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The influence of white, black or clear water systems on Amazonian fish distribution and abundance is largely discussed in the literature. On the other hand, the influence of the different types of waters on the fish life histories has received much less attention. However, for the fish species which inhabit both white and clear or white and black waters, the associated differences in chemical composition, production and community patterns must probably influence reproductive and growth characteristics.

The red-bellied piranha Pygocentrus nattereri is one such species widely distributed in tropical South America independently of the water types. As for many other sharp-teethed piranhas, its reputation of voracious predator has focused attention on its feeding habits. However, many piranhas among which the red-bellied, mainly feed upon sick and injured fishes as well as upon other animal remains, and are believed to play an important ecological function as "cleaning and health squads" (Pauly 1994, quoting Schulte 1988). Despite its ecologically important role in Neotropical food webs and its impact on human local consumption, P. nattereri reproductive and growth characteristics in natural environments in relation with genetic structure have received little attention. In this study, we tested the hypothesis that the contrasted environmental conditions will induce phenotypic differences in breeding and growth patterns between the geographic populations of the two basins.

Material and methods

Reproductive (histological analyses of gonads, breeding season, age and size at first sexual maturity, fecundity and oocyte size) and growth characteristics of P. nattereri were compared in a white water (Mamoré) and clear water (Itenez) rivers of the Bolivian Amazon. At the same time, the filogeography of P. nattereri in the high Madeira was established by sequencing the control region of the D-Loop (mtDNA). 

Fish samplings were carried out between July 2001 and January 2004. A total of 849 fishes were analysed: 568 in the Mamoré basin and 281 in the Itenez basin. For the Mamoré basin, sampling points were located on the Isiboro-Sécure river between 14°49’S and 16°20’S. For the Itenez basin, sampling points were located in the San Martín and San Joaquín between 13°9’S and 14° 8”S.

Fish age and growth were determined using polished sections of the sagitta otoliths (Figure 1) of 75 individuals in the Itenez and 80 in the Mamoré.

Results and conclusions

Histological analyses revealed two modes in oocyte distributions for every studied female in both rivers, indicating that a same female spawns at least twice during the breeding season. 

In both river basins, P. nattereri reached maturity during their first year, females maturing later than males. Sizes at maturity ranged from 118 to 140 mm. Both age and size at maturity differed significantly between the two river basins.

Breeding periods were highly seasonal, starting with the rising waters and lasting through part of the high water period. Breeding seasons in both basins were very similar, with a possible delay of about one month in the Itenez, which would correspond to the delay in water rising between the two basins.

In the Mamoré, batch fecundities ranged from 6,056 to 27,071 oocytes for females of 258 g and 471 g, respectively. In the Itenez, it ranged from 3,551 to 21,213 oocytes for females of 126 g and 518 g, respectively. The comparison of linear regression models between fecundity and body weight indicated a significantly higher fecundity for the Mamoré population. As an example, a 500 g female would lay about 19,225 eggs in the Mamoré and 13,562 eggs in the Itenez basin.
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Figure 1. Horizontal polished section of a 4 years old otolith of Pygocentrus nattereri.

However, oocyte sizes were very similar in both basins: 1.62 mm ± 0.074 (SD) and 1.651 ± 0.054 for the Itenez and Mamoré respectively.

Seven age classes of one year intervals were observed in the two rivers. Length at age were fitted with non-linear iterative procedure to the von Bertalanffy growth model. Parameter estimates were L∞ =237 mm, K= 0.47, t0= -0.832 for the Mamoré and L∞ = 250 mm, K=0.289, t0 = -1.363 for the Itenez. Comparisons indicated a significantly higher growth in the Mamoré than in the Itenez.

Filogeography results indicated that in Bolivia P. nattereri constitute a genetic unit clearly distinct from the Peruvian (Ucayali) and central Amazon (Solimoes) (Figure 2). On the other hand, P. nattereri in Bolivia represents a monophyletic group with very little diversity. This suggests that there would be a single population in Bolivia which would have recently and rapidly radiated throughout the high Madeira. 

Therefore, it is very likely that the significant differences in size and age at maturity, fecundity and growth observed between the populations of the two rivers are environmentally induced phenotypic responses rather than genetically based differences. 
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Figure 2. UPGMA tree showing the divergence between Pygocentrus nattereri sequences in Bolivia rivers (Mamoré, Manuripi, Itenez/Guaporé), central Amazonia (Solimoes) and Peruvian Amazon (Ucayali). PB and CM refer to sequences of Piaractus brachypomus and Colossoma macropomum, respectively.
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