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Abstract The extrinsic and intrinsic forelimb musculature of
the lesser grison (Galictis cuja), a short-legged mustelid of
southern South America, is studied for the first time. We
present descriptions, muscular maps, and weight data. Mus-
cular anatomy description of the lesser grison provides the
framework for discussing the myological diversity of
mustelids and other caniforms, for addressing nomenclatural
problems (such as synonymy and homonymy), and for
highlighting some functional and phylogenetically informa-
tive traits. We recognize in the lesser grison features shared by
all mustelid species, and some other caniforms, especially
mephitids, such as the presence of rhomboideus profundus,
an angular head of triceps brachii, and, apparently, the absence
of a flexor digitorum brevis manus. An unexpected record of
articularis humeri, a proximal origin of the brachioradialis,
and the absence of the tensor fascia antebrachii are recorded

for this species. As other ictonychines andmustelines,Galictis
cuja possesses stronger and subdivided protractors and sagit-
tal rotators of the forelimbs, as well as shoulder and elbow
extensors. These features allow for resistance in landing dur-
ing bounds and increase the stride length during epigean and
subterranean crouched locomotion. Powerful neck muscula-
ture assists during hunting and carrying of prey. Weakness of
some retractors and intrinsic flexors is related to a relatively
minor importance of the forelimbs as propellers during
bounding and the lack of other specializations. The configu-
ration of the rhomboideus and the absence of coracobrachialis
seem to be informative at the subfamiliar level within
Mustelidae. The comprehensive and comparative review of
available information leads us to propose possible solutions to
old nomenclatural problems and of identification. This allows
us to reassess of some myological features as diagnostic of
caniform clades.
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Introduction

The study of myology is relevant for both functional and
phylogenetic understanding. Carnivorans are a successful
and functionally diverse clade, with about 128 living species
(Wilson andMittermeier 2009). However, in comparison with
this diversity, the accumulated knowledge of myological var-
iation within the order is still scarce, except for canids and
felids (e.g., Haughton 1867a; Reighard and Jennings 1901;
Taylor andWeber 1951; Evans 1993;Williams et al. 2008a, b;
Hudson et al. 2010, 2011; Evans and de Lahunta 2013).
Particularly for mustelids, a clade with broad locomotor strat-
egies, only a few publications have dealt with postcranial
musculature (see Fisher et al. 2008, 2009; Ercoli et al. 2013;
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Table 1). Within this family, an important number of muscular
characters were considered informative on phylogentic
grounds (e.g., Windle and Parsons 1897, 1898; Hall 1926,
1927; Fisher et al. 2008, 2009).

Within Caniformia, Mustelidae, Mephitidae, Procyonidae,
and Ailuridae are collectively referred as Musteloidea, which
is currently considered the sister group of Ursidae and
Pinnipedia (comprising the Arctoidea clade). Canidae is
placed at the base of Caniformia (Flynn et al. 2005; Sato
et al. 2012). Among terrestrial clades, ursids (bears),
procyonids (raccoons and coatis), and Ailurus fulgens (the
red panda, the only living ailurid species) include mostly
scansorial and arboreal species, both omnivores and herbi-
vores. Mephitids (skunks) are terrestrial, diggers, and omni-
vores. Finally canids, which are mostly terrestrial and carniv-
orous species, developed a highly specialized cursorial mode
of life (Ewer 1973; Gambaryan 1974;Wilson andMittermeier
2009).

Mustelids (weasels, martens, otters, and badgers) are a
diverse group that include species that are frequent climbers,
primarily terrestrial, semifossorial diggers, semifossorial non-

diggers, and aquatic or semiaquatic. They are also diverse on
locomotion modes, including trot, gallop, half-bound, and
bound (running style where both hind limbs lift off the ground
together) among their gaits (Simpson 1945; Ewer 1973;
Gambaryan 1974; Leach 1977; Holmes 1980; Schutz and
Guralnick 2007). Mustelids range from hypercarnivores to
omnivores and consume a wide range of prey items (Wilson
and Mittermeier 2009).

The lesser grison (Galictis cuja) is a mid-sized mustelid (1–
2.5 kg) of southern South America (Wilson and Mittermeier
2009). It occurs in a variety of habitats, from rainforests to
grasslands (Yensen and Tarifa 2003a). Primarily a carnivore,
Ga. cuja preys mostly on rodents, rabbits, birds, reptiles, and
amphibians, and secondarily on eggs, fruit, and invertebrates
(Azara 1802; Yensen and Tarifa 2003a; Wilson and
Mittermeier 2009). Mostly diurnal, this species track their
prey sniffing the ground walking in a zig-zag pattern, and
raising its neck to look over the vegetation. When it finds a
prey, it pursues, scratches, and can gets into their prey’s
tunnels to hunt it (Azara 1802; Dücker 1968; Yensen and
Tarifa 2003a;Wilson andMittermeier 2009). The lesser grison

Table 1 The sources of
myological data for the Family
Mustelidae. Numbers in paren-
theses indicate the specimens ex-
amined in the original works, if
known. (*) indicates that the ref-
erence corresponds to a revision
of previous works, and does not
include new specimens

Species Sources

Helictidinae

Melogale personata Beddard 1905 (1)

Lutrinae

Aonyx cinerea Macalister 1873a (1); Windle and Parsons 1897 (*)

Enhydra lutris Gambarjan and Karapetjan 1961 (1); Gambaryan 1974 (1); Howard 1973 (1)

Lontra canadensis Fisher 1942 (1)

Lutra lutra Meckel 1828; Cuvier and Laurillard 1849 (1); Haughton 1867b (1); Lucae 1875 (1);
Windle 1889;Windle and Parsons 1897 (1); Gambarjan and Karapetjan 1961 (2–5);
Gambaryan 1974 (3)

Gulolinae

Eira barbara Macalister 1873b (1); Windle and Parsons 1897 (*)

Gulo gulo English 1977 (1)

Martes americana Hall 1926 (1); English 1977 (1); Leach 1977 (25)

Martes foina Meckel 1828; Cuvier and Laurillard 1849 (1); Mackintosh 1875 (1); Windle and
Parsons 1897 (*); Gambarjan and Karapetjan 1961 (2–5); Gambaryan 1974 (2)

Martes pennanti Leach 1977 (25); Feeney 1999 (4)

Melinae

Meles meles Meckel 1828; Cuvier and Laurillard 1849 (1); Haughton 1867c (1); Windle 1889;
Windle and Parsons 1897 (1); Gambarjan and Karapetjan 1961 (2–5); Gambaryan
1974 (6); Scherling 1989 (6)

Mustelinae

Mustela putorius Alix 1876; Windle 1889; Windle and Parsons 1897 (*); Barone and Deutsch 1953
(15); Jouffroy 1971 (*); Gambaryan 1974 (1); Evans and Quoc An 1980

Mustela vison Williams 1955

Taxidiinae

Taxidea taxus Hall 1927 (1); Wagner 1976; Quaife 1978 (7); Moore et al. 2013 (6)

J Mammal Evol



is also able to swim and it digs its own burrows, but it is not a
specialized digger and does not climb trees (Cabrera and
Yepes 1940; Yensen and Tarifa 2003a; Wilson and
Mittermeier 2009). Locomotor abilities of this species have
been scarcely studied; it was described as slow and
ambulatorial without a floating phase (Schutz and Guralnick
2007), that uses walking and trotting (Yensen and Tarifa
2003a), although it is also able to walk using asymmetrical
steps (Dücker 1968), like half-bound running as has been
noted for its sister taxa Galictis vittata (Yensen and Tarifa,
2003b).

Except for some few data on Eira barbara and Galictis
vittata (Macalister 1873b; Windle and Parsons 1897, 1898),
and our previous study of the lumbar region, tail, and hind
limbs of Ga. cuja (Ercoli et al. 2013), there are no myological
descriptions of South American mustelid species. For this
reason, the principal goal of this study is to present a detailed
myological description of the extrinsic and intrinsic forelimbs
of the lesser grison. Obtained data were interpreted within a
comparative, functional, and phylogenetic framework. This
study is part of a broader project of dissection (see Ercoli et al.
2013) that, together with previously published dissections,
aims to help highlight future ecomorphological studies among
mustelids, but also to explore this source of characters for
elucidating phylogenetic relationships among fossil and living
mustelids.

Materials and Methods

For the present study we used myological and osteological
material of Ga. cuja from the following Argentinean collec-
tions: Museo Argentino de Ciencias Naturales “Bernardino
Rivadavia”, Buenos Aires (MACN); Museo de La Plata,
Buenos Aires (MLP).

The osteological specimens and the three analyzed
myological specimens (MACN-Ma 25483 (ex “MASTO
92”), MACN-Ma 28.163, MACN-Ma 39.207) were the
same used in a previous dissection study (see Ercoli
et al. 2013 for complete specimen information). Part of
the digital musculature of the specimen MACN-Ma 28.163
and some features of the axial musculature of specimen
MACN-Ma 39.207 could not be clearly observed and
described due to material damage.

For each side of the specimens MACN-Ma 25483
(male) and MACN-Ma 28.163 (female), we weighed the
dry mass of each muscle (Supporting Information,
Table S1). We plotted relative masses of main muscle
groups for Ga. cuja, nine musteloids (Aonyx, Enhydra,
Gulo, Lutra, Martes, Mellivora, Mustela, Vormela, and
Taxidea; Macalister 1873a; Gambaryan 1974; Moore
et al. 2013) and four additional carnivorans (Acinonyx,
Canis, Leopardus, and Ursus; Gambaryan 1974; Hudson

et al. 2011; Julik et al. 2012) to compare the development
of principal functional muscular groups. We described and
recorded the principal intraspecific variations of each dis-
sected muscles for each side of the three specimens (Re-
sult section, Supporting Information, Table S2). During
myological description and discussion, we primarily
followed Hall (1926, 1927), Fisher et al. (2009), and
Evans and de Lahunta (2013), and secondly other anatom-
ical studies mentioned whenever required. Anatomical ter-
minology followed the Nomina Anatomica Veterinaria
(Waibl et al. 2005). In exceptional cases, we used others
terms to those proposed by Waibl et al. (2005), taken
from Spoor and Badoux (1986a) (i.e., m. palmaris longus,
m. flexor digitorum superficialis), Fisher et al. (2009) (i.e.,
all internal autopodial flexor of the digits), and some
informal terms (i.e., m. abductor digiti II, IV, and some
subdivisions of mm. pectorales and m. triceps brachii). In
the Results section, we give some synonyms of several
muscles (mainly following Diogo and Abdala 2010). We
followed the taxonomical arrangement of subfamilies from
Koepfli et al. (2008) and Sato et al. (2012).

A composite phylogeny was assembled from several
sources (Fig. S1; Flynn et al. 2005; Koepfli et al. 2007; Sato
et al. 2012). Fourteen muscular characters (characters and
states definitions in Fig. S1) were mapped onto this composite
phylogeny using the TNT software (Goloboff et al. 2008) to
explore their evolution and to obtain ancestral states recon-
structions. Character states were considered as ordered, except
characters a, e, g, and n (Fig. S1).

We added as supplementary material (Fig. S2) a plate that
illustrates the main views (labelled photographs) of the spec-
imens during the dissections carried out.

Results

M. cutaneus trunci (m. panniculus carnosus)
It is a broad, fleshy, and rough muscle that lies over the

lateral and ventral region of the thorax, superficial to the m.
latissimus dorsi. It runs cranioventrally towards the medial
aspect of the forelimb, abruptly becoming a thin fascia before
its insertion. In some cases, a thin band takes off and reaches
the lateral surface of the elbow joint, lying superficial to the
arm. This muscle originates from the cutaneous tissue and
fasciae that cover the most superficial muscles on the thigh
and abdomen. It inserts via a thin but broad fascia onto the
superficial surface of the ventral belly of the m. latissimius
dorsi on the m. pectoralis profundus insertion (near the prox-
imal end of the humerus). Some tendinous fibers reach the
belly of the m. biceps brachii.

M. trapezius (Figs. 1, 2, and 3a)
It is a flat muscle composed of two principal inverted-fan-

shaped bellies: m. trapezius pars cervicalis and m. trapezius
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pars thoracica (Fig. 3a). At the junction of these bellies
there is a complex intersection formed by two overlap-
ping fasciae that share fibers with each other. The super-
ficial layer is clearly continuous with the m. trapezius
pars cervicalis; caudally it is continuous with the insertion

area of the m. trapezius pars thoracica. The deep layer is
also continuous caudally with the m. trapezius pars
thoracica (Figs. 1 and 3a). This tendinous intersection
extends along the median raphe, at the level of the first
thoracic vertebra, the cranial margin of the proximal area

Fig. 1 Muscular maps of Galictis cuja: lateral view of thoracic and cervical region (a), ventral view of atlas (b), and sternum (c)

Fig. 2 Muscular maps of Galictis cuja: medial (a), and lateral (b) views of scapula
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of the spine of the scapula (both layers) (Fig. 2), and the
proximal margin of the m. rhomboideus profundus (in the
case of the deep fascia). The m. trapezius pars thoracis is
attached via an aponeurosis to the proximal region of the
m. triceps caput angulare.

M. trapezius pars cervicalis (Figs. 1a, 2 and 3a)
This muscule originates from the cervical raphe at the level

of C3-4 to T1; its origin is via fleshy fibers in the cranial

region, variable in the middle, and completely tendinous
caudally. Some fibers originate from and others continue
caudally with the superficial layer of the tendinous intersec-
tion upto the level of T2 (Fig. 1a). It inserts superficially
mostly via fleshy fibers onto the distal two-thirds of the cranial
margin of the scapular spine (Fig. 2); in many cases, the
insertion reaches the metacromion.

M. trapezius pars thoracica (Fig. 1a, 2 and 3a)

Fig. 3 Superficial musculature of Galicitis cuja in lateral (a) and ventral (b) views
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It originates through fleshy fibers from the thoracic raphe, at
the level of T2 to T8. Some tendinous fibers reach the cranial
aspect of T9. Cranially, some fibers insert onto and other are
continuous with the deep tendinous layer of the tendinous
intersection, upto the level of T1 (Fig. 1a). This muscle inserts
via fleshy and tendinous fibers (distally and proximally, re-
spectively) onto the caudal margin of the spine of the scapula;
it never reaches the metacromion (Fig. 2 and 3a).

M. omotransversarius (m. acromio-trachelian, m. levator
claviculae) (Figs. 1b, 2, 3a and 4)

This muscle lies superficial to the m. rhomboideus
profundus. Near its origin, i t is deep to the m.
brachiocephalicus; at its middle region it is attached via a
fascia to mm. cleidomastoideus, omohyoideus, and splenius
(Fig. 4). Near its intsertion, it is dorsal to the m.
cleidomastoideus and superficial to the m. trapezius pars
cervicis, partially fusing to the latter (Figs. 2 and 3a). It
originates via fleshy fibers from the caudomedial aspect of
the ventral surface of the atlas (Fig. 1b). It inserts via fleshy
fibers onto the m. deltoideus pars scapularis and via both
fleshy and tendinous fibers onto the caudal region of the
metacromion (Figs. 2 and 3a).

M. brachiocephalicus (Figs. 1, 3, 5 and 6)
It runs from the lateral and ventral aspect of the neck to the

cranial region of the arm. It is composed of three band-shaped
bel l ies : m. cleidocephal icus pars cervical is , m.
cleidocephalicus pars mastoidea, and m. cleidobrachialis.

M. cleidocephalicus parsmastoidea (M. cleidomastoideus)
(Figs. 3b, 4 and 5)

It is located at the lateroventral aspect of the neck, deep to
the m. sternocephalicus and ventral to the mm. splenius and
omotransversarius (Figs. 3b and 4). It is composed of two

bellies that are differentiable only cranially, the dorsal one
being twice the size of the ventral one (Fig. 4). The ventral
belly originates via tendinous fibers from the ventral and
cranial aspects of the mastoid process (Fig. 5). The dorsal
belly originates, via fleshy fibers, from the lateral sector of the
base of the mastoid process, caudal to the ventral belly
(Fig. 5). This muscle inserts via fleshy fibers onto the clavic-
ular intersection, fusing with the insertion of the m.
cleidocephalicus pars cervicalis and the origin of the m.
cleidobrachialis (Fig. 4).

M. cleidocephalicus pars cervicalis (M. cleidooccipitalis)
(Figs. 1a, 3a and 5a,b)

It is located on the dorsolateral aspect of the neck, cranial to
and contiguous with the m. trapezius pars cervicalis (Fig. 3a)
and firmly joined through an aponeurosis at its caudodorsal
region (Fig. 5a). It shares some fibers with the m.
sternocephalicus pars occipitalis. This muscle originates via
fleshy fibers from the cervical raphe at the level of the atlas
and axis or C3 and from the dorsal fourth of the nuchal crest
(Figs. 1a and 5a,b). The ventral most region of its origin is
tendinous, and these fibers fuse to the m. sternocephalicus
pars occipitalis. This muscle inserts via fleshy fibers onto the
clavicular intersection, together with the insertion of the m.
cleidocephalicus pars mastoidea and the origin of the m.
cleidobrachialis (Fig. 3a).

M. cleidobrachialis (m. deltoideus pars clavicularis)
(Figs. 3, 4 and 6)

It is a band-like muscle, located at the cranial aspect of the
arm, superficial to the m. biceps brachii (Fig. 6). The m.
cleidobrachialis is intimately joined, although without fusing,
to the mm. pectorales (Fig. 3b). This muscle originates, mostly
via fleshy fibers, from the clavicular intersection, joining the

Fig. 4 Deep extrinsic and proximal intrinsic musculature of Galictis cuja in lateral view
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insertion of the other bellies of the mm. cleidocephalicus
(Figs. 3a and 4). It has a broad, bony insertion via fleshy fibers
(except at the proximal and distal ends where there is a
tendinous component) onto the cranial aspect of the distal half
of the humerus (Fig. 6). Additionally, it inserts via some fibers
onto the proximal and cranial aspects of the m. triceps caput
laterale, and mostly via fleshy fibers onto the distal region of
the m. deltoideus pars acromialis (Fig. 3a).

Mm. rhomboideus (Figs. 1a,b, 2, 4 and 5a,b)
This muscle is composed of four independent bellies: m.

rhomboideus cervicis, m. rhomboideus thoracis, m. rhomboi-
deus capitis, and m. rhomboideus profundus (Fig. 4). It lies
deep to the m. trapezius pars cervical is and m.
brachiocephalicus. The mm. rhomboideus cervicis, m. rhom-
boideus capitis, and m. rhomboideus profundus are plane and
band-like. The m. rhomboideus thoracis is much reduced.
These muscles are joined to the m. sternocephalicus via an
aponeurosis.

M. rhomboideus cervicis (Figs. 1a, 2 and 4)
It is the largest of the mm. rhomboideus (near the insertion

area). It runs dorsal to the m. rhomboideus capitis and near its
insertion it lies superficial to it (Fig. 4). At the insertion site, it
shares fleshy fibers with the m. serratus ventralis (Fig. 2). This
muscle originates via fleshy fibers along the raphe between T1
and the atlas or axis (Fig. 1a). Its inserts via fleshy fibers onto
the craniomedial region of the dorsal edge of the scapula,
including the dorsal angle (Fig. 2).

M. rhomboideus thoracis (Figs. 1a, 2 and 4)

It is a small, sharpened, and fleshy muscle that runs
lateromedially. It is distinguishable from the m. rhomboideus
cervicis although it is intimately related to it (Fig. 4). This
muscle originates via fleshy fibers from the raphe at the level
of the spinous processes of T1 and T2 (Fig. 1a). It inserts via
fleshy fibers onto the caudal half of the medial aspect of the
dorsal edge of the scapula, just caudal to the m. rhomboideus
cervicis, and via a weak fascia, immediately lateral to this
region (Figs. 2 and 4).

M. rhomboideus capitis (m. rhomboideus occipitalis, m.
occipito-scapularis) (Figs. 2, 4 and 5a,b)

It originates mostly via tendinous fibers from the middle
third of the internal surface of the nuchal crest (Figs. 4 and
5a,b). It inserts via fleshy and tendinous fibers onto the medial
surface of the dorsal angle of the scapula, immediately medial
to the insertion of the m. rhomboideus cervicis (Fig. 2). At the
insertion site, this muscle shares fleshy fibers with the m.
serratus ventralis.

M. rhomboideus profundus (m. omo-trachelian)
(Figs. 1b, 2 and 4)

It is a band-like muscle that becomes broader at its
insertion. It lies deep to the m. omotransversarius (Fig. 4)
and ventral to the m. rhomboideus capitis (Fig. 2). Its
originates via a thin and short tendon from the
caudomedial angle of the wing of the atlas (Fig. 1b). Its
insertion is via fascia onto the dorsal surface of the belly
of the m. supraspinatus, just cranial to the dorsal most
region of the spine of the scapula, continuous also with

Fig. 5 Muscular maps of Galictis cuja: caudal (a), lateral (b) and ventral (c) views of head
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the aponeurosis that covers the dorsal margin of the scap-
ula (Figs. 2 and 4).

M. omohyoideus (Figs. 2, 3b, 4 and 7)
It is a thin, band-like muscle, covered by the m.

cleidocephalicus pars mastoidea and ventral to the m.
omotransversarius during most of its trajectory (Fig. 3b). At
the middle region of the neck, its dorsal margin shares some
tendinous fibers with the ventral margin of the m.
omotransversarius (Fig. 4). This muscle originates via fleshy
fibers, immediately lateral to the m. sternohyoideus (Fig. 3b),

from the thyrohyoid bone, and typically on the basihyoid
bone. After passing between the m. supraspinatus and the m.
subscapularis, it inserts, via fleshy fibers, onto a brief area of
the cranial sector of the medial surface of the neck of the
scapula (Figs. 2 and 7).

M. subclavius
This muscle is absent in the lesser grison.
M. deltoideus (Figs. 2, 3a, 4 and 6a,b)
This muscle is located in the lateral aspect of the shoulder.

A superficial aponeurosis connects the m. deltoideus with the

Fig. 6 Muscular maps of Galictis cuja: cranial (a), lateral (b), medial (c) and caudal (d) views of humerus
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m. supraspinatus (Fig. 6b). This muscle is composed of two
independent bellies: m. deltoideus pars scapularis and pars
acromialis. The scapular belly is elongated and thin lying
caudoproximal to the acromial belly; distally, it lies deep to
this portion, and becomes a tendinous fascia. It originates
from the fascia that covers the m. infraspinatus and the prox-
imal region of the spine of the scapula, and via fleshy and
tendinous fibers from the metacromion (Figs. 2 and 3a). This
belly inserts via a broad and flat tendinous fascia onto the
middle region of the deltoid crest, just lateral to the m. deltoi-
deus pars acromialis (Fig. 6a,b). The m. deltoideus pars
acromialis is short and triangular (Fig. 3a and 4). It originates
through fleshy and tendinous fibers from the acromion and,
usually, from the distal most base of the metacromion (Figs. 2
and 4). This belly inserts along the deltoid crest, via mostly
fleshy fibers, except at the proximal most area, where there are
more tendinous fibers (Fig. 6a,b).

M. supraspinatus (Figs. 2, 4, 6b,c, 7 and 8)
This is a broad muscle composed of three recognizable

bellies: the major one, located within the supraspinous fossa
(Figs. 2 and 8); a superficial one, laminate and deeply fused to

the first one (Figs. 2 and 8); and a cranial one, spindle-shaped
and mostly independent, located cranially to the other two, on
the cranial edge of the scapula (Figs. 2, 7 and 8). The main
belly originates from the supraspinous fossa, the cranial sur-
face of the scapular spine, and the cranial margin of the
scapula (Fig. 2). The superficial bundle originates from the
proximal surface of the belly of the major bundle (Fig. 8),
from the proximal region of the fascia that covers it, and from
the cranial edge scapular spine (Fig. 2). The cranial belly
originates from the ventral mid-half of the margin of the
scapula upto the cranial region of the neck of the scapula
(Figs. 2, 7 and 8). In some cases, the craniomedial margin of
this muscle shares fibers with the m. subscapularis. The major
belly inserts via tendinous fibers onto the dorsal aspect of the
greater tuberosity. The superficial belly inserts via a tendinous
fascia and muscular fibers onto the craniodorsal region of the
greater tuberosity of the humerus (Fig. 6b), while some of the
fibers insert proximally on the shoulder joint. The cranial belly
inserts through fleshy fibers and some deep tendinous fibers
onto the medial aspect of the greater tuberosity of the humerus
(Fig. 6c). In one forelimb the insertion occurred onto the

Fig. 7 Forelimb musculature of
Galictis cuja in medial view
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cranial region of the lesser tuberosity and through a few fibers
onto the other bellies of the m. supraspinatus, near the bicipital
groove.

M. latissimus dorsi (Figs. 1a and 3)
It is a wide, inverted-fan-shaped muscle that covers the

dorsal and lateral region of the ribcage, located between the m.
trapezius pars thoracica and the m. serratus ventralis thoracis
on its cranial and middle region, and above the intercostal and
abdominal musculature on its middle and caudal region
(Figs. 1a and 3). An aponeurosis covers this group together
with the surrounding abdominal musculature. The m.
latissimus dorsi originates via fleshy and tendinous fibers on
the external surfaces of the costal elements, from T10/11 upto
T12/13. The origin areas are wider on the latter costal ele-
ments. On its dorsal region, the m. latissimus dorsi originates
via fleshy fibers from the raphe at the level of the spinous

processes of T3/T4, and following the raphe upto the area of
the anticlinal vertebra (T12) and finally from the
thoracolumbar fascia (Figs. 1a and 3). Some fibers originate
from the abdominal muscles. Near the forelimb and the inser-
tion area, this muscle divides into two laminar bellies. The
dorsal belly lies deep to the m. teres major and inserts via a
fascia that fuses with the deepest insertion fibers of the m.
teres major, becoming a tendon in the ventral most region. The
ventral belly inserts onto the superficial area of the caudal
belly of the m. pectoralis profundus, near of its the insertion
area.

Mm. pectorales superficiales (Figs. 1a,c, 3b, 6b,c and 7)
This is a compound muscle, composed of a cranial and a

caudal belly. It presents an inverted-fan shape and both bellies
are joined by an aponeurosis (Fig. 3b). The cranial belly
originates through fleshy fibers from the cranial region of

Fig. 8 Intrinsic deep musculature
of the forelimb of Galictis cuja in
lateral view
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the manubrium (Fig. 1c). In cross section, this is the thicker
area of this muscle. In the caudal region, the mm. pectorales
superficiales are superficial to the m. pectoralis profundus
(Fig. 3b). The caudal belly is composed of both a proximal
and a distal belly, considering their insertion sites (Figs. 6b,c
and 7). Generally, differentiation of these portions is not total;
they share a great number of fibers at their origin. The prox-
imal caudal belly originates via fleshy fibers, from the
lateroventral aspect of the manubrium and below the articular
region of the first rib (Fig. 1a,c). The distal caudal belly
originates via fleshy (cranially) and tendinous fibers
(caudally) from the lateroventral aspect of the body of the first
two sternebrae and the cranial region of the third one
(Fig. 1a,c). The cranial belly inserts via fleshy fibers onto
the area that is medial and adjacent to the deltoid crest and
onto the base of the greater tuberosity of the humerus, lateral
to the insertion of the caudal belly of the m. pectoralis
profundus (Fig. 6b,c). The proximal caudal belly inserts
through fleshy fibers onto the cranial aspect of the second
fourth of the humerus, from the distal sector of the pectoral
ridge (immediately distal to the cranial belly) upto the level of
the middle of the humeral diaphysis (Figs. 6c and 7). The
distal caudal belly inserts mostly via fleshy fibers (but distally
there are tendinous fibers) onto the third fourth of the humerus
and adjacent areas, just distal to the proximal caudal belly.

M. pectoralis profundus (Figs. 1a,c, 3, 6c and 7)
This muscle is composed of two bellies (Fig. 7) that are

connected by an aponeurosis. The caudal belly is large and
thick, while the cranial one is smaller, sometimes markedly
smaller. The latter is partially covered by the caudal belly of the
m. pectorales superficialis. The dorsal margin of the caudal
belly is fused to the ventral margin of the m. latissimus dorsi
(Fig. 3). Near its insertion, it receives superficially the ventral
insertion of the m. latissimus dorsi and indirectly (through the
former) the insertion of the m. cutaneus trunci. The extension
of the origin of the cranial belly is variable; in some cases it
originates from the lateral aspect of the cranial area of the third
sternebra exclusively, and in some others, the area extends
upto the cranial region of the fifth. The most cranial origin of
the caudal belly is also variable, reaching the caudal half of the
third sternebra upto the caudal region of the fourth sternebra. In
all cases, the origin of the caudal belly extends upto the ninth
sternebra and, via mostly fleshy fibers, from the distal region
of the costal cartilage of the tenth and eleventh ribs (Fig. 1a,c).

M. triceps brachii (Fig. 3a)
This muscle is located along the caudal and lateral aspects

of the arm. It is composed of six well-separated bellies near
the origin: m. triceps brachii caput longum, m. triceps brachii
caput laterale, m. triceps brachii caput angulare, m. triceps
brachii caput accessorium, m. triceps brachii caput mediale
accessorium, and m. triceps brachii caput mediale. This last
one is also clearly divided into three bellies: medial, lateral,
and intermediate.

M. triceps brachii caput laterale (Figs. 3a, 6b and 9c)
It is a bulky and spindle-shaped muscle (Fig. 3a), located in

the lateral aspect of the arm. It originates via fleshy and
tendinous fibers, from the caudolateral sector of the humeral
neck, next to the greater tuberosity. Some superficial tendi-
nous fibers originate from the caudal crest of the greater
tuberosity (Fig. 6b). This muscle inserts through a fascia onto
the distal region of the m. triceps brachii caput longum and
onto the caudal surface of the lateral surface of the olecranon
process (Fig. 9c).

M. triceps brachii caput longum (Figs. 1, 3a, 4, 7 and
9b,d)

It represents the most massive intrinsic muscle. It is located
on the caudal aspect of the arm; it is spindle-shaped, thickened
in its middle region (Figs. 3a, 4 and 7). This muscle originates
via fleshy fibers and a medial tendinous fascia from the caudal
region of the scapular neck and the proximal region of the
caudal edge of the scapula (Fig. 2). It inserts via a short and
robust tendon (and some medial fleshy fibers) onto the caudal
margin of the olecranon process (Fig. 9b,d).

M. triceps brachii caput angulare (Figs. 2, 3a and 9b)
This is a flat muscle, superficial and caudal to the other

bellies of the m. triceps brachii. Some aponeurotic fibers
connect this belly with the lateral and long heads (Fig. 3a). It
originates through fleshy fibers and small tendons from the
proximal region of the m. teres major and via fleshy fibers
from the lateral region of the angle of the scapula. Some
tendinous fibers originate from the proximal region of the m.
infraspinatus (Figs. 2 and 3a). The insertion of this muscle is
via fascia onto the caudoproximal region of the olecranon
(Fig. 9b). Additionally, it is continuous medially with the
brachial fascia, covering the remaining bellies of the m. triceps
brachii and the insertion site of the pectoral muscles, and with
the caudal and medial aspect of the antebrachial fascia.

M. triceps brachii caput accessorium (Figs. 6b, 8 and 9d)
It is located between the m. triceps brachii caput laterale

and the m. triceps brachii caput mediale, at the caudolateral
aspect of the humerus (Figs. 6b and 8). It is a cylindrical
muscle, almost entirely fleshy, except at its distal fifth. It
originates via fleshy fibers from a depressed area between
the humeral head and the greater tuberosity at the caudal
aspect of the humeral neck (Fig. 6b,d), immediately distal
and medial to the origin of the lateral head of the m. triceps
brachii. Its insertion is tendinous and attaches onto the
laterodorsal aspect of the olecranon (Fig. 9d).

M. triceps brachii caput mediale principal (Figs. 6c,d, 7,
8 and 9a,d)

It is divided into medial and lateral bellies, usually clearly
differentiated along almost their entire trajectory. The lateral
belly turns into a thin tendon more proximally than the medial
one. The lateral belly originates via both fleshy and tendinous
fibers from a depressed area located at the caudomedial region
of the humeral neck, just dorsal to the medial belly (Figs. 6c,d

J Mammal Evol



and 7). The latter originates through fleshy and tendinous
fibers from the sector just distal to the lesser tuberosity. Both
bellies insert via two thin, band-shaped contiguous tendons
onto the proximal end of the olecranon, on its craniolateral
region (Figs. 7 and 9a,d).

M. triceps brachii mediale, intermediate (Figs. 6c,d, 7
and 9a)

It is located in the medial aspect of the arm, immediately
medial to the m. triceps brachii caput mediale principal
(Fig. 7). It originates via tendinous fibers from a proximodistal
line that extends caudal to the insertion of the m. teres major
and the m. latissimus dorsi (Figs. 6c,d and 7). It inserts via
fleshy fibers onto the insertion tendons of the m. triceps
brachii caput mediale principal and onto the dorsomedial
surface of the olecranon (Fig. 9a).

M. triceps brachii caput mediale accessorium (m.
epitrochleo-anconeus, m. anconeus internus) (Figs. 6c, 7
and 9a)

This muscle surrounds the elbow, medial to the m.
anconeus. It is short, fleshy, and completely independent from
the rest of the other m. triceps brachii (Fig. 7). It originates via
fleshy fibers from the medial epicondyle, distal to the caudal
opening of the entepicondylar foramen (Fig. 6c). It inserts
onto the medial and caudal surfaces of the olecranon. Distally,
it shares some fibers with the m. flexor carpi ulnaris caput
ulnare (Fig. 9a).

M. tensor fasciae antebrachii (m. dorso-epitrochlearis)
This muscle is absent or modified. No belly originating

from the m. latissimus dorsi reaches the olecranon. We cannot
discount a fusion with the m. triceps brachii (see Discussion).

M. infraspinatus (Figs. 2, 6b and 8)
It is a more or less cylindrical muscle, located on the lateral

surface of the scapula, caudal to the scapular spine (Fig. 8). It
originates through fleshy fibers from the infraspinous fossa of
the scapula, the caudal surface of the scapular spine, and the
internal surface of the metacromion, and from the ligament

Fig. 9 Muscular maps of Galictis cuja: medial (a), caudal (b), cranial (c) and lateral (d) views of ulna and radius
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that connects the metacromion with the dorsal region of the
spine (Figs. 2 and 8). At the level of the caudal angle, it has
some tendinous fibers. It inserts through a short and flat
tendon onto a well-defined fossa in the caudal region of the
greater tuberosity of the humerus (Fig. 6b).

M. teres major (Figs. 2, 6b and 7)
This flattened and fleshy muscle lies caudal and deep to the

scapula (Fig. 2). It runs cranially and becomes tendinous near
its insertion, just deep to the m. biceps brachii (Fig. 7). It
originates via both fleshy and tendinous fibers from the apo-
neurosis that covers the m. subscapularis and immediately
ventral to the caudal angle of the scapula (Figs. 2 and 7).
The m. teres major inserts through a wide and thin tendinous
fascia onto the proximal region of the medial surface of the
diaphysis of the humerus, frequently continuous with the
origin of the m. triceps brachii caput mediale intermediate
(Fig. 6c).

M. teres minor (Figs. 2, 4, 6b and 8)
This is a small, inverted-fan shaped muscle (Fig. 4). It was

absent in both sides of specimen 1 (Fig. 8). It originates via
fleshy fibers and a few tendinous fibers from the caudal
margin of the scapula (Fig. 2). In some cases, there is also
an origin via fascia from the m. infraspinatus. The m. teres
minor inserts via a thin tendon just distal to the insertion of the
m. infraspinatus, onto the lateral aspect of the base of the
greater tuberosity (Figs. 4 and 6b).

M. subscapularis (Figs. 2, 6c and 7)
It is located at the medial aspect of the scapula. This muscle

is composed of six groups of fibers, each of them converging
towards their own center line, resembling a bipinnation orga-
nization. These bundles are fused together and run parallel to
the major axis of the scapula (Figs. 2 and 7). The m.
subscaularis is covered by a strong aponeurosis at its proximal
region. The six bundles originate via fleshy fibers from the
whole medial surface of the scapula. The origin of each bundle
is linked to the presence of bony ridges and tendinous layers.
At the proximal end of the scapula and ventral to the mm.
serratus ventralis, the m. subscapularis originates via a short
fascia (Figs. 2 and 7). The m. subscapularis inserts via fleshy
fibers onto the caudodorsal region of the lesser tuberosity of
the humerus (Fig. 6c).

Mm. serratus ventralis (m. levator anguli scapulae + m.
serratus magnus) (Figs. 1a, 2, 4 and 7)

They are wide and fan-shaped muscles, dorsal (and partial-
ly deep) to the mm. scalenus and deep to the m. latissimus
dorsi, m. rhomboideus, and the scapula (Fig. 4). They are
composed ofmultiple fascicles that converge at their insertion.
Based on the direction of the fibers and the position of the
fascicles, these muscles can be differentiated into caudal and
cranial bellies (m. serratus ventralis thoracis and m. serratus
ventralis cervicis, respectively). They are connected by a
strong internal fascia and are recognizable at the level of the
ribs of T2 to T3; sometimes there is overlap between both

groups at the level of T2. The cranial portion has typically
seven fascicles, while the caudal one has usually five. At the
most posterior region of the origin of the m. serratus ventralis
thoracis, it interdigitates with the origins of the m. obliquus
externus abdominis, and both are connected by an aponeuro-
sis. Another aponeurosis covers the origin region of the mm.
serratus ventralis and adjacent muscles (e.g., scalenus)
(Figs. 1a and 4). The m. serratus ventralis cervicis originates,
through fleshy fibers, from the dorsal tubercles of the trans-
verse processes of C3-C7, from the dorsal margin of the m.
scalenusmedius, and from the lateral surface of the first two or
three ribs. The m. serratus ventralis thoracis originates from
the ribs of T2-T3 to T6-T7 (Figs. 1a and 4). All fascicles insert
together via fleshy fibers (except for a tendinous cranial
region) onto the medial surface of the dorsal edge and the
caudal angle of the scapula, shearing some fibers with themm.
rhomboideus (Figs. 2 and 7).

M. articularis humeri (m. coracobrachialis brevis)
(Figs. 2 and 6c)

This is a short muscle composed at its proximal half exclu-
sively of tendinous fibers. It originates via a thin, flattened,
and poorly defined tendon from the coracoid process of the
scapula (Fig. 2). It inserts via fleshy fibers onto the area
immediately distal to the caudal region of the lesser tuberosity
of the humerus (Fig. 6c).

M. biceps brachii (Figs. 2, 7 and 9)
It is a robust and cylindrical muscle composed of a single

belly; it is located cranial to the humerus between the scapula
and the forearm (Fig. 7). The aponeurosis that covers the m.
biceps brachii is continuous with the antebrachial fascia. The
m. biceps brachii originates via a strong tendon from the
supraglenoid process of the scapula (Fig. 2). It inserts via a
flattened tendon onto the bicipital tuberosity of the radius,
reaching this point medially (Figs. 7 and 9).

M. brachialis (m. brachialis anticus) (Figs. 6b,d, 7, 8 and
9a,c)

This muscle has a slightly flattened cylindrical shape. It is
immediately lateral to the m. biceps brachii and is covered by
the m. brachioradialis at the middle and distal section of the
arm; proximally, it is deep to the m. triceps brachii caput
laterale (Figs. 7 and 8). It originates via mostly fleshy fibers
from a wide area of the lateral surface and the craniodistal
region of the humeral diaphysis (Fig. 6b,d). It inserts via
fleshy fibers onto both the medial aspect of the ulna,
immediatelly distal to the elbow joint, and onto the articular
capsule (Fig. 9a,c).

M. brachioradialis (m. supinator longus) (Figs. 3a, 6b,d,
7, 9a and 10)

This muscle is located at the cranial aspect of the forearm,
reaching the craniomedial region of the distal end of the
forearm (Figs. 7, 9a and 10). It has a relatively flattened and
elongated shape. It originates via fleshy fibers from the surface
of the humeral diaphysis, immediatelly caudodistal to the
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origin of the m. brachialis. In three cases, the origin area was
short, from the third fourth of the caudal surface of the
humeral dyaphysis, upto the proximal region of the cranial
surface of the ectepicondylar crest (Fig. 6b,d). In the other
three cases, the origin was larger, reaching the middle or even
the proximal region of the diaphysis of the humerus (the latter
near the humeral neck). In one of these cases, some fibers
originate from the m. brachialis. It inserts via fleshy and
tendinous fibers onto the medial aspect of the distal end of
the radius, just distal to the m. pronator quadratus and
caudoproximal to the groove corresponding to the tendons
of the m. abductor digiti I longus (Fig. 9a).

M. flexor carpi ulnaris (Figs. 3a, 6d, 7, 9b and 11a)
It is composed of two bellies, the ulnar and humeral heads.

The m. flexor carpi ulnaris caput ulnare is at the caudal region
of the forearm; it is wide and spindle-shaped (Figs. 7 and 9b).
The m. flexor carpi ulnaris caput humerale is medial to the
former and is flattened (Figs. 6d and 7). The origin of both
heads is via fleshy fibers. The m. flexor carpi ulnaris caput
ulnare originates from the caudal and medial aspects of the
olecranon (Fig. 9b). The m. flexor carpi ulnaris caput
humerale originates from the distal end of the humeral
entepicondyle (Fig. 6d). The insertion of the m. flexor carpi
ulnaris caput ulnare is via a medial tendon and fleshy fibers
onto the lateral surface of the accessory carpal bone
(pisiform), and via fleshy and tendinous fibers from the fascia

that covers the wrist (Figs. 3a and 11a). The ligament distal to
the accessory carpal bone, which reaches the base of metacar-
pal V, can be considered a continuation of the insertion tendon
(see McClearn 1985). The m. flexor carpi ulnaris caput
humerale inserts via fleshy fibers (except the lateral region,
where they are tendinous) onto the medioproximal region of
the accessory carpal bone (Fig. 11a).

M. pronator teres (Figs. 6c, 7 and 9a)
Proximally, this muscle is on the medial surface of the

elbow joint, then it crosses towards the lateral region, lying
deep to the m. brachioradialis and other extensors of the
carpus (Fig. 7). It is elongated, with a cylindrical cross section
near its origin and more flattened distally. Near its origin it is
divided into two bellies. The m. pronator teres originates from
the medioproximal and cranial region of the humeral
entepicondyle (Fig. 6c). The distal belly has a tendinous
origin, while the proximal one is mostly or completely fleshy.
It inserts via tendinous fibers onto the cranial surface of the
mediodistal region of the radius (Fig. 9a).

M. flexor carpi radialis (Figs. 6a,c, 7, 11a and 12b)
Near its origin, this muscle is deep to the m. pronator teres.

It becomes a tendon abruptly at the beginning of its last fourth
(Figs. 7 and 12b).When passing through the palmar surface of
the carpus, it is held by its own retinaculum at the carpal radial
bone (Fig. 12b). It originates ventral to the m. pronator teres,
via fleshy fibers, from the middle region of the medial end of

Fig. 10 Distal musculature of the
forelimb of Galictis cuja in
cranial view
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Fig. 11 Muscular maps of Galictis cuja: dorsal (a), and ventral (b) views of manus

Fig. 12 Distal musculature of the forelimb of Galictis cuja in caudal view; superficial layer without m. palmaris longus (a), deep layer (b)
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the humeral entepicondyle (Figs. 6a,c and 12b). This muscle
has a tendinous insertion via two loosely defined tendons onto
the proximal and palmar regions of metacarpals II and III
(Fig. 11a).

M. coracobrachialis (m. coracobrachialis longus)
This muscle is absent in the lesser grison.
M. palmaris brevis (Fig. 7)
It is a short muscle with transversely directed fibers, located

medially adjacent to the m. abductor digiti Vand superficial to
the m. palmaris longus (Fig. 7). It originates via fleshy fibers
from the fascia that covers the muscles and tendons of the
lateral region of the wrist, just deep to the head of the acces-
sory carpal bone. It inserts via fleshy fibers onto the same
fascia at the level of the ventral end of the radial sesamoid.

M. palmaris longus (Fig. 7)
This is a flat muscle located at the ventral surface of the

forearm. It becomes tendinous just before reaching the wrist,
where it passes over the flexor retinaculum (Fig. 7). It origi-
nates via a short and flattened tendon and fleshy fibers from
the caudomedial margin of the distal end of the humeral
entepicondyle, near to the m. flexor carpi radialis (Fig. 7). It
inserts tendinously onto the palmar fascia, which is connected
indirectly with the radial sesamoid and the accessory carpal
bone. In most cases there where well-defined tendons for
digits II/III to IV/V; in one case, a muscular belly differenti-
ated distally and gave origin for a tendon for digit I.

M. extensor digitorum communis (m. extensor
digitorum) (Figs. 3a, 6b, 7, 10 and 11b)

This muscle is lateral to the m. extensor carpi radialis and
medial to the m. extensor digitorum lateralis. This muscle,
together with the m. abductor digiti I longus, the m. extensor
digiti I et II, and the m. extensor carpi ulnaris, is retained by
the principal extensor retinaculum (Figs. 3a, 7 and 10). In
three cases there was a partial division of this muscle into two
bellies in its middle region. Deep to the retinaculum extensor
principal, it is held by its own dedicated retinaculum,
proximodistally elongated. This muscle divides into four prin-
cipal tendons that extend towards the lateral digits. These
tendons are flat, wide, and positioned above and medial to
the tendons of the m. extensor digitorum lateralis of which
they are independent until the insertion area (Fig. 10). This
muscle originates via fleshy fibers from the distal area of the
ectepicondylar crest and via tendinous fibers near the humeral
ectepicondyle (Fig. 6b). Some fibers reach the laterodorsal
end of the articular capsule. The four distal tendons insert onto
the extensor tubercles of the distal phalanges of the digits II to
V (Figs. 10 and 11b).

M. extensor digitorum lateralis (m. extensor digiti
minimi) (Figs. 3a, 6b, 9d, 10 and 11b)

It is ventrolateral to the m. extensor digitorum communis
and medial to the m. extensor carpi ulnaris (Figs. 3a and 10). It
partially fuses to the m. extensor digitorum communis at its
origin and is divided into lateral and medial bellies. At the

wrist, it is held by the principal extensor retinaculum and
another of its own (Fig. 10). The lateral belly originates via
a short tendon from the humeral ectepicondyle. The medial
belly originates via fleshy fibers or a long flat tendon imme-
diately medial to the former (Fig. 6b). The lateral belly be-
comes fleshy immediately after its origin and turns into a
flattened tendon at the level of the middle or the last third of
the forearm. The medial belly becomes completely tendinous
at the beginning of the dorsal surface of the carpus. The lateral
belly inserts via a tendon onto digit V, while the medial belly
gives origin to two tendons that insert onto digits III and IV,
lateral to the tendons of the m. extensor digitorum communis
upto the extensor tuberosities (Figs. 10 and 11b).

M. anconeus (m. anconeus externus) (Figs. 6d, 8 and 9c)
It is a short and fleshy muscle, wide near its origin (Fig. 8).

It originates from the caudal area of the last third of the
humerus (Figs. 6d and 8). Its insertion is via mainly fleshy
fibers onto the articular capsule and the lateral surface of the
olecranon process (Figs. 8 and 9c).

M. extensor carpi ulnaris (Figs. 3a, 6d, 10 and 11b)
It is a lateral and flattened muscle of the forearm (Fig. 3a).

It originates via tendinous fibers, and some fleshy distal ones,
from the laterodistal surface of the humeral ectepicondyle.
Some fibers originate from the articular capsule (Fig. 6d). This
muscle inserts via tendinous fibers onto the lateral region of
the base of metacarpal V and onto the craniolateral surface of
the base of the accessory carpal bone (Fig. 11b).

M. flexor digitorum profundus (Figs. 3a, 6a,c,d, 7, 9a,b,
11a and 12a)

This is a massive muscle composed of five heads: three
show humeral origins (caput humerale laterale, caput
humerale mediale, and caput humerale profundus;
Figs. 6a,d, 7 and 12a); one has an ulnar origin (caput ulnare;
Figs. 3a, 9b and 12a); and one shows radial and ulnar origins
(caput radiale; Fig. 9a,b). At its origin, the m. flexor digitorum
profundus caput humerale profundus is totally independent
from the other humeral heads, which are partially fused in this
region. The m. flexor digitorum profundus caput humerale
laterale is divided into two bellies partially fused at their distal
half (Fig. 12a). All humeral heads originate from the humeral
entepicondyle (Figs. 6a,d and 12a). The deep head originates
via a tendon adjacent to the trochlea, immediately dorsal to the
caput humerale laterale. Themedial head originatesmostly via
fleshy fibers from the medial edge of the entepicondyle. The
lateral head originates from the ventral margin of the humeral
entepicondyle via fleshy fibers (distal or deep belly) and a
tendinous fascia (proximal or superficial belly) (Figs. 6a,c and
12a). The ulnar head originates via fleshy fibers from the
caudal and medial surface of the ulna (Figs. 9a,b and 12a),
including part of the olecranon in most of the cases. The radial
head originates via fleshy fibers from the middle sector of the
medial surface of the radius upto the insertion of the m.
pronator teres and from the medial surface of the third fourth
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of the ulna (Fig. 9b). All five heads fuse together
immediatelly before passing below the flexor retinaculum
and become a wide, flattened, and slightly concave tendon
(Fig. 12a). The lateral and deep humeral heads insert via
tendons onto the common tendon; the deep head inserts
between the medial and radial heads; the medial one inserts
via fascia and fleshy fibers; and the radial head inserts via
fleshy fibers onto the deep surface of the common tendon.
The ulnar head ends as a short and robust tendon before
entering the retinaculum, located lateral and superficial to
the other tendons, in some cases including a sesamoid there,
while the radial head is deeper to all others. The common
tendon of the m. flexor digitorum profundus divides into
five flattened tendons that insert onto the flexor tubercles of
the distal phalanges of the five digits (Figs. 11a and 12a).
Each of these tendons is conformed by two thick bands and
a thinner middle region, and merge in a unique dense area
when they reach the phalangeal level.

M. flexor digitorum superficialis (Figs. 11a and 12a)
This is a short and flattened muscle, superficial to the distal

region of the m. flexor digitorum profundus. Just before
entering the flexor retinaculum, it turns into three very thin
tendons that then run superficially towards digits II, III, and IV
(Fig. 12a). This muscle originates via fleshy fibers from the
surface of the m. flexor digitorum profundus. The portion that
runs towards digit II comes from the fibers originating from
the m. flexor digitorum profundus caput humerale mediale,
while those that run to digits III and IV come from the fibers
originating from the m. flexor digitorum profundus caput
humerale laterale (Fig. 12a). It presents a first insertion, via
thin tendons, onto the annular rings, at the level of the meta-
carpal sesamoids of digits II, III, and IV. Distally from this first
insertion, there are two small tendons for each digit (except in
four cases for digit II) that lie, proximally, external to the
tendons of the m. flexor digitorum profundus, surrounding it
(Fig. 12a). Near the distal sector of the proximal phalanx of
each digit, each pair of tendons goes deep, fuses together, and
inserts definitively onto the ventral region of the base of the
middle phalanx (Fig. 11a).

M. flexor digitorum brevis manus (m. flexor brevis
digitorum manus)

This muscle is absent in the lesser grison.
M. extensor digiti I et II (m. extensor pollicis longus +

m. extensor indicis) (Figs. 8, 9d, 10 and 11b)
This is a long, spindle-shaped muscle that is located at

the lateral aspect of the forearm, cranial to the m. flexor
digitorum profundus caput ulnare. It becomes a flattened
tendon at the level of the carpus, although some internal
tendinous fibers are present even more proximally (Fig. 8).
At the level of the carpus, it runs in a medial direction and is
held by the principal extensor retinaculum and by a proper
retinaculum that extends between the distal ends of the
radius and the ulna, covering the groove through which it

passes at the lateral region of the distal end of the radius
(Figs. 9d and 10). It originates via fleshy fibers along the
caudolateral margin of a great part of the ulnar diaphysis
(Fig. 9d), in some cases reaching the lateral region of the
olecranon. Some fleshy fibers originate from the lateral
surface of the m. flexor digitorum profundus caput ulnare
and from the caudal margin of the m. abductor digiti I
longus. This muscle inserts via two loosely defined tendons
that fuse with the fascia that cover the metacarpals, onto the
base of the proximal phalanges of digits I and II (Fig. 11b).

M. supinator (m. supinator brevis) (Figs. 6b, 8 and
9a,c,d)

This is a flattened and deep muscle that is located at the
cranial surface of the radius (Fig. 8). It originates from the
articular capsule and the lateral ligaments of the elbow joint
just immediately lateral to the humeral condyle (Fig. 6b). It
inserts via fleshy fibers, and distally via a tendinous fascia,
onto the cranial surface of the proximal two-thirds of the
radius (Fig. 9a,c,d).

M. abductor digiti I longus (m. abductor pollicis longus)
(Figs. 9d, 10 and 11)

This muscle comes from the deep and lateral region of the
forearm to reach its medial and superficial region at the distal
end of the forearm, above the m. brachioradialis and the mm.
extensor carpi radialis longus et brevis (Fig. 10). At the distal
end of the radius, the insertion tendons are held by their own
retinaculum while passing through a groove in a craniomedial
position (Figs. 9d and 10). This muscle originates via fleshy
fibers from the lateral surface of the ulnar and radial diaphysis
(Fig. 9d). It inserts via two tendons onto metacarpal I and,
secondarily, onto the radial sesamoid (Fig. 11). In one case we
were able to confirm that the fibers that originate from the ulna
correspond mostly with the tendon that inserts onto the radial
sesamoid, passing deep to the tendon that comes mostly from
radial portion that inserts onto metacarpal I.

M. extensor carpi radialis longus et brevis (Figs. 3a, 6a,
10 and 11b)

These muscles are proximally located between the m.
brachioradialis and the m. extensor digitorum communis
(Fig. 3a). Distally, they are deep to the m. abductor digiti I
longus and other digital extensors (Fig. 10). Before reaching
the carpal area, these muscles become flattened tendons that
are held by their own retinaculum to the cranial surface of
the distal end of the radius (laterally adjacent to the m.
abductor digiti I longus) and by the principal extensor reti-
naculum (Fig. 10). The differentiation into two bellies of the
m. extensor carpi radialis longus et brevis is variable: some-
times they are separated from their origin or they differenti-
ate just before becoming tendinous. These muscles originate
via fleshy fibers from the middle region of the cranial
surface of the entepicondylar crest (Fig. 6a). In the only
case in which both bellies were recognized from the origin,
the m. extensor carpi radialis longus had a more proximal

J Mammal Evol



origin than the brevis. The insertion of these muscles is via
tendons onto the bases of metacarpals II and III, correspond-
ing to the m. extensor carpi radialis longus and brevis,
respectively (Fig. 11b).

Mm. lumbricales (Figs. 11a and 12a)
They are represented by four independent bellies that cor-

respond to digits II through V (Fig. 12a). They originate via
fleshy fibers from the tendons of the m. flexor digitorum
profundus at the level of the proximal region of the metacar-
pals (Fig. 12a). They insert via thin tendons onto the medial
surface of the base of the proximal phalanges or, in some
cases, the middle ones (Figs. 11a and 12a).

M. opponens digiti V (Figs. 11a and 12a)
It is a fleshy and flattened muscle, located deep to the m.

flexor digitorum profundus at its origin (Fig. 12a). The inser-
tion tendon is during its entire trajectory deep to the m. flexor
digitorum profundus of digit V (except in one case), passing
between the metacarpal sesamoids. It originates via fleshy
fibers and an aponeurosis from the ligament distal to the
accsesory carpal bone and from the medial surface of the
accessory itself; additionally, there is a bony origin from
metacarpal V and its proximal sesamoid (in most cases;
Figs. 11a and 12a). This muscle inserts via a thin tendon onto
the lateroproximal end of the middle phalanx of digit V
(Figs. 11a and 12a).

M. abductor digiti V (Figs. 3a, 11a and 12a)
This muscle is located lateral to the mm. flexores breves

profundi. It is wide and flattened, generally partially divided
into two bellies (Fig. 12a). It originates via fleshy fibers from
the distal surface of the accessory carpal bone (Figs. 11a and
12a). The medial belly inserts via tendinous fibers onto the
lateral sesamoid of digit V. The lateral belly inserts via fleshy
and tendinous fibers or exclusively tendinous onto the lateral
aspect of metacarpal V (Fig. 11a).

M. abductor et opponens digiti I (Figs. 11a and 12a)
This is a short and cylindrical muscle, superficial to the

mm. flexores breves profundi (Fig. 12a). It originates via
fleshy fibers from the distal margin of the radial sesamoid
(Figs. 11a and 12a). It inserts via a very thin and flattened
tendon onto the medial surface of the proximal end of the
proximal phalanx of digit I (Fig. 11a). In some cases, we also
recorded an extra insertion via fleshy fibers onto the ventro-
medial aspect of metacarpal I.

Mm. adductores digitorum (Figs. 11a and 12b)
These are palmar muscles, located superficial to the mm.

flexores breves profundi. There are three bellies correspond-
ing to digits I, II, and V. The belly for digit V is the largest
one, while the one for digit II is the smallest (Fig. 12b). In
one case the belly for digit II was absent. Bellies for digits II
and V are partially fused near their origin, at the level of the
digits III and IV. The belly for digit I is independent and
originates at the level of the digit II. These muscles originate
via fleshy fibers from the transverse carpal ligament

(Figs. 11a and 12b). The insertion of the three bellies is
mostly fleshy. Bellies for digits I and II insert onto the lateral
aspect of the proximal end of the proximal phalanx of the
corresponding digits. The belly for digit V inserts onto the
medial aspect of the proximal end of the proximal phalanx
of digit V (Figs. 11a and 12b).

Mm. flexores breves profundi (mm. interossei + m.
flexor digiti I brevis + m. flexor digiti V) (Figs. 11a and 12b)

They represent, together with the mm. abductor digiti II
and IV, the deepest muscles in the palmar aspect of the
autopod. There are ten mostly fleshy bellies, with one pair
for each digit (one medial and the other lateral). Each belly
is more or less cylindrical or prismatic and independent
along its entire extension (Fig. 12b). Origins are fleshy,
immediately distal to the corresponding mm. adductores
digitorum (Figs. 11a and 12b). In general, origin areas of
each belly are at the proximal area of the corresponding
metacarpal (Fig. 12b). The medial belly for digit III and the
lateral for digit II originate in close contact from the area
corresponding to the plantar process of carpal III (magnum
or capitate). The medial belly, and secondarily the lateral
one, for digit I, originate via tendinous and fleshy fibers,
from metacarpal I, carpal I (trapezium), and marginally the
radial sesamoid. Both bellies for digit V have an extra origin
area via a tendinous fascia from the ligament distal to the
accessory carpal bone and the area of the proximal sesamoid
of digit V (Fig. 11a). All these muscles insert via fleshy
fibers onto the corresponding sesamoids (Fig. 11a).

Abductor digiti II (Fig. 11a)
It is a triangular muscle, located between the mm. flexores

breves profundi corresponding to digits I and II. It originates
mostly via fleshy fibers from the proximal half of the lateral
margin of metacarpal I (Fig. 11a). It inserts via tendinous
fibers onto the medial area of the medial sesamoid of meta-
carpal II (Fig. 11a).

Abductor digiti IV (Fig. 11a)
This is a triangular muscle located between the mm.

flexores breves profundi that goes to digits IV and V. The m.
abductor digiti IVoriginates via fleshy fibers from the medial
edge of the base of metacarpal Vand its sesamoid (Fig. 11a). It
inserts via tendinous fibers onto the lateral aspect of the lateral
sesamoid of metacarpal IV, and onto the lateral aspect of the
distal end of metacarpal IV (Fig. 11a).

M. pronator quadratus (Figs. 9a and 12b)
It is a flattened, fleshy, and quadrangular muscle; it is the

deepest muscle of the distal and medial portion of the forearm
(Fig. 12b). It originates via fleshy fibers from the medial
surface of the distal region of the ulna (Figs. 9a and 12b). It
inserts via fleshy fibers onto the craniomedial and medial
surfaces of the radius. Distally, its insertion is continuous with
the palmar ligamentous tissue (palmar radiocarpal ligament
and ulnocarpal palmar), which covers the ventral aspect of the
carpals (Figs. 9a and 12b).
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Weighing

Muscle weights for the first and second specimen are present-
ed in the Supporting Information Table S1. The percentage
values relative to the total mass of the forelimb inGa. cuja are
presented in Table 2. Figure 13 illustrates muscle mass com-
parison between Ga. cuja and other carnivorans. The weight
of each muscle in the male specimen (first specimen) was
three times that of the female specimen (second specimen).
However, mass percentage values of each muscle relative to
the total forelimb weight were similar in both cases. Beyond
this, there were some minor differences in some muscles
between the male specimen and the female one. Regarding
the m. rhomboideus cervicis, the male specimen possesses a
dry mass of this muscle relativized to the total weight of about
2.5 %, slightly higher than the value for the female specimen.
The opposite relationship occurs comparing the m. rhomboi-
deus thoracis, which is the double in the female specimen.
Some remarkable intraspecimen differences are present be-
tween the m. teres major of the first specimen and the m.
abductor digiti Vof the second specimen (the latter related to
the lack of a belly in the left side). Some muscular weight
variants between the different forelimbs of the same specimen
can be attributed to incorrect separation of relatively poorly
differentiated bellies, as the relative development of different
bellies of m. supraspinatus, m. triceps brachii, m. flexor
digitorum profundus, and m. flexor brevis profundi
(Supporting Information, Table S1).

The muscular mass distribution of the forelimb ofGa. cuja
is very similar to that observed in other weasel-like terrestrial
mustelids, such as ictonychines and mustelines (e.g.,Mustela,
Vormela), and somewhat different from other carnivorans,
such as cursorials (e.g., Acinonyx,Canis), generalized arctoids
(e.g.,Martes,Gulo,Mellivora, Taxidea, Leopardus,Ursus), or
semiaquatic mustelids (e.g., Aonyx, Lutra, Enhydra). Galictis
cuja presents a strong development of the extrinsic muscula-
ture of the forelimb (both protractor mass and some retractor
muscles, Fig. 13a,b,c), a weak intrinsic, and especially the
shoulder musculature, but a relative high development of the
extensor of the shoulder and elbow relative to other functional
groups (Fig. 13d, e, g, h), and moderate antebrachial and
autopodial musculature (Fig. 13i, j, k).

Muscular Characters Optimizations

Principal results for optimizations are summarized in Fig. 14,
but for the detailed optimizations see the supplementary ma-
terial (Fig. S1). From the 14 characters, the results reveal some
convergences and many synapomorphic traits, the value of
which is evaluated in the discussion.

We recovered the presence of multiple bellies of the m.
tensor fascia antebrachii as a synapomorphy of Arctoidea
(reversed in Ailurus fulgens, see Fig. S1i), a condition

Table 2 Percentage dry mass of each muscle of the forelimb of Galictis
cuja, relative to the total intrinsic muscle mass of the forelimb. Values
represent the average percent values of two of the three specimens
analyzed. Nomenclature follows Nomina Anatomica Veterinaria except
when indicated (names in italics)

Muscles Mass (%)

M. cutaneus trunci 58.59

M. cleidobrachialis 3.81

M. cleidocephalicus pars cervicalis 12.46

M. cleidocephalicus pars mastoidea 6.49

M. omotransversarius 6.11

M. omohyoideus 0.98

M. trapezius cervicalis 6.09

M. trapezius thoracica 7.05

M. latissimus dorsi 26.06

M. rhomboideus thoracis 1.24

M. rhomboideus cervicis 5.79

M. rhomboideus capitis 3.87

M. rhomboideus profundus 3.07

Mm. pectorales superficiales, cranial 2.85

Mm. pectorales superficiales, caudal 9.39

M. pectoralis profundus, cranial 4.08

M. pectoralis profundus, caudal 18.29

M. serratus ventralis cervicis 12.70

M. serratus ventralis thoracis 10.11

M. deltoideus pars acromialis 1.88

M. deltoideus pars scapularis 1.23

M. supraspinatus, superficialis 2.10

M. supraspinatus, principal 7.14

M. supraspinatus, cranial 2.31

M. infraspinatus 5.12

M. teres minor 0.09

M. teres major 1.68

M. subscapularis 7.26

M. articularis humeri 0.08

M. biceps brachii 3.59

M. brachialis 3.32

M. triceps brachii caput longum 13.87

M. triceps brachii caput laterale 8.60

M. triceps brachii caput mediale, principal 1.75

M. triceps brachii caput mediale, intermedium 2.16

M. triceps brachii caput accessorium 1.57

M. triceps brachii caput angulare 4.86

M. triceps brachii caput mediale accessorium 0.29

M. anconeus 0.79

M. pronator teres 1.92

M. flexor carpi radialis 0.75

M. flexor carpi ulnaris caput humerale 1.42

M. flexor carpi ulnaris caput ulnare 2.48

M. palmaris longus 2.60

M. palmaris brevis 0.34

M. flexor digitorum profundus caput humerale, lateral 1.37
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modified for the Mephitidae and Mustelidae nodes (acquisi-
tion of an angular head of m. triceps brachii, see discussion).
The presence of a m. rhomboideus profundus was ambigu-
ously reconstructed as a innovation of Musteloidea (Figs. 14
and S1b), or as a triple convergence between Mephitidae,
Potos flavus, and Mustelidae (Fig. S1b). The two principal
synapomorphies of the Mephitidae node (loss of the m.
articularis humeri and the acquisition of the angular head of
m. triceps brachii) are also synapomorphies of Mustelidae; so
they represent convergences under the phylogenetic hypothe-
sis used here (Sato et al. 2012; but see elbow extensor
discussion section). Some features are common for non-
taxidiines mustelids, including a separated m. rhomboideus
capitis (convergent with canids; Fig. 14 and S1c), the eventual
acquisition of the m. coracobrachialis (ambiguous reconstruc-
tion; Fig. S1g), and the loss of the m. flexor digitorum brevis
manus (but see autopodial musculature section for a discus-
sion about the presence of this muscle in Ta. taxus). Many

changes in the muscular configuration for mm. pectorales, m.
coracobrachialis, m. brachioradialis, and m. tensor fascia
antebrachii were reconstructed as common traits for internal
nodes of Mustelidae (see Fig. 14 and S1).

Discussion

Weasel and weasel-like mustelids present bound or half-
bound running gaits (generally with an extended floating
phase), which can be correlated with their short limbs and
long and the distinctive morphology of their flexible axial
skeleton. In these gaits the forelimbs have a poor role in the
propulsion (which is mostly generated by the lumbar region
and hind limbs) but are specialized in enduring the forces of
reaction of the substrate during landing in the beginning of the
stance phase (Davis 1949; Gambaryan 1974; Leach 1977;
Seckel and Janis 2008; Ercoli et al. 2013). Locomotion in
tunnels and transportation of heavy prey items are also com-
mon denominators in weasel behavior (Cabrera and Yepes
1940; Kaufmann and Kaufmann 1965; Dücker 1968;
Ben-david et al. 1991; Vargas and Anderson 1998; King
and Powell 2007). As detailed below, extrinsic musculature,
especially the protractor, and intrinsic extensor musculature of
Ga. cuja, as in other weasel-like mustelids, is well developed
(Fig. 13a,b,e) and modified in relation to these activities. From
Windle and Parsons’ (1897, 1898) and Hall’s (1926, 1927)
pioneer works to the most recent revisions (Fisher et al. 2008,
2009), musculature has been valued qualitatively as informing
of the phylogenetic relationships within Carnivora. In Ercoli
et al. (2013) and in this work, the main muscular changes
within Caniformia were quantified and revaluated, especially
in Mustelidae. In the following, the main morphofunctional,
nomenclatural, and phylogenetic interpretations of the main
muscular groups are described.

Arm Extrinsic Musculature and Extensors and Flexors
of the Shoulder

Mm. trapezius

A tendinous intersection between mm. trapezius (fibrous
interval; Windle and Parsons 1897), which connects the
cervical and thoracic portions, has been registered in
mustelids, Ailurus fulgens (Fisher et al. 2009), a Procyon
lotor specimen (Windle and Parsons 1897), and some foxes
(Vulpes, and probably Chrysocyon; Langguth 1969; Feeney
1999, but see Windle and Parsons 1897). Windle and Parsons
(1897) rejected this trait as phylogenetically informative be-
cause, among other things, of its variation within the genus
Procyon, and mentioned its presence only for some
ictonychines and otters within Mustelidae. However, its pres-
ence has been confirmed in mustelids described in detail

Table 2 (continued)

Muscles Mass (%)

M. flexor digitorum profundus caput humerale, medial 1.70

M. flexor digitorum profundus caput humerale, profundus 0.59

M. flexor digitorum profundus caput radiale 0.83

M. flexor digitorum profundus caput ulnare 1.49

M. flexor digitorum profundus, common tendon 1.01

M. flexor digitorum superficialis 0.23

M. pronator quadratus 0.28

M. brachioradialis 1.68

M. extensor carpi radialis 3.13

M. extensor digitorum communis 1.31

M. extensor digitorum lateralis 0.93

M. extensor carpi ulnaris 2.16

M. supinator 0.72

M. abductor digiti I longus 1.21

M. extensor digiti I et II 0.31

M. abductor et opponens digiti I 0.09

Mm. adductores digitorum 0.14

Mm. adductores digitorum, I 0.02

Mm. adductores digitorum, II 0.02

Mm. adductores digitorum, V 0.06

M. abductor digiti II 0.09

M. abductor digiti IV 0.10

Mm. lumbricales 0.13

M. opponens digiti V 0.18

M. abductor digiti V 0.32

M. flexores breves profundi I 0.12

M. flexores breves profundi III 0.24

M. flexores breves profundi IV (+abd en sp1) 0.22

M. flexores breves profundi V 0.14

J Mammal Evol



through information collected in later studies (e.g.,Ga. vittata,
Ictonyx spp., Martes spp., Mustela spp., Lontra canadensis,
Lutra lutra, and apparently in Meles meles; Lucae 1875;
Windle and Parsons 1897; Hall 1926, 1927; Fisher 1942;
Williams 1955; Leach 1977; Evans and Quoc An 1980;
Scherling 1989), as well as in Ga. cuja (this work). The only
exception within the family is Enhydra lutris, an otter species
highly modified and adapted for feeding on bivalves and
urchins and marine life (Howard 1973; Wilson and
Mittermeier 2009). A tendinous intersection was reconstruct-
ed as a derived trait within Caniformia and a synapomorphy of
Mustelidae, or maybe of Musteloidea (ambiguous reconstruc-
tion, Fig. S1a), but the presence of the same structure in foxes
(not mapped) opens the possibility of convergences or a more

basal origin. On the other hand, Hall (1926) registered the
absence of the contact between these two muscles, related to a
caudal shift of the thoracic origin, for mephitids (Spilogale
gracilis and Mephitis mephitis), an unique condition within
Carnivora and a synapomorphy for the family (Fig. S1a). This
evidence highlights the eventual phylogenetic importance of
this trait. The functional interpretation is not clear, but there is
evidence that this kind of structure would be related to the
capacity of mechanical deformation of the muscular bundles,
which is necessary during contraction, allowing the fascicles
to slide between them, especially in fan-shaped muscles such
as mm. trapezius (Purslow 2010). On the other hand, a caudal
origin of the m. trapezius pars thoracica in mephitids (T11/12),
a similar observation for the m. rhomboideus thoracis (as far

Fig. 13 Relative development of principal muscular groups of some
carnivorans with different locomotor habits. a total extrinsic forelimb
musculature, b principal extrinsic protractors (mm. rhomboideus, mm.
brachiocephalicus, m. cleidobrachialis, m. trapezius pars cervicalis, m.
omotransversarius), c principal extrinsic retractors (m. latissimus dorsi,
m. pectoralis profundus), d rotator cuff (m. deltoideus, m. infraspinatus,
m. teres minor, m. teres major, m. supraspinatus, m. subscapularis, m.
coracobrachialis, m. articularis humeri), e intrinsic shoulder extensors/
flexors (m. supraspinatus/m. deltoideus, m. infraspinatus, m. teres minor,
m. teres major), f shoulder flexors (m. deltoideus, m. infraspinatus, m.
teres minor, m. teres major), g elbow extensors/flexors (m. triceps brachii,
m. anconeus/m. biceps brachii, m. brachialis, m. brachioradialis), h elbow

flexors (m. biceps brachii, m. brachialis, m. brachioradialis), i principal
pronators and supinators (m. brachioradialis, m. supinator, m. pronator
teres), j principal carpal and digital extensors (m. extensor carpi radialis,
m. extensor digitorum communis, m. extensor digitorum lateralis), and k
principal carpal and digital flexors (m. flexor carpi ulnaris, m. flexor carpi
radialis, m. palmaris longus, m. flexor digitorum profundus, m. flexor
digitorum superficialis). Vertical axes values indicate the group mass
relative to the total forelimb musculature (excluding intrinsic autopodial
musculature). Data compiled from Macalister (1873a), Gambaryan
(1974), Hudson et al. (2010), Julik et al. (2012), Moore et al. (2013),
and this work (data for Galictis cuja)
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as T6), could be related to a greater mass and mechanical
advantage of these retractors muscles of the arm.

Mm. rhomboideus, m. cleidocephalicus,
and m. omotransversarius

The rhomboid muscles group seems to be informative about
both functional and phylogenetic aspects. The presence of m.
rhomboideus profundus has been considered previously as an
exclusive feature of mustelids and the basal procyonid Potos
flavus within Carnivora (described as m. levator scapulae
minor in Beswick-Perrin 1871; Windle and Parsons 1897;
Fisher et al. 2009; but seems to be present also in some
marsupials and lipotyphlans; Jouffroy 1971). Nevertheless,
its presence in Mep. mephitis and S. gracilis (Hall 1926),
which nowadays are considered mephitids (a group previous-
ly considered as a mustelid subfamily), suggests that this trait
could have appeared before, possibly at the base of
Musteloidea, being lost secondarily in Ai. fulgens, and in the
most derived procyonids (Figs. S1b and 14). More mephitid
anatomical study (beyond Hall’s contribution) and undocu-
mented procyonids (e.g., Bassariscus) need to be investigated
to support this statement.

In Mustelidae, the m. rhomboideus capitis possesses a
peculiar morphology (e.g., Windle and Parsons 1897: fig. 5;
Lucae 1875; Mackintosh 1875; Hall 1926, 1927; Fisher 1942;

Jouffroy 1971; Howard 1973). It develops as an independent
and separate band with respect to the m. rhomboideus cervicis
(Windle and Parsons 1897; Jouffroy 1971). However, in the
most living basal mustelid, Taxidea taxus, these two muscles
are independent but do have contact (Hall 1927: fig. 1; Quaife
1978); hence, the presence of a separate m. rhomboideus
capitis constitutes a synapomorphy of Mustelidae minus
Taxidiinae, being, therefore, slightly modified from the pro-
posal of Windle and Parsons (1897) (Figs. S1c and 14).

A similar morphology of the m. rhomboideus capitis as the
one described for mustelids (not Taxidea) has been described
in canids (except Otocyon megalotis) and some feliforms
(Haughton 1867a; Reighard and Jennings 1901; Carlsson
1905; Langguth 1969; Feeney 1999; Evans and de Lahunta
2013; Fig. S1c). In other groups of Caniformia, in which there
is a m. rhomboideus capitis present, several conditions can be
found: the fibers of mm. rhomboideus that reach the head are
fused with the cervical portion (in most procyonids, ursids,
and the ancestral condition reconstructed for Arctoidea;
Fig. S1c; see also Jouffroy 1971); sometimes it may be ac-
companied by an accessory lateral independent belly (i.e., m.
rhomboideus capi t i s , which is descr ibed as m.
“occipitoscapularis” for Ailuropoda melanoleuca; Davis
1964), or this portion can conform to one single and indepen-
dent belly but be continuous with the cervical portion (Potos
flavus and Taxidea taxus), a possible ancestral condition for

Felis catus
Civettictis civetta

Ailorupoda melanoleuca
Ursus americanus

Spilogale gracilis
Mephitis mephitis

Ailurus fulgens

Procyon cancrivorus
Procyon lotor

Nasua narica
Nasua nasua

Bassaricyon alleni

Taxidea taxus
Meles meles

Eira barbara
Martes pennanti

Gulo gulo
Martes foina
Martes americana

Melogale personata
Neovison vison
Mustela putorius

Lontra canadensis

Aonyx cinerea
Lutra lutra

Enhydra lutris

Ictonyx libyca
Ictonyx striatus
Galictis cuja
Galictis vittata

Canis familiaris

Potos flavus

Musteloidea:
-Acquisition of a rhomboideus profundus (?)

Mustelidae- :
-

Taxidea
Acquisition of rhomboideus

capitis separated (=Canidae)
-Acquisition of coracobrachialis (?)

-Loss of flexor digitorum brevis manus

Mustelidae:
-Loss of articularis humeri (=Mephitidae)

-Acquisition of angular head of triceps brachii (=Mephitidae)
-Reduction of origin of extensor digiti I et II

Derived otters:

Lutrinae:
Mustelinae+Ictonychinae+Lutrinae:

-Loss of coracobrachialis (?)
-Extension of origin of extensor digiti I et II (=Carnivora)

Guloninae:

-Acquisition of articularis humeri (=Guloninae, Carnivora)

Ictonychinae+Lutrinae:
-Loss of tensor fascia antebrachii

-Brachioradialis origin proximodistally extended (?)

Mephitidae:
Arctoidea:

-Multiple bellies of tensor fascia antebrachii

-Fusion between pronator teres and flexor carpi
radialis origins (=Guloninae, )Ailuropoda

-Loss of articularis humeri (=Mustelidae)
-Acquisition of angular head of triceps brachii (=Mustelidae)

-Acquisition of articularis
humeri (=Carnivora, )
-Pronator teres and flexor carpi radialis
fused in origin (= , )

Galictis

Ailurus Ailuropoda

-Pectoralis superficialis
inverted (?)

-Single pectoralis profundus (=canidae, ursidae)
-Brachioradialis originated only proximally

Fig. 14 Principal myological changes occurring in musteloids (extracted from character optimizations, see Fig. S1 for detailed results). “=” means
“convergent to”, and “?” indicates ambiguous reconstructions
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Procyonidae + Mustelidae (Cuvier and Laurillard 1849;
Beswick-Perrin 1871; Mackintosh 1875; Allen 1882; Windle
and Parsons 1897; Beddard 1900; Hall 1927; Davis 1964;
Quaife 1978; Evans and de Lahunta 2013; Fig. S1c). Since the
presence of a m. rhomboideus profundus and an independent
m. rhomboideus capitis could be linked to predatory habits
(see below), the record of one or both bellies in most basal
living species of the principal arctoid clades that are mainly
omnivores and herbivores seems to be a retention of a prim-
itive state linked to a predatory ancestor, as suggested by the
fossil record of these clades (Peigné et al. 2005; Wang et al.
2005; Figueirido et al. 2010). Consistent with the results of
Fisher et al. (2009), our analysis (Fig. S1c) suggests that the
lack of m. rhomboideus capitis is a derived trait, which would
support affinities between mephitids and ailurids, although it
also occurs as intraspecific variants of Ursus americanus
(Windle and Parsons 1897; Hall 1926; Fisher et al. 2009;
also in Viverridae and generally, in Hyaenidae, within
Feliformia; Windle and Parsons 1897; Macalister 1873b;
Spoor and Badoux 1986b).

Galictis cuja and weasels (Alix 1876; Williams 1955;
Evans and Quoc An 1980) share a great mass (Fig. 13a,b), a
great number of protractor bellies (and extrinsics overall; e.g.,
m. rhomboideus capitis, cervicis and profundus, m.
omotransvesarius), and the reduction of the mass that retracts
and elevates the limb (e.g., m. rhomboideus thoracis is vesti-
gial in Ga. cuja, Mustela vison, and Mu. putorius). These
features are related to a more relative importance of the
movements of the shoulder girdle, especially protraction, giv-
en the reduction of the limbs (and the intrinsic musculature) in
weasel-like mustelids. Other characteristics, as the direction of
the fibers in the protractor bellies of the mm. rhomboideus (see
also Feeney 1999), and the form, development, and position
of the insertion area of the m. omotransversarius (i.e.,
metacromion elevation) regarding the articulation of the
shoulder in Ga. cuja and other weasel-like mustelids would
offer a greater mechanical advantage to rotate the scapula over
the humerus in the sagittal plane, although specific osteolog-
ical studies are necessary (Ercoli in prep.). These features, as
well as other traits observed in other extrinsic and intrinsic
extensors of the forelimb (see below), could also be related to
the absorption of the impact at the beginning of stance phase
during bounding, maintaining the limb forward and partially
extended, and avoiding the collapse of it during landing
(Gambaryan 1974; Leach 1977).

The small size of the weasel-like mustelids’ limbs allows
them to introduce themselves into underground galleries, in-
accessible for other predators. Narrow tunnels force a
crouched locomotion, making the total extension of the limbs
impossible in certain parts of their underground activity
(Moritz et al. 2007; Horner and Biknevicius 2010). As a result
of this, there is less distance between the steps of each pair of
limbs and less velocity. The great development of the extrinsic

musculature, and, specifically of the protractors and rotators of
the forelimb, allows an increase in the precision of movements
and length of the stride by an accentuated displacement and
rotation of the shoulder girdle when the limb goes back and
forth in the symmetrical gaits in galleries or during epigean
search for prey objects (Kaufmann and Kaufmann 1965;
Hildebrand 1988; Feeney 1999; Yensen and Tarifa 2003a;
Moritz et al. 2007; Seckel and Janis 2008; Horner and
Biknevicius 2010).

In basal Caniformia, the typical condition is to possess a
thoracic portion of the mm. rhomboideus relatively extended
caudally in its origin (states 1 and 2, Fig. S1d). A vestigial
portion (as far as T2; state 0, Fig. S1d), frequently described as
part of the cervical portion, is observed only in the most
terrestrial species of the clade Ictonychinae + Lutrinae +
Mustelinae and, convergently, in some Guloninae (Fig. S1d;
Macalister 1873a; Mackintosh 1875; Alix 1876; Hall 1926;
Williams 1955; Howard 1973). Indeed, in Ga. cuja it was
registered that the thoracic portion represents less than 13 %
of the total of the mm. rhomboideus’ mass (Supporting
Information, Table S1). The reduction of this one and other
retractor muscles in these lineages of half-bounders is related
to the forelimbs not being dominantly active propellers
during the stance phase in running gaits, but are taken and
positioned to absorb the impact, during the beginning of this
phase (Gambaryan 1974; see also Seckel and Janis 2008).
Moreover, most of the rest of Caniformia perform gaits and
other activities that require powerful retraction (e.g., gallop-
ing, climbing, digging) or powerful adduction of the limb to
the body (e.g., climbing species), and present a moderate to
great development of the thoracic portion of the mm. rhom-
boideus, reaching typically as far as T4 or T5 (e.g., badgers,
ursids, procyonids, foxes, Ailurus fulgens) and T6 in some
cases (some canids, mephitids) (Cuvier and Laurillard 1849;
Beswick-Perrin 1871; Mackintosh 1875; Allen 1882; Hall
1926, 1927; Davis 1949, 1964; Langguth 1969; Quaife
1978; Scherling 1989; Feeney 1999; Fisher et al. 2009;
Evans and de Lahunta 2013).

The presence, development, and position of insertion of the
mm. rhomboideus capitis and profundus, and m.
omotransversarius in mustelids and specifically in weasels,
as well as the mass and multiplicity of bellies of the m.
sternocephalicus (Ercoli et al. in prep.) and the m.
cleidocephalicus in Ga. cuja, indicate important range,
strength, and precision capacities of lateral and ventral flexion
movements of the head when the forelimbs are fixed (see also
Evans and Quoc An 1980), which are necessary for the correct
placement of precise and strong bites, especially when dealing
with large prey items. The bilateral activation of some of these
muscles would allow their collaboration in the transport of
heavy prey items. These activities stand out as typical of the
hunting behavior for both weasel-like mustelines and
ictonychines (Cabrera and Yepes 1940; Kaufmann and
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Kaufmann 1965; Dücker 1968; Ben-david et al. 1991; Vargas
and Anderson 1998; King and Powell 2007). It is interesting,
but bridging the differences, that several weasel-like mustelid
features are in some degree convergent with what has been
described for hyaenids (subdivision and large mass of cervical
muscles, long and robust neck, m. triceps brachii reaching the
scapular angle; Spoor and Badoux 1986b), species that also
frequently carry large prey.

Mm. pectorales

Descriptions of mm. pectorales are generally confusing
concerning the nomenclature (synonymy and homonymy
problems), and therefore in some cases it is difficult to
interpret homologies between different species described
by different authors. However, there are important reorga-
nizations of the mm. pectorales within Carnivora at the
family or subfamily levels that are beyond the authors’
subjectivity.

There are three basic arrangements of the mm. pectorales
superficiales (“simplified type,” “ordinary type,” and
“crossed type”). Ursids and pinnipeds (e.g., Ailuropoda
melanoleuca, Callorhinus ursinus, Ursus americanus;
Shepherd 1883; Davis 1964; English 1977) present a single
belly, contrary to what is typically observed in most of the
rest of Caniformia. The “ordinary type” is registered in Ga.
cuja and most musteloids (mephitids, non-lutrine mustelids,
procyonids, and Ailurus fulgens). This organization involves
at least one cranial and another caudal belly (eventually
subdivided), in which the most cranial originated bellies,
are always inserted in a more proximal position in the
humerus (A. fulgens, C. familiaris, E. barbara, Martes
spp., Mel. Meles, Mep. mephitis, Mustela spp., T. taxus;
Cuvier and Laurillard 1849; Macalister 1873b; Alix 1876;
Hall 1926, 1927; Williams 1955; Leach 1977; Quaife
1978; Scherling 1989; Feeney 1999; Fisher et al. 2009).
This configuration, reconstructed as the plesiomorphic con-
dition within Caniformia (states 1 and 2, Fig. S1e; observed
also in Feliformia; Macalister 1873b; Spoor and Badoux
1986b) is only transgressed by the notable exceptions of
Martes foina, Potos flavus¸ one specimen of Lutra lutra,
and Bassaricyon alleni, in which the “ursid type” is record-
ed, and may be related to a simplified description or due to
locomotion specialization (Cuvier and Laurillard 1849;
Beswick-Perrin 1871; Mackintosh 1875; Beddard 1900).
Within the ordinary configuration, Procyonidae (Procyon
spp., Nasua spp.; Cuvier and Laurillard 1849; Mackintosh
1875; Windle and Parsons 1897) usually present an extra
laminar subdivision of the caudal belly in m. pectorales
superficiales. Lastly, the lutrines described (Enhydra lutris,
Lontra canadensis, Lutra lutra; Lucae 1875; Fisher 1942;
Howard 1973) present a unique arrangement within
Arctoidea (“crossed type”; state 3, Fig. S1e), although it is

also present in some Feliformia (e.g., felids; Reighard and
Jennings 1901; Julik et al. 2012) and Canidae (Carlsson
1905; Langguth 1969; Feeney 1999; Evans and de Lahunta
2013). These species have a cranial belly of the mm.
pectorales superficiales (m. “pectoantebrachialis”) that
reaches the most distal sector of the humerus and even the
ulna (as happens in other muscles of the arm, e.g., m.
cleidobrachialis), while the caudal belly inserts broadly in
the humerus. This lutrine synapomorphy (state 3 in Fig. S1e
and 14) is probably related to adaptations for aquatic life
and, together with an increment of the pectoral musculature
mass, assisting adduction, medial rotation, and retraction of
the limb during its movement in a dense medium, as well as
the maintenance of an hydrodynamic silhouette (Savage
1957; Gambarjan and Karapetjan 1961; Howard 1973;
English 1977; Williams 1983a,b; Fish 1994).

The m. pectoralis profundus is generally subdivided into
a cranial and a caudal belly in musteloids (coinciding with
the reconstruction of the node, Fig. S1f), but is reversed to
a unique belly in derived otters, converging with basal
caniforms (canids except Otocyon megalotis and ursids;
Cuvier and Laurillard 1849; Lucae 1875; Shepherd
1883; Carlsson 1905; Davis 1964; Howard 1973;
Figs. S1f and 14). In badgers, fusion variants are registered,
in which the caudal portion of the m. pectoralis profundus
is fused with the cranial portion (Me. meles; Cuvier and
Laurillard 1849; although it is partially recognizable
according to Scherling 1989) or apparently with the caudal
portion of the mm. pectorales superficiales (Ta. taxus; Hall
1927; Quaife 1978).

The higher number of bellies of the mm. pectorales in most
musteloids and some other carnivorans (e.g., O. megalotis,
Carlsson 1905) could be related to the specialization of each
belly for different functions, and greater precision and reper-
tory ofmovements; by contrast, the preponderance of a unique
muscular mass for each pectoral in otters and large galloping
animals (e.g., bears), as well as in more specialized diggers or
climbers (e.g., Me. meles, Ta. taxus, Po. flavus) could be
related to a greater adduction force (fusion and greater mass
of mm. pectorales superficiales) or propulsion (fusion or ex-
tension origin of m. pectoralis profundus) at the cost of the
precision of the movements.

Other Extrinsic Muscles (m. serratus ventralis thoracis,
m. latissimus dorsi)

Galloping non-mustelids musteloids, diggers or climbers,
such as procyonids and mephitids, present retractor muscles
with more bundles that reach more caudal origin positions: the
m. serratus ventralis thoracis typically reaches or exceeds the
T8 (except in Bassaricyon alleni, Procyon spp.), and the m.
rhomboideus thoracis and the m. latissimus dorsi always reach
or exceed the T4 and T14, respectively (Cuvier and Laurillard

J Mammal Evol



1849; Beswick-Perrin 1871; Mackintosh 1875; Allen 1882;
Windle and Parsons 1897; Beddard 1900; Hall 1926). Within
Mustelidae, galloping digger lineages, such as badgers (e.g.,
Mel. meles, T. taxus; Cuvier and Laurillard 1849; Windle and
Parsons 1897; Hall 1927; Quaife 1978; Scherling 1989),
and secondarily, galloping and climbing species such as the
larger gulonines (Cuvier and Laurillard 1849; Macalister
1873b; Mackintosh 1875; Windle and Parsons 1897; Hall
1926; Leach 1977) present the most caudal origins for these
muscles within the family, resembling in a higher degree
procyonids and mephitids, something already denoted by
Quaife (1978) for Ta. taxus, but not so extreme as occur in
other musteloid families, giving the possibility of a phyloge-
netic or functional constraint to the caudal extension of retrac-
tor muscles in mustelids. More data about undocumented
semifossorial taxa as Mellivorinae, Helictidinae, or the
mephitid Mydaus could support or reject this idea.

Associated to its peculiar half-bound running gait,
weasel-like mustelids and otters present lesser caudally ex-
tended principal extrinsic retractor muscles of the arm and
flexor muscles of the shoulder, like the m. latissimus dorsi
(without overpassing T13; Cuvier and Laurillard 1849;
Macalister 1873a; Lucae 1875; Alix 1876; Hall 1926;
Fisher 1942; Williams 1955; Howard 1973), the m. serratus
ventralis thoracis (reaching the T6/7; Alix 1876; Williams
1955), and the m. rhomboideus thoracis (see above), and
therefore have a more reduced mechanical advantage for
retraction than other musteloids or arctoids. Within the re-
duced condition in these weasel-like mustelids, Ga. cuja
stands out because it presents a relatively important devel-
opment of some of these muscles. The relative mass of the
m. latissimus dorsi (as well as the m. pectoralis profundus,
another retractor) is clearly greater than that observed in
musteline weasels (i.e., Mustela) and even similar to that
observed in cursorials (Fig. 13c; Gambaryan 1974). In ad-
dition to this, intraspecific variations of Ga. cuja
(Supporting Information, Table S2) usually present extra
bundles of the m. serratus ventralis and the m. latissimus
dorsi in comparison with the typical number observed in
mustelines. The data available on muscular masses for
V. peregusna, and the description of Ictonyx libyca, an
ictonychine close to Ga. cuja, indicate also an important
development of these muscles compared to that of
mustelines (Windle and Parsons 1897; Gambaryan 1974).
Considering the mass of these muscles relative to the mass
of the extrinsic muscles (see above), the m. latissimus dorsi
and the m. pectoralis profundus in weasel-like ictonychines
fall into the range of other arctoids (30 and 40 %) but below
the range of the cursorials (45 %), while the low value of
Mustela is noteworthy, with only the 25 % of the extrinsic
mass represented by these muscles. Although the difference
between Mustela, on one side, and Ga. cuja and
V. peregusna, on the other side, is relatively low, there is a

tendency to separate those taxa with greater digging abilities
(i.e., the latter ones; Evans and Quoc An 1980; Wilson and
Mittermeier 2009). Something similar can be seen while
comparing Mellivora capensis against other non-digging
gallopers (Fig. 13c).

Intrinsic Arm Musculature

Flexor and Extensor Shoulder Musculature

The intrinsic musculature in weasel-like mustelids represents
only between the 35 % and 40 % of the musculature of the
forelimb (Fig. 13a). At the same time, and differing from
cursorials species and other generalized arctoids, weasel-like
mustelids show a low development of the shoulder musculature
relative both to the total musculature of the forelimb (Fig. 13d)
as well as the intrinsic musculature alone, representing less than
30 % of the latter. This is reflected in a relatively reduced
scapula in mustelines and ictonychines, which, in turn, would
allow a larger displacement of the girdle and, in consequence, a
greater stride length, although with a smaller capacity of mus-
cular control over the complex movements of the shoulder (see
“rotator cuff” in Leach 1977; Feeney 1999).

Galictis cuja presents pronounced subdivisions of the m.
supraspinatus, a feature rarely described or illustrated in other
terrestrial Caniformia (e.g., Allen 1882; Fisher 1942; Feeney
1999; Evans and de Lahunta 2013), but present in Lo.
canadensis (Fisher 1942), and it is probable that species
related to these ones have a similar complex configuration,
although this has not been registered in published descriptions
(e.g., Mu. putorius; where this configuration is not described
but illustrated by Barone and Deutsch 1953: 447; and Jouffroy
1971: fig. 14). Functionally, the anterior belly of the m.
supraspinatus would collaborate in the extension of the shoul-
der in crouched positions (Feeney 1999), and a higher number
of bellies would allow an effective action over a wide range of
positions during the extension of the shoulder, something
expected in the locomotion of animals that have short limbs.
Galictis cuja, as well as other taxa that use half-bounds or
bound during running gaits (e.g., Mustela spp., Martes spp.,
V. peregusna; Gambaryan, 1974; Leach, 1977), stands out for
presenting a pronounced development of the shoulder exten-
sors relative to flexors (Fig. 13e,f). This is reflected in the
greater relative development of the supraspinatus fossa rela-
tive to the infraspinatus fossa (Argot 2001; Salesa et al. 2008).
This proportion, as well as what is observed in the relation of
protractors-retractors (see discussion about extrinsic muscula-
ture), would be related to the relevance of the absorption of the
impact after jumping, rather than to an active propulsion with
the forelimbs (Gambaryan 1974; Leach 1977; Seckel and
Janis 2008). Something similar occurs in otters, which fre-
quently perform terrestrial bound or half-bound running. In
more specialized otters, convergent with what occurs in
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pinnipeds (Gambarjan and Karapetjan 1961; English 1977),
these traits are often exacerbated in relation to the necessity of
defeating the inertia of water when moving forward and
rotating the limbs during swimming (Savage 1957;
Gambarjan and Karapetjan 1961; English 1977; Williams
1983a; Fish 1994; Fig. 13d,e).

As contrary cases, cursorials and generalized gallopers
require a great proximal muscular mass that provides the
propulsion force and the stabilization required in those move-
ments (e.g., Gu. gulo; Gambaryan 1974; Leach 1977). This is
reflected in a greater relative development of the shoulder
musculature, and specifically flexors, which is accentuated
in larger species (Davis 1949; Jouffroy 1971; Hildebrand
1988; Fig. 13d,e,f).

M. coracobrachialis and m. articularis humeri

The presence of the m. coracobrachialis is an interesting trait
from a phylogenetic point of view (at the familiar and
subfamiliar levels) rather than a functional one for most extant
species, something already noticed within Feliformia by
Taylor (1974). This muscle is a weak shoulder extensor and
adductor, being able to collaborate to the subjection to the
substrate (Taylor 1974; Fisher et al. 2009), although this
contribution has been disputed by Taylor (1974). However,
in Caniformia, it is remarkable that this muscle is present only
in some representatives of climbing lineages (or diggers, in the
unique case of melines), but is always absent in aquatic,
cursorial, and terrestrial lineages. As Salesa et al. (2008) noted
for extant and extinct procyonids and ailurids, when a well-
developed coracoid process of the scapula (origin of this
muscle) is present, it is a good indicator of a strong m.
coracobrachialis, which is associated with arboreal locomo-
tion. Within Mustelidae, this muscle is absent in all lutrines,
ictonychines, mustelines, and taxiidines (Cuvier and
Laurillard 1849; Macalister 1873a; Lucae 1875; Alix 1876;
Windle and Parsons 1897; Hall 1927; Fisher 1942; Barone
and Deutsch 1953; Williams 1955; Jouffroy 1971; Howard
1973; Quaife 1978; Moore et al. 2013) and is present in all
melines and gulonines (Cuvier and Laurillard 1849;
Macalister 1873b; Mackintosh 1875; Windle and Parsons
1897; Hall 1926; Jouffroy 1971; English 1977; Leach 1977;
Scherling 1989; Feeney 1999; Figs. S1g and 14), showing a
close relation with the subfamiliar division proposed in the
most recent molecular works (Koepfli et al. 2008; Sato et al.
2012). Within Caniformia, this is also consistent with the
phylogenetic structure, since this muscle is absent in canids
(Cuvier and Laurillard 1849; Haughton 1867a; Windle and
Parsons 1897; Langguth 1969; Evans and de Lahunta 2013),
mephitids (Hall 1926; Jouffroy 1971), and derived procyonids
(Cuvier and Laurillard 1849; Mackintosh 1875; Allen 1882;
Windle 1888; Windle and Parsons 1897; Beddard 1900;
Feeney 1999), but is present in ursids (Cuvier and Laurillard

1849; Haughton 1867d; Windle and Parsons 1897; Shepherd
1883; Davis 1949, 1964), ailurids (Fisher et al. 2009), and is
variable in Po. flavus (Beswick-Perrin 1871; Windle and
Parsons 1897; Julitz 1909). The presence of the m.
coracobranchialis is considered a plesiomorphic condition
for Carnivora (see Windle and Parsons 1897; Fisher et al.
2009); however, our optimization did not recover this, neither
for Musteloidea, Arctoidea, or Carniformia (Fig. S1g).

The m. articularis humeri is present in all feliform and
canifom lineages except for mephitids and some mustelids
lineages (Windle and Parsons 1897; Hall 1926; Jouffroy 1971;
Taylor 1974; Fisher et al. 2009; Figs. S1h and 14). Within
Mustelidae, its presence is variable and informative of the
subfamiliar arrangement, given that it is (almost) exclusively
found in gulonines (Macalister 1873b; Mackintosh 1875;
Windle and Parsons 1897; Hall 1926; Leach 1977; Feeney
1999). Breaking this pattern,Macalister (1873a) registered the
presence of the muscle in the left arm of the otter Ao. cinerea.
On the other side, we registered its presence in all the analyzed
limbs of Ga. cuja, this being a unique condition within
weasel-like mustelids, and non-gulonines mustelids in general
(in addition to the variant described by Macalister (1873a)).
The presence of a m. articularis humeri has been traditionally
considered a plesiomorphic trait for Carnivora (Fisher et al.
2009; Fig. S1h), which indicates a retention of a primitive
state inGa. cuja and gulonines, or a striking convergence with
more basal lineages, as suggested by the optimization
(Fig. S1h).

Elbow Extensors

The development of the extensors of the elbow relative to the
armmusculature, as well as relative to the flexors of the elbow,
is highly variable in Carnivora (Fig. 13g). The important
relative development of extensors over flexors in the elbow
in terrestrial mustelids is again related to the typical gait type,
and to the absence of specializations for climbing or manipu-
lating prey (e.g., felids; Fig. 13g). In digging mustelids, in
which it is necessary for an even stronger extension during
digging (Hildebrand 1988; Moore et al. 2013), this proportion
is even greater. The extensors of the elbow inGa. cuja present
a greater mass relative to the flexors, and a higher number of
heads regarding the condition typically described in other
carnivoran. Although the relation between extensors and
flexors in the elbow of weasel-like mustelids only varies
subtly, it is apparently directly related to the specialized degree
of digging, being greater in ictonychines like Ga. cuja and
V. peregusna, rather than in Mustela species (Fig. 13g).

As occurs in all mustelids, Ga. cuja possesses a m. triceps
brachii caput angulare, which has been described as a unique
characteristic of Mustelidae within Carnivora. However, this
is also present in mephitids (Mep. mephitis and S. gracilis;
Hall, 1926; as well as in Conepatus chinga, M. D. Ercoli and
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M.A. Ramírez pers. obs.), a group that is currently considered
as basal musteloids (states 2 and 3 in Fig. S1i). This has been
overlooked by other researchers and brings in question how
many times or in which moment of the arctoids’ evolutionary
history this trait arises. On the other side, it cannot be
discarded a priori that an incipient angular head, modified or
atrophied, could be a subdivision of the m. triceps brachii
caput longum or an extra origin of the m. tensor fascia
antebrachii in basal caniforms (e.g., canids, ursids; Davis
1949, 1964; Shepherd 1883; Windle and Parsons 1897; Evans
and de Lahunta 2013). In procyonids, of interest is the pres-
ence of a second caudal slip of the m. tensor fascia antebrachii
that generally comes off from the m. teres major (close to the
scapular angle), with a common insertion with the slip origi-
nated in the m. latissimus dorsi (Cuvier and Laurillard 1849;
Mackintosh 1875; Windle 1888; Beddard 1900; Julitz 1909;
Feeney 1999). Even more interesting is the case of
Bassaricyon alleni, where the slip is totally independent, with
a more proximal insertion in the elbow region, completely
matching the description of a m. triceps brachii caput
angulare, except for the absence of a bony origin. Given these
facts, it is likely that the presence of a m. triceps brachii caput
angulare “prototype”would be an innovation originating deep
in the evolutionary history of carnivorans, as a specialization
of a belly of the m. tensor fascia antebrachii (see state 1
reconstruction in Arctoidea and its internal nodes, Fig. S1i)
and certainly not as a synapomorphy of Mustelidae. Further-
more, a bony origin for this muscle would be a synapomorphy
(indicating phylogenetic affinity) or a convergence (as indi-
cated by the optimization), between mustelids and mephitids
(states 2 and 3, Fig. S1i). Since the strongest hypothesis
suggests that the mammalian m. tensor fascia antebrachii
could have originated from m. triceps brachii (Diogo and
Abdala 2010), and even the presence of a scapular origin of
the former muscle in treeshrews (e.g., Jouffroy 1971:
Fig. 62B), the loss, acquisition, or interchanging of bellies
between these muscles seems to have been common
thoughout the evolution of the shoulder musculature. The
presence of an independent angular head of the m. triceps
brachii has functional implications during crouching locomo-
tion in galleries. This belly is the flexor of the arm and
extensor of the shoulder in the flexed positionwith the greatest
mechanic advantage; joined to the extrinsic flexors of the
shoulder and the other heads of the m. triceps brachii, these
muscles as a whole would allow increasing the range of
positions where they work (similar to the inference by Alix
(1876: 174) inMu. putorius). This feature, together with what
has been described above (e.g., protractors of the arm), would
allow a greater stride length during crouched locomotion and
in landing during jumping epigean locomotion. Similarly,
Spoor and Badoux (1986b) linked the presence of fibers of
the long head of the m. triceps brachii reaching the vicinity of
the scapular caudal angle with a greater mechanical advantage

for the extension of the shoulder in flexed positions, and in
this case, they associated it with the activity of lifting and
transporting heavy prey items. Laboratory studies (e.g., mus-
cular activity studies) on weasel-like mustelids are required to
confirm or discard these possible morphofunctional relation-
ships. Both Ga. cuja and other ictonychines and mustelines
often transport relatively large prey items (Cabrera and Yepes
1940; Rowe-Rowe 1978; Zielinski 2000); therefore, it is
probable that the m. triceps brachii caput angulare has the
same function in these lineages. Moore et al. (2013) per-
formed a different but valid functional interpretation over the
same muscular group in Ta. taxus. They associated the muscle
increment and the presence of two biarticular heads of the m.
triceps brachii (caput longum and caput angulare) with the
increase of the torque applied to the shoulder and the retrac-
tion force of the arm during digging (an inference also appli-
cable to mephitids); however, they incorrectly identified the
heads of the m. triceps brachii (Moore et al. 2013: table 2,
fig. 2; perpetuating an error from Quaife 1978): the caput
longum as caput angulare, the caput mediale as caput longum,
and apparently the caput lateral as the remaining ones. Fur-
thermore, the presence of two biarticular heads is not a unique
trait for badgers (contra Moore et al. 2013), but a trait shared
by at least all mustelids and mephitids. The presence and
maybe the evolutive origin of an independent angular head
of the m. triceps brachii seems to be related to bounding and
crouched locomotion; future studies of the non-mustelid half-
bounder procyonid Bassariscus astutus could help to eluci-
date the evolution of this trait.

In most mustelids there exist both the angular head of the
m. triceps brachii and the m. tensor fascia antebrachii. The
similarities between both muscles (e.g., insertion, position,
and innervation; Evans and de Lahunta 2013), beyond being
informative about homologies, could lead to nomenclatural
and identification errors (e.g., Leach 1977: 37). In both Ga.
cuja and otters there is not an independent m. tensor fascia
antebrachii with an origin over the m. latissimus dorsi, which
could be considered a synapomorphy of the Ictonychinae +
Lutrinae group (state 3, Fig. S1i), but detailed myological
studies of another ichtonychines are required to corroborate
this proposal. In the otters, this is traditionally considered
absent (Cuvier and Laurillard 1849) or confounded with the
m. triceps brachii caput angulare (Haughton 1867b;
Macalister 1873a; Lucae 1875; Fisher 1942; Howard 1973)
as reported by Leach (1977) forMartes spp. Scherling (1989)
does not mention the presence of a m. tensor fascia antebrachii
forMel. meles, but Cuvier and Laurillard (1849) do mention it
for other specimens of the same species, being perhaps an
intraspecific variation or an omission. New dissections ofMel.
meles could help to confirm this.

In Ga. cuja a medial bundle (“intermediate”) to the main
bundle of the m. triceps brachii caput mediale is present, which
could tentatively represent a modified m. tensor fascia
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antebrachii with a humeral origin. The same could be proposed
for the intermediate head in En. lutris (Howard, 1973). In no
other otter is registered a subdivision assignable to a modified m.
tensor fascia antebrachii (Ao. cinerea, Lo. canadensis, and Lu.
lutra; Cuvier and Laurillard 1849; Macalister 1873a; Lucae
1875; Fisher 1942). On the other hand, in otters (except En.
lutris; Howard 1973) a wide m. triceps brachii caput angular is
recorded, with a hypertrophied and extended origin over the m.
latissimus dorsi (Lo. canadensis and Ao. cinerea, and apparently
in a lesser degree in Lu. lutra; Cuvier and Laurillard 1849;
Haughton 1867b; Macalister 1873a; Lucae 1875; Fisher 1942).

Here it is tentatively proposed that at least in Ictonychinae
+ Lutrinae group the origin of the m. tensor fascia antebrachii
would have migrated to the humerus, or more probably, this
muscle would have been lost. The current arrangement of
these muscles gives priority to the powerful and precise ex-
tension of the elbow (or flexion of the shoulder) over the
tension of the antebrachial fascia function, relative to the
locomotive and behavioral adaptations commented at least
for otters. On the other hand, the absence of the tensor in
Ga. cuja can’t be clearly related to its behavior, and may be
related to a retention of a more marked ancestral aquatic
adaptation (see discussion of m. brachioradialis). Whatever
the evolutionary path taken, in otters that use the forelimbs
more actively during swimming (e.g., Ao. cinerea; see
Macalister 1873a; Holmes 1980; Peigné et al. 2008) the
maximum development of the m. triceps brachii caput
angulare occurs. Regarding the above, more and better de-
scriptions of these muscles are needed, informative from a
phylogenetic and functional point of view.

The m. anconeus principally collaborates in the extension
of the elbow. However, other functions for this muscle have
been suggested, as stabilization in the elbow articulation,
avoiding its flexion in static positions, as well as the proprio-
ception (Fisher et al. 2009; Evans and de Lahunta 2013), and
the abduction of the ulna (Gleason et al. 1985). This muscle is
well developed in relatively specialized small to medium
diggers and climbers (Ta. taxus, mephitids, E. barbara,Martes
spp., Leopardus wiedii; Macalister 1873b; Hall 1926, 1927;
Leach 1977; Scherling 1989; Morales and Giannini 2013), in
large terrestrial carnivorans (e.g., canids, hyaenids, and some
ursids and felids; Shepherd 1883; Spoor and Badoux 1986b;
Evans 1993; Evans and de Lahunta 2013; Morales and
Giannini 2013), and it reaches its maximum development in
specialized medium to large climbers (Ailuropoda
melanoleuca, Ailurus fulgens; Davis 1964; Fisher et al.
2009). This reflects the influence of both locomotive habits
and body size in the morphology of this muscle (see Peigné
et al. 2008).

Because of the small size and the absence of such special-
izations, the m. anconeus is reduced in ictonychines (includ-
ingGa. cuja) and especially in mustelines (Alix 1876; Barone
and Deutsch 1953; Williams 1955).

M. biceps brachii, m. brachialis, and m. brachioradialis

Galictis cuja, as well as other strictly or mostly terrestrial
Caniformia, presents a simplified version of the main flexors
of the elbow (e.g., Taylor 1974; Feeney 1999). In canids, most
mustelids (except for Ta. taxus), mephitids, and some
procyonids, there is a m. biceps brachii and a m. brachialis
with a unique belly (Cuvier and Laurillard 1849; Macalister
1873a, b; Lucae 1875; Mackintosh 1875; Alix 1876; Allen
1882; Windle and Parsons 1897; Beddard 1900, 1905; Hall
1926, 1927; Fisher 1942; Barone and Deutsch 1953;Williams
1955; Langguth 1969; Jouffroy 1971; Howard 1973; English
1977; Leach 1977; Quaife 1978; Evans and Quoc An 1980;
Scherling 1989; Feeney 1999; Evans and de Lahunta 2013).
In canids, weasel-like mustelids (e.g., ictonychines,
mustelines), and secondarily in some otters and terrestrial
mustelids (e.g., Mellivora capensis), these muscles also have
relatively little mass (Lucae 1875; Gambaryan 1974;
Fig. 13h). Contrary, in several species of arctoids which have
climbing habits (e.g.,Ai. fulgens, gulonines, some procyonids,
ursids; also in felids; e.g., Ac. jubatus, Le. pardalis), or spe-
cialized diggers (T. taxus), one or both muscles present extra
bellies and a relative greater muscular mass (Cuvier and
Laurillard 1849; Beswick-Perrin 1871; Ross 1876; Shepherd
1883;Windle and Parsons 1897; Julitz 1909; Hall 1927; Davis
1949, 1964; Gambaryan 1974; Quaife 1978; Feeney 1999;
Fisher et al. 2009; Julik et al. 2012; Fig. 13g, h). In these
species, powerful flexion of the elbow is necessary tomaintain
the body close to the substrate, increasing the stability and the
control of the movements, especially required in large animals
(e.g., ursids) (Davis 1964; Taylor 1974; Leach 1977; Van
Valkenburgh 1987; Hildebrand 1988; Argot 2001). On the
other side, the more proximal extensors muscles of the carpus
that originated in the humerus (e.g., m. brachioradialis, m.
extensor carpi radialis) are also important flexors of the elbow,
and are clearly more developed in these climbing taxa, which
is reflected in both the increased mass of these muscles and in
the proximal extension of the ectepicondylar crest, their origin
region (Fig. 13h). In contrast, preponderantly terrestrial canids
and ursids, like Ga. cuja and other weasel-like forms, present
reduced mass, number of bellies, and origin area of the elbow
flexors (Fig. 13h, see below). Among the most cursorial
lineages within Carnivora, like canids, hyaenids, and Ac.
jubatus, the m. brachioradialis is absent or vestigial (Cuvier
and Laurillard 1849; Windle and Parsons 1897; Carlsson
1905; Feeney 1999; Evans and de Lahunta 2013).

In the case of otters, the mass and number of bellies of the
elbow flexors (e.g., m. biceps brachii, m. brachialis, m.
brachioradialis, and m. extensor carpi radialis) are similar or
slightly higher to what has been observed in climbing and
terrestrial mustelids (Fig. 13h), contrasting with what is ex-
pected according to the great effort required during swim-
ming. However, otters present a particular and unique
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characteristic within mustelids and Caniformia (although it is
similar in some degree to what is observed in some felids;
Reighard and Jennings 1901; Julik et al. 2012). In Ao. cinerea,
En. lutris, and Lu. lutra (Cuvier and Laurillard 1849;
Macalister 1873a; Lucae 1875; Windle and Parsons 1897;
Howard 1973), the m. brachioradialis originates in a proximal
sector of the humerus, instead of originating in the
ectepicondylar crest, being this a synapomorphy of the clade
that includes these derived otters (Figs. S1j and 14). In the
case of felids, the type of fibers, the ribbon-shapemorphology,
and the origin position in the medial zone of the humeral
diaphysis of the m. brachioradialis has been related to the fast
contraction and the movements necessary during the capture
of prey items with the forelimbs (Reighard and Jennings 1901;
Hudson et al. 2011; Julik et al. 2012). In the case of otters, the
great mass of the muscle and its extreme position of proximal
origin increases to the maximum the mechanical advantage of
it, turning into the most powerful flexor of the elbow articu-
lation. This configuration is consistent with the obtainment of
a hydrodynamic silhouette, maintaining the limbs close to the
body, and with the advanced efforts of the limbs and the
changes of direction in a dense medium (Savage 1957;
Tarasoff et al. 1972; Williams 1983a; Hildebrand 1988; Fish
1994). It is interesting to mention that in Lo. canadensis, the
representative specimen of the most basal lineage of otters
(Lontra in Sato et al. 2012), Fisher (1942) described an origin
of the m. brachioradialis extended to the proximal sector of
the humerus, but that also reaches the ectepicondylar crest.
Although data are scarce, and more information about the
configuration of other basal lutrines are needed, this condi-
tion may be representative, from an evolutionary perspec-
tive, of an early and intermediate situation between weasel-
like mustelids and the most derived lutrine lineages (recon-
struction of the nodes of Lutrinae; Figs. S1j and 14). Inter-
estingly, in Ga. cuja we have registered intraspecific variants
with identical origin disposition as in Lo. canadensis. The
presence of this unique myological trait shared between
ictonychines and basal lutrines is relevant because these
groups have recently been proposed as sister groups (Sato
et al. 2012), and it could represent a synapomorphy of
Ictonychinae + Lutrinae (ambiguous reconstruction,
Figs. S1j and 14). On the other side, even though Galictis
is an occasionally good swimmer (Yensen and Tarifa 2003a,
b), a more pronounced aquatic habits has been proposed for
fossil ictonychines (e.g., Enhydrictis-Pannonictis group,
Trigonictis cookii, Tr. “idahoensis” macrodon; Ficcarelli
and Torre 1967; Björk 1970; Kurtén and Anderson 1980;
Schutz and Guralnick 2007; Grohé et al. 2010). As has been
emphasized in Ercoli et al. (2013), a great number of mor-
phological features shared in Ictonychinae + Lutrinae +
Mustelinae clade can be interpreted as favorable, both for
aquatic habits and locomotion in tunnels. The peculiar con-
dition of a powerful m. brachioradialis with a proximally

extended origin in an ictonychine lyncodontinine strengthens
the possibility of an ancestral state of more aquatic habits
that what has been observed in current representatives of this
subfamily.

Forearm Musculature

In all carnivorans, the number of bundles and the relative
position of the pronators and supinators of the forearm, and
the flexors and extensors of the carpals and digits are very
similar, although there exist significant functional differences
in the relative development of the masses (Fig. 13i,j,k) and
some punctual changes in the configuration of them (e.g.,
Davis 1964; Feeney 1999; Antón et al. 2006; Fisher et al.
2009).

Very few variants in the forearm are likely to be an indic-
ative of phylogenetic relationships. Nevertheless, it is inter-
esting to note that a reduced condition of the origin of the m.
extensor digit I et II (Figs. S1k and 14; this muscle is named as
the deep belly of “extenseurs externes” in Alix 1876) opti-
mizes for Mustelidae, different from what is observed in other
Caniformia. This condition is present in three of the most
basal subfamilies (Taxidiinae, Melinae, and Guloninae), but
is reversed in most derived mustelids (Ictonychinae +
Mustelinae + Lutrinae), appearing at least as an informative
phylogenetic trait within this family. Also, some
synapomorphic traits can be postulated for Guloninae, such
as the presence of an ulnar origin of the m. extensor carpi
ulnaris and the fusion in origin of the mm. pronator teres and
extensor carpi radialis (Figs. S1l, m and 14).

The development of the origin areas as well as the masses
of these muscular groups (Fig. 13i, j, k) in Ga. cuja and in
other half-bounders that specialize in fossorial prey items
(ictonychines and mustelines) is intermediate to what is ob-
served in cursorials (e.g., Canis lupus, Hyaena hyaena; Spoor
and Badoux 1986b; Evans 1993; Feeney 1999) and gener-
alized gallopers and fossorials (e.g., Meles meles, Taxidea
taxus; Hall 1927; Quaife 1978; Scherling 1989; Moore et al.
2013) or specialized climbers (e.g., Ailurus fulgens,
procyonids, viverrids, and herpestids; Taylor 1974; McClearn
1985; Fisher et al. 2009). The weak development of these
muscular groups in weasel-like mustelids compared with oth-
er mustelids can be related directly to the reduced capacities of
manipulation and less importance of complex movements of
the forearm during jumping locomotion (Dücker 1968;
Gambaryan 1974; Ben-david et al. 1991; Wilson and
Mittermeier 2009). An extreme reduction of the mass is ob-
served in cursorial species, especially in those that do not use
the forelimbs to manipulate their prey (i.e., hyaenids and
canids; e.g., Hildebrand 1988; Feeney 1999). Cursorial spe-
cies present, among other modifications, a reduction in the
number of insertion tendons of the m. flexor digitorum
profundus, a reduction or absence of the radial origin of the
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radial head of the latter flexor muscle, and the mentioned
absence or vestigial presence of the m. brachioradialis
(Watson, 1882; Windle and Parsons 1897; Spoor and
Badoux 1986b; Evans 1993; Feeney 1999; Evans and de
Lahunta 2013).

In otters, the development of the supinators and pronators
is, generally, similar to that in fossorial arctoids or large
climbers, while the development of flexors and extensors is
more similar to that in weasel-like mustelids (Fig. 13i, j, k). It
is interesting to emphasize that these four muscular groups are
progressively larger in otter lineages that more frequently use
their forelimbs for swimming or for greater manipulation
abilities, from a low proportion in En. lutris, moderate in Lu.
lutra, and to a higher in Ao. cinerea (Williemsen 1980; Kruuk
2006; Wilson and Mittermeier 2009; see also Gambarjan and
Karapetjan 1961).

The proximal extension of the bony margin of origin of the
m. flexor digitorum profundus caput ulnare, as well as the
development of the distal margin of the entepicondyle of the
humerus (origin area of the humeral heads of the m. flexor
digitorum profundus), are excellent osteological indicators of
these changes in the muscular mass: with a maximum devel-
opment in climbing and digging species, intermediate in half-
bounders, and minimum in cursorial species (e.g., Argot
2001).

Many descriptions of the m. palmaris longus and the m.
flexor digitorum superficials in carnivorans present clear no-
menclatural problems (see Spoor and Badoux 1986a; Julik
et al. 2012) or identification errors, which added to the great
number of variants in the origin regions and insertions of these
muscles, complicates precise comparison (Windle and
Parsons 1897). The origin of the m. flexor digitorum
superficialis is frequently over the m. palmaris longus and/or
the humeral heads of the m. flexor digitorum profundus (e.g.,
Fisher 1942; Williams 1955; Davis 1964). However, as occur
in other mammals (e.g., marsupials; Abdala et al. 2006), in
some clades within Carnivora (e.g., hyaenids, canids, some
musteloids and ursids; Windle and Parsons 1897; Fisher et al.
2009), it has been traditionally described as directly reaching
the humeral entepicondyle. This is true for hyaenids and some
other Feliformia (Spoor and Badoux 1986a, b). Nonetheless,
the descriptions of caniforms with humeral origins of the m.
flexor digitorum superficialis are brief, outdated, and seem to
contain identification or nomenclatural errors. As an example
of the possible identification errors, Shepherd (1883) consid-
ered absent the m. palmaris longus inUrsus americanus, but it
is very feasible that the author did not differentiated it (by
omission or real fusion) from the m. flexor digitorum
superficialis, consequently describing erroneously the origin
of the muscle from the humerus. Something similar happened
for Procyon lotor in Allen (1882), Potos flavus in Beswick-
Perrin (1871; mistake corrected afterwards by Julitz 1909,
although using other nomenclature), and Nasua nasua in the

work of Cuvier and Laurillard (1849). These authors describe
a “flexor sublimis digitorum” that would correspond to the m.
flexor digitorum superificialis plus a humeral head of the m.
flexor digitorum profundus, which is evidenced when describ-
ing one of the insertion tendons being fused to the deep
common flexor tendon (Cuvier and Laurillard 1849: plate
96, fig. 3; Beswick-Perrin 1871; Allen 1882). Summarizing,
and considering this reinterpretation, there is no evidence of a
humeral origin for a m. flexor digitorum superficialis in
Caniformia, contrary to what was previously suggested (e.g.,
Fisher et al. 2009), and opposed to the hypothesis that this
would be a plesiomorphic trait at least in Caniformia (see also
Fisher et al. 2009).

Autopodial Musculature

The muscles of the hand of Carnivora have been described by
different authors using very diverse nomenclature, complicat-
ing comparative analysis. The literature is full of cases of
synonyms and homonyms. Windle and Parsons (1897), Spoor
and Badoux (1986a), and recently Fisher et al. (2009) and
Julik et al. (2012) made important efforts in order to solve
these problems (see Jouffroy 1971 and Diogo and Abdala
2010 for a similar approach at higher taxonomic levels). The
musculature of the hand ofGa. cuja corresponds directly with
the general plan of Carnivora, without presenting remarkable
variations. However, in the specimens analyzed we have
detected the presence of the m. abductor digiti II and the m.
abductor digiti IV (this last one is not present in the Nomina
Anatomica Veterinaria; Waibl et al. 2005), both practically
never described as such in species of Caniformia, most prob-
ably because of an omission rather than a real absence, be-
cause these bundles are hidden between the phalanges and are
easily confused with the mm. flexores breves profundi. Ex-
ceptions to this are the record of one or both bundles in one
procyonid (Mackintosh 1875), one mephitid (belly “a” of m.
adductor digiti secundi; Hall, 1926), mustelids (a marten, a
badger; described as the belly “a” of m. adductor digiti
secundi; Hall 1926, 1927; and two otters; Howard 1973; and
those described as the “lateral interosseous of digiti I” and the
“medial interosseous of digiti V” in Fisher 1942), and one
ursid (described within the mm. interossei; Davis 1964). In
Ga. cuja we have registered the presence of both bundles for
the first time in a weasel-like mustelid, indicating that the
presence of these bellies is more common in species of
Musteloidea than what is described in the bibliography.

The m. flexor digitorum brevis manus is a pear-shaped
muscle, superficial to the m. flexor digitorum superficialis,
that originates from the connective tissues that cover the
accessory bone and generally inserts over the second phalanx
of digit V (Beswick-Perrin 1871; Jouffroy 1971; McClearn
1985; Fisher et al. 2009; Diogo and Abdala 2010). Within
Caniformia, the presence of this muscle has been registered in

J Mammal Evol



all procyonids (“φ” originated from “α” of Cuvier and
Laurillard 1849: pl. 96; m. “flexor minimi digiti longus” of
Beswick-Perrin 1871; innominated muscle in Windle 1888;
m. “flexor minimi digiti” of Allen 1882; Windle and Parsons
1897; m. “flexor digiti brevis manus” in McClearn 1985; and
tentatively included in the “m. flexor digitorum sublimis” or
the m. “adductor minimi digiti” by Mackintosh 1875; Julitz
1909; see also Jouffroy 1971), and ailurids (Antón et al. 2006;
Fisher et al. 2009). In ursids, it seems to be present (see
descriptions of the m. “flexor sublimis” in Kelley 1888; the
m. “flexor digiti quinti brevis” and the m. “flexor brevis
digitorum manus” in Davis 1964; contra Fisher et al. 2009).
Given the only know record, it can be considered absent in
mephitids (Hall 1926, corresponding the m. “flexor digiti
quinti brevis” to the m. adductor digiti V) as well as in canids
(Windle and Parsons 1897; Feeney 1999; Evans and de
Lahunta 2013) and several mustelids (Macalister 1873b;
Mackintosh 1875; Windle and Parsons 1897; Scherling
1989), including Ga. cuja.

The only mustelid in which the m. flexor digitorum brevis
manus has been traditionally considered present is in Alix’
(1876) specimen ofMustela putorius (seeWindle and Parsons
1897; Fisher et al. 2009), although in his revision, Jouffroy
(1971) suggested that this muscle is absent for mustelids.
What can be considered as a m. flexor digitorum brevis manus
in this specimen seems to be found in other mustelines and
lutrines for which there are descriptions (Mustela vison, En.
lutris, and probably in Lo. canadensis; Fisher 1942;
Williams 1955; Howard 1973), although the situation is not
clear in other lutrines (Macalister 1873a; Lucae 1875). In
these species this muscle is described as a belly of the m.
flexor digitorum superficialis, partially originated from the
ventral or lateral surface of the m. palmaris longus, a clear
difference from the m. flexor digitorum brevis manus of other
arctoids (Alix 1876; Fisher 1942; Williams 1955; Howard
1973). Particularly for Lo. canadensis (Fisher 1942), it is
remarkable that the whole m. flexor digitorum superficialis
(including the belly for the digit V) originates from the m.
palmaris longus. This situation (i.e., a clearly different origin
and relative position) allows at least establishing the possibil-
ity that the muscle considered as the m. flexor digitorum
brevis manus inMu. putorius, and by extension in mustelines
and lutrines, would actually be a different muscle, originated
as a new variant of the m. flexor digitorum superficialis, not
necessarily homologous to the m. flexor digitorum brevis
manus of basal arctoids and feliforms.

However, for Ta. taxus, the innominated palmar continu-
ation of the m. palmaris longus “B” of Hall (1927) and the
“flexor digiti quinti brevis” of Quaife (1978) are very similar
to an arctoid m. flexor digitorum brevis manus (something
similar occurs with the few fibers originated from the
transverse ligament in Ma. americana; Hall 1926).
Although considering the potential presence in most basal

mustelids and a subsequent lost of this muscle in more
derived clades would not be unreasonable, it would be
overriding to assess its actual presence (through more de-
tailed anatomical research, including innervation patterns) to
confirm this scenario.

Cooperation and Correspondence Between the Fore and Hind
Limbs During Locomotion

It is interesting to compare the main traits of the musculature
of the forelimb in relation to what is observed in the hind limb
of Ga. cuja (Ercoli et al. 2013) and other weasel-like
mustelids. In the next paragraphs it is remarked how the main
postcranial muscular groups can cooperate in common loco-
motion functions.

In weasel-like mustelids, including Ga. cuja, light and
short muscles associated with the articulations of both limbs
(e.g., m. anconeus, m. articularis humeri, m. articularis coxae)
tend to be lost or reduced. These muscles are often interpreted
as proprioceptors or stabilizers of the articulations (Fisher
et al. 2008, 2009; Evans and de Lahunta 2013), so their
reduction is expected in these species, which are neither
cursorial nor perform important non-compressive efforts.

Strong adductors of both limbs (mm. pectorales
superficiales of the anterior limb and mm. adductors of the
hind limb) are found relatively reduced in mass but with a
multiplication of the bellies, being more precise than stron-
ger. This is expected in animals with short limbs and a great
mobility of the axial skeleton, responsible in part in chang-
ing direction and propulsion in weasel-like mustelids (Ercoli
et al. 2013).

The weak and fast flexors of the shoulder (m. infraspinatus,
m. teres major, m. teres minor), as well as the weak and fast
extensors of the pelvis (mm. gluteus, m. gluteofemoralis, m.
piriformis), are relatively reduced in mass. This reduction in
half-bounders species occurs because the propulsion is given
principally by the extensors of the vertebral column, some
strong extensor of the hip (e.g., m. biceps femoris, m. abductor
cruris caudae, hamstrings group), and secondarily by the ankle
musculature (Gambaryan 1974; Ercoli et al. 2013). Precisely
these muscles, as well as the main protractors and extensors of
the forelimb that resist the landing after jumping, are highly
developed and distally extended in weasel-like mustelids. In
contrast, the fast flexors of the shoulder and fast extensors of
the pelvis are developed and crucial in the propulsion of large
generalized species, and especially in cursorials and climbers
(Maynard-Smith and Savage 1956; Gambaryan 1974;
Hildebrand 1988; Feeney 1999).

There is a remarkably great number of strap-like, long
fascicles encompassing multiple articulations and that consti-
tute an important percentage of the muscular mass in both
limbs of generalized species, and especially weasel-like
mustelids. In the forelimb, many of these species share the
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presence of extra heads of the m. triceps brachii (e.g., caput
angulare), m. tensor fascia antebrachii, subdivided m.
pectoralis profundus, and an important relative development
of them, while in the hind limb they share a great mass,
multiple bellies and a wide separation between origins and
insertions of the hamstrings (e.g., m. semimembranosus, m.
semitendinosus; Gambaryan 1974; Ercoli et al. 2013). All
these features point to a greater precision and range of move-
ments of both limbs, increasing the length of the stride
(Hildebrand 1988), a crucial function for weasel-like
mustelids, which possess short limbs and move in crouched
positions in galleries.

Conclusion

This work presents a detailed description of the musculature
of the forelimb of Ga. cuja and gives a review of most of the
available information of Caniformia and specifically
Mustelidae.

Galictis cuja, as well as other weasel-like mustelids, pre-
sents a substantial and complex extrinsic musculature (in
particular the protractors), as well as the intrinsic extensor of
the shoulder and the elbow, in detriment of the antagonist
groups. These features are related to the epigean half-bound
locomotion and the increase of the stride during symmetric
gaits (e.g., prospection, incursion in underground galleries),
which compensates for the shortness of their limbs. The
powerful protractor musculature is related also to the hunting
strategy and carrying of large prey items. Galictis cuja differs
from mustelines in a great number of small changes that seem
to point to a more generalized condition or eventual digging
abilities.

The musculature of the forelimb of Caniformia is informa-
tive from a phylogenetic point of view. Among these traits, the
following are particularly noteworthy: arrangement of the
mm. trapezius, the mm. rhomboideus, and the m.
brachioradialis, and presence of an angular head of the m.
triceps brachii, the m. coracobrachialis, and the m. flexor
digitorum brevis manus. The nomenclatural differences, hom-
onym and synonym problems, are an significant difficulty in
comparing myological studies. From the revision of previous
works, some problems and solutions for some of them were
raised, clarifying the picture, and allowing us to recognize or
to reevaluate diagnostic myological features from different
clades (e.g., mm. pectorales, m. triceps brachii caput angulare,
m. palmaris longus, m. flexor digitorum brevis manus). Al-
though it was not the main topic of this work, the great
diversity and singularities of arrangements of the musculature
within the subfamilies Lutrinae and Guloninae are remark-
able. The proximodistally extended origin of the m.
brachioradialis, shared by some specimens of Ga. cuja and
otters, as well as the loss of a m. tensor fascia antebrachii from

the m. latissimus dorsi in both taxa, are remarkable features
from both a phylogenetic and functional point of view, since
these species are representatives of lineages whose evolution-
ary histories are strongly linked to aquatic habits and which
have been recently proposed as sister groups. A great number
of shared features between mephitids and mustelids (e.g.,
presence of m. rhomboideus profundus, m. triceps brachii
caput angulare, simplified configuration of the flexors of the
elbow and weak adductors of the arm, absence of the m. flexor
digitorum brevis manus), many of them complex and hardly
understandable as convergences, could be indicative of a
closer phylogenetic affinity between these lineages (coincid-
ing closely with cranial osteological studies; e.g., Bryant et al.
1993; Wolsan 1999). A more reliable option, taking the pro-
posal of mephitids as the most basal living musteloid taxon
into account (Flynn et al. 2005; Eizirik et al. 2010; Sato et al.
2012), could be that these features were already present in a
common musteloid ancestor, and secondarily modified in
ailurids and procyonids. The latter would suggest an hypo-
thetical half-bounder predator musteloid common ancestor.
Future works may validate the importance of these muscular
traits in an evolutionary context.

Koepfli et al. (2008) suggested that the diversification of
mustelids (excluding badgers that are basal lineages) was
promoted by global climate changes in two specific pulses
of aridity, during the late Miocene and Pliocene. These new
lineages (especially weasel-like mustelids including martens)
would have exploited the niche of predators specialized in
small rodents. The optimizations performed in this work indi-
cate that some myological features -which seem
plesiomorphic for Musteloidea- in these lineages (presence
of the m. rhomboideus profundus, presence of the m. triceps
brachii caput angulare), added to the acquisition of others
(presence of a separated m. rhomboideus capitis, reduction
of the intrinsic musculature and the limbs in general, increas-
ing of protractor mass, and greater relative development of the
extensor of the shoulder), could have represented crucial
factors for the exploitation of this new niche. At a higher
hierarchical level, we found the optimization of many traits
(e.g., presence of multiple heads for the m. bíceps brachii, m.
brachialis, presence de m. coracobrachialis, m. articularis
humeri, m. flexor digitorum brevis manus) consistent with
adaptations for climbing in the main basal nodes within
Caniformia (and in some cases for this node itself). This
agrees with the proposal (e.g., Martin 1989; Heinrich and
Houde 2006) of a viverrid-like miacid ancestor, agile and
suited for arboreal life, as the evolutive origin of the
Caniformia. Although the strictly terrestrial specialization of
extant mephitids and canids affects greatly the optimization,
future myological-evolutive studies that incorporate a higher
number of species would allow a better comprehension of the
phylogenetic relationships within Carnivora, as well as the
evolutionary history of the group.
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