
Neotropical Ichthyology, 14(2): e150149, 2016 
DOI: 10.1590/1982-0224-20150149 

Journal homepage: www.scielo.br/ni
Published online: 20 June 2016 (ISSN 1982-0224)

1

Morphological and morphometric analysis of skeletal muscle 
between male and female young adult Colossoma macropomum 

(Characiformes: Serrasalmidae) 

Fernanda De Mello1, Daruzi Felippe1, Leandro C. Godoy1, Nívia Lothhammer2, 
Luis R. J. Guerreiro1 and Danilo P. Streit Jr.1

This study aimed to evaluate muscle organization in tambaqui in order to describe the muscle growth process. We analyzed 
the morphometric pattern of fibers from white muscle of young-adults (300 days) by smaller diameter. The organization of 
white muscle exhibited a typical morphological pattern found in other fish species. Heavier animals showed higher frequency 
of larger diameter fibers (>50 μm) and smaller animals had higher frequency of smaller diameter fibers (<20 μm) (P=0.005). 
However, both animals showed the same frequency of intermediate diameter fibers (20-50 μm). Body weight showed a 
positive correlation with muscle diameter fiber (r=0.45), being 20-50 μm the diameters that contributed the most to animal 
weight (P <0.0001). A weak correlation between fiber diameter and animal sex was observed (r=0.2). Females showed higher 
frequency of large fiber diameters (>50 μm) than males. However, there was no difference between body weight and sex 
(P=0.8). Our results suggest that muscle growth is by hypertrophy and hyperplasia due to a mosaic appearance from different 
diameters fibers, which is characteristic of large size fish species. 

O objetivo deste trabalho foi avaliar a organização muscular em tambaqui, a fim de descrever o processo de crescimento 
muscular. Foi analisado o padrão morfométrico das fibras do músculo branco de animais com 300 dias de idade usando 
o método de diâmetro menor. O músculo branco apresentou uma organização morfológica padrão encontrado em peixes.
Animais de maior peso apresentaram maior frequência de fibras de maior diâmetro (> 50 μm) e os animais de menor peso
apresentaram maior frequência de fibras de menor diâmetro (<20 μm) (P = 0,005). Entretanto, ambos os animais, com maior
e menor peso, apresentaram frequências semelhantes de fibras de diâmetro intermediário (20-50 μm). O parâmetro peso
corporal mostrou correlação positiva com o diâmetro da fibra muscular (r = 0,45), sendo as fibras de diâmetro intermediários
(20-50 μm) que mais contribuíram para o peso do animal (P <0,0001). Fêmeas apresentaram maior frequência de fibras de
maior diâmetro (>50 μm) que machos. Observou-se uma fraca correlação entre o diâmetro da fibra e o sexo dos animais (r =
0,2). Apesar de fraca, a correlação estimada é corroborada pela fibras de grandes diâmetros (> 50 μm) serem mais frequente
nas fêmeas que nos machos. No entanto, não houve diferença entre o peso corporal dos animais aos 300 dias de idade e sexo
(P = 0,8). Os resultados encontrados sugerem que o crescimento muscular ocorre por hipertrofia e hiperplasia, caracterizado
pela aparência em mosaico de fibras de diferentes diâmetros, característico de peixes de grande tamanho.
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Introduction 

In fish, most species have indeterminate growth, 
implying that the size is never fixed and some growth 
continues throughout life (Rescan et al., 2013). Body 
growth is a multifactorial process involving intrinsic 
factors such as nutritional/metabolic or reproductive stages 
and also changes according to environmental factors such 

as temperature and photoperiod, which can affect muscle 
fiber recruitment (Volkoff et al., 2010). The knowledge 
on growth of muscle tissue is strategic in aquaculture 
industry because the muscle growth is directly correlated 
with the income from fish fillet. In this context, some fish 
species show sexual dimorphism, such as size dimorphism 
and shape dimorphism, making single-sex rearing more 
profitable (Mei & Gui, 2015). 
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Post-larval development is dependent on two 
mechanisms of muscle fiber growth: hyperplasia and 
hypertrophy (Weatherley & Gill, 1985; Weatherley, 1990; 
Veggetti et al., 1993). Thus, growth is associated with the 
recruitment of new fibers (hyperplasia) and/or the increase 
in the volume of muscle fibers (hypertrophy), such that the 
muscle may contain fibers with a wide range of diameters. 
In those fish species that ultimately reach a large size, 
continuous recruitment of muscle fibers in a long-lasting 
hyperplastic process gives a typical mosaic appearance to 
muscle cross-sections (Rowlerson & Veggetti, 2001).

The Tambaqui, Colossoma macropomum (Cuvier, 1816) 
(Serrasalmidae, Teleostei) is  the largest Characiformes of 
South America and an important aquaculture species widely 
distributed in the Amazon basin (Goulding & Carvalho, 
1982). Tambaqui is the Brazilian native species of highest 
production in continental fish farming, reaching 111,084.1 
tons in 2011, surpassed only by tilapia production (253,824.1 
tons) (MPA, 2013). The large production of this species 
is due to the flavorful fillet, which is largely composed 
by skeletal muscle white fibers, its good development in 
captivity and the control of reproductive cycle. 

Long-term field surveys and fish farmers have observed 
size dimorphism between male and female individuals 
in tambaqui, but so far, such field surveys have not been 
proven. Indeed, on the premise that females mature later 
than males, the nutrients from diet would be directed to 
muscle growth and weight gain, leading females to reach a 
larger size. However, this is not valid for the tambaqui once 
the commercial slaughter takes place before the fish reach 
sexual maturity (Mello et al., 2015).

Previous studies have evaluated mostly the metabolism 
and physiology (Correa, 2007; Assis et al., 2007, 2010; 
Marcushi, 2010), reproduction (Carneiro et al., 2012; 
Maria et al., 2012; Galo et al., 2015), nutrition (Sipaúba-
Tavares & Braga, 2007) and genotoxicity aspects (da 
Rocha et al., 2011). However, knowledge about the skeletal 
muscle growth and morphology is limited to embryonic / 
larval and juvenile development, which does not describe 
the gain weight by muscle growth until slaughter phase 
(Alves-Costa et al., 2013). 

In the present study, we describe the organization of 
skeletal muscle from two groups of the same strain showing 
different growth performances in order to determine 
muscle growth in 300-days-old tambaqui from captivity. 
We have also compared the muscle growth between males 
and females in order to correlate the growth with sex in 
this species.

Material and Methods

Farming system. Animals were farmed in grow-out ponds 
with 10% of water exchange a day, and a final biomass of 
8000 kg/ha. Water temperature was 28 ± 2 °C, pH varied 
from 7.5 to 8.1 and dissolved oxygen (DO) from 3.5 to 
11 mg/L. Food (32% of crude protein) was offered twice 

a day on a 3% of total biomass basis. The ponds were 
fertilized with 200 g/m2 of organic material and additional 
fertilizations were carried out until the end of the first 
month, monitoring the water transparency. 

Muscle samples. All procedures reported here were 
approved by the Animal Experimentation Ethics Committee 
of Federal University of Rio Grande do Sul (Process N° 
23496).  Ten 300-days-old tambaqui were sampled from 
the same husbandry in Pimenta Bueno City - RO (11º40’29 
67’’S 61º11’27 67’’W), grown between July 2010 and July 
2011 (Table 1). For analyses, fish were divided into two 
groups according to their body weight; to the first group 
belonged to the smaller animals weighting from 165 to 300 
grams (235.8 ± 66.61) and the second group to the larger 
ones weighting from 976 to 1250 grams (10743.8 ± 109.76). 
Muscle morphology evaluation and fiber diameter analysis 
were carried out by 1 cm2 samples of white muscle obtained 
from deep lateral line region, located close to the cranial 
region of the fish body. All samples were taken from the 
same anatomical position. 

Histological techniques. Muscle samples were collected 
and immediately fixed in buffered formalin and posteriorly 
embedded in paraffin. Once fixed, a dehydration was 
performed by increase of alcohol degree (70, 80, 96 and 
100), followed by immersion in xylene (twice) and two 
baths in paraffin, each sample remained 1 hour in each 
solution. Histological sections of 5 µm in thickness, 
transverse and vertical, were obtained and subsequently 
stained with haematoxylin-eosin (HE) and Masson’s 
trichrome (Bancroft & Gamble, 2007) to evaluate the 
morphometric patterns of the muscle fibers. To stain, a 
deparaffinization was carried out using a xylene immersion 
for three times (20, 15 and 10 minutes, respectively) and 
the tissue was rehydrated by decreasing of the alcohol 
degree, 100 (3 min), 96 (1 min), 80 (1 min) and 70 (1 min), 
followed by immersion in distilled water (3 min). For fish 
sex identification, gonads of each animal were collected 
from a ventral cut (n=10) following the same histological 
procedure described above, and classified according to 
Vazzoler (1996).

Measurement of fiber size and assessment of hyperplasia 
and hypertrophy. The software Image J (Schneider et al., 
2012) was used to determine the smallest diameter of each 
muscle fiber within a fiber population, and these diameters 
were used to evaluate the patterns of hypertrophic and 
hyperplastic growth of white muscle (Dubowitz, 1973). In 
accordance with a classification scheme that was proposed 
by Veggetti et al. (1993) the muscle fibers were categorized 
as belonging to three different size classes depending on 
their diameters: <20 µm, 20-50 µm and >50 µm diameters. 
Mean and frequencies of fibers diameter were calculated in 
each class (<20 µm, 20-50 µm, and >50 µm) with standard 
deviations. 
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A high frequency of fibers having <20 µm in diameter 
represents fibers recruited by hyperplasia and those 
exceeding this diameter, fibers having >50 µm, represent 
subsequently grown by hypertrophy (Stickland, 1983; 
Weatherley and Gill, 1984; Weatherley et al., 1988).  Thus, 
hyperplastic and hypertrophic growth in tambaqui was 
assessed using this established criterion in order to make 
comparisons to other fish species.

Data analysis. Differences of fiber diameters within 
and among groups were performed by ANOVA one-way 
and supplemented by Tukey’s test (P<0.05). Pearson’s 
coefficient was used to measure the correlation between 
variables. All analyses were performed using the SAS 9.2 
statistical package. 

Table 1. Diameters of fibers in Colossoma macromum at 300 
days old; body weight, sex, number of fibers sampled and 
means and standard error (±SE). (ND – Not Determined).
Samples Body Weight (g) Sex Number of Fibers Mean ± SE

1 308 Female 615 153.75 ± 16.1
2 300 Male 545 136.25 ± 7.5
3 178 Male 505 126.25 ± 16
4 165 ND 444 111 ± 0.9
5 228 Female 615 153.75 ± 12
6 1,250 Female 455 113.75 ± 8.0
7 990 Female 583 145.75 ± 10
8 976 Male 119 119 ± 7.3
9 1,093 Male 423 105.75 ± 8.9

10 1,060 Male 531 132.75 ± 13

Results 

Muscle organization of white fibers. Striated muscle 
from tambaqui exhibited the typical morphologic 
pattern as other fish species, multinucleated fibers with 
peripheral nuclei (Figs. 1A, B). White fibers of tambaqui 
showed different diameters; are ensheathed by a layer 
of connective tissue, endomysium, in which are found 
capillaries and nerves. The perimysium is a sheath of 
connective tissue that brings together and keeps the fibers 
in fascicles in order to potentiate muscle action (Figs. 1C, 
D). Muscle fibers are inserted in connective tissue, where 
is possible to observe many nucleated cells, suggesting 
the process of cell differentiation and migration of these 
cells for newly generated myoblasts, which will be 
aligned and fused to generate new muscle fibers (Fig. 1E). 
Sarcomeres were visible throughout all the muscle fibers, 
almost completely filling the cytoplasm of the muscle cell 
(Fig. 1F). 

It was possible to identify the process of muscle 
hypertrophy through the fusion of muscle cells surrounded 
by a cytoskeleton, forming the multinucleated myotubes 
that will further differentiate into mature muscle fibers 
(Fig. 2). However, the process of muscle growth is started 

by differentiation of satellite cells, which are precursors 
of muscle cells. Although the animals used in this study 
are considered young (300 days old), it was observed cell 
apoptosis occurring at some cells, but at low frequency 
(Fig. 3A). 

Morphometric analysis. It was observed many small 
fibers between larger diameter fibers in all animals, 
giving a typical mosaic appearance with fibers of different 
sizes (Fig. 4). Frequency of fibers between 20 - 50 μm of 
diameter was higher in smaller animals than the frequency 
of other fibers diameters (P=0.05). In larger animals a 
higher frequency of larger fibers was observed, however, 
there was no difference between the fibers frequencies of 
20 - 50 μm and >50 μm (P=0.174). Correlation coefficient 
between the fibers diameters and body weight was 0.45, 
being the 20-50 μm fibers that most contributed to the 
weight of the animals (P<0.0001) (Fig. 5). Interestingly, 
the frequencies observed for larger fiber diameters (>50 
µm) are significantly different in animals with different 
body weights, although at the same age. The smallest 
animals had a higher frequency of smaller diameter fibers 
(<20 µm) (more recently produced), despite also showing 
a mosaic of fibers with large diameters (20-50 µm). 

There is positive correlation between muscle fiber 
diameter and both body weight and sex with 0.2 and 
0.45, respectively. Body weight was accompanied by 
a continuous increase in fiber diameter (hypertrophy), 
confirmed in the plotted of parameters. There is correlation 
between fiber diameters and sex, despite low (r=0.2). 
Females showed higher frequency of larger fiber diameters 
(>50 μm) than males, however, there were no differences 
between body weight and sex (P=0.8).

Discussion

In this study, we analyzed only muscle fibers, also know 
as white fiber, which have fast twitch and constitute the 
major part of the myotomal musculature (Van Raamsdonk 
et al., 1982). Like others vertebrates, tambaqui satellites 
cells are located at the periphery of muscle fibers and 
connective tissue, where they migrate to fuse and form 
new fibers (Yin et al., 2013). Presence of many nuclei 
in the connective tissue suggests a differentiation and / 
or proliferation process for growth or maintenance of 
muscle tissue. Skeletal muscle relies upon regeneration 
to maintain homeostasis and repair injuries. This process 
involves the recruitment of the tissue’s resident stem cell, 
the muscle progenitor cell, and a subsequent proliferative 
response by newly generated myoblasts (Stern et al., 2009). 
Considerable evidence indicates that small recruited fibers 
originate from the differentiation of myosatellite cells 
supporting mosaic hyperplastic growth and the presence 
of the satellite cells have been suggested to be a source of 
new fibers (Romanello et al., 1987; Veggetti et al., 1993; 
Rowlerson & Veggetti, 2001).  
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Fig. 1. Muscle tissue organization in Colossoma macropomum. A. Multinucleated fibers with peripheral nuclei (arrow). Longitudinal 
section. HE. (Bar = 25 μm). B. Nuclei located at the periphery of the muscle fiber (arrow). Transverse section. HE. (Bar = 50 
μm). C. Fascicle organized in perimysium and endomysium. Transverse section. HE. (Bar = 100 μm). D. Connective tissue 
surrounding the endomysium (dotted arrow) and perimysium (black arrow). Transverse section. Masson trichrome. (Bar = 50 μm). 
E. Mobilization of cells in the muscle fiber insertion in connective tissue (black arrow), many nuclei are observed. Longitudinal 
section. HE. (Bar = 50 μm). F. Sarcomere with striations along the muscle fiber. Longitudinal section. HE. (Bar = 25 μm).
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Fig. 2. A. Young muscle fibers running up. Cytoskeleton and nuclei (arrow). Longitudinal section. HE. (Bar = 50 μm).  B. 
Detail cytoskeleton during fusion of the muscle fiber. Longitudinal section. HE. (Bar = 25 μm).  C. Fusion side of young 
fibers (square). Transverse section. Masson trichrome. (Bar = 25 μm).

Fig. 3. A. Cellular apoptosis (black arrow). Transverse section. Masson trichrome. (Bar = 25 μm). B. Detail of the nerve 
(black circle). Transverse section. Masson trichrome. (Bar = 50 μm).
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Fig. 4. Frequency of muscle fibers from 300 days old 
Colossoma macropomum. Significant differences (*) 
represent the differences between the animal groups 
according to body weight, 165 to 300 g (black) and 976 
to 1,250 g (gray) in each class by ANOVA one-way 
supplemented by Tukey’s test (P<0.05).

Fig. 5. Correlation between the fibers diameters and body 
weight from 300 days old Colossoma macropomum. The 
fibers diameters are showed by class: circle (<20 µm), 
triangle (20 to 50 µm) and square (>50 µm).

Body growth process due to increase in number of fiber 
diameter observed in tambaqui, as well as other fish species, is 
different from mammals. For example, in adult rabbits muscle 
growth is due the hypertrophy process on white fibers (Dal Pai 
& Curi, 1992); in contrast, muscle growth in fish at juvenile 
and young-adult stages is by hyperplastic process (Stickland, 
1983; Rowlerson & Veggetti, 2001). The contribution of 
hyperplasia to muscle growth in tambaqui described here is 
in accordance with results of morphometric studies carried 
out in the same and related species (Dal Pai et al., 2000; 
Silva et al., 2009; Alves-Costa et al., 2013). Appearance of 
“mosaic fibers” observed in the tambaqui muscle resulted 
from the growth by hyperplasia, increase of fiber numbers, 
which occurs mainly during the juvenile phase in species that 
reach large final size. Muscle growth by hyperplasia is very 
important in commercial aquaculture because it is correlated 

with the fillet yield. The growth by increase of fiber number is 
greatly reduced or entirely lacking in species such as zebrafish, 
guppies, and the other fish which remain small (Rowlerson 
& Veggetti, 2001). The occurrence of smaller diameter fibers 
represents a continuation of myogenesis during young-adult 
life. The absence of such small fibers in the caudal region of 
adult rainbow trout (>39±40 cm) was associated with the end 
of hyperplasia growth (Stickland, 1983; Weatherley & Gill, 
1985; Weatherley, 1990).

In this study was observed a positive correlation 
between muscle fiber diameter and both body weight and 
sex, however, in the growth curves study there were no 
differences in growth performance between males and 
females until sex maturity (400 days) (Mello et al., 2015). 

Muscle growth in 300-day-old tambaqui occurs through 
both hyperplasic and hypertrophic growth process, giving 
an appearance of mosaic to muscle at transversal cut. 
This growth with mosaic appearance is due to the fibers 
of different diameters, characteristic of large size species. 
The muscle morphology is typical of other muscle tissues 
showing the same tissues and cells organizations. There 
are correlations between the fiber diameters with the sex, 
however no correlation between the body weight and sex 
was found in tambaqui.
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