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Introduction

The Amazonian fish fauna is one of the most diversified and richest freshwater ichthyofauna in the world, with approximately 3000 species described. The fishes of the Amazon basin have developed a marked degree of physiological plasticity that allows them to adapt to a highly variable natural environment (Val & Almeida-Val, 1995). The Amazonian fish fauna consists mainly of the lungfish, Lepidosiren paradoxa, the osteoglossids like Osteoglossum and the giant freshwater fish, Arapaima gigas, numerous cyprinodontiform killifishes, characoids, siluroids, gymnotoids and an array of cichlids. 

Cichlid fishes have undergone a spectacular adaptive radiation in the Neotropical region. Adaptive changes in response to the varying ecological conditions, sexual and social selection, in addition to behavioural attributes, parental care and competition act as creative forces contributing to the outstandingly splendid speciation of cichlids (Lowe-McConnell, 1999; Chellappa, 2000).  Brazil has many cichlids with marked specialisation for living under special environmental conditions. Mention could be made of Cichla monoculus; Crenicichla lacustris; C. lenticulata; Geophagus brasiliensis; Cichlasoma facetum; Symphysodon discus; Pterophyllum scalare, and Astronotus ocellatus. The cichlids S. discus and P. scalare could be considered as typical representatives of the Brazilian freshwater ornamental fish  (Chellappa et al., 1999).

The fish fauna of the semi-arid northeastern Brazil consisted mainly of the native piranhas, Serrasalmus sp., pirambeba, Serrasalmus rhombeus, and the swamp eel, Synbranchus marmoratus, which were not commercially important (Câmara et al., 2002). Amazonian fishes of commercial importance, such as Cichla monoculus, Astronotus ocellatus, Colossoma macropomum, Piaractus brachypomus and Plagioscion squamosissimus have been introduced in the lakes and reservoirs of the semi-arid north-eastern Brazil, besides the exotic tilapias, Tilapia rendalli and Oreochromis niloticus. Of the introduced species, the nonmigratory fishes, especially the cichlids have become well adapted to the semi-arid conditions, and effectively contribute to fisheries production. As such, an understanding of the reproductive plasticity of the cichlids introduced to the semi-arid region of Brazil is considered important. 

Materials and Methods

The three natural lakes (Lake Urubu, Lake Bonfim and Lake Extremoz) and the three man-made reservoirs (Assu, Campo Grande and Marechal Dutra), located in northeastern Brazil, are all utilized for the distribution of potable water and for fishery purposes. The seasons are muted in this region and are related to variations in the rainfall pattern. The climate is tropical semi-arid, with large water deficit, high temperatures and high evaporation rate outstripping the yearly precipitation. The Lake Urubu is situated in Nizia Floresta, and is an oligotrophic water body, with high phytoplankton diversity and productivity (Chellappa et al., 1995). Lake Bonfim is small, shallow and its water level had reduced by 30% in recent years, due to the construction of aqueducts, which draw water to distribute to the drought-ridden regions. The water loss in this lake eliminated the marginal aquatic vegetation and periphytic algae, thus reducing considerably the overall primary productivity  (Chellappa et al., 2002). Lake Extremoz is situated in the urban industrial complex, is shallow, oligo-meso trophic and with predominance of cyanophycean populations (Chellappa et al., 1996; Araújo et al., 2000). 

Assu Reservoir has a water holding capacity of 2400x 106 m3, and supplies potable water for habitants spread over 25 cities and 97 rural communities in the semi-arid region. This impounded water is the largest in the State of Rio Grande do Norte and was built by damming the River Piranha. This reservoir is eutrophic with predominance of cyanophycean phytoplankton (Costa et al., 1998). The Campo Grande Reservoir was constructed by impounding the River Potengi and has a maximum stocking capacity of 34.000.000 m3 of water. Marechal Dutra Reservoir was built by damming the River Acauã, belonging to Piranhas–Açu hydrographic basin. It has a storage capacity of 40.000.000 m3, with a drainage area of 2400 Km²  (Costa, 2000).
Principally occurring cichlid species, such as, Cichla monoculus, Astronotus ocellatus and Cichla temensis were collected on monthly basis from all the six study sites, with the help of local fishermen, from 2001 to 2003. Fish were captured using gill nets of different mesh sizes. 

Results and Discussion

The seasonality of the six freshwater ecosystems is defined by the short spell of intense rainfall (March to July) coupled with an extended dry period during the rest of the year (August to February). These aquatic ecosystems receive consistently high insolation and constant periods of daylight. In their native Amazonian basin, the cichlids inhabit both river channels and forest streams. The adaptability of C. monoculus, C. temensis, and A. ocellatus for growth, development and reproduction in their new introduced environments, is due to their marked degree of physiological plasticity, which allows them to adapt to a highly variable natural environment. Seasonal water fluctuations in the Amazon basin are commonly in the order of 4 m with concomitant changes in electrical conductivity of 50 to 300 (Scm-1 (Sioli, 1984; Val & Almeida-Val, 1995). By contrast, the lakes and reservoirs in the semi-arid northeast of Brazil, such as the Campo Grande Reservoir, have characteristically high electrical conductivity (800(Scm-1). During the dry season the impounded waters were found to have high nutrient levels and alkaline pH. The cichlid fish communities successfully occupy the lakes and reservoirs and contribute to about 60% of fishery production of northeastern Brazil.

Reproductive plasticity is generally more conservative in comparison with the other vital activities and result from selection pressures on a species to produce the maximum number of young that survive to maturity under prevailing environmental conditions, thereby maximizing fitness (Potts & Wootton 1984). The cichlid fishes of the semi-arid region clearly show phenotypic plasticity in allocation of resources to growth or reproduction according to the environmental conditions and increases reproductive effort with the onset of adverse conditions. Cichlids also present a high reproductive output coupled with repeated breeding (Iteroparoty), which provides for immediate population increase and effective exploitation of environmental resources. In all the lakes and reservoirs of the semi-arid region, adult cichlids presenting different gonadal maturity stages, were captured throughout the study period. Thus they tend to spawn during rainy as well as dry seasons, indicating that water level changes have no significant effect on the reproductive process of these fish.

Sexual maturation occurs early in cichlids and once sexual maturity is attained the females are able to complete successive breeding cycles producing broods within 2 to 3 weak intervals. Male reproductive colouration is strikingly manifested during the reproductive phase. Changes in eye colour of males indicate their importance for dominance and territory establishment. Whereas, the adults of C. monoculus, show considerable sexual dimorphism, and the onset of reproductive activity in the male is characteristically marked with the appearance of a post-occipital cephalic hump with lipid stores, yellowish-orange in colour, which gradually becomes darker and disappears after the breeding season (Chellappa et al., 2003). Accumulation of lipid stores in the cephalic hump and their mobilization during the reproductive phase is considered as an important strategy of this species. 

Competition for territory and mates are well marked in cichlids. The bigger sized male cichlids are more aggressive in defending territories and gain priority in courting females. Defence of the spawning territory by males is important in ensuring egg survival, and forms a basis for female preference of mate choice. Breeding in cichlids occurs year-round and they produce batches of mature oocytes at frequent intervals. The number of eggs produced by a female cichlid over a breeding season depends on her batch fecundity and the number of times she spawns. Batch fecundity increases with the body size. In C. monoculus the fecundity ranges from 3000 to 4000, whereas in P. scalare the fecundity ranges from 50 to 300 per batch, and they produce a second batch of eggs in two to three weeks  (Chellappa et al., 1999). The capacity to tolerate dry seasons, high degree of parental care, ranges from substrate cleaning, nest building, guarding eggs and the hatchlings, enhances survivorship of the off spring and reproductive success. Reproductive success of the cichlids is facilitated by the presence of many mature females and males throughout the year, with a capacity to complete successive breeding cycles in short intervals. 
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