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Abstract
The aim of this study was to estimate the parameters of the weight-length relationship and the relative
condition factor for Cichla pleiozona and Serrasalmus rhombeus in Branco River, Madeira river basin,
Brazilian Amazon. For this, biometric data were collected between March 2018 and November 2019 in
two reservoirs. While C. pleiozona showed isometric growth (b = 3), S. rhombeus showed positive
allometric growth (b > 3). For C. pleiozona, the value for parameter b varied from 3.06 to 3.08 in
Cachimbo Alto and Ângelo Cassol, respectively, while for S. rhombeus b value was 3.15 in Cachimbo
Alto and 3.29 in Angelo Cassol. The relative condition factor was the same in both reservoir for C.
pleiozona (1.006) and S. rhombeus (1.017), while wet season showed lower value then dry season for
both species. The parameters of the weight-length relationship and the relative condition factor showed
no spatial or temporal variation.
Keywords: Fish, Madeira River basin, allometric growth, carnivorous species

1. Introduction
Regions rich in freshwater resources, such as the Amazon basin, attract great interest from
energy sector entrepreneurs [1, 2]. As a result, currently, of the five largest hydroelectric projects
in Brazil, four are installed in the Amazon region. As they result in irreversible changes in the
natural hydrological regime of rivers, the construction of large hydroelectric plants causes
profound environmental changes, including modifying the habitat quality and the dynamics of
the entire associated biota [3 - 5].
Accordingly, the conservation of Amazonian water resources faces many challenges, since it is
under severe anthropic pressure [6], and also home to one of the most diverse ichthyofaunason
the planet, with approximately 2,716 valid species [7]. Despite, or possibly because of, this
extensive biodiversity, information on the biological and population aspects of most species of
Amazonian fish is poorly-developed.
Among the diverse fish genera of the Amazon, two stand out: Cichla and Serrasalmus.
Endemic to the Amazon basin, the species of the genus Cichla (peacock bass) represents one
of the main groups of piscivores within the Cichlidae family in South America [8, 9]. The genus
has 16 valid species [10 - 12], which, together, form an important natural resource for riverside
communities, commercial and sport fishing in many regions of the Amazon basin [13]. Among
the peacock bass species, Cichla pleiozona Kullander & Ferreira, 2006 is a species with
distribution restricted to the Madeira River basin, and due to its recent description, there is no
information on the biology of the species, except for data on its weight-length relationship [14].
The genus Serrasalmus contains 28 valid species [15]. Popularly known as horse piranhas or
pirambebas, these are among the most abundant members of the Amazon fish fauna. Among
them, Serrasalmus rhombeus Linnaeus, 1766 (red-eyed pirambeba) is present in all major
drainage basins of the Amazon, is a piscivorous/carnivorous predator, and plays a key
ecological role in maintaining the balance of aquatic populations [16 - 18].
Estimates of weight-length relationships for these two species will provide key biological
knowledge, since measuring these parameters facilitates an understanding of the biological,
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physiological, and ecological aspects of the organisms
involved, thus providing information on the population
dynamics of the species in a given environment [19 - 22]. In
addition, calculating the condition factor (K) makes it possible
to assess individual physiological condition [23, 24], and relate
this to environmental conditions and behavioral aspects of
species [25].
Considering that, due to the interactions between aquatic and
terrestrial environments, hydrographic basins can be used as
ecosystem design units [26], and knowing that anthropogenic
disturbance can compromise basin functional dynamics, the
current study aimed to estimate the parameters of the weightlength ratio and relative condition factor (Kn) for Cichla
pleiozona and Serrasalmus rhombeus in two reservoirs, and
answer the following questions: i) Do the parameters of the
weight-length relationship and the relative condition factor

(Kn) of the two species differ between reservoirs? ii) Does the
condition factor of the two species vary over the annual
hydrological cycle?
2. Materials and Methods
2.1 Study area
The Branco River is located in the southern part of the
Brazilian Amazon (Figure 1). The region's climate is of the
Monsoon (Am) type, with annual precipitation that varies
from 1800 to 2300 mm, average annual temperature between
22 and 26° C [27], a dry period that lasts from May to October
and rainy period from November to April [28]. The fish used in
this study were captured in the reservoirs of the Ângelo
Cassol and Cachimbo Alto Small Hydroelectric Power Plants
(SHPs), two of the eight SHPs, currently in operation along of
Branco River course (Figure 1).

Fig 1: Study area and sampling sites

2.2 Biometric measurements
Individuals of C. pleiozona and S. rhombeus were captured
via experimental fishing between March/2018 and
November/2019. The captured individuals were preserved on
ice, and transported to laboratory, where standard length (SL,
in mm) and weight (W, in kg) were taken. This research was
conducted under SISBIO Collection of Species Permit
number 57920–2 issued by Brazilian Environmental Agency
(ICMBio).
2.3 Statistical analyses
As males and females showed no difference in the parameters
of the weight-length ratio (a and b), and the number of
individuals captured with mature gonads was low, the
combined weight-length ratio and the condition factor of each

species were calculated separately for each reservoir, with sex
not considered in the analyzes. The data from November to
April were considered as the rainy season, and those from
May to October as the dry season.
The length-weight ratio was calculated using the following
equation: W= a.Lb, where W is weight, L is length, a is the
intercept, the W value expected when L= 1, and b is the
inclination function (allometry coefficient) [29]. To assess the
influence of body morphology on weight-length parameters a
and b, the equation was adjusted to a linear model, after log
transformation (Log W = log a + b Log SL). Length (SL) and
weight (W) data were plotted and extreme values removed
before linear regression analysis. The determination
coefficient (r2) was used to calculate the degree of association
between weight and length. For parameters a and b,
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95%confidence intervals (CL) were calculated.
The relative condition factor (Kn) [30] was calculated using the
equation Kn = W/W’, where W is the observed weight and W’
is the average weight predicted for the length, based on
weight-length ratio parameters (W’= a Lb) [31]. To assess
whether the C. pleiozona relative condition factor varied
between the two reservoirs and between the two hydrological
periods (dry and flooded) an Analysis of Variance (Two-Way
ANOVA) was used [32]. As the S. rhombeus analysis of
variance residuals did not show a normal distribution, a TwoWay Anova with permutation was applied. This analysis was
performed using the "aovp" function of the lmPerm package
[33]
. All analyzes were processed in Program R Core Team [34].
3. Results
3.1 Length-weight relationship
A total of 77 specimens of C. pleiozona were captured, 23 in
the Ângelo Cassol SHP and 54 in Cachimbo Alto SHP. A
total of 214 S. rhombeus were captured: 111 at Ângelo Cassol
SHP,103 at Cachimbo Alto SHP (Table 1).
Standard C. pleiozona length ranged from 20.5 to 38.5 cm,
and weight from 0.150 to 1.370 kg in the Ângelo Cassol SHP.
The weight-length ratio allometry coefficient was 3.08. Log
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weight on log length regression was significant (p < 0.001),
and the determination coefficient (r²) was 0.943 (Figure 2). In
the Cachimbo Alto SHP, C. pleiozona individuals had a
standard length of between 16.5 and 41.5 cm, while weight
ranged from 0.080 to 1.735 kg. Weight-length ratio parameter
b was 3.06, and regression between weight log and length log
was significant (r2 = 0.968 and p < 0.001). The allometry
coefficient (b value) did not differ between the two SHPs
(Ângelo Cassol CL 95% = 2.74 - 3.43; Cachimbo Alto CL
95% = 2.91 - 3.21) (Table 1).
Individuals of S. rhombeus showed lengths between 7.30 to
29.0 cm, while weights ranged from 0.009 to 0.740 kg in the
Ângelo Cassol SHP. The weight-length ratio coefficient b was
3.15 and the regression between weight log and length log
was significant (r2 = 0.933, p < 0.002). In the Cachimbo Alto
SHP, captured S. rhombeus specimens had a standard length
ranging between 11.5 to 29.70 cm, and weight between 0.039
to 1.100 kg. The weight-length ratio coefficient b value was
3.29, and the linear regression model generated from the
relationship between weight versus length was significant (r2
= 0.937 and p < 0.002) (Figure 3). For S. rhombeus, the
allometry coefficient (b value) did not differ between the two
studied reservoirs (Table 1).

Table 1: C. pleiozona and S. rhombeus descriptive statistics and estimated LWR parameters
Standard length (cm)
Weight (kg)
a
b
r2
(95% CL)
(95% CL)
Min.
Max.
Min.
Max.
Ângelo Cassol
23
20.50
38.50
0.150 1.370 0.0154 (0.0049 – 0.0487) 3.08 (2.74 -3.43) 0.943
Cichla
pleiozona
Cachimbo Alto
54
16.50
41.50
0.080 1.735 0.0182 (0.0109 – 0.0304) 3.06 (2.91-3.21) 0.968
7.30
29.00
0.009 0.740 0.0152 (0.0097 - 0.0239)
3.15 (3.01-3.34) 0.933
Serrasalmus Ângelo Cassol 111
rhombeus
Cachimbo Alto 103
11.50
29.70
0.039 1.100 0.0112 (0.0069 - 0.0182) 3.29 (3.12 -3.45) 0.937
Abbreviations: N, number of individuals; Max, maximum; Min, minimum; a, intercept; b, slope; CL, confidence limits; r2, determination coefficient.
Species

Reservoirs

N

Fig 2: Relationship between weight and standard length for Cichla pleiozona at Ângelo Cassol and Cachimbo Alto SHPs

Fig 3: Relationship between weight and standard length for Serrasalmus rhombeus at Ângelo Cassol and Cachimbo Alto SHPs
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Relative Condition Factor (Kn)
For both C. pleiozona and S. rhombeus the relative condition
factor (Kn) did not vary either between the two reservoirs, or
between the flood and low water periods (Table 2),
demonstrating that water quality standards do not differ

between the two environments and nor seasonally. Both C.
pleiozona and S. rhombeus have a mean relative condition
value greater than 1 (Kn > 1), except for C. pleiozona during
the wet season, where values were less than 1 (Table 2).

Table 2: Mean±standard deviation of the relative condition factor (Kn)
Cichla pleiozona
Variables
SHP Ângelo Cassol
SHP Cachimbo Alto
Wet season
Dry season

Variables
SHP Ângelo Cassol
SHP Cachimbo Alto
Wet season
Dry season

Two-WayAnova
Mean ± standard deviation
F
df
p
1.006 ± 0.115
0.00
1.76
0.985
1.006 ± 0.114
0.991 ± 0.118
1.71
1.76
0.194
1.017 ± 0.111
Serrasalmus rhombeus
Two-Way Anova- permutation
Mean ± standard deviation Interaction
df
p
1.017 ± 0.191
75
1.214
0.573
1.017 ± 0.195
1.009 ± 0.177
905
1.214
0.100
1.060 ± 0.264

4. Discussion
Cichla pleiozona growth was isometric (b = 3), while that of
S. rhombeus was positive allometric (b > 3), in the two
reservoirs examined in this study. Although the two species
showed relative condition factor (Kn) values close to the
reference value (Kn = 1), no spatial or temporal variation was
found. The b values found in this study are in agreement with
that proposed by Froese [29], who stated that b values can vary
from 2.5 to 3.5. Values of b < 3 indicate that the fish increases
more in length than in weight, a value of b = 3, characterizes
isometric growth, with fish showing symmetrical grow
relations between weight and length, while for values of b > 3
individuals have a greater increase in weight and width than
in length [29, 30].
Although C. pleiozona in the current study showed isometric
growth, when the confidence interval is considered, the b
value is similar to that found for this species in natural
environments on the Madeira River [14]. Studies carried out
with other species in the genus, in reservoirs in southeastern
Brazil, reported positive allometric growth for Cichla cf.
ocellaris (b = 3.28), Cichla monoculus (b = 3.18) [35], Cichla
kelberi (b = 3.06), and isometric growth for Cichla piquiti (b
= 2.99) [36].
The positive allometric growth (b > 3) shown by S. rhombeus
in the current study is in line with that found for the same
species in the Tucuruí reservoir, Tocantins river, in the state
of Pará, Brazil [37]. Although, these individuals inhabit
artificial environments, coming from hydroelectric dams, they
corroborate the coefficient b values found for populations in
natural environments [14, 20, 38].
The similarity between weight-length relationship parameters
from two reservoirs, for both C. pleiozona and S. rhombeus,
may be linked to the biology of the two species. Cichla
pleiozona is a sedentary fish, and lacks reproductive and
piscivorous migrations (I. M. Fernandes, unpublished data).
Like other species of the genus, it shows extended spawning,
low fertility rates, large eggs and parental care [39]. The
species S. rhombeus feeds at several trophic levels, has an
omnivorous diet in the reservoirs used for the current study (I.
M. Fernandes, unpublished data). The reproductive cycle
involves several spawning events during the annual
hydrological cycle, nest construction, large and adhesives
eggs and parental care [40].

Another factor that needs to be considered is the age of these
reservoirs, since Ângelo Cassol SHP started operating nine
years ago, while Cachimbo Alto SHP has been active for only
three years, so they are young reservoirs. In dam-related
reservoirs, species diversity can be affected by several factors,
including the area flooded, the severity of environmental
impact of the reservoir, original species diversity and
reservoir age [3].
When a reservoir forms, there is a surge in organic material
availability, resulting in a large and rapid rise in primary
productivity in the newly-created habitat. This is often swiftly
followed by increases in the size of populations of
omnivorous, herbivorous and insectivorous species, all of
which serve to feed piscivorous species [41]. Such a situation
can benefit sedentary opportunistic feeding species adapted to
lentic environments [3, 4, 42], such as C. pleiozona and S.
rhombeus. However, with time, the reduction of primary
production means that the size of the fish populations tends to
diminish [41, 43]. This decline leads to a gradual substitution of
fluvial species by those adapted to lentic conditions resulting,
eventually, in lower heterogeneity [44].
Species similar to C. pleiozona and S. rhombeus are adapted
to lakes and other permanently-flooded areas that show little
variation along the annual hydrological cycle [41, 45], which
could well explain the robust nutritional status of the species
under reservoir conditions [31]. In contrast to our results,
studies with Cichla sp., Cichla cf. ocellaris, Cichla
monoculus [35], Cichla kelberi [24]. found seasonal variationin
the condition factor for these species. However, our results
with S. rhombeus, are similar to those reported for the species
in tributaries of the Araguaia River [46], and for Serrasalmus
spilopleura and Serrasalmus elongatus in marginal lakes
along the Solimões River [47].
5. Conclusion
Both peacock cichlids and pirambebas are opportunistic
feeders with reproductive strategies that allow them to
overwhelm other species, including in artificial habits like
reservoirs. The data described here, contributes to the
biological knowledge of these species and to the future
management planning for the use of this resource and the
conservation of the local ichthyofauna, which may also allow
analyses of the possible impacts of new proposed
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hydroelectric developments in the Branco River.
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