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ABSTRACT

There are hundreds of thousands of small reservoirs in tropical and sub-tropical regions of the world. Tilapias are now widespread in these areas and are harvested from many of these reservoirs from natural colonization or from stocked fishes. Tilapias are effectively replacing traditionally cultured carps in the tropics. They also give higher yields than carps and are cheaper to raise for stocking. The very high fish yields in small reservoirs are mirrored by similar high yield of tilapias throughout the tropics in larger shallow reservoirs.


There is extensive data on tilapia culture in small reservoirs in Asia, Africa and South and Central America and the Caribbean. The enterprise of extensive culture of tilapias in the tropics and sub-tropics will be presented from the data available globally.

The data is difficult to assess in a strictly comparable way because natural colonization and stocking of tilpias happens simultaneously at times. We will discuss the factors and traditions that have influenced different strategies for developing the fishery resources of small reservoirs. In general it can be said that the traditionally used common, Chinese and Indian carps are being supplanted by tilapias for economic reasons in most areas.


We will present data from extensive fish culture in small reservoirs in Sri Lanka that has the highest density of these reservoirs in the world and from Brazil where there is also a high density of reservoirs in the Northeast. These two countries have followed quite different strategies for the management of the fisheries in small reservoirs. We will also present some of the available information on fish culture in small reservoirs from other parts of the world.

 
RESUMO


Nas regiões tropicais e subtropicais do mundo existem centenas de milhares de pequenos reservatórios povoados com tilápias, nativas ou aclimatizadas, as quais largamente  distribuidas  nessas áreas são capturadas pela pesca comercial.


As tilápias estão substituindo eficientemente as carpas, que antes eram mais  cultivadas nas regiões  tropicais, porque apresentam maior produtividade na pesca e por serem  de baixo custo de produção. A elevada produtividade pesqueira observada nos pequenos reservatórios é similar a dos grandes reservatórios rasos tropicais. 


Existe uma grande quantidade de dados sobre o cultivo de tilápia em pequenos reservatórios da Ásia, África, América Central, América do Sul e do Caribe. O desenvolvimento empresarial do cultivo extensivo das tilápias nas regiões tropiciais e subtropicais pode ser avaliado a partir de dados disponíveis globalmente. Estas informações são dificies de serem comparadas devido o  povoamento natural e a estocagem ocorrerem muitas vezes, simultaneamente, pelo que iremos discutir sobre  os fatores e tradições que têm influenciado diferentes estratégias para o desenvolvimento dos recursos pesqueiros de pequenos reservatórios. De um modo geral pode ser dito que o cultivo tradicional das carpas comum,  chinesas e indianas está sendo substituido pelas tilápias por razões econômicas em muitas áreas.


Neste trabalhos apresentamos dados sobre a piscicultura extensiva em pequenos reservatórios do Sri Lanka, onde o número deles é o maior do mundo e também do Brasil, que conta igualmente com uma alta densidade de pequenos reservatórios, principalmente  na região do Nordeste semi-árido.  Estes dois países têm mostrado diferentes estratégias para a administração da pesca em pequenos reservatórios. Também apresentamos informações disponíveis sobre o cultivo de peixes em pequenos reservatórios em outras partes do mundo.

  INTRODUCTION

Reservoirs comprise a major standing water resource throughout the world. especially in the tropical and sub- tropical region. Sugunan (1997) dealt with about 63,000 small reservoirs in seven countries he visited namely Zimbabwe, India, Sri Lanka, Thailand, Cuba, Brazil and Mexico. The size of these small reservoirs can be taken as having approximately less than 400 ha in surface area. He also listed 50,000 additional reservoirs in Brazil below 10 ha in surface area. Fernando (1984) listed 400, 000 reservoirs in South East Asia. Of the 80,000 or so reservoirs in China about 97% fall into the category of small reservoirs according to the classification of de Silva et al. (1992). This high density of reservoirs can be taken as a general rule in most of the tropical and sub-tropical regions of the world. It is not possible to get an accurate count of small reservoirs in the tropical and sub-tropical regions of the world but if the smallest reservoirs are counted as in Brazil then the number will probably amount to over a million perhaps. In the USA there are over two million farm dams (Hawley 1973) that can be considered reservoirs of a kind. In Fig. 1 we have shown the numbers of reservoirs in a few countries mainly in the tropics and subtropical region.

Fish culture using common carp in monoculture has been practiced in Central Europe in reservoirs (commonly called fishponds) since the Middle ages (Korinek et al.1987). The largest of these is around 400 ha in surface area. More recently in China fish culture using stocking, enclosures and cages is being carried on in small reservoirs. Indigenous species are raised used to stock these reservoirs though rarely exotic species are used including tilapias (Li and Xu 1995, Lu 1992. de Silva et al.1991). The line between small reservoir fish culture and pond culture is difficult to draw. Carps are the main fishes used according to these authors. Whether the use of tilapias has become more common in China very recently is not clear but likely since China produced 400,000 tons of tilapia in 1997 (Halwart 1998).

Fish yields in tropical lakes and reservoirs remained low compared to African lakes and reservoirs till tilapias were introduced to these areas (Fernando and Holcik 1982, 1991).  Two strategies were used to enhance reservoir fisheries in the tropics outside Africa. In India the traditional method of stocking major Indian carps that are non- tropical was carried on (Sugunan 1995) even in the tropical regions until Sugunan (1997) pointed out its failure in larger reservoirs in Peninsular India. In Sri Lanka tilapias introduced in 1951 created one of the world’s richest fisheries in larger (>400 ha  surface area) reservoirs. The fish yields increased spectacularly from a few kg /ha to over 250 kg/ha /year (mean). This level of fish yield has lasted relatively unchanged for about 45 years (de Silva 1988, Fernando 1993) and remains so even today (pers. obs. 1999).  However common, Chinese and Indian carps were stocked in large reservoirs in Sri Lanka beginning with common carps in the fifties and followed by Chinese carps in the seventies and Indian carps in the eighties. Their impact on fish yields has been negligible. This practice has hopefully been abandoned after Sugunan (1997) showed that Indian carp stocking has been a failure in larger reservoirs in Peninsular India. There was a program to stock common carps in reservoirs since the late nineteen forties. Some of this stocking was done in small reservoirs (Fernando and Indrasena 1969).  An intensive program to stock Chinese and Indian carps in small reservoirs was undertaken by the Sri Lanka government in the late 1960’s on the recommendation of foreign consultants and overseen by a series of experts from Europe, China and India and the local cadre of fishery personnel (Thayaparan 1983, UNDP 1980). Success has been claimed by a number of workers  ( Chakrabarty  and Samaranayake 1983, Chandrasoma 1986, 1992, Chandrasoma and Kumarasiri 1986 and Thayaparan 1982) and some harvesting data has been summarized by Amarasinghe (1997), but no sustained fishery in small reservoirs has been achieved after forty years of heavy stocking of exotic carps . In Brazil where tilapias have been stocked together with indigenous fishes and common carp, the fish yields have been considerable (Gurgel and Fernando 1994) but hardly any carp and the South American Colossoma that was also stocked in large numbers were found in catches.  In Cuba, Mexico and Brazil tilapias and common carp are stocked in small reservoirs but the catch is strongly dominated by tilapias. Relatively few carps are harvested in reservoirs in spite of intensive stocking. In Zimbabwe tilapias, caught locally, especially O. mossambicus, are stocked and these dominate the catches. In all these cases the fish yields are high (Sugunan 1997). 

In Thailand exotic carps and indigenous carps and tilapias have been stocked in small reservoirs. Yields of 600 kg/ha/year (mean) are reported but no breakdown of the fish species in the catch is given. Tilapias are associated with high yields and carps with low yields (Lorenzen et al.1998) but they claim that the association of high yields is with higher trophic status. It is interesting to note that Fryer and Iles (1972) found that the presence of tilapias by itself increases fish yields, presumably of the whole system. Perhaps the presence of tilapias mineralizes the organic matter thus raising the trophic status of the water body. Pawaputonon (1992) stated that the only introduced fish giving stocking returns in Thai reservoirs are tilapias. Jhingran (1992) found tilapias associated with high fish yields compared to carp in small Indian reservoirs. The heavy stocking of carp inhibited tilapias according to him. The contraindication of common carp where tilapias were introduced was stated by Fernando and Ellepola (1969).

 It appears that where tilapias dominate the small reservoir fishery, fish yields are high while if carps have been stocked the yields are much lower as in Indian small reservoirs (Sugunan 1997). The stocking of reservoirs with Indian, common and Chinese carps was claimed a success by Sreenivasan (1988). He recommended these fishes for stocking reservoirs in the Indo-Pacific region. However carps have not produced sustained fisheries in either small or large reservoirs in any tropical country in the long run. On the other hand tilapias have given high yields both in small and large reservoirs (Fernando and Holcik 1991, Sugunan 1997).


There has been a concentration of studies of fisheries of large reservoirs. But as Kapetsky and Petr (1984) pointed out, small reservoirs are more numerous and may be more productive than larger reservoirs and easier to manage. They may not be easier to manage and the type of fishes adapted to small reservoirs may not be the same as for large reservoirs and the interactions of resident species of fish may be different. Townsley (1992) provided a guide to rapid assessment of the fisheries of small reservoirs. He stated that the potential fish yield from these reservoirs in Sub- Saharan Africa alone was about 1 million tons annually. Some of this is certainly being harvested  ( Sugunan, 1997) but we cannot estimate how much.. Their high fish productivity and dominance of tilapias has been shown in the study of Sugunan (1997). In Africa the tilapias occur naturally and are readily available at low cost for stocking as in Zimbabwe (Sugunan 1997).  Data throughout the tropics has showed that the use of non-tropical carps traditionally used for fish culture and stocking of reservoirs has been superseded by tilapias in small tropical reservoirs (Baluyut 1992).  Stocking with carps continues however continues in the tropics (Fernando 2000, Petr 1988) but the data presented does not indicate sustained fisheries. The situation for carp stocking appears to be even less favorable now (Fernando 2000). Also tilapias are much more acceptable than carps as food.  Proper management of small tropical reservoirs give fish yields that do mirror the spectacular increases in fish yields in larger, shallow reservoirs outside Africa when tilapias have been introduced (Fernando and Holcik 1991). Some measure of this success has been achieved in parts of the tropics including Africa already (Sugunan 1997). Persistence with carp stocking on the other hand has led to complete failure of pond fish culture and fisheries in small reservoirs in Sri Lanka (Fernando 2000)

MATERIALS AND METHODS


We present data from the literature published over the past fifty years mainly on tilapias and their role in tropical and sub-tropical small reservoirs. We will use as a rough upper limit 400 ha, surface area for small reservoirs. The practice of fish stocking in different parts of the tropics and sub-tropics will be critically reexamined and the impacts assessed. In most cases normal colonization of small reservoirs by indigenous or introduced self-propagating fish from the watersheds occurs throughout tropical and sub-tropical regions. Stocking is done in addition to this and may involve non- breeding and self- propagating species. In the cases of seasonal reservoirs annual stocking is essential for harvesting fish.


We will focus our presentation on Sri Lanka which has the highest density of small reservoirs in the world and the Northeast of Brazil where reservoir fisheries has been well documented. Different management strategies have used in these two locations. Also the composition of fish in catches in reservoirs that include a predominance of tilapias differs greatly in the relative dominance of tilapias. We are also familiar with the reservoir fisheries in these two countries. We will use data from other countries to illustrate the impacts of different strategies on fish yields in small reservoirs in tropical and sub tropical regions. We will not deal specifically with cage culture in this paper.


We consider stocking and harvesting of fish in small reservoirs as extensive fish culture. This approach lies somewhere between capture fisheries in large reservoirs and fish culture in ponds. Manipulation is possible but less so in small reservoirs than in fishponds and the control of various factors like predator control are less easy to handle than in fishponds. Much of the data thus available to us is much less accurate than we have for fishponds. The small size of total catches does not attract record keeping and much of the fish harvested in small reservoirs is consumed locally. This makes the obtaining of comparative very difficult.

THE ROLE OF TILAPIAS IN SMALL RESERVORS 


We detail two early cases where tilapias were harvested from small reservoirs that were managed. Vaas and Sachlan (1952) have documented a case of a 25 ha reservoir in Indonesia that was stocked every two months with 30,000 common carp and two indigenous fishes. The fish catch of 600kg/ha/ year included Oreochromis mossambicus and three indigenous fishes which comprised 60% of the fish yield. No further breakdown if the fish composition of the catch is available but no carp were mentioned. O. mossambicus  had been introduced into Indonesia accidentally in the early forties and was widely distributed. Lowe McConnell (1975, 1987) however, reported carp but no tilapia in the catch.  The lesson of stocking non-tropical carps and harvesting tilapias has been repeated many times in the past fifty years in small reservoirs (Petr 1988; Chakrabarty and Samaranayake 1983; Chandrasoma and Kumarasiri 1986; Jayasekera 1988).  Amarasinghe (1997) mentions this phenomenon in Sri Lanka small reservoirs where self propagating tilapias formed part of the catch of up to 400 kg / ha / year in small reservoirs stocked heavily with carp. Also heavy carp stocking appears to inhibit tilapias (Jhingran 1992). In Brazil few common carp appear in the catches dominated by tilapias though common carp and a South American characid Colossoma macropomum are heavily stocked. In Mexico and Cuba which have sub-tropical regions more common carps are present in catches. However even in these countries tilapias are still heavily dominant.  In Cuba, 180 million fingerlings of tilapia and 79 million fingerlings were produced and presumably stocked in reservoirs. The fish catch was over 13,000 tons of tilapias and 395 tons of carp in 1998 (Sugunan 1997).


 In Sri Lanka, Fernando and Ellepola (1969), did some rather crude experiments of stocking Oreochromis mossambicus widely present in large reservoirs to small reservoirs that are seasonal and retain water for only part of the year. The number of fish stocked in the eight seasonal reservoirs was not recorded. The reservoirs were 25-50 ha in surface areas. The harvest was 70-100 kg/ha/ year in three of the stocked reservoirs. This figure was much higher than non-stocked reservoirs and was predominantly O. mossambicus. The fish in these reservoirs included indigenous species that colonize the reservoirs via streams during the rainy season. These were harvested together with O. mossambicus.  The stocking with tilapias of small reservoirs was nor followed up but was replaced by an ambitious and expensive government sponsored scheme to stock common, Chinese and Indian carps (Thayaparan 1983, UNDP 1980). This enterprise has yielded no sustainable fishery in these small reservoirs even after 45 years. Regular stocking with tilapias of small reservoirs in Zimbabwe gives annual yields of 150 kg/ha /year according to Sugunan (1997). This could well have been duplicated in Sri Lanka with a measure of careful management.

TILAPIAS IN SMALL RESERVOIRS IN SRI LANKA AND BRAZIL


Sri Lanka has the highest density of small reservoirs in the world ( Sugunan 1997). The distribution of reservoirs is shown in Fig 2. The reservoirs in Sri Lanka comprise an elaborate ancient system of water supply for rice irrigation and dates back about 2500 years (Fernando 1993). The irrigation system went hand in hand with settlements well integrated for cultivation of crops especially rice (Fig. 3). The country is well watered and has 103 river systems and a honeycomb of streams and irrigation channels (Fernando 1971). The country has a very good system of roads that make most parts of the country easily accessible. There are over 10,000 irrigation reservoirs  (Fernando1993) and many of them are part of cascades (Fig. 4)
 

There was no commercial inland fishery in the country though indigenous fishes were harvested in a subsistence fishery especially in the villages from the reservoirs and rivers and streams. In 1951 an African fish Oreochromis mossambicus was introduced (de Zylva 1954,1999) and there was an exponential increase of fish catches especially in the larger reservoirs composed largely of this fish. This fishery is one of the richest in the world. It has been well documented by de Silva (1988), Fernando (1971, 1993) and Fernando and Holcik (1991).

In the nineteen forties fish culture became a widely advertised enterprise in tropical Asia. The practice of fish culture have been centered in Central Europe, (Korinek et al. 1987), India (Jhingran 1982) and China (Bardach et. al. 1972).  Each of these groups used separate species of carps native or domesticated. These carps are non tropical but by artificial breeding fry were for culture in ponds or stocking reservoirs were readily available though at a considerable cost and investment in infrastructure. Some measure of success was achieved in carp culture in the tropics but in Sri Lanka it proved a total and unmitigated failure (Fernando 1993, Fernando 2000, Costa and de Silva 1995) in spite of the investment of considerable funds for 50 years, beginning in the early nineteen fifties. 

Tilapias (Oreochromis mossambicus and O, niloticus) that had been so successful in raising and sustaining fish yields of 250 kg/ha/year in large shallow reservoirs in Sri Lanka (Fernando 1993, 2000, de Silva 1988) have also proved very productive in pond culture  (Maclean 1984) and small reservoirs (Sugunan 1997) in tropical and sub –tropical regions. The carps have diminished in importance to tilapias in tropical regions both in capture and culture fisheries (Fernando 2000), although claims were being made by some authors  claimed  enhanced success for carp both in capture and culture fisheries in the volume edited by Petr (1988).


Common, Indian and Chinese carps were imported into Sri Lanka in the nineteen forties. They were artificially bred in fisheries stations and stocked in reservoirs  (UNDP 1980). Also training in the culture of Chinese carps was provided in China for over 20 fish culturists in the nineteen seventies (UNDP 1980). The experts on this UNDP group who visited Sri Lanka recommended the stocking of small reservoirs with Indian carps. The government had made a large investment in the infrastructure to raise common, Chinese and Indian carps (UNDP 1980). Small reservoirs were stocked with these carps since the nineteen fifties but a major program was launched in the nineteen seventies with Chinese expertise and in the nineteen eighties with Indian expertise  (UNDP 1980, Thayaparan 1983, Sreenivasan 1988). Tilapias that occurred in small reservoirs by colonization (Fernando and Indrasena 1969) or by stocking (Fernando and Ellepola 1969) were not used to stock small tanks. Instead an expensive program to stock Indian, Chinese and common carp was carried on for over 35 years on a intensive scale and for another 15 years before since 1955 on a more modest scale (Fernando 2000). The results have been an unmitigated failure for the extensive culture of fish in these small reservoirs. In addition to relatively poor returns of stocked fish, except in a very few experimental cases and low demand for even the few carps harvested, no sustained enterprise has been established for a sustainable fishery in small reservoirs. The use of common carp may have hindered the breeding of tilapias as suggested by Fernando and Ellepola (1969) in addition. Heavy stocking with carps does inhibit tilapias according to Jhingran (1992).

The only sensible course of action to develop fisheries in small reservoirs is to concentrate on the use of locally available tilapias. (Oreochromis mossambicua and O. niloticus). Stocking with these species that are much more easily and cheaply raised will be far less costly than using carps. Fernando and Halwart (2000) have put forward a proposal for the integration of the inland fisheries with the centerpiece being the use of tilapias. This is shown in Fig 5. This system includes small reservoirs in the integrated system of fish raising in irrigation systems.

Brazil has about 70,000 reservoirs. In the more Southern and wetter parts there are 9 very large reservoirs of over 1000 sq km surface area. In the arid Northeast alone there are about 68,000 reservoirs, most of them small. Gurgel and Fernando (1994) and Gurgel and Oliveira (1987) have dealt with the distribution and fisheries of these reservoirs in some detail. According to Sugunan (1997) 50,000 of these reservoirs are less than 10 ha.  Only 10 have a surface area of over 10,000 ha and 16,400 are below 100 ha. In Fig 6 we have shown the distribution of some reservoirs in the Northeast of Brazil.

Two species of tilapia, Oreochromis niloticus and Tilapia rendalli have been introduced into Brazil in 1956 and 1975.These species are now widespread and self propagating throughout the region and further south too even in Sao Paulo State. O. noloticus is used extensively in intensive and extensive fish culture Silva (1980). Both species are stocked in reservoirs or invade them naturally.

Stocking of fingerlings is done on a regular basis in reservoirs in the Northeast. Only a small number of these reservoirs are controlled publicly (Gurgel and Fernando 1994).  In 1997 the total number of fingerlings stocked was as follows in millions. O. niloticus  21.2. T. rendalli 14.5, common carp 1.2 and Colossoma macropomum , a characid , 3.2 plus a small number of red tilapias (IBAMA 1997). This is the pattern of stocking for about two decades. The highest fish yields are in the smaller reservoirs (<200ha). Gurgel and Fernando (1994) give a figure of 239 kg / ha / year (mean) for these. Also the younger reservoirs have higher fish yields (21-30 years).The fish catches are heavily dominated by tilapias .especially at the higher levels. Two reservoirs Jamaita (341ha) and Arapiraca (94ha) have fish yields of 1011 and 355 kg/ha/year (mean), heavily dominated by tilapias.  Sugunan (1997) records over 2000 tons of tilapia but only 10 tons of carp and 63 tons of C. macropomum in one region of the Northeast in 1991. Gurgel and Oliveira (1987) record 28,000 tons of tilapia from DNOCS reservoirs from 1991-1995. No carp were reported and 390 tons of C. macropomum. In Brazil carps and the South American characids do not make any significant contribution to fish catches although they are heavily stocked.  The fish yield for all DNOCS reservoirs (approx 1000)m was 110 kg /ha/year  from 1950 –1990 (Gurgel and Fernando 1994). The composition of the fish catch includes about 30% of tilapias ( Gurgel and Fernando 1994, Gurgel and Oliveira 1987). In Sri Lanka the proportion of tilapias  (O. mossambicus and O. niloticus is closer to 50-90% of the total catch (Fernando 1993, de Silva 1988, Jayasekera 1988).

Thew high cost of raising carps and characids has been mentioned for both Brazil and Sri Lanka ( Gurgel and Fernando 1994; Amarasinghe 1997; Fernando 2000). This makes the viability of carps in tropical reservoirs less economic than tilapias that can be raised more cheaply or collected from natural habitats from self-propagating populations.

It appears that the higher relative importance of tilapias in reservoir fish catches in Sri Lanka as compared to Brazil is because of the high predation rate on tilapias in Brazilian reservoirs.  (Lovshin 1977) has studied tilapias in Brazilian reservoirs and in a personal communication said that predation is quite high. 

DISCUSSION AND COMMENTS

The material presented on the fisheries of small reservoirs in the tropics and subtropics indicates that the data we have at present on the subject is very limited. However certain trends are very clear. The presence of tilapias in small reservoirs in tropical and subtropical reservoirs is usually associated with high fish yields. The use of non tropical carps to stock these reservoirs has been a failure by and large..

The persistence of carp stocking in tropical and subtropical reservoirs is an expensive undertaking in terms of current expenses and infrastructure as in Sri Lanka and Brazil. The failure to establish a sustainable fishery in small reservoirs in Sri Lanka after intensive stocking of carps (common, Chinese and Indian) over a period of fifty years and the poor returns of carp stocking in Asia and central and South America should convince fishery managers to give up stocking carps in reservoirs in the tropics in spite of the long standing practice of doing so.

Perhaps 2 million tons of fish could be harvested from small reservoirs in the tropical and subtropical regions of the world where perhaps over a million of these reservoirs exist. The use of tropical tilapias will enable fishery biologists to manage this resource on an economic basis if and when the stocking of induced bred and non - tropical carps are no longer used and tilapias used instead. We have had over fifty years of experience of using carps and tilapias for stocking reservoirs and carps have been an unmitigated and expensive failure in the tropics and subtropics.
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LEGENDS TO TEXT FIGURES

Figure 1. Approximate number of reservoirs in some countries mainly tropical and sub-tropical. Most of these reservoirs are below400 ha in surface area. The data was obtained mainly from de Silva et al.  (1991), Fernando (1984), Hawley (1973) and Sugunan (1997). Some data came from the popular press and personal communications.

Figure 2. Distribution of reservoirs in Sri  Lanka. Most of the reported 10,000 or so reservoirs are below 100 ha in surface area. Data from Amerasinghe and Fernando (1998).

 Figure 3. The spatial  distribution of aquatic habitats in rural Sri Lanka that are designed for rice cultivation. The left figure shows the various habitats and the figure on the right shows a typical cascade of small reservoirs . From Fernando (1993) and Fernando and Halwart (2000).

Figure 4. An irrigation system for rice cultivation in Sri Lanka represented diagrammatically. The various habitats suitable for raising fish are listed and numbered . The numbers correspond to those in Fig. 5. (slightly modified from Fernando and Halwart  2000).

Figure 5. Integrated fish farming scheme for irrigation systems found in Sri Lanka. The main fish used in the system are tilapias. (slightly modified from Fernando and  Halwart 2000).

Figure 6. Reservoir distribution in semi-arid Northeast Brazil. There are as many as 68,000 reservoir in the zone around the circles.
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