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Growth of the Cichla temensis Humboldt, 1821 (Perciformes: Cichlidae)

from the middle rio Negro, Amazonas, Brazil

Caroline Pereira Campos', Carlos Edwar de Carvalho Freitas' and Sidineia Amadio?

This study aimed to estimate age and growth of the peacock bass Cichla temensis from the rio Negro (Brazilian Amazonia)
by analyzing scale annuli. Specimens were captured between October 2011 and September 2012 in the main channel of the
river and in adjacent lakes in the municipality of Barcelos, AM, Brazil. Six growth checks were identified on the scales of
specimens. The annual variation in body condition observed suggests that fat is accumulated during the dry season. Results
for the GSI (gonadosomatic index) showed that peak reproduction occurred in the receding-water period, indicating that
the fish had energy deficiencies as a result of reproductive activity. RMI (relative marginal increment) analysis revealed
that an annulus is formed once a year during the receding-water period. The population parameters estimated were L,
(length at sexual maturity) = 31.11 cm, Loo (asymptotic length) = 68.05 cm, k (growth coefficient) = 0.20.year" and A ,,
(longevity) = 14 years. Our results corroborate the validity of using growth rings in scales as indicators to estimate the age
and growth rate of Cichla temensis in the middle rio Negro.

Este estudo teve como objetivo estimar a idade e o crescimento do tucunaré Cichla temensis do rio Negro (Amazonia
brasileira) por meio de anéis nas escamas. Os espécimes foram capturados entre outubro de 2011 e setembro de 2012, no
canal principal e lagos adjacentes, no municipio de Barcelos, AM, Brasil. Seis an¢is de crescimento foram identificados
nas escamas de C. femensis. A variagdo anual observada no fator de condig¢@o sugere que o acimulo de gordura ocorreu
durante o periodo de seca. Os resultados de IGS (indice gonadossomatico) indicaram que o pico da reprodugdo ocorreu no
periodo da vazante e que a espécie teve um déficit de energia em seu organismo, devido a atividade reprodutiva. Analise
do IMR (incremento marginal relativo) mostrou que ha formagdo de anel uma vez por ano, no periodo da vazante. Os
parametros populacionais estimados para C. temensis foram: L, (comprimento da maturidade sexual) = 31,11 cm; Loo
(comprimento assintdtico) = 68,05 c¢m; k (coeficiente de crescimento) = 0,20.ano™! e A, o (longevidade ) = 14 anos. Nossos
resultados confirmaram a validade do uso das marcas de crescimento, em escamas, para estudo de crescimento de Cichla
temensis, como indicadoras da idade e do ritmo de crescimento dessa espécie na regido do médio rio Negro.
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Introduction

Growth studies of a given fish stock require determining
the correct age of the individuals (Weatherley & Gill, 1987),
which is essential to estimate the size of the stock, mortality
rate and recruitment, among other parameters. Growth rate
in turn is related to the availability of food, habitat and
temperature, which are influenced by seasonal variations
(Weatherley, 1972). Age can be estimated by analyzing
the length distribution over time or by interpreting growth
marks in rigid structures such as scales, otoliths, vertebrae
and opercula (Fonteles Filho, 2011).

The formation of annuli is related to partial or complete
reduction in somatic growth during one or more periods
of the year (Casselman, 1983; Welcomme, 1992). In
temperate regions the temperature decreases drastically
during the winter, causing a reduction in growth and the
consequent formation of these marks (Fonteles Filho,
2011). However, as the annual temperature variation in
tropical regions is small, it was believed that it would not
be possible to identify growth marks in calcified structures
(Fonteles Filho, 2011) and, consequently, that this method
could not be used to determine age in tropical fish species.
For this reason, until recently, growth parameters in these
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regions were generally estimated indirectly from length-
frequency data (Petrere Jr., 1983; Isaac & Ruffino, 1996;
Ruffino & Isaac, 1999; Santos Filho & Batista, 2009;
Bevilaqua & Soares, 2010; Campos & Freitas, 2010;
Prestes et al., 2010). However, recently Fabré & Saint-
Paul (1998) noted that flooded areas in tropical regions
have sufficient seasonal change in water level to induce
the appearance of growth checks in calcified structures
in fishes. Many studies, therefore, have begun to analyze
growth annuli in rigid structures of tropical fishes as a
means of determining age and growth (Fabré & Saint-
Paul, 1998; Pérez & Fabré, 2003; Cutrim & Batista, 2005;
Holley et al., 2008).

Cichla is composed of fifteen species commonly
known as “peacock bass” in English speaking countries,
“tucunaré” in Brazil and “pavon” in Venezuela (Kullander
& Ferreira, 2006). Among these species, Cichla temensis
is a highly sought after fish, due to its considerable
size (up to 80 cm long and over 11 kg in weight); as a
result, it is considered one of the most efficient predators
of the genus (Winemiller et al., 1997). The size, speed,
strength and ferocity of the peacock bass allow predation

on almost all other fishes, making it an important species
for sport fishing (Jepsen et al., 1997). The species is also
very important for human consumption, particularly
by riverine communities, and it is much valued in the
ornamental fish trade (Soares et al., 2008). In spite of this,
there is a dearth of studies of population parameters for
this species, especially in natural environments (Jepsen et
al., 1997, Winemiller et al., 1997; Jepsen et al., 1999).

In light of the above, this study sought to estimate the
growth parameters - L (asymptotic length) and k (growth
constant) - of C. temensis in the middle rio Negro in order
to help determine the population structure and provide a
scientific basis for the dynamics of this species to support
management of C. temensis stocks in the middle rio Negro,
Amazon sub-basin.

Material and Methods

Study area. The study was conducted in the middle rio
Negro region (00°58°00.5”S 62°56’56.1”W), close to
the municipality of Barcelos in the state of Amazonas,
Brazilian Amazonia (Fig. 1).
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Fig. 1. Middle and lower stretch of the rio Negro (Amazonas, Brazilian Amazonia), with sampling area of Cichla temensis

near the Barcelos municipality highlighted by a circle.
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Data sampling. Samples of Cichla temensis were obtained
monthly between October 2011 and September 2012 in the
main channel of the river, in the adjacent lakes and in the
channels of the Mariua archipelago. The specimens were
obtained with rod-and-reel during four consecutive days
of each month, fishing from 6:00 a.m. to 12:00 p.m. and
2:00 p.m. to 6:00 p.m. In order to find appropriate fishing
areas and secure a reasonable number of samples and
size classes, a professional guide was contracted to assist
with collections. Fish were kept in coolers with ice and
transported to Manaus, where the following biological
data were collected: standard length (L_ in cm) and total
length (L, in cm), total weight (W, in g), body weight (W
in g), gonad weight (Wg in g), sex and reproductive phases
according to Brown-Peterson et al. (2011) adapted for this
species (I: immature; I1: developing; III: spawning capable
and IV: regressing). A voucher specimen is deposited in
the fish collection of the Instituto Nacional de Pesquisas da
Amazonia (INPA 35563).

Scales to determine age and growth were sampled
from the left flank of the fishes below the pectoral fin.
Although approximately five scales were removed from
each specimen using tweezers, only one scale with a well-
defined nucleus was used to measure the growth rings.
Upon removal, the scales were cleaned and maintained
in envelopes with the same numbering as the fish. The
selected scales were digitalized using a light-transmitted
stereomicroscope.

Annuli were identified according to the criteria
defined in Cordiviola (1974). Scales were examined in
two independent readings at least one month apart by the
same reader. Whenever the two readings disagreed, a third
was taken. Only those scales with at least two concordant
readings were considered for the analysis. Measurements
(in mm) were made of the distance from the central point
of the scale (called focus) to the edge; and the distance from
the focus to each ring, all at a 90° angle. All measurements
were made using AxioVision 2010 software, version 6.2.
The correlation between standard length and scale length
was also estimated.

The hydrological periods (dry, rising water, flood and
receding water) were determined according to Bittencourt
& Amadio (2007) with adaptations for this work based
on the data on water levels between October 2011 and
September 2012 for the sampling area made available by
the Brazilian Geological Service (CPRM) (Table 1).

Data analysis. The relative condition factor (Kn) was
calculated by the equation

_w
Kn= We

proposed by Le Cren (1951), where W is the total weight of
an individual and We is the mean weight estimated for each
length by the equation We = a * Ls® , where a and b are the
parameters from the weight-length relationship.

Table 1. Classification of hydrological periods according to
the water level of the middle rio Negro.

Hvdrological Water Level
ydrotogica Months Criterion
Period Mean + Standard
Deviation (mm)
b October/2011 351.16£9.93 (n =31) [ owest water
ry

November/2011  361.23+20.39 (n = 30) level
December/2011  406.67+5.78 (n = 31)

January/2012  465.45+37.68 (n=31)
Rising Water  February/2012  565.13+43.56 (n = 29) Rmﬁ:gv gater
March/2012  668.19425.12 (n=31)
April/2012  798.23+57.28 (n = 30)
May/2012  9544536.55(m=31)  Highest
Flood
June/2012  931.06+£36.82 (n=230)  Water level
July/2012  843.54+13.65 (n=31)
Receding _ Receding
Wator August2012  747.77£74.61n=31) o e
September/2012  514.80+51.43 (n = 30)

Only females were used to determine the gonadosomatic
index (GSI) because the variation in weight of ovaries is
more noticeable than the variation for testicles. The index
was calculated using the equation:

_Ve
GSI = Wi
where Wg = gonad weight (g) and Wt = total weight (g).

Annuli were validated by marginal relative increment

(MRI) analysis:

R'Rn

MRI - Rn - Rn—]

* (100)

where R = total radius (measured from the focus to the
edge of the scale); R, = annulus radius measured from the
focus to the last annulus of the scale; and R, = annulus
radius measured from the focus to the penultimate annulus
of the scale. To determine the period when annuli were
formed, the frequency distribution of the MRI grouped
into intervals of 20 units of MRI was used. Annulus
formation was considered to occur in the period when
there was a decrease in mean MRI values followed by an
increase.

The homogeneity of GSI, Kn and MRI was verified with
the Bartlett test, using Statistica 9.0 software (StatSoft,
2009). Since the data did not pass the homogeneity test,
the Kruskal Wallis test was applied at a 0.05 significance
level to verify if there were differences in the GSI, Kn and
MRI averages among hydrological periods. 4 posteriori
tests were performed whenever significant differences
were found.

Individual age was calculated by counting the number
of annuli in each specimen’s scales. The mean standard
length of specimens with the same number of annuli was
also calculated.
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The model proposed by von Bertalanffy (1938),

L=L,[1-e kt-1]
was used to represent the species’ growth curve, where
L, = length of individuals at age t, L = asymptotic
length, k = growth constant, t = age and t = theoretical
age when length is zero. The parameter t, was considered
zero because an individual’s initial size is negligible and,
furthermore, this parameter does not have a biological
connotation. The growth parameters L _ and k in von
Bertalanffy’s equation were determined by adjusting
them to the age and standard length data by non-linear
adjustment of the variables using the SIMPLEX iterative
method in the Statistica package (StatSoft, 2009).

Longevity (A,,,), defined as the time that an
individual takes to reach 95% of its maximum length,
was estimated based on the formula proposed by Taylor
(1958):

ty + 2,996
0,95 = %k

where A, = longevity, ¢, = theoretical age at length zero
and & = growth constant in von Bertalanffy’s equation.

Length at first sexual maturity (L,)) was estimated
by calculating the percentage of adult females (maturity
stages II, III and 1V) by length intervals of 1 cm. Data
were adjusted using the logistic function proposed by
King (1995):

_ 1
y= (1 + e?17eD)

where y = length, x = no. of female adults, b/ = L, and
b2 = standard deviation.

Results

Between October 2011 and September 2012, a total of
250 Cichla temensis specimens were collected. Standard
length varied between 21.5 and 53.5 cm (mean 33.30
+5.34 cm).

Up to six growth annuli were identified on the scales,
however, only the second annulus onwards could be
verified as true growth rings. The frequency distributions
of the mean distances between the center of the scale and
each mark identified were unimodal, indicating that the
annuli could be consistently identified. The progressive
dislocation of the modal values to the right as the number
of annuli increased also indicates consistency in the
identification of the annuli (Fig. 2).

The coefficient of determination between standard
length and scale length (total radius) was 70%, indicating
proportionality between the size of the fish and the
structure (scale) used to determine the age of the species

(Fig. 3).
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There were no significant differences in the mean
values of condition (Kn) over the period studied (y ,,,
= 6.80; p>0.05) (Fig. 4a), and the GSI was significantly
higher during the receding-water period ( =8.68;p=
0.03), indicating that C. temensis reproduce%“ﬁinly during
this period (Fig. 4b).
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Fig. 4. Variation in the condition factor (a), gonadosomatic
index (b), and marginal relative increment (c) of Cichla
temensis according to hydrological period and the water
level of the middle rio Negro between October 2011 and
September 2012.

Similarly, the mean value of MRI was significantly lower
during the receding-water period (y = 21.05; p = 0.01),
indicating that annuli were formed duS’erlrﬁlg this hydrological
period (Fig. 4c). When the MRI frequency distributions for
the different hydrological periods were analyzed, a modal
class progression to the left was observed (Fig. 5). During
the receding-water period the majority of the specimens
showed a smaller growth increment (20%), corroborating
the results of MRI, where a significant decrease in values

for this period was observed. During the dry season the
majority of individuals had an MRI of 80%, indicating
that an increment in body growth occurred between the
receding-water and dry periods (Fig. 5). Annulus formation
for C. temensis was therefore considered to occur once a
year during the receding-water period.
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Size at first sexual maturity was estimated as L, = 31.11
cm of standard length. Assuming that one annulus is formed
per year, as indicated by the MRI analysis, intervals of one
year were attributed to each annulus. The minimum and
maximum number of annuli identified was two and six,
respectively, and 90% of the specimens had three or four
annuli. The mean standard length and number of fishes for
each number of annuli (two to six) are shown in Table 2.

Table 2. Number of annuli, mean standard length and
number of Cichla temensis specimens.

Standard Length (cm)
Number of annuli Mean <Standard Number of specimens
Deviation (cm)
2 22.03 +0.44 6
3 31.10+3.18 158
4 37.32+3.27 72
5 42.87+2.84 11
6 51.33+£2.56 3

Adjustment of standard lengths for age using von
Bertalanffy’s growth model provided the growth
parameters Loo = 68.05 cm, k = 0.20 yr' and A, = 14 yr
and the corresponding growth curve (Fig. 6).
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Fig. 6. Length growth curve for Cichla temensis from the
middle rio Negro.

Discussion

Estimates of age and growth rate in tropical fish using
growth rings registered on otoliths and scales have been
increasing steadily in recent years (Fabré & Saint-Paul,
1998; Jepsen et al., 1999; Pérez & Fabré, 2003; Cutrim &
Batista, 2005; Holley et al., 2008). For Cichla temensis,
the establishment of growth rings is principally linked to
the reproductive period and parental care of fry (Jepsen et
al., 1999; Montaiia et al., 2006; Holley ef al., 2008). The
number of visible annuli (up to six) on the scales of C.
temensis was similar to that reported by Winemiller et
al. (1997) (seven to nine), Jepsen et al. (1999) (eight) and
Holley et al. (2008) (nine). The differences in the results
may be because: i) we used scales for the readings while

the other authors used otoliths; and ii) the fish specimens
analyzed were larger than in this study and therefore had
more annuli. However, it is important to note that all of
the cited studies followed the premise of proportionality
between the size of the specimen and size of the otolith/
scale (Fonteles Filho, 2011).

The annual variation in relative body condition (Kn)
observed for Cichla temensis suggests that this species
obtains and stores energy mainly during the dry season,
when the water level recedes and fish density in aquatic
habitats increase, enabling the detection and capture
of prey by this piscivorous fish (Jepsen et al., 1997
Winemiller et al., 1997; Rabelo & Aratijo-Lima, 2002;
Montafia et al., 2006), culminating in higher growth
during this period. The results for the GSI indicated that
most of the reproductive activity of C. temensis occurred
during the receding-water period. During the spawning
period, fishes may have an energy deficit because of
reproductive activities, nest construction and parental care
(Braga, 1952; Zaret, 1980; Jepsen et al., 1999; Montaia et
al., 2006; Holley et al., 2008). Thus, the process of energy
allocation for these activities would explain the decrease in
growth rate and consequent formation of an annulus on the
scales of C. temensis during the receding-water period and
spawning peak, as confirmed by the MRI analysis. This
corroborated with the results of Jepsen et al. (1999) and
Holley et al. (2008), who also studied growth parameters
of C. temensis in rivers and dams in Venezuela and the
middle rio Negro, respectively. Both studies confirmed
that annuli were formed during the reproductive period,
which also coincided with a reduction in feeding.

Inthis study, the firstring, which refers to the first year of
life, could not be identified due to difficulties in being able
to accurately visualize it. The second ring corresponded
to specimens with an average standard length of 22.03
cm. Instead of reproductive activity being the prime
influence, we believe that formation of the second ring
could be related to environmental conditions and/or biotic
interactions, such as competition and territorialism (King,
1995). The average size at first sexual maturation (L, ) for
this species was calculated at 31.1 cm, which coincided
with the average standard length determined for formation
of the third annulus. These findings corroborated with
the results of Winemiller et al. (1997) and Montana et al.
(2007), who found similar L, values of 36 cm and 32.6 cm,
respectively. Therefore, it appears that individuals with
two annuli are juvenile fish (<31.1 cm), while those with
three or more rings are adults (> 31.1 cm), with the first
sexual maturation occurring at approximately three years,
assuming the formation of one ring per year.

The lack of large tucunaré specimens sampled in the
present study likely explains the difference between the
estimated longevity of this species in the study area (14
years) and the age associated with the number of growth
rings measured on the scales (6 years). The difficulty in
finding large specimens was probably due to the constant
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presence of sport fishermen during the low water season,
which is the best time for catching tucunaré, and the fact
that this fishing pressure then drives the bigger fish to
remote headwater areas of rio Negro tributaries located
far way from our sampling area. Asymptotic length (L)
is affected by factors such as the availability of food and
population density, while growth rate (k) is genetically
and/or physiologically determined and influenced by
environmental factors (Beverton & Holt, 1957; Pauly,
1980). The premise described by Beverton & Holt (1957)
and Ricker (1975), that an inverse relationship exists
between growth rate (k) and asymptotic length (L ),
i.e, whereby the greater the growth rate, the lower the
asymptotic length and longevity, can be confirmed by
studies conducted in the Amazon region (Table 3). This
relationship is also applicable to Cichla temensis, which
has been corroborated in the studies of Jepsen et al. (1999)
and Holley ez al. (2008) (Table 3). However, the k values for
Cichla monoculus (Campos & Freitas, 2010), C. intermedia
and C. orinocensis (Jepsen et al., 1999) were higher and
the L values lower than those found for C. femensis in
the present study. While studying the growth, biological
characteristics and ecology of C. temensis, Winemiller et
al. (1997), Jepsen et al. (1999) and Montaiia et al. (2006)
confirmed that this species reaches sizes significantly
greater than other species from the same genus. Hence,
according to Winemiller’s (1989) classification, C. temensis
can be defined as a species in equilibrium because of its
sedentary characteristics, its long life cycle and the fact
that it is medium-sized.

Table 3. Estimated growth coefficients and asymptotic
lengths for Amazon fish species showing the inverse
relationship between k and Loo.

Reference Species k (year') L (cm)

Triportheus albus 0.86 24.68

Prestes et al. (2010) Triportheus angulatus ~ 0.77 26.78

Triportheus auritus 0.65 27.83
Bevilaqua & Soares (2010)  Pygocentrus nattereri 0.63 294
‘Santos-Filho & Batista (2009)  Brycon amazonicus 0.5 5100
Cutrim & Batista (2005)  Hypophthalmus marginatus 055 5263

0.38 53.55
Campos & Freitas (2010) Cichla monoculus

0.25 59.91
Present Study (2014) 0.20 68.05
Holley et al. (2008) Cichla temensis 0.18 83.00
Jepsen et al. (1999) 0.16 84.37

In conclusion, the use of scales to determine growth
parameters in Cichla temensis proves an effective and
reliable technique to study the influence of the hydrological
cycle on growth patterns. Furthermore, this technique
provides insights into population dynamics of the species,
which can help to develop models aimed at estimating the

effects of fishing pressure on exploited stocks. Considering
that C. temensis is the principal species in the thriving sport
fishery of the middle rio Negro, conservation programs are
essential to ensure that fish populations remain steady and
sustainable over the long term.
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