
competition and the possible cascade effects across the 
food chain (Zaret and Paine, 1973; Agostinho and Julio Jr., 
1996; Elvira and Almodóvar, 2001). Moreover, the peacock 
bass attracts some fishermen, so that occupies riverine 
communities that previously depended on the exploitation 
of native species (Gomiero and Braga, 2004b). Furthermore, 
the control of other fish species and the quality of their 
meat are the attributes considered for the introduction of 
this voracious predator (Zaret, 1980).

The peacock bass are native species in the Amazon 
basin. The peacock bass proliferates easily, due to parental 

1. Introduction

The species of Cichla are being introduced, deliberately 
or not, into several lentic environments of southeastern 
Brazil. Besides this region, they were introduced into other 
locations, such as Florida, Hawaii, Panama and Puerto 
Rico (Hoeinghaus et al., 2003). The introductions of this 
genus are very dangerous and it is presumed to be the 
second largest cause of extinctions, only surpassed by the 
degradation and loss of habitats (Simberloff, 2003).

The reservoirs of hydroelectric plants are preferential 
environments for this practice, aggravating the depletion of 
native species due to the transfer of pathogens, predation, 
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Abstract

The growth and mortality parameters were estimated through the analysis of length frequency distribution for species 
of Cichla spp. introduced into a lake in Leme (SP), and in Volta Grande reservoir (SP-MG). In Leme, Cichla kelberi 
presented larger frequency in the inferior classes of lengths, larger instantaneous rate of natural mortality, and smaller 
number of cohorts than C. kelberi and C. piquiti in Volta Grande. The values of growth performance obtained for the 
species were similar, corroborating the validity of the estimated growth and mortality parameters. The increase of the 
growth rate in small and less diverse environments occurs due to predation. The genus Cichla adapts well in locations 
in which it is introduced, however this adaptation shows itself to be strongly adjusted to each particular location, 
determining great plasticity and establishment capacity.

Keywords: introduction of species, growth, mortality, Cichla kelberi, Cichla piquiti.

Crescimento e mortalidade de Cichla spp. (Perciformes, Cichlidae)  
introduzido no reservatório de Volta Grande (Rio Grande)  

e em um pequeno lago artificial no Sudeste do Brasil

Resumo

Os parâmetros de crescimento e mortalidade foram estimados indiretamente pelas distribuições das frequências de 
comprimento para espécies de Cichla spp. introduzidas em um lago em Leme (SP) e no reservatório de Volta Grande 
(SP-MG). Em Leme, Cichla kelberi apresentou maior frequência nas classes de comprimentos inferiores, maior taxa 
instantânea de mortalidade natural e menor número de coortes do que C. kelberi e C. piquiti em Volta Grande. Os valores 
de performance de crescimento obtidos para as espécies foram próximos, corroborando a validade dos parâmetros 
estimados de crescimento e de mortalidade. A pressão em crescer rapidamente, devido à predação, aumenta quanto 
menor e menos diverso for o ambiente. O gênero Cichla adapta-se bem nos locais em que é introduzido, entretanto essa 
adaptação mostra-se fortemente ajustada a cada ambiente em particular, determinando com isso grande plasticidade 
e capacidade de estabelecimento.

Palavras-chave: introdução de espécies, crescimento, mortalidade, Cichla kelberi, Cichla piquiti.
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a flooded area of 221.7 km2 with a volume of 2,268 km3. 
The climate is typically tropical with an average annual 
temperature of 22 °C and an average annual rainfall 
of 1,635 mm. The two seasonal periods are: warm and 
rainy from October to April, and cool and dry from May 
to September (Braga and Gomiero, 1997). The reservoir 
has a great abundance of the peacock bass Cichla piquiti 
and Cichla kelberi. We sampled the fish monthly from 
September 1997 to August 1998, using fishing poles and 
artificial bait (baitcasting). This type of fishing is effective 
for the capturing of peacock bass in a wide variety of 
environments (Taphorn and Barbarino-Duque, 1996; Braga 
and Gomiero, 1997; Jepsen et al., 1999; Winemiller, 2001; 
Gomiero and Braga, 2003a).

The lake in Leme (SP) is located in a tropical area (47° 
18’ W, 22° 13’ S). The lake was built more than 50 years 
ago and has about 2.5 km of shoreline, a length of 860 m 
between the two most distant points, and 83 m between the 
closest two points, with a flooded area of about 0.36 km2. 
The climate is typical of tropical regions, with an average 
annual temperature of 21°C and an average annual rainfall 
of 1,400 mm. There are two typical seasonal periods: the 
hot and rainy period, which begins in October and lasts 
until April, and a colder one, the dry season, from May 
to September. Twenty years ago, Cichla kelberi (from the 
Tocantins basin) was introduced. This introduction was 
done aiming at controlling populations of another exotic 
fish species, the tilapia, Oreochromis niloticus Linnaeus, 
1757 and Tilapia rendalli Boulenger, 1912. A total of 12 
samples were made monthly in April 2006 to March 2007. 
The collections were carried out similarly as in the Volta 
Grande Reservoir.

Total length (cm), total mass (grams), and sex were 
obtained for each individual (Braga, 1990).

The growth parameters were estimated by ELEFAN I 
(Electronic Lengths-Frequency Analysis), and for its 
application we used the program FISAT (FAO-ICLARM Stock 
Assessment Tools) (Pauly and David, 1981; Gayanilo et al., 
1996; Gayanilo and Pauly, 1997). This program is based 
on modal shift from temporal sequences of samples of 
length (Castro et al., 2002) using the seasonal version of 
the growth curve of von Bertalanffy (Sparre and Venema, 
1992), whose model is (Equation 1): 

L
t
 = L∞ × [1 – exp {(– K × (t – t

0
) – (CK/2p) ×  	

(1) × seno (2p × (t – t
S
))}] 

where: Lt is the length at age t; π is equivalent to 3.14159, 
and t

S
 is the season of greatest growth rate, which can be 

calculated through the expression t
S
 = 0.5 + Wp. Thus, 

the model used considers not only the parameters L ∞ 
(asymptotic length) and K (growth rate), but also two 
other parameters: WP (winter point) and C (amplitude of 
oscillation). The value of C is related to the difference in 
average surface temperatures of the water for winter and 
summer, Wp is the season when growth is slower, with a 
ratio of number of days until the month of slower growth 
of the species with the number of days of the year (Pauly 
and Gaschutz, 1979).

care (Gomiero and Braga, 2004c), and the lack of predators 
allows it to invade and adapt very well to new environments. 
Soon after the introductions, exponential growth in numbers 
is common, causing intraspecific competition for space 
and food with consequent loss of biomass (Williams et al., 
1998; Bedarf et al., 2001).

According to Pauly (1998), fish size determines the 
type of interaction with other organisms and demography 
characteristics. This size is determined partially by 
genetics and environmental conditions (Lowe-McConnell, 
1999).

In tropical areas, increase in length is faster than 
in temperate systems. It can be explained by the high 
temperatures that accelerate the metabolism and maturation, 
which leads to a shorter lifetime and higher values of mortality 
(Machado-Allison, 1990). It is more difficult to determine 
ages and growth rates in fish under tropical conditions, 
where the growth rings in scales, bones and otoliths are 
not as apparent as the winter rings in the structures of fish 
in temperate zones (Lizama and Vazzoler, 1993; Lowe-
McConnell, 1999). Therefore, the use of indirect methods 
for estimating growth parameters has been employed in 
several studies in the tropical region (Ruffino and Isaac, 
1995; Lizama and Ambrósio, 2003; Mateus and Petrere 
Jr., 2004; Gomiero et al., 2007; Carmassi et al., 2008). 
These methods use data of length frequency distribution 
that contains information about the average length in each 
age group, and the position of modas associated with 
cohorts (Basson et al., 1988).

The parameters of growth and mortality in populations 
are greatly influenced by interactions with other species 
through competition for food and/or space, and by predation 
(Sparre and Venema, 1992). Furthermore, the populations 
of different locations are under the influence of different 
ecosystem productivity, with different distributions of 
length, growth rates and age structures (Machado-Allison, 
1990). Therefore, the estimated age structure, growth rate 
and longevity are essential to manage these stocks that 
are already being exploited in areas with little ecological 
knowledge (Jepsen et al., 1999).

Due to the dimension and maturity differences of the 
two environments, greater mortality and growth rates are 
expected, in that the peacock bass population has great 
density and smaller biotic conditions for development. The 
aim of this study was to estimate and compare the growth 
and mortality parameters of the yellow peacock bass, 
Cichla kelberi Kullander and Ferreira, 2006 introduced 
into an artificial lake in Leme (SP) and into the reservoir 
of UHE Volta Grande (SP-MG ) and the blue peacock bass, 
Cichla piquiti Kullander and Ferreira, 2006 introduced 
into the same reservoir.

2. Material and Methods

The Volta Grande Reservoir, located in a tropical 
area (48° 25’-47° 35’ W and 19° 57’-20° 10’ S), resulted 
from the damming of the Grande River approximately 
30 years ago, to produce electric energy. The result was 
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whereas for C. piquiti, the classes with 30 to 42 cm were 
the most frequent (Figure 1).

The distributions of the length classes of C. kelberi 
(Leme, SP) varied seasonally. The distribution in the spring 
season presented a small moda in the class 18 to 26 cm; in 
the summer, a great moda appeared in the class of 14 to 
18 cm; in the autumn, the moda occured in the 18 to 22 cm 
class, and the moda in the winter emerged in small classes 
of 18 to 26 cm. The smaller specimens appeared mainly 
in the summer and in the autumn (Figure 2).

The asymptotic length (L∞) was estimated from the 
largest individual captured (L

max
), where (Pauly, 1983) 

(Equation 2): 

L∞ = L
max

/0,95	 (2)

The index of growth performance (ϕ’) was used to 
compare growth parameters of Cichla kelberi species in 
the lake in Leme and in the Volta Grande Reservoir, and 
Cichla piquiti in Volta Grande Reservoir, according to the 
equation of Pauly and Munro (1984) apud Castro et al. 
(2002) (Equation 3): 

ϕ’ = log
10

k + 2 × log
10

L∞ 	 (3)
As it is unlikely that a fish species grows according 

to this equation from the moment it is born until senility, 
the curve often cuts the x-axis, related to age, usually 
at a point less than zero (King, 1996). To calculate the 
parameter t

0
, theoretical age at length zero, of the equation 

of von Bertalanffy growth, we used the empirical formula 
of Pauly (1979) (Equation 4):

log
10

(-to) = – 0,3922 – 0,2752 × 	 (4) 
× log

10
L∞ – 1,038 × log

10
k

Longevity, defined as the lifetime of the individual, 
was estimated based on the formulas proposed by Pauly 
(1983) (Equation 5): 

t
max

 = 3/k 	 (5)

The instantaneous rate of natural mortality (M) was 
estimated using the following parameters: growth rate (K), 
asymptotic length (L∞) and average water temperature 
in degrees Celsius (T°) over the period, according to 
the empirical formula proposed by Pauly (1980), where 
(Equation 6):

log
10

M = – 0,0066 – 0,279 × 	
(6)

 
× log

10
L∞ + log

10
k + 0,4634 × log

10
T°

The estimate of the instantaneous rate of total mortality 
(Z) was performed by: 

Z = M + F

where: F is the fishing mortality, which in both locations 
was considered equal to zero because there isn’t exploratory 
fishing of the species, then (Equation 7): 

Z = M	 (7)

The survival rate (S) was estimated according to the 
formula of Ricker (1975) (Equation 8): 

S = e-Z 	 (8)

3. Results

Total length data of 144 specimens of C. kelberi (11.2 to 
54.8 cm) and 319 specimens of C. piquiti (10.5 to 54.3 cm) 
in the Volta Grande Reservoir were used, and in the lake in 
Leme 544 specimens of C. kelberi (5.2 to 42.2 cm). The 
three distributions in length classes for the whole period 
showed that the more frequent class for C. kelberi in Leme 
was 14 to 18 cm, and in Volta Grande it was 38 to 42 cm, 

Figure 1. Numeric distribution in the total length classes of 
Cichla kelberi (Leme, SP), Cichla kelberi and Cichla piquiti 
(Volta Grande Reservoir, SP-MG).

Figure 2. Numeric distribution in the total length classes of 
Cichla kelberi (Leme, SP) for each season.
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The seasonal oscillation amplitude (C) was 0.6 in 
Volta Grande and 0.5 in Leme, referring to a difference 
in the average surface temperatures of the water in the 
summer and in the winter that the fish were exposed to 
6 °C and 5 °C, respectively. The winter point (Wp) was 
0.58 in Volta Grande and 0.5 in Leme, which equates to 
June/July. These values represent the time of year when 
the growth is slower. The values of the index of growth 
performance between C. piquiti and C. kelberi in Volta 
Grande and C. kelberi in Leme were very similar, which 
demonstrates that all samples that produced the growth 
curves were accepted as representative. The instantaneous 
rates of total mortality (Z) for the three species were the 
same as the instantaneous rate of natural mortality (M) 
due to non-exploitation of its stocks in the collection areas 
(Pauly, 1998). The natural mortality was very high for C. 
kelberi in Leme Lake and was relatively lower for C. kelberi 
and C. piquiti in Volta Grande Reservoir. The longevity of 
C. kelberi in Leme was much lower than the life spans of 
C. kelberi and C. piquiti in Volta Grande Reservoir.

The growth parameters are presented in Table 1, mortality 
and the best combinations arranged by ELEFAN I, in the 
best settings or higher values of Rn (a goodness of fit 

The length class distributions of C. kelberi (Volta Grande 
Reservoir, SP-MG) by season showed that in the spring 
there was a moda in classes 34 to 42 cm, in the summer 
there was a small moda in class 26 to 30 cm, and another 
in class 38 to 42 cm; a great moda in autumm occured in 
class 38 to 42 cm and, in winter there was a moda in class 
38 to 42 cm. Specimens with smaller total length occurred 
in the autumm in classes from 6 to 22 cm (Figure 3).

The distributions of length classes of C. piquiti (Volta 
Grande Reservoir, SP-MG) showed that in spring there 
was a moda in classes 38 to 42 cm, in the summer a 
moda appeared in class 18 to 22 cm, and in classes 26 to 
38 cm; in autumn, the large moda occured in classes 30 to 
42 cm and in the winter the modas appeared in classes 
14 to 22 cm, 30 to 34 cm and 38 to 42 cm. The smaller 
specimens occurred mainly in the autumm classes from 
6 to 22 cm (Figure 4).

Four to 5 cohorts were found in C. kelberi (Leme, 
SP), 9 to 10 for C. kelberi and 7 to 8 for C. piquiti (Volta 
Grande Reservoir, SP-MG). In Leme-SP the cohorts were 
formed in the autumn, and in the Volta Grande Reservoir, 
in summer (Figure 5).

Figure 3. Numeric distribution in the total length classes of 
Cichla kelberi (Volta Grande Reservoir, SP-MG) for each 
season.

Figure 4. Numeric distribution in the total length classes of 
Cichla piquiti (Volta Grande Reservoir, SP-MG) for each 
season.
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1997; Winemiller, 2001). In the collections sites, there is 
no sport practice or commercial fishing. The samples in 
the Reservoir were made at the dam, a forbidden place 
for any type of fishing except for scientific purposes, and 
at the lake, fishing does not occur because it is private 
property. Thus, the time difference from maturation of 
the environments and their ecological differences must 
be responsible for the distinct structures in length. The 
different sizes of the Reservoir and of the lake cannot be 
disregarded, with greater stability and amount of resources 
in the largest (reservoir) and a large density population 
of peacock bass with few resources in the smallest (lake) 
(Gomiero and Braga, 2004b; Gomiero et al., 2008).

The cohorts were formed in the summer and autumn, 
shortly after the peak breeding season. Reproduction at 
the lake in Leme (SP) and at the Volta Grande Reservoir 
(SP-MG) occurred in the spring and in the summer, with a 
greater number of young in the summer-autumn (Gomiero 
and Braga, 2004c; Gomiero et al., 2009), as for Cichla 
ocellaris (Bloch and Schneider, 1801) in Guri Reservoir 
(Venezuela), which presented the recruitment period in the 
summer and autumn when there was a predominance of 
classes with less total length (Jepsen et al., 1999). Espinola 
(2005) found that Cichla monoculus Spix and Agassiz, 
1831 (= C. kelberi) had a greater frequency of juveniles 
in the rainy seasons, with several reproductive strategies 
and tactics depending on the sites, showing a high degree 
of phenotypic plasticity, allowing it to adapt to highly 
variable environments. Seasonal reproduction occurs both 
for the peacock bass in natural environments and for those 
in the environments of introductions (Zaret, 1980; Ruffino 
and Isaac, 1995; Jepsen et al., 1999; Resende et al., 2008; 
Souza et al., 2008).

The fecundity rate is changed mainly in response to 
food supply, which means that fecundity is an answer to 
the adjustments related to fluctuations in environmental 
conditions (Gomiero and Braga, 2004c). Fecundity is related 
to mortality, the species with larger fecundities support 
higher rates of mortality (Braga, 1999). The mortality 
rate of C. kelberi at the lake in Leme was higher than for 
the species in the Volta Grande Reservoir. However, the 
average values of fecundity were close, being 12,129 ± 
960 mature oocytes for C. kelberi in Leme, 17,987 ± 
2,522 oocytes for C. kelberi and 13,769 ± 3,401 oocytes 
for C. piquiti at Volta Grande. The energy investment 
in reproduction and protection of offspring is related to 
annual spawning to most individuals (Jepsen et al., 1999), 
which may occur several times a year in some situations 
where, for example, offspring are preyed (high mortality) 
during the parental care due to overcrowding found in 
Leme (Gomiero et al., 2009).

Other factors influencing the increased rate of mortality 
are high growth rate, lack of resources and early sexual 
maturation, in which mature individuals reproduce in 
small sizes (dwarfism) and, depending on the conditions, 
have smaller oocytes, which is a form of miniaturisation 
(Agostinho and Julio Jr., 1996; Lowe-McConnell, 1999). 
In the overpopulated small lake in Leme, C. kelberi 

index) for Cichla kelberi (Leme, SP), and Cichla kelberi 
and Cichla piquiti (Volta Grande Reservoir, SP-MG), as 
well as the parameters obtained in the literature of species 
introduced or peacock bass in natural environments.

4. Discussion

The yellow peacock bass, Cichla kelberi in Leme (SP) 
showed higher frequency in the smallest length classes 
when compared to C. kelberi and C. piquiti in Volta Grande 
Reservoir. Length distributions may vary depending on the 
time of introduction and the characteristics of the ecosystem 
(Gomiero and Braga, 2003b). To avoid the overlap in 
resource use, the species shows differences in body size; 
and, in some communities, selective predation by size 
can be a primary organising force (Werner and Gilliam, 
1984). The disparity in length structures and the densities 
of the peacock bass in different places and species may be 
justified by the pressures of fishing, the maturation of the 
environments and the ecological differences (Winemiller et al., 

a

b

c

Figure 5. Growth curves of a) Cichla kelberi (Leme, SP), 
b) Cichla kelberi e c) Cichla piquiti (Volta Grande Reservoir, 
SP-MG) restructured for frequency of total length, made 
calculations through the system ELEFAN I (package com-
putational FISAT).
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commercial fishing or subsistence is another important 
factor that contributes to mortality in these populations. 
Natural mortality among young fish (larvae and juveniles 
up to 1 year) of peacock bass in Venezuela is very high 
and, under natural conditions, the recruitment of young 
adults in the population is very low (Winemiller, 2001). 
Other features of natural populations of Cichla were high 
values of asymptotic length, low values of growth and 
high longevity (Ruffino and Isaac, 1995; Novoa, 1996; 
Winemiller et al., 1997; Jepsen et al., 1999).

Such differences between the populations of native 
and introduced of predatory fish seem to be common. The 
black bass (Micropterus salmoides Lacepède, 1802) coming 
from North America and introduced into a small reservoir 
in southern Brazil showed lower values in the max length 
and of longevity, and higher rates of growth and mortality 
than native populations (Schulz and Leal, 2005).

The growth of Cichla, in the Amazon, fluctuates 
seasonally with lower rates in the early dry (less food) 
(Ruffino and Isaac, 1995). In many species of fish, growth 
rates vary widely according to environmental conditions, 
food availability and factors affecting its use, such as 
temperature and population density (Lowe-McConnell, 
1999).

Due to the high population density and lack of resources 
found in environments of introduction, larger individuals 
prey on juveniles of their own species. Thus, that pressure 
to grow quickly increases in smaller and less diverse 
environments, causing larger rates of mortality and growth, 
as well as smaller lengths, rates of survival and longevity. 
Therefore, it can be concluded that the genus Cichla fits 
well in locations where it is introduced, however, this 
adaptation shows itself strongly fitted to each particular 
environment, determining this great plasticity and the 
capacity to establish itself.
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