF IMLAOULAOUENE

1.

108

The Hoggar: Geology and morphology

The Ahaggar or Hoggar mountains are basically mzde up of Precambrian
granitic rock, but the highest parts are coveraed :ty late Tertiary and
Quaternary 1lavas, deposited in three distinct phases of volcanism
that were related to the Alpine orogenetic revolution. It covers an
area of 3.10 km? around a central core, the Atakor (or Khoudia, in
arabic) at about 1900-2200 m asl. The fantastic relief of that part
of the Hoggar today, with its many sugerlcaf-shaped peaks, is the
result of differential erosion which removed the volcanic ccnes but
left most of the magmatic cores intact. The Hoggar mountains are
drained by a number of rivers, the most important of which is the
Wadi Tamanrasset to the west of the massif. It is itself a tributary
to the Oued Tilemsi, a fossil river that used to empty into the
Atlantic Ocean in West Africa but was captured in its lower reaches
by the River Niger, possibly around 6,000 B.P. The gueltas of
Imlaoulaouene (22°53'N, 05°40'E) are situated in & short side gorge
of the Oued Tamanrasset, close to the city of the same name. A fault
across the river bed causes the underflow to seep to the surface near
its top and this forms a cascade with four main steps (= guelta
basins). The lower guelta is at 1500 m, the upper one at 1540 m.

Climate

Although situated in the centre of the Sahara, the climate of the
Hoggar is distinet from, and much less extreme than, that of its
surroundings. Precipitation is much higher, and increases steeply
with altitude; the city of Tamanrasset (1400 m) has c¢. 50 mm.a“l.
while the Assekrem peak (2700 m) has no less than 125 mm.a~l. Mean
annual temperature at Tamanrasset 1is 21°C; the minimum falls in
January (11.7°C) and the maximum in July (28.9°C). Freezing
temperatures occur every winter, with an average of 29 frost days (20
in January, 9 in February); -6°C is the absolute minimum. At higher
altitudes (Assekrem), snow is not exceptional (once in four years),
and the absolute minimum is about -12°C. Consequently gueltas freeze
regularly in winter.

Irradiance c¢. 20,000 kI.m 2.a"1, varies with the season and the
relative importance of short wavelengths increases sharply with
altitude. On the Assekrem plateau values close to the solar constant
are frequently measured, especially when partial cloud cover adds
reflected to the direct incident light (Schwarz 1976). As in most
desert environments, inter-annual variation is strong. Between 1924
and 1968 (Tamanrasset altitude) annual precipitation was around 10 mm
in 7 years but there were more than 100 mm in 5 years. In 1933, a
historical maximum of almost 160 mm was recorded. At the Assekrem,
between 1955 and 1968, only three years had less than 100 mm
(absolute minimum c. 35 mm), while there were three years with more
than 200 mm (absolute maximum in 1957: 260 mm). Even in the former
conditions all local oueds flow for at least a few days each year.
This is greatly facilitated by the impermeability of the granitic
substratum. The Oued Tamanrasset, for example, flows for an average
of 5 days per annum and 5-6 times during the present century it
flooded sufficiently to reach the Tanezrouft, possibly as far as the
Tilemsi. It is certain that the area of Tim-m-Missao on the central
Tanezrouft was reached in September 1950 and 1951 (Teissier, 1965).
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In its central position, the Hoggar derives its precipitation from
two sources, and has two annual maxima: a winter-spring one, related
to Mediterranean depressions, and a summer one, related to advances
of the monsoon front. This bimodality is more marked at Tamanrasset
than on the Assekrem, where only the winter months have a relatively
lower precipitation.

Water chemistry

Like all intermittantly replenished desert waters, the ionic content
of the gueltas varies strongly with time after filling. The water
seeping in at the top of the fault is insufficient to compensate for
evaporation (actual measurements of evaporation by Schwarz (1976)
extrapolated to the altitude of the gueltas would indicate an annual
total of around 4 m), so the main water supply must be from
torrential rains. In September 1976, shortly after some good rains,
the lower guelta was full (and turbid), and had a conductivity of
153.107%s.cm"1. In February 1977, the water level had declined
by about 1 meter, but the water was now clear. The conductivity of
the 1lower guelta had increased to 238.107%s.cm, while the basin
above it had now 482.10°65.cm”l. In May 1980, the 1level was
about the same as in February 1978 and so was the conductivity of the
lower guelta (450.107%s.cm™1) . Conductivity of
c. 1500.1076s.cm™! was measured in some small puddles of water
which still persisted at the upper levels. They were surrounded by a
salt film and salt deposits were also seen on the base of Typha stems
there. This situation is reminescent of the Molomhar series of
Mauretania, but in 1inverse order. Here conductivity decreases
downstream, because the gorge deepens abruptly, and the lower gueltas
are very well protected from evaporation, while the upper ones are
not.

Flora

Above and below the fault, Nerium oleander occurs in the bed of the
Oued. The lower gueltas are completely devoid of macrophytes, but at
the seep itself, Typha stands occur, and Characeae and mosses are
also found. D'Hollander (unpublished) identified a few algae from
the guelta: Oscillatoria tenuis, Volvox rousselettii, Korshikoviella
gracilipes and Ulothrix sp.

Vertebrates: None recorded.

Invertebrates

Some Hemiptera and Coleoptera occur in the lower gueltas, but are
much more numerous in the vegetated higher pools. They are the same
spacies as found in the gueltas of the Assekrem plateau (see below).
Dipteran 1larvae and Ephemeroptera also occur, and mites are
relatively common. The dragonflies Pantala flavescens, Trithemis
arteriosa, Orthetrum chrysostigma and O. ransonneti patrol over the
gueltas and in the dry bed of the Oued. The zooplankton consists of
the cyclopoids Tropocyclops prasinus and Metacyclops minutus but
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predominantly the calanoid Neolovenula alluaudi, the C(ladocera
Daphnia simili, Moina micrura, M. belli and Ceriodaphria dubia, and
the anostracan Streptocephalus torvicornis. The Cladocera, and
particularly the calanoid copepod, are conspicucusly pigmented.

Human activity and management

Goats and camels frequently come to the gueltas to drink. They are,
however, not used by humans for that purpose any longer. The lower
guelta, Dbeing situated at 1less than 20 km from the city of
Tamanrasset, and close to the motorable track of the Assekrem
circuit, 1is visited by numerous tourists. Apart from the 1local
accumulation of some 1litter in the environment, no detrimental
effects of this activity are apparent.

2.3.h. THE GUELTAS OF THE ATAKOR

1.

2.

110

Geography and morphology

This section covers a selection of the numerous (c. 40), mostly
permanent waterbodies that are situated in the heart of the Atakor,
on or around the high (1800-2200 m) plateau of Assekrem. Rivers have
eroded the lava sheet that covers the area, and cut gorges down to
the crystalline base. Permanent seeps and springs are found at the
boundary between 1lava and granite, and several semi-permanent to
permanent stretches of running water result. Data are available
about the gueltas of Affilal (2100 m, 23°11°'N, 05°42'E),
Issakkarassene (1950 m, 23°25'N, 05°47'E), the twin gueltas of
Imeghra (Imarera) (1840 m, 23°27°'N, 05°50'E) and the gueltas at the
palm trees of Edjif Mellene (Tamada) (1800 m , 23°27'N, 05°51°'E).
Most are situated in fairly open riverbeds; only the Imeghra gueltas
are in a plunge-pool site, while the lower gueltas of Affilal have
eroded a number of kettle-holes (marmites de géant) into the
Precambrian granite. The top guelta of Affilal, an elongate, weedy
pool, is permanent, but the marmites are partially intermittant. All
the other gueltas consist of strings of pools in deepened sections of
their riverbeds, connected by some running waters Ffor most of the
vear. Because precipitation at this altitude is fairly evenly spread
over the year, the changes in water level are not rhythmical, and
floods may wash out accumulated salts from these systems at any time.

Water chemistry

A series of analyses was performed on samples collected in February
and March 1977. A wide variety of sites was sampled, including
almost dry puddles, and the open water of the largest gueltas (see
table).
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meq.171 Na K Ca Mg  HCO3 Cl1 S0,  Cond.
10-5s.
cm-
Affilal:
Guelta 0.8 0.3 1.4 1.1 1.8 0.5 1.0 243

kettle hole
2.2 0.3 1.9 2.8 5.1 1.0 1.1 484

Issakkarassene:
guelta (mean of
3 sites) 1.0 0.6 2.9 2.3 4.3 0.8 1.1 550
spring 1.0 0.6 1.6 1.6 2.2 0.4 1.6 350
pool 1.2 0.4 6.2 3.9 7.1 1.8 1.5 1100
Edjif Mellene (Tamada):
least mineralised
site 0.6 0.1 0.6 0.1 0.5 0.7 0.2 160
most mineralised
site 3.6 0.4 1.4 5.3 6.3 4.1 1.2 915
average of
8 sites 1.7 0.4 2.7 1.1 3.7 1.8 0.9 560

Imeghra (Imarera):

pool

9.8 10.6 1260
guelta 0.8

6 1.8 5.4 3.7
3 1.4 2.4 1.1 1.0 200

0. 7.0
0. 1.5
The variation in concentration is roughly one order of magnitude;
because of the very weakly mineralised nature of the spring water,
even the most concentrated waters analysed are still in the
oligohaline range, and not selective for most biota. Altitudinal

effects are probably much more important in this respect.

Macrophytes

The association of Typha australis and Typha elephantina occurs up to
1600 m; all Atakor gueltas have only T. australis, often in great
dengity. Phragmites australis may also form dense stands, often in
places that are only temporarily flooded. Stems up to 4 m in height
occur around the twin gueltas of Imeghra. Scirpus holoschoenus,
Polypogon monspeliensis, Juncus buffonius often co-occur with it. The
drier parts of the oued beds are characterised by Tamarix gallica,
Nerium oleander and sometimes fig-trees. Palm trees are rare at this
altitude. A small stand occurs at Edjif Mellene (edjif = arabic for
palm tree) only. Submerged waterplants include three species of
Potamogeton which are fairly common: P. panormitanus, P. perfoliatus
and P. hoggariensis. The relict olive tree, Olea laperrinii, lives in
erosion gullies that lead to the gorges.

Algsae

D'Hollander (unpublished) identified a number of algal species from
the gueltas. Although her inventory is far from complete, it is the
only modern one available, and the only source of information since
Gauthier-Lievre (1941). She lists the following 25 taxa: Microcystis
incerta, Nostoc Sp.; Oscillatoria limosa, Spirulina major,
Trachelomonas hispida, T. intermedia, T. volvocina, Peridinium

inconspicuum, Volvox rousselettii, Dictyosphaerium pulchellum,
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Scenedesmus acuminatus, S. ecornis, Ulothrix sp., Aphanochaste reveng,
Qedogonium sp, Cladophora glomerata, Closterium leibleinii, C.
moniliferum, Cosmarium laeve, C. subprotumidum var. gregoz=.i, C.
turpinii, C. turpinii var. hoggaricum, Mougeotia sp., Spirogyra sp.,
Zygnema sp.

Invertebrates

The gueltas are rich in benthic and 1littoral Ephemeroptera,
Trichoptera, water mites and Oligchaetes, few of which have been
studied taxonomically. More information exists om che Colecpiera
(e.g. De Peyerimhoff, 1938). Species widely focund in the 4itekor
gueltas are Bidessus minutissimus, Hydroporus optatus, :. pubeicens,
Agabus bipustulatus, Meladema coriacea, Dytiscus circumflexus, Gyrinus
substriatus and Qchthebius quadrifossulatus. Some 12 species of
Hemiptera (Poisson 1929 a,b) have been reported. Four species are
Palaearctic (mainly Notonecta and Corixa), 5 Afrotropical (mainly
Anisops), while Anisops sardea is wide-ranging on at least three
continents (Hutchinson 1934). The dragonflies are a mixture of
eremian species of northern or middle-eastern origin (3 species), with
some African relicts (e.g. Trithemis kirbyi ardens), but no
Pseudagrion, a reflection of the altitudinal 1limitations on the
fauna. The zooplankton is fairly rich in species, but since most of
the gueltas have planktivorous fish, there are few open-water
species. In small pools, and in the kettle-holes of Affilal, where no
vertebrates are present, the same planktonic assemblage as in Guelta
Imlaoulaouene is found. A significant relict species of the Hoggar is
the cyclopoid Cyclops abyssorum divergens, which belongs to a genus
typical of temperate and northern Eurasia. The closest population of
this taxon is found in the Tell-Atlas, Tunisia (Dumont, 1979). Among
chydorid Cladocera, the genus Chydorus is completely absent, and
replaced by Pleuroxugs aduncus and Oxyurella tenuicaudis, both of
northern origin, which abound here.

Vertebrates

The altitude excludes aquatic reptiles. Rans ridibunda perezi and
Bufo viridis represent the Anura. Barbus biscarenzis is extremely
abundant, and B. degerti has also been claimed te occur. Other
species, found in the Tassili-n-Ajjer and even in the Mouydir (e.g.
Coptodon_zilli) do not tolerate the cold winter temperatures of the
high gueltas.

Humen activity and management

The Atakor area is sparsely inhgbited, and the gueltas do not attract
human settlements. Quite a few are situated close to the tourist
circuit of the Assekrem (which requires a four-wheel drive vehicle),
and side roads from the main track lead straight to the gueltas in at
least two places. Many tourists therefore visit the gueltas, as a
desert feature, but this seems to have little effect, apart from some
casual swimming and picknicking, and the danger of human interference
with the guelta ecosystem appears remote.
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2.3.i. THE GORGE OF ARAK

1.

Geography and morphology

The Emmidir or Mouydir mountains, where Arak is situated (25°17°N,
03°41'E) geologically belong to the Hoggar core. They are composed of
Precambrian, granitic rock. The climate is more nearly related to
that of In Salah than to that of Tamanrasset, a reflection of the
lower altitude (560 m) of the main part of the gorge. Its aquatic
environment is composed of a number of periodic and permanent gueltas
situated in a narrow upper c¢. 700 m a.s.l. canyon, not easily
accessible and a widening gorge at lower altitude (560 m), where the
groundwater touches the surface in several places to form shallow,
productive pools.

Water chemistry

An analysis made on a sample collected in September 1976 in the lower
gorge at high water level revealed fresh water, with a total ionic
content of c¢. 13 meq.l'l. Doubtlessly the salinity may rise by an
order of magnitude, during dry spells.

Arak lower gorge
meq.171 Na K Ca Mg HCO4 c1 S0,

2.3 0.26 2.2 1.5 2.6 2.5 1.3

Macrophytes

Quézel (1965) regards the association of macrophytes found at Arak as
typical for the Sahara; it consists of extensive stands of Typha
australis and Typha elephantina with abundant Phragmites australis.
Submerged macrophytes include the Potamogeton species found in the
Hoggar, Rupia spiralis, and Myriophyllum spicatum. Tamarix gallica
and Nerium oleander abound everywhere in the drier parts of the oued
bed.

Algae

Compére (1967) lists 10 species from an unspecified waterpoint, almost
certainly in the lower gorge. Diatoms were the dominant group.

Invertebrates

There is a rich insect life in the gorge, very reminiscent of the

Tassili-n-Ajjer (Coleoptera, Hemiptera, Odonata). The Middle-Eastern
and Mediterranean dragonfly Selysiothemis nigra reaches its southern

limit of distribution here. The zooplankton in the 1lower pools,
richly overgrown with macrophytes, is a diverse assemblage of
cyclopoids and chydorid cladocera. The water plants also provide

shelter for numerous Dipteran and Ephemeropteran 1larvae, Hydracari,
Rotifera, and for Oligochaeta, all of which deserve further study.
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Vertebrates

There are no fish in the lower gueltas, but Coptodon zillii lives in
the  higher, permanent  gueltas. Rana ridibunda perezi, Bufo
mauretanicus and Bufo viridis also occur here.

Human activity and management

A bordj (fort), at one time used as a hotel, is found in the lower
gorge, close to the weedy pools. It has long attracted tourists to
the grandeur and scenery of Arak canyon, but is at present disused.
There are, however, still a few fairly sizable Tuareg villages in the
gorge. The trans-Sahara highway crosses the gorge. Since it was
sealed in 1977, the number of visitors to the gorge has increased by
an order of magnitude.

2.4, CHOTT EL DJERID, CHOTT EL FEDJEDJ AND CHOTT EL GHARSA
(S. TUNISIA)

Geology and geomorphology

Chott el Djerid (c. 33°5'N, 8°E, 4,600 kmz). Chott el Fedjedj

(c. 33°75'N, 9°E, 800 kmz), and Chott el Gharsa (c. 34°25'N, 7°75'E,
600 km?) combine to form the largest closed depression among the
lagunar environments of North Africa. It is the easternmost of a
chain of depressions that extends deep into Algeria. Chott el Djerid
occupies the cuvette of an asymmetrical synclinal. Further East,
Chott el Fedjedj reaches as close as 22 km to the Mediterranean shore,
just North of Gabes. It lies in the axis of an eroded anticlinal of
Palaeccene age. The basin of both Chotts combined is 10,500 km?Z.
Their bed lies at a minimum altitude of 15 m a.s.l. Geologically,
their northern half rests on Cretaceous rocks, which outcrop to the
North and East as low mountain chains {e.g. the Cherb mountains and
Jebel Tabaga, of middle Cretaceous age). Their scuthern part belongs
to the Precambrian Saharian shield. The central depressions were
subsequently filled by Tertiary and Quaternary alluvial clay and
gypsum. The morphology of this area has remained stable since the
late Pliocene, when the synclinal of el Fedjedj was eroded to its
present level. The Pleistocene is noted for the second orogenic phase
of the Atlas (the first one being of early Tertiary, post-Lutetian
age). During the Villafranchian, the chain of Cherb was pushed up. A
lagoon was established South of it until that time, which communicated
with the gulf of Gabes in the East, and extended West as far as Chott
Melhrir (Algeria). It became delimitated to the North by this crustal
movement. However, the communication of the Chotts with the sea (and
between the Chotts themselves) was interrupted only in post-Tyrrhenian
times (c¢. 200,000 B.P.). These correspond to the onset of a
progressive drying up and salinification of the now closed basgins.
Coque (1962) finds evidence for alternations of humid-cold and
warm-dry spells during the Quaternary in Chott el Djerid. Thesge
stimulated mechanical erosion, and added to the rate of sedimentation,
previously determined mainly by evaporation.
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Climate

The average precipitation on the basin of Chott el Djerid is 134
mm.a , “br a total volume of 1.4 10 m a3 ~1The maximum
occurs during winter (October-March), and rains are often torrential.
There is a steep gradient in precipitation between the coast (Gabes:
185 mm.a~l) and inland (Kebili: 95.6 mm.a~l) such that the isohyet
of 100 mm, defining the onset of true desert conditions, passes right
through Chott el Djerid. Air temperatures identify a hot season
(March-September) and a winter season (October-February). Maxima are
reached in July, with mean maximum of 42°C and a mean minimum of 22°C
at Tozeur. In Gabes, the maximum is reached in August and is only
32.3°C, and the minimum 22.4°C, an illustration of the cooling
influence of the sea. The winter minima, likewise, are 3.7-15.7°C at
Kebili, and 6.2-16.2°C at Gabes, in January. Yearly evaporation is
2.4 m (Metlacui), and average irradiation is c¢. 18,000 kJ m-2.4-1,

Groundwater geology

The Chott el Djerid basin has three superimposed artesian groundwater
tables, separated by layers of impermeable clay. The "continental
intercalaire”, a term coined by Killian (1922) to indicate the strata
between the end of the carboniferous and the middle Cretaceous
(Cenomanian), is mainly charging Chott el Fedjedj, and to a 1lesser
degree Chott el Djerid. The "continental terminal™, a sequence of
clays and gypsum deposited between the Lutetian (middle Eocene) and
the Pliocene, charges Chott el Djerid by infiltration of precipitation
on the Atlas and Dahar ranges. Outflows from this groundwater table
occur on the North and South edges of the Chott, where there are
numerous springs with discharges of 3.5-5 m.s~1, Many of them are
thermal and their salinity increases from S to N ranging approximately
from 1-3 5.1'1. The superficial groundwater (and the surface water)
is situated within and on top of Pleistocene clays, sands and gypsum.
It is derived from direct precipitation on the Chotts, and to a minor
degree from run-off in the basin. Its salinity decreases from the
top, where values up to 300 5.1'1 are found, to c¢. 100 5.1‘1 in
the underlying sandy layers.

Water balance

The combined yearly input into Chott el Djerid and el Fedjedj is
1.22x10%m3; 0.48x10%m3 derived from recharging the
groundwater, and 0.74x10%m3 from direct precipitation. Runof f
represents only 2% of the latter. Evaporation losses (estimated at
over 2500 mm.a~ 1) are, however, well in excess of this, and a
negative figure of 6.9x10%m3 (for a surface of 5400 km?) was
calculated for one year by Gueddari (1980). He also estimates that,
since the Chotts became established in their present form, some
200,000 y ago, 216x10%9 t of salts have accumulated here, either in
suspension or as evaporites. This 1includes, 89.5x107 t of halite,
and 95.4x10% t of gypsum. The post-Tyrrhenian evaporites alone are
composed of 18.2x109 t of halite, 151.1x10% t of gypsum, and
0.6x107 t of KC1l. The ratio of these salts suggests a continental
origin which supports the view that Chott el Djerid functioned as a
shallow deposition basin since the end of the Villafranchian, and
became evaporative and lacustrine with the closing of the lagoon after
the Tyrrhenian.
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Water chemistry of some surrouunding waters

It is pointless to present analyses of the waters of the <Chotts
themselves; after strong rains in spring, when the basins €ill up,
dilution occurs, and their waters are turbid and muddy. Sedimentation
is rapid and they evolve into saturated brines, that eventually dry up
and leave only a salt crust of variable thickness. Surrounding waters
are of two kinds: more or less permanent oueds draining towards the
Chotts, and permanent springs. All of them are strongly mineralised.
Some examples are given in the table.

meq.1-1 Na K Ca Mg HCO3  C1 S04 Cond
1075,
cm”

Oueds draining towards Chott el Fedjedj:

Qued el Hamma 5.2 1.4 20.3 9.1 4.5 25.1 6.8 2931
Oued 80 km

E. Kebili 13.3 1.0 16.7 10.5 5.0 35.3 7.0 3481
Effluents of springs:

- draining towards Chott el Gharsa

Chebika 3.9 1.1 12.2 16.6 4.4 20.2 10.2 2565

Gafsa (Oued

el Melah) 3.4 0.1 15.2 8.9 4.3 12.9 8.6 1375
4.0 0.2 15.3 6.6 4.5 12.8 9.0 1780

- draining towards Chott el Djerid

Douz 4.3 1.0 12.0 8.0 4.5 20.3 4.5 2315
Djemmaa 2.8 0.9 6.1 4.5 3.3 9.0 2.5 1335
Kebili 6.4 0.7 20.9 21.3 3.4 40.6 9.5 4908

-~ draining towards Chott el Fedjedj
El Hamma:
Ain el Bordj 4.8 1.1 23.0 4.7 6.0 20.3 6.2 2690

Biota of the Chotts

The Chotts are poor in plant and animal life. Of the species one
might expect in such an environment, Dunaliella has not been cited and
even Artemia sp. does not appear to be common. Occasionally, brine
pools develop a deep purple colour, indicative of purple bacteria.
The ciliate Fabrea salina, sometimes peaks in great numbers.
Aggregates of Phormidium corium (cyanobacteria) were found under salt
crusts by Serpette (1947). The saline spring E1 Mensof (20 m), inside
the Chott, 1is richer in cyanobacteria: Aphanothece microscopa,
Spirulina meneghiniana, S. subsahara cccur here. Two water beetles,
Ochthebius salinator and Paracymus maximug also occur. Similarly, a
spring exists inside Chott el Fedjedj (Ain Trarfi, 25 m). With 1less
than 6 5,1‘1 of total dissolved salts, it is comparable to the
springs that abound around the Chotts, and it has a similar fauna.
The Cladoceran Daphnia magna occurs here, beside several species of
Hydrobiid snails (Seurat 1938).
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Biota of the Oueds, Seguias and springs

A most diverse fauna and flora is found in the string of springs and
oases that surround the Chott area, in the Region of El1 Hamma (de
Gabes), Kebili, Tozeur-Nefta and in the so-called "mountain”™ oases
north of Chott el Gharsa, in the Djebel en Negueb. Thermal springs
abound around E1 Hamma, with water temperatures as high as 51°C.
Those at E1 Hamma itself are quite famous and three among them contain
the Pancarid crustacean Thermosbaena mirabilis. Their outflow is
characterised by massive developments of filamentous cyanobacteria and
agsgociated diatoms (Monod 1940; Dumont 1978), that may extend for some
distance into the seguias of the surrounding oases. As the water
cools, filamentous green algae, Characeae and, in the more mineralised
springs, Enteromorpha develop. Ruppia spp., Zannichellia palustris
and Scirpus littoraliz are found in the wider sections of nearly
stagnant water, and Typha-meadows form locally where swampy sections
occur, Among the strands of periphytic algae and macrophytes, a
microfsuns develops, reduced to nematodes and amoebae in the hot
springs. In cooler water, numerous gammarid amphipods, cyclopoid and
harpacticoid copepods, and chydorid Cladocera appear, together with
snails (Hydrobiids, Melanoides tuberculata, several species of
Bulinus), a Pisidium-species and shrimps (Palaemonetes spp.). On damp
shores, terrestrial amphipods (Orchestia spp.) and Isopods, the most
interesting among which is Saharolana seurati (spring of Ras el Ma
near Kebili), abound. Wells in the area have yielded phreatic
Asselids: P. coxalis africanus and P. bragadicus. The dominant
groundwater animal, however is Gammarus rhipidiophorus. Insects are
repregsented by numerous dragonfly species (Dumont 1977), Hemiptera,
and Coleoptera. The saline water beetle Potamonectes cerysyi is
particularly widespread (Pesce et al. 1981). Among Ephemeroptera,
Cloeon dipterum is most common.

Vertebrates

No vertebrates venture into the Chotts themselves, but four fish
species are native to the fringing oases: the cyprinid Barbus
antinorii, the Cyprinodont Aphanius fasciatus and the cichlids
Hemichromis bimaculatus and Haplochromis desfontainesi (for which
Tozeur is the type locality). Rana ridibunda perezi and Bufo viridis
represent the Anura, while Mauremys caspica leprosa has been found in
the Oued Gabes and probably occurs in the Chott area as well. Some
species of fish have been introduced to the area (see below).

Humen activity and management

Traditionally the area around the Chotts, because rich in springs, was
exploited for palm tree production and irrigated for horticulture.
These activities are still extant and have gradually been modernised.
Mosquitoes and bilharzia were major health problems. Gambusia was
introduced to control the former, although Seurat (1938) criticised
this actiorn at an early date and suggested that the local Aphanius
should be used for the same purpose. Gambusia has now declined in
many oases, but so has the local invertebrate fauna. In addition to
the intensive use of insecticides, molluscicides have been applied,
and Bulinus has regressed to the point of posing no major threat to
public health. Beside Gambusia, common carp has been introduced into
some oasis pools e.g. at Douz.
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The major stress on the fringing belt of casez is, howeover, Loueism.
Within 20 years the oases of Nefta and Tozeur have evpasded frum big
villages to sizeable cities. Although it peaks in summer, tourist
activity has now become perennial. There are, as a consequence,
serious problems with waste disposal, and most sewage is released
directly into some seguias. Another problem 1is that expanding
settlements encroach directly upon the aquatic ecosystems. At Kefta,
a major part of the local Typha-marshes have bteen filled in and
destroyed.

A special threat hangs over the hot springs of Ei Hamma, type loczlity
and sole site of Thermosbaena mirabilis. Of the three sprisgs that
harbour it, el Baama was blocked in 1950 and Ain sidi Abd el Khadr was
being rebuilt in 1976. The main site, the ancient public baths of Rin
el Bordj, were under restoration in 1983. No specimens hLave been
reported in the literature since 1976. In that year, Thermosbsena had
become rare at Ain el Bordj, a consequence of the periodic
disinfection of the springs. Another factor is the use of detergents
in the baths, which flocculate with organic debris and block the
cracks in the underwater walls that are the habitat of Thermosbaena.

2.5. NIGER: AIR AND TENERE

2.5.a. BAGHZAMN GUELTAS

1.
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Geology and morphology

The Air mountains are geologically similar to the Hoggar, and are part
of the Precambrian (suggarian), granitic Seharian shield. Some
volcanic activity persisted until the Holocene, and young (uneroded)
stratovolcanoes occur in several places. Morphologically, the Air is
a peneplain (400-700 m asl), above which a number of more or less
circular table-mountains emerge, consisting of a crystalline core
covered by basalt of Pleistocene age. Rivers (= kori) that drain
those mountains have eroded their flanks and produced canyons that
offer good conditions for the preservation cf surface water. Gueltas
and springs are found in even larger numbers in the Air than in the
Hoggar. The Baghzan massif is the southernmost of the circular
table-mountains. The peneplain at its base is at an altitude of c.
800 m, while the plateau itself is at c¢. 1500 m. Impressive canyons
are found alcng its eastern flank. For example, the canyon of Nabarou
(17°39°'N, 8°49'E at its mouth) is an almost perfect vertical incision
into the mountain wall, and contains an elongate (several hundreds of
meters in length) guelta that is only a few meters wide. The canyon
of IXghalabelabene {or Irabelabene), slightly Ffurther north (17°42'N,
8°49'E), is V-shaped and gueltas and springs lie scattered salong its
length (8 km). Oa top of the table mountain there is a dry lake bed
(Egharghar) which consists of a thick layer of subfossil molluscs
(17°49'N, 8°43'E). The kori Nabarou and the kori Telouess (draining
Ighalabelabene) merge to form the kori Taghas on the peneplain. The
bed of this oued is up to 2 km wide. It is fairly wooded on its
sides, in places even forming a forest.
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Climate

The Air is situated on the transition between the Sahel, with a
tropical savanna climaete, and the hyperarid Sahara. It shows a steep
N-S gradient in annual precipitation over a distance of less than 300
km. The Baghzans are part of the southern Air, and their climate is

similar to that of Agades (500 m). Mean annual temperature is
27.8°C. May is the hottest month (mean maximum of 41.8°C, mean
minimum 24.6°C). December is the coldest month (max. 28.8°C, min.

10.6°C, abs. mex. 33.8°C, abs. min. 5.8°C). Precipitation average for
1922-1960 , 170 mm.a™}, peaks sharply in July-August-September and
is thus distinctly monsoonal. 90.5 mm (i.e. 55% of the total) falls
in August alone, and 90% falls in the three monsoon months combined.
The koris flow as soon as more than 5 mm falls in one rainstorm. As
in other semi-desert areas, there is strong variation between years
e.g. 116 mm in 1957 and 287 mm in 1978.

Winds from the E. dominate from September till June, but monsoon winds
from S to W take over in July-August. As a consequence, the western
flanks of the Air receive much more rain than the Eastern side, which
faces the Tenere. .

Water chemistry

Some (incomplete) analyses were performed on water from Canyon Nabarou
(Aguelmam Tamalaka) and from Ighalabelabane gorge (Aguelmam Thathefit,
In Garzamane, and Eghadienn d’'Alah). They indicate a low mineral
content. pH values were acid to neutral (5.2 - 7.0).

meq.1-1 Na K Ca Mg c Cond.
10‘6§.cn'1
Nabarou: Tamalaka 0.2 0.5 1.1 0.7 1.1 470
Thathefit 0.2 0.2 0.4 0.5 1.1 180
In Garzamane 0.4 0.2 0.9 0.1 1.4 170
Eghadienn d'Alah 0.2 0.1 0.5 0.2 l.a 156

Macrophytes: No aquatic macrophytes were noted.
Phytoplankton

A detailed study of the algae from this area was carried out by
Compére (1980), who 1lists 530 taxa from 34 1localities. The
Ighalabelabene gueltas, which were sampled shortly after the monsoon
rains of September 1977, were dominated by Volvocales: Volvox spp,
Eudorina elegans, Pandorina morum, Gonium pectorale and Chlamydomonas
spp; Spheerocvstis schroeteri was also abundant. Nitzchia palea was
the dominant diatom, accompanied by Cymbella hustedtii f. stigmata and
Stauroneis anceps. In some gueltas, and in the dammed up spring
Thegar, filamentous green algae of the genera Ulothrix, Stigeoclonium,
Oedogonium and Spirogyra were found, along with the diatoms Synedra
ulna and Navicula confervacea. In Nabarou canyon, Cyanobacteria were
the dominant group, with Lyngbya majuscula the main species, but
otherwise the same filamentous green algae, desmids, and diatoms as in
‘Ighelabelabene.
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6.

7.

8.

Invertebrates

Bulinus truncatus (Fischer-Piette 1950) is the only recent mollusc so
far recorded from the Baghzans; <Crustacea are represented by
Streptocephalus torvicornis (Monod 1950). Triops granarius and
Caenestheriella crinita were abundant 1in the 1lower gueltas in
September 1977, accompanied by Metadiaptomus mauretanicus, Neolovenula
alluaudi and Paradiptomus greeni. The following dragonfly species
occur: Anax imperator, Orthetrum brachiale, Trithemis arteriosa
(Fraser 1950). In addition, Dumont (1978) recorded Ischnura
saharensig, Orthetrum chrysostigma and Pantala flavescens. A list of
water beetles is given by Guignot (1950). It includes Hydryphus
africanus, Guignotus major, G. angularis, Rhantaticus congestus,
Eretes sticticus, Dineutes alreus and Gyrinus regimbarti. All are
Afrotropical except the last which is of Palaearctic origin. Poisson
(1950) cites the following Afrotropical Hemiptera: Laccocoris
limogenus, Enithares sobria, Anisops debilis and Sigara hoggarica.

Vertebrates

No fish occur. The only amphibian cited from the Baghzans is Bufo
regularis. In September 1977, it was extremely common in all koris
immediately after rain showers. There is a doubtful record of
Mauremys leprosa from Agades (2 specimens) (Chopard & Villiers 1950).

Human activity and management

There are some small Tuareg villages on top of the Baghzan plateau.
Mule caravans regularly travel up and down the gorge of Ighalabelabene
for trade with Tabelot, the main village on the peneplain. The
gueltas are not exploited for any particular purpose and only the
dammed-up spring of Thagar is used for local irrigation.

2.5.b. TIMIA

1.

2.
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Geology and geomorphology

The kori Timia (18°06°'N, B8°46'E) drains the E. flank of the table
mountain Adrar Egalah, which is covered by a thick layer of basalt.
On the S-E flank a fault across its bed causes the underflow to form a
spring, which has eroded a narrow, cascading canyon through the
bagalt, and ends up in a large (30 m across), circular guelta fed by a
perennial waterfall. Inside the gorge, numerous small plunge-pools
are found. This is the area known as Timia. Its climate |is
intermediate between that of Agades and Iferouane (see below), but no
data were available to the present author.

Water chemistry

An analysis of the water of the guelta (b) and of a nearly dry pool
downstream (a) is given below. Both are in the oligohaline range, but
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a concentration effect is obvious in the pool. Salts, however, do not
accumulate at Timia, because several floods occur each year and wash
them away.

meq.1-1 Na K Ca Mg HCO4 c1 S04 Cond.
10-6s.
cm™
Timia a 4.6 1.3 1.5 0.4 1.5 2.5 1.4 880
b 0.4 0.4 1.5 0,07 0.8 0.9 0.2 150
Macrophytes

In March 1976 and May 1980, the main guelta was richly overgrown with
Potamogeton spp. Above the main Fault lies the oasis of Timia, an
extensive date-palm plantation. It contrasts with Hyphaena thebaica,
the native dum palm of the area, which is widely distributed along the
edges of all main koris.

Algae

Compére (1980) found an abundance of filamentous green algae (genera

Qedogonium, Mougeotis, Spirogyra), accompanied by numerous
Cyanobacteria, a few flagellates, and some green algae. The most
abundant diatoms were Rhopalodia gibberula, Anomoeoneis sphaerophora,
Synedra ulna and Amphora ovalis var. pediculus.

Invertebrates

Bulinug sp. abounds in the guelta. No comprehensive inventory of
aquatic insects is available except Odonata. The damselfly Ischnura
gaharengis is noteworthy, but also the desert gomphus, Paragomphus
gsinaiticus. The zooplankton is rich and varied, and consists of
Streptocephalus torvicornigs, 1large calanoids, Daphnia and numerous
small chydorids. An as yet undescribed groundwater Isopod (family
Microcerberidae) occurs at the spring.

Vertebrates

There &are no species on record, but the toad Tomopterna cryptotis
occurs at Elmeki, to the North, and its presence at Timia is therefore
probable.

Humsn activity and management

The permanent village of Timia is situated above the fault, a few
kilometers upstream of the gueltas. The latter are of no direct use
to the community, which irrigates the edges of the valley from
numerous wells in the kori. Bilharzia, which has a high incidence
among the Tuareg of Timia, is an important health problem.
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2.5.c. THE TAMGAK GUELTAS

122

Geology and geomorphology

The Adrar Tamgak (c. 19-19°25'N, 8°30'- B8°S50'E) is the major mountain
massif of the north-eastern Air. It is entirely granitic, and faces
the Tenere plain to the East. The plateaux are around 1600 m, with
peaks close to 2000 m. To the West, it 1is bounded by the Air
peneplain, with a mean altitude of 600-650 m. One major kori, the
kori Tamgak, has cut a deep, weakly crescent-shaped, E-W oriented,
canyon across the massif. It springs at about 1450 m, close to the
eastern wall of the Adrar Tamgak, and is augmented on its westward
course by numerous short side-canyons. Some of these have also cut
steep gorges. One major tributary, the kori Zakkat, joins up with the
kori Tamgak in the West, at an altitude of 680 m. It is
North-oriented, and springs at about 1600 m. West of the junction,
the kori is called Ougourou. It winds through a wooded depression, in
places over 2 km wide, and carries a rich supply of groundwater. This
has attracted several Tuareg settlements, the 1largest of which is
Iferouane. The Tamgak system has a major concentration of gueltas and
springs. About 50 of them are more or less permanent, but only a few
have been explored. The kori Tamgak only flows periodically, except
in depressions, where the ground water flow surfaces over distances of
50-100 m (e.g. Teguiddamo). Other spring-like situations are seepages
from the side-walls of the gorge (e.g. Aboubdoub). Most common,
however, are typical gueltas in deep, steep-walled canyons, and
plunge-pools (e.g. Agoum).

Climate

Yearly precipitation at Iferouane (680 m) is 63.2 mm, slightly more
than one third of the amount recorded at Agades. Rainfall still peaks
in July-August-September, with a maximum of c. 30 mm in August alone,
but the overall conditions are clearly desertic. The influence of the
monsoon is well defined but weak. This tendency is also reflected in
the temperatures, especially the daily ranges and the minima whkich
are, respectively wider and 1lower than at Agades. The highest
temperatures occur in July (41.1°C), while January is the coldest
month, with an absolute minimum of 1.5°C, and a mean minimum of
7.5°C. Night frost is not exceptional in December and January.

Water chemistry

Samples collected in March 1977 disclosed a very weakly mineralised
water in different sectors of the gorge. The water chemistry of the
kori Ougouri wells at Iferousne is not very different from that of the
sheltered gueltas, while even the exposed gueltas (Teguiddamo) are
only slightly more concentrated than the groundwater, presumably as a
congsequence of their flowing nature.
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meq.1-1 Na K Ca Mg HCO4 cl S04 Cond.
10-6s.
cm™
Iferouane
(-20 m) 0.6 0.3 1.9 0.4 1.7 0.9 0.6 245
G. Agoum 0.3 0.3 1.4 0.5 1.1 0.7 0.4 152
G. Teguiddamo
1 2.3 0.5 2.7 0.8 2.8 1.1 1.2 360
2 1.0 0.4 3.4 0.2 2.5 1.1 1.0 360
G. Aghagha 0.8 0.8 2.4 0.7 1.6 0.9 1.1 255
Macrophytes

Agoum is devoid of Macrophytes; extensive Typha-meadows surround the
gueltas of Teguiddamo and Aghagha. In the open water of the latter,
Potamogeton spp. are abundant.

Algae

Compére (1980) found Chara globularis, C. braunii and an aquatic
liverwort, Riella cf. cossonii in guelta Agoum, besides flagellates,
Cyanobacteria, Chlorophycea, and more than 40 species of diatoms.
Anomoeoneis _spaerophora, Nitzschia levidensis and N. cryptocephala
var. exilis were the dominant species. In Teguiddamo, Chara
globularis and C. zeylanica occurred, besides large cyanobacterial
colonies such as Dichothrix orsiniana and Scytonema figuretum,
numerous large filamentous green algae (Draparnaldiopsis alpina,
Dichothrix tibestica, Zygnema airense, mucilaginous plates of
Tetrasporidium javanicum) and a host of smell species e.g. Synedra
ulna, Rhopalodia gibba, Achnanthes exilis, Nitzschia amphibia and
Navicula minima. The seep of Aboubdoub is coated with filaments of
Oedogonium, Mougeotia, Spirogyra and Rhizoclonium hieroglyphicum,
accompanied by Cyanobacteria and diatoms (e.g. Epithemia argus,
Achnanthes exilis, Navicula cryptocephala, Cymbella microcephala and
C. delicatula. The Aghagha pools are rich in larger Fforms such as
Chera braunii f. perrotetii, Cladophora glomerata, Oedogonium spp.,

Spirogyra spp., Lyngbya majuscula and small diatoms (Cocconeis

placentula, Nitzschia amphibia, Synedra ulna, Amphora ovalis var.
affinis, A. ovalig var. pediculus and Navicula minima).

Invertebrates

No data on Hemiptera, Coleoptera, or Ephemeroptera have been
published, although these groups all have representatives in the
canyon. Remarkable dragonflies are Ischnura saharensis, Paragomphus
sinaiticus, and Orthetrum ransonneti. The open-water plankton of
Agoum is dominated by Anostraca, large Calanoids and large Daphnia;

the weedy Teguiddamo and Aghagha have numerous Chydorids, but not the

genus Chydorus s.s. Instead, Oxyurella tenuicaudis and Pleuroxus
aduncug abound. Bulinus truncatus (Mollusca) is found nearly
everywhere.
Vertebrates

No aquatic vertebrates have as yet been reported from Tamgak canyon.
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124

Human activity

Tamgak canyon is not permanently inhabited, but Tuareg pastoralism in
the valley is common.

.d. DJADO, FACHI AND THE KAOUAR OASES

Geology and geomorphology

This area (c¢. 18-21°N, 11-12°5'E) belongs to the Lake Chad drainage
basin. Geologically, its outcrops become younger from the North to
the South. The plateau of Djado is of Palaeozoic, mainly Devonian
age, while the cliffs at Bilma and Fachi are C(retaceous. Further
South, at Agadem and in the 1isolated massif of Termit, rocks of
tertiary age are found. The major part of the basin (the Tenere
plain) is covered by wind-blown Pleistocene sand-dunes. During the
late Pleistocene and Holocene, important lacustrine phases occurred in
this currently hyperarid region. At Bilma, for example, there is
evidence for lake formations older than 40,000 BP, while there were
lacustrine episodes at Fachi around 22,000 BP, 8,500 BP, and again
sround 3,500 BP, The Kaouar cliffs, North-South oriented, face the
Tenere to the West, and have a string of oases watered by numerous
natural springs at their feet, augmented by man-made wells. The
springs presumably draw water from the continental intercalaire sensu
Killian (1922). Each year the discharge of the Bilma springs
increases in November, approximately four weeks after the monsoon
rains start in the Tibestl, This suggests that the watertable is
recharged, through the underlying sandstone, with water percolating
into the continental intercalaire at the foot of Tibesti. During this
century the artesian pressure on the deep groundwater has produced,
largely through human intervention, some artificial 1lakes 1in the
area., Pirst the lake of Arrigui, North of Dirkou was created. 1In
1981, a borehole drilled near the bordj (fort) of Bilma, began
inundating the depression and could not be stopped, in spite of
efforts to close it by explosions (E. Schulz, pers. commun.).

The Pleistocene and Holocene lakes in the Kaouar area were of the
piedmont type, and derived water from precipitation, runoff from the
cliffs behind them, and from a water table higher than today. Some of
the deeper depressions have since evolved intc brine pools (salines),
e.g. at Bilma and Fachi, where salt is still exploited on a commercial
scale. It is exported by camel caravans to the Air and marketed at
Agades.

Climate

The climate of the Tenere is a true desert climate, although the South
is increasingly under the influence of the summer monsoon. In the
Djado-Bilma area yearly rainfall is about 10-20 mm.a~1 (but 10
mm.a~l in the Tenere proper; 22 mm.a"l at Bilma). Several
consecutive years without any precipitation are no exception. Bilma
hags an average of two rainstorms per annum. The sky is totally free
of clouds for about 90% of the time and, while in July-August mean
monthly temperatures of 45°C have been recorded (e.g. at Bilma),
temperatures may drop to well below freezing in December-January
(-6°C), with daily temperature amplitudes of 25° or more. Under these
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circumstances annual evaporation is c¢. 6 m. Strong winds, accompanied
by dust storms, predominantly from the NE-sector, occur during winter.

Water chemistry

The chemical composition of the waters of the Djado-Kaouar area varies
tremendously from place to place. Most of the natural springs, like
Midjigatene (356 m, 18°36'N, 12°57'E), and the springs at Bilma itself
(350 m , 18°42'N, 12°55,E) are fresh, but at the other extreme Kalala,
the saline of Bilma (now flooded) is a saturated brine. The lake at
Arrigui (19°05'N, 12°55'E) and the pools at Djado (the latter of
natural origin) (21°01'N, 12°17°'E) are saline, but with a chemical
compogition that varies strongly with water 1level and season.
Man-made wells in the Tenere tend to be found in depressions, and
usually contain salty water. The isolated well of Tiguedelane
(18°32°'N, 12°28°'E) is rich in sodium carbonate, while the well of Kao
Saoua South of Fachi (18°04°'N, 11°36°'E) is reputedly loaded with
magnesium salts.

Macrophytes

The lakes are fringed by TIypha meadows (T. australis and
T. elephantinas), occasionally mixed with Phragmites australis. These
in turn are surrounded by grasses (Desmostachya bipinnata, Imperata
cylindrica, Saccharum ravennae) associated with Tamarix brachystylis.
Seventeen species of submerged waterplants have been cited from this
area, 14 of which are also found in the Borkou oases (see 2.7: Chad),
but Pistia stratiotes, Panicum longijijubatum and Jugssiaea erecta are

“limited to the Kaouar oases. Heleocharis tibestica is endemic to the

area (Monod 1950; Quézel 1965).
Algae

Few data are available. Compére (1967) provides a list of 19 species
collected in an unspecified waterpoint with neutral pH near Segueddine
(20°12°'N, 12°59°E) North of Bilma. Diatoms were dominant (15
species), and there were only 4 species of Cyanobacteria.

Invertebrates

Not much is known. Jacquemart (1974) studied the Collembola that
occur in the wet areas around the pools of Djado and Arrigui (mainly
Seira epp.). The dragonfly Ischnura saharensis has been cited from
Djado, and Sympetrum fonscolombei and Crocothemis erythraea occur at
Bilma (Dumont 1982). The plankton is not known in sufficient detail.
A saline cyclopoid copepod of oriental origin, Apocyclops dengizicus
has been collected at Djado and Bilma (Dumont 1979), but in the same
area Daphnia magna also occurs.

Vertebrates

There appear to be no native aquatic vertebrates in this area,
although some Anura could live at Djado: OQOreochromis aureus has been
introduced at Bilma.
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Human activity

The salt works at Salala (Bilma) are famous throughout the Sahara.
Traditional irrigation and garden culture is the main activity of the
Kaouar oases.

2.6. THE LIBYAN DESERT (Coastal Libyas ig in Region 1)
(Fig. 2.5)

a. GHAT REGION (Ghat, El1 Barcat, Habschat,
Feuet, Tounin, Tin Djeraben)

Geography

Ghat is situated 80 km NE of Djanet, at 640 m asl. (25°N, 10°25°'E).
It lies at the outer rim of the Inner Tassili and on the western edge
of a wide Southwardly oriented valley that Dbelongs to the
Intra-Tassili fork. At the E. and S. of the city itself, there are
gardens watered by 20 natural springs and a large number of wells.
There are about 9000 palm trees in Ghat. The small settlement of
Tounin (c. 250 inhabitants) lies 1 km to the W. and has 4500 palm
trees and 15 springs. Tin Djeraben has 3 small, permanent, spring-fed
lakes; Habschat has a single spring-fed lakelet, and E1 Barcat, c¢. 12
km S of Ghat has numerous pools and swamps, in addition to two larger
ponds. Feuet, East of Ghat, has 3 springs and pools, including the
so-called round spring.

Climate

At Ghat it is the same as for Djanet (refer to section 2.3.c).

Water chemistry

Most of the springs and pools in the Ghat area are considered to have
fresh water, except for the temporary inundations of the Sebkha of
Ghat which collect after rainstorms. An analysigz of major ions
performed on samples collected in June 1978 confirms this:

Na K Ca Mg HCO; Cl SO, Cond
(meq.171) 10-6s.
cm™

Major pool of El Barcat

0.7 0.04 2.0 0.7 2.3 0.9 0.2 185
Ghat: pool

1.3 0.01 2.2 1.4 3.0 1.2 0.4 412
Ghat: artificial basin

1.2 0.01 2.0 0.7 1.3 1.7 0.3 252
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Macrophytes

The shallow eutrophic pools all tend to be invaded by macrophytes.
The uncommon Terpsinoe musica, rather steno-ionic of freshwater and
typical of Northern Saharan areas, is found at Habschat and El
Barcat. At all other sites there is an abundance of Phragmites
australis, Typha spp., Juncus spp., Potamogeton spp. and Utricularia
Spp. —_—

Algae

Marchesoni (1947), in a study of the algae of the Fezzan and of Ghat,
gstressed the algological richness of the Ghat area, and found an
abundance of Diatoms, Protococcales, Cyanobacteria and other groups.
In all, he recorded over 210 species. Chara spp. abound in many of
the pools.

Invertebrates

There 1is a rich assemblage of Hemiptera, Coleoptera, Diptera,
Ephemeroptera and Odonata related to that of the Tassili-n-Ajjer, but
even more diverse, and with the Afrotropical element even more
dominant. For example, among the Odonata Pseudagrion hamoni and
Agriocnemis sania occur. The Mollusca seem to be represented by only
3 species: Melanoides tuberculata, Biomphalaria pfeifferi and Bulinus
truncatus. The =zooplankton of the pools that contain fish, or to
which fish have been introduced, are poor in species, but in some
temporary pools adjacent to the permanent ones, Iriops granarius and
probably large euphyllopods are common.

Vertebrates

Two fish species are native to the area, and Clarias lazera lives in
at least two oueds North of Ghat. El Barcat is the type locality for
Barbug deserti but it also occurs at Ghat itself. Hemichromis
bimaculatus also occurs in two ponds at El Barcat, and in two ponds at
Feuet. However, Gambusia has been introduced to almost all oasis
waters, even including shallow wells, and has greatly impoverished the
original biocenoses there. Amphibia include Rana ridibundas perezi,

Tomopterna cryoptotis, Bufo regularis and Bufo viridis.

Human activity and management

Ghat is inhabited and the surrounding oases have attracted permanent
settlements and oasis agriculture. Malaria and bilharzia used to be
major health hazards in the area. The introduction of Gambusia in the
19308 and the later extensive use of insecticides have solved the
malaria problem, but have probably extinguished many non-dipterans as
well (e.g. in 1978 none of the Zygopteran species present in the 1930s
were found). The expanding city of Ghat also encroaches upon the
marshes of the oasis itself and at E1 Barcat, the type locality of B.
deserti had been temporarily drained in the 19708, and transformed
intc a cemented basin. Whether the fish still occurs there is unknown.
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Fig. 2.5 Locations of permanent and ephemeral surface waters in the
Central-Eastern Sahara. 1-Sebkhas of the Mourdi Depression, 2-Jebel
Uweinat Gueltas, 3-Lake Kufra, 4-Lake Yuan, 5-Lake Ounianga, 6-Tigui
Guelta, 7-Yi Yera Guelta, 8-Tougouma Guelta, 9-Oudingue Guelta,
10-Totous Guelta, 11-Maro Guelta, 12-Goy Guelta, 13-Sherda, l4-Mourso
Guelta, 15-Orungi Guelta, 16-Trou au Natron Guelta, 17-Sobouroum Hot
Spring, 18-Yebbi bou Spring, 19-Aozou Guelta, 20-Yomadji Guelta,
21-Kayougue, 22-Fachi, 23-Lake Arrigui, 24-Small Lakes of Djado,
25-Toummo Spring, 26-Guelta of the Oued el Kebir el Garegh, 27-Lakes
of Ramlat Dawada, 28-Mandara, 29-Crater of Wau en Namus.
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2.6.b. THE LAKES OF THE RAMLET DAWADA

1.

Geography

The erg of Ubari is one of the large, late-Eocene to Pleistocene
sandseas of the Fezzan. An eastern extension (the Ramlet Dawada),
West of the city of Sebha (27°04'N, 14°05'E) and NE of Ubari,
contaings & series of permanent salt lakes in depressions between the
sand dunes, where the groundwater table touches the surface. The
groundwater even seems to emerge under some pressure (Schiffers
1950). The positions, surface area and nomenclature of the 1lakes
vary on different maps (Monod 1969). Desio (1937) estimates the total
number of lakes and pools, concealed in the dunes of Ramlet Dawada,
at 10. Mandara, the largest, has a diameter of c¢. 300 m. It is
roughly oval in shape and very shallow. Another, Oum-el-Ma, is
elongate, lens-shaped, and probably several meters deep. All these
lakes (Mandara, Oum-el-Ma, Bahar-et-Truna, Bahr el Dud = Gabr Aoun,
Oum 21 Hassan = Tademka, Nech Nuchia...) are closed basins and saline.

Climate

The climate at the lakes is the same as that of the nearby city of
Sebha. June is the hottest month (average 32.3°C), and January the
coldest (11.2°C). Mean annual temperature is 22.9°C, Daily
temperature amplitudes may reach 25°C. The 1lowest temperature
recorded is 0.1°C in January 1931. It may thus occagsionally freeze
at ground level. The hottest temperatures recorded are in the range
of 49°C (July 1932, Murzuk). Relative humidity is about 28-35% in
summer, increasing to 50% in winter. Winds are from the NE-sector
throughout the year, occasionally turning to East. Cloudiness is
rare and on1¥ during April-May does some cloud cover occur. Rainfall
is 10 mm.a” and totally rainless years are not uncommon (on
average 1 per 12 years). Wide variations are the rule (e.g. in the
19308 no rainless years were recorded and precipitation varied
between 6.8 and 30.3 mm).

Water chemistry

Bellair (1945) showed that the differences in salinity among the
lakes span two orders of magnitude. The water of Tademka is
mesohaline, but Nech Nuchia at the other extreme is a saturated
brine. Some of Bellair's results, taken from Monod (1969), are
presented below:

Na (3.1'1) Cl (3.1‘1) residue at 180°C
(g.171)
Gabr Aoun 32.36 41.53 100.1
Mahfou 26.13 35.67 77.8
Tademka 1.81 2.19 5.2
Oum el Hassan 39.40 71.35 124.8
Trouna 63.27 53.60 161.2
Nech Nuchia 164.16 183.18 416.5
Fredgha 58.26 23.60 144.4
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Another analysis carried out on samples collected from lakes Mandara
and Oum-el-Ma in June 1978 is given below.

meq.1-1 Na K Ca Mg  HCO3 Cond.
10-6s.
cm™

Mandara:

freshwater swamp 6.1 0.9 6.4 2.4 5.9 2565

main lake 218.3 88.2 3.1 73.8 9.9 >104

Oum el Ma:
main lake 100.6 32.8 14.8 82.6 7.3 >10%

The spring-fed swamp around Mandara is fairly fresh, but the open

water is at saturation point, and continuous precipitation of salts
can be seen.

Macrophytes

None recorded. The springs and wells that surround the lakes support
extensive date palm plantations.

Algae

No records. Characeae abound in the freshwater swamps around Mandara,
and filamentous green algae with associated diatoms are plentiful
there as well but have not yet been studied taxonomically. Possibly,
the 1liverwort Riella occurs in Gabr Aoun (Monod 1969), while
Dunaliella and Nostoc are supposed to live in the Artemia-lakes.

Invertebrates

The lakes of the Ramlet Dawada are famous because some of them (e.g.
Gabr Aoun) contain the brine shrimp Artemia sp., originally described
from here as Artemia oudneyi Baird. It co-occurs with the fly Ephydra
macellaria. In Mandara, larvae of Stratiomyid dipterans are also
found. In the low-salinity springs and marshes, waterbugs, dytiscid
beetles and dragonflieg occur. A significant species is Ischnura
fountainei, typical of spring environments in deserts and
semideserts. The gastropod Bulinus truncatus is also found here (Van
Damme 1984). The zooplankton is rather poor, and consists of small

cyclopoid copepods (Cryptocyclops linjanticus, Paracyclops affinis)
only.

Vertebrates

No fish occur. Anura were seen at Mandara (pers.obs) but none were
captured.

Human activity and management

The small human communities that inhabit the oases fringing the lakes
are negroid and seem to be of Kanuri descent. They may have retreated
into the dunes of Ramlet Dawada at the end of the neolithic humid
spell (c. 5000 B.P.), when the oued Tafassasset, which united the
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Tassili-n-Ajjer to Lake Chad, dwindled and finally dried up. They
survived here, adapting to a unique diet of animal proteins, i.e.
dried Artemia-cakes. The plankton nets used for fishing are made, and
the fishing is performed only by the women. The name DAWADA, given by
the surrounding Arabs to the lake people, is derived from dud, or
worm, and refers to this remarkable example of human ecolog;T— The
dawade people distinguish between different types of "worms™. A red
type, highly valued (douda), and a pale type, of 1lesser quality
(takercuka) are recognised, corresponding to a dominance of Artemia or
of Ephydra, respectively. An alga (danga), whose taxonomy is still
uncertain is mixed with the worms while they dry in the sun. An
analysis of the cake was published by Monod (1969), who found it to be
rich in essential amino-acids. This diet of "douda"” is supplemented
by dates. Apart from this unique symbiosis of man and lake, bilharzia
is a health problem in this area.

2.6.c. WAU EN NAMUS

1.

Geography

The c¢rater of Wau en Namus, situated 150 km SE of Wau el Kebir
(24°54°'N, 10°43'E), 1is about 5000 years old. It is a very young
volcano and the most Southeasterly of the eruptive chain in the Djebel
el Haroudj region of Central Libya. It is situated on a flat stony
plateau, or Serir, and surrounded by an elliptic ring of black lapilli
which encircle the crater opening over a distance of 5-10 km (Pesce
1960). The crater itself, sunk into the Serir, has a diameter of 4
km. A volcanic cone, 120 m high, stands in its centre and is
surrounded by three large and two small lakes. The total surface area
of these lakes is c. 320,000 m? and their altitude 434 m a.s.l. The
volcano itself may still have been active in historic times, and there
is a hotgpring in one of the major lakes, an indication of residual
volcanic activity. The lakes are saline, fed by groundwater and
surrounded by numerous freshwater springs. Digging a 1 m hole in the
bottom of the crater suffices to reach the groundwater in most
places. In spite of the strong local evaporation (see below), the
major lakeg vary little in area, but the small lakes may occasionally
dry up. Due to a lack of continuoug observation, the magnitude and
chythmicity in water level variation is, however, uncertain. Desio
and Richter found the so-called "red-lake™, one of the 2 smaller water
bodies, dry in 1931 and 1942, but it was full in 1940, 1955 and 1958.
There are no climatic observatories in the immediate vicinity of Wau
an NKNamus, but yearly precipitation can be estimated at 5 mm. a~1
maximum, and temperatures are similar to those at Sebha. Richter
(1658) estimates the yearly evaporation to be a minimum of 5 m.a‘l,
and calculates a yearly water loss from the lakes to the atmosphere of

1.6 10%s3. With a possible age of 5000 years, this explains why
they have become saline.

Wator chemistry

Desio (1937) states that the brines are NaCl-dominated. Schwabe &
Simonsen (1961) found a total residue at 180°C of 175.6 3.1‘1 in the
main Southwestern lake (= lake 3; 14.6 ha, max. depth 12.5m shape
triangular), and the following ionic composition: C1 53 f 1‘1; Na +
K 97.7 g 1-1; ce 106 mg 1-1; Mg 527.8 mg 1-1; S04 31.4 g 171,
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3. Macrophytes
The lakes are extensively fringed by Phragmites which, in lake three,
occupies an area of 3.3 ha,. There is no information on other
hygrophytes. An oasis of wild date palms, intermixed with Tamarix
nilotica, adds to the beauty of the lakes' scenery (Jany 1969)

4. Algae
Schwabe & Simonsen (1961) studied the Diatoms (22 spp) and Cyanobacteria
(4 spp) from lake 3. Among the diatoms about equal numbers of strongly
euryhaline oligohalobionts, euryhaline mesohalobionts and polyhalobionts
were identified. No doubt this inventory is in need of updating. No
information on the other lakes has become available. The "red lake"” may
derive its colour from purple bacteria, Dunaliella, or bath.

5. Invertebrates
The damselfly Ischnura saharensis has been reported from the crater of
Wau en Namus (Aguesse 1958), but the oasis derives its name from the
huge swarms of mosquitoes (namus = mosquito) that make 1life for
warm-blooded vertebrates a torture here. Possibly, this is why the
oasis is uninhabited. No Mollusca or Crustacea seem to have been
collected here so far.

6. Vertebrates
No records, except for waterfowl, which commonly visit the lake edges.

7. Human activity and management
Wau en Namus lies on the caravan route between Sebha and Kufra, and was
an important water point between Wau el Kebir and Tazerbo. The latter
function has now greatly declined, as caravans have become rare.
Although the oasis is not inhabited today, Shiffers (1950) thinks that
at some earlier date, there was a permanent settlement of Tibu people in
the crater.

2.6.d. KUFRA

1. Geography

132

The oases of Kufra (24°12'N, 23°18°'E) are situated in the NE-corner of
Sarra, a low plateau of Nubian sandstone in eastern Libya. Kufra itself
occupies a flat, oval basin of Nubian sandstone, and is surrounded on
all sides by low mountains and hills (400-600 m high). The E-W diameter
of Kufra basin is 110 km, the N-S diameter only 60 km. To the W. extend
the sands of the Rebiana desert. The groundwater table is close to the
surface throughout this area, and lakes are found in depressions in the
Rebiana erg, as in Bzema and Rebiana oases, but no details of them are
available. In Kufra area (El Giof, and surrounding villages), there is
a series of small, usually saline (predominantly natron) lakes.
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Salinity appears to vary strongly between lakes, some being surrounded
by a salt crust, and others not (Compére, 1967). These differences are
similar to the situation described for Ramlet Dawada, and perhaps for
the same, not yet Ffully understood reasons. J. Léonard (in Compére,
1967) sampled two lakes at Goudouie, El Giof. These are presumably not
the two lakes discussed by Desio (1938), and called Hafun (389 m a.s.l.,
46,800 m? area, max. depth 3.8 m, bottom covered with Na;S0,
crystals; hypersaline to the extent that man floats in them) and Buema
(3833 m a.s.1., 39,500 m? area, 2.8 m max. depth; bottom grey, saline,
hypersaline). The inventory of the surface waters of Kufra is hence in
need of updating. All, however, derive their water from the underlying,
Palaeozoic groundwater table.

Climate

Precipitation is extremely low (1.9 mm.a"1), and 1 year out of every
2.6 is comgletely rainless. The maximum precipitation ever recorded is
12.5 mm.a"+. Temperatures peak around August, with monthly averages
of ¢. 31°C. Maxima exceed 45°C in July quite regularly. Minima are
reached in January and February, and are about 12-13°C. Absolute
minima, in these same months, may descend to -2°C. Cloudiness is
extremely low, and potential evaporation is close to 6 m. a-l,

Macrophytes

In lake 1, Compére notes a bottom meadow of Ruppia maritima, and a
fringe of Cyperus laevigatus, mixed in places with Phragmites communis
along the wet margins of the lake. Behind this fringe, in drier places,
a second girdle of Juncus maritimus and finally stands of palm trees and
Tamarix occur. The lakes studied by Desio (1938) were also broadly
surrounded by reeds.

Algae

Compére (1967) lists algae collected in two pools at Goudouie, El Giof.
Lake 1 (saline) contained numerous filamentous (Qedogonium, Zygnema) and
unicellular algae (70 species), most of which were euryhaline freshwater
species (unfortunately, no chemical analysis of this site is
available). In lake 2, Chara vulgaris also occurred.

Invertebrates

There is little reliable information on aquatic insects. Navas (1931)
gives a list of Odonata which includes Ischnura senegalensis. No recent
Mollusca are on record, but Bulinus may be expected here. Desio (1938)
states that Lake Hafun was very rich in plankton, but his samples have
been lost. In samples collected by Léonard, some unusual Crustacea were
found. These include Chydorus sphaericus, a cladoceran not found in the
Sahara except here and in the Tibesti, and the calanoid copepod
Tropodiaptomus incognitus, a species typical of Lake Chad (Dumont &
Verheye 1984). The large Cladoceran Daphnia magna has also been found,
an indication that vertebrate predators are absent. The exact
collecting sites of all these species are unknown; it is unlikely that
they were found in the open water of the saline lakes. Rather, they
would be erpected in the outflows of the springs that feed the lakes,
which 1locally form freshwater puddles, large enough to permit their
survival.
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6. Vertebrates: None recorded. Some Anura should occur.

7. Human activity and management

There are several villages in Kufra area. The traditional oasis
functions are supplemented by that of an important market place, because
Kufra is at the crossroads between two major caravan routes. In the

1960s, major irrigation schemes, involving huge revolving sprinklers (2
km across) were started. They rely on the groundwater reserves, and use
the fossil energy which is abundant and cheap in Libya.

2.7. NORTHERN CHAD (Figure 2.5)
2.7.a. TIBESTI: GUELTAS OF TOTOUS

1. Geology and geomorphology of the Tibesti area

The Tibesti range (c. 109km? surface area) is situated in the
South-central Sahara, at about equal distances from the Mediterranean
Sea and Lake Chad. It is a mountain triangle with sides c¢. 400 km, and
extending between 19-23°N and 15.5-20°E. The highest peak of the
Sahara, the Emi Koussi, is found here (3415 m), but there are more than
a dozen peaks of more than 3000 m. The average height of the Tibesti is
2000-2200 m. It is surrounded by low plateaux: the Serir Tibesti
(500-800 m) in the North, the deeply dissected Sarra-tableland in the
East, and the Plateau of Tchigai, that leads to the erg of Bilma, in the
West. 1In the South-east, the Borkou depression separates the Tibesti
from the Ennedi.

Geologically, three main zones can be distinguished. The Precambrian
crystalline basement surfaces in the North-west, in a narrow zone of the
North-east, and in the South. Palaeozoic rocks cover most of the West,
the South and the East, with sandstone the dominant form. Finally,
volcanism of Tertiary and Pleistocene age, associated with the alpine
orogenetic movement and with a clockwise rotation of the African
continent, has produced a thick layer of basalt covering most of the
high central region. Postvolcanic activity is still extant; fumaroles,
solfatari and mud pots occur near Trou au Natron and Emi Koussi, and
over a dozen hot springs are found in Soborom (Tarsi Voon plateau,
Central Tibesti). Their temperatures range between 21.5 and 88.5°C.
There are more hot springs in the East (Yi Yerra, 850 m, South-east
flanc of Emi Koussi, 37°C). Unfortunately, the biology of these springs
and of the pools which they supply is totally undocumented.

The climatic fluctuations of the Pleistocene have left numerous traces
in Tibesti. Above 1800 m, there is evidence of periglacial phenomena
and it has been claimed that, since temperatures down to -10°C may
occur, periglacial erosion still continues. Terrace building along the
oueds (= Enneris) and pediment formations also indicate a turbulent
climatic history. The Pleistocene Mega-Chad, at the time of its maximum
extent, reached the foothills of Tibesti and Ennedi.
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Morphology and hydrology

The core of the massif is a series of plateaux above 2000 m (tarso =
plateau) extending from the Tarso Tousside in the west to Tarso Lougo
and Tarso Mohi in the east, where an arm extends North to Tarso Emissi,
continued in the Dohone mountains, and another one south to the Emi
Koussi. A number of volcanic peaks (Emi, E(h)i), many in excess of
3000 m, emerge from these plateaux. Two major rivers (Enneri) further
divide the Tibesti into western and eastern zones. The Enneri Yebbigue
drains towards the North, and loses itself into a fossil floodplain on
the Serir Tibesti, where it is called E. Tanoa. On its course lie a
number of major oases and gueltas (e.g. Yebbi Bou, Yebbi Suma, Omchi),
as yet totally unexplored biologically. The saddle of Tarso Mohi at c.
1800 m, forms the watershed.

The major Southern Enneri is the Miski. It is augmented from the East
by a number of Enneris that drain the western slopes of the Emi Koussi,
and in the West by the Enneris Korom and Aouei. It seeps into the
depression of Guerede, and supplies a substantial amount of groundwater
to the Borkou springs and pools (see below). The gueltas of Oudigei and
Totous are on the lower course of the Enneri Aouei. The guelta of
Totous 1lies in a short side-canyon and is well-known for 1its rich
aquatic fauna, but it is one of the very few that has been adequately
explored. Numerous other gueltas (Zoure, Ogou, Tougoum...) still await
to be prospected. Above 2000 m, the beds of most Enneris contain long
strings of gueltas, some connected by running streamlets, others
isolated. The permanent gueltas on the Southern flanks of the Tibesti
mostly seem to have fish, and some had crocodiles (until 1950, at
least), but too little is known about the Northern gueltas and their
biota to generalise. A large part of the water that falls on the
Tibesti runs off readily and seeps into the groundwater reserves North
and South of the massif.

Climate

The climate of Tibesti is a desert mountain c¢limate sensu Dubief
(1971). There is circumstantial evidence for important regional
differences, especially in precipitation, but only few permanent weather
stations (Bardai, Trou au Natron) have functioned long enough to provide
reliable information. Bardai (1020 m, 21°05’N, 17°00°'E) is situated on
the Northern flank of Tibesti. It had an annual precipitation of only
12.0 mm.a~l for the period 1957-1968. The value of this figure is,
however, relative, as seen from the tremendous inter-annual variations
(1966: 60.6 mm; 1962 and 1970: 0.0 mm). Precipitation falls
predominantly during early summer, wWith a pesk in May and often in the
form of rainstcrms (May 1966: 59.9 mm). These are not monsoon rains,
but relate to saharo-soudanian depressions (Capot-Rey 1961). For
aquatic biota, the precipitation at high altitudes, collecting in the
Enneris at 1lower altitudes, is more significant than that directly
received at low altitude sites like Bardai. For example, at Trou au
Natron (21°10°'N, 16°06°'E) at 2250 m, mean annual precipitation is 126
mm, and this figure is probably exceeded by the precipitation on the Emi
Koussi. Quezel (1965) thinks that the South flank of this peak receives
up to 150 mm per annum. Although there is, here again, a peak in May,
secondary maxima occur in March and September (cf. Kaouar oases), the
latter doubtlessly of monsoonal origin.
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Heckendorff (1973) states that extremely high precipitations are rare in
Tibesti. They do, however, occur. Even if at spaced intervals, they
provide enough water for springs and well-shaded gueltas to last fecr

many years. Hervouet (1958), for example, noted that at Aozou,
North-east of Bardai, 370 mm of rain fell within three days in May
1934. Snow may also occur, although not yearly. Several centimeters

fell on Tarsi Voon in 1961-1962.

The average irradiation at Bardai is c. 20,000 kJm"zd‘l, and
increases with altitude. Combined with a low cloudiness (average of
1.5/10 per annum; highest values in April-May and December), this
determines high summer temperatures (monthly average of 30.6-30.9°C in
June-July, with noon values of 35°C and maxima of 42-44°C, but also
diurnal amplitudes of the order of 15-30°C (night values of the order of
10-12°C). The yearly minima fall in December-January (13.3-13.8°C, with
an absolute minimum of -5°C, and at Pic Tousside even -11.2°C). The
yearly average temperature at Bardai is 23.5°C. Under these conditions,
yearly evaporation amounts to c. 6 m, at a mean relative humidity of
25 %. Minima are recorded at noon (10-20%), maxima shortly before
sunrise (40-50%). Some extreme low values have been measured at Bardai
in reliable circumstances, e.g. 2% on 11 Dec 1966 and on 12 March 1967.
Winds blow from the North-east predominantly. In summer, South-eastern
and Southern winds, carrying humid equatorial air, increase in
importance. In winter, western winds of low intensity also occur.

Water chemistry

None of the gueltas seem to have been analysed chemically, but it can be
inferred from similar sites in other mountain areas that their ionic
content is low.

Macrophytes

The Southern Enneris of Tibesti are characterised by a comparatively
rich, tropical vegetation, with a considerable degree of endemism
(Quézel 1965). A typical association in the vicinity of a guelta is
composed of Agrostis stolonifera, Equisetum ramosisgimum, Mentha
longifolia, Juncugs fontanesii and Sonchus tibegtii. The last-named of
species is endemic to Tibesti. Guelta Totous, situated at less than 600
m, and enclosed between steep cliffs, has little littoral development.
On its narrow clayish-sandy edges, growths of Indigofera oblongifolia
and Cenchrus ciliarus are found. Various Scirpus and Cyperusg species
line the guelta directly.

Algae

Behre (1950) and Gauthier-Liévre (1950) studied collections made by
Quezel, but very few algae were found in a single sample from Totous
valley.

Invertebrates

There is no adequate inventory for aquatic insects and mollusca. Only

Melanoides tuberculata has been cited from Tibesti, but the
malacological fauna of the mountains is certainly richer. Monod (1947,
1950) found Limnocnida tanganyicae in guelta Totous. The pelagial
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zooplankton of the permanent gueltas is almost certainly poor in species
and individuals, because of the vertebrates that abound there. The
temporary pools downstream of the main guelta have not been studied.

Vertebrates

Guelta Totous is famous for its fish fauna which amounts to seven
species, the largest number known from any Saharian locality. The
following cyprinids occur: Labeo niloticus, Labeo tibestii (possibly a
synonym of Labeo annectens), Barbus batesi, B._ deserti or macrops, B.
anema; the Silurid Clarias gariepinus, and the <Cichlid Coptodon
2illii. Only three more species are known elsewhere in Tibesti (Barbus
apleurogramma, Sarotherodon galilaeus borkuanus, Barilius senegalensis).

Human activity

Occcasional pastoralism by Tibu tribesmen is the only use that is made
of Totous gorge.

2.7.b. MARE DE ZOUI NEAR BARDAI

1.

2.

A,

5.

6.

Geography

Zoui (21°20°'N, 17°05'E) refers to the valley of the Enneri Bardague,
called Enneri Zoumeri in its upper reaches. It is the major river West
of the Enneri Yebbigue and is cited here as an example of a guelta on
the Northern flank of Tibesti. Its climate is as for Bardai.

Macrophytes

Huge Typha meadows partly overgrow the guelta (Tercafs 1962), but no
data on submerged water plants are available.

Algae: No records.

Invertebrates

No systematic survey has been performed. Orthetrum ransonneti and
Trithemis kirbvi ardens are two dragonfly species that live at this
site. The Anostracan Streptocephalus rubricaudatus, & Southern
vicariant of S. torvicornis occurs en masse. Associated with it are the

Ostracod Heterocypris incongruens, and the cyclopoid copepod Mesocyclops
rarus (Van de Velde, 1984).

Vertebrates: No fish are present. No amphibia have been recorded.

Human activity

although there is a nearby oasis, there is no specific use of the
guelta, other than occasional watering of cattle.
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2.7.c. ENNEDI: GUELTAS OF ARCHEI AND} BESKERE

138

Geology and morphology

The Ennedi plateau, a 50,000 km? sandstone triangle, is situated at
the limits of Sahara-Sahel, a 1little further South than the Air. 1Its
long axis lies E-W and because it is strongly dissected and has a mean
altitude of about 1100 m, the Ennedi is often considered a mountain
range rather than a plateau. There is a N-S divide at 1100-1300 m. The
highest peak, 70 km East of Fada, the main settlement of the area, is
estimated at 1450 m (high plateau of Basso). Most of the plateau is
naked and desertic, but contrasts sharply with numerous, deep gorges,
which are lined with gallery-forest fringed by Acacia-trees. Towards
the North, this landscape is bounded by the sandy Mourdi depression
which overlies carboniferous limestone and sandstore. It is marshy in

places. To the West, the Mourdi depression is continued by the
Djourab. In the South (the Mortscha), the crystalline Precambrian
basement surfaces. The body of the Ennedi itself is Upper Devonian

sandstone to the South of which a steep escarpment runs from the NW to
the SE, separating it from lower Devonian sandstone. Even further South
and already outside the Ennedi proper, strips of Gothlandian and
Ordovician age appear. These, finally, link up with the Precambrian
granites.

Climate

Like the Air, there is a strong difference in rainfall between North and
South, and also between East and West of this massif. Koro-Toro in the
Erg Djourab, SW of the Ennedi has 50 mm, but Fada has 80-90 mm.a“l.
while further North, the Mourdi depression has barely 30 mm. Even less
rain falls East of the Ennedi, in the Nile-desert. Altitudinal
differences are also strong, and at the level of the N-S divide, it has
been claimed that 250 mm.a~l fall. Schiffers (1973) considers this
figure an exaggeration. Rainfall 1is concentrated between June and
August, often in tremendous thunderstorms, and erosion on the plateau
and in the torrentially flowing oueds is strong. Large year-to-year
variations are the rule, and the 1970s were notorious for disastrous
droughts. Relative humidity is of the order of 20%, but reaches 70%
during the monsoon, when morning dew is not uncommon. Because of this,
the summer months are relatively cool, and May is the hottest month of
the year (with temperatures of 45-50°C). In December, the ccldest
month, frost is not unusual (down to -4°C), and dust-haze occurs.

Irradiation is of the order of 20,000 kJ.m‘zd”l. and evaporation is
5-6 m.a"+.

Hydrology

Of the three superimposed layers of sandstone that comprise most of the
Ennedi, the upper one is particularly brittle and subject to erosion.
It has been deeply eroded by numerous oueds, with gorges and cliffs up
to 100 m deep. Yet, most of this intricate network is of Pleistocene
age. The OQOued Basso is an example of an extremely narrow, 15 m deep
canyon, with a bottom covered by pools and kettle-holes. Around 17°N,
the fragmentation of the massif is particularly strong. Two major
relict water systems are found here: Archei (16°54'N, 21°46' E), 50 km
SE of Fada is a funnel-shaped gorge, 1.5 km deep, and North-oriented
from the Southwestern escarpment. Its aquatic eavironment is composed
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of six major gueltas, surrounded by stretches of swamp. There are
permanent springs at the head of the gorge. 110 km SE of Fada, Beskere
(16°30°'N, 22°15'E) is a gorge 2 km 1long penetrating E-W into the
escarpment. At its sandy mouth is a dum-palm forest; at its head, 30
springs feed one of the largest gueltas of the Ennedi. These outflow
via a permanent channel and form a long series of pools and marshes.
The water of the springs is believed to be derived from infiltrated
summer rains. Discharges have been measured by Gillet (1957) as 600-700
m3a-1 at Archei, and 1000 m3d-1 at Beskere.

Macrophytes

The floors of the Archei and Beskere gorges are covered by thick gallery
forest, typical of areas with a yearly precipitation of 600 mm.a~1l.
It is a relict of the Pleistocene wooded savannah that existed here
during previous pluvial periods. Gillet (1956, 1957, 1958) cites Ficus
papulifoliea and Boscia angustifolia as examples, but Ficus ingens (also
known from the Southern Air), Vitex cunerata, and Adina microcephala
also fall into this category. The gueltas themselves are surrounded by
stands of Phragmites australig, Typha australis, T. angustifolia,
associated with cyperaceae and other hygrophytes. There is no inventory
of submerged waterplants.

Algae

Round (1961) and Compére (1970) examined algal collections from the
Ennedi. Collections from Archei contained 95 taxa out of a total of
324. Biogeographically, the Ennedi stood halfway between the Saharian
flora and the flora of Lake Chad.

Invertebrates

The catalogue of aquatic insects is incomplete. Dragonflies have been
studied by Buchholz (1959), and Hemiptera by Dispons (1975). Both
authors Ffind a strong predominance of Afrotropical elements, with a
Saharian supplemeat, and among the dragonflies even one Irano-Turanian
relict (Qrthetrum ransonneti, cited sub. O. kollmannspergeri).
Cladocera and Copepoda were casually collected by Monod and studied by
Dussart (1968, 1970), while Monod (1968, 1969) treated the Phyllopoda
and Decapoda. Caridipa africana is the most outstanding find here.
Ostracods were studied by Rome (1969). Limnocnida tanganvicae was
reported by De Miré et al. (1960).

Vertebrates

A fragmentary record is available. Four species of fish are recorded:
Barbug _ macrops (or deserti?), Labeo tibestii (or annectens?),
Sarotherodon galilaeus borkuanus and Coptodon zillii. This is certainly
only a fraction of the true diversity. Many more Silurids,
Cyprinodontids, and Cichlids are likely to have survived here. Xenopus
mulleri, the African clawed toad is common in the gueltas, but the most
spectacular vertebrate of Archei and Beskere is undoubtedly the Nile
Crocodile, which is still present in sizeable populations.
Kollmannsperger (1959) draws attention to the importance of the gueltas
for migrating birds, but this is also true for other Saharian gueltas.
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The gorges are also a biotope for various mammals who, unlike typical
Sahara antelopes (Oryx algazel and Addax nasomaculatus) that never have
to drink, need reliable surface water. These not only include groups of
baboons (which also occur in the Air, Tibesti and Tagant), but large
carnivores such as cheetah, leopard, hyaena and lion.

Human activity and management

Although there is evidence for a continuous human presence in and arcund
the gorges since at 1least 6,000 BP (numerous rock paintings and
engravings, representing different styles and ages are found on the
cliffs and in shallow caves), there are no permanent settlements here
today. Occasional pastoral use is thus the main human activity in the
area, and no particular management exists.

d. THE WATERS OF BORKOU

Geography and geology

Borkou is a series of plateaux of decreasing altitude, forming a cascade
from N-S between the foot of the eastern Tibesti (Emi Koussi) at c¢. 600
m asl, and the most Southerly latitude of the Angamma escarpment (250
m). It covers an area of c¢. 30,000 kmz, and is largely composed of
Devonian sandstone. At the latitude of Faya (17°50'N, 19°05'E), the
main locality of the area, Tertiary sandstone emerges, and around Faya
itself, major deposits of Pleistocene age (sands, clays and diatomites)
are found.

Climate

Borkou is particularly noted for its strong, dessicating winds which
almost invariably blow from the NE. Only during the monsoon is there a
limited contribution from the South and SW and there is least wind at
this period. Mean annual precipitation is 22.9 mm, more than half of
which (13 mm) falls in August alone. There are an average of 3.9 rainy
days per annum, and strong differences between years. Totally rainless
years are not exceptional, while the record precipitation is 203.4 mm.
Depressions of Northern origin may reach the area, but contribute little
in terms of real precipitation. Relative humidity is around 20% except
during the monsoon, when it increases to 40-50% and damps the diurnal
temperature extremes: Jlower maxima during the day, higher temperatures
during the nights. As a consequence, the maximum annual temperatures
fall in June (34°C) and decline to 32.7°C in July-August. Minima in
December-January are high (21°C), and the freezing point is never
reached (absolute monthly minima in January 13.8°C; lowest temperature
ever recorded 2.6°C). The highest absolute value recorded is 49.5°C
(May). In consequence, the mean annual amplitude (13.7) is modest for a
desert environment (compared to e.g. 23.5°C for In Salah). Irradiation
and evaporation are as at Qunianga and the Ennedi.
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Hydrology

Local precipitation is inadequate to provide a supply of water to the
numerous pools and springs of Borkou. Capot-Rey (1961) therefore
hypothesizes an influx of groundwater derived from the Tibesti, possibly
augmented by groundwater from the Erdi plateau. This idea is supported
by the fact that most springs in Borkou have fresh water. The saline
waters of the Bodele depression in contrast, are derived from Lake
Chad. Further, several springs are weakly thermal, an indication of
residual volcanic activity. Capot-Rey thinks that some of the Borkou
weter is therefore juvenile.

Permanent pocls and springs are found over a comparatively large area,
extending between the Orori, the foot of the Emi Koussi, Tigui, Yardas,
Bedo, Yen En Galakka, Faya and other localities. The springs fluctuate
in discharge but there is no evidence for a decreasing trend in their
number. In fact, oral traditions at Tigui confirm that not one of the
local sources has disappeared over the 1last three generations. At
Kirdimi, a new spring even appeared during the present century. All the
spring-fed pools are rather shallow and have marshy edges. Salinity in
the open basins tends to be high, and salt deposits form along their
shores.

Water chemistry

Capot-Rey cites unpublished analyses of 14 wells and springs. Four
examples, two from the West and two from the East of Borkou depression,
are given. Results are expressed as mg 1-1,

S0, cl1 Alk. Ca Mg Na + K
(63003)
E: Son 48.9 31 205 33.2 5 58.9
E: Mardingai 12.2 15.9 207.5 27.6 4.4 54.5
W: N’'Galakka
(Chein Marra) 8.1 15.9 85.0 7.0 1.5 7.3
W: Yen 17.7 11.5 50 4 0.6 24.9

There is a trend for the eastern waters to be more mineralised than the
western ones, but all are distinctly oligohaline at their origin and
therefore, cannot have Chadian origin.

Macrophytes

The dum palm is native and abundant in Borkou and is usually found
together with Tamarix brachystylis and T. articulata. Where agriculture
is performed, date palms have also been planted. In wet areas, grasses
(Eragrostis bipinnata, Imperata cvlindrica) appear, and in inundated
depressions, large meadows of Typha elephantina and T. australis are
seen. Endemism is common among the 1local hydrophytes: Kosteletzkia
borkuana, Lotus borkuanus are examples. Numerous species are shared
only with Tibesti: Helosciadium muratianum, Heleocharis tibestica,
Epilobium mirei. Where water fluctuation leaves a dry, saline crust
during summer, Juncus maritimus, Scirpus laevigatus and Phragmites
communis invade the area.
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Algae

Short 1lists of species are provided by Gauthier-Liévre {(1950) and Behre
(1950) from pools at Kaorchi and Tigui. The pools at Tigui were rich in
species, and desmids were particularly well represented. Tropical
elements were dominant and most species were typical of freshwater. A
single sample from Faya (Largeau) examined by Compére (1967) contained
only few species.

Invertebrates

Gauthier (1939) reports on the plankton from a pool at En Galakka.
Cladocera were dominant (Macrothrix spinosa, Chydorus eurynotus, Alona
pulchella), cyclopoid copepods were present but not identified, and the
Ostracoda were represented by Cypretta seurati. This list has not been
updated since and is clearly incomplete.

Among recent mollusca, Biomphalaria pfeifferi and Bulinus truncatus
transmit two forms of human bilharzia, while malaria is also endemic to
the area. Gauthier (1939) found numerous water beetles, chironomid
larvae and oligochaetes in a plankton sample from En Galakka.

Vertebrates

In the Quarternary lake deposits at the foot of the numerous escarpments
of Borkou, there are remains of a rich Pleistocene aquatic fauna. Among
these is the large predatory fish, Lates niloticus (Daget 1959). There
are, however, also recent fish species in some of the waters of Borkou.
The cyprinodont Epiplatys senegalensis was reported from a pool at Tigui
(Daget 1959). Certainly more fish species await discovery and also
Amphibia and reptiles.

Human activity and management

The area is inhabited by the Daza, a Southern group of Tibu people. The
human population density in the Borkou depression is comparatively high,
and many oases are intensely exploited. Natural springs as well as
man-made wells are used for irrigating gardens and producing various
crops. Date palms have long been introduced to the area, and prosper
well.

2.7.e. OUNIANGA

1.

142

Geography and geology

Between the Tibesti in the West, and the plateau islands of Erdi in the
east, the Northern edge of the Chad basin is formed of a series of E-W
oriented escarpments. They are composed of Nubian sandstone, and
contain a number of saline lakes, including the largest ones known from
the Sahara. The length of the main escarpment is over 200 km, and the
main locality of the area, Ounianga Kebir (c. 19°N, 20°5'E) (the "large
Ounianga”) (402 m.a.s.l., 235 ‘km NE of Faya) is situated almost exsctly
in its middle. Four major lakes are found here. Lake Jua (370 ha, max.
depth 25 m, alt. 345 m, i.e. 100 m above Lake Chad) is by far the
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largest one. West of it lie Lakes Uma, Mioji and Forodom. 50 km to the
E a second group of lakes occupies Ounianga Serir (c. 18°7'N, 21°E) (the
"small Ounianga”). These ten small, parallel-sided lakes (Melekoui,
Dierke, Ardiou, Teli, Abrome, Hogou, Diara, Tarem, Tibichei and Bokou)
are dominated by Lake Teli (70 ha, max depth 10 m, 360 m asl). Most are
small and overgrown by Typha. They are all elongated, with their long
axis NE-oriented, in the direction of the prevailing winds.

Climate

As in Borkou it is hyperarid and strongly dessicating. The world's
record of evaporation (7.8 m) occurs at Ounianga Kebir (Capot-Rey,
1961). Under these conditions, the water of the lakes is evidently
hypersaline.

Hydrology

The lakes are fed by groundwater that originates in the Eastern Tibesti
(Capot-Rey, 1961) and this explains why the local springs are fresh and
mildly thermal (30-32°C at Lake Jua). The water of Lake Jua fluctuates
with an annual amplitude of c¢. 1 m. The minimum 1is reached in
August-September, the level starts rising in October, and climbs to a
maximum in March-April. There is thus a time lag of ¢. 1 month between
the moment the level starts rising, and the end of the summer rains in
Tibesti. Long-term fluctuations have also been noted, and Lake Jua
geemgs to have declined by 60 cm in half a century. During the
Pleistocene pluvials, and as recently as 8000 B.P., its level was up to
25 m above the present.

Water chemistry

An o0ld analysis on Lake Jua gave the following results:
NaCl 16 g.171; NapCO3 23.3 g.171; NaHCOj 3.7 g.171;
Nay50, 22.3 g.1-1

pH values in the lakes are very high, up to 11.

Macrophytes

There are more than 25,000 date palms in the oasis of Ounianga Kebir.
The lakes themselves are surrounded by Phragmites australig, mixed with
Cyperus laevigatus and Typha australis. Some of the smaller lakes are
almost totally overgrown by this association. In the freshwater
springs, Lemna spp and floating cyperaceae occur.

Algae

Compére (1967) studied algae from different lakes in Ounianga Kebir. 1In
the open water, the colonial cyanobacterium Spirulina geitleri was
dominant, often forming thick algal scums. Few species of cyanobacteria
and diatoms co-occurred with it in the open water, but in the littoral
the community was somewhat more diverse.

In the other 1lakes, the dominance of Spirulina geitleri was less
absolute, and in some a bottom cover of Chara canescens and Ruppia
maritima could develop.
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Invertebrates

Except Ffor mosquito larvae and Ephydrid flies, no invertebrates have
been cited from the 1lakes themselves. The freshwater springs are
probably richer, but totally undocumented.

Vertebrates

According to Schiffers (1950), frogs and toads live in the freshwater

littoral of Lake Jua. There 1is, however, no information on their
identity. Two fish species have been collected: Haplochromis

bimaculatus, and Sarotherodon galiaeus borkuanus. Ounianga Kebir is the
type locality for the latter.

Human activity and management

Besides the traditional oasis cultures, cattle are allowed to graze in
the Typha-meadows and natron is exploited at Lake Jua.

2.8. THE EASTERN SAHARA

2.8.a. THE SIWA-DJARABUB (DJAGHBUB) DEPRESSION

1.

144

Geology

The western desert (the part of the Sahara between the Nile and the
Egyptian-Libyan border) is a huge plateau (mean elevation 500 m a.s.l.)
composed of Nubian sandstone in the South and limestone of Eocene and
Miocene age in the North. Scattered over this enormous Hamada occur a
number of depressions, in which large oases are found. They are
situated at the junctions of deposits of different age, uplifted against
each other during the Miocene, to form cuestas. The mostly northerly of
these is the Djarabub (Libya) - Siwa (Egypt) cuesta with further East
the large and deep depression of Qattara. Siwa village is 14 m below
sea level, and Qattara even lower at -140 m. They mark the junction of
Miocene and EBocene limestone. The Miocene rocks (sloping from 200 m asl
at Siwa to 50 m at the Mediterranean coast) consist of an upper layer of
solid Marmarican caprock, overlying the much softer Mughra clastics.
The origin of this depression (and of the others in the western desert)
is fairly complex and still debated in its details. Small depressions
were first formed along the cuesta by exudation (chemical dissolution of
the caprock by saline water) and eventually joined to form larger and
deeper ones. When the free-running layers of clastics were resached,
Eolian erosion excavated them rapidly down to the water table, at least
in Siwa, where permanent 1lakes were thus created. The Southern
depressions of Kharga, Dakhla, Farafra and Bahariya have limited or no
surface water and will not be considered here.
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Geography and hydrology

The bordering Miocene limestone in the North reaches an elevation of 200
m. It forms a high and generally steep escarpment. The Eocene
limestone plateau in the South is at 500 m, but is gently sloping.
Escarpments, where present, are generally buried under a sea of sand.
The deepest point of Siwa is at -17 m, and the depression is 82 km in
length. It has an irregular, elongated shape (25°16'-26°06'E) with a
maximum width of 28 km, but in places as narrow as 1.5 km. Its total
area is 1088 km?. On the floor of the depression, a group of minor
depressions are occupied by a total of 10-15 lakes. These are the
remnants of fewer and larger Pleistocene lakes. Fossil shorelines can
be seen at altitudes of -8 to -12 m.

The lake levels fluctuate considerably and some dry up in summer. The
most important lakes are:

1. Lake Al-Maragqi : surface area 9 kmz. surface level -17 m

2, Lake Khamsa : surface area 4 kmZ, This lake fell dry in
1947, because its water was drained to lake Siwa.

3. Lake Siwa : the largest of all (area 32 km?), irregularly
shaped and with several islands.

4. Lake Al-Zaytun : surface area 16 km?Z.

They are saline, but supplied with water from numerous freshwater
springs and mershes, which throw up fossil groundwater of Southern
origin. Chemical analyses are to be found in Smith (1947).

Climate

The climete of Siwa is hyperarid, but not all aspects of it are well
documented. Mesn annual temperature is 20.5°C. January is the coldest
month {(mean 10.6°C), and July-August the hottest (mean 29.5°C).
Absolute maxima and minima are much more extreme, however, and on the
limestone plateau around Siwa winter frosts are fairly common. Mean
annual precipitation is only 8 mm. The highest probability for rainfall
is during winter, but there are many consecutive rainless years.
Potential evaporation is 2.3 m.a~l. Local precipitation is therefore
negligible compared to evaporation. Relative atmospheric humidity at
noon is 15-30%, increasing to 50% at night. Between February and May,
hot sand winds (Khamsin) may blow, which reduce humidity to as low as 1%.

Algae

Nayal (1935) cites few species specifically from Siwa. Omer-Cooper
(1947) reports on algal scums in several salt pools, filamentous green
algae in spring outflows, and Chara in waters of various salinity. A
much better algological inventory is available for Giarabub (Forti,
1927, 1928, 1933).

Invertebrates

One of the peculiarities of Siwa is the occurence of live Foraminifera
(Omer~Cooper 1947), a phenomenon paralleled only by the Oued Mya in
Algeria. A plankton sample collected in winter 1982 by B. Pejler (pers.
comm.) contained large numbers of the rotifer Hexarthra fennica. Two
species of Cladocera (Daphnia magna and Simocephalus vetulus) were

145



SAHARA

recorded from freshwater pools, while Artemia "salina" was restricted to
the large saline lakes, and 6 species of Ostracods occurred at various
salinities (Harding 1955). Pontopartia salina is balieved to be endemic
to Siwa. It belongs to a genus otherwise known only from the Bismarck
Archipelago but its generic attribution has been challenged by McKenzie
(1970s).

Other species of interest are Cypretta murati, known from Chad and
Senegal, and Cypridopsis viduella from South Africa and Kenya.
Heterocypris salina, Cyprideis 1littoralis (= torosa) and Bucypris
inflata are inhabitants of saline waters. The copepods (Kiefer 1949)
were composed of 4 Cyclopoids and 3 Harpacticoids and occurred in oligo-
and mesohaline waters only. Apocyclops dengizicus, a mesohaline species
also known from Bilma (q.v.), and Afrocyclops gibsoni are the most
striking Cyclopoid species. Onychocamptus mohamed and Cletocamptus
confluens are widespread in the North African sebkhas, but Nitocra
fallaciosa is known only from the Black Sea coast. The Amphipod
Gammarus aequicauda is a circum-Mediterannean form (Schaellenberg
1947). The presence of Balanus amphitrite in Birket el Gessabaia, a
saline lake, gave rise to speculations about a former connection between
Siwa and the Mediterannean Sea (Nilssen-Cantell 1947). There 1igs,
however, no geological support for this hypothesis. Introduction by
waterbirds is much more likely, especially as the population suffers
from heavy mortalities when salinity rises significantly above that of
the sea. Among insects, the water beetle Eretes sticticus should be
cited, while Crawford (1949) records the gastropods Melanoides
tuberculata, Hydrobia musaensis and Pila ovata from the oasis waters.

Vertebrates

The euryhaline fish Coptodon zillii and Aphenius dispar occur in the
Siwa depression. The former was introduced, and probably destroyed much
of the original biocenoses (Omer—Cooper 1947). The latter has strongly
melanic populations in some of the oasis waters. As early as 1885,
Rohlfs had been struck by an abundance of waterbirds, such as various
duck species and ibis.

Human activity and management

In contrast to Qattara, Djarabub and Siwa are inhabited, and oasis
agriculture 1is performed with the help of irrigation from natural
springs and man-made wells.

2.8.b. JEBEL MARRA: THE DARIBA LAKES

1.
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Geology

Jebel Marra, situated in the Darfur province of western Sudan, extends
SE of the Ennedi and is part of the Nile-Chad divide. Its highest area,
a rugged mountain range (12-14°N, 24-25°E) is fully part of the Sahel,
and governed by a monsoon climate. Geologically, it pertains to the
Precambrian basement, but Tertiary volcanic outbursts were responsible
for its rejuvenation. The highest peak reaches 3070 m and isolated
volcanoes extend North of the mountain range proper (Djebel Berti and
Djebel Meidob). The Malha crater of Dj. Meidob contains a little-known
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salt 1lake. Residual volcanic activity has continued throughout the
Pleistocene and until the present day. Hammerton (1966) reports on
fumaroles and hot springs and Burton & Wickens (1966) think that these
may have formed during the 1960s only.

Climate

The isohyets at the latitude of Jebel Marra are closely apposed, and a
relatively insignificant N-S translation produces a large difference in
yearly precipitation. E1 Fasher (730 m) on the eastern flank of Jebel
Marra has a yearly rainfall of 294 mm, with a sharp peak in July-August
(138 mm in July; 112 mm in August), but there 1is virtually no
precipitation between October and April. Of even greater importance is
the altitudinal effect, which leads to a total rainfall figure of 800
mm.a~l above 2000 m, and even 900-1000 mm.a~} on the high western
slopes of the massif. Mean annual temperature at El Fasher is 24.4°C.
The minimum occurs in January (19.6°C) and the maximum, in May is c.
29.0°C. The monsoon rains damp the summer temperatures and produce a
bimodal temperature curve with a lesser secondary maximum (c. 27°C) in
October. At higher altitudes the temperature extremes are wider apart,
and winter frosts and hail storms are fairly frequent above 2000 m. The
Jebel Marra massif acts as a screen A%Finst Northerly winds (Wickens
1976). Potential evaporation is 1.7 m.a™*.

Geography and morphology of the lakes

Hammerton (1968) mapped the two lakes that occur in the floor (2200 m
a.s8.1., 5 km diameter) of the caldera of Jebel Marra volcano, the
highest peak of which reaches 3024 m. 1In the NE corner of the floor
lies a large but shallow (11.5 m maximum depth) lake (maximum length
2.5 xm) while in the SW there is a secondary volcanic cone that contains
a smaller (maximum diameter about 1 km) but much deeper (maximum depth
108 m) lake. In addition to direct precipitation, these lakes are fed
by both cold and hot springs with temperatures ranging from 65-85°C.

~ Hot springs are particularly abundsnt West of the shallow 1lake.

Fumaroles are also present, and Hammerton thus concludes that the

volcano is dormant, not extinct. Green et al. (1979) measured

temperature profiles in the two lakes. Clinograde temperature curves
develop in both lakes under calm conditions, but are easily destroyed by
winds.

Water chemistry

In the shallow lake dissolved oxygen may develop strongly clinograde
profiles, with huge supersaturations in the top 50 cm or so (where the
algal blooms of Spirulina concentrate), and drop to near zero values at
4 m depth. Anoxic conditions were measured at 6 m and deeper by Green
et al. (1979). However, winds quickly mix the water column and
redistribute the oxygen. 50% saturation over the entire water column
was measured after a windy night. In the deep lake, Hammerton (1970)
measured a deoxygenated hypolimnion in 1970, while Green et al. (1979)
found @& weekly clinograde oxygen curve after a windy period, with only
12% saturation at the surface, and 5% at 30 m.
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The chemistry of the two lakes is rather differeant. The large lake is
strongly saline, while the small lake is only meschaline. Both lakes
have high alkalinity and pH values between 9.4 and 9.8.

total Na K Ccl cond.

alkalinity mg.l'l mg.l'1 mg.l’1 107%s.

meq.1"1 em~l
small lake 47.5 1,600 95 778 6,000
large lake 147.0 6,200 585 2,580 27,000

Macrophytes

Cyperugs laevigatug grows profusely around the edges of the large lake
(Fott & Karim 1973).

Algae

Fott & Karim (1973) found very high densities (responsible for the
narrow fringe of intense primary production on top of the water column,
but with a strong self-shading effect at lower 1levels) of Spirulina
geitleri in the shallow lake. Trace amounts of another cyanobacterium,
Anabaenopsis arnoldii were found by Green et al. (1979). 1In the deep
lake, pelagic algae were almost non-existent except for some small
species of Nitzschia and Melosira (Green et al. 1979). It is, however,
possible that the nannoplankton is better developed.

Invertebrates

Green et al. (1979) found three saline rotifer species in the large
lake: Brachionus plicatilis, B. dimidiatus and Hexarthra jenkinse. In
the small lake, the same species were present in different proportions
and Lecane bulla was also found. Crustacea were present in the 3mall
lake only and represented by one cyclopoid copepod Afrocyclops gibsoai.
The large lake harboured enormous numbers of the fly Ephydra sp., and
the small lake yielded three dragonfly species (Ischnura senegalensis,
Hemianax ephippiger, and an Aeschnid larva), the Hemipteran Sphaercdema
urinator, the Trichopteran Hydroptila sp., and unidentified chironomid
and tabanid larvae (Green et al. 1979). Coleoptera were represented by

Hydrophilus senegalensis, Laccobius praecipuus and Potamonectes 1lynesi
the latter apparently endemic to Jebel Marra.

Vertebrates
No fish are present. No Amphibia have been reported. Green et al.

(1979) cite five species of waterbirds: 1little grebe, sacred ibis,
stilt, greenshank and ducks.

Human activity: Occasional pastoralism.
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2.8.c. JEBEL MARRA: THE WADIS

1.

Geography

Although the fairly high amount of rain received by Djebel Marra falls
in concentrated form, as many as 60 rivers are permanent or have
permanent stretches, especially in deep, well protected gorges, where
large relict pools may persist indefinitely. Well-known are the Wadi
Gallol, W. Korunga, W. Luka, W. Sunni, W. Fik, and W. Mliru. The water
of these rivers is presumably fresh, but no analyses are available.
Karim (1975) found them to have slightly alkaline pH-values.

Macrophytes

In deep gorges, true gallery forests develop. Wickens (1976) discusses
three of them in detail, including the Wadi Gallol gorge. The main
constituent of the forest, an enclave of equatorial vegetation among dry
savannah, is Trema orientalis. Deep, slow-flowing or stagnant pools are
bordered by a 1luxuriant group of trees and shrubs and in the water,
gsimilar richness of aquatic plants is also encountered. Citing from
Wickens' 1list: Nymphaea caerulea, N. lotus, N. maculata, Ceratophyllum
demersum, Mentha longifolia, Potamogeton nodosus, P. pusillug, P.
schweinfurthii, Najas graminea, Lemna minor, L. perpugilla, Pistia
stratiotes, Typha domingensis, Juncus spp. (3), Cyperus spp. (12),
Eleocharis tibestica. In addition, 33 species of ferns and numerous
orchids were found in humid places, where two hepatics also thrive:
Grimaldia dichotoma is a species with Mediterranean and Oriental
affinities, while Marchantia polymorpha is cosmopolitan.

Algae

Karim (1968, 1975) and Starmach (1975) studied algae in Wadi Gallol and
other sites on the flanks of Jebel Marra. Diatoms were dominant in the
free-floating plankton, but in the littoral and periphyton, filamentous
green algae, cyanobacterial colonies, desmids, and flagellates were also
abundant. Wickens (1976) found Chara vulgaris to be fairly widespread.

Iovertebrates

Several groups have been treated, but few comprehensively. Chardez
(1974) provided a 1list of Thecamoebids, a group otherwise almost
undocumented from the Sahara-Sahel. Bdelloids and 8 other species of
Rotifers are listed by De Ridder (1984), and 7 species of Cladocera were
found by Dumont et al. (1984). They include Chydorug sphaericusg,
Alonella hamata, and Pleuroxus aduncus. The only daphniid recorded was
Ceriodaphnia reticulata. Mollusca are imperfectly known (Brown 1980,
Van Damme 1984). Bulinus forskalii and B. umbilicatus transmit
bilharzia. Lymnaea trunculata, Gyraulus costulatus, Melanoides
tuberculata are local.

Happold (1966) studied the dragonflies, and found an almost purely
Afrotropical community here, with Pseudagrion hamoni, P. kersteni,
Aeshna rileyi as characteristic species. Other aquatic insects are less
well known.
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Vertebrates

Bailey-Watts & Rogers (1970), in a preliminary inventory, 1list 16
species of fish, 1including Epiplatys senegalensis, known also Ffrom
Borkou area. Nile crocodile occurs in pools on the middle Wadi Azum
(Wilson 1978) and near El1 Geneinah.

Human activity and management

Jebel Marra has been inhabited since antiquity. Agriculture is

practiced by the local Fur tribe who grow, among other crops, wheat.
The date of its introduction is unknown, but Lake Chad is a 1likely
source area. The slopes of the mountains are terraced, and used to be
cultivated as high as 2750 m, although today cultivation has receded to
below 2600 m. There is an interesting seasonal migration of the people
between their winter quarters at 1lower altitude where they produce
irrigated crops, and the terraces on the hill slopes, where they grow
rain-fed crops during summer (Wickens 1976). In addition to
agricultural practices, cattle raising is locally important. All these
activities have greatly influenced the natural 1landscape since
prehistoric times. Yet, the greatest alterations, including the
extinction of 1large game, have occurred since the end of the 19th
century. The sites with the greatest faunal and floral originality are
almost certainly the deep river gorges, often situated between two
waterfalls, and hence inaccessible to man.

2.9. THE SOUTHERN RED SEA HILLS

2.9.a. ERKOWIT AREA

1.
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Geology and morphology of the Red Sea Hills

The hills, flanking the Red Sea on its western side, extend between Suez
(Mount Ataca) and the Ethiopian plateau. This 1longitudinal mountain
chain is locally interrupted by faults, and between the chains of peaks
thus formed, torrential wadis flow to the sea or to the Nile. They are
essentially composed of igneous and metamorphic rock of the Precambrian
basement complex. Alluvial infilling has produced a coastal flat of
variable width (9-25 km in the Sudan) towards the Red Sea. The
mountains themselves have peaks of more than 2000 m (Jebel Erba in the
Egyptian-Sudanese border zone is 2220 m high).

Climate

The precipitation is a function of latitude. In the Egyptian sector,
the area North and South of Quseir is hyperarid and receives less than 5
mm.a"L. This amount increases sharply as one approaches Jebel Erba
(Elba), and the mountains to the South. The 100 mm isohyet passes just
South of Port Sudan and at Gebeit close to Erkowit, 135 mm.a -1 are
reached. Rains on the eastern slopes of the hills are predominantly
winter rains, with a November maximum at Port Sudan. However, at
Gebeit, only slightly further South, the influence of the monsoon is
also clearly felt, and a peak in precipitation is recorded in August
(c. 70 mm). Cloudiness on the mountains is important throughout the
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- year, but peaks in winter. Erkowit (1300 m) is particularly famous for

its high incidence of mist that comes in from the sea, and has therefore
been called a mist-oasis (Kassas 1956). This is a continuation of the
mist zone of the Eritraean coast, where it results in a permanent green
belt. The yearly temperature curve is damped, but the mean annual
temperature is 25°C at Erkowit with mean minima in December-January
(21°C) and a mean maximum of 30°C in summer. Potential evaporation is
fairly low for an arid environment: 2-3 m.a"l,

Hydrology

Close to Erkowit, a number of wadis (locally called Ghor or Khor) have
excavated deep gorges, and conserve strings of pools throughout the
year. During the wet season (late summer-winter), they are regularly
flushed by floods but they reform in January and persist until July.
Two of these rivers are Khor Ashat and Khor Amat. The former has cut a
deep, funnel-shaped canyon, in which numerous gueltas are connected to
each other by a trickle of running water throughout the year. The Khor
Amat valley is faulted a few kilometers North of Erkowit. The resulting
waterfell feeds a number of deep plunge-pools.

Water cheaistry

A partial analysis by L.A. Desougi (Khartoum) on samples collected in
December 1981 gave the following results:

total alkalinity K Na Ca Mg
maq.l‘1 mg.l'l mg.l‘1 mg.l‘1 mg.l~1
K. Amat 3.2 13.8 810 19.12 38.1
K. Ashat 2.2 20.4 260 76.10 92.5

Sodium is comparatively high (probably matched by Cl), and Mg is also

"above average, but the overall composition is suggestive of an

oligohaline water.

Macrophytes

No true aquatic macrophytes were seen. However, the vegetation of the
area is worthy of comment. Indeed the moisture advected by the frequent
mists allows a particular flora to develop, in which terrestrial algae,
mosses and ferns (Asplenium, Cheilanthes, Adiantum) develop on a fairly
humid soil, produced almost exclusively by Scirpus steudneri. Orchids,
mushrooms and Abyssinian tree species such as Aloe abyssinica, Euphorbia
abyssinica, the dragontree Dracaena ombet and the wild olive tree, Olea
chrysophylla, are widespread in the area.

Algae

Cheraceae, Filamentous green algae and cyanobacterial colonies abound in
all the pools. Compére (1984) lists the genera Spirogyra, QOedogonium,
Cladophora, Ulothrix, Oscillatoria, Lyngbya, Cvlindrospermum, Anabaena,
Mougeotia, besides Euglenaceae, green microalgae, Peridinacea, Desmids,
and Diatoms. Nitzschia palea, N. obtusa, Navicula pupula, N.
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7.

9.

subrhynchocephala, Amphora coffeaeformis, Rhopalodia gibberuls, and
Fragilaria ulna were the most common species among the latter. The
algal flora had more affinities with the Middle East than with the
Sahara.

Invertebrates

Numerous Hemiptera, Coleoptera, Trichoptera and Ephemeroptera occur but
have not yet been studied. Dragonflies are few; Trithemis arteriosa,
Orthetrum chrysostigma, Hemianax ephippiger, and Paragomphus genei have
been collected (Dumont & Martens 1984). Four species of Cladocera
(Alona alonopsiformis, A. pulchella, A. rectangula and Cericdaphnia
quadrangula) were found (Dumont et al. 1984), while Ostracods are
represented by 6 species (Martens 1984): Candonopsis c¢f africans,
Heterocypris fretensis, H. giesbrechtii, Cypretta seurati, Parscypretts
amati (newly described from Khor Amat in 1984), Stenocypris major, and
Plesiocypridopsis newtoni. De Ridder (1984) 1lists 20 species of
Rotifers. The presence of Brachionus plicatilis illustrates the fact
that at times the water may become rather saline. Few aquatic molluscs
are known. Brown (1980) cites only Lymnaea natalensis.

Vertebrates

No fish have been recorded, although Clarias gariepinus occurs in Khor
Baraka, South of Erkowit. A burrowing anuran (unidentified) is common
in both Khors, and is active mainly at night.

Human activity and management

While the oasis of Erkowit is inhabited, and even has a well-known
tourist resort, the Khors themselves are of little interest to the local
people. The pools of Khor Ashat are visited by semi-nomads for watering
their goat and camel herds. Problems of diarrhoea were noted among the
numerous camels roaming through the valley. A high level of certsain
heavy metals in the water of the pools might be the cause of this.

2.9.b. KHOR ARBAAT

1.
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Geography and hydrology

Khor Arbaat is a permanent desert river that drains part of the Southern
Red Sea Hills towards the sea. It debouches into a triangular alluvial
fan, which extends at the mouth of the so-called Arbaat gorge, slightly
North of Port Sudan. The upper valley is little explored. The middie
gsector is said to be more saline than the upper and lower but this needs
confirmation. The total 1length of permanent surface water (either
running or consisting of strings of pools) is about 80 km. Rains in
winter occasionally cause the river to flow torrentially, but it does
not normally reach the Red Sea. Total discharge is, however, far from
neglegible and is estimated at 50.106m3a-1.
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Water chemistry

Water samples analysed by L.A. Desougi in December 1981 from 36°39'E,
19°29’'N, were composed as follows:

alkalinity Na K Ca Mg
meq.l"1 mg.l"1 mg.l‘1 mg.l‘1 mg.l‘l
2.6-3.5 160-200 8.5-9.2 8.4-12.8 20.9-26.9

This composition corresponds to an undistinguished fresh water.

Macrophytes

Some of the stagnant pools had fringing meadows of Typha angustifolia.
No submerged macrophytes are on record. The canyon had local growths of
cyperacaea in humid places. Tamarix sp. and date palms grow on the
edges of the valley.

Algae

Compere (1984) notes a development of filamentous algae, both in the
river bed and on stones, of Spirogyra, Mougeotia, Qedogonium, Ulothrix,
Anabaena. Cvlindrospermum, Lyngbya and Oscillatoria. Green and
blue-green microalgae and bacteria, flagellates and desmids were also
abundant. The most abundant species of diatoms were Caloneis bacillum,
C.<clevei, C. ventricosa var trunculata, Cymbella hustedti f. stigmata,
Gomphonema parvulum, Navicula cuspidata, N. subrhynchocephala, Nitzschia
elegantula, N. hustedtiana, N. microcephala, N. tryplionella.

Invertebrates

De Ridder (1984) found 10 species of rotifers, while Dumont et al.
(1984) report the Cladocera Alonas rectangula, A.<pulchella, Macrothrix
gpinogsa. Martens (1984) identified 8 ostracod species: 4 of these
belonged to Hemicypris and in addition Limnocythere stationis and
Ilyocypris_ gibba were found. Dragonflies (Dumont & Martens 1984) are
noteworthy for the occurrence of two gomphids (Paragomphus genei and P.
sinaiticus). The only zygopteran present was Ischnura evansi, & species
with a predominantly Irano-Turanian range. Other insect groups remain
undocumented.

Vertebrates

The cyprinodont Aphanius dispar occurs in tremendous densities
throughout the Arbaat valley (Sandon 1950; Dumont 1981, pers. observ.).
This euryhaline species is also found among coral reefs in the Red Sea,
and is a landlocked relict of former higher levels of the oued. Other
fish species have not been observed. A remarkable reptilian is the
water turtle Pelomedusa subrufa, which has also been seen in Wadi Amur
on the western side of the divide. Wild asses, gazelles, nubian ibex,
and leopard still live in and around the Arbaat catchment.
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Human activity and management

Stray stands of date palm are scattered over the valley in small oases.
Some gardens are irrigated. The main function of Khor Arbaat is,
however, to supply drinking water to the city of Port Sudan. A pumping
station has been erected for this purpose at the mouth of Arbaat gorge.
It pumps up the water slightly beyond the point where it starts seeping
into the sands of the delta, and conveys it to the town.
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3.1. LAGUNES COTIERES / COASTAL LAGOONS

3.1.a. LAGUNES DE COTE D'IVOIRE
par Philippe Dufour

La plupart des lagunes ivoiriennes s'étendent sur prés de 300 km le long
des cdtes orientales du pays, jusqu'au Ghana. Ce systéme qui couvre une
surface de 1200 km? est en réalité constitué de trois lagunes
principales qui font 1'objet des paragraphes suivants : d’'ouest en est,
les lagunes de Grand Lahou, Ebrié et Aby (fig. 3.2).

D'autres petites étendues d'eau saumatre, de gquelques km? de surface
complétent cet ensemble. Ce sont les lagunes de Kodioboué et Hebé a 1'est
de Grand Bassam, les lagunes Ngni et Katibo & 1'ouest de Sassandra, et
les lagunes Digbwé & San Pedro.

1. Climat (cf. fig. 3.7)
Aw,a, équatorial de transition.

Grande saison séche de décembre a mars; grande saison des pluies de
mai & juillet; petite saison séche d'aoit & septembre; petite saison
des pluies d'octobre a novembre.

Insolation: Moyenne annuelle 1812 h.an'l; Max. en mars (200 h) et
min. en aodt (80 h).

Rayonnement solaire incident: Moyenne annuelle 15,7.106 J.m~2.471,
Maximum en avril 19,7.10% J.m~2.4-1,
minimum en aofit 11,5.106 J.m2.9-1

Vent: Vitesse moyenne 1,4 m.s‘l; maximum en aolt et septembre;
minimum en octobre & décembre. Direction prédominante SW
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Pluviométrie:

— Sur 1les lagunes et 1le sud de 1leurs bassins versants: zone
guinéenne au sud du 6°N: moyenne annuelle: 2100 mm, maximum en
juin (690 mm); minimum en janvier (28 mm).

— Sur le nord des bassins versants: zone soudanaise au nord du 8°N :
moyenne annuelle: 1200 & 1700 mm en une seule saison de juillet a
septembre.

— Sur la zone intermédiaire: =zone baouléenne. Deux saisons des
pluies plus courtes, moins intenses et plus rapprochées qu'au sud.

Evaporation: Evapotranspiration potentielle: 1356 mm.an“l, maximum
en mars (142 mm), minimum en aodt (82 mm). Evaporation estimée sur
la lagune Ebrié: 1250 mm.an~1,

Température de 1'air: Moyenne annuelle 26,2°C. Maximum en mars
(moyenne 27,7°C, moyenne maXximum journaliére: 32,1°C; moyenne
minimale journaliére: 23,3°C). Minimum en aolit (moyenne 24,4°C,;
moyenne maximale journaliére: 27,3°C; moyenne minimale journaliére
21,3°0)

Humidité de 1'air: Moyenne: 85%.

Géologie

Lithostratigraphie: Le substrat est varié; il est le plus souvent
constitué de Miopliocéne continental, de Crétacé et de Miocéne marin
altéré et érodé.

— Lagune de Grand Lahou

On distingue:

- au nord, le Miopliocéne (continental terminal) et dans 1les
dépressions des vases et sables lessivés de 1'Holocene.

~ au sud, principalement des sable argileux azoiques des bas
plateaux de 1'Antéholocéne (origine continentale).

~ le long du 1littoral, des sables des cordons lagunaires
d'origine marine récente (Holocéne).

— Lagune Ebrié (fig. 3.3):

— au nord de la lagune, le substrat est surtout composé par le
Miopliocéne sabloargileux (continental terminal); au sud par les
sables argileux de 1'Antéholocéne.

- au sud de la lagune, le substrat est composé de sables azoliques
de 1'Antéholocéne alternés avec des bandes de vases et sables
lessivés des dépressions datant de 1'Holocéne: 1le 1long du
littoral : sables des cordons 1lagunaires d’'origine marine
récente.
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- Lagune Aby:

Le substrat est surtout composé:

— au nord de la lagune, du continental terminal des hauts plateaux
(Miopliocéne). ’

— plus au sud, 4 1'est du bassin Aby, de sables argileux des bas
plateaux datant de 1'Antéholocéne.

— au sud des bassins Aby et Tendo, des vases st sables d'origine
fluvio-lagunaire de 1'Holocéne et comme aiileurs le 1long du
littoral, des sables marins des cordons lagunaires datanl aussi
de 1'Holocéne

Géomorphologie du bassin sédimentaire cdtier (fig. 3.4): Les hauts
plateaux du Miopliocéne continental, vers 40 m d'altitude, occupent
la partie nord des lagunes; ils sont relayés au sud par la formation
antéholocéne des bas plateaux d'une dizaine de meétres d'altitude.
Plus au sud les cordons littoraux sableux marins, paralléles & 1la
cOte, de 2 a4 6 m d’altitude, alternent avec 1les remplissages
fluvio-lagunaires des 1lagunes et des dépressions plus ou moins
marécageuses.

Environnements structuraux et néotectoniques: Le bassin sédimentaire
du sud de la Cote d'Ivoire est directement pris en écharpe par le
prolongement de 1la fracture océanique "St Paul", transverse de 1la
ride médioatlantique, qui recoupe obliquement 1les directions
structurales du socle. Cet accident majeur est accompagné de failles
satellites paralléles. Des fallles méridiennes, liées aux directions
du socle continental, déterminent des compartiments, eux-mémes
divisés en marches d'escalier par des failles méridiennes.

Néotectonique: L'existence draccidents séparant des formations
d’ages différents témoignent d'une néotectonique active. Rien ne
permet de mesurer le rejeu des failles.

Sédiments lagunaires: Sur le pourtour des lagunes, et, en général
sur les fonds inférieurs a 2,5 m, le sédiment est composé de sables
et silts a4 grain médian compris entre 1,6 mm et 45.10"%m. Les
chenaux plus profonds sont recouverts par des vases et argiles fiues
& grain médian inférieur a 5.10"%m. La teneur en eau de ces vases

est toujours élevée: 200 a 700% du poids du sédiment sec.

Les minéraux argileux sont par ordre d'importance décroissante 1la
kaolinite puis 1'illite et 1les 1interstratifiés pgonflants de type
illite-montmorillonite.

Les teneurs en calcite de 0 a 15% sont liées a la présence de
coquilles de mollusques. La pyrite est présente dans les vases
riches en matiére organique. La matiére organique est abondante dans
les sédiments fins dans 1les chenaux et les fossés, ou son
accumulation est liée a 1'hydrodynamisme, et dans les secleurs a
forts apports de débris végétaux continentaux ou planctoniques. Ses
teneurs sont comprises entre 0O et 1% dans les sédiments sableux et
dépassent 20% dans les vases. Elles peuvent atteindre 50% a
proximité des rives plates couvertes de palétuviers.
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Les dépéts dans les fosses profondes et en zone urbaine sont
fortement réducteurs.

3. Géographie et morphologile
- Lagune de Grand Lahou:

Localisation: Département d'Abidjan, sous-préfecture de Grand
Lahou, 5° & 5°25'W, environ 5°10'N.

Surface du bassin versant: 104 000 kmZ (93% en zone soudanaise).
Surface de la lagune: 190 km?.

Morphométrie du bassin: bassin principal allongé E-W sur 50 km de
long, parallélement a 1la cdte atlantique; communication quasi
permanente avec 1'océan par le grau de Grand Lahou; communication
artificielle par un canal avec la lagune Ebrié & 1'est.

Profondeur moyenne: environ 3 m.

- Lagune Aby:

Localisation: Département d'Aboisso, sous-préfectures d'Adiaké et
d'Aboisso. Environ 30 km? en territoire ghanéen. 2°5' & 3°20'W
et 5°06 & 5°24°'N.

Surface du bassin versant: 26 500 kmz, entiérement en zone
guindenne.

Surface de la lagune: 424 kmZ.

Morphométrie du bassin: est composé & 1'ouest du bassin Aby
proprement dit en forme de massue & axe perpendiculaire a4 la codte
et des bassins Tendo et Ehy 4 1'est, allongés parallélement & 1la
cHte atlantique; communication naturelle permanente avec 1'océan
par le grau d'Assinie; communication artificielle & 1l'ouest avec
la lagune Ebrié par un canal.

Profondeur moyenne: 3,8 m ; max. 23 m.

- Lagune Ebrié:

Localisation: Département d'Abidjan, sous-préfectures d'Abidjan,
Bingerville, Dabou, Jacqueville, Bonoua et Grand Bassam. 3°40' &
4°50'W et 5%20'N environ.

Surface du bassin versgant: 93 600 km2 65% en zone soudanaise.
Surface_de la lagune: 566 kmZ

Morphométrie du bassin: bassin principal étroit (1 a 7 km de
large), & axe principal paralléle A& la c¢dte océanique, sur 125 km
de long; bassins annexes Aghlen et Potou orientés SE-NW.
Nombreuses baies périphériques sur 20% de la surface totale.
Profondeur moyenne: 4,8 m.

—~ Paysages du bassin versant: communs aux trois lagunes.

Du nord au sud: Plateaux de 300 & 500 m au nord du 8°N; Glacis de
100 & 200 m entre 6° et 8°N; Plaine plus ou moins vallonnée
inférieure & 200 m au sud du 6°N; Plateaux étagés de 100 & SO m
juste au nord des lagunes; Cordons littoraux de 6 & 10 m entre les
lagunes et l'océan.

Toutes ces formations sont parcourues par des plaines alluvisles
d'orientation prédominante N-S.
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régional: Régions I, V et VI fermées (peu renouvelées);
Régions II, III et IV ouvertes (trés renouvelées par les eux
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au niveau de la lagune Ebrié (d'aprés Tastet 1979).
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Hydrographie et hydrologie

- Lagune du Grand Lahou:

Apports continentaux moyens: 10.109m3.an‘1, 95% par le
fleuve Bandama; variabilité interannuelle importante; apports
atmosphériques non estimés; ouverture gquasi permanente sur
1’'océan; apports océaniques inconnus. Influence des apports
continentaux maximale en septembre-octobre. Taux de renouvellement
moyen par les eaux continentales: 18 an~1,

~ Lagune Aby:
Apports continentaux moyens: 1,9.109m3.an‘1 par la Bia;
4,2.10° par 1la Tanoe; 0,35.109 par le ruissellement diffus;
0,9.10° par les précipitations directes; exportation de

0,6.109m3.an"1 par évaporation.

Crues principales des riviéres en juin-juillet; secondaire en
septembre-octobre; variabilité interannuelle des apports
continentaux considérable (facteur 4). Taux de renouvellement
moyen par les eaux douces: 2.5.an'1. Ouverture permanente sur
1'océan; apports océaniques inconnus.

- Lagune Ebrié:

Apports continentaux moyens: 9,85.109m3.an"1 (Comoe 7,1;

Mé 1,5; Agneby 0,9). Variabilité interannuelle considérable
(facteur 5).

Crue principale du Comoe en septembre-octobre (eaux soudanaises).
Crue principale des autres riviéres en juin-juillet; secondaire en

octobre-novembre. Apports atmosphériques directs:
1,1.109m3.an‘1; apports océaniques 38.109m3.an’1;
exportation par évaporation 0,7.10%m3.an"1, Taux de

renouvellement moyen par les eaux douces: 3,5.an'1. variable de
30 en régions ouvertes a 0,4.an"! en régions Ffermées. Ouverture
océanique permanente par le canal artificiel de Vridi.
Communication avec 1les deux lagunes voisines par des canaux
artificiels.

Caractéristiques physico-chimiques

Compte tenu de la grande variabilité spatiale et temporelle de ces
caractéristiques dans les lagunes, les moyennes globales n'ont pas
de signification. Les valeurs indiquées sont plus fiables en lagune
Ebrié, ol on dispose d’'un grand nombre de mesures, qu'en lagunes
Grand Lahou et Aby. Le schéma de variations décrit pour la lagune
Ebrié peut probablement &tre généralisé aux autres lagunes.
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Tableau 3.1: Moyennes des paramétres physico-chimiques en surface en
lagune de Grand Lahou.

Saison séche
janvier-avril

Paramétre Saison des crues

septemb.-novemb.

Saison des pluies
mai-juillet

Température de surface (C) 28-32 24-29 28-31
Salinité de surface (°/00) 10-25 0-10 0-5
Transparence {(m) 0,5-3 0,3-2 0,1-1,5
PO, (107%g.171) de 0 & 60

Noy (107%.171) de 0 & 150 (max cn saison des pluies)

NOy (10“65.1"1) de 0 & 150 (max en saison des pluies)

0O, en surlace (m1.171 de

Tableau 3.2. Moyennes des paramétres physico-chimiques en lagune Aby.

Paramétre Saison séche Saison des pluies Saison des crues
février juillet octobre
Température de surface (C) 28-32 26-29 27-32
Salinité de surface {(0/00) 0-20 0-5 0-5
en profondeur ( 6 m) 18-22 18-22 18-22
Transparence (m) 0,2-1,5 0,2-1 0,4-1
Po, (107%g.171) en surface de 0,5 a 80
en profondeur "jusqu'a 1000
NOy (10795.171) en surface de 0 & 150
NO, (10'65. 171) en surface de 0 a 60
02 en sucface (ml.1"1) de 3 & 7
en profondeur 0

Le bassin central Aby comporte une zone centrale profonde, comprise
entre 6 et 17 m, dont les eaux réductrices toute l'année sont peu
renouvellées par les courants d'eau douce et de marée.

- Lagune Ebrié (fig. 3.5)

Les caractéristiques physico-chimiques sont sous 1la dépendance
principalement des échanges d'eaux océaniques et continentales, des
précipitations et des rejets humains, variables géographiquement et
saisonniérement.
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Figure 3.5 Variations régionale et saisonniéres des salinités de
surface en lagune Ebrié (année 1975, d'aprés Dufour 1982).

164



WEST AFRICA

Les eaux d'origine océanique sont plus froides que 1les eaux
d'origine continentale qui sont par contre plus acides, plus
turbides et plus riches en sels nutritifs. Les concentrations en
éléments nutritifs N et P (sous toutes leurs formes, soit minérales
et organiques, dissoutes ou particulaires) croissent dans 1'ordre
suivant: eaux océaniques de saison chaude, eaux océaniques
d'"upwelling™, eaux continentales originaires de 1la savane (zone
soudanaise), eaux continentales originaires de 1la forét (zone
guinéenne), eaux météoriques, eaux usées par 1l'activité humaine. Il
en résulte que les concentrations nutritives croissent des saisons
d’'étiage aux saisons de dessalures et de 1la région d'estuaire,
proche de 1'océan, vers les régions continentales.

Dans 1le tableau suivant sont fournies 1les moyennes annuelles
(généralement collectées en 1975-76) dans les régions fermées du
secteur occidental de 1la 1lagune (peu renouvelées par les eaux
océaniques et continentales) et ouvertes centrales trés renouvelées
par les eaux océaniques et continentales), urbaines ou rurales. Ces
moyennes ne doivent pas masquer une variabilité extréme; par exemple
les concentrations en phosphates relevées varient de 0 a
340 mg.l"l. On note qu'une plus grande proportion de sels
nutritifs est stockée sous Fforme particulaire dans les régions
fermées et dans les secteurs pollués.

Tableau 3.3. Moyennes des paramétres physico-chimiques en surface en
lagune Ebrié.

Paramétres Région Région ouverte Région ouverte
fermée rurale urbaine
Température en sucrface (C) extrémes de 22,5 & 35 et moyenne de 25 a 31
3alinité en surface (°/00) 245 0 a 32 0 a 32
Transparence (m) 0,5 a 2 0,1 a3 0,05 a 2
N minéral dissous (107%g.171) 24 95 12
N organique dissous (10"65.1"1) 310 260 350
N particulaire (10~6g.1"h) 420 140 700
P minéral dissous (107%g.171) 7 20 40
P organique dissous (10-%g.1-1) 12,5 14 42
P particulaire (10~%g.1"1) 52 25 87
Oxygene (% de saturation en
surface) 50 a 150% (max. secteurs eutrophes le soir)
pH en surface 6,5 a 10 {max: secteurs eutrophes, saison

d'étisge, 1le soir, et min: zone d'influence
continentale le matin)
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~ Régime de mélange

Mélanges verticaux: Compte tenu de 1la faible profondeur et de
1'agitation due aux vents et aux courants, les concentrations
(salinité, N et P) sont généralement homogénes sur 1'épaisseur de la
colonne d'eau en lagune Ebrié, a 1'exception des secteurs les plus
profonds et de 1la zone d'estuaire (proche du canal de Vridi) qui
couvrent moins de 15% de la surface lagunaire.

La situation est probablement identique en lagune de Grand Laacu. Une
stratification accentuée, 1liée a 1'activité photosynthétique, & la
sédimentation, et aux phénoménes de dégradation des matiéres
organiques, a néanmoins été observée sur de larges surfaces des lagunes
Ebrié et de Grand Lahou en période de calme exceptionnel au printemps
1980. Une couche anoxique et réduite a été alors observée en
profondeur, gagnant progressivement la surface et empoisonnant toute la
colonne d'eau, au moment du retour de 1l'agitation asscciée a des
conditions d'éclairement incidents trés défavorables (tornades). Il
s'ensuivit des mortalités massives de poissons.

Différemment, le bassin central de la lagune Aby, plus profond (jusqu'a
17 m), est réguliérement structuré sur la verticale. Il y existe
en-dessous de 6 m une couche d'eau anoxique, plus froide et salée, et
plus riche en sels minéraux essentiellement a 1'état de réduction
maximum (NH,, H,S et PO, non complexé et non immobilisé).

Mélanges et circulation horizontaux: La marée dynamique se propage de
1'aval a 1'amont avec retard et amortissement (jusqu’a 6 h 30 et 90%
aux extrémités de 1la lagune Ebrié). Elle est perturbée par des
phénoménes de seiches propres & chaque bassin.

La marée saline se propage selon un rythme biquotidien et saisonnier
lié a 1'amplitude des marées et aux débits des riviéres concurrentes.
Dans les zones proches de la communication avec 1l'océan, la circulation
est de type estuarienne (laminaire) avec entrée d'eau marine en
profondeur et sortie d'eau saumitre en surface. En amont, au fur et a
mesure que la profondeur diminue 1les mouvements des eaux deviennent
plus turbulents et la colonne d'eau s'homogénéise. En saison de crues,
les secteurs entre 1'embouchure des rivieres et 1l’exutoire en mer ont
un régime de circulation de type lotique, ceci principalement en lagunc
Ebrié ou le bassin lagunaire est étroit.

— Bilan des sels nutritifs

En lagune Ebrié, 1'élément nutritif le plus limitant est le P en
régions fermées, 1'N en régions ouvertes. En régions fermées, 1la
production autotrophe est presque exclusivement supportée par un
recyclage interne des sels nutritifs (production de régénération). En
région ouverte, elle est tributaire des apports de sels nutritifs (en
provenance des régions amont, du <continent, de 1'océan et de
1'atmosphére). Globalement 1la 1lagune Ebrié apparait importatrice
d'éléments nutritifs sous forme minérale et organique détritique, et
exportatrice (vers 1'océan) de biomasse végétale. L'exportation vers
1'océan de 3500 t de Np,. (minéral et organique, particulaire et
dissous) est responsable du 1/10éme de 1l1a production autotrophe du
plateau continental océanique face 4 la lagune.

Le régime des sels nutritifs sur les autres lagunes ivoiriennes, rnou
étudié, est probablement identique.
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6. Macrophytes

Les macrophytes se localisent exclusivement sur les rives. En bordure
des eaux calmes peu salées, de la pleine eau a la rive, la succession
est la suivante: une zone externe a hydrophytes 1libres, une zone
moyenne & hydrophytes fixées nymphoides ou rubanées et une =zone
interne, qui est 1la prairie aquatique, ol dominent 1les grandes
graminées flottantes. Selon 1les conditions écologiques locales, les
zones s'interpénétrent, 1'une disparaissant au profit des autres.

Sur les sols hydromorphes alluvionnaires, riches en matiéres
organiques, salés et soumis au régime des marées, on rencontre  des
mangroves ou foréts. Les palétuviers rouges et blancs, Rhizophora
racemosa et Avicennia africana y jouent le rdle essentiel, puis par
place des fourrés & Acrostichum aureum et des prairies a Paspalum

vaginatum. A cette forét 1littorale succédent souvent des zones
marécageuses.

Ces groupements végétaux sont en régression du fait de 1l'urbanisation
des berges, du défrichage, de 1'aménagement agricole et des coupes
pour besoin de chauffage et autres. Leur rdle sur 1'écologie des
lagunes ivoiriennes n'est pas connu.

7. Phytoplancton et phytobenthos

~ Lagune Ebrié

Groupe taxonomique: Les régions les plus Ffermées sont dominées par
des cyanophycées. Les indices de diversité (Shannon) tournent autour
de 2. Les régions ouvertes sont dominées en saison d'étiage par des
diatomées, dinoflagellés et cyanophycées de relativement grande
taille et bien diversifiées (Shannon = env. 2). En saison de crues
on n'observe plus dque gquelques diatomées d'eau douce ou des
euglénophycées (Shannon = env. 1).

Dans les baies polluées, on observe des Fleurs d'eau de petits
dinoflagellés, euglénophycées, cryptophycées et chlorophycées
souvent trés peu diversifiés (indice = env. 1).

Biomasse et production du phytoplancton (fig. 3.6): Dans les régions
ouvertes, biomasse et production brute sont maximales en saison
d'étiage. En saison de crues, la turbidité élevée contrarie 1la
photosynthése et 1les courants évacuent vers 1'océan la biomasse
produite. Dans les régions fermées biomasse et production brute sont
plus stables au cours de 1l'année et plus élevées. Cette plus grande
production est en quasi totalité entretenue par un recyclage interne
de matiére et caractérise un écosystéme diversifié et mature. Tout a
fait différemment, la plus faible production des régions ouvertes
est supportée par des sels nutritifs issus du continent et elle
enrichit globalement le complexe lagune-océan en matiére végétale.

Production et biomasse sont les plus élevées dans les secteurs
pollués par 1'agglomération d’Abidjan.

Les moyennes annuelles, ainsi que les termes du bilan de matiére et
d'énergie dans les différentes régions sont résumées dans le tableau
suivant:
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Figure 3.6 Concentrations en chlorophylle a totale en 1975 en surface

de la lagune Ebrié (d'aprés Dufour 1983, thése Doct., ORSTOM, Paris).

Carte centrale: moyenne annuelle; de part et d'autre: concentrations
mensuelles.
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TABLEAU 3.4. — Valeurs moyeunes de quelques paramétres du phytoplancton et de sa production dans une région « ferméen,

dans une région « ouverte », en région urbaine d’Abidjan et en région rurale proche (lagune Ebrié).

o Région : Région Lagune
Région Région s
. A ouverte ouverte entiére
Paramétres Epoque Unités f?;/n;)ee rurale (;llllvlen)e urbaine (total ou
(1) tot (1) moyenne)
Biomasse
C, du seston 1975 mg.m™? 4862 804 1081 1310 2353
Chiorophylle «a» totale = B 1975 mg.m " 34,7 7,3 14,3 20,1 16,5
% de phéopigments (médianes) 1975 L) 24 28 21
C, annuel de B 1975 % 49 59 75
Indice de Shannon (phytoplancton) 1976 ~2 1-2 -1
Production du phytoplancton
Production brute annuelle
ZIZ A 1975 g0, m~? 2070 590 862 1050 1405
IIT A/ B 1975 g0,/(mg chla) 17,5 9,4 8,0 7,6 17,8
Respiration annuelle ZXZ R 1975 g0, m~? 1312 273 650
JI¥ R/ZZZ A 1975 %o 63 32 46
Production nette annuelle
IIZ P 1975 g0, m"? 758 589 755
ZXZ R/ZZZ P 1975 1,73 0,46 0,86
Flux de matiére
Importation de B Moyenne gC.m~?an"! 0,15 125 12
Exportation de B " . 1,88 238 30
Bilan de B aux frontiéres ’ " 1,73 113 18
B importée/B produite in situ " % 0,06 68 5
B exportée/B produite in situ " %o 1,07 129 12,7
B exportée/B produite et importée " % 1.07 77 12,0
Renouvellement de B par Z P " j 19,2 8,4 12,6
Renouvellement de B par I P et les importations ° ) 19,2 5.0 12,0
Pour-cent de 23X A « nouvelle» 1975 %o <1,7 >83
Pour-cent de 22X P « nouvelle » " % <4,1 > 100
Flux d’énergie
p énergie absorbée par le phytoplancton 1975 % 20,6 4,5 6.8 9.1 12,9
P rendement de la production brute 1975 %o 0,54 0,16 0,22 0,28 0,37
P, rendement de la production nette 1975 %o 0,22 0,15 0,20
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8.

170

Le phytobenthos est abondant jusqu'a 2 meétres d'immersion (100 a
200 mg Chl a.m’z); en-dessous de 3 m, la biomasce phyto-
planctonique de 1la colonne d'eau sus-jacente est plus importante.
Sur l'ensemble de la 1lagune Ebrié, 1la production brute du
phytobenthos est estimée & 10% de celle du phytoplancton.

- Lagune Aby

Les concentrations phytoplanctoniques semblent plus élevées en
moyenne qu'en lagune Ebrié: 53 mg.m‘3 en février (saison d'étiage)
27 et 13 mg.m3 en juillet et octobre (saison des crues). Mais 1la
transparence plus faible, entralnerait & 1'échelle annuelle une
production brute a peu prés identique a celle de la lagune Ebrié.

- Lagune de Grand Lahou

Peu de mesures, méme ordre de grandeur que dans les deux autres
lagunes.

Invertébrés

Zooplancton

- Lagune Ebrié

Le calanoide Acartia clausi est pratiquement la seule espéce du
mésozooplancton de la partie ouest (fermée), et il domine dans 1la
majeure partie des régions centre et est (ouvertes) oUu abondent
également des formes marines cotieres. Une croissance assez élevée
durant la phase copépodite, est notée chez Acartia (entre 0,26 et
0,89.10‘6g de poids sec 10"65’1.j“1). La production d'oeufs
par les femelles varie selon les régions avec des chiffres extrémes
de 0,3 et 120,5 oeufs par femelle par jour (0,002 &
0,55.1076g-1 j-1).

La biomasse du zooplancton est relativement Faible, représentant de
0,2 a 4,2% de 1la biomasse des microparticules - ciliés, algues,
bactéries, détritus - inférieures & 60.107%m. Les estimations
faites la situent entre 4 et 6 kg de poids sec ha=l. Le temps de

renouvellement de la biomasse estimée pour les populations d'Acartia
est de 1'ordre de 3 jours.

— Autres lagunes Peu de connaissances

Macrofaune benthique

- Lagune Ebrié

Les groupes représentés sont les mémes qu’en mer, avec dans 1’ordre
drabondance: Polychétes, crustacés (Isopodes, Amphipodes, Decapodes,
Mollusques) oligochétes, némertes et géphyriens, mais les
populations y sont moins bien diversifiées. L'abondance est maximale
sur les petits fonds et quasi nulle en-dessous de 3 m. Les biomasses
varient entre moins de 0,1 g PS.m~2 et prés de 100 g PS.m~2,
Dans 1les régions ouvertes, elles semblent maximales en saison
d'étiage. Il faut signaler 1'importance tout & fait exceptionnelle
d’un petit lamellibranche Corbula (Aloidis) trigona, trés abondent
sur les petits fonds des secteurs occidentaux dessalés ot il
constitue la nourriture presque exclusive des Chrysichthys.
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- Autres lagunes Pas de données.

Les Tarets

Les lamellibranches sont abondants en lagune ou ils parasitent 1les
matiéres ligneuses. On observe Bianka bagidaensis entre 16 et 35 /o0
et Teredo petiti entre 3 et 10 °/oo.

La crevette rose Penaeus duorarum notialis

Les adultes pondent en mer. Les post-larves, dagées de 3 semaines
environ, pénétrent dans les lagunes a marée montante, la nuit, toute
1'année, plus nombreuses en période de nouvelle lune et de septembre &
janvier. Les limites de leur pénétration sont liées & 1l'extension de
la marée plus qu'a la valeur des salinités. Les jeunes crevettes sont
surtout abondantes dans les secteurs saumatres, sur les sédiments
fins, vaseux et riches en matiére organique des berges, roseliéres,
baies et embouchures des riviéres. Leur taille moyenne diminue vers
1'amont.

Aprés 2,5 & 3 mois de croissance en lagune, les juvéniles redescendent
en mer, la nuit, & marée descendante, principalement entre février et
avril, en octobre {(crues) et en juin (crues). Pour 95% d'entre elles
leur taille est comprise entre 16 et 17 mm (L.C.).

La crevette Macrobrachium

Elle se reproduit dans 1les riviéres: les immatures opérent leur
croissance dans les secteurs trés dessalés des lagunes.

Le crabe Callinectes Stimpson

Deux espéces sont abondantes en lagune Ebrié, moins en lagune Aby, C.
amnicola et C. pallidus. Les femelles de la premiére espéce sont
matures a partir de 13,5 cm de largeur totale (environ 150 g). La
ponte, le développement larvaire et le recrutement des juvéniles ont
lieu dans des ecaux de salinité supérieure a 17 °/o0o. Elles sont
suivies de 1la croissance des juvéniles et de 1l'accouplement dans des
eaux de salinité inférieure & 5 ©°/00. Les mdles ne migrent pas,
fréquentant toute 1'année les eaux dessalées.

8. Poissons

La faune piscicole comporte plus d'une centaine d'espéces. Les plus
abondantes sont les suivantes:

Ethmalosa fimbriata: pélagique planctonophage trés euryhaline (1 a
36 °/00), se rencontre en abondance sur 1l'’ensemble des trois
lagunes. La ponte a lieu dans des eaux de salinité supérieure a
5°/00, en lagune ou en mer, ol les juvéniles se maintiennent 4 mois
jusqu’a la taille approximative de 6 cm. Puis ils se répartissent
sur 1'ensemble du systéme lagunaire jusqu'a 9-12 mois (12 cm). Ils
se rassemblent ensuite sur les lieux de ponte de novembre a juin
pour des tailles de 13 & 15 cm, puis aprés la ponte, quittent 1les
lagunes pour 1l'océan.
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Tilapia jentinki, T. guineensis et T. heudelotii: espéces
estuariennes vraies qui peuvent dérouler toute leur existence en
lagune, mais s'observent aussi en mer et dans le bas cours des
riviéres. (T. guineensis seulement).

Elops lacerta: prédateur, pélagique, se reproduit en mer, seuls -les
immatures sont abondants en lagune.

Chrysichthys nigrodigitatus et C. walkeri: espéces benthiques lides
aux eaux peu salées lors de leur croissance.

Tylochromis jentinki: espéce estuarienne vraie, ponte d'aoiit a
février, incubation buccale, adultes matures & partir de 20 mois
pour 160 mm de L.F.

Sardinella maderensis: espéce marine estuarienne.

Pomadasys jubelini et Liza falcipinnis: se reproduisent en mer et
ont leur phase de croissance en lagune.

10. Activités et aménagement
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La pression de 1'homme sur les lagunes ivoiriennes est intense, elle
s'exerce dans différents domaines: pollution, péche, grands travaux
publics.

Population

En 1970, 1les populations des bassins versants des trois principales
lagunes étaient 1les suivantes: Ebrié 1 551 000, Aby 88 800, Grand
Lahou 1 722 000.

Depuis 1970 la population s'est accrue, surtout sur le bassin versant
de la lagune Ebrié ol Abidjan est passé de 550 000 habitants en 1970 a
plus de 2 000 000 aujourd’hui. -

Rollution

Foréts et savanes des bassins versants sont largement défrichées. Le
sud supporte des plantations  industrielles ou familiales de café,
cacaotiers, palmiers a huile, cocotiers, hévéas, bananiers et ananas,
le nord surtout des plantations de coton et canne i sucre auxquelles
il faut ajouter partout des cultures vivriéres. Il est fait un usage
encore modéré de pesticides dont certains sont pourtant déja détectés,
en quantités significatives, dans les sédiments (DDT, Lindane).

L'industrie est essentiellement concentrée a Abidjan. Les plus grosses
entreprises transforment les produits agricoles et sont a 1l'origine
d'une pollution organique (25% de la pollution organique de la lagune
Ebrié). On observe aussi dans les sédiments de la lagune urbaine des
teneurs déja élevées en hydrocarbures PCB, DDT, Lindane et métaux
lourds, modérés cependant par rapport a certain milieux aquatiques de
pays industrialisés.

Les eaux usées de 500 000 Abidjanais sont collectées par un réseau et
aboutissent en lagune aprés un traitement uniquement primaire et
incomplet. On estime que 20% de 1la pollution organique de 1la
population restante (1,5 M. habitants) parvient aussi en lagune. Il en
résulte que le tiers de la DBO de la lagune Ebrié urbaine, soit preés
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de 20 000 t/an provient de <cette pollution. L'eutrophisation
résultante se traduit par des gradients significatifs de sels
nutritifs, matiere orgenique, phytoplancton et une accélération de
certains rythmes biologiques (nombre d'oeufs, croissance, maturité
sexuelle) de la zone rurale & la zone urbaine. Une grande partie des
fonds des baies de la zone urbaine est anoxique.

Du fait de 1a pollution bactérienne la baignade est dangereuse (plus
de 2000 coli fécaux/100 ml) sur 1'ensemble de la lagune Ebrié urbaine.
La péche devrait y étre interdite dans certaines zones.

La pression polluante est moins intense sur les lagunes Aby et de
Grand Lahou.

Péches

En 1981 1la production des poissons des 3 grandes lagunes ivoiriennes
avoisine 8 & 10 000 t/an alors que leur potentiel productif, atteint
les années précédentes, est de 15 a 20 000 t/an (identique aux
pécheries océaniques ivoiriennes et représentant 10% de 1la
consommation de poissons du pays).

Tableau 3.5 Estimation des captures des lagunes ivoiriennes en tonnes.

EBRIE ABY

Poissons Crevettes Autres Poissons
crustacés
1975 92001 7804 18001
1976 76002 600%
1977 67002 6604
1978 600034 (>400)%
1979 540034 540% 79003
1980 2604 50006
1981 31006%

1982

* Captures estimées sans la péche individuelle.

Le nombre des engins collectifs (sennes) a eu tendance a croitre en
lagune Ebrié (+ 360% entre 1964 et 1975) et en lagune Aby & partir de
1970. Leur longueur a été multipliée par 4 ou 5 tandis que leur
maillage diminuait de 40 & 14 mm. En 1976-77, elles réalisaient 70 a
75% des captures en lagune Ebrié et leur quasi totalité en lagune Aby
(la péche aux engins individuels est restée générale en lagune de
Grand Lahou). Les tonnages capturés augmentant ainsi que la proportion
de juvéniles, il en est résulté une surexploitation des stocks et un
effondrement des productions (d'ailleurs aussi 1liés a la pollution et
aux grands travaux publics dans une proportion non déterminée). En
1979 on a capturé 5000 tonnes d'Ethmaloses en lagune Aby et seulement
500 t en 1981. Devant cet état de fait, 1l'effort de péche des sennes a
baissé en lagune Ebrié pour se réorienter progressivement vers
l'océan. En 1982, la péche aux engins collectifs a été provisoirement
interdite dans les lagunes Ebrié et Aby, et une nouvelle
réglementation adoptée: 1limitation du nombre de 1licences, de 1la
longueur des sennes et de leur maillage (désormais 30 mm), ainsi que
des périodes de péche.
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Les sennes appartiennent en lagune Ebrié a des propriétaires privés
(dont 1'activité principale n'est souvent pas la péche) qui les font
manipuler par des manoeuvres allochtones. Les péches individuelles
sont mises en oeuvre par des riverains autochtones auxquels la coutume
réserve des territoires. Malgré ce découpage foncier, la
surexploitation croissante par les engins collectifs entraine -des
conflits entre les deux catégories de pécheurs. En lagune Aby, les
sennes appartiennent a des villageois riverains regroupés en
coopérative.

En 1976-77, les Ethmatoses représentaient en lagune Ebrié plus de 60%
des captures de poissons. Venaient ensuite représentant chacune 4 3 6%
des prises: les Tilapia, Elops, 1les Chrysichthys, Tylochromis et
Sardinella. Les Chrysichthys représentaient la plus grande valeur
marchande, suivis des Tilapia et Tylochromis, 1les Ethmaloses
n'arrivant de ce point de vue qu’en 4éme position.

Les rendements moyens annuels ont été de 100 & 200 kg/ha
respectivement en lagune Ebrié et Aby, en 1979. Ils varient avec les
secteurs sous l'effet des conditions écologiques et des techniques de
péche, dans le temps aussi (cf. supra).

Les pécheries exclusivement artisanales utilisent huit catégories
d’engins ou de techniques; par ordre d'importance des captures en
lagune Ebrié: les sennes de plage et tournantes, les filets maillants,
les lignes (palangres et & hamegons multiples), les éperviers, les
enclos (pécheries fixes), les nasses, les bambous, enfin
épisodiquement et clandestinement les poisons.

Les crustacés sont capturés essentie