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ABSTRACT. In terrestrial species, body 
propulsion is mostly performed via the 
pelvic limbs. In semiaquatic species, both 
pairs of limbs are used in swimming and 
diving, whereas in arboreal species, the 
pelvic limbs are used to maintain body 
stability. Thus, in squirrels, the synsarcosis 
muscles participate in body propulsion 
during climbing, as they have well-
developed muscular bellies. Among these, 
the pectoral transverse muscle, which 
originates along the entire sternum and is 
inserted on the humeral crest, stands out for 
its width. The cervical parts of the trapezius 
and rhomboideus muscles are reduced and 
their thoracic parts more developed. As a 
result, muscles such as the occipitoscapularis 
or atlantoscapularis coordinate forelimb 
protraction and neck displacement. The 
serratus ventralis muscle is very well 

developed and clearly divided into cranial 
(cervical) and caudal (thoracic) parts; it 
produces a strong adduction of the thoracic 
limbs when the parts contract, and when they 
relax, a large abduction of the forelimbs is 
produced, enlarging the body size during 
jumping. 
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INTRODUCTION 

 

Squirrels are rodents adapted to 
arboreal displacement (Emmons, 1980), 
moving by climbing or leaping (Gupta, 
1966). The red squirrel (Sciurus vulgaris) 

is an arboreal, primarily herbivorous 
rodent that is ordinarily found throughout 
Europe and Asia (Harrison et al., 2003; 
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Rézouki et al., 2014; Lurz et al., 2015). 
Through the peculiarities of their 
muscles and the osteo-ligamental 
system, the forelegs ensure the support 
and stability of the body in terrestrial 
species and propulsion in aquatic and 
arboreal species (Emmons, 1980; Emry 
and Korth, 1996). In the terrestrial 
environment, gravity is an important 
factor in muscle dynamics, in contrast to 
the aquatic one, where buoyancy reduces 
the effects of gravity (Gillis and Blob, 
2001). For terrestrial species, in addition 
to gravity, there are other loads, such as 
support of the body weight and body 
displacement, all of which determine the 
intensification of muscle activity to 
ensure the correct joint angles 
(Preuschoft, 2002; Schmidt and Fischer, 
2011). 

Research concerning the 
development of the thoracic limb 
muscles in squirrels underlines the 
peculiarities concerning its way of life 
and movement. The forelegs are 
attached to the trunk by the clavicle and 
by muscles (synsarcosis) in species 
where the clavicles are well developed 
and only by muscles in species where 
the clavicles are rudimentary (Stein, 
1986). The force acting in movement is 
directly proportional to the development 
of their musculature (Preuschoft, 2002; 
Schmidt and Fisher, 2011). 

 
MATERIALS AND METHODS 

 

Studies were based on dissections of 
11 adult squirrel corpses (8 males and 3 
females), whose deaths resulted from car or 
hunting accidents that occurred in city parks 
and leaf-bearing forests of the Iasi district. 
The goal of the dissections was to emphasise 
the muscles, as well as the shape and 
orientation of fibres in the muscular bellies. 
By identifying the insertions and the 

development of the bone eminences, as well 
as the position that they occupy related to 
each joint, we could establish the role of 
each muscle in foreleg movement. After 
stratigraphic dissections, photos were taken 
in order to describe, discuss and argue (from 
an anatomical point of view) the morpho-
functional aspects of the synsarcosis muscles 
in squirrels. 

 
RESULTS AND DISCUSSION 

 

In red squirrels, the synsarcosis 
muscles are represented by muscles with 
massive bellies that ensure a strong 
connection for transmitting force from 
the forelimbs to the trunk (Figures 1, 2 
and 4) (Ryan, 1989, Spataru et al., 
2010). The 2-cm-long clavicle (Figures 
1 and 2), which is shaped like a 
boomerang, is a useful consolidation and 
organizational element of the region. 

 

 
Figure 1 - The ventro-lateral aspect of the 

synsarcosis muscles in the red squirrel 
a- m. pectoralis transversus, b- m. 

deltoideus, pars clavicularis (m. 
cleidobrachialis), c- m. 

sternocleidomastoideus, d- m. 
sternohyoideus, e- m. omohyoideus, f- m. 

occipitoscapularis, g- clavicula, h- bulla 
tympanica and processus mastoideus, i- 

basihyoideum, j- crista occipitalis, k- crista 
humeralis, l- sternum, m- cartilago xiphoidea, 

n- arcus costalis 
 

The clavicular insertion of the 
deltoideus (Figures 1-3) and the sterno-
cleido-mastoideus muscle (Figures 1 and 
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2) affect the contraction of both muscles 
by acting on forces at this level, used in 
forelimb protraction (Thorington et al., 
1997). Thus, the cleidobrachialis muscle 
(cleidal part of the deltoid muscle), 
originating on the humeral crest, has a 
triangular aspect, acting as an extensor 
when passing over the shoulder joint, 
and pulls the clavicle caudally (Figure 1) 
(Thorington et al., 1997). 

The sternocleidomastoideus muscle 
originates on the sternum tracheal 
appendix (Figure 1), on the sterno-
clavicle jointing capsule and on the 
cranial edge of the medial half of the 
clavicle (Figure 1 and Figure 2). Its belly 
passes latero-dorsally through the 
cervical region, inserting on the mastoid 
process (Figure 1 and Figure 4) and the 
nuchal crest up to the external occipital 
protuberance (Figure 1). In contraction, 
it produces flexion and lateral 
displacement of the neck. Through its 
cleidal insertion, it coordinates the 
propulsion and abduction of the foreleg.  

The pectoralis transversus muscle 
is the most developed of the pectorals 
(Figure 1, Figure 2), originating on the 
ventral face of the sternum and inserting 
on the humeral crest (Figure 1 and 
Figure 2), together with the 
cleidobrachialis muscle (Figure 1). The 
triangular form and the insertion on the 
humeral crest produce adduction of 
forelegs, which is very useful for making 
a strong connection with stems and 
branches during climbing. 

As in other rodents and carnivores, 
the deltoid muscle consists of three 
parts: scapular (Figure 3 and Figure 4), 
acromial (Figure 3 and Figure 4) and 
clavicular (Figure 1, Figure 3 and Figure 
4) (Emry and Thorington, 1982). In 
squirrels, the scapular part is long and 

strong, originating along the caudal edge 
of the scapula (Figure 3 and Figure 4). 
Aided by scapular obliquity, it produces 
rapid flexion and efficient abduction of 
the leg. The acromial part is triangular 
and, together with the scapular part, 
adheres to the cleido-brachialis muscle, 
and the two act together as strong 
shoulder extensors (Spataru et al., 2010). 

 

 
Figure 2 - The ventral muscles of the neck 

and trunk of the red squirrel 
a- m. pectoralis transversus, b- m. cleido-

brahialis, c - m. sternocleidomastoideus, d- 
m. cleidotransversus, e- m. sternohyoideus, 
f- - clavicula, g- sternum, h- crista humeralis, 

i- bazyhioideum, j- arcus costalis 
 

Together, the parts of the trapezius 
muscle form a common mass (Stein, 
1986) (Figure 3, Figure 4 and Figure 5). 
The cervical part is reduced and thin, 
intertwining with the cervical fasciae of 
the neck and the occipitoscapular muscle 
(Figure 5) up to the occipital crest 
(Figure 4). The muscles aid in lateral 
movements of the head and neck rather 
than propulsion of the scapula. 

The thoracic part (Figure 3 and 
Figure 5) originates on the spinous 
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processes up to the 10th thorax vertebra 
(Figure 5), and the muscles are more 
developed, covering the entire scapular 
spine (Figure 3). When acting together, 
they function in protraction of each 

scapula or in foreleg abduction, in 
opposition to the transverse pectoral 
muscle. 

 

 
Figure 3 - The superficial muscles of the 

forelimb in the red squirrel 
a- m. trapezius pars cervicalis, b- m. 

trapezius pars thoracica, c- m. deltoideus, 
pars clavicularis d- m. deltoideus, pars 

acromialis, e- m. deltoideus, pars scapularis 
f- m. teres major, g- m. triceps brachii, pars 

scapularis, h- m. triceps brachii, pars 
lateralis, i- m. triceps brachii, pars longa, j- m. 

latissimus dorsi 
 

The occipitoscapularis muscle 
(Figure 1, Figure 4 and Figure 5) works 
in concert with the atlantoscapularis 
ventralis and dorsalis muscles. They 
have a strip-like shape, inserting on the 
cranial edge of the processus hamatus 
and the scapular spine near the insertion 
of the trapezius muscle (Figure 4). The 
occipitoscapularis is a relatively 
powerful muscle: it represents about 
7.06% of the extrinsic scapular muscle 
group (Lagaria and Youlatos, 2006). It 
contributes to scapular protraction, 

because of the underdevelopment of the 
cervical parts of the trapezius and 
rhomboideus muscles. It passes under 
the trapezius (Emry and Thorington, Jr, 
1982) and the cleido-occipitalis muscle. 
When acting alone, it coordinates lateral 
movements of the neck with those of the 
forelegs (Ryan, 1989). When acting 
together with the forelimb adductor 
muscles, it produces body propulsion 
during climbing by fixing the body to 
the substrate in vertical displacement 
(Schmidt and Fisher, 2011). Due to their 
position on either side of the neck, the 
muscles induce the extension of the 
cervical region through their insertion on 
the transverse processes of the axis of 
the third and fourth cervical vertebrae 
(Figure 1). 

In red squirrels, the latissimus dorsi 
muscle (Figure 3 and Figure 4) is a large 
muscle with a fan-like shape, 
representing about 20.8% of the 
extrinsic scapular muscles (Thorington et 
al., 1997, Lagaria and Youlatos, 2006), 
and, at the level of the second thoracic 
vertebra, the muscle passes over the 
thoracic angle of the scapula. In the 
lumbar region, the muscle becomes 
thinner and aponeurotic, inserting on the 
spinous processes of the lumbar 
vertebrae and the iliac crest, together 
with the common mass. The muscle 
inserts together with the teres major 
muscle on the distal third of the medial 
surface of the humerus (according to 
Lagaria and Youlatos (2006), it occupies 
about 36.2% of the humerus). From its 
ventral border, a muscular strip is 
detached to join the tendon of the biceps 
brachii muscle. Through contraction, it 
produces flexion and lateral rotation of 
the arm and is an efficient humeral 
retractor. When acting together, these 
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muscles produce propulsion of the body 
via alternation of the four legs. 

 

 
Figure 4 - The lateral muscles of the neck 

and arm in the red squirrel 
a- m. trapezius, b- m. rhomboideus pars 

thoracis, c- m. latissimus dorsi, d- m. 
sternooccioitalis, e- m. occipitoscapularis, f- 

m. supraspinatus, g- m. deltoideus, pars 
scapularis, h- m. deltoideus, pars acromialis, 

i- m. deltoideus, pars clavicularis, k- m. 
pectoralis profundus, l- crista occipitalis, m- 

bulla tympanica et processus mastoideus), n- 
processus hamatus, o- crista deltoidea, p- 

margo dorsalis scapulae 
 

The caudal part of the rhomboideus 
muscle (Figure 4 and Figure 5) is more 
developed than the cervical part. Both 
parts of the rhomboideus muscle form a 
common mass, which inserts on the 
dorsal edge and on the caudal angle of 
the scapula (Figure 4) (Ryan, 1989). The 
fibres originate from the last for 
transverse processes of the cervical 
vertebrae up to the lateral part of the first 
7–8 ribs. 

The serratus ventralis muscle is 
clearly divided into cranial and caudal 
parts, originating on the transverse 
processes of the cervical vertebrae and 
the ribs and inserting on the dorsal part 
of the costal face of the scapula, together 
with the rhomboideus muscle (the 
serratus ventralis cervicis muscle), and 
on the medial crest of the scapula 
(serratus ventralis thoracis) (Figure 5) 

(Ryan, 1989). Generally, every non-
articular prominence develops as a 
consequence of the traction forces which 
act on the bone (Swidersky, 1993; 
Benjamin and Ralphs 2001). So, in the 
case of red squirrels, the serratus 
ventralis muscles act to produce strong 
adduction of the forelimbs, more so than 
in other species, in the alternating 
movements of the thoracic limbs with 
respect to the trunk and to ensure thorax 
flexibility during respiration or 
displacement. 

 

 
Figure 5 - The deep synsarcosis muscles in 

the red squirrel 
a- m. trapezius, pars cervicalis, b- m. 

trapezius, pars thoracica, c- m. rhomboideus, 
d- m. latissimus dorsi, e- m. 

occipitoscapularis, f- m. longissimus dorsi, g- 
ligamentus nuchae, h- m. serratus ventralis, 

cervicis, i- m. serratus ventralis thoracis 
 

Relaxation of the long muscular 
bellies of the serratus ventralis and 
rhomboid muscles permits abduction of 
the forelegs to enlarge the body surface, 
which is useful during leaping (Gupta, 
1966). They also have an essential role 
in consolidating the connection between 
the trunk and forelegs during propulsion, 
during both climbing and landing. 
Through the powerful muscular bellies, 
the muscles consolidate and disperse the 
force in a uniform way to the spine, at 
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the same time diminishing the pressure 
on the spine through their large 
insertion. 

CONCLUSION 
 

In the case of red squirrels, the 
synsarcosis musculature is represented 
by muscles that form a tight connection 
between the body and the thoracic limbs.  

The triangular form and the 
development of the transverse pectoral 
muscle, as well as their the insertion on 
the humeral crest, allow the forelegs to 
be adducted and brought together during 
climbing. The correlation between the 
head, spine and forelimb movements is 
controlled by strong muscles such as the 
occipitoscapularis, the sternoocipitalis or 
the serratus ventralis muscles. 

Relaxation of the long muscular 
bellies of the serratus ventralis and 
rhomboideus muscles permits abduction 
of the forelegs to enlarge the body surface, 
which is very useful during leaping. 
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