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ABSTRACT

Was evaluated the pattern of growth among females and males of tambaqui by Gompertz nonlinear
regression model. Five traits of economic importance were measured on 145 animals during the three years,
totaling 981 morphometric data analyzed. Different curves were adjusted between males and females for
body weight, height and head length and only one curve was adjusted to the width and body length. The
asymptotic weight (a) and relative growth rate to maturity (k) were different between sexes in animals
with + 5 kg; slaughter weight practiced by a specific niche market, very profitable. However, there was
no difference between males and females up to + 2 kg; slaughter weight established to supply the bigger
consumer market. Females showed weight greater than males (+ 280 g), which are more suitable for fish
farming purposes defined for the niche market to larger animals. In general, males had lower maximum
growth rate (8.66 g/ day) than females (9.34 g / day), however, reached faster than females, 476 and 486
days growth rate, respectively. The height and length body are the traits that contributed most to the weight
at 516 days (P <0.001).
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INTRODUCTION

Tambaqui (Colossoma macropomum: CUVIER,
1818) is a native species of Amazon basin with a
highest production at continental aquaculture, a
expressive demand and growing in Brazil (Minis-

tério da Pesca e Aquicultura 2013). Due to its large
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importance to aquaculture, many studies have been
conducted evaluating diets and metabolism (Corréa
et al. 2007), reproduction (Carneiro et al. 2012,
Maria et al. 2012), genetics (Gomes et al. 2012,
Hamoy and Santos 2012, Marcuschi et al. 2010),
among others; however, few is known about their
growth pattern (Penna et al. 2005).

Multiple factors affect the efficiency of the

animal growth in fish farm, such as genetics, sex,
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nutrition and environment (Oliva-Teles 2012).
Animal growth patterns can be modified by
selection; thus, the knowledge about the speed of
growth of different tissues has high value to the
meat production industry (Ibafez-Escriche and
Blasco 2011). The knowledge on body growth
has strategic importance for genetic improvement;
besides providing information to animal selection
based in important economic traits can be used to
predict or fit the optimal slaughter age (Knizetova
etal. 1991). Similarly, the prior knowledge on body
growth enables detect others important aspects, for
example sexual dimorphism, allowing adapt the
processing techniques of meat in accordance with
each sex (Contreras-Guzman 1994, Gomiero et al.
2003).

A form to predict and evaluate the animal body
growth is by growth curves study from individual
growth curves. The usual models applied to describe
growth are based on differential equations that seek
a biological interpretation (Arango and Van Vleck
2002). Different non-linear equations are used in
animal production to describe the animal growth
over time with different biological interpretation
meaning related to initial conditions, growth rate,
or adult body weight, all linked to economic aspects
of production.

In order to estimate body growth of the
tambaqui and evaluate differences between males
and females was used the Gompertz nonlinear
regression model. This model is an most appropriate
nonlinear equation to describe the tambaqui growth,
together with the Logistic model (Costa et al. 2013).
However, Gompertz model has desirable properties
in a growth curve, which unlike other functions,
initial and always greater than zero body mass,
which reflects the fact that the animal already born
with some mass (Fialho 1999). Gompertz model
has only three parameters, equivalent in number
to a quadratic function. However, it fits better and
the growth curve can be used in a time interval that
covers the entire life of animal.
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MATERIALS AND METHODS

Were analyzed 981 biometric data from 145
animals measured for three years (2009 - 2011)
for economic important traits. All procedures were
carried out according to the international practices
for animal use and care under the control of an
internal committee of the Universidade Federal do
Rio Grande do Sul, Brazil. The offspring of each
family remained in the same environment until
it reached a body weight of 20 g (more or less 1
month) when it was possible to mark the animals by
Passive Integrated Transponder Tags (PIT) in the
dorsal muscle. After, the animals were transferred
to earth ponds tank (500 m’) remained during the
whole period with alimentation two-fold per day up
to apparent satiation. Were measured body weight
(BW) (grams), length of head (LH) (cm) (from
anterior end of the head and caudal operculum),
body width (BWi) (cm) (from 1* dorsal fin ray),
body height (BH) (cm) (from 1* dorsal fin ray) and
body length (BL) (cm) by pachymeter, ictiometer
and measuring tape graduated (mm).

Gompertz nonlinear regression model was
used to describe growth curves in tambaqui sorted
by sex. This can be described as, y = a.e(’e)(ibw)) ,
where, y represents the interest trait, a is the
maximum value of y (asymptotic values), b is a
constant rate of exponential growth, e is the base of
natural logarithms, ¢ is the age in days and £ is the
age at inflection point. The growth rate (g / day) is

given by the derivative of the above (Fialho 1999):
dy a be—b(z—k)—e’h("")

: Were tested the curve adequacy for each trait
using eight equations to obtain the best fit for
Gompertz model parameters in population, i.e., it
would be better to set a single curve for the entire
population or one curve for each sex. The adequacy
test was performed using an adaptation of likelihood
ratio test proposed by Regazzi (Regazzi and Silva
2004). A simple equation, called M8, considered
the Gompertz parameters were the same at males
and females; and a complete equation, called M1,
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considered a specific parameter for each sex; other
models tested were simplifications of M1 equation
(Table I). Gompertz model parameters estimate
was carried out by NLIN (Nonlinear Regression
Models) procedure; regression analysis was
carried out by GLM (Generalized Linear Model)
procedures and the principal factor analysis was
performed by FACTOR procedure (SAS 9.2
statistical package).

TABLE I
Description of the eight equations tested to obtain the best
fit of the parameters in the nonlinear regression of the
Gompertz model.

Parameters M1 M2 M3 M4 M5 M6 M7 M8

a ai a ai ai a ai a a
b bi bi b bi b b bi b
k ki ki ki k ki k k k

i= different parameters tested for males and female

RESULTS

This is the first study where were estimated the body
growth pattern of tambaqui (C. macropomum) and
is possible observed that each tissue has patterns and
growth rate different, which featuring an allometric
body growth (Fig. 1). Length and body height were
the first traits achieved the maximum growth rate,
followed by head length, weight and body width
(Fig. 1a; 1c). Thereby, we can determine that the
bone tissue was deposited first followed muscle
tissue (Table II), indicated by the order in days to
reach the inflection point for head length (236-246
days), length (256 days), width (256-346 days),
height (366-376 days) and body weight (486 days).

The curves study showed growth patterns
similar between males and females for length and
body width (Fig. 1a; 1b). Width and body length
were better fitted at one only growth curve for
males and females. Although the maximum growth
rate of 0.00317 cm/day for body width has been
detected at 366-376 days, it was not possible
see the point of inflection in the growth curve.
Inversely, head length, weight and body height
showed different estimation for males and females
(Fig 1c; 1d; le). Were observed differences of the
female’s asymptotic values (a) and age at inflection
point (k) in comparison to males; fitting curves
with different estimates for the parameters at each
sex (M3 equation). The body length showed a slow
growth, going from 46 to 55 cm at 2 kg and 4 kg,
respectively (Fig. 1b). The maximum growth rate
of 0.12 cm was reached in 256 days (Table II).

The body weight showed a growth faster
than morphometric traits. Muscle deposition was
different to males and females (Fig. 1c). The
males weighted on average 77.3 g less at the 2 kg
and 257.5 g less than females at the 4 kg (Table
III). The difference between males ¢ females is
evidenced through of growth maximum rate, 8.66
g at 476 days reached by males and 9.34 g at 486
days reached by females (Table III). Differentially,
the difference between males and females for body
height was small, lower than 1 cm in both 2 kg and
4 kg (Table I1I). The maximum growth rate reached
was 0.0718 and 0.0737 cm for males and females,
respectively, obtained at 256-346 days.

TABLE 11
Maximum growth rate and estimated days to inflection point for body weight (BW), body
length (BL), length of head (LH), body width (BWi) and body height (BH) in tambaqui

(Colossoma macropomunmnt).

Male Female
Traits Days Days
BW (g/day) 8.66 476 9.34 486
BL (cm/day) 0.1274 256 0.1274 256
LH (cm/day) 0.0325 246-236 0.03339 246-236
BWi (cm/day) 0.00317 366-376 0.00317 366-376
BH (cm/day) 0.0718 256-346 0.0737 256-346
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Figure 1 - Growth profiles body according to adjusted of the Gompertz nonlinear model at 896 days:
body width (a); body length (b); body weight (¢); head length (d) and body height (e) at function of age in
tambaqui (Colossoma macropomum). Data females are represented by gray color and males are represented
by black color. The triangles represent the data for males and females together.

The growth curve for the head length showed  II). There were differences at the estimates of
a slow growth (Fig. le). Although measures very b parameter for body height and head length
similar growth, different curves were adjusted for (M6 equation) indicating a constant exponential
each sex. The maximum growth rate reached was growth different between males and females (Fig.
0.0325 for males and 0.0339 to females (Table 1d; 1e).
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TABLE III
Mean =+ standard deviation for weight and morphometric traits of the weight at slaughter
performed currently, 2 kg (516 days) and +4 kg (800 days), in Colossoma macropomum.

) 516 days 800 days
Traits
Male Female Male Female

Body weight (grams) 2140.31 £387.1 2217.66 +388.7 3887.30+113.7 4144.82+120.1

Body height (cm) 17.65 +0.99 18.1£1.05 20.59 £0.77 21.12 £0.80
Length of head (cm) 12.02 £ 0.58 12.2+0.56 15.27 +£0.55 15,69 £ 0. 54

Body width (cm) 4.54+0.33 4.66 +0.32 5.61+0.30 5.68+0.31

Body length (cm) 4623 £2.5 46.56 £2.53 5591 +1.78 55.89+1.8

Were carried out the principal component
analysis (PCA) up to + 2 kg, reached at 516 days.
The PCA showed that animals with greater body
length and length head showed lower body height.
Being the head length and body length the traits
of the most influence the body weight and daily
weight gain until 2 kg (P<0.001) (Fig. 2).

DISCUSSION

The initial hypothesis was there no difference
in growth among males and females; however,
our results demonstrate there is a greater body
growth of females evidenced after of reproductive
maturation (£ 846 days). From these results is
possible to corroborate the observations reported by
fish farmers, that the females grow faster than males
after reproductive maturation (Vieira et al. 1999).

Analyze growth curves is a complex because
the evolution of growth over time is nonlinear, and
it is affected by genetic and environmental effects
(Ibanez-Escriche and Blasco 2011). However,
from this date is possible to estimate the maximum
growth rate and, thus, fit the better slaughter age for
each sex. The shape of body, sex and body weight
are very important in choosing the processing
performed by the industry, as it influences the
operations of beheading, gutting and cleaning,
besides influencing the final yield of the processing
(Carneiro et al. 2004, Contreras-Guzman 1994,
Faria et al. 2003).

According the processing industry the slaughter
weight of this species current is 2 kg, which was
achieved at 516 days of cultivation. In this point,
is possible to observe at both sexes the same body
growth pattern (Fig. 1c); thereby, indicating males
and females for fish farming (Table III). On the
other hand, the females showed a maximum growth
rate for body weight higher than males, 9.34 and
8.66 g/day, respectively, achieved at different days
of cultivation, 476 days to males and 486 days to
females (Table II).

Although most of the production Tamaquabe
aimed at industry with an average weight + 2 kg,
there is a market demand directed to the animals
above the + 5 kg. To meet the demand of this
niche market for large animals, the cultivation of
female’s tambaqui is the most indicated due to its
capacity growth faster than males. Currently, the
market for larger animals is stocked mainly with
extractive fishing at the Amazon Basin Rivers.
However, overexploitation generates a decrease of
the natural stocks of animals this size in the rivers
of region, indicating the depletion of natural stocks
of these species (Da Silva Batista and Petrere
Junior 2003). In Brazil, the Environment Ministry
classified the species as overexploited or threatened
by overexploitation (statute no. 5 of May 21, 2004).

In this context, cultivation of tambaqui is of
utmost importance in the conservation this species
and supplying the consumer market. Thus, the
understanding of animal growth has strategic
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Figure 2 - Principal Component Analysis (PCA) on growth traits of tambaqui
(Colossoma macropomum). Factors 1 and 2 represent 86% of accumulated variance;
body weight (BWE), daily weight gain (DWG), body width (BWi), body height (BH),
length of head (LH) and body length (BL) for 516 days of age (+ 2 kg). Data of females
are represented at black and males are represented at grey.

importance for obtaining maximum growth of
animals, optimizing the slaughter age for each sex.

CONCLUSIONS

There differences in growth patterns between
adult male and female evidenced by the different
curves fitted, indicating the existence of sexual
dimorphism of this specie. The understanding of
differences observed on body growth and growth
rates between the sexes is important for more
success in the cultivation strategy employed. Were
showed differences at the maximum growth rate
between the sexes suggesting the need to adapt
the actual production system to use the maximum
growth potential of each sex.
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RESUMO

Foi avaliado o padrdo de crescimento entre fémeas e
machos de tambaqui por meio do modelo de regressao
nao linear de Gompertz. Foram mensuradas cinco
caracteristicas de importdncia economica em 145
animais durante os trés anos, totalizando 981 de dados
morfométricos analisados. Curvas diferentes foram
ajustadas entre machos e fémeas para peso corporal,
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altura e comprimento da cabega e apenas uma curva para
alargura e comprimento do corpo foi ajustada para ambos
os sexos. O peso assintotico (a) e taxa de crescimento
relativo a maturidade (k) foram diferentes entre os sexos
nos animais com + 5 kg; peso de abate praticado por
um nicho especifico do mercado, muito rentavel. No
entanto, ndo houve diferenca entre machos e fémeas de
até = 2 kg; peso de abate estabelecido para abastecer o
maior mercado consumidor. As fémeas apresentaram
maior peso do que os machos (£ 280 g), sendo estas mais
indicadas para fins de piscicultura definidos para o nicho
de mercado de animais maiores. Em geral, os machos
apresentaram menor taxa de crescimento (8,66 g / dia)
do que as fémeas (9,34 g/ dia), entretanto, alcancaram
a taxa maxima de crescimento mais rapido do que as
fémeas, 476 e 486 dias, respectivamente. A altura e
comprimento do corpo sdo as caracteristicas que mais
contribuiram para o peso aos 516 dias (P <0,001).

Palavras-chave: curva de Gompertz, crescimento corporal,
taxa de crescimento maximo, ponto de abate.
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