
        
            
                
                    
                        [image: Cover]
                    

                

            

        

    
    
      
        
          The inland water fishes of Africa

          Diversity, ecology and human use

        

        Didier Paugy, Christian Levêque and Olga Otero (dir.)

      

      
        
          
            
              
                	DOI: 10.4000/books.irdeditions.25130

                	Publisher: IRD Éditions, Éditions Mrac

                	Year of publication: 2017

                	Published on OpenEdition Books: 27 November 2018

                	Serie: Hors collection

                	Electronic ISBN: 9782709924016

              

            

            
              
                
                  [image: OpenEdition Books]
                
              

              
                http://books.openedition.org
              

            

          

          
            
              Printed version

              
                	ISBN: 9789492669100

                	Number of pages: 680

              

            

             

          

        

      

      
        Electronic reference

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                PAUGY, Didier (ed.) ; LEVÊQUE, Christian (ed.) ; and OTERO, Olga (ed.). The inland water fishes of Africa: Diversity, ecology and human use. New edition [online]. Marseille: IRD Éditions, 2017 (generated 20 avril 2021). Available on the Internet: <http://books.openedition.org/irdeditions/25130>. ISBN: 9782709924016. DOI: https://doi.org/10.4000/books.irdeditions.25130.    

      

      
        This text was automatically generated on 20 April 2021.

        
          © IRD Éditions, 2017

          Terms of use: 
http://www.openedition.org/6540

        

      

    

  
    
      
        
	The equilibrium of inland hydrosystems is presently a cause for concern, with species extinction rates there estimated to be 5 times higher than for terrestrial fauna in the 21st century. Urgent measures must be taken to conserve these ecosystems particularly with regard to fishes, which represent an especially rich and diverse evolutionary heritage.

        
	Fishes were long unaffected by human activity on the African continent, but anthropogenic pressure has increased in recent decades. Good management of African continental waters is thus of paramount importance in terms of heritage and economics, as fishes are a vital natural resource for the people in sub-Saharan Africa.

        
	In view of biodiversity conservation, African fishes are investigated here as a biological model owing to their enormous ecological and genetic diversity. It is essential to know the ecology and structure of various communities, and to understand the impact of human activity. This book discusses the diversity of environments, the origin and evolution of species, survival and adaptive strategies, the structure of fish communities, and the impact of human activity. It also devotes a section to fisheries and fish culture.

        
	This ambitious project summarizes the current state of knowledge on African fishes and their populations, highlighting the mechanisms regulating their equilibrium and the causes contributing to their erosion. It is a reference not just for readers involved in African aquatic environments, but for anyone interested in biodiversity conservation in general.
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          Foreword

        

        Didier Paugy, Christian Levêque and Olga Otero

      

      
        
           Since 1992, the International Convention on Biodiversity has emphasized the need for conservation of species and natural environments. Much discussion has involved the biological diversity of tropical forests and terrestrial ecosystems, as well as the consequences, often negative, of human activity on the long-term evolution of these environments. Although freshwaters did not always receive enough attention, their present state is often worrying.

           Yet continental aquatic biodiversity displays interesting characteristics:

          
            	a relatively high rate of endemicity, particularly in lakes and rivers that were isolated for millions of years such as the East African great lakes, Lakes Baïkal, Biwa, and Titicaca, as well as the forest basins of the Amazon and the Congo, to name a few;

            	high genetic variability between populations of species with an enormous geographic distribution, but occupying hydrographic systems that have been isolated for more or less long periods;

            	a disproportionately large number of vertebrates in relation to the surface area occupied by continental waters (0.01% of the planet’s waters, for an area of around 1 or 2% of land mass).

          

           Out of some 30,000 known fish species, an estimated 12,800 are freshwater species. The inland waters of the African continent host no fewer than 3,000 fish species and many families of ancient origin.

           If we take into account all the other vertebrates (amphibians, reptiles, birds, and mammals) that depend heavily on continental waters to complete their life cycle, then at least a third of these vertebrates are present in the hydrosystems or largely depend upon them.

           The very concept of biodiversity presumes that we take an interest in the different levels of biological organization within a hierarchical system: genes, species, communities, and ecosystems. The backdrop of biodiversity has both spatial (stations, ecosystems, regions) and temporal (from the present to millions of years past) aspects. In other words, the diversity we see now is the legacy of the long evolutionary history of species, in an also-evolving climatic and geomorphological context. Research on palaeo-environments and the phylogeny of species help us reconstruct the dynamics of species evolution and distribution, which in turn allow us to interpret and explain the composition of local and regional fauna today.

           But biodiversity also encompasses the knowledge of the genetic diversity of species, especially for fragmented populations that are isolated from each other – the case of many widely-distributed species for whom watersheds are, in fact, equivalent to islands. This field, which emerged only in the 1980s with the development of molecular biology tools, is an area of research that has already yielded much new information and become of paramount importance in recent years.

           The diversity of biological traits is also a matter of interest. To some, these are adaptive responses to environmental conditions, though within the bounds of the constraints posed by phylogenetic characteristics. Biodiversity’s role in ecosystem function is also explored. Do all species play a useful role in ecosystem function? What consequences are derived from the disappearance or, conversely, the introduction of certain species? What are the roles and significance of key species and rare species? All these questions on biological diversity are, in themselves, fascinating research topics.

           In Africa, fishes were long preserved from anthropogenic impacts but are now endangered by human activities:

          
            	water planning and management (dams, dikes, channels, etc.);

            	industrial, urban, or non-point source pollution;

            	overexploitation of existing stocks;

            	introduction of exotic species.

          

           The conservation of aquatic biodiversity requires emergency measures practically everywhere in the world, including Africa where, for instance, the fauna of the East African lakes is seriously endangered.

           Fishes are in fact an excellent biological model for tackling questions raised by the myriad aspects of biodiversity:

          
            	this biological heritage, of global value, is the fruit of a long evolutionary history; Africa in particular has a large number of endemic species and numerous so-called “archaic” families;

            	a wide range of biological and ecological models are available thanks to the variety of life history, space occupation, and resource use strategies, and physiological and morphological adaptations;

            	the group is seriously threatened by human activity, either through fishing and the introduction of foreign species, or through physical (landscape planning) or chemical (pollution) changes that affect aquatic environments;

            	specific issues regarding fish protection are raised in the context of conservation biology;

            	fishes are an economic resource of utmost importance, be it though fishing or aquaculture (and the sole source of protein in some developing countries), or the activities surrounding it in the fields of sport fishing or aquariology.

            	fishes are an element of cultural diversity, and may be the subject of myth and tradition.

          

           Wise management of continental waters is a real economic issue for African countries. This book is a synthesis of multiple research activities on African aquatic ecosystems. It compiles the existing information on African fishes, which displays a broad diversity of biological models. It provides a synthesis of biological and ecological data needed to cope with conservation.

           Six main themes are developed in this book:

          
            	diversity of aquatic environments (p. 12 to p. 49);

            	origins and ecology (p. 51 to p. 188);

            	biology and evolution (p. 189 to p. 257);

            	population richness and community structure (p. 259 to p. 440);

            	impacts of human activities on fish species and populations (p. 441 to p. 478);

            	fishing and fish farming end the book (p. 479 to p. 545).

          

           With regard to fish biology, ecology, and populations of African continental waters, this book is the obvious sequel and companion to two other books that reviewed the state of taxonomic and faunistic knowledge, and that were published in 2003 (The fresh and brackish water fishes of West Africa) and 2007 (The fresh and brackish water fishes of Lower Guinea, West-Central Africa) as an initial contribution to the topic of ichthyofaunal diversity in the continental waters of Africa.

           The Scientific Editors

          
            
              We dedicate this book to Rosemary Lowe-McConnell (1921-2014) who was a pioneer in the study of tropical fish and made a highly significant contribution to our understanding of the taxonomy, evolution and ecology to tropical fishes, particularly in Africa. Ro’s research (Ro is her nickname for friends) on tilapia, an important food source for many communities in the developing world, provided a valuable basis for further studies of fish farming in tropical waters. Tilapia is now a major food fish, stocked in lakes and dams, and cultivated in ponds worldwide (see later in this book).
            

          

          
            Ro began her African scientific research in 1945 in Malawi (Lake Nyassa/Malawi). Later she went in Jinja, Uganda, at the East African Fisheries Research Organization, now the National Fisheries Resources Research Institute. Her main purpose was to study the biology of tilapia in the lakes of east Africa. Life in Africa had its challenges, but was fun, too, as described in Ro’s very readable book The tilapia trail. The life history of a fish biologist (2006).

          

          
            
              Ro never actually retired and her work in the field never did end. She participated in many international conferences on ichthyology, limnology, and ecology, and produced more than 60 academic publications and published several books bringing together studies on the ecology of freshwater fishes from the tropics.
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          The diversity of aquatic environments
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          FIGURE 1.1. An example of a network of environmental abiotic characteristics that determine the quality of a lacustrine system. The proximal variables (bottom line of the figure) have a more direct action on the composition of communities.
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          The role of physico-chemical variables: temperature and salinity

           The water temperature of rivers and shallow lakes are normally close to the mean air temperature, in contrast with deeper lakes where temperature is unevenly distributed over depth in the water column. The diurnal and seasonal solar irradiance cycle variations result in delayed cycles of temperature in the water column and alternation of stratification and mixing.

           The main factors that determine the temperature of water are latitude and altitude, with a local influence from atmospheric circulation. The latter explains why climate is often more variable than expected in equatorial regions of Africa where seasonality is expected to be minimal. The temperatures observed in different shallow African aquatic environments show that seasonality increases with latitude (figure 1.2). In the entire inter-tropical Africa, the average temperatures are high, most often above 20° C, thereby favouring the rate of chemical and biological reactions at different trophic levels, such as bacterial decomposition, photosynthesis or metabolic reactions (Lemoalle, 1981).

           The effect of altitude on the temperature of a series of shallow tropical lakes (figure 1.3) also applies to rivers: it is a major factor of species distribution in inter-tropical regions.

          FIGURE 1.2. Annual variations of surface water temperature of some shallow African lakes (from Talling, 1992).
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           From a physicochemical point of view, shallow lakes offer a great variety of conditions owing to the relative importance of evaporation in comparison to the water depth. The water salinity ranges from that of rain water (with a conductivity of about 10 µS. cm-1) in very dilute environments or on bedrock, to far above that of sea water as observed for the lake of Latir (175 g L-1 or 100,000 µS. cm-1) in Chad located in a highly evaporative environment. Salt water lakes in Africa include Lakes Magadi, Nakuru, Natron in Kenya, the Kanem lakes in Chad and Pink Lake in Senegal (Burgis & Symoens, 1987). Regardless of the quantitative aspect, the chemical composition of water is also variable, with different relative proportions in anions and major cations (figure 1.5 and table 1.I). In tropical zones, specific soil formation processes result in the production of laterite. During this process, high concentrations of ions are released, notably sodium, bicarbonate and silicate which are characteristic of tropical waters.

          FIGURE 1.3. Decrease of bottom water temperature according to altitude in some shallow African lakes (from Talling, 1992).
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           Whereas high salinity can be shown to be a limiting factor for the diversity of the fish community, a selective effect of the relative ionic composition does not appear to influence fish communities in diluted waters.

          FIGURE 1.4. Mean opposite rainfall and water temperature cycles in Northern and Southern Africa. In Northern Africa (Tunis) the rains occur during the cold season (boreal winter) whereas in Southern Africa (Germiston), they occur during the warm season (southern summer). From Griffiths, 1972).
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          Rain or temperature?
The triggering factor of some phases of the biological cycle of many organisms is often related with climatic variables.
Sometimes the factor is clearly identified, such as a flood resulting from local rain.
In other cases, it may result from a season change, with no possibility to determine which individual factor is involved as many climatic factors change synchronously.
In Northern Africa, the rainy season starts in autumn when the temperature starts decreasing.
Which factor – temperature or rain – triggers the reproductive migrations of some fish populations?
It may be useful here to compare Northern Africa with Southern Africa where the warm season occurs respectively in the dry season in the north and in the wet season in the south (figure 1.4).

          TABLE 1.I. Physicochemical characteristics of some African lakes and rivers
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          Na, K, Ca, Mg, HCO3, Cl, SO4 expressed in mg/L; conductivity expressed in µS.cm-1
Pmoy: mean depth in meters
* : HCO3 + CO3; ** : meq/L
References: B & S., 1987: Burgis & Symoens, 1987; H & H, 1992: Hughes & Hughes, 1992; VB & B, 1990: Van den Bossche & Bernacsek, 1990; W, 1972: Welcomme, 1972a.

          FIGURE 1.5. Concentrations of major anions and cations as a function of conductivity for a series of African lakes in East and Central Africa (from Talling & Talling, 1965)

          
            [image: image]
          

          The lakes and rivers of Africa

           Africa is an ancient shield with a consolidated continental base dating at least 600 million years. This base is composed of gneiss, shale and slab and is grooved in a criss-cross manner resulting in basins with raised edges (moles) levelled by erosion. With the exception of the Atlas to the north and the Cape Mountains to the south, this general relief does not seem to have been modified by the folding which is responsible for the creation of other mountains in the world.

           Five large basins occupy the centre of the continent (figure 1.6). The flow of most of the rivers towards the ocean occurs via gorges and cataracts which have a major influence on the distribution of aquatic species in the Congo, Zambezi, Nile or Niger basins (Lévêque, 1997a). Some basins have no outlet to the sea (endorheic basins). A good illustration is the Chad basin which during the Pleistocene enclosed an inland sea larger than any of the present lakes. Another example is the Kalahari and Okavango which, although drained by the Zambezi River, lose a major portion of their water in the Okavango and Makarikari marshes. Finally, to the north of the continent, almost all the tributaries south of the Atlas drain into chotts and seasonal saline pools in regions of semi-arid climate.

          FIGURE 1.6. General topography of Africa showing the principal hydrographic basins, the altitude zones above 1,000 m, and the approximate division between lower and higher Africa (redrawn from Beadle, 1981).
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           The ancient repartition of the main basins of pre-Miocene age was altered in the eastern part of the continent by the uprising of a wide band of 500 to 800 km width, oriented north-south from Eritrea to Zambezi. The trough, approximately 1,000 m deep, is due to plate tectonics and was formed about 20 million years ago. It is the origin of the creation of the vast depressions of the Rift Valley oriented in NE/SW direction and in which most of the Great African Lakes were formed. Lake Victoria, which covers an area of 65,000 km2, occupies a depression located at the centre of the two branches of the Rift Valley. The volcanic activity associated with these different rifts resulted in the creation of hundreds of crater lakes, mainly along the Western Rift.

           The African continent is thus divided schematically into two large regions:

          
            	to the East, the highland Africa, with an altitude generally above 1,000 m, where the Rift Valley and the great lakes are located;

            	to theWest, an Africa characterized by large sedimentary basins, with average altitudes less than 500 m, encircled by eroded plateaus which isolate these basins from each other and from the sea (figure 1.6).

          

           It is in this geomorphologic context that the current aquatic environments and their biological communities have developed progressively.

          The main types of aquatic environments

          Lotic systems

           The African hydrographic system is well developed despite the presence of vast barren zones (figure 1.7 and table 1.II). Some water courses originating from rainy upper basins flow through arid regions, such as sections of the Senegal, Niger, and...
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