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SUMMARY: The puduRudu pudais classified as an artiodactyl of the Cervidae family. It is a native species found in Argen-
tina and Chile. It is estimated that its population has been substantially reduced due to several causes, such ags$opserfdtioss
hunting, and vehicle accident. Therefore, this species is protected due to its vulnerable conservation status. The sgkemsitthau
thoracic limb have great importance in the biomechanical functionality of the suspension of the limb, neck, and healpagiciphting
in the movement of the thoracic wall and thoracic limb. The objective of the present study is to describe the extrinsioreota
thoracic limb of a specimen of pudu, comparing the results with those described for domestic ruminants in the classical anatomi
bibliography. Basic procedures: All extrinsic muscles were analyzed, describing shape, distribution, origin, and inserésalt§ he
indicate that the pudu specimen has anatomical characteristics similar to domestic ruminants; however, some differerzes should
considered. Main findings: The brachiocephalicus muscle has an evident clavicular intersection that separates it inthizléglobra
cervicalis, and mastoideus pars. The pectoralis superficialis muscle has two distinct and independent pars, and the @fectduslis
muscle has a partial fusion with the latissimus dorsi and cutaneous trunci muscles. The subclavius muscle is small nmgjagesian e
shape and goes deep into the cephalic vein, just at the point it is a tributary of the external jugular vein. Thehisssitglpfiresent
specific anatomical features Bfidu pudgproviding novel reference information and expanding scientific knowledge of this scarcely
studied wild species.
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INTRODUCTION

The pudu is an artiodactyl of the Cervidae family. It The pudu has a low and robust body, with an
is estimated that the current total population is less thapproximate size of 90 cm long, 40 cm high and weighing
10,000 individuals. It is mainly threatened by territoriall0O kilogram in its adult state. Males have two small, straight
fragmentation, loss of forests causing their habitat tand sharp white antlers, which renew each year and vary in
disappear, poaching, vehicle accidents, and predator attasike between 6.3 and 9 cm in height (Bro-Jagrgensen, 2008).
where the growing numbers of abandoned dogs that turhe pudu is small in size and has a characteristic morphology
wild, represent an important cause of the decreasing numbgrat allows it to move easily and stealthily in the undergrowth
of these specimens (Weber & Gonzalez, 2003). (Eldridgeet al., 1987).

The pudu is an endemic species of Chile and Argen- Musculature is essential for the survival of every
tina. It has been in a vulnerable state since 1996 as indicageimal, especially in wild species that are predated as in
in the Regulation of Species Classification (Decreto 15ihe case of the pudu. Specifically, the extrinsic muscles of
2007), as it also belongs to the red list of the Internationgile thoracic limb are fundamental in the biomechanics of
Union for Conservation of Nature (IUCN) and is includedhe limb suspension, supporting the tensile forces of the
in Appendix | of the Convention on International Trade ifimb, neck, and head. In addition, due to the absence of the
Endangered Species of Wild Fauna and Flora (CITES)avicle bone and because the articulation of the scapula
(Weber & Gonzalez; Silva-Rodriguetal, 2010). with the thorax is classified as synsarcosis, the extrinsic
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muscles are responsible for linking the thoracic limb to thteir insertion into the head, according to the direction their
rest of the body (Sisson & Grossman, 1982; Pellegrino fibers take to reach the insertion site. This description is
al.; 1998). Accordingly, the location of the center of gravityery similar to that described in domestic ruminants,
of the body shows that the thoracic limb supports moedthough Sisson & Grossman indicate that in domestic
weight than the pelvic limb, both in season and duringiminants, the division between the pars cleidobrachialis,
movement (Pellegrinet al; Kdnig & Liebich, 2005). pars cervicalis, and pars mastoidea is unclear. In the case
of the pudu specimen, the clavicular intersection is clearly
There is currently little scientific information on theevident and corresponds to the place of origin of all
anatomical characteristics of the pudu species (Moralgsertions. In addition, the pars cervicalis has a wide fusion
Mufiozet al, 2020). Therefore, it is necessary to generateith the m. omotransversarius, a situation not described
novel scientific studies providing specific morphologicain domestic ruminants; however, Kdnig & Liebich, indicate
knowledge of this species, thereby equally contributing ithat in the case of the horse, there is a muscular fusion of
reducing its threat and vulnerability (Sanckeéal, 2017; the pars mastoidea with the m. omotransversarius (Figs.
Saldivia & Villegas, 2019). Consequently, the objective af, 3A, 3B, 4 and 5).
the present study is to describe the extrinsic muscles of the
thoracic limb of a specimen of pudaudu pudy M. pectoralis superficialis: The presence of two portions
is clearly observed as described in domestic ruminants.
These portions correspond to the descendens and
MATERIAL AND METHOD transversus portions, which are very distinguishable and
independent in the pudu specimen, contrary to what occurs
in domestic ruminants, in which this muscle is poorly
We worked with a specimen Bidu pudadonated divided and differentiated (Sisson & Grossman). Both
by the Servicio Agricola y Ganadero (SAG) of the Ministryportions originate from the sternum until they are inserted
of Agriculture of Chile. The dissection was carried out iinto the humerus bone. The transversus portion, despite
the Animal Anatomy Laboratory of Santo Tomaseing thin, is quite developed in contrast to that indicated
University of the School of Veterinary Medicine in Talcapy Sisson & Grossman in cattle and small ruminants, in
Chile. The specimen corresponded to an adult female witnich it is thin and weakly developed (Fig. 5).
size of 40 cm high and 63 cm long. The animal was
euthanized due to the presentation of lumbar fracture i pectoralis profundus: It originates from the sternum
the lumbar region between L3-L4 possibly caused bgnd is then lateralized to insert into the greater tubercle of
outrage. The body was immediately fixed using a fixativdtumerus (Figs. 1, 2A, 2B and 5). This muscle is larger
preservative solution. The solution was introduced bihan the m. pectoralis superficialis and is partially fused
filling through the common carotid artery. Subsequentlyyith the m. latissimus dorsi, with some muscle fibers also
the body was kept refrigerated during the entire descriptiiesed to m. cutaneous trunci, a characteristic not described
process. Routine dissection instruments were useditothe classical anatomical bibliography for domestic
dissect each muscle that forms the shoulder girdleyminants (Dyceet al). Deep in this muscle, the axillary
describing shape, origin and insertion hollow associated with the brachial plexus is observed, as
well as arteries and veins from the region.

RESULTS AND DISCUSSION M. subclavius: this muscle was not well-developed, si-
milar to that described in other ruminants, except in the
goat, in which it is described as very prominent (Sisson &

M. brachiocephalicus: It is divided in three portions, Grossman). It was also found to have an elongated shape

which correspond to the pars cleidobrachialis, parsilike domestic ruminants, in which a trapezoidal shape

cervicalis, and pars matoidea. These portions are descrilegresent (Sisson & Grossman). The muscle goes deep
in domestic ruminants. The cleidobrachialis pars originat@sto the cephalic vein, just at the point is a tributary of the
from the clavicular intersection until its insertion into theexternal jugular vein (Fig. 5), information that is not
crest of the humerus bone. The clavicular intersectiondgscribed in the classical anatomical literature for domestic
observed as a cranial fibrous line to the scapulohumeraiminants (Ashdown & Done, 2011; Dye al). Its

joint, which corresponds to the vestige of the clavicle bonmuscle fibers are cranial and superficial to the m. pectoralis

a similar situation to that described in other animals (Dyiperficialis and pectoralis profundus. It originates from

et al, 2012). The pars cervicalis and pars mastoidea al$e® sternum to the scapular fascia, similar to that described

originate from the clavicular intersection, then ascend unitii domestic ruminants (Figs. 4 and 5).
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M. Omotransversarius: This muscle is partially superficial only partial fusion is described in domestic ruminants (Sisson
to the m. infraspinatus (Morales-Mufiez al). It is highly & Grossman). Due to the wide fusion that it presents with the

fused to the m. brachiocephalicus (Fig. 3A), similar to the. brachiocephalicus, it was only possible to observe the region
situation described in the horse (Konig & Liebich); howeverf insertion at the level of the scapular spine and acromion.
Its other insertion was observed in conjunction with the pars
cervicalis of the m. brachiocephalicus and not in the cervical

region as indicated for domestic ruminants. Likewise, it was

located toward the proximal an aponeurotic fusion with the

m. trapezius, a situation that also differs from that described
for domestic ruminants (Figs. 1, 3A and 4).

M. trapezius: This muscle is superficial to the m.
rhomboideus, m. supraspinatus, and m. infraspinatus (Mora-
les-Mufiozet al). It has a pars cervicalis and a pars thoracica
likewise described in ruminants and other domestic animals
(Ashdown & Done; Dyceet al). It originates in the dorsal
raphe of the neck and thorax, and its insertion is observed in
the spine of the scapula, accordingly with the distribution
described in domestic ruminants (Gloobe, 1989) (Figs. 1, 2A
and 4).

M. rhomboideus: This muscle is observed deep in the m.
cervicalis; B= M. Brachiocephalicus, pars mastoidea; C= _rachlocephallcus E.ind m. trgpezms and lwas WeII-(j_eve!oped
Brachioc,ephalicus intersection  clavicularis: D= wm.IN the studied specimen. As in other ruminant species, it has
Brachiocephalicus, pars cleidobrachialis; E= M. Trapezius, paf&o portions, the pars_cerwcalls that is inserted into the _spmal
cervicalis; F= M. Trapezius, pars thoracica; G= Mprocesses of the cervical vertebrae and the pars thoracica that
Omotransversarius; H: M. Latissimus dorsi; I= M. Pectorali$s inserted into the spinous processes of the first thoracic

profundus; J= M. Infraspinatus; K= M. Deltoideus; pars acromialisjertebrae and the scapular cartilage (Gloobe; Popesko, 1998)
L= M. Deltoideus, pars scapularis, M= Thoracolumbar fascia. (Figs. 2B and 3B).

Fig. 1. Left side view of a pudu. A= M. Brachiocephalicus, par

Fig. 2.A. 2B. Left side view of the scapular and brachial region of a pudu. M. Trapezius, m. Omotransversarius and m. Quaheous
were removed. B. Have been sectioned and rejected m. Brachiocephalicus and m. Pectoralis profundus. A= M. Latissimbé.dorsi; B=
Pectoralis profundus; C= M. Brachiocephalicus, pars cleidobrachialis; D= M. Serratus ventralis, pars thoracica; E= M. RispFboide

M. Teres major; G= M. Deltoideus, pars scapularis; H= Deltoideus, pars acromialis; I= M. Supraspinatus; J= M. Infraspiiatus; K=
Triceps brachii.
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B

Fig. 3. A: Left side view of the cervical and scapular region of a pudu. B: The m. Trapezius and m. Omotransversarius have been
removed. A= M. Trapezius, pars thoracica, B= M. Trapezius, pars cervicalis; C= M. Omotransversarius; D= M. Brachioceptwlicus, p
cervicalis (observe fusion of the muscles when taking with the gripper); E= M. Latissimus dorsi; F= M. Rhomboideus, @is cervic
and pars thoracica, inserted in scapular cartilage; G= M. Serratus ventralis cervicis; H= M. Infraspinatus; I= M. Dedicideapuparis;

J= M. Supraspinatus; K= Spine of the scapula bone.

Fig. 5. lllustration of the cervical, scapular, brachial, and thoracic
regions of a pudu. Right ventral view. A= M. Brachiocephalicus,
pars cervicalis; B= M. Brachiocephalicus, intersectio clavicular;
C= M. Brachiocephalicus, pars cleidobrachialis; D= M. Pectoralis
Fig. 4. lllustration of the cervical, scapular, brachial, and thoraciguperficialis, pars descendens; E: M. Pectoralis superficialies, pars
regions of a pudu. Right side view. A= M. Trapezius, pars thoracic@ansversus; F= M. Pectoralis profundus; G= M. Serratus ventralis,
B= M. Trapezius, pars cervicalis; C= M. Omotransversarius; Dpgars thoracica; H= M. Latissimus dorsi; I= M. Subclavius; J=
M. Brachiocephalicus, pars cervicalis; E= M. Brachiocephalicugxternal jugular vein.

intersection clavicular; F= M. Brachiocephalicus, pars

cleidobrachialis; G=M. Latissimus dorsi, H= M. Serratus ventraligy e, 1 i yentralis: This muscle is located medial to the
pars thoracica; I= M. Subclavius; J= M. Deltoideus, pars scapularis . . .
_ ; . Scapula with a serrated shape. It is well-developed and is

K= M. Deltoideus, pars acromialis. o . ) e

divided into a pars thoracica that originates from the second

to the ninth rib and is inserted into the serrata face of the
M. latissimus dorsi: This muscle is observed deep in thescapula. It is located deep in the M. latissimus dorsi. The
m. cutaneus trunci. It has an asymmetrical and flattened shapes cervicalis originates in the transverse processes of the
and originates from the thoracolumbar fascia. Then, it third to the seventh cervical vertebrae and is widely inserted
directed cranially and ventrally, reaching its insertion inttto the scapular cartilage until it reaches the serrata face of
the tuberosity of the teres major of the humerus bone. time scapula. It is less developed than the thoracic portion,
general, it is very similar to that described in domestithereby not differing from that described in the classical
ruminants (Popesko; Ashdown & Done; Dyateal) (Figs. bibliography for domestic ruminants (Shively; Popesko)
1, 2A, 2B, 3A, 3B and 4). M. (Figs. 2B, 4 and 5).
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