
Citation: Vélez García, J.F.; de

Carvalho Barros, R.A.; Miglino, M.A.

Origin and Distribution of the

Brachial Plexus in Two Procyonids

(Procyon cancrivorus and Nasua nasua,

Carnivora). Animals 2023, 13, 210.

https://doi.org/10.3390/

ani13020210

Academic Editors: Matilde Lombardero

and Mar Yllera Fernández

Received: 20 December 2022

Revised: 2 January 2023

Accepted: 3 January 2023

Published: 6 January 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

animals

Article

Origin and Distribution of the Brachial Plexus in Two
Procyonids (Procyon cancrivorus and Nasua nasua, Carnivora)
Juan Fernando Vélez García 1,2,* , Roseãmely Angélica de Carvalho Barros 3 and Maria Angélica Miglino 2

1 Department of Animal Health, Faculty of Veterinary Medicine and Zootechnics, Universidad del Tolima,
Ibague 730006299, Colombia

2 Department of Surgery, Faculty of Veterinary Medicine and Animal Science, Universidade de São Paulo,
Butantã CEP 05508-270, Brazil

3 Comparative Animal Laboratory, Biological Sciences Department, Biotechnology Institute,
Universidade Federal de Catalão, Catalão 75704-020, Brazil

* Correspondence: jfvelezg@ut.edu.co

Simple Summary: The brachial plexus is a nervous network from which nerves originate to innervate
the thoracic limb and its adjacent parts. It has been found with different origins and distributions in the
thoracic limb between carnivoran species (interspecific) and even in the same species (intraspecific).
Anatomical knowledge of the brachial plexus allows us to understand the differences and similarities
between species to be applied in evolutionary biology. Procyon cancrivorus and Nasua nasua are two
neotropical carnivoran species that have different evolutionary adaptations in their thoracic limbs.
The aim of this study was to describe the anatomical arrangement of the brachial plexus of these
species to review intra- and interspecific anatomical variations. The brachial plexus may originate in
both species from the last four cervical spinal nerves (C5, C6, C7 and C8) and the first two thoracic
spinal nerves (T1 and T2). The contribution from C5 was higher in Nasua nasua, while the contribution
from T2 was higher in Procyon cancrivorus. Interestingly, both species develop ansa axillaris and
ansa pectoralis, which is a primitive anatomical arrangement that is shared with other members of
arctoid carnivorans. Therefore, this study confirmed that both structures can be present in some
wild carnivorans.

Abstract: Procyon cancrivorus and Nasua nasua are two procyonids with different evolutionary adapta-
tions to use their thoracic limbs. Therefore, this study aimed to characterize the differences in the
brachial plexus between both species. Five P. cancrivorus and five N. nasua cadavers were used to
perform this investigation with the permission of the bioethics committee and environmental license.
Gross dissections were performed on the cervical, pectoral, and thoracic limb regions to find the
origin and distribution of the brachial plexus. The brachial plexus of both species originated in a
variant manner from C5-T1, C5-T2, C6-T1, or C6-T2. All brachial plexus nerves were observed and,
interestingly, the musculocutaneous sent a communicating branch to the median nerve medially to
the axillary artery, forming an ansa axillaris in both species. An ansa pectoralis was also observed
medially to the axillary artery. Additionally, in P. cancrivorus, the musculocutaneous nerve innervates
the pronator teres and flexor carpi radialis muscles and communicates with the median nerve at the
elbow level to continue as a common trunk at the antebrachium. The brachial plexus has differences
between both procyonids, although in both species, it could conserve a primitive arrangement present
within the infraorder Arctoidea.

Keywords: anatomy; ansa axillaris; Caniformia; communicating branches; nerve; neurology

1. Introduction

The crab-eating raccoon (Procyon cancrivorus) and the coati (Nasua nasua) are two
mammal species that belong to the order Carnivora, suborder Caniformia, and family Pro-
cyonidae [1]. P. cancrivorus is geographically distributed in Central and South America [2],
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while N. nasua is only distributed in South America [3]. The genera Procyon and Nasua had
a common ancestor within the family Procyonidae [1,4], which diverged approximately
17 million years ago [1]. P. cancrivorus has crepuscular, nocturnal, and solitary habits [5,6],
while N. nasua is gregarious with diurnal habits, although adult males have mainly solitary
habits [7].

The P. cancrivorus diet is based on fruits, crabs, mollusks, arthropods, and small
vertebrates [8,9]. The diet of N. nasua is mainly composed of fruits and ground inver-
tebrates [7,10,11], although it is also an opportunistic hunter of small vertebrates and
sometimes eats eggs [7,10,12,13]. Both species are mainly terrestrial species [7]; however,
N. nasua sometimes has arboreal preferences [11] and uses trees to rest, escape predators, or
nest [11,14,15]. Both species are good climbers [16], although N. nasua uses its hands mainly
to excavate (fossorial abilities) and shred dead logs [5,11,17]. Procyon, due to the well-
developed sense of touch in its hands, uses them to locate and handle animal prey [5,17],
manipulating the food to wash it and put it in the mouth [16,18]. In addition, Procyon is
also a good swimmer and fisher [16].

Procyon has long thoracic limbs adapted to semidigitigrade and cursorial locomo-
tion, while Nasua has short thoracic limbs adapted to palmigrade locomotion with long
claws [7,17]. Nasua has an enlarged sensory cortex region for receiving the afferent pro-
jections from the vibrissae of the nose and tactile carpal hairs, and Procyon has a well-
developed cerebral sensorimotor cortex, which is focused in its hands due to the high
density of cutaneous nerves [5]. Therefore, the brachial plexus and its nerves could have
evolved in different forms in both procyonid species, since they are responsible for the
sensitivity and movements of the thoracic limb. In addition, specific knowledge about
the brachial plexus could be used for medical and surgical procedures and locoregional
anesthesia in wild carnivorans [19].

Some brachial plexus studies in wild carnivorans only reported the origin of the
nerves [20–22], while others reported the origin and distribution of the nerves up to the
antebrachium [23–27] and others up to the manus [24,28–31]. However, among these latter
studies, only two report innervation of the intrinsic muscles of the manus [24,30]. In most
carnivoran species, the brachial plexus originates from the ventral branches of the last
three cervical spinal nerves and the first thoracic spinal nerve (C6-T1). The contributions
of the fifth cervical spinal nerve (C5) and the second thoracic spinal nerve (T2) have been
found in few carnivorans. However, C5 has been found in a high proportion in some
felids [23,32], and T2 in some musteloids [30,31]. Therefore, the aim of this study was
to describe the origin and distribution of the brachial plexus along the thoracic limb in
P. cancrivorus and N. nasua.

2. Materials and Methods
2.1. Specimens

Five cadavers of P. cancrivorus (three adult males and two juvenile females) (Table A1)
and five of N. nasua (two adult males, one juvenile male, one infant male, and one adult
female) were used to perform this investigation (Table A2). Two P. cancrivorus (one male
and one female) and one N. nasua were donated by CORPOCALDAS (Environmental
authority of Caldas, Colombia) to the Universidad del Tolima. One P. cancrivorus was
donated by CORTOLIMA (Environmental authority of Tolima, Colombia). Four N. nasua
and one P. cancrivorus were collected from roads to the Universidade Federal de Catalão
with a license from the Ministry of Environment of Brazil (SISBIO Number 37072-2). Three
P. cancrivorus and four N. nasua had died from being run over on roads, and the other
specimens died of natural causes. The bioethics committees of the Universidad del Tolima
(agreement number 2.3-059), Universidade de São Paulo (CEUAx agreement number
3928240820), and Universidade de Catalão (CEUA-UFCAT agreement number 01/22)
approved the use of these specimens in this investigation.
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2.2. Fixation and Vascular Repletion of Specimens

The specimens were fixed with a solution of 10% formaldehyde via the femoral artery
and were posteriorly immersed and conserved in closed containers with 5% formaldehyde.
One P. cancrivorus and all N. nasua specimens were repleted with natural latex tinctured
with red vinyl via the femoral artery. One P. cancrivorus was repleted via the axillary artery
due to a previous necropsy. The other specimens were not replete.

2.3. Dissection and Documentation

Gross dissections were performed at the Amphitheater of Veterinary Anatomy of the
Universidad del Tolima (Tolima, Colombia) and Comparative Anatomy of Wild Animals
Laboratory of the Universidade Federal de Catalão (Goias, Brazil). First, the skin was
removed from the dorsal regions of the neck and trunk to the distal extreme of the thoracic
limbs. The fascia around the muscles, nerves, and vessels was removed to review the
distribution of the nerves. The pectoral muscles were disinserted from the sternum and the
ventral part of the thoracic wall was removed to review the vascular relationships of the
brachial plexus. Finally, the vessels, viscera, and ventral muscles of the neck and thorax
were removed until the emergence of the ventral branches of the cervical and thoracic
spinal nerves was found. The anatomical descriptions were performed according to the
terminology of the Nomina Anatomica Veterinaria -NAV- [33]. However, other terms that
do not appear in the NAV were used due to the presence of other nerves and muscles
in carnivorans, such as n. brachiocephalicus [34], n. teres major [30,35], m. pectoralis
abdominalis [36,37], m. anconeus medialis [38], and m. palmaris longus [39]. Photographs
of the dissections were taken with a Canon EOS 6D 20.2 MP fitted with a 100 mm Canon
macro lens and a Canon T5i 18 MP camera fitted with a 50 mm Canon macro lens. The
origin of each brachial plexus nerve was expressed in percentage values.

3. Results
3.1. Origin of the Brachial Plexus in Procyon cancrivorus and Nasua nasua

The brachial plexus in four specimens of P. cancrivorus originates bilaterally from the
ventral branches of the cervical spinal nerves C6, C7, and C8, and the thoracic spinal nerves
T1 and T2 (C6-T2). In one specimen, it originates from C5-T1 bilaterally (Pc5). In N. nasua,
the brachial plexus originates from C5-T2 in six limbs, C5-T1 in two limbs, and C6-T1 in
two limbs.

The branch of C5 to the brachial plexus is a small branch that extends parallel to the
longus capitis muscle until reaching the ventral branch of C6. The ventral branch of C6
emerges between the longus capitis and the scalenus muscles, while the ventral branches
of C7 to T1 emerge between the longus colli and the scalenus muscles. T2 joins with T1
in the medial surface of the first rib before it emerges toward the axillary space, which
is a small branch. In one P. cancrivorus (Pc2), T2 is a large branch bilaterally. The ventral
branches of C5, C6, C7, and C8 have a ventral relationship with the external jugular vein
and the superficial cervical artery, while the common trunk of T1 and T2 has a ventral
relationship with the axillary artery. C6 crosses ventrally to the scalenus muscle and sends
two large branches (cranial and caudal), with the cranial directed laterally to form the
suprascapular and brachiocephalic nerves. The caudal branch extends parallel to the
scalenus muscle, forms the cranial subscapular nerve, and joins the ventral branch of C7.
When C5 contributes to the brachial plexus, it joins C6 and forms the brachiocephalicus,
suprascapular, and cranial subscapular nerves in N. nasua, and only the two former nerves
in P. cancrivorus (Figure 1).

The ventral branch of C7 forms two large branches, one dorsal and one ventral, where
both receive branches from the caudal branch of C6 and form two trunks, dorsal and
ventral, respectively. The ventral cranial trunk forms the musculocutaneous and cranial
pectoral nerves. In two N. nasua (Nn1 and Nn5), it also forms an ansa pectoralis, which
is a communicating branch with the caudal pectoral nerves (Figure 2). In the other three
N. nasua, C7 directly forms the ansa pectoralis, and in one case, it also communicates with
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the lateral thoracic nerve (Nn5). In the case of P. cancrivorus, the ansa axillaris forms the
ansa pectoralis (Figure 1).
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Figure 2. Ventral photographic view of the brachial plexus with arterial relationships in a Na-
sua nasua. (Aa) axillary artery, (aa) ansa axillaris (proximal communicating branch to the n. me-
dianus), (Ab) brachial artery, (ap) ansa pectoralis (communicating branch to the nn. pectorales
caudales), (Ax) n. axillaris, (Bc) n. brachiocephalicus, (Bv) brachial vein, (C5–8) cervical spinal nerves,
(CACd) n. cutaneus antebrachii caudalis, (CAM) n. cutaneus antebrachii medialis, (M) n. medianus,
(Mc) n. musculocutaneus, (Mc′) branch to coracobrachialis, (Mc′′) ramus muscularis proximalis,
(Mc′ ′ ′) ramus muscularis distalis, (PCr) nn. pectorales craniales, (PCd) nn. pectorales caudales,
(R) n. radialis, (Sb) nn. subscapulares, (SS) n. suprascapularis, (TD) n. thoracodorsalis, (TLat) n. tho-
racicus lateralis, (TLo) n. thoracicus longus, (McMT) Mc and M common trunk, (U) n. ulnaris,
(Vb) brachial vein, (+) cranial ventral trunk, (*) cranial dorsal trunk, (black circle) caudal ventral trunk.
White bar: 10 mm.
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The dorsal cranial trunk forms the caudal subscapular and axillary nerves. It also forms
an independent nerve directed to the m. teres major (n. teres major) and the m. subscapularis
in all cases of N. nasua and one case bilaterally in P. cancrivorus (Nn5). The ventral branches
of C8, T1, and T2 form two common trunks just lateral to the m. scalenus, the ventral caudal
and dorsal caudal trunks. The former forms the common trunk of the median and ulnar
nerves and a common trunk to the lateral thoracic and caudal pectoral nerves (Figure 1).
The dorsal caudal trunk joins with a branch from the dorsal cranial trunk and forms the
radial and thoracodorsal nerves (Figure 3).
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and (b) Nasua nasua. (Ax) n. axillaris, (Ax′) branch to the m. subscapularis, (Ax′′) branch to the
teres major and subscapularis muscles, (Ax′ ′ ′) branch to the m. teres minor, (Ax′ ′ ′ ′) branch to the
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3.2. Origin and Distribution of the Brachial Plexus Nerves in Procyon cancrivorus and
Nasua nasua

The origin and distribution of each nerve are summarized in Table 1.

Table 1. Origin and distribution of the brachial plexus nerves in Procyon cancrivorus and Nasua nasua.

Nerve Origin Procyon cancrivorus (%) Nasua nasua (%) Muscle Innervation Skin Innervation

Suprascapularis

C5-C6 10 80
Supraspinatus and

infraspinatus
C5-C7 10 0

C6 70 10
C6-C7 10 10

Subscapularis cranialis
C5-C6 0 60

Subscapularis

C6 70 30
C6-C7 30 10

Subscapularis medium
absent 90 20

C6 10 30
C6-C7 0 50

Subscapularis caudalis C6-C7 100 100

Teres major C6-C7 20 100 Teres major and
subscapularis

Axillaris C6-C7 100 100

Subscapularis, teres, minor,
deltoideus (Pars scapularis,

pars acromialis, pars
clavicularis -m.

Cleidobrachialis-), teres
major (only in
P. cancrivorus).

Cranial, lateral, and medial
surfaces of the distal half of
the brachium and proximal

extreme of the
antebrachium.

C6-C7 90 100

Musculocutaneus
C7 10 0

Coracobrachialis, biceps
brachii, brachialis, pronator
teres (only in P. cancrivorus),

and flexor carpi radialis
(only in P. cancrivorus).

Medial surfaces of the
antebrachium and manus.
Abaxial and axial dorsal

surfaces of the digit I, and
abaxial dorsal surface of the
digit II (via communicating

branches with the
radial nerve).

Abaxial and axial palmar
surfaces of the digits I and

II, and abaxial palmar
surface of the digit III (via
common trunk with the

median nerve in
P. cancrivorus)

Abaxial palmar surface of
the digit I (N. nasua)

C6-C8 20 0
C6-T1 20 60
C6-T2 60 0

Radialis

C7-T1 0 40

Tensor fasciae antebrachii,
triceps brachii (Caput

longum, caput mediale,
caput accessorium, and

caput laterale), anconeus
lateralis (anconeus),

brachioradialis, extensor
carpi radialis, extensor
digitorum communis,

extensor digitorum lateralis,
extensor carpi ulnaris,

supinator, abductor digiti I
longus, and extensor

digiti I et II.

Cranial and lateral surfaces
of the antebrachium, and

dorsal and medial surfaces
of the manus

Axial and abaxial dorsal
surfaces of the digits I to III.

Abaxial dorsal surface of
the digit IV and axial dorsal
surface of the digit V (100%
in P. cancrivorus and 40% in

N. nasua)
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Table 1. Cont.

Nerve Origin Procyon cancrivorus (%) Nasua nasua (%) Muscle Innervation Skin Innervation

C6-T1 20 60
C6-T2 50 40

Medianus
C7-T2 30 0

Pronator teres (only in
N. nasua), flexor carpi

radialis, flexor digitorum
superficialis, palmaris

longus, flexor digitorum
profundus (caput humerale

and caput radiale),
interflexorii, pronator
quadratus, abductor

digiti I brevis, flexor digiti I
brevis, and the most medial

lumbricalis.

Axial and abaxial palmar
surfaces of the digits II to III.
Abaxial palmar surface of
the digit I (P. cancrivorus)

Abaxial palmar surface of
the digit IV and axial
palmar surface of the

digit V (10% of N. nasua)

C8-T1 20 60

Ulnaris C8-T2 80 40

Anconeus medialis
(Anconeus epitrochlearis),
flexor carpi ulnaris (Caput
humerale and caput ulnare),
flexor digitorum profundus
(Caput humerale and caput

ulnare), flexor digitorum
brevis, adductor digiti I,

adductor digiti II, abductor
digiti V, flexor digiti V,

adductor digiti V, interossei,
and the three lateral

lumbricales.

Caudal surface of the
antebrachium.

Carpal tactile hairs and
distal extreme of the

antebrachium.
Lateral dorsal and palmar

surfaces of the manus.
Axial and abaxial palmar

surfaces of the digit V.
Abaxial palmar and dorsal

surfaces of the digit IV.
Axial and abaxial dorsal

surfaces of the digit V.

Cutaneus antebrachii
caudalis

C8-T1 0 10
Caudal surface of the

antebrachium
C8-T2 60 20

T1 20 70
T1-T2 20 0

C5-C6 60 80
C6 30 20

Brachiocephalicus
C6-C7 10 0

Supraspinatus (only 10% in
P. cancrivorus)

Cranial surface of the
shoulder and proximal half

of the cranial surface of
the brachium

Thoracicus longus C7 100 90
Serratus ventralis thoracisC7-C8 0 10

Thoracodorsalis

C6-C8 20 10

Latissimus dorsi
C6-T1 20 10
C6-T2 20 0
C7-C8 20 80
C7-T2 20 0

Pectorales craniales
C6-C7 90 40 Pectoralis descendens and

pectoralis transversusC7 0 60
C7-T2 10 0

Pectorales caudales

C6-T1 20 20
Pectoralis profundus and

pectoralis transversus
C6-T2 50 0
C7-T1 0 80
C7-T2 30 0

Thoracicus lateralis

C6-T2 40 0
Cutaneus trunci and

pectoralis abdominalis
C7-T1 0 10
C8-T1 20 90
C8-T2 40 0

The brachiocephalic (N. brachiocephalicus) and suprascapular nerves (N. suprascapularis)
are formed from a single trunk in all P. cancrivorus and one limb of N. nasua (Nn1), while both
originate independently in most limbs of N. nasua (Figures 1–3). The brachiocephalic nerve
extends laterally toward the space between the omotransversarius and cleidocephalicus
muscles, passing superficially to the m. cleidobrachialis. In two P. cancrivorus (Pc3 and
Pc4), the nerve receives communication from the ventral branch of C5 bilaterally just
before passing through the space toward the skin. It innervates the cranial regions of
the shoulder and the proximal half of the brachium and does not send a muscle branch
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to the m. cleidobrachialis. In one P. cancrivorus, it also communicates bilaterally with
the cranial lateral brachial cutaneous nerve (Pc4). In one limb of P. cancrivorus (Pc5), the
n. brachiocephalicus perforates the m. supraspinatus, innervates it, and continues laterally
along its normal course. The suprascapular nerve passes between the subscapularis and
supraspinatus muscles, cranially to the scapular incisure and laterally to the scapular neck
until the m. infraspinatus. Two subscapular nerves (Nn. subscapulares) are formed in
P. cancrivorus, and three are formed in N. nasua. However, three nerves are formed in one
limb of P. cancrivorus (Pc4) and two nerves bilaterally in N. nasua (Nn4) (Figure 4).
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Figure 4. Medial photographic views of a right brachial plexus of a Procyon cancrivorus (a) and
a left brachial plexus of a N. nasua (b). (aa) ansa axillaris (proximal communicating branch of
the Mc to M), (ap) ansa pectoralis, (Ax) n. axillaris, (Bc) n. brachiocephalicus, (C6–8) cervical
spinal nerves, (CACd) n. cutaneus antebrachii caudalis, (CAM) n. cutaneus antebrachii medialis,
(M) n. medianus, (Mc) n. musculocutaneus, (Mc′) branch to coracobrachialis, (Mc′′) ramus muscularis
proximalis, (Mc′ ′ ′) ramus muscularis distalis, (Mc′ ′ ′ ′) distal communicating branch with the median
nerve, (Mc*) branch to the joint capsule of the elbow, (McPT) branch to the m. pronator teres,
(PCr) nn. pectorales craniales, (PCd) nn. pectorales caudales, (R) n. radialis, (Sb) nn. subscapulares,
(SS) n. suprascapularis, (T1-2) thoracic spinal nerves, (TD) n. thoracodorsalis, (TLat) n. thoracicus
lateralis, (TLo) n. thoracicus longus, (U) n. ulnaris, (+) cranial ventral trunk, (*) cranial dorsal trunk,
(black star) caudal dorsal trunk, (black circle) caudal ventral trunk. White bars: 10 mm.

The axillary nerve (N. axillaris) first sends one branch to the most caudal belly of the
m. subscapularis and, in most cases, to the m. teres major in P. cancrivorus. In all N. nasua
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and one P. cancrivorus (Pc5), the nerve to the teres major muscle (N. teres major) originates
directly from the dorsal cranial trunk and sends a small branch to the m. subscapularis
(Figure 3). The axillary nerve passes between the subscapular and teres major muscles to
continue laterally deeply to the m. deltoideus, sending branches to the m. teres minor,
and acromial and scapular parts of the m. deltoideus and m. cleidobrachialis. Deep
in the m. deltoideus, it forms the cranial lateral brachial cutaneous nerve (N. cutaneus
brachii lateralis cranialis), which extends between the m. brachialis and acromial part of the
m. deltoideus to innervate the distal half of the brachium and elbow. It communicates with
the medial branch of the superficial branch of the radial nerve in N. nasua and directly with
the superficial branch of the radial nerve in P. cancrivorus. However, in one limb of N. nasua
(Nn1), it also communicates with the lateral branch of the superficial radial nerve.

The radial nerve (N. radialis) extends laterally to the axillary and brachial arteries.
Medial to the common tendon of the latissimus dorsi and teres major muscles, it forms
branches to the m. tensor fasciae antebrachii, capita longum, mediale, and accessorium
of the m. triceps brachii. The nerve passes laterally between the capita accessorium and
mediale of the m. triceps brachii at the proximal third of the brachium (Figure 4). It
continues laterally at the brachium between the m. brachialis and the caput laterale of
m. triceps brachii, sending a branch to this caput and another branch to the m. anconeus. At
this level, the nerve divides into deep and superficial branches, where the former innervates
the craniolateral antebrachial muscles, and the latter innervates the craniolateral surface
of the antebrachium and dorsum of the manus. The deep branch (Ramus profundus) first
innervates the brachioradialis and extensor carpi radialis muscles and passes deeply to the
m. supinator to innervate the other muscles. It also innervates the m. brachialis unilaterally
in two cases in P. cancrivorus (Pc2 and Pc5).

The branches of the superficial branch of the radial nerve (Ramus superficialis) are
relatively larger in P. cancrivorus than in N. nasua. In N. nasua, it divides into two branches,
lateral (Ramus lateralis) and medial (Ramus medialis), which extend laterally and medially to
the cephalic vein, respectively. In P. cancrivorus, the superficial branch at the proximal fourth
of the antebrachium is a large trunk and distally divides into three branches: lateral, medial,
and accessory medial. The accessory medial branch forms at the proximal third of the
antebrachium and joins the medial antebrachial cutaneous nerve, and both form the abaxial
dorsal digital nerve I and the dorsal common digital nerve I. The accessory medial branch
is not present in N. nasua; thus, the latter two nerves are formed by the medial branch of
the superficial radial nerve. However, there are communicating branches from the medial
antebrachial cutaneous nerve at the level of the antebrachium in N. nasua. The medial and
lateral branches form the common dorsal nerves II and III due to communication between
them proximal to the manus and the dorsum of the manus in both species. In P. cancrivorus,
the lateral branch of the radial nerve and the dorsal branch of the ulnar nerve form the
common dorsal digital nerve IV, although the radial nerve contributes mainly to forming
the abaxial proper dorsal digital nerve IV, and the ulnar nerve mainly forms the axial proper
dorsal digital nerve V. In N. nasua, the dorsal branch of the ulnar nerve forms the common
dorsal digital nerve IV, although it receives weak communicating branches from the lateral
branch of the radial nerve in three cases (Nn2, Nn3, and Nn4). The superficial branch of the
radial nerve forms the lateral antebrachial cutaneous nerve (n. cutaneus antebrachii lateralis)
in P. cancrivorus, while it forms from the lateral branch of the superficial branch of the radial
nerve in N. nasua. However, in one limb of N. nasua, it formed similarly to P. cancrivorus
(Nn4) (Figures 5 and 6).
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(DDAb-I) n. digitalis dorsalis I abaxialis, (DDAb-V) n. digitalis dorsalis V abaxialis, (DDC I-IV) nn. 
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Figure 5. Cranial photographic views of the left antebrachia of a P. cancrivorus (a) and a N. nasua (b).
(Ax) n. axillaris, (CACr) n. cutaneus antebrachii cranialis, (CAM) n. cutaneus antebrachii medialis,
(CAMCb) communicating branch from CAM to RSm, (CBCrL) n. cutaneus brachii cranialis lateralis,
(DDAb-I) n. digitalis dorsalis I abaxialis, (DDAb-V) n. digitalis dorsalis V abaxialis, (DDC I-IV) nn. dig-
itales dorsales communes I-IV, (DPAb-I) n. digitalis palmaris I abaxialis, (Mc) n. musculocutaneus,
(RS) superficial branch of the n. radialis, (RSl) lateral branch, (RSm) medial branch, (RSma) accessory
medial branch, (UD) dorsal branch of the n. ulnaris, (*) communications between the RSm and RSl.
White bars: 10 mm.

The musculocutaneous nerve (N. musculocutaneus) extends cranially to the axillary
and brachial arteries, which form several branches. At the axillary level in P. cancrivorus, it
forms the branch to the m. coracobrachialis and an ansa axillaris. This latter is named ansa
axillaris because it passes medially to the axillary artery and forms two communicating
branches, one proximal to the caudal pectoral nerves (ansa pectoralis) and one distal to the
median nerve (Figure 1). In one specimen bilaterally (Pc4), C7 directly forms the ansa
axillaris and not the musculocutaneous nerve. In one specimen unilaterally (Pc3), the ansa
axillaris forms a branch to the m. pectorlais profundus. The branch to m. coracobrachialis
forms proximally to the ansa axillaris in two specimens (Pc2 and Pc5), while in three
specimens, it forms distally. In two specimens bilaterally (Pc1 and Pc2), the ansa pectoralis
also communicates with the lateral thoracic nerve (Figures 1 and 3).

At the axillary level in N. nasua, the ansa axillaris originates from the musculocuta-
neous nerve and joins the median nerve at the level of the transition between the axillary
and brachial arteries (more distal than P. cancrivorus). The ansa pectoralis does not form
from the musculocutaneous nerve. The origin of the branch to the m. coracobrachialis
is variant; therefore, it forms proximally to the ansa axillaris in two limbs (Nn3 bilater-
ally), from the ansa axillaris in four limbs (two unilaterally—Nn4 and Nn5—and one
bilaterally—Nn2), from one branch of the ansa axillaris and another branch proximal to
the ansa axillaris in one limb (Nn4), and distally to the ansa axillaris in three limbs (one
bilaterally—Nn1—and one unilaterally—Nn5) (Figure 7).
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Figure 6. Dorsal photographic views of the dorsal digital nerves: (a) Dissection a left manus of a P. can-
crivorus; (b) Scheme of the nerve distribution in a left manus of a P. cancrivorus; (c) Dissection a left
manus of a N. nasua; (d) Scheme of the nerve distribution in a left manus of a N. nasua. (CAM) n. cuta-
neus antebrachii medialis, (CAM-RSma) common trunk of CAM and RSma, (CbR-U) communicating
branches between DDAbIV and DDAV, (DDAb-I) n. digitalis dorsalis I abaxialis, (DDAb-V) n. dig-
italis dorsalis V abaxialis, (DDAV) n. digitalis dorsalis V axialis, (DDC I-IV) nn. digitales dorsales
communes I-IV, (DDPA I-IV) nn. digitales dorsales propii I-IV axiales, (DDPAb II-IV) nn. digitales
dorsalis propii II-IV abaxiales, (RS) superficial branch of the n. radialis, (RSl) lateral branch, (RSm)
medial branch, (RSma) accessory medial branch, (black asterisks) communications between RSm and
RSl, (UD) dorsal branch of the n. ulnaris, (yellow lines) distribution of the superficial branch of the
radial nerve, (orange lines) ulnar nerve, (green lines) musculocutaneus nerve, (yellow lines) median
nerve. The dashed lines indicate the variant communicating branches. White asterisks indicate the
number of times that the communicating branch is present. White bars: 10 mm.

In both species, the proximal muscular branch (Ramus muscularis proximalis) of the
musculocutaneous nerve forms at the axillary level, and the main trunk of the musculocu-
taneous nerve continues distally between the brachial artery and the m. biceps brachii. At
the distal third of the brachium, the nerve forms three branches: the medial antebrachial
cutaneous nerve (N. cutaneus antebrachii medialis), the distal muscular branch (Ramus mus-
cularis distalis), and a branch to the elbow joint capsule. In P. cancrivorus, the main trunk
of the nerve continues distally toward the antebrachium, which, at the elbow level, sends
branches to the pronator teres and flexor carpi radialis muscles and communicates with
the median nerve distally to the supracondylar foramen (Ramus communicans cum n. medi-
ano), forming a common trunk toward the manus (Figure 4). In both species, the medial
cutaneous antebrachial nerve passes between the brachialis and biceps brachii muscles and
extends medially to the m. brachioradialis until the medial side of the manus. Therefore,
it sends branches to the medial side of the palmar pad, and in the case of N. nasua, it
forms the abaxial palmar nerve of digit I. Proximal to the radial styloid process, it sends a
communicating branch to the medial branch of the superficial branch of the radial nerve. A
communicating branch is also sent to the abaxial dorsal digital nerve I (Figure 7).

On the right brachial plexus of one N. nasua (Nn1), the musculocutaneous has a
different arrangement at the axillary and brachial regions. The ansa axillaris receives
communicating branches from the median nerve, forming an ansa axillaris that is more
proximal and medial to the axillary artery. From there, the musculocutaneous and median
nerves continue as a common trunk medial to the brachial artery, which receives a commu-
nicating branch from the proximal muscular branch of the musculocutaneous nerve. The
distal muscular branch and medial antebrachial cutaneous nerve form from a branch of the
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common trunk at the level of the middle of the brachium (see the right brachial plexus of
Figure 2 and the schemas of Figure 7).
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Figure 7. Schemas of the median and musculocutaneous nerves in P. cancrivorus and N. nasua.
(Aa) arteria axillaris, (Ab) arteria brachialis, (aa) ansa axillaris, (ap) ansa pectoralis, (BB) branch to the
m. biceps brachii, (BB’) variant branch to BB, (CAM) N. cutaneus antebrachii medialis, (CB) branches
to the m. coracobrachialis, (CbM) ramus communicans cum n. mediano, (CdVT) caudal ventral
trunk, (CrVT) cranial ventral trunk, (M) n. medianus, (Mc) n. musculocutaneus, (McM) common
trunk of Mc and M, (PCd’) variant branch to m. pectoralis profundus, (PCr’) variant origin of the PCr
from the cranial ventral trunk, (PT) branch to the m. pronator teres, (black dashed line) anatomical
variation where the ansa axillaris is only formed by C7, (blue dashed line) origin of CB proximal to
aa, (green dashed line) origin of CB from aa, (purple dashed line) origin of CB from Mc and aa. Nasua
nasua (Variation): Variation present in one limb (10%) where branches of Mc and M form the ansa
axillaris and a common trunk at the level of the brachium.

The median nerve (N. medianus) extends medially to the brachial artery at the proximal
half of the brachium and at the distal half lateral to the brachial artery to pass alone through
the supracondylar foramen (without vessels). At the level of the antebrachium, the median
nerve sends branches to the caudomedial antebrachial muscles but not the flexor carpi
ulnaris and capita ulnaris of the flexor digitorum profundus. In P. cancrivorus, it does not
send branches to m. pronator teres and communicates with the musculocutaneous nerve.
The median nerve extends together with the median artery between the flexor carpi radialis
and the capita radialis of the m. flexor digitorum profundus to reach the manus passing
through the carpal canal. Distal to the carpus, it forms common palmar nerves I to III. It
also forms the common palmar nerve IV in one N. nasua bilaterally (Nn1), which receives a
communicating branch from the superficial palmar branch of the ulnar nerve) (Figure 8).
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Figure 8. Palmar photographic views of the manus with deep dissections and skin. (a) Palmar photo-
graphic view of a deep dissection of a right manus of a P. cancrivorus; (b) Scheme of the palmar nerves
in a right manus of a P. cancrivorus; (c) Palmar photographic view of a deep dissection of a left manus
of a N. nasua; (d) Scheme of the palmar nerves in a left manus of N. nasua. (CbM-U) communicating
branch from UPs to DPC IV, (DPC I-IV) nn. digitales palmares communes I-IV, (DPAb-I) n. digitalis
palmaris I abaxialis, (DPAb-V) n. digitalis palmaris V abaxialis, (M) n. medianus, (MCM) common
trunk of median and musculocutaneous nerves, (RBM) recurrent branch of M, (UP) n. ulnaris ramus
palmaris, (UPs) ramus superficialis, (UPp) ramus profundus, (UPcth) branch to the distal extreme of
the antebrachium and carpal tactile hairs, (yellow lines) distribution of the superficial branch of the
radial nerve, (orange lines) ulnar, (green lines) musculocutaneous and (yellow lines) median nerves,
(dashed lines) variant communicating branches, (*) number of times that the communicating branch
is present. White bars: 10 mm.

The ulnar nerve (N. ulnaris) extends caudal to the brachial artery and cranial to the
brachial vein and is covered by the m. tensor fasciae antebrachii at the level of the brachium.
It passes deeply to the m. anconeus medialis just proximally and caudally to the medial
epicondyle to continue toward the antebrachium between the m. flexor carpi ulnaris and
caput ulnare of the m. flexor digitorum profundus. The nerve divides into dorsal and
palmar branches (Ramus dorsalis and Ramus palmaris, respectively) at the proximal third of
the antebrachium in N. nasua and at the middle third in P. cancrivorus. The dorsal branch
sends branches to the distal third of the caudolateral surface of the antebrachium and
continues distally to pass superficially between the tendon of the m. flexor carpi ulnaris
and the styloid process of the ulna. It passes laterally to the accessory carpal bone toward
the dorsum of the manus and forms the common dorsal digital nerve IV and the abaxial
dorsal digital nerve V. The palmar branch at the distal fourth of the antebrachium sends a
branch to the skin, which extends to the venous sinuses of the tactile carpal hairs and the
distal extreme of the antebrachium. This branch passes between the palmaris longus and
flexor digitorum superficialis muscles in N. nasua, while in P. cancrivorus, it perforates the
m. palmaris longus. At the carpal level, the palmar branch continues deeply to the flexor
retinaculum and medial to the accessory carpal bone, where it forms the superficial and
deep branches. The superficial branch forms the abaxial palmar digital nerve V and the
common palmar digital nerve IV, and the deep branch forms the metacarpal nerves and
innervates most of the intrinsic muscles of the manus (Table 1) (Figures 7 and 8).

The caudal antebrachial cutaneous nerve (N. cutaneus antebrachii caudalis) is an inde-
pendent nerve to the ulnar nerve, which originates directly from T1 or T1-T2. It passes
medially to the ulnar nerve at the axillary level, while at the brachial level, it passes medi-
ally to the brachial artery and cranially to the m. tensor fasciae antebrachii, reaching the
caudal surface of the antebrachium (Figures 1, 2 and 4). The nerve communicates with the
branch to the carpal tactile hairs bilaterally in one N. nasua (Nn4).
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4. Discussion
4.1. Comparative Origin of the Brachial Plexus in Carnivorans

The origins of the brachial plexus in P. cancrivorus and N. nasua from C5-T1, C5-T2,
and C6-T2 have been found in few carnivorans. C5-T1 origin has only been reported
in other caniformes, such as Meles meles, Nyctereutes procyonoides [31], and Canis lupus
familiaris [40], and feliformes, such as Leopardus geoffroyi [32], Puma yagouaroundi [23], and
Felis catus [41]. C5-T2 origin has been found in Potos flavus [30], Ailuropoda melanoleuca [35],
Vulpes vulpes [22], and C. l. familiaris [40]. C6-T2 was reported in P. flavus [30], Bassariscus
astutus [35], M. meles, N. procyonoides, V. vulpes [31], C. l. familiaris [40], and F. catus [29]. In
contrast, the origin from C6-T1 is the most frequent in most carnivorans (Table 2), which
agrees with the brachial plexus evolution in carnivorans, where the ventral branches of C6,
C7, C8, and T1 are the largest branches to form the brachial plexus, whereas the branches
of C5 and T2 are weak branches [22,30,34,42], as was found in P. cancrivorus and N. nasua.

Table 2. Comparative origins of the brachial plexus in carnivorans.

Suborder Infraorder Superfamily Family Species Number of Limbs
(Number of Specimens)

Brachial Plexus
Origin (%)

Caniformia

Arctoidea

Musteloidea Procyonidae Procyon cancrivorus 10 (2 females and 3 males) C5-T1 (20%)
C6-T2 (80%)

Nasua nasua 10 (1 female and 4 males)
C5-T1 (20%)
C5-T2 (60%)
C6-T1 (20%)

Bassariscus astutus [35] 2 (1 unreported sex) C6-T2 (100%)

Potos flavus [30] 10 (3 females and 2 males) C5-T2 (30%)
C6-T2 (70%)

Mustelidae

Martes foina [43] 12 (3 females and 3 males) C6-T1 (100%)
Martes martes [31] 16 (6 female and 2 male) C6-T1 (100%)

Neovison vison [31] 60 (18 female and 12 male) C6-T1 (26.67%)
C6-T2 (73.33%)

Neovison vison [44] 52 (26 unreported sexes) C6-T1 (100%)

Meles meles [31] 50 (15 females and 10 males)
C5-T1 (10%)
C6-T1 (40%)
C6-T2 (50%)

Ursoidea Ursidae Ailuropoda melanoleuca [35] 2 (1 male) C5-T2 (100%)
Ursus americanus [35] 2 (1 unreported sex) C6-T1 (100%)

Canoidea Canidae

Nyctereutes procyonoides [31] 40 (10 female and 10 males)
C5-T1 (12.5%)
C6-T1 (25%)

C6-T2 (62.5%)

Vulpes vulpes [31] 52 (10 females and 16 male)
C5-T1 (7.69%)

C6-T1 (61.54%)
C6-T2 (30.77%)

Vulpes vulpes [22] 12 (6 males) C5-T2 (33.33%)
C6-T1 (66.67%)

Canis lupus familiaris [40] 58 (unreported specimens
and sexes)

C6-T1 (58.62%)
C6-T1 (20.69%)
C5-T1 (17.24%)
C5-T2 (0.034%)

Atelocynus microtis [25] 1 female C6-T1 (100%)
Cerdocyon thous [45] 20 (8 females and 2 males) C6-T1 (100%)
Cerdocyon thous [20] 6 (3 males) C6-T1 (100%)

Lycalopex gymnocercus [46] 20 (3 females and 7 males) C6-T1 (100%)
Pinnipedia Otaridae Arctocephalus australis [26] 4 (1 female and 1 male) C6-T1 (100%)

Feliformia

Aeluroidea Feloidea

Felidae

Felis catus [47] 12 (6 unreported sexes) C6-T1 (100%)
Felis catus [28] 10 (5 females) C6-T1 (100%)

Panthera onca [47] 4 (2 unreported sexes) C6-T1 (100%)
Puma concolor [47] 6 (3 unreported sexes) C6-T1 (100%)
Puma concolor [27] 2 (1 female) C6-T1 (100%)

Puma yagouaroundi [23] 14 (5 males and 2 females) C5-T1 (57%)
C6-T1 (43%)

Leopardus geoffroyi [32] 6 (4 females) C5-T1 (66.66%)
C6-T1 (33.33%)

Leopardus pardalis [21] 4 (1 male and 1 female) C6-T1 (100%)
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Most origins of the brachial plexus nerves in P. cancrivorus and N. nasua in the present
study have also been found in other carnivorans. Some nerve origins of both species have
not been found in other carnivorans, although the most of these were found in very low
proportions. However, the origin of the median nerve from C6-T1 in N. nasua was present
in most limbs (60%). The predominant origins of the subscapular, musculocutaneous,
axillary, ulnar, long thoracic, lateral thoracic, and cranial pectoral nerves of both procyonids
were similar to those of most carnivorans (Table 3). The other nerves had several inter- and
intraspecific variations, mainly due to the contribution of C5 and T2 and the presence of the
ansa axillaris and ansa pectoralis to the median and caudal pectoral nerves, respectively.

4.2. Comparative Distribution of the Brachial Plexus Nerves in Carnivorans and
Evolutionary Comments

The brachial plexus nerves conserve a similar distribution among carnivorans mainly
to the innervation of the thoracic limb muscles, although some differences have been
found. Among them, the suprascapular nerve also innervates other muscles, such as the
m. deltoideus in Martes foina [43], m. serratus ventralis cervicis in Puma concolor [27], and
m. trapezius in F. catus [28]. One of the subscapular nerves innervates the m. teres major in
M. foina [43], A. australis [26], and L. geofffroyi [32]. An independent nerve from the brachial
plexus innervates the m. teres major in P. flavus [30], B. astutus, and U. americanus [35],
which differs from P. concolor [27] and N. nasua, where that nerve also innervates the
subscapular muscle. The radial nerve also innervates the m. teres minor in M. foina [43].
The musculocutaneous nerve may innervate the m. pronator teres as an anatomical variant
in C. thous [49], which was found in the common pattern of P. cancrivorus together with the
innervation of the m. flexor carpi radialis. The m. latissimus dorsi may also be innervated
by the lateral thoracic nerve in P. concolor [27] and F. catus [50]. In M. foina, the caudal
pectoral nerves innervate not only m. pectoralis profundus but also m. cutaneus trunci [43].

Some nerves develop other branches when there are extra muscles. Therefore, the
musculocutaneous nerve innervates the caput breve of the m. biceps brachii and the
m. coracobrachialis longus in P. flavus [30] and A. melanoleuca [35]. The median nerve inner-
vates the palmaris longus muscles in P. flavus and P. cancrivorus [39], as was found in the
present study in the latter species and N. nasua. The ulnar nerve innervates the m. anconeus
medialis (m. anconeus epitrochlearis) in F. catus [38], P. concolor [27], A. melanoleuca [35],
P. flavus [30], P. cancrivorus, and N. nasua.

The name n. brachiocephalicus is not in the NAV [33], but it has been used by several
authors because it innervates m. cleidobrachialis [23,30–32,34,45,46], which is a part of
m. brachiocephalicus [33]. Other authors named it n. supraclavicularis in F. catus [29,51] or
n. subclavius in M. foina [43] and Leopardus pardalis [21]. On the other hand, in P. concolor,
it was considered a branch of n. suprascapularis to m. cleidobrachialis [27]. In F. catus, it
was also considered only as a cutaneous branch of the n. suprascapularis, which extends
to the cranial skin to the shoulder and brachium [50,52]. In the case of P. cancrivorus and a
variant manner in N. nasua, the latter arrangement was similar since the nerve formed from
a common trunk with the n. suprascapularis and did not innervate the m. cleidobrachialis.
In another procyonid, P. flavus, the brachiocephalic nerve innervated m. cleidobrachialis
in only 50% of cases [30]. However, it is mainly innervated by the axillary nerve in
all cases of P. flavus [30], N. nasua, and P. cancrivorus [37], which was confirmed in all
specimens of the present study. The innervation of m. cleidobrachialis by the axillary nerve
has also been described in other caniformes, such as A. melanoleuca [35], A. microtis [25],
and C. l. familiaris [42,53], and feliforms, such as F. catus [29,50,51] and P. concolor [27].
Based on Singh et al. [42], m. cleidobrachialis splits from a primordium different from
m. cleidocephalicus in the embryo since the former retains the appropriate innervation by
the axillary nerve. Even innervation of m. cleidobrachialis is only reported by the axillary
nerve in all domestic mammals [42,53]. Therefore, the present study confirms previous
studies [30,37] in which it was concluded that m. cleidobrachialis was evolutionarily
derived from m. deltoideus and is its corresponding clavicular part (Pars clavicularis). On the
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other hand, n. brachiocephalicus has developed mainly to innervate the cranial and lateral
skin of the shoulder and brachium in carnivorans, which was found in both procyonids.

The communication of the cranial lateral cutaneous brachial nerve of the axillary
nerve with the medial branch of the superficial branch of the radial nerve was found in the
common pattern of N. nasua and P. cancrivorus, such as occurs in most carnivorans [24,54,55].
Communication with the lateral branch of the superficial branch of the radial nerve found
in lesser proportion in N. nasua has been described in A. melanoleuca [35]. Therefore, some
afferent fibers of the axillary nerve could come from the manus in these species.

The communicating branch from the musculocutaneous nerve to the median nerve
in P. cancrivorus and N. nasua is medial to the axillary artery, as was found in P. flavus [30]
and other caniformes [35]. Therefore, the communicating branch was called the “ansa
axillaris” in the present study, based on the description written by several authors, who have
described that this anatomical structure is a communication from the musculocutaneous
nerve to the median nerve around the axillary artery [42,44,53,56,57]. The ansa axillaris of
N. nasua has also been reported previously by other authors in the same species [48,58].
However, it is called a communicating branch of the musculocutaneous nerve with the
median nerve at the axillary level [48] or axillary loop [58]. In another study, it was reported
as ansa mediana in procyonids, such as Procyon lotor and P. flavus, while it was absent in
the procyonid B. astutus [35]. Thus, the ansa axillaris is present in procyonids of the genera
Procyon, Nasua, and Potos. However, in the case of P. cancrivorus, the ansa axillaris is formed
more proximally than in other procyonid species. Other names were given to the ansa
axillaris, such as axillary loop by Arlamowska-Palider [58], ansa mediana by Davis [35],
and communicating branch at the axillary level by Grzeczka and Zdun [31]. Therefore,
the ansa axillaris is also present in mustelids such as Neovison vison [31], M. martes [31,58],
M. foina [58], M. meles [31,58], Mustela lutreola, Mustela putorius, and Mustela nivalis [58];
ursids such as Ailuropoda melanoleuca, Ursus americanus [35], and Ursus arctos [58]; the
ailurid Ailurus fulgens [35]; and the canid N. procyonoides [31]. In the case of M. meles, the
ansa axillaris is formed by two branches [31], but both communicate with the median
nerve, while in P. cancrivorus, one of the branches communicates with the caudal pectoral
nerves. Therefore, the presence of an ansa axillaris in arctoid carnivorans (infraorder
Arctoidea, where the Musteloidea and Ursoidea superfamilies are included [1,4]) can be
normal and differs from other authors who described that carnivorans do not have ansa
axillaris [44]. Even its presence in a canid such as N. procyonoides [31] allows us to suggest
that the presence of an ansa axillaris in carnivorans is not only due to its phylogenetic
relationship from the last common ancestor of Caniformes, but also due to the anatomical
shape of its body. N. procyonoides has a body shape very similar to procyonids of the genus
Procyon but is phylogenetically a canid [1,4]. However, it may be absent as an anatomical
variant in N. procyonoides since it was not reported in one specimen dissected by Davis [35],
though the absence is the common pattern to most canids [31,34,35,45,46,58]. Therefore,
when an ansa axillaris is present in some canids different from N. procyonoides, it could be
considered an aberrant arrangement of the n. musculocutaneous since, as was reported in
one C. l. familiaris, the formation of an ansa axillaris could obstruct the blood flow of the
axillary artery [56].

A common trunk of the musculocutaneous and median nerves at the brachial level
has been found in Mephitis and some specimens of M. putorius [58], similar to that which
occurred in one case of N. nasua. This common trunk of both nerves is a normal arrange-
ment in ungulates [44,53,58] and pangolins [59]. Therefore, it is a primitive arrangement
that could have been present in the last common ancestor of Carnivora, Ungulata, and
Pholidota [60]. Consequently, the common trunk of both nerves may be present as an
anatomical variant in some carnivorans.
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Table 3. Comparative origins of the brachial plexus nerves in carnivorans.

Nerves Origin Species

Suprascapularis

C5-C6 P. cancrivorus (10%), N. nasua (80%), P. flavus (20%), L. geofffroyi (50%), and C. l. familiaris.
C5-C7 P. cancrivorus (10%), P. flavus (10%), V. vulpes* (33.33%), M. meles, N. procyonoides, V. vulpes, and C. l. familiaris.

C6 P. cancrivorus (70%), N. nasua (10%), C. thous (25%), L. gymnocercus (20%), C. l. familiaris, F. catus* (80%), P. concolor*,
P. yagouaroundi (85.7%), and L. geofffroyi (50%).

C6-C7
P. cancrivorus (10%), N. nasua (10%), P. flavus (70%), M. meles, M. foina, M. martes, N. vison, N. procyonoides,

C. l. familiaris, A. microtis, C. thous (75%), C. thous*, L. gymnocercus (75%), A. australis, V. vulpes* (33.33%), V. vulpes,
F. catus* (20%), P. yagouaroundi (14.3%), and L. pardalis (100%).

Subscapulares

C5-C7 V. vulpes (16.67%) and N. nasua (60%).

C6-C7
P. cancrivorus (100%), N. nasua (40%), P. flavus (100%), N. vison, M. meles, C. l. familiaris, C. thous (45%), C. thous*,
L. gymnocercus (90%), V. vulpes* (83.33%), V. vulpes, P. yagouaroundi (78.7%), L. geofffroyi (100%), P. concolor*, and

L. pardalis (100%).

Musculocutaneus
C6-C7 P. cancrivorus (90%), N. nasua (100%), P. flavus (100%), N. vison, M. martes, M. meles, V. vulpes, N. procyonoides,

C. l. familiaris, A. microtis, C. thous (30%), C. thous*, L. gymnocercus (20%), F. catus* (100%), F. catus, P. onca, P. concolor,
P. concolor*, P. yagouaroundi (57.3%), L. geofffroyi (50%), and L. pardalis (100%).

C7 P. cancrivorus (10%), N. nasua* (100%).

Axillaris C6-C7 P. cancrivorus (100%), N. nasua (100%), P. flavus (80%), A. microtis, C. thous (20%), V. vulpes, F. catus* (100%), F. catus,
P. onca, P concolor, P concolor*, P. yagouaroundi (57.3%), and L. geofffroyi (50%)

Radialis

C6-C8 P. cancrivorus (20%) and C. thous (5%).
C6-T1 P. cancrivorus (20%), N. nasua (60%), and P. yagouaroundi (14.3%).
C6-T2 P. cancrivorus (60%), and P. flavus (90%).

C7-T1
N. nasua (40%), N. vison, M. martes, M. meles, C. l. familiaris, C. thous (70%), C. thous*, L. gymnocercus (70%), V. vulpes,

N. procyonoides, F. catus, P. onca, P. concolor, P. concolor*, L. geoffroyi (66.67%), and P. yagouaroundi (64.3%), and
L. pardalis (100%).

Medianus
C6-T1 N. nasua (60%) and P. cancrivorus (20%).
C6-T2 P. cancrivorus (50%), N. nasua (40%), and P. flavus (100%).
C7-T2 P. cancrivorus (30%), N. vison, and C. l. familiaris.

Ulnaris
C8-T1

P. cancrivorus (20%), N. nasua (60%), N. vison, M. meles, M. martes, N. procyonoides, C. l. familiaris, A. microtis, C. thous
(80%), C. thous*, L. gymnocercus (70%), V. vulpes, A. australis, F. catus* (100%), F. catus, P. onca, P concolor,

P. yagouaroundi (85.7%), L. geoffroyi (100%), and L. pardalis (100%).
C8-T2 P. cancrivorus (80%), N. nasua (40%), P. flavus (100%), N. vison, M. meles, N. procyonoides, and C. l. familiaris.

Brachiocephalicus

C5-C6 P. cancrivorus (60%), N. nasua (80%), P. flavus (30%), M. meles, N. procyonoides, and C. l. familiaris.
C5-C7 P. cancrivorus (10%).

C6 P. cancrivorus (30%), N. nasua (20%), P. flavus (60%), N. vison, M. martes, M. foina, C. l. familiaris, C. thous (100%),
L. gymnocercus (100%), V. vulpes, P. yagouaroundi (29.6%), and L. geoffroyi (33.34%).

C6-C7 P. cancrivorus (10%) and L. pardalis (100%).

Thoracicus longus C7 P. cancrivorus (100%), N. nasua (90%), P. flavus (100%), M. meles, C. l. familiaris, C. thous (100%), L. gymnocercus (100%),
V. vulpes, F. catus* (100%), P. concolor*, P. yagouaroundi (92.9%), and L. geoffroyi (100%).

C7-C8 N. nasua (10%), N. vison, M. martes, A. australis, and V. vulpes* (83.33%).

Thoracodorsalis

C6-C8 P. cancrivorus (20%), N. nasua (10%), and P. flavus (10%).
C6-T1 P. cancrivorus (20%) and N. nasua (10%).
C6-T2 P. cancrivorus (20%) and P. flavus (60%).

C7-C8 P. cancrivorus (20%), N. nasua (80%), M. foina, M. martes, M. meles, C. l. familiaris, C. thous (5%), L. gymnocercus (50%),
V. vulpes, F. catus *(80%), P. concolor*, P. yagouaroundi (7.1%), and L. geoffroyi (83.33%).

Thoracicus lateralis

C6-T2 P. cancrivorus (40%) and P. flavus (10%).
C7-T1 N. nasua (10%), C. thous (25%), L. gymnocercus (35%), and P. yagouaroundi (14.2%).

C8-T1 P. cancrivorus (20%), N. nasua (90%), M. martes, N. procyonoides, C. l. familiaris, C. thous (40%), C. thous*, L. gymnocercus
(45%), F. catus* (100%), P. yagouaroundi (50%), and L. geoffroyi (16.67%).

C8-T2 P. cancrivorus (40%), P. flavus (90%), N. vison, N. procyonoides.

Pectorales craniales

C6-C7 P. cancrivorus (90%), N. nasua (40%), P. flavus (60%), C. thous (25%), L. gymnocercus (5%), V. vulpes* (33.33%), V. vulpes,
P. yagouaroundi (21.4%), and L. geoffroyi (16.67%).

C7 N. nasua (60%), P. flavus (10%), N. vison, M. meles, M. martes, M. foina, N. procyonoides, C. thous (25%), L. gymnocercus
(40%), F. catus* (100%), P. concolor*, P. yagouaroundi (35.7%), and L. geoffroyi (50%).

C7-T2 P. cancrivorus (10%).

Pectorales caudales

C6-T1 P. cancrivorus (10%) and N. nasua (10%).
C6-T2 P. cancrivorus (50%) and P. flavus (20%).
C7-T1 N. nasua (80%), M. martes, N. vison, C. thous (20%), and L. gymnocercus (35%).
C7-T2 P. cancrivorus (30%).

References: Procyonidae: P. cancrivorus (present study), N. nasua (present study), N. nasua* [48], and P. flavus [30].
Mustelidae: M. foina [43], M. martes, N. vison, and M. meles [31]. Canidae: N. procyonoides, V. vulpes [31], V. vulpes* [22],
C. l. familiaris [34], A. microtis [25], C. thous [45], C. thous* [20], and L. gymnocercus [46]. Otaridae: A. australis [26].
Felidae: F. catus, P. onca, P. concolor [24,47], F. catus* [28], P. concolor* [27], P. yagouaroundi [23], L. geoffroyi [32], and
L. pardalis [21].
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The communicating branch of the musculocutaneous nerve with the median nerve at
the elbow level was absent in all cases of N. nasua, which confirms other studies performed
in the same species [48,58]. In another procyonid, P. flavus, it may be present but as a
weak branch [30]. In P. cancrivorus, it is a large branch that is more a continuation of the
musculocutaneous nerve together with the median nerve than a communicating branch. In
one case of C. l. familiaris, it was reported that the musculocutaneous nerve did not join the
median nerve but did not continue distally at the antebrachial region, replacing the median
nerve to form common digital nerves I to III [58]. In other carnivorans, the unique commu-
nication at the elbow level is normal, as has been reported in canids [31,34,45,46,49,58], an
otariid such as A. australis [26], and felids [23,24,32]. However, this communicating branch
may be absent as a variation in felids [27–29,58]. Therefore, the main nerve of the brachial
plexus that presents changes in carnivorans is the musculocutaneous nerve, mainly in the
presence of communicating branches with the median nerve. In the case of P. cancrivorus,
the musculocutaneous nerve was a large nerve with two communicating branches (ansa
axillaris and ramus comunicans), which differs from most carnivorans, who only have one
communicating branch.

The median nerve passes through the supracondylar foramen within vessels in
A. melanoleuca [35], P. cancrivorus, and N. nasua, while it passes with the brachial artery in
mustelids [31] and F. catus [42,61] and even with the brachial vein in P. flavus [30], P. con-
color [24,27], and P. onca [24]. In A. melanoleuca, it has been reported that the median nerve
also innervates the m. flexor carpi ulnaris [35]. However, when we observe the figures
of the antebrachial muscles of A. melanoleuca presented by Davis [35], the caput humerale
of the m. flexor carpi ulnaris he identified could actually be the palmaris longus lateralis
found in P. flavus [39] or the palmaris longus of P. cancrivorus and N. nasua. It has a similar
location in procyonids and is innervated by the median nerve. Therefore, palmaris longus
or palmaris longus lateralis could have evolutionarily derived from m. flexor digitorum
superficialis, not only from the last common ancestor of musteloids but also within arctoid
carnivorans (based on the phylogenetic three of carnivorans [1]).

The ulnar nerve always innervates the m. anconeus medialis in both procyonids,
similar to other carnivorans that present it [27,30,49,51,62]. This corroborates the fact that
the muscle was evolutionarily derived from the m. flexor carpi ulnaris, as has been found
in most mammals [63]. It may only be derived from the triceps brachii and flexor carpi
ulnaris muscles in other phylogenetically distant mammals, such as xenarthrans, since in
some of them, it is innervated by the radial and ulnar nerves [64]. Thus, it is not a head
derived from the m. triceps brachii in carnivorans.

The branch from the ulnar nerve to innervate the carpal tactile hairs has only been
reported in F. catus [29]. In N. nasua, the carpal tactile hairs were highly developed, while in
P. cancrivorus, they were very small and short. The carpal tactile hairs in N. nasua should help
to locate prey underground while digging, since these hairs may collect information about
substrate vibration [65,66]. The carpal tactile hairs also collect information about surface
properties related to substrate diameter, which is necessary to influence the body and
thoracic limb postures while walking in several substrates [65]. However, the homologous
branch from the ulnar nerve to the carpal tactile hairs is present in both species, similar to
that reported in P. flavus [39]. Thus, although the carpal tactile hairs are more developed
in Nasua, the distal fourth of the antebrachium remains innervated by the ulnar nerve
in procyonids.

The caudal antebrachial cutaneous nerve originated independently from T1 or T1-T2,
such as in P. cancrivorus and N. nasua, and has also been described in P. flavus [30],
F. catus [29,51], and A. melanoleuca [35], while in other carnivoran species, it is a branch
of the ulnar nerve. However, in a study that stimulated the dorsal roots of C5 to T2 in
C. l. familiaris, the caudal antebrachial cutaneous nerve originated predominantly from T1
and T2 [67]. Therefore, the caudal surface of the antebrachium is predominantly innervated
by the thoracic spinal nerves in these species of carnivorans.
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The radial nerve innervated the m. brachialis in two cases of P. cancrivorus, similar
to A. melanoleuca [35]; however, its main innervation is from the musculocutaneous nerve.
Therefore, in these cases, the m. brachialis could embryologically have derived not only
from the myotomes that migrate with the musculocutaneous nerve but also from the radial
nerve. This could be a primitive phylogenetic arrangement within a last common ancestor
of reptiles and mammals since, in some reptiles, a part of the radial nerve goes within a
common trunk with the musculocutaneous nerve [68,69]. The branches to the craniolateral
antebrachial muscles in carnivorans seem consistent [68,70–72], although the course of
the deep branch of the radial nerve with respect to the m. supinator is variable. It passes
superficially to the m. supinator in P. flavus [30] and F. catus [29,51] and passes deeply to
the m. supinator in C. l. familiaris [55], A. melanoleuca [35], P. cancrivorus, and N. nasua.

The presence of an ansa pectoralis in P. cancrivorus and N. nasua has also been found in
other procyonids, such as P. flavus [30] and B. astutus [35], and even in other arctoids, such
as A. fulgens, A. melanoleuca, and U. americanus [35]. It could be a primitive arrangement
due to the pectoralis superficialis and profundus muscles of mammals evolutionarily
derived from an undivided pectoral muscle of reptiles [73]. Thus, the pectoral nerve to the
reptilian pectoral muscle was divided into cranial and caudal pectoral nerves during the
transition to mammals when the muscle divided into superficial and deep pectoral muscles;
thus, communicating branches between both nerves may be present in carnivorans. The
innervation of the m. pectoralis transversus from the caudal pectoral nerves has only been
found in procyonids [30,37], which was further strengthened by findings in the present
study with more specimens. This indicates that the m. pectoralis transversus in procyonids
was derived not only from the m. pectoralis superficialis but also from the m. pectoralis
profundus of the last common ancestor of procyonids [37].

The lateral thoracic nerve innervates m. cutaneus trunci in all carnivorans, although
in some carnivorans, it also innervates m. pectoralis profundus, such as in M. martes,
V. vulpes [31], C. thous [45], L. gymnocercus [46], F. catus [28], P. yagouaroundi [23], and
L. geoffroyi [32]. In P. cancrivorus and N. nasua, it innervates the m. pectoralis abdominalis,
which has been considered a part of the m. pectoralis profundus by some authors. However,
in a recent study, it was hypothesized that the m. pectoralis abdominalis of carnivorans
is an evolutionary derivation from m. cutaneus trunci of the last common ancestor of
placental and marsupial mammals, but not from m. pectoralis profundus [37]. Even in
a monotreme such as the platypus (Ornithorhynchus anatinus), both nerves also originate
from a common trunk [74]. Therefore, the common trunk of the caudal pectoral and lateral
thoracic nerves supports the hypothesis that the m. cutaneus trunci of mammals is derived
from the pectoralis muscle of reptiles [73] and the m. pectoralis abdominalis from the
m. cutaneus trunci in carnivorans [37].

4.3. Comparative Nerve Branching on the Manus of Carnivorans

The branching of the medial and lateral branches of the superficial radial nerve at the
dorsum of the manus in P. cancrivorus and N. nasua is highly variable due to several commu-
nications between them. However, the communications between them in P. cancrivorus are
by large branches of almost the same thickness as the main branch. In other carnivorans,
both branches have a common pattern. Therefore, the medial branch forms the abaxial
dorsal digital nerve I and the common dorsal digital nerve I, and the lateral branch forms
the common dorsal digital nerves II to IV in canids, mustelids, and ursids [31,34,35,43,54].
In P. cancrivorus and N. nasua, the common dorsal digital nerves II and III originate from
contributions of the lateral and medial branches of the superficial radial nerve. The medial
cutaneous antebrachial nerve communicates with the medial branch of the radial nerve in
felids [24,54] and procyonids, such as N. narica [54], N. nasua, and P. cancrivorus. Therefore,
the axial and abaxial dorsal surfaces of digit I are innervated by the musculocutaneous and
radial nerves in these species.

In P. cancrivorus, the most lateral branch forms the abaxial dorsal digital nerve IV,
and this branch communicates with the axial dorsal digital nerve V, having a similar
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arrangement to that found in P. flavus [30] and A. melanoleuca [35]. In a feliform such as
F. catus, the lateral branch only forms the dorsal common digital nerves II to III, while
the dorsal branch of the ulnar nerve forms the dorsal common digital nerve IV [28,29,52].
However, a communicating branch from the common dorsal digital nerve III (radial nerve)
to the common dorsal digital nerve IV (ulnar nerve) has been found in felids [29,54].
Similarly, it also occurs in mustelids [43,54], ursids, and procyonids such as N. narica [54]
and N. nasua. In P. onca, the radial nerve does not innervate digit IV and is, thus, supplied
axially and abaxially by the dorsal branch of the ulnar nerve [24]. In P. concolor, dorsal
common digital nerve III may be formed by communication between the lateral branch of
the radial nerve and the dorsal branch of the ulnar nerve [54].

The medial cutaneous antebrachial nerve forms the abaxial palmar digital nerve I
in P. flavus [30], similar to that found in N. nasua. The abaxial palmar digital nerve I in
P. cancrivorus is formed by the median nerve, which occurs normally in other carnivo-
rans [24,28,29,31,34,43].

The ulnar nerve forms the palmar common digital nerve IV in canids [31,34],
mustelids [31,43], procyonids such as P. cancrivorus and N. nasua, and a felid such as
F. catus [24,28,29]. It is formed by the median nerve in a ursid as A. melanoleuca [35],
in a procyonid as P. flavus [30], and as an anatomical variant in N. nasua. However, in
A. melanoleuca [35] and N. nasua, it may receive a communicating branch from the ulnar
nerve. In felids such as P. concolor and P. onca, the median nerve does not innervate digit IV
since the axial and abaxial palmar surfaces are innervated by the ulnar nerve [24].

The branches of the ulnar and median nerves to the intrinsic muscles of the manus in
N. nasua and P. cancrivorus were similar to those reported in P. flavus [30], C. l. familiaris [34],
and felids [24]. However, the innervation by the median nerve to the most medial lumbrical
muscle in both procyonids was not described in those species, although in C. l. familiaris, it
is normal because the fourth lumbrical muscle is absent [55].

The large size of the palmar branches to the digits from the median, musculocutaneous,
and ulnar nerves together with the large dorsal branches of the superficial branch of
the radial nerve in P. cancrivorus corroborates the anatomical adaptation of the nervous
peripheral system of the genus Procyon to allow a higher touch sensitivity than other
carnivorans. Even in P. lotor, a high innervation has been found with the presence of all
types of sensory receptors in similar proportions compared with other mammals, such as
primates [75,76].

5. Conclusions

The brachial plexus of both procyonid species originates in a variant manner from
C5-T1, C5-T2, C6-T1, or C6-T2, from which form the thoracic limb nerves having a similar
distribution to the muscles and skin. The major nerves, such as the radial and median
nerves, originated from more spinal nerves than other nerves in both procyonids, which
could be an anatomical adaptation to increase the function of the antebrachial muscles and
skin sensitivity of the antebrachium and manus. However, some specific differences could
be associated with the locomotor behavior in each species. The higher contribution from C5
in N. nasua to the suprascapular and cranial subscapular nerves could be associated with a
higher use of the scapular muscles to move the shoulder during digging. In addition, the
innervation from the ulnar nerve to the sinusoids of the carpal tactile hairs should help to
feel invertebrates underground and coordinate the movements in several terrestrial and
arboreal substrates. On the other hand, P. cancrivorus has a higher contribution from T2,
two communications from the musculocutaneous nerve to the median nerve, and relatively
larger nervous branches to the skin. This arrangement could indicate that the thoracic limb
nerves in P. cancrivorus have been more adapted to touch and greater manual skills than
those in N. nasua, since P. cancrivorus uses its manus to bring the food to the mouth and
even to search for food at night and underwater.

In general, through a comparative study with other species, the distribution and
branching of the brachial plexus nerves also depends on the evolutive derivation of the
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muscles. The main nerve of the brachial plexus that presents changes in carnivorans is the
musculocutaneous nerve, mainly due to the presence of communicating branches with the
median nerve. The presence of ansa axillaris and ansa pectoralis in both procyonids mainly
has a phylogenetic relationship within the infraorder Arctoidea since both structures can be
in ursoid and musteloid species. The communicating branches between nerves also have
a phylogenetic relationship not only with the common ancestor of carnivorans but also
with other mammals and even reptiles. The dorsal sensory innervation of the manus is
highly variable in most carnivorans due to the dorsal communicating branches and does
not depend on the taxonomic family. However, in canids, it seems constant.
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Appendix A

Table A1. Origins of the brachial plexuses in five specimens of P. cancrivorus.

Nerve Pc1 (JF) Pc2 (JF) Pc3 (AM) Pc4 (AM) Pc5 (AM)

Right Left Right Left Right Left Right Left Right Left

Brachial plexus C6-T2 C6-T2 C6-T2 C6-T2 C6-T2 C6-T2 C6-T2 C6-T2 C5-T1 C5-T1
Suprascapularis C6 C6 C6-C7 C6 C6 C6 C6 C6 C5-C7 C5-C6
Subscapularis

cranialis C6 C6 C6-C7 C6 C6 C6 C6 C6 C6-C7 C6-C7

Subscapularis medium — — — — — — — C6 — —
Subscapularis

caudalis C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7

Musculocutaneus C6-C7 C6-C7 C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7
Axilaris C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7
Radialis C6-T2 C6-T2 C6-T2 C6-T2 C6-C8 C6-C8 C6-T2 C6-T2 C6-T1 C6-T1

Medianus C6-T2 C6-T2 C7-T2 C6-T2 C6-T2 C6-T2 C7-T2 C7-T2 C6-T1 C6-T1
Ulnaris C8-T2 C8-T2 C8-T2 C8-T2 C8-T2 C8-T2 C8-T2 C8-T2 C8-T1 C8-T1

Cutaneus antebrachii
caudalis C8-T2 C8-T2 C8-T2 C8-T2 C8-T2 C8-T2 T1-T2 T1-T2 T1 T1

Brachiocephalicus C6 C6 C6-C7 C6 C5-C6 C5-C6 C5-C6 C5-C6 C5-C6 C5-C6
Thoracicus longus C7 C7 C7 C7 C7 C7 C7 C7 C7 C7
Thoracicus lateralis C6- T2 C6- T2 C6-T2 C6- T2 C8-T2 C8-T2 C8-T2 C8-T2 C8-T1 C8-T1

Thoracodorsalis C7-T2 C7-T2 C7-C8 C7-C8 C6-C8 C6-C8 C6-T2 C6-T2 C6-T1 C6-T1
Pectorales craniales C6-C7 C6-C7 C7-T2 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7
Pectorales caudales C6-T2 C6-T2 C7-T2 C6-T2 C6-T2 C6-T2 C7-T2 C7-T2 C6-T1 C6-T1

AM: adult male, JF: juvenile female, Pc#: number of the specimen, —: absent.
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Table A2. Origins of the brachial plexuses in five specimens of N. nasua.

Nerve Nn1 (IM) Nn2 (JM) Nn3 (AF) Nn4 (AM) Nn5 (AM)

Right Left Right Left Right Left Right Left Right Left

Brachial plexus C5-T2 C5-T2 C5-T2 C5-T1 C5-T1 C5-T2 C6-T1 C6-T1 C5-T2 C5-T2
Suprascapularis C5-C6 C5-C6 C5-C6 C5-C6 C5-C6 C5-C6 C6-C7 C6 C5-C6 C5-C6
Subscapularis

cranialis C5-C6 C5-C6 C6 C6 C5-C6 C5-C6 C6-C7 C6 C5-C6 C5-C6

Subscapularis medium C6 C6 C6-C7 C6-C7 C6-C7 C6-C7 — — C6 C6-C7
Subscapularis

caudalis C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7

Musculocutaneus C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7
Axilaris C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7 C6-C7
Radialis C6-T1 C6-T1 C7-T1 C7-T1 C7-T1 C7-T1 C6-T1 C6-T1 C6-T1 C6-T1

Medianus C6-T2 C6-T2 C6-T2 C6-T1 C6-T1 C6-T2 C6-T1 C6-T1 C6-T1 C6-T1
Ulnaris C8-T2 C8-T2 C8-T1 C8-T2 C8-T1 C8-T2 C8-T1 C8-T1 C8-T1 C8-T1

Cutaneus antebrachii
caudalis C8-T2 C8-T2 T1 C8-T1 T1 T1 T1 T1 T1 T1

Brachiocephalicus C5-C6 C5-C6 C5-C6 C5-C6 C5-C6 C5-C6 C6 C6 C5-C6 C5-C6
Thoracicus longus C7 C7-C8 C7 C7 C7 C7 C7 C7 C7 C7
Thoracicus lateralis C8-T1 C8-T1 C8-T1 C8-T1 C7-T1 C8-T1 C8-T1 C8-T1 C8-T1 C8-T1

Thoracodorsalis C6-T1 C6-C8 C7-C8 C7-C8 C7-C8 C7-C8 C7-C8 C7-C8 C7-C8 C7-C8
Pectorales craniales C6-C7 C6-C7 C7 C7 C7 C7 C7 C7 C6-C7 C6-C7
Pectorales caudales C6-T1 C6-T1 C7-T1 C7-T1 C7-T1 C7-T1 C7-T1 C7-T1 C7-T1 C7-T1

AM: adult male, AF: Adult female, IM: infant male JM: juvenile male, Nn#: number of the specimen, —: absent.
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