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ABSTRACT
Background: Bird is important in maintaining biodiversity and its lifestyles and behaviors will pose an important impact on the ecological
environment. Birds are also inseparable for ecological stability. Birds’ movement and living habits are a widely studied topic.
Methods: Two economic valuable birds, Lonchura striata and Copsychus saularis, were selected in this study. It aims at investigating
the characteristics of muscle fiber tissues and comparing the differences between male and female species. Histological techniques
were used to determine the characteristics of the muscle fiber (diameter, area and density) in leg and pectoral muscles.
Result: There were differences in the muscle fiber characteristics of the Lonchura striata and the Copsychus saularis. The characteristics
of muscle fibers between males and females of the same species were significantly different and there were also significant differences
in the same parts of different species. The diameter and area of muscle fibers are correlated to the density of muscle fibers. This study
suggested that the characteristics of muscle fibers are related to their living habits and population characteristics.
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INTRODUCTION
Birds involve in the ecosystem and they have complex
movements (Debnath et al., 2018). Two common resident
birds belonging to Passeriformes, Lonchura striata and
Copsychus saularis, are easy to tame and have certain
ornamental value. At present, the research about Lonchura
striata in China mainly include behavioral studies focusing
on nest site selection, breeding, brooding behavior,
domestication (Kagawa et al., 2012) and physiological
studies on neural system, hormones, embryonic
development and so on (Li et al., 1992; Bao et al., 2005;
Nottebohm et al., 1990). There are relatively few studies on
Copsychus saularis, mainly on its feeding, breeding and
nesting habits (Barnea et al., 1991) and vocal behavior (Jiang
et al., 2003). However, the muscle tissue and molecular
ecology knowledge of the two birds are lacking. Birds need
skeletal muscle to achieve their behaviors and the
characteristics of skeletal muscle are associated with the
characteristics of muscle fiber tissue. The daily activities of
birds are inseparable from pectoral and leg muscle (Torrella
et al., 1999). To mind the gap, this study investigated the
characteristics of the pectoral muscle and leg muscle, the
characteristics of muscle fibers and their influencing factors
and the relationship between muscle fibers and movement.
It provides basic reference for following muscle and
behavioral studies in these two birds.

MATERIALS AND METHODS
The experiment was conducted from 2019-3 to 2020-2 at
the Key Laboratory of Southwest China Wildlife Resources
Conservation, China West Normal University College of
Life Science, Nanchong, Sichuan. 10 adult Lonchura
striata (5     5      )  and 10 Copsychus saularis (5    5    ) were
collected from Nanchong City, Sichuan, China. For
histological observations, the leg and pectoral muscles were

dissected and fixed in 10% paraformaldehyde solution. Fixed
tissues were processed with routine paraffin embedding
technique for 5 µm paraffin sections. After that, Haematoxylin
and Eosin (H.E) staining procedures were performed to show
histological changes: Briefly, the slides were treated by
xylene dewaxing, ethanol debenzylation, hydration, washing,
hematoxylin staining solution, washing, hydrochloric acid,
ammonia water washing, eosin solution restaining, washing,
gradient alcohol dehydration and xylene transparency. Then
the samples were observed under light microscope (CX50,
Olympus, Japan) after sealed with neutral balsam on slides
and then take pictures at 400×. Following micrometrical
parameters were recorded:

Muscle fiber diameter and area
Using VideoTest-Master Morphology software to measure,
the place where the muscle fiber distributed evenly were
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chosen and measure the diameter and area of the target
muscle fiber.

Measurement of the muscle fiber density
Five intact and clear sites were randomly chosen. The
number of muscle fibers at the observed area were then
counted for the fiber density size index. The results were
shown by the fiber number per square millimeter area.

Data analysis
Data was analyzed by SPSS analysis software 25.0 and
excel 365. The experimental samples belong to continuous
variables and there is no obvious correlation between the
variables. The normality test and the homogeneity test of
variance on the samples meet the conditions of the
independent sample T test, so the independent sample T
test is used. There are many influencing factors in the
experiment. In order to further analyze the influence of each
factor on the properties of muscle fibers, this experiment
also uses univariate analysis of variance to understand the

relationship between each factor. P0.05 or P0.01 means
the difference is significant or extremely significant.

RESULTS AND DISCUSSION
Histological characteristics of muscle fibers in different
parts
The diameter and area of the leg muscle fibers of the
Lonchura striata and Copsychus saularis are significantly
greater than the pectoral muscle fibers (P<0.01), the density
of male leg muscle fibers is significantly larger than that of
the pectoral muscle fiber (P<0.01), while the leg muscle fiber
density is extremely smaller (P<0.01) than the pectoral
muscle fibers of Lonchura striata (Fig 1 to 3). In the univariate
analysis of variance, differences are found in the
characteristics of muscle fibers in two parts. There might be
two factors causing such difference. Fistly, the life activities
of the two parts are different. Lonchura striata  and
Copsychus saularis are both passerines and songbirds,
good at flying. Pectoral muscles are usually involved in fly

 

 

 

 

 

 

Fig 2: Comparison of muscle fiber area (μm2) A. Compared within group; B. Compared between groups.
LML: Lonchura striata male leg muscles; LMP: Lonchura striata male pectoral muscle; LFL: Lonchura striata female leg muscles;

LFP: Lonchura striata female pectoral muscle; CML: Copsychus saularis male leg muscles; CMP: Copsychus saularis male pectoral
muscle; CFL: Copsychus saularis female leg muscles; CFP: Copsychus saularis female pectoral muscle.

A * indicates significant difference and no * indicates no significant difference.

 

Fig 1: Comparison of muscle fiber diameter (μm) A. Compared within group; B. Compared between groups.
LML: Lonchura striata male leg muscles; LMP: Lonchura striata male pectoral muscle; LFL: Lonchura striata female leg muscles;

LFP: Lonchura striata female pectoral muscle; CML: Copsychus saularis male leg muscles; CMP: Copsychus saularis male pectoral
muscle; CFL: Copsychus saularis female leg muscles; CFP: Copsychus saularis female pectoral muscle.

A * indicates significant difference and no * indicates no significant difference.
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activities which requires for stronger muscle fiber such as
the red muscle. The red muscle fiber is thinner and the
density is bigger than the common white muscle fiber
(Torrella et al., 1998). There are more red muscle fibers in
pectoral muscle and the density of pectoral muscle fibers is
greater than that of leg muscle fibers, which may prove its
better. Secondly, hormone levels will pose different effects
on the characteristics of muscle fibers in different parts (Bell
et al., 2000) and corresponding to different life activities.
Therefore, it will also affect the characteristics of pectoral
and leg muscle fibers.

Influence of gender on the histological characteristics
of muscle fibers
The diameter and area of muscle fibers in males are larger
than those in females in the same part of Lonchura striata
and Copsychus saularis. However, male leg muscle density
is lower than it in females, male pectoral muscle density is
larger than that in females (Fig 3). The reasons may be
related to two aspects: one refers to the different gender
division of labor. Males need to undertake the tasks of
foraging and defense with more flight activities (Huang et al.,
2020). On the other hand, the levels of sex hormones are
different in different genders. Different sex leads to different
secretion levels of sex hormone and this might cause
different growth and development of skeletal muscle.
Androgen can stimulate the growth of skeletal muscle and
promote protein synthesis (Bell et al., 2000). It is concluded
that under certain feeding conditions, gender has a
significant impact on the characteristics of muscle fibers.
The density of male pectoral muscle fibers is higher and
the characteristics of muscle fibers are better than females
and the density of leg muscle fiber in females is higher than
that in males.

Differences in histological characteristics of muscle
fibers among different species
The diameter and area of pectoral muscle fibers in female
Copsychus saularis are significantly larger than those in
female Lonchura striata (P<0.01) (Fig 1 and 2). The fiber
density of leg muscle of Lonchura striata is less than that of
Copsychus saularis and the fiber density of pectoral muscle

is greater than that of Copsychus saularis (P<0.01) (Fig 3).
The formation process of muscle fibers is complicated, but
the development process of muscle fibers of different
species is basically the same. However, there are differences
among species in regulation of the muscle fiber
development. Many core genes and protein families have
significant regulatory effects on the composition, energy
metabolism and quantity of muscle fibers (Sun et al., 2019;
Zhao et al., 2020; Feng et al., 2019). The muscle fiber
difference between Lonchura striata and Copsychus saularis
may result from different levels of gene regulation, which
makes the characteristics of muscle fibers more adapted to
the living habits of the corresponding species (Lv et al., 2019;
Lang et al., 2020). There are differences in feeding habits
and habits between the two birds. Lonchura striata belongs
to herbivore and feeds on plant seeds, especially on rice
(Huang et al., 2020; Karasov, 1996) and Copsychus saularis
mainly feeds on fruits and insects, with different food types
due to seasons (Barnea et al., 1991; Yuan and Yan, 2016).
The difference in the characteristics of the muscle fibers of
two birds may conform to the differences in the living habits.

Influence of species, gender and parts on muscle fiber
characteristics
One way ANOVA is used to derive main and interactive
effects for the three factors of the data. Main effects can be
characterized at multiple levels when assessing one or more
factors and assess the effect produced by a certain influence
factor on the dependent variable. Data analysis results show
that there are differences in the characteristics of muscle
fibers among different species, genders and parts and there
are interactions between any two factors. In the inter
subjective effect test, the P values of species, gender and
parts are all less than 0.05, therefore, all these three factors
have significant impact on the density of muscle fibers.
Among the interaction effects, the P values of the interaction
effects between species and gender, species and parts and
gender and parts are all less than 0.05, which means
statistically significant. So, the effect of one of these three
factors is affected by the level of the other two factors.

In the interactive effect of species and gender, the
muscle fiber density of the two birds in the male is

 

Fig 3: Comparison of muscle fiber density (root /mm2) A. Compared within group; B. Compared between groups.
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significantly different. The muscle fiber density of Lonchura
striata males are lager (P0.05) than that in Copsychus
saularis males, but there is no significant difference of this
between the two female species (P>0.05). The male and
female differences between the same species of Lonchura
striata and Copsychus saularis are significant (P0.01),
but the density of muscle fibers in males of Lonchura striata
is extremely greater than that of females (P0.01), while
the density of muscle fibers in males of Copsychus saularis
is significantly lower than that of females (P0.01), which
may be related to the division of labor between male and
female and the different hormone levels of the two species.
Among the interactive effects of species and muscle fiber
part, the density of leg and pectoral muscle fibers is
significantly different between two bird species. The muscle
fiber density of Lonchura striata leg muscle is smaller than
that of Copsychus saularis, while the pectoral muscle fiber
density is greater. Leg muscles and pec toral are
significantly different in each bird. The density of the
pectoral muscle is much better than that of the leg muscles
and the density of the leg muscles and pectoral muscle
are significanltly different in Lonchura striata. In the
interactive effects of gender and parts, the leg muscles
and pectoral muscles between males and females are
significantly different. The leg muscle fiber density of males
is lower than that of females, while the pectoral muscle
fiber density is greater than that of females. The differences
between leg and pectoral muscle in different gender are
significant (Fig 4).

In short, there are statistical differences between
different species, genders and parts. The second-order
interaction effects of the three factors of species, gender
and part are statistically significant, while the third-order
interaction effects are not statistically significant. It is
suggested that all the three inf luencing fac tors of
species, gender and part have a significant impact on
the characteristics of muscle fibers. Meanwhile, each
factor also has a certain influence on the effect of the
other two factors.

CONCLUSION
The differences of species, gender and parts have a
significant impact on the histological characteristics of
muscle fibers and the effects of each influencing factor will
be different depending on the different expression levels of
the other two factors. The diameter, area and density of
muscle fibers can be affected to various degrees, among
which the density of muscle fibers is the most sensitive one.
The results of this study provides a reference for the
investigation of influencing factors of the histological
properties in muscle fibers.
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