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Introduction

Understanding the distribution of muscle fiber types across different species is
a cornerstone of comparative physiology and biomechanics. These distinct pat-
terns are a reflection of evolutionary adaptations and the specific ecological niches
that species occupy. For instance, species that are highly mobile or adapted for
endurance activities typically exhibit a greater proportion of slow-twitch (Type I)
fibers. In contrast, specialists in powerful, rapid movements may favor fast-twitch
(Type II) fibers. This variation significantly impacts muscle force production, re-
sistance to fatigue, and metabolic profiles, thereby offering valuable insights into
functional morphology and the evolutionary pressures that shape skeletal muscle
[1].

Investigating the expression of myosin heavy chain (MyHC) isoforms provides a
molecular basis for understanding muscle fiber typing in a wide array of verte-
brates. The composition of these MyHC isoforms directly correlates with contrac-
tile properties and metabolic capabilities, serving to explain functional divergence
among species. Research on diverse groups, ranging from amphibians to mam-
mals, demonstrates how selective evolutionary pressures have shaped MyHC pro-
files, influencing a broad spectrum of biological phenomena, from predator-prey dy-
namics to the specific locomotory demands of arboreal versus terrestrial lifestyles
[2].

The influence of environmental factors, such as ambient temperature and altitude,
onmuscle fiber type composition represents a significant area of ongoing research.
For example, animals that have adapted to cold climates may possess a higher pro-
portion of oxidative fibers, which are crucial for thermogenesis. Similarly, species
residing at high altitudes might exhibit adaptations that enhance oxygen utiliza-
tion. These environmental pressures can lead to unique fiber type distributions
that distinguish them from closely related species living in different environmental
conditions [3].

A compelling comparison can be drawn between the muscle fiber composition of
aquatic versus terrestrial vertebrates, revealing fascinating contrasts. Aquatic an-
imals frequently require sustained, low-force swimming, a task that is better sup-
ported by a higher proportion of slow-twitch fibers. Terrestrial species, on the other
hand, may possess fiber types optimized for bursts of speed or prolonged locomo-
tion against the force of gravity. The comparative study of these distinct environ-
ments provides crucial insights into the evolutionary plasticity of muscle [4].

Avian flight muscles are remarkably specialized, characterized by a predominance
of oxidative, fatigue-resistant fibers that are essential for supporting prolonged
aerial activity. This stands in sharp contrast to the limb muscles of many terrestrial
mammals, which often display a greater proportion of fast-twitch fibers to facilitate
rapid movements. An examination of the energetic demands associated with dif-
ferent modes of locomotion clearly illustrates how muscle fiber types are precisely

tailored to meet the specific requirements of an animal’s lifestyle [5].

Within the diverse group of mammals, skeletal muscle fiber types are not uniform
and can vary considerably depending on the species, its typical activity level, and
the specific function of its limbs. For instance, muscles primarily involved in lo-
comotion will possess a different fiber composition compared to those responsi-
ble for fine motor control. Comparative studies conducted within the mammalian
class highlight how evolutionary pathways have favored specific fiber proportions
to meet a wide range of biomechanical demands, from the endurance running char-
acteristic of horses to the intricate manipulation capabilities of primate limbs [6].

The metabolic profiles associated with different muscle fiber types are critically
important for understanding the performance capabilities that are unique to each
species. Oxidative fibers, also known as Type I fibers, are abundant in mitochon-
dria and myoglobin, which enables sustained aerobic activity. In contrast, gly-
colytic fibers, or Type II fibers, excel at the rapid production of ATP through anaer-
obic pathways. Differences in the relative abundance of these fiber types across
species directly influence their energy utilization strategies and their ultimate en-
durance limits [7].

Genetic and developmental factors play a profoundly significant role in determin-
ing the intrinsic distribution of muscle fiber types within any given species. Gene
expression patterns, particularly those governingMyHC isoforms, are carefully reg-
ulated during the developmental process and can be further influenced by hormonal
signals and neural input. A thorough understanding of these genetic underpinnings
is essential for interpreting the observed variations in fiber types across different
evolutionary lineages [8].

The distribution of fast-twitch (Type II) and slow-twitch (Type I) muscle fibers is
intrinsically linked to an animal’s predominant mode of locomotion. Species that
rely on sustained, low-intensity movement commonly exhibit a higher proportion of
Type I fibers. Conversely, animals that frequently engage in short bursts of high-
intensity activity, such as sprinting or jumping, tend to have a greater abundance of
Type II fibers, which are capable of generating force more rapidly but also fatigue
more quickly [9].

Functional specialization of muscles within a single species can also result in var-
ied fiber type distributions. A prime example is the diaphragm, the primary mus-
cle responsible for breathing, which possesses a high proportion of slow-twitch,
fatigue-resistant fibers. In contrast, limb muscles that are involved in rapid move-
ments may exhibit a different fiber composition. This internal heterogeneity within
a species vividly underscores the fundamental principle that muscle fiber types are
exquisitely adapted to the specific functional demands placed upon them [10].
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The distribution of muscle fiber types across species is a fundamental aspect
of comparative physiology and biomechanics, reflecting evolutionary adaptations
and ecological niches. Highly mobile or endurance-oriented species often have a
higher proportion of slow-twitch (Type I) fibers, while those specializing in powerful,
rapid movements tend to favor fast-twitch (Type II) fibers. This variation influences
muscle force production, fatigue resistance, and metabolic profiles, providing in-
sights into functional morphology and the evolutionary pressures shaping skeletal
muscle [1].

The analysis of myosin heavy chain (MyHC) isoform expression offers a molecu-
lar perspective on muscle fiber typing in vertebrates. Differences in MyHC com-
position directly correlate with contractile properties and metabolic capabilities,
explaining functional divergence. Studies spanning diverse animal groups, from
amphibians to mammals, illustrate how selective pressures have sculpted MyHC
profiles, impacting aspects such as predator-prey dynamics and the locomotion
demands of different environments [2].

Environmental factors like temperature and altitude significantly impact muscle
fiber type composition. Animals adapted to cold climates may have more oxidative
fibers for thermogenesis, while high-altitude speciesmight possess adaptations for
improved oxygen utilization. These environmental influences can lead to unique
fiber type distributions that differentiate them from closely related species in other
habitats [3].

Contrasts in muscle fiber composition between aquatic and terrestrial vertebrates
are notable. Aquatic animals often require sustained, low-force swimming, which
favors a higher proportion of slow-twitch fibers. Terrestrial species, conversely,
may have fiber types optimized for bursts of speed or prolonged locomotion against
gravity. Comparing these distinct environments offers crucial insights into the evo-
lutionary plasticity of muscle [4].

Avian flight muscles are highly specialized, characterized by a dominance of ox-
idative, fatigue-resistant fibers to support prolonged aerial activity. This contrasts
with the limb muscles of many terrestrial mammals, which often show a greater
proportion of fast-twitch fibers for rapid movements. Examining the energetic de-
mands of different locomotion modes reveals how muscle fiber types are tailored
to the specific requirements of an animal’s lifestyle [5].

Within mammals, muscle fiber types vary significantly based on species, activity
level, and limb function. Muscles for locomotion differ in composition from those for
fine motor control. Comparative studies within mammals reveal how evolutionary
pathways have selected for specific fiber proportions to meet diverse biomechan-
ical demands, from the endurance running of a horse to the precise manipulation
of a primate limb [6].

Metabolic profiles of different muscle fiber types are key to understanding species-
specific performance. Oxidative fibers (Type I) are rich in mitochondria and myo-
globin, supporting sustained aerobic activity. Glycolytic fibers (Type II) excel at
rapid ATP production via anaerobic pathways. Differences in the relative abun-
dance of these fiber types across species directly influence their energy utilization
strategies and endurance limits [7].

Genetic and developmental factors are crucial in determining intrinsic muscle fiber
type distribution. Gene expression for MyHC isoforms is regulated during develop-
ment and influenced by hormonal signals and neural input. Understanding these
genetic underpinnings is foundational for interpreting observed variations in fiber
types across evolutionary lineages [8].

The distribution of fast-twitch (Type II) and slow-twitch (Type I) muscle fibers is
closely linked to an animal’s predominant locomotion mode. Species relying on
sustained, low-intensity movement typically have more Type I fibers. Animals en-
gaging in frequent short bursts of high-intensity activity, such as sprinting, tend

to have a greater abundance of Type II fibers for rapid force generation, despite
quicker fatigue [9].

Functional specialization within a species leads to varied fiber type distributions.
For instance, the diaphragm, vital for breathing, has a high proportion of slow-
twitch, fatigue-resistant fibers. Limb muscles for rapid movement may exhibit dif-
ferent compositions. This internal heterogeneity underscores that muscle fiber
types are adapted to specific functional demands [10].

Conclusion

Muscle fiber type distribution varies significantly across species, driven by evo-
lutionary adaptations, ecological niches, and locomotion strategies. Highly mo-
bile species tend to have more slow-twitch (Type I) fibers for endurance, while
those requiring power and speed utilize more fast-twitch (Type II) fibers. Myosin
heavy chain (MyHC) isoform expression underlies these differences, correlating
with contractile properties and metabolic capabilities. Environmental factors like
temperature and altitude, as well as the distinct demands of aquatic versus terres-
trial life, further shape muscle composition. Avian flight muscles are specialized
for endurance, contrasting with the rapid movement adaptations in many terrestrial
mammals. Within species, functional specialization also leads to varied fiber dis-
tributions, such as the fatigue-resistant diaphragm versus limb muscles. Genetic
and developmental factors play a key role in determining these intrinsic distribu-
tions. Ultimately, muscle fiber types are finely tuned to meet the specific functional
and energetic demands of an animal’s lifestyle.
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