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Abstract Mustelids are a morphofunctionally diversified
group. However, there are no descriptions of the postcranial
musculature of South American mustelid species except for
some comments from the 19th century. Here, we present the
first description of the myology of the hind limbs, and
lumbar, sacral, and caudal regions of the lesser grison
(Galictis cuja), a short-legged South American mustelid,
including muscle maps and weight data. We interpret the
function and the evolution of several muscular features
within a comparative framework and through the optimiza-
tion of these traits onto a phylogeny. The configuration of
the axial musculature (e.g., m. quadratus lumborum with
short bundles, heavy iliocostalis, and forward originated
sacrocaudalis dorsalis) and the presence of strong ankle
musculature are features shared with mustelines and, to a
lesser degree, with other musteloids. These could be related
to a high mobility of the axial skeleton and strong control of

the movement of the ankle joint, in relation to the acquisi-
tion of epigean bounding gaits, a crouched locomotion, and
enhanced maneuverability inside burrows. We recorded
many phylogenetically significant traits, shared with other
arctoids (e.g., subdivision of m. gluteus profundus and semi-
membranosus, presence of a single belly for m. sartorius,
and absence of articularis coxae) or exclusively musteloids
(e.g., frequent fusion between m. piriformis and gluteus
medius). Some features (e.g., restricted origin of the caudal
belly of the m. semitendinosus, absence of gluteofemoralis,
and unusually complex fibularis brevis) seem to be derived
conditions acquired in some mustelid clades. Our results
sustain the value of myological data for functional and
phylogenetic studies.

Keywords Galictis . Hind limb . Lumbar region .
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Introduction

The study of the myology and osteology of the mammalian
postcranium is relevant in many ways. For example,
morphofunctional interpretation allows a better understanding
of specific functions and alternative movements related to
different locomotor modes and other motor activities (e.g.,
digging and object manipulation) performed by an individual
in its natural environment (Gambaryan 1974; Leach 1977;
Hildebrand 1988). Additionally, muscular and osteological
anatomy have been considered as potential sources of
phylogenetic information (e.g., Windle and Parsons 1897,
1898; Parsons 1898; Fisher et al. 2008, 2009).

Among carnivorans, many myological studies of canids
and felids are available in the literature, especially for the
domestic dog and cat (e.g., Evans 1993; Williams et al.
2008a, b; Evans and de Lahunta 2010; Hudson et al. 2010,
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2011). On the other hand, only a few studies document the
myology of other carnivoran families (e.g., Macalister
1873a, b; Davis 1964; Taylor 1974, 1976; Leach 1977;
McClearn 1985; Fisher et al. 2008, 2009), which are really
diverse in their locomotor adaptations. During the last
150 years, only a few publications have dealt with certain
details of the postcranial musculature of some mustelid species
(Table 1), most of these focusing primarily on limbs. In addition,
a few taxonomically broad comparative studies afforded sparse
data about some other mustelid species (e.g.,Gulo gulo,Galictis
vittata, Ictonyx libyca, Ictonyx striatus,Martes pennanti,Melli-
vora capensis, Mustela nivalis, Mustela eversmanni, Vormela
peregusna; e.g., Meckel 1828; Windle 1889; Windle and

Parsons 1897, 1898; Slijper 1946; Gambaryan and Karapetjan
1961; Pierard 1965; Souteyrand-Boulenger 1969; Gambaryan
1974; Feeney 1999).

In relation to the use of substrates, mustelids belong to a
diverse group that includes species that are frequent climbers
(e.g., Martes, Eira), primarily terrestrial (e.g., Gulo), semifos-
sorial diggers (e.g.,Meles, Taxidea), semifossorial non-diggers
(e.g.,Mustela), and aquatic or semiaquatic species (e.g.,Lontra,
Enhydra). They are also diverse in mode of locomotion, in-
cluding trot, gallop, half-bound, and bound among their gaits
(Simpson 1945; Tarasoff et al. 1972; Ewer 1973; Gambaryan
1974; Holmes 1980; Van Valkenburgh 1987; Schutz and
Guralnick 2007; Horner and Biknevicius 2010). It has been
proposed that differences in locomotor styles correspond close-
ly with phylogenetic relationships among species (Simpson
1945; Holmes 1980; Schutz and Guralnick 2007). Also, a
number of muscular characters has been considered informa-
tive on phylogenetic grounds (e.g., Windle and Parsons 1897,
1898; Fisher et al. 2008, 2009; Julik et al. 2012).

There are no myological anatomical descriptions of the
postcranium of South American mustelid species aside from
three studies from the ends of the 19th century, which
include partial descriptions of specimens of Eira barbara
and Galictis vittata (Macalister 1873b; Windle and Parsons
1897, 1898). In their work, Windle and Parsons (1897,
1898) only mentioned limited comments about Galictis
vittata and two additional species of the Ictonychinae sub-
family (Ictonyx lybica and Ictonyx striatus), which is at
present the only information available for this subfamily.

The lesser grison (Galictis cuja) is a mid-sized mustelid
(1–2.5 kg; Wilson and Mittermeier 2009). Its range extends
through southern South America in Argentina, Chile, Boli-
via, Brazil, Paraguay, and Uruguay (Wilson and Mittermeier
2009). It occurs in a variety of habitats, from rainforests to
grasslands (Yensen and Tarifa 2003). Primarily carnivorous,
lesser grisons prey mostly on rodents, rabbits, birds, reptiles,
and amphibians, and secondarily on eggs, fruit, and inver-
tebrates; they are able to track, pursue, scratch, and get into
their prey’s tunnels to hunt them (Azara 1802; Yensen and
Tarifa 2003; Wilson and Mittermeier 2009). Lesser grisons
are also able to swim and dig their own burrows, but they
are not specialized diggers and do not climb trees (Cabrera
and Yepes 1940; Yensen and Tarifa 2003; Wilson and
Mittermeier 2009). The locomotor abilities of this species are
poorly documented; it has been described as presenting a slow
ambulatory gait without a floating phase (Schutz and Guralnick
2007), using walking and trotting (Yensen and Tarifa 2003),
although it is also able to run using asymmetrical steps (Dücker
1968) as has been noted for its sister taxaG. vittata (Yensen and
Tarifa 2003).

The principal goal of this study is to present a detailed
myological description of the lumbar and caudal regions and
the hind limb of the lesser grison. Obtained data are

Table 1 The sources of myological data for the Family Mustelidae.
Numbers in parenthesis indicate the specimens examined in the orig-
inal works, if known. (*) indicates that the reference 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
1898 (*); Souteyrand-Boulenger 1969 (1)

Enhydra lutris Gambaryan and Karapetjan 1961 (1);
Gambaryan 1974 (1); Howard 1975 (1)

Lontra canadensis Fisher 1942 (1); Tarasoff 1972 (*)

Lutra lutra Cuvier and Laurillard 1849 (1); Haughton
1867c (1); Lucae 1875 (1); Windle and
Parsons 1898 (1); Slijper 1946 (1);
Gambaryan and Karapetjan 1961 (2–5);
Souteyrand-Boulenger 1969 (1); Gambaryan
1974 (3)

Gulolinae

Eira barbara Macalister 1873b (1); Windle and Parsons
1898 (*); Souteyrand-Boulenger 1969 (1)

Martes americana Hall 1926 (1)

Martes foina Cuvier and Laurillard 1849 (1); Mackintosh
1875 (1); Windle and Parsons 1898 (*);
Gambaryan and Karapetjan 1961 (2–5);
Gambaryan 1974 (2)

Melinae

Meles meles Cuvier and Laurillard 1849 (1); Haughton
1867b (1); Windle and Parsons 1898 (1);
Gambaryan and Karapetjan 1961 (2–5);
Souteyrand-Boulenger 1969 (1); Gambaryan
1974 (6); Scherling 1989 (6)

Mustelinae

Mustela nigripes Bisaillon 1976 (2)

Mustela putorius Alix 1876; Windle and Parsons 1898 (*);
Slijper 1946 (1); Gambaryan 1974 (1); Evans
and Quoc An 1980; Moritz et al. 2007 (1)

Mustela vison Williams 1955

Taxidiinae

Taxidea taxus Hall 1927 (1)
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interpreted within a comparative, functional, and phyloge-
netic framework. Our goal is that these new data, together
with previously published dissections, will highlight future
ecomorphological studies among mustelids, but also will
become a new source of characters that help elucidate phy-
logenetic relationships among fossil and living mustelids.

Materials and Methods

We studied myological and osteological material of G. cuja
from the following Argentinean collections: Colección Félix
de Azara, Universidad de Maimónides, Buenos Aires (CFA-
Ma); Museo Argentino de Ciencias Naturales “Bernardino
Rivadavia,” Buenos Aires (MACN-Ma); and Museo de La
Plata, Buenos Aires (MLP).

The first specimen was an adult male (field number
MASTO 92, MACN-Ma) preserved with skin, from kilometer
96 of provincial road 2 near the Samborombón River, Buenos
Aires province, Argentina. The total length was 720 mm. This
specimen was fixed in a solution of one part of forma-
lin to 18 parts water saturated with NaCl (Woods 1972;
see also García-Esponda and Candela 2010) for a week;
later it was stored in 70 % ethanol.

The second specimen (MACN-Ma 28.163) was an adult
female preserved with no skin and without most distal
phalanges, possibly from Jujuy province, Argentina. The
total length was 450 mm. The third specimen (MACN-Ma
39.207) was an adult male preserved with damaged lumbar
region from Bialet Massé, Punilla Department, Córdoba
province, Argentina. The total length of this last specimen
was 750 mm. Both specimens were originally fixed in a
formalin solution (exact solution is not known), and subse-
quently stored in 70 % ethanol. Additional observations
came from a fourth specimen (CFA-Ma 12837) from General
Lavalle, Buenos Aires. We used the following wild-caught
specimens: MACN-Ma 23519; MLP 12.V.97.42,
25.IV.01.1, and 674 as osteological references.

Number of vertebrae observed in the lesser grison specimens
was: five lumbar (L1 - L5), three sacral (S1 - S3), and typically
21 caudal (C1 - C21) vertebrae. Specimen 1 presents only four
lumbar vertebrae and 16 rather than the usual 15 thoracic
vertebrae.

For the first three specimens, we weighed the dry mass of
each muscle (Supporting Information Table S1). We
recorded the principal intraspecific variations (Supporting
Information Table S2). During myological description and
discussion, we primarily followed Hall (1926, 1927), Evans
(1993), and Fisher et al. (2008) and, secondly, other
anatomical studies mentioned whenever required. Anatomical
terminology follows the Nomina Anatomica Veterinaria
(Waibl et al. 2005). We followed the subfamilial taxonomy
as presented by Koepfli et al. (2008) and Sato et al. (2012).

Several muscular characters (characters and states definitions
in Fig. S1) were mapped onto a phylogeny using the TNT
software (Goloboff et al. 2008) to explore their evolution and
to obtain ancestral states reconstructions. Character states were
considered as ordered, except characters B, C, I, J, L, and Q
(Fig. S1). A composite phylogeny was assembled from several
sources (Flynn et al. 2005; Koepfli et al. 2007, 2008).

Results

Weighing

Muscle weights for each specimen are presented in the Sup-
porting Information Table S1. The percentage values relative
to the total mass of the hind limb in G. cuja are presented in
Table 2. Figure 1 illustrates the muscle mass distribution ofG.
cuja in comparison with other carnivorans.

The dry mass of the muscles of specimens 1 and 3 (male
specimens) were typically three times greater than the
masses of specimen 2 (female specimen). However, mass
percentage values of each muscle relative to the total hind
limb weight were similar in most cases. Beyond this, there
were marked differences in some muscles between the two
male specimens and the female one, such as those observed
for the m. iliocostalis lumborum, mm. gemelli, and m.
tibialis caudalis (Supporting Information Table S1). Regard-
ing the m. iliocostalis lumborum, specimen 1 (male) pos-
sesses a dry mass of this muscle relativized to the leg weight
of about 15 %, twice that of specimen 2 (female). The
relativized dry mass of mm. gemelli was very variable
between legs of the same and among specimens. In the case
of m. tibialis caudalis, the female specimen possesses a dry
mass of this muscle relativized to the leg weight of 0.77 %,
approximately twice the values presented by the male speci-
mens. The curve of mass distribution of hind limbs of G.
cuja is very similar to some other weasel-like mustelids such
as Mustela, Martes, and Vormela, genera that use bounding
gaits, but it is different from cursorial (e.g., Acinonyx,
Canis), semi-aquatic (e.g., Enhydra, and to a lesser degree
Lutra), and ambulatory carnivorans (e.g., Gulo, Mellivora,
Ursus). Galictis cuja presents a weak development of
adductors and weak extensors of the hip joint, a moderate
to weak development of the extensors of the knee joint, and
strong development of heavy extensors of the hip and the
ankle, and flexors of the digits (Fig. 1).

Epaxial Muscles

M. iliocostalis lumborum (Figs. 2a,b, 3 and 4a,c)

This muscle is the lateralmost of the lumbar epaxial
muscles. It is robust and has a cylindrical shape; its fibers
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run superficially in lateral and cranial directions from the
caudal and medial region (Fig. 2a,b). Cranially, it continues
as the m. iliocostalis thoracis, sharing with it a great number
of fibers, especially in the superficial aspect. About the L1-2
vertebrae, the m. iliocostalis lumborum is partially covered
by a group of fleshy fibers, corresponding to the m. long-
issimus thoracis, that continue as a superficial fascia in a

caudal direction up to the ilium. This muscle originates
mostly through fleshy fibers from the medial surface of the
ala ossis ilii (wing of the ilium) and the iliac crest, and
via tendinous fibers from the medial aspect of the lum-
bodorsal fascia. Some of the fibers originate from the
body of the last lumbar vertebra, just caudal to its
transverse processes. It inserts via a tendinous sheet onto

Table 2 Percentage dry mass of
each muscle of the hind limb,
lumbar region, and tail of
Galictis cuja, relative to the total
muscle mass of the hind limb.
Values represent the average
percent values of the three
specimens analyzed

Muscles Mass (%) Muscles Mass (%)

Epaxial Rectus femoris 6.21

Iliocostalis lumborum 10.06 Vastus lateralis 7.09

Transversospinalis, lumbar sector 3.33 Vastus medialis 1.87

Interspinales (L2-3) 0.04 Vastus intermedius 0.79

Interspinales (L3-4) 0.08 Gracilis 4.22

Intertransversarii lumborum (L4-5) 0.02 Pectineus 0.68

Tail Adductor longus (proximal) 0.29

Coccygeus 0.55 Adductor longus (distal) 1.70

Sacrocaudalis ventralis medialis 1.32 Adductor brevis 1.30

Sacrocaudalis ventralis lateralis 1.92 Adductor magnus 2.64

Sacrocaudalis dorsalis medialis 1.80 Obturator externus 0.91

Sacrocaudalis dorsalis lateralis 6.81 Leg

Intertransversarii ventrales caudae 0.78 Gastrocnemius (lateral) 2.85

Intertransversarii dorsales caudae 1.79 Gastrocnemius (medial) 3.91

Rectum and urogenital Soleus 0.95

Levator ani 0.59 Flexor digitorum superficialis 2.84

Pubocaudalis 0.48 Popliteus 0.69

Iliocaudalis 0.62 Flexor digitorum lateralis 2.31

Ischiocavernosus 0.26 Flexor digitorum medialis 0.61

Bulbospongiosus (pair) 0.76 Tibialis caudalis 0.55

Rectococcygeus 0.08 Fibularis longus 0.58

Sublumbar Fibularis brevis 0.70

Psoas minor 0.77 Extensor digitorum lateralis 0.34

Iliopsoas 4.05 Tibialis cranialis 2.49

Quadratus lumborum 2.36 Extensor digiti I longus 0.28

Thigh Extensor digitorum longus 1.53

Gluteus superficialis 2.29 Foot

Gluteus medius 4.47 Extensor digitorum brevis 0.41

Piriformis 0.63 Abductor digiti V 0.05

Gluteus profundus 0.70 Flexor digitorum brevis 0.59

Gemelli 0.26 Interflexores 0.06

Obturator internus 0.46 Quadratus plantae 0.21

Biceps femoris 12.42 Lumbricales 0.13

Abductor cruris caudalis 0.72 Adductores digitorum 0.10

Semitendinosus 3.66 Flexor breves profundi (I) 0.13

Semimembranosus (femoral) 5.50 Flexor breves profundi (II) 0.15

Semimembranosus (tibial) 5.29 Flexor breves profundi (III) 0.22

Sartorius 5.50 Flexor breves profundi (IV) 0.22

Tensor fasciae latae 1.81 Flexor breves profundi (V) 0.27

Quadratus femoris 0.61
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the caudal edge of the last two ribs, on its angle and
dorsal regions. Some of the fibers reach the lateral and
caudal aspects of the body of the last thoracic vertebra.
This muscle also inserts through numerous fleshy and
tendinous fibers on the dorsal surfaces of the transverse
processes of the last lumbar vertebra. On other lumbar
vertebrae, these insertions are found exclusively at the base
and posterolateral ends of the transverse processes, and onto
the ventral region of the accessory processes (Fig. 3a).

M. transversospinalis, lumbar region (Figs. 2a,b and 3b,c)

It is the most medial series among the epaxial muscles in the
thoracolumbar region. It is composed of metameres mostly
fused among them and with its thoracic continuation. It
corresponds to the cranial continuation of the m. sacrocau-
dalis dorsalis medialis. It originates through principally
fleshy fibers from the lateral surface of the spinous process-
es and the dorsal surface of the articular processes of all
lumbar vertebrae, except the last one (Fig. 3b,c). Also, some
fibers originate from the lumbodorsal fascia. The insertion is
via fleshy fibers on the mammillary processes of all lumbar
vertebrae. The last bundle inserts onto the dorsal area of the
intermediate sacral crest of S1-2.

Mm. interspinales (Fig. 3b,c)

These muscles are composed of small, sheet-like bellies
that are almost indistinguishable from the transversospi-
nalis system, better defined on the caudal end of the
lumbar region. They are composed mostly of fleshy
fibers that lie on the sides of a tendinous fascia that
connects the spinous processes of contiguous vertebrae.
The origins and insertions of these muscles are via fleshy
and tendinous fibers at the caudal and cranial edges of

the spinous processes of contiguous lumbar vertebrae,
respectively.

Mm. intertransversarii lumborum (Fig. 3b,c)

These are sheet-like muscles that partially differentiate from
the m. iliocostalis lumborum. There are some fusing points
with the m. quadratus lumborum. Their origins and inser-
tions are through fleshy fibers along the cranial and caudal
margin of the transverse processes of adjacent lumbar
vertebrae, respectively.

Muscles of the Tail

M. coccygeus (Figs. 2c, 3a, 4b,c, 5b and 6a)

This flattened, fan-shaped muscle lies between the mm.
intertransversarii dorsales caudae and the m. sacrocaudalis
ventralis lateralis. It originates via fleshy fibers from the
ischial spine (Fig. 4b,c). It inserts mostly via fleshy fibers,
onto the ventral surface of the transverse processes of C2-4,
and some fibers reach the caudal end of C1 (Fig. 3a). In the
caudal region of insertion, this muscle shares some ten-
dinous fibers with the mm. intertransversarii dorsales
caudae.

M. sacrocaudalis ventralis medialis (Figs. 2c and 3a)

It is an elongated and thin muscle composed of multiple
differentiable metameres. It runs parallel and medial to
the m. sacrocaudalis ventralis lateralis and partially fuses
with it. In the sacral region, both right and left counter-
parts do not contact thus leaving a space free of insertion
at the midline (Fig. 3a). The first metameres originate
mostly via fleshy fibers, while the last ones originate via
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Fig. 1 Comparative curves of percent mass relative to the total hind
limb mass of principal muscular group in some carnivorans with
different locomotor habits. ADD, adductor mass of hip including m.
pectineus; WE, weak extensor of the hip (gluteal group including m.
piriformis); SE, strong extensor of hip (hamstring group); EK, extensor
of the knee (m. quadriceps); EA, principal extensors of the ankle (m.

gastrocnemius and m. flexor digitorum superficialis); EA2, other ex-
tensor of the ankle (m. flexor digitorum medialis, m. flexor digitorum
lateralis, and m. tibialis caudalis); FG, fibular group (m. fibularis
longus, m. fibularis brevis and m. extensor digitorum lateralis). Data
compiled from Gambaryan (1974), Hudson et al. (2010), and this work
(data for Galictis cuja)
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tendinous fibers. They arise from the ventral aspect of
the sacral and caudal vertebral bodies. The first bundle
originates on the ventral surface of S1. In the cases in
which it could be defined (two cases), the remaining
metameres originate from C1, C3-4, and C7. Each bundle
inserts onto caudal bundles and the ventral midline of
every caudal vertebrae.

M. sacrocaudalis ventralis lateralis (Figs. 2c and 3a,c)

It is robust and cylindrical, and it consists of multiple
bundles strongly fused together. The fibers of each bundle

run in ventral and medial directions, generating a series of
flattened tendons that run craniocaudally and mediolaterally,
and are covered by the lateral surface of the m. sacrocaudalis
ventralis medialis, to which this muscle partially fuses. It
originates via fleshy fibers, from the caudoventral aspect of
the last lumbar vertebra, the ventral surface of the sacrum
and its transverse processes, and from the ventral surface of
the transverse processes of the caudal vertebrae. The last
well differentiable area of origin was recorded on C10. It
inserts via elongated tendons that gradually accumulate and
become thinner to finally fuse with more caudal bundles in
the medial zone.

Fig. 2 Axial musculature of
Galictis cuja in dorsal view
before (a) and after (b)
removing m. longissimus and
fascias. Axial musculature in
ventral view and hind limb
musculature in medial view (c)
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M. sacrocaudalis dorsalis medialis (Figs. 2b, 3b,c and 4a)

This muscle represents the caudal continuation of the trans-
versospinalis system. It is elongated and consists of multiple
bundles. Each bundle presents fibers that run in caudal and
lateral direction, covering approximately three vertebrae
between their origin and insertion. The most cranial bundle

originates, mostly via tendinous fibers, from the caudal and
dorsal aspect of the spinal process of the last lumbar verte-
bra. Subsequent bundles originate from the spinal processes
of the sacral and caudal vertebrae (Fig. 3b,c). It inserts onto
the cranial ends of the anterior articular processes of caudal
vertebrae. Also, bundles can insert on the mammillary
processes if they are present.

Fig. 3 Muscular maps of
Galictis cuja: ventral (a), dorsal
(b), and lateral (c) views of
axial regions

Fig. 4 Muscular maps of Galictis cuja: cranial (a), lateral (b), and medial (c) views of the pelvis
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M. sacrocaudalis dorsalis lateralis (Figs. 2b and 3b,c)

It is a metameric and flattened muscle located between the
m. iliocostalis lumborum and the lumbar muscles of the
transversospinalis system. The m. sacrocaudalis dorsalis
lateralis can be interpreted as the caudal continuation of
the longissimus system. Muscular bundles are elongated
and fusiform, and interweaved among each other; each
bundle covers five vertebrae. In the caudal lumbar and
sacral regions, bundles can be clearly differentiated from
the transversospinalis system, from which is separated by a
fascia. As it runs caudally, the section of this muscle dimin-
ishes continuously, and becomes fully tendinous after the

proximal third of the tail. The first principal bundle origi-
nates via a few tendinous fibers from the fascia that covers
the thoracic region and via fleshy fibers from the lateral
surface of the transversospinalis system, at the level of the
last thoracic vertebra. Principal muscular bundles of the
lumbar region are progressively more robust towards the
caudal region, and originate via tendinous and fleshy fibers
from the accessory processes of all lumbar vertebrae and the
lateral aspect of the last one (Fig. 3b,c). Some minor bundles
originate on the caudolateral aspect of the body of the
lumbar vertebrae. Another main muscular bundle originates
on the whole dorsal surface of the sacral lateral crest; mean-
while, the remaining smaller bundles, originate in the

Fig. 5 Hind limb of Galictis cuja in lateral view: superficial (a) and intermediate (b) musculature

Fig. 6 Hind limb of Galicitis cuja in lateral view: deep musculature (a, b)
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anterior area of the transverse and anterior articular process-
es of the caudal vertebrae. The last distinguishable origin
was recorded at C7. These bundles insert via a common
tendon that runs over the dorsal aspect of the tail, overlying
the transverse processes of the caudal vertebrae to which
some fibers attach. Additionally, there are tendinous attach-
ments onto the anterior articular processes and the cranio-
dorsal aspect of the caudal vertebrae.

Mm. intertransversarii ventrales caudae (Figs. 2c and 3a)

It is an elongated muscular band composed of a few fused
bundles. These small muscles are shorter than the mm.
intertransversarii dorsales caudae. They can be interpreted
as a caudal continuation of the m. coccygeus (Fig. 2c), and
are partially fused with the mm. intertransversarii dorsales
caudae. In most cases (five hind limbs) this muscular band
presents two bundles located between the m. coccygeus and
the seventh or the eighth caudal vertebra. This muscle
originates via tendinous and fleshy fibers, from the ventro-
lateral ends of the transverse processes of C5-7. This muscle
originates also via fleshy fibers from the caudal end of the
m. coccygeus. It typically inserts via tendinous and fleshy
fibers onto the ventrolateral end of the transverse processes
of C6-8.

Mm. intertransversarii dorsales caudae (Figs. 2b and 3b)

This muscle is located lateral to the m. sacrocaudalis
dorsalis lateralis. It presents a tubular shape and it
becomes progressively tendinous towards the caudal
region. It originates via fleshy and tendinous fibers,
from the caudal dorsal iliac spine and the caudal end
of the lateral sacral crest (Fig. 3b), and from the dorsal
sacroiliac ligament. From C3, a metameric pattern for
the attachments is observed onto the lateral ends of the
transverse processes of those vertebrae. It inserts mostly
via tendinous fibers onto the lateral aspects of the
transverse processes from C1 to C13 or C14.

Some Muscles of the Urogenital System and Rectus

M. levator ani (Figs. 2c, 4a,c, 5b and 6a)

It consists of two muscular groups (m. pubocaudalis and m.
iliocaudalis). It presents an inverted fan-shape and it lies
medial to the m. coccygeus.

M. pubocaudalis (Figs. 2c, 3a and 4a,c)

It is a fan-shaped and flattened muscle that lies medial to the
m. iliocaudalis with which it shares tendinous fibers near its
insertion. At the end of its trajectory, it becomes a flattened

tendon located medial to the mm. sacrocaudalis ventralis.
This muscle originates via fleshy fibers from the internal
surfaces of the cranial and caudal ramus of the pubis
(Fig. 4a,c). It inserts via tendinous fibers onto the cranial
and lateral aspects of C4 (Fig. 3a).

M. iliocaudalis (Figs. 2c, 3a and 4a,c)

It is flattened and fan-shaped muscle that is located medial
to the m. coccygeus. Near its insertion it becomes tendinous
and shares fibers with the m. pubocaudalis. It originates via
fleshy fibers, from the internal surface of the acetabulum
and the ventral margin of the ilium (Fig. 4a,c). It inserts via
tendinous fibers and a flat fascia onto the mm. sacrocaudalis
ventralis lateralis at the level of C4 (Fig. 3a) and, in some
cases, some fibers reach C3 or C5. Only a few fibers have a
bony attachment at these vertebrae.

M. ischiocavernosus (Fig. 4b,c)

This short, spindle-shaped muscle originates, via fleshy
fibers, from the caudal margin of both ischium and pubis
(Fig. 4b,c). It inserts onto the base of the urogenital
protuberance.

M. bulbospongiosus (Fig. 4b,c)

It is a small muscle; counterparts are strongly fused on the
sagittal plane. It originates via a large number of tendinous
fibers, from the caudal area of the internal surface of the
pelvic symphysis (Fig. 4b,c) and from adjacent muscles and
tissues including the ventral surface of C1. It inserts onto the
ventral and proximal area of the penis.

M. retractor penis

This muscle is absent in the lesser grison.

M. rectococcygeus (Figs. 2c and 3a)

This elongated muscle runs medial and ventral between the
anus and the proximal end of the tail. It is located between
the left and right mm. pubocaudalis and caudal to them. It
originates via fleshy fibers from the rectum. It inserts via
weak and few tendinous fibers, onto the medial aspect of
C4-C6 (Fig. 3a).

Sublumbar Muscles

M. psoas minor (Figs. 3a,c and 4)

This muscle lies superficial to the m. iliopsoas. It is slender
and flattened; it becomes tendinous at about half of its
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length. It originates via fleshy and tendinous fibers, on
subsequent ventrolateral tubercles of the ventral surface of
L2-3 (L1-2 in specimen 1; Fig. 3a,c), sharing fibers with the
origin of the diaphragm. This muscle inserts via a tendon
onto the ilium, inmediately anteroventral to the acetabulum
(Fig. 4).

M. iliopsoas (Figs. 2c, 3a, 4a,c and 7a)

This muscle resembles an inverted fan, and is composed of
the m. psoas major and the m. iliacus. In ventral view, the
origins of the left and right m. psoas major do not contact
each other; they are separated by a midline lacking fibers
where vertebral bodies can be observed. Near its insertion,
the m. psoas major fuses with the m. iliacus and forms the
m. iliopsoas. M. psoas major originates mainly via fleshy
fibers from the ventrolateral region of vertebral bodies, the
ventrolateral tubercles, and the base of the transverse pro-
cesses of the last two (and some cases three) lumbar verte-
brae (Fig. 3a), and on the m. quadratus lumborum at the
level of the last three lumbar vertebrae. The m. iliacus
originates from the arcuate line and the ventral margin of
ilium (Fig. 4a,c). The insertion of m. iliopsoas is mainly via
fleshy fibers, onto the lesser trochanter (Fig. 7a), and sec-
ondarily onto the femoral neck and the capsule of the hip
joint.

M. quadratus lumborum (Figs. 2c, 3 and 4)

The m. quadratus lumborum is composed of a series of
at least six or seven partially fused fleshy bundles, which
run in a caudolateral direction. The series of bundles
becomes progressively more robust, independent, fleshy,
and short. This muscle originates, with a metameric
pattern, along the last four thoracic and all lumbar ver-
tebrae. The first bundles have locally tendinous origins
on the ventrolateral tubercles, and through accessory
fibers from at least three thoracolumbar vertebrae, and
from the ventral margin of the cranial costal foveas.
Subsequent metameres originate through fleshy fibers
from the whole ventral surface of the vertebral bodies.
The first lumbar metamere originates through fleshy
fibers from the transverse processes and bodies of L1-3,
while each of the two last metameres originates exclusively
from transverse processes (Fig. 3). The last bundle is totally
independent of the remaining and originates principally
through fleshy fibers from the ventral surface of the transverse
processes of the last one or two lumbar vertebrae. The inser-
tion is via tendinous and fleshy fibers. The anterior bundles
insert onto the anterolateral extremes of the transverse pro-
cesses of the posterior lumbar vertebrae and onto posterior
bundles. The last bundle is the only one that insert directly
onto the caudal ventral iliac spine (Fig. 4).

Fig. 7 Muscular maps of Galictis cuja: caudal (a), medial (b), cranial (c), and lateral (d) views of femur
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Musculature of the Thigh

M. gluteus superficialis (Figs. 4b, 5a and 7d)

This muscle lies on the anteroproximal region of the thigh
(Fig. 5a). It is a pennate and inverted fan-shaped muscle,
with a more developed caudal portion. In three hind limbs,
the caudal portion of the m. gluteus superficialis tends to
divide into one or more bellies (see m. gluteofemoralis). It
originates via an aponeurosis from the iliac crest
(Fig. 4b) and via fleshy and tendinous fibers from the
sacrocaudal aponeurosis, covering the first and second
caudal vertebrae. It inserts, mainly via fleshy fibers,
onto the lateral aspects of the greater trochanter
(Fig. 7d) and onto the the insertion of the mm. gluteus
medius and tensor fasciae latae.

M. gluteofemoralis (m. caudofemoralis)

This muscle is absent. The subdivision of the caudal portion
of the m. gluteus superficialis observed in three hind limbs
could be a remnant of this muscle.

M. gluteus medius (Figs. 4b,c, 5b and 7a,d)

It presents an inverted cone-like morphology. This muscle
can be found fused with the m. piriformis to some degree.
This muscle originates through fleshy fibers, from the
dorsolateral surface of the body and wing of the ilium,
including the sacral tubercle (Fig. 4b,c). When it is
fused with the m. piriformis, it also originates on the
lateral sacral crest. A superficial group of fibers
becomes tendinous and reaches the lumbosacral fascia
at the level of the sacroiliac joint. The insertion is via
both fleshy and tendinous fibers onto the dorsolateral
region of the greater trochanter (Fig. 7a,d).

M. piriformis (Figs. 3, 5b and 7a,d)

This is a band-like shaped muscle; it sometimes can be fused
with the m. gluteus medius. Its origin is via fleshy fibers,
from the lateral and ventral aspects of the middle lateral
sacral crest (Fig. 3). It inserts mainly through tendinous
fibers onto the posterolateral region of the greater trochanter
(Fig. 7a,d).

M. gluteus profundus (Figs. 4b,c, 6a and 7c)

It presents an inverted cone-morphology. Typically, it presents
two bellies (cranial and caudal), but sometimes a third inter-
mediate belly is present (Fig. 6a). The cranial belly originates
via fleshy fibers from the ilium and the anterodorsal margin of
the acetabulum (Fig. 4b,c). The caudal belly originates in a

restricted area dorsal to the acetabulum. Some fibers originate
from the articular capsule of the hip joint. The insertion is
mainly through tendinous fibers onto the dorsal margin of the
femoral neck and the dorsomedial region of the greater tro-
chanter (Fig. 7c).

Mm. gemelli (Figs. 4b,c, 5b, 6a and 7a)

These short muscles are partially fused at their origins with
the m. obturator internus. They originate via fleshy fibers
from the cranial, lateral, and dorsal edges of the ischial
tuberosity and the body of the ischium (Fig. 4b,c). They
insert by tendinous fibers onto the proximal region of the
trochanteric fossa (Fig. 7a).

M. obturator internus (Figs. 4c, 5b, 6a and 7a)

This is an inverted cone-shaped muscle that is frequent-
ly partially divided into two bellies near its origin. It
originates mainly via fleshy fibers from the medial
surface of the obturator foramen (Fig. 4c). This muscle
passes and turns over the dorsal margin of the ischium
to reach its insertion. The insertion is, via tendinous
fibers, onto the proximal region of the trochanteric
fossa, near and together with the mm. gemelli and the
m. obturator externus (Fig. 7a).

M. quadratus femoris (Figs. 4b, 5b and 7a)

It is a thick and short fusiform muscle. It originates via
fleshy fibers from the caudal area of the lateral surface of
ischium (Fig. 4b). It inserts via fleshy and tendinous fibers
onto the caudodistal region of the greater trochanter and the
distolateral margin of the trochanteric fossa (Fig. 7a). Some
fibers reach the articular capsule of the hip joint.

M. biceps femoris (Figs. 4b,c, 5a, 7d and 8d)

The m. biceps femoris is a massive, bilobate, fan-shaped
muscle (Fig. 5a) composed of two flat, partially fused
bellies. The proximal belly is proximodistally wide, while
the distal one is shorter in this direction, but thicker and
fleshy. Both bellies present fleshy fibers from their origin
until the craniolateral surface of the leg; they continue by
means of an aponeurosis that surrounds the cranial and
craniomedial region of the leg. The caudal margin of the
m. biceps femoris is fused with the m. semitendinosus at its
proximal zone. M. biceps femoris originates through a
stocky and short tendon and fleshy fibers from a reduced
area on the dorsal region of the ischial tuberosity (Fig. 4b,c).
Its anterior belly inserts, via an aponeurosis, onto the lateral
epicondyle of the femur (sharing fibers with m. vastus
lateralis; Fig. 7d), to the proximal two-thirds of the
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anterolateral and anteromedial surface of the tibia (Fig. 8d).
The distal belly inserts through an aponeurosis on the ante-
romedial aspect of the distal region of the leg, partially
fusing with the m. abductor cruris caudalis. From the fascia
that covers the inner surface of m. biceps femoris arises a
flat and thin tendon that passes deep to the insertion of the
m. abductor cruris caudalis, on the posterolateral surface of
the distal leg and inserts on the calcaneus.

M. abductor cruris caudalis (m. tenuissimus) (Fig. 3a)

It is a band-like muscle that is located in the lateral and
caudal region of the thigh, deep to the m. biceps femoris.
Near its insertion, m. abductor cruris caudalis is partially
fused with the m. biceps femoris. It originates via tendinous
fibers from the bundles of the mm. intertransversarii dor-
sales caudae, at the level of C1, deep to the m. gluteus
maximus. It inserts via tendinous fibers onto the craniomedial
surface of the distal region of tibia (Fig. 3a).

M. semitendinosus (Figs. 3b,c, 4b,c, 5 and 8b,c)

It is composed of two bellies, fully independent at their
origins. Both bellies have a band-like shape and fuse

together at their midpoint. The caudal belly originates main-
ly via fleshy fibers, from the lateral margin of the transverse
process of C2 (Fig. 3b,c), and via an aponeurosis from C1
and C3. The ischial belly originates from the ischial tuber-
osity (Fig. 4b,c). The insertion, via an aponeurosis, is onto
the proximodistal line of the central and distal region of the
tibia, just distal to the m. gracilis (Fig. 8b,c).

M. semimembranosus (Figs. 2c, 4b, 5b, 7b and 8b)

This muscle is partially flattened and is elliptical in its
cross-section. It has a single origin, but immediately
divides into cranial and caudal bellies (Figs. 2c and
5b). Furthermore, each belly is composed of many par-
tially fused bundles. In three hind limbs, a third group of
fibers clearly segregates in an intermediate position. It
originates deep to the m. semitendinosus, from the caudal
ramus of the ischium (Fig. 4b). The cranial belly (and
the intermediate belly if present) inserts via fleshy fibers
onto the medial femoral epicondyle, the articular capsule
of the knee joint, and the adjacent femoral diaphysis
(Fig. 7b). The caudal belly is mostly tendinous and
inserts onto the posteroproximal region of the tibia, just
below the medial articular condyle (Fig. 8b).

Fig. 8 Muscular maps of Galictis cuja: caudal (a), medial (b), cranial (c), and lateral (d) views of tibia and fibula. Fl. dig. profundi is the
abbreviation for flexores digitorum profundi
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M. articularis coxae

This muscle is absent.

M. sartorius (Figs. 4, 5a, 7b and 8b,c)

It has a single belly that overlies the anterior and medial
aspects of the m. quadriceps femoris. It originates via fleshy
and tendinous fibers from the iliac wing (Fig. 4). Some
fibers arise from the sacrocaudal aponeurosis, cranial to
the m. gluteus superficialis origin. It inserts via an aponeu-
rosis onto the fascia lata, the m. quadriceps femoris, the
patella, the medial surface of the cnemial crest, and the
fascia cruris, reaching the insertion of the m. gracilis
(Figs. 7b and 8b,c).

M. tensor fasciae latae (Figs. 4b and 5a)

The m. tensor fasciae latae is a massive muscle. At its origin,
it has an elliptical cross-section, but expands and becomes
flattened and fan-shaped before continuing as the fascia lata.
It originates via tendinous and fleshy fibers from a reduced
region of the iliac wing (Fig. 4b). It inserts via the fascia lata
onto the gluteus superficialis, the m. biceps femoris, the m.
sartorius, and the fascia cruris.

M. quadriceps femoris (Figs. 2, 3, 4, 5, 6 and 7)

It is composed of the m. rectus femoris, the m. vastus
lateralis, the m. vastus medialis, and the m. vastus
intermedius.

M. rectus femoris (Figs. 2c, 4a,b, 5b and 7c)

It corresponds to the most cranial belly of the m. quadriceps
femoris. It is a bulky, spindle-shaped muscle, circular in
cross-section. This muscle originates via tendinous fibers,
from the tuberosity for the m. quadriceps femoris (Fig. 4a,b)
and from the cranial region of the articular capsule of the hip
joint. It inserts via tendinous fibers onto the anterodorsal
margin of the patella (Fig. 7c).

M. vastus lateralis (Figs. 5b and 7c)

The m. vastus lateralis is subcylindrical in shape, narrowing
and flattening toward its insertion. In the last quarter of its
length, tendinous fibers begin to dominate. It originates
mostly via fleshy fibers, from the cranioproximal end of
the femur and from the cranial surface of the femur, medial
to the base of the greater trochanter (Fig. 7c). Near its origin
it shares fibers with the m. vastus intermedius. It inserts via
tendinous fibers onto the lateral margin of the patella and the
proximolateral region of the tibia (Fig. 7c), where it fuses

with the insertion of the m. biceps femoris and the fascia
cruris.

M. vastus medialis (Figs. 2c, 6a and 7c)

It is an elongated and subcylindrical muscle that narrows
toward its insertion. This muscle is fused with the m. vastus
intermedius in some degree. It originates through fleshy
fibers, from the craniomedial margin of the femoral neck
and the femoral diaphysis (Fig. 7c). It inserts via tendinous
fibers, onto the medial and mediodistal margin of the patella
(Fig. 7c).

M. vastus intermedius (Figs. 6a and 7c)

It is totally covered by the other bellies of the m quadriceps
femoris. This muscle is elongated and partially flattened. It
shares fibers with the m. vastus medialis and with the m.
vastus lateralis in lesser degree. It originates via fleshy
fibers, from the cranial surface of the femoral diaphysis
(Fig. 7c). It inserts via tendinous fibers onto the dorsal
aspect of the patella (Fig. 7c).

M. gracilis (Figs. 4b and 8b,c)

It is a band-shaped muscle that runs over the medial surface
of the thigh. It originates mostly via tendinous fibers from
the ventral region of the pelvic symphysis (Fig. 4b); it fuses
cranially with the fibers of insertion of the abdominal
muscles. It inserts via an aponeurosis onto the craniomedial
aspect of the tibia, proximal to the insertion of the m.
semitendinosus (Fig. 8b,c), covering the most proximal
fibers of the latter.

M. pectineus (Figs. 2c, 4 and 7a)

It is a fan-shaped muscle that lies on the proximomedial
region of the thigh, medial to the m. adductor longus. It
originates via fleshy fibers from the cranial region of the
pelvic symphysis, pectineal tuberosity, and iliopubic eminence
(Fig. 4). It inserts via an aponeurosis and fleshy fibers onto the
caudoproximal surface of femur (Fig. 7a).

M. adductor longus (Figs. 2c, 4a,b and 7a)

It is located lateral to the m. pectineus and medial to the m.
adductor magnus, sharing some fibers with the latter. It has a
fan-like shape and is composed of proximal and distal
bellies (except in one limb), which differentiate from each
other only near their insertion. It originates via fleshy fibers,
from the pelvic symphysis and the caudal ramus of the pubis
(Fig. 4a,b). The proximal belly inserts via an aponeurosis
onto the proximodistal line on the caudoproximal region of

J Mammal Evol (2013) 20:309–336 321

Author's personal copy



the femur (Fig. 7a). The distal belly inserts mostly by fleshy
fibers, continuing distally with the proximal belly (Fig. 7a).

M. adductor magnus (Figs. 2c, 4b, 5b and 7a,b)

This muscle is located on the medial aspect of the thigh,
deep to the m. adductor longus (Fig. 2c). It has a quadran-
gular morphology, is flat, and slightly widens toward its
insertion. Near its insertion it is partially divided into medial
and lateral fascicles. It originates via fleshy fibers from a
reduced area on the caudal region of the caudal ramus of the
pubis and ischial ramus (Fig. 4b). It inserts via fleshy fibers
onto the distal end of the caudal surface of the femur in two
independent areas just proximal to both femoral condyles
(Fig. 7a,b). In the lateral region of this insertion, it shares
fibers with the insertion of the m. semimembranosus.

M. adductor brevis (Figs. 4b, 5b and 7a)

This muscle lies deep to the m. adductor longus and presents
a quadrangular morphology, slightly expanded to its insertion.
It originates via fleshy fibers from a reduced area on the caudal
region of the caudal ramus of the pubis and ischial ramus
(Fig. 4b). It inserts via fleshy fibers onto the proximal third of
the lateral surface of the femur (Fig. 7a).

M. obturator externus (Figs. 4b and 7a)

It is a thin muscle and presents an inverted fan-shape. It
originates via fleshy fibers from the cranial, ventral, and
caudal margins of the obturator foramen in the lateral aspect
of the pelvic bone (Fig. 4b). It inserts via tendinous fibers
onto the central and deeper aspect of the trochanteric fossa
(Fig. 7a), partially fusing with the insertion of the m.
obturator internus. Some fibers reach the articular capsule of
the hip joint.

Musculature of the Leg

M. gastrocnemius (Figs. 2c, 5b, 7a,d and 9a)

This muscle is very robust and each head is laterally com-
pressed. In three of the dissected legs, the lateral head of m.
gastrocnemius is strongly fused to the m. flexor digito-
rum superficialis except near their insertion. The lateral
head originates via a strong tendon from the lateral
epicondyle of the femur, and on the lateral sesamoid
of the knee. The medial head originates via another
tendon from the medial epicondyle of the femur
(Fig. 7a,d). Both heads also originate at the caudal
aspect of the femoral diaphysis and the articular capsule
of the knee joint. This muscle inserts onto the caudo-
dorsal end of the calcaneal tubercle via a tendinous
attachment (Fig. 9a). This tendon fuses partially with
the tendons of the m. flexor digitorum superficialis and
the m. soleus to give rise to the calcaneal tendon. Also,
it inserts on peripheral muscles through an aponeurotic
attachment.

M. soleus (Figs. 6a, 8d and 9a)

This spindle-shaped muscle is deep to the m. gastrocnemius
and the m. flexor digitorum superficialis. It originates via a
thin and flat tendon from the caudal aspect of the head of the
fibula (Fig. 8d). It inserts onto the fascia that covers the
medial aspect of the calcaneus and the distal end of the
fibula, and onto the proximal aspect of the calcaneal tubercle
via a tendinous attachment (Fig. 9a).

M. flexor digitorum superficialis (m. plantaris) (Figs. 7a, 9a
and 10a)

It is a robust muscle that lies between the two heads of the
m. gastrocnemius. The m. flexor digitorum superficialis

Fig. 9 Pes of Galictis cuja in dorsal view: muscular map (a) and illustration of principal musculature (b)
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originates via a tendon from the caudal aspect of the lateral
epicondyle of the femur (Fig. 7a). At its distal end, the
tendon of this muscle surrounds medially the tendon of the
m. gastrocnemius acquiring a caudal position. It inserts via a
tendon onto the calcaneus (Figs. 9a and 10a) and the fascia
that covers it. In most cases, this tendon is fused with that of
the m. gastrocnemius. After the first insertion, it surrounds
the calcaneus and fuses with origin of the m. flexor digito-
rum brevis. In some cases (three legs), it could be observed
that some tendinous fibers of m. flexor digitorum super-
ficialis continued distally on the m. flexor digitorum brevis.

M. popliteus (Figs. 6a, 7d and 8a,b)

It is a triangular-shaped muscle that runs toward the proxi-
mal and caudal aspects of the tibia. Along its origin and its
inner surface, the m. popliteus presents many tendinous
fibers. It originates via a thick and short tendon from the
lateral condyle of the femur (Fig. 7d) and the aponeurosis
that covers the lateral surface of the distal end of the femur.
It inserts via fleshy fibers onto the medial and caudal aspect
of the first two-thirds of the tibia (Fig. 8a,b). The attachment
between the tibial condyles is strong and tendinous. Some
fibers also insert on the m. flexor digitorum medialis.

Mm. flexores digitorum profundi (Figs. 8, 9 and 10)

This group is composed of the m. flexor digitorum lateralis
and m. flexor digitorum medialis. The m. flexor digitorum
lateralis, and presumably the m. flexor digitorum medialis
(this condition could not be verified), is held in place by two
separated retinacula at the level of the ventromedial surface
of the calcaneus and the ventral surface of the astragalus.
Both muscles fuse at the level of the distal tarsals and the
proximal end of the metatarsals, forming a tendinous sheet.
This sheet subdivides into five flat and relatively robust
tendons. Some fibers are inserted on the distal sesamoids
of the metatarsals. Finally, tendons pass through the rings
formed by the m. flexor digitorum brevis and insert on the
distal phalanges.

M. flexor digitorum lateralis (m. flexor hallucis longus)
(Figs. 8a,d, 9a and 10a,c)

This muscle is markedly bipennate, cylindrical and slightly
flattened. Near its origin, it shares fibers with m. tibialis
caudalis and m. fibularis brevis. At the level of the ankle,
fleshy fibers abruptly become a flat and wide tendon. This
tendon passes through the sulcus on the ventral surface of

Fig. 10 Pes of Galictis cuja in plantar view: muscular map (a), superficial (b), intermediate (c), and deep (d) musculature. Fl. dig. profundi is the
abbreviation for flexores digitorum profundi
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the sustentacular aspect of the calcaneus before it fuses with
the m. flexor digitorum medialis. This muscle originates via
fleshy fibers from the interosseous membrane and from the
caudal aspects of the tibia and fibula (Fig. 8a,d). It inserts,
after fusing with m. flexor digitorum medialis (Fig. 10c), via
five separate tendons onto the ventral surface of the distal
phalanges of digits I through V (Figs. 9a and 10a,c as
Flexores digitorum profundi).

M. flexor digitorum medialis (m. flexor digitorum longus)
(Figs. 8a,d, 9a and 10a,c)

It is a long and bipennated muscle. Only the first quarter
presents fleshy fibers; then it becomes a moderately robust
and flattened tendon that runs through the sulcus of the
medial malleolus, together and superficial to the tendon of
the m. tibialis caudalis. This tendon continues through the
medial aspect of the tarsal joint toward the tarsus before
fusing with m. flexor digitorum lateralis. The m. flexor
digitorum medialis shares a retinaculum with the m. tibialis
caudalis. This muscle originates via both fleshy and tendi-
nous fibers from the caudal and caudomedial aspects of the
head of the fibula (Fig. 8a,d), the interosseous membrane,
and via fleshy fibers from the entire lateral margin of the
insertion of the m. popliteus on the tibia. After the fusion
with the tendon of m. flexor digitorum lateralis (Fig. 10c), it
inserts onto the ventral surfaces of the distal phalanges of
digits I through V (Figs. 9a and 10a,c as Flexores digitorum
profundi).

M. tibialis caudalis (Figs. 8a–c and 10a)

This muscle lies lateral to and in close contact with the m.
flexor digitorum medialis. Both muscles run together
through the sulcus of the medial malleolus, where the m.
tibialis caudalis becomes internal with respect to the m.
flexor digitorum medialis. The m. tibialis caudalis is thin
and flattened; it has an inverted fan-shape and is weakly
pennate; it becomes a thin tendon at about its midpoint. It
originates via fleshy fibers from the caudal aspect of the
shaft of the tibia, and the cranial, medial, and caudal aspects
of the head of the fibula (Fig. 8a–c). Some fibers originate
on adjacent muscles such as the m. flexor digitorum lateralis
and the m. flexor digitorum medialis. It inserts via tendinous
fibers onto the medial and ventral surfaces of central and
tarsal I, and on the sesamoid present between them
(Fig. 10a).

M. fibularis longus (m. peroneus longus) (Figs. 5b, 6a, 8c,d,
9b and 10a)

This muscle is relatively flattened and elongated. It is cranial
and superficial in relation to the m. extensor digitorum

lateralis (Fig. 6a), and runs through an exclusive sulcus
located on the lateral margin of the lateral malleolus. It
originates via tendinous fibers from the cranial aspect of
the head of the fibula, the lateral aspect of the lateral condyle
of the tibia and the adjacent diaphysis of the tibia (Fig. 8c,d).
Some fibers originate on the fascia that covers the lateral
surface of the knee. Its tendon reaches a first insertion onto
the laterodistal end of the calcaneus and the proximal mar-
gin of the tubercle of metatarsal V (Fig. 10a); later, it lies
internal to the long plantar ligament. The last attachment
area is onto the lateral surface of the plantar tubercle of
metatarsal I (Fig. 10a). The m. fibularis longus, m. extensor
digitorum lateralis, and the m. fibularis brevis are contained
by a common retinaculum that is located proximal and
lateral to the tarsal joint. Fibers that participate in the con-
struction of the first anterior retinaculum (see above) origi-
nate from the medial surface of this retinaculum, superficial
to the belly of the m. fibularis longus.

M. fibularis brevis (Figs. 8a,d and 9a)

This muscle is composed of cranial and caudal bellies. The
cranial belly is smaller, bipennate, and with more tendinous
fibers. The caudal belly also presents a bipennate condition.
These tendons run around the lateral maleolus. In four legs a
sesamoid is present within this tendon. In two legs, there is
no fusion between the tendons (the condition that actually
occurred in the other legs) and the caudal belly formed a
ring through which the tendon of the cranial belly passed.
The cranial belly originates via fleshy fibers from the antero-
lateral surface of the middle of the fibula (Fig. 8a,d). The
caudal belly originates via fleshy fibers from the caudo-
lateral surface of the middle of the fibula (Fig. 8a,d). It
inserts via tendinous fibers onto the dorsolateral aspect of
the tubercle of metatarsal V (Fig. 9a), sharing some fibers
with the m. extensor digitorum lateralis and m. abductor
digiti V. Secondarily, it continues as a flat tendon that inserts
on the dorsolateral surface of the whole metatarsal V, the
tarso-metatarsal joint of the same digit, and other extensor
muscles (tendons of the m. extensor digitorum lateralis and
m. extensor digitorum longus, and the aponeurosis of the m.
extensor digitorum brevis, if present). It runs deep to the
tendon of the m. extensor digitorum lateralis, sharing a great
number of fibers with it. In all cases in which the fusion of
both bellies of m. fibularis brevis is not complete, distal
fibers belonged to the cranial belly.

M. extensor digitorum lateralis (Figs. 6, 8c,d and 9)

It is an elongated and superficially bipennate muscle,
which runs along the cranial and lateral aspects of the
fibula (Fig. 6). It becomes tendinous at the level of the
distal fifth of the tibia where it lies caudal and parallel to
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the m. fibularis longus. Then, it continues through the
sulcus of the lateral maleolus, cranial and dorsal with
respect to the tendon of the m. fibularis brevis, and
through the lateral aspect of the tarsus and metatarsal
V. This muscle originates via fleshy fibers from the
proximal half of the fibula (Fig. 8c,d) and from periph-
eral muscles such as m. flexor digitorum lateralis and m.
fibularis brevis. It inserts via tendinous fibers onto the
proximal surface of metatarsal V (Fig. 9a), where the m.
extensor digitorum lateralis shares some fibers with the
m. fibularis brevis. Then, it continues as a tendon and
presents a second insertion onto the lateral surface of the
metatarsal-phalangeal joint and the dorsolateral surface of
the proximal phalanx of the digit V (Fig. 9a), where it
fuses with the tendon of the m. extensor digitorum
longus, and with the m. extensor digitorum brevis and
the distalmost fibers of the m. fibularis brevis. Finally,
this muscle continues as a wide fascia that covers the
dorsal and lateral aspects of intermediate and distal pha-
langes of digit V (Fig. 9a).

M. tibialis cranialis (Figs. 5b, 8c,d, 9b and 10a)

It is wide and flattened in its origin. It passes through the
ankle joint closely together with the m. extensor digiti I
longus. The m. tibialis cranialis is retained together with
the m. extensor digiti I longus and the m. extensor digitorum
longus by a wide retinaculum in the cranial and proximal
aspect of the tarsal joint, and by a second retinaculum at the
level of the proximal area of the tarsus (proximal and distal
extensor retinacula). M. tibialis cranialis originates via ten-
dinous and fleshy fibers from the craniolateral surface of the
proximal quarter of the tibia, including the adjacent surface
of the lateral condyle and the lateral margin of the cnemial
crest, and from the proximal end of the interosseous mem-
brane (Fig. 8c,d). There is a second tendinous origin in a
reduced area of the cranial aspect of the head of the fibula. It
inserts via tendinous fibers onto the medial aspect of the
ventral tubercle of the base of metatarsal I (Fig. 10a).

M. extensor digiti I longus (Figs. 8b,c and 9)

It is a thin and moderately flattened muscle that lies deep to
the m. tibialis cranialis to which it is very close distally.
Then, it continues its path along the medial surface of the
digit I as an extremely thin tendon, and is contained by two
retinacula (see above). It originates via fleshy fibers from
the medial and cranial aspects of the proximal section of the
diaphysis of the fibula (Fig. 8b,c) and from the interosseous
membrane. It inserts via tendinous fibers onto the extensor
tubercle of the distal phalanx of digit I (Fig. 9a). In one
dissected leg, the muscle is attached to digit II instead of the
digit I as is usual.

M. extensor digitorum longus (Figs. 5b, 6, 7d and 9)

This muscle is divided into two bellies in its midpoint.
Proximally, it lies deep to the m. tibialis cranialis, and
distally it lies lateral and caudal to it. This muscle is retained
by two retinacula, together with the m. tibialis cranialis and
the m. extensor digiti I longus. After this muscle crosses the
tarsal joint it becomes totally tendinous and divided into
four tendons at the level of the proximal end of the meta-
tarsals. A thin and fragile fascia covers and binds these
tendons and those of the m. extensor digitorum brevis and
the m. extensor digiti I longus. M. extensor digitorum lon-
gus originates via tendinous fibers from the lateral condyle
of the femur (Fig. 7d) and from the aponeurosis that covers
the m. tibialis cranialis. It inserts via four flat tendons onto
the distal phalanges of digits II–V (Fig. 9a), previously
being fused the tendons of the m. extensor digitorum brevis
and the m. extensor digitorum lateralis (digit V). In most
cases, a small bundle of tendinous fibers is observed insert-
ing early on the lateral aponeurosis that covers the first row
of tarsals.

Muscles of the Pes

M. extensor digitorum brevis (Fig. 9)

This muscle covers the dorsal aspect of the tarsus and the
proximal aspect of the metatarsals. It is flattened and imper-
fectly subdivided into three or four bellies. It originates via
an aponeurosis from the dorsolateral surface of the calcane-
us (Fig. 9a) and on the fascia that covers the first tarsal row.
It inserts via well-defined tendons onto the tendons of the m.
extensor digitorum longus, indirectly reaching the extensor
tubercles of the distal phalanges of the digits II–IV (Fig. 9a
as M. extensor digitorum brevis et longus). In four hind
limbs, this muscle attaches via an aponeurosis onto digit V,
fusing with its extensor tendons. In two hind limbs this
muscle reaches digit I attaching by an aponeurosis to the
m. extensor digiti I longus; and in only one hind limb a well-
differentiated tendon was present, attaching to the m. extensor
digiti I longus.

M. abductor digiti V (Fig. 10a,c)

This small muscle overlies the m. quadratus plantae and is
deep to the m. flexor digitorum superficialis. It is a band-like
muscle composed of few fleshy fibers. It originates via a flat
tendon from the plantar surface of the calcaneal tubercle. It
inserts via tendinous and fleshy fibers onto the lateral and
plantar aspects of the tubercle of the base of metatarsal V,
where it fuses with the main insertion of the m. fibularis
brevis.
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M. flexor digitorum brevis (Fig. 10a,b)

It is a flattened muscle that consists of four or five
bellies strongly fused. From its origin and up to the level
of the tarsal-metatarsal joint it is composed of fleshy
fibers, and then it continues as aponeurotic tissue and
tendons that lie superficial to the m. flexor digitorum
profundus. Once they pass the metatarsals, this muscle
divides into five tendons that run to the five
corresponding digits. On digits II–V, these tendons split
into two tendons to each digit (Fig. 10b), forming a ring
through which the tendons of the m. flexor digitorum
profundus passes, and then attach on the lateral aspects
of the phalanges. For digit I, a single tendon is present.
This muscle takes origin via an aponeurosis from the
principal insertion of the tendon of the m. flexor digito-
rum superficialis, at the level of the plantar surface of the
calcaneal tubercle (Fig. 10a). It inserts via an aponeurosis
and five main tendons onto the plantar and proximal
aspects of the middle phalanges of digits II–V, and
plantar and proximal aspects of the proximal phalanx of
digit I.

Mm. interflexorii (Fig. 10c)

These muscles are located between the m. flexor digitorum
brevis and m. flexor digitorum profundus. These are three
small, drop-shaped bellies that finish as delicate tendons. In
most cases, the belly that overlies metatarsal V is very
reduced and partially fused with the belly that covers meta-
tarsal IV. The lengths of the two bellies that overlie meta-
tarsals III and IV are about a third of the length of the
metatarsal that they cover. These muscles originate via
fleshy fibers from the plantar and distal aspects of the
tendinous platform of the m. flexor digitorum profundus.
They insert via tendinous fibers onto the dorsal aspect of the
tendons of the m. flexor digitorum brevis that run to the
digits III–V, at the level of the distal area of the metatarsals.

M. quadratus plantae (Fig. 10a,c)

This flattened muscle runs diagonally from the lateral aspect
of pes to the craniocentral area of the plantar surface, deep to
the m. abductor digiti V. It originates via tendinous fibers
from the lateral surface of the calcaneus (Fig. 10a). It inserts
via fleshy fibers onto the surface of the tendinous sheet,
which results from the fusion of m. flexor digitorum lateralis
and m. flexor digitorum medialis.

Mm. lumbricales (Fig. 10a,c)

These muscles are composed of three thin fleshy bands that
run between the tendons of the m. flexor digitorum

profundus for digits II–V. In one hind limb, a fourth m.
lumbrical between digits I and II is present. They originate
via fleshy fibers from the lateral and medial surfaces of the
tendons of the m. flexor digitorum profundus corresponding
to digits II through V (Fig. 10c). They insert via tendons
onto the plantomedial and proximal aspects of the proximal
phalanges of digits III–V (Fig. 10a).

Mm. adductores digitorum (Fig. 10a,d)

These muscles are composed of three muscular bellies par-
tially fused near their origin. They overlie the mm. flexor
brevis profundi of digits II, III, and IV. The lateral belly has
a triangular shape, while the central and medial ones are thin
bands. In one dissected pes, a fourth and much reduced belly
is found. These muscles originate via fleshy fibers from the
distal surface of the plantar ligaments that cover the distal
series of tarsals and the base of the metatarsals. They insert
via fleshy fibers onto the lateral surface of the lateral ses-
amoids of digits I and II, the head of their corresponding
metatarsals, and the internal surface of the medial sesamoid
of digit V and the head of metatarsal V (Fig. 10a).

Mm. flexores breves profundi (mm. interossei) (Fig. 10a,d)

They are the deepest of the plantar muscles. These are fleshy
and mediolaterally flattened. There are typically 2 mm. flex-
or breves profundi (a lateral and a medial one) for each digit.
In particular for digits I and V, these parts are totally differ-
entiated in all cases, while the central one are, in some cases,
partially fused. Overall, these muscles originate via fleshy
fibers from the plantar processes of the tarsal bones, and
adjacent areas of the metatarsals and ligaments. The medial
part of the m. flexor breves profundi digiti I is more devel-
oped than the lateral one and originates from metatarsal I,
tarsal I, the aponeurosis and ligament surfaces that cover the
calcaneus and the central bone, as well as the ventral surface
of the sesamoid that is located between the central bone and
the first tarsal. The lateral part of the m. flexor breves
profundi digiti I originates via fleshy fibers and via an
aponeurosis from the plantar aspects of the proximal area
of metatarsal I. The bundles of mm. flexor breves profundi
digiti II, III, and IV originate from the proximal and plantar
bases and plantar tubercles of the corresponding metatarsals.
Both, the medial and the lateral part of the mm. flexor
breves profundi digiti V (and the corresponding bellies of
digiti IV) originate from the plantar surface of the sesamoid
that lies at the base of metatarsal V while some fibers come
from the adjacent surface of this metatarsal. All the inser-
tions are via fleshy fibers onto the sesamoid bones of the
metatarso-phalangeal joints, and on the distal end of meta-
tarsal of the corresponding digit.
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Discussion

Lumbar Epaxial Muscles

The degree of differentiation and development of the lumbar
epaxial muscular systems is variable among carnivorans
(Slijper 1946; Gambaryan and Karapetjan 1961; Davis
1964; Evans 1993; Julik et al. unpublished data) and has
important consequences for movement capabilities of the
lumbar region and on potential locomotor gaits (Gambaryan
and Karapetjan 1961; Gambaryan 1974; Spoor and Belterman
1986; Spoor and Badoux 1988; Feeney 1999; Wroe et al.
2008).

Lumbar epaxial musculature in G. cuja is represented by
a system of lateral bundles, which we describe as the m.
iliocostalis lumborum (see below), and a medial one, the
transversospinalis system. The caudal system, mm. sacro-
caudalis dorsalis lateralis, gets in between these lumbar
systems. Within Mustelidae, the lumbar epaxial musculature
was similarly described in mustelines and, although to a
lesser degree, in lutrines, varying only on the terminology
used. Character optimization (Fig. S1A-C) suggests that
these features could be considered as the ancestral condition
for the clades Ictonychinae+Lutrinae+Mustelinae. However,
some of these traits are modified in some lutrines that are
highly specialized for swimming (e.g., reduction and inde-
pendence of the m. iliocostalis lumborum in Enhydra lutris;
see Gambaryan and Karapetjan 1961; Tarasoff 1972). In
previous works, the lateral system was described as m.
sacrospinalis (e.g., Mustela putorius; Moritz et al. 2007;
see also Alix 1876; Gambaryan and Karapetjan 1961), and
as a part of the m. longissimus dorsi (e.g., Lontra canaden-
sis; Fisher 1942). In Fisher’s description of L. canadensis,
the “heavy roll muscle” that conforms the lateral muscle of
the part III of the “m. longissimus dorsi” (Fisher 1942: 35)
seems to be the lumbar part of the iliocostalis system that
would be well developed as it was optimized for the clade
Ictonychinae+ Lutrinae+Mustelinae (Fig. S1B). Even when
lumbar epaxial muscles were not described in detail, a
somewhat different organization appears as typical in others
musteloids and as the ancestral condition of the superfamily
(Fig. S1B,C), with the m. longissimus lumborum as the
more developed muscle or the only lateral epaxial system
(Ailurus fulgens, mephitids, procyonids, and more basal
mustelids; Cuvier and Laurillard 1849; Hall 1926, 1927;
Julik et al. unpublished data). Some osteological correlates
can be proposed in relation to these muscular features: the
shape and development of the spinous and transverse pro-
cesses of the thoracolumbar vertebrae are closely related to
the development of the medial systems (longissimus and
transversospinalis) and iliocostalis systems, respectively. In
particular for G. cuja, the cranioventrally oriented and well-
developed lumbar transverse processes, and the wide

internal face of the wing of the ilium, provide a wide surface
for attachment areas and space available for the bundles of
m. iliocostalis and sublumbar musculature. These features
do not reduce the ability of lateral flexion, as seen as in other
short-legged mustelids (Slijper 1946; Gambaryan 1974).

The relatively more developed and differentiated m. ilio-
costalis lumborum in mustelines and ictonychines (Table 2;
Fig. S1B; Gambaryan 1974) could be related to the impor-
tance of the axial muscles in attending the execution of both
symmetrical (asymmetric contractions) and asymmetrical
gaits (symmetrical contractions; Schilling and Carrier
2010). This would compensate for the reduction of limbs
that is necessary for entering and enhancing the mobility
within the galleries of their prey (Gambaryan 1974; King
and Powell 2007). In asymmetrical gaits, at least in epigeal
locomotion, maximum running speed depends mostly on the
strength of the extension of the column just before the
floating phase of extended flight (Gambaryan 1974). Within
Carnivora, the opposed tendency can be observed in hyae-
nids and ursids, which maximize the floating phase of the
crossed flight and the participation of the forelimbs during
locomotion, in detriment to the length and mobility of the
lumbar region (Gambaryan 1974; Spoor and Belterman
1986; Hildebrand 1988; Wroe et al. 2008). These species
present fully fused lumbar epaxial musculature (see Fig.
S1C); they also present well-developed interspinous liga-
ments and lumbodorsal fascia, which are related to the
enlargement of the dorsal margin of spinous processes,
contrary to what is known in mustelids such as Galictis
(Murie 1871; Davis 1964; Gambaryan 1974; Spoor and
Badoux 1988).

During underground locomotion of mustelines and icto-
nychines, flexibility of the vertebral column becomes more
important in order to allow species to pursue their prey
within narrow pathways (Alix 1876; Gambaryan 1974;
King and Powell 2007; Schutz and Guralnick 2007). This
is why epaxial and sublumbar musculature plays such an
important role in maneuverability of these species (Alix
1876; Gambaryan 1974; Moritz et al. 2007; Horner and
Biknevicius 2010). On the other hand, Horner and Biknevicius
(2010) highlighted important postural and motor changes dur-
ing underground locomotion of themustelineMustela putorius
(see also King and Powell 2007). In this species, the function
of the m. iliocostalis lumborum (described as m. sacrospinalis)
was suggested to be as a stabilizer of the vertebral column in an
extended posture during locomotion through narrow galleries
(Moritz et al. 2007; Horner and Biknevicius 2010), a function
that could be extrapolated to other mustelines and ictonychines
of similar habits and morphology.

Ictonychines possess a slightly shorter lumbar region
(typically five lumbar vertebrae) and a caudally located
anticlinal vertebra (twelfth thoracic vertebra) compared to
those found in mustelines and gulolines (typically six
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lumbar vertebrae and the eleventh thoracic vertebra as the
anticlinal vertebra; Mivart 1885; Leach and de Kleer 1978;
Moritz et al. 2007). The traits found in ictonychines can be
associated with a relatively more rigid thoracic cage, slower
maximum speeds during locomotion when using asymmet-
rical gaits (Gambaryan 1974), and a lesser vertical oscilla-
tion during epigean running. It can also be related to a more
regular use of symmetrical gaits (Horner and Biknevicius
2010), frequently described in ictonychines (Cabrera and
Yepes 1940; Larivière 2002; Yensen and Tarifa 2003;
Schutz and Guralnick 2007).

Caudal Musculature

Although the literature describing caudal musculature of
carnivorans is scarce, a great diversity of muscles configu-
rations can still be recognized, especially regarding origins
and insertion areas. Morphological configuration of m.
intertransversarii dorsales caudae and the m. intertransver-
sarii ventrales caudae of G. cuja is very similar to that of
other musteloids (e.g., Lontra canadensis, Potos flavus;
Julitz 1909; Fisher 1942). In many carnivoran species, the
m. intertransversarii ventrales caudae is not described as
independent from the m. intertransversarii dorsales caudae
(Reighard and Jennings 1901; Hall 1926; Williams 1955).
This opens the possibility for this muscle to be absent or to
be fused to the m. intertransversarii dorsales caudae. In
G. cuja, as in most carnivorans, the m. intertransversarii
dorsales caudae originates directly on the posterodorsal
portion of the wing of the ilium, although this does not occur
in some carnivorans (e.g., Ailuropoda melanoleuca, Canis
familiaris; Davis 1964; Evans 1993).

In G. cuja, the origin region of the m. pubocaudalis is
similar to other musteloids (Julitz 1909; Hall 1926; Williams
1955), especially to Lontra canadensis (Fisher 1942). It
includes a small region of the vertical portion of the pubis,
and it is independent of the m. iliocaudalis, while in other
carnivorans it is usually restricted to the dorsal region of the
pelvic symphysis and/or it is fused to the origin of the m.
iliocaudalis (Reighard and Jennings 1901; Davis 1964; Evans
1993). Regarding the insertion of these muscles and the m.
coccygeus,G. cuja is very similar to that previously described
for mephitids and mustelids (Macalister 1873a; Hall 1926,
1927; Fisher 1942; Williams 1955); the insertion of these
muscles never exceed the fifth caudal vertebra (contrary to
other carnivorans such as canids, felids, procyonids, and
ursids; Reighard and Jennings 1901; Julitz 1909; Davis
1964; Evans 1993). At least in mephitids and some mustelids
such as ictonychines, these traits could be related to a wide
range of extension (dorsal flexion) and complex movement of
the tail, as well as the “battle flag” behavior, in which these
musteloids raise the tail anticipating the secretion of anal musk
glands (Hall 1926; Dücker 1968). Another feature shared by

ictonychines, mustelines, lutrines, and Potos flavus (Julitz
1909; Fisher 1942; Williams 1955), is the presence of a
relatively cranial origin, from the last thoracic vertebra, of
the m. sacrocaudalis dorsalis lateralis (Fig. S1C). On the
contrary, other musteloids and canids present a more caudal
origin, from the first lumbar vertebrae (e.g., Hall 1926, 1927),
while in ursids (e.g., Davis 1964) an even more caudal origin
was described, without reaching a bony origin neither from
thoracic or lumbar vertebrae. This could be related to an
increase of the extension strength and a better control of
movements of the lumbar and caudal regions. From these
comparisons, we believe that caudal musculature is a promis-
ing source of characters, even when available data are still
limited to a few species.

Lumbar Hypaxial Muscles

Origins and insertions of the m. quadratus lumborum (some-
times described together with the m. psoas major and some-
times with the m. iliopsoas; e.g., Alix 1876; Fisher 1942;
Williams 1955) are similar to those described for arctoids
(Ailuropoda melanoleuca, Mustela putorius, Mustela vison,
Martes martes,Meles meles, Spilogale gracilis, and Taxidea
taxus; Alix 1876; Hall 1926, 1927; Davis 1964; Scherling
1989; Moritz et al. 2007). The most cranial bundles do not
insert directly on the ilium, contrary to the condition ob-
served in hyaenids and at least some canids (Spoor and
Badoux 1988; Evans 1993; Feeney 1999). Musteloids (ex-
cept maybe in Lontra canadensis; see “m. iliopsoas, part
medial” in Fisher 1942) share the absence of insertions of
the m. quadratus lumborum on the ribs, and G. cuja is no
exception. In this species, each bundle of the m. quadratus
lumborum spans over three to five vertebrae between their
origin and insertion, similarly as described for Mustela
putorius (Moritz et al. 2007).

The m. psoas minor of G. cuja originates from a reduced
area of the bodies of two lumbar vertebrae, the second and
third in specimens with five lumbar vertebrae, and the first
and second in those with only four of them. A reduced
origin was also described for Mustela putorius and for
Aonyx cinerea (Macalister 1873a; Moritz et al. 2007). In
the former, it spans the bodies of the third and fourth lumbar
vertebra and the transverse processes of the third lumbar
vertebra, keeping the same distance with respect to the
sacrum as observed in Galictis. In the case of Aonyx cinerea,
the distance is greater (four lumbar vertebrae). Character
optimization (Fig. S1D) indicates that a reduced to moderate
origin of the m. psoas minor could be the ancestral condition
for the clade Ictonychinae+Lutrinae+Mustelinae, while a
wide origin of this muscle is reconstructed for the Musteli-
dae and Musteloidea nodes. A reduced origin doesn’t occur
in most other carnivorans, including other arctoids (Beswick-
Perrin 1871;Macalister 1873b;Mackintosh 1875; Allen 1882;
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Hall 1926, 1927; Fisher 1942; Williams 1955; Davis 1964;
Scherling 1989; Feeney 1999; Fisher et al. 2008), canids
(Evans 1993; Fisher et al. 2008), and feliforms (Mackintosh
1875; Reighard and Jennings 1901; Spoor and Badoux 1988;
Fisher et al. 2008), in which this area occupies at least three
lumbar vertebrae, typically four, and may be even seven
vertebrae (among thoracic and lumbar; Fig. S1D). Regarding
the position of the origin of the m. psoas minor, a cranially
located origin seems to be the ancestral and typically for most
of the Arctoidea species, middle or cranially located for Mus-
telidae node, but in Taxidea taxus and some Mustela spp. a
derivated caudal origin is present (Fig. S1E).

Among musteloids, the origin of the m. psoas major may
include the last two lumbar vertebrae (e.g., Aonyx cinerea;
Macalister 1873a), the last three lumbar vertebrae (e.g.,
Enhydra lutris, Mustela putorius, Martes foina, Martes
pennanti, Meles meles, Potos flavus, Procyon lotor, and
probably Lontra canadensis; Beswick-Perrin 1871; Mackintosh
1875; Allen 1882; Fisher 1942; Howard 1975; Alexander and
Jayes 1980; Scherling 1989; Feeney 1999;Moritz et al. 2007) or
the last four lumbar vertebrae (e.g., Ailurus fulgens, Nasua
nasua; Cuvier and Laurillard 1849; Fisher et al. 2008). In the
case of G. cuja, the bony area of origin of this muscle is at the
last two lumbar vertebrae, although it also originates directly or
indirectly (i.e., on other muscles) on the third lumbar vertebra. In
other carnivorans such as canids, hyaenids, and ursids, the m.
psoas major originates directly or indirectly on four or more
lumbar vertebrae (Shepherd 1883; Davis 1964; Spoor and
Badoux 1988; Evans 1993; Feeney 1999). In hyaenids, an
accessory origin area was described on the ribs (Spoor and
Badoux 1988), which is not the case of anymustelids but Lontra
canadensis (Fisher 1942). Nevertheless, as we commented
above, this could reflect a problem with nomenclatural differ-
ences, and it could be a part of the bundles of the m. quadratus
lumborum.

The reduction of the amplitude of the origin of the m.
psoas major (Fig. S1F) as occurs for the m. psoas minor
(Fig. S1D) seems to have been established early in the
history of Musteloidea, and to be accentuated in more de-
rived mustelids (e.g., Ictonychinae, Lutrinae, and Musteli-
nae). The change observed in this clade could be associated
with adaptations to locomotion into galleries and the acqui-
sition of a long body and short legged morphology, the
requirement of high lumbar movements during epigean
bounding gaits, changes in respiratory demands, the reduc-
tion of the exploitation of arboreal substrate, and a more
frequent exploitation of aquatic substrate, especially in
lutrines (Alix 1876; Cabrera and Yepes 1940; Alexander
and Jayes 1980; Yensen and Tarifa 2003; Moritz et al. 2007;
Wilson and Mittermeier 2009; Horner and Biknevicius 2010).
The hypaxial muscles are strikingly very similar in G. cuja
and Mustela putorius. M. quadratus lumborum, m. psoas
minor and major are considered to present a double function

in species with elongated bodies: these muscles are flexors of
the lumbar region during fast locomotion on the ground, and
stabilizers of an extended position during underground loco-
motion in tunnels (Moritz et al. 2007). Short and partially
independent multiple bundles of the m. quadratus lumborum,
with their origin and insertions on lumbar vertebrae, and the
absence of long bundles of any hypaxial muscle reaching the
pelvis or the femur enhance the control and mobility of the
lumbar region instead of bringing the legs forward keeping the
back straight.

Biceps Femoris and Abductor Cruris Caudalis

Both muscles possess a relatively constant configuration
within Carnivora. Animals that need powerful extension of
their hind limbs (e.g., when jumping and paddling) or sus-
tain a backward orientation of them (e.g., when diving)
always show insertions of these muscles that reach the distal
half of the tibia (Macalister 1873a; Lucae 1875; Windle and
Parsons 1898; Fisher 1942; Savage 1957; Gambaryan and
Karapetjan 1961; Tarasoff 1972; Tarasoff et al. 1972;
Howard 1975). On the contrary, ambulatory or cursorial
predators usually use less energetically expensive gaits
(e.g., Nasua, Gulo, Canis, Vulpes, Hyaena), and their m.
biceps femoris, m. abductor cruris caudalis, and other knee
flexors (e.g., m. gracilis) insert more proximally, reducing
the distal muscular mass and inertia, and favoring fast
movement (Mackintosh 1875; Savage 1957; Gambaryan
1974; Hildebrand 1988; Spoor and Badoux 1988; McClearn
1992; Evans 1993; Feeney 1999).

The m. abductor cruris caudalis presents a variable origin
and it is strongly related to phylogenetic relationships (Fig.
S1G). The optimized basal condition of Arctoidea is only
present in Ursidae, Canidae, and Meles meles (Fig. S1G),
and corresponds to an origin restricted to the sacrotuberous
ligament, perhaps in relation to a relatively reduced tail. In
most of musteloid taxa including G. cuja, the origin of m.
adbuctor cruris caudalis is more caudal. A reversion to a
relative more cranial position of the origin of this muscle is
observed for the node Lutrinae+Mustelinae, and in badgers
(Hall 1927; Fisher 1942; Williams 1955; Bisaillon 1976;
Scherling 1989), or even in the Mustelidae node (ambiguous
reconstruction; Fig. S1G).

Gluteofemoralis

The m. gluteofemoralis is absent, or reduced and fused to
the m. gluteus superficialis, in G. cuja, Ictonyx libyca,
Melogale personata, Taxidea taxus, and some specimens
of Lutra lutra and Meles meles, canids, ursids, and some
herpestids (Haughton 1867b; Parsons 1898; Windle and
Parsons 1898; Beddard 1905; Hall 1927; Williams 1955;
Scherling 1989; Feeney 1999; Fisher et al. 2008; Hudson et
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al. 2010). On the contrary, it is present and well-
differentiated in gulolines, mustelines, most lutrines, meph-
itids (but sometimes greatly reduced), procyonids (with the
possible exception of Procyon; Allen 1882; Windle 1888;
Gowell 1897; Feeney 1999), and most feliforms (Haughton
1867c; Macalister 1873b; Lucae 1875; Mackintosh 1875;
Alix 1876; Parsons 1898; Beddard 1900; Hall 1926; Fisher
1942; Ray 1949; Williams 1955; Davis 1964; Howard 1975;
Bisaillon 1976; Evans and Quoc An 1980; Spoor and
Badoux 1988; Fisher et al. 2008; Carlon and Hubbard
2012). The absence or fusion with m. gluteus superficialis
of the m. gluteofemoralis have been considered traditionally
as a derived character within Carnivora (Fisher et al. 2008).
The absence of this muscle is the condition present in
Canidae and Ursidae (Fig. S1H). On the other hand, the
ancestral condition of Musteloidea corresponds to the pres-
ence of m. gluteofemoralis, reverted in the Procyon node,
and may be in the Mustelidae node (Fig. S1H). In relation to
this ambiguity, both the absence or fusion with m. gluteus
superficialis of this muscle in ictonychines and the presence
in mustelines+lutrines could be resolved as a plesiomorphy
or synapomorphy of this group, but new dissections on other
species are still necessary.

It is notable that there is shared absence (or reduction) of
an independent m. gluteofemoralis in many ambulatory and
cursorial carnivorans that do not perform fast direction
changes while running, and where the tail is not used as a
balancing organ (Taylor 1970; Tarasoff et al. 1972;
McClearn 1992; Walker et al. 1998). On the other hand, in
the case of ictonychines and some mustelines, the same
feature is observed, but important changes of direction dur-
ing fast running occur (Cabrera and Yepes 1940; Yensen and
Tarifa 2003; King and Powell 2007), and are probably more
related to the presence of a mobile thoracolumbar region
instead of a strong and well-developed tail (e.g., Mustela
erminea, lyncodontins). This can be linked with the reduc-
tion of the adductor-abductor musculature in their limbs (see
below).

Regarding the fusion between the m. gluteofemoralis and
m. gluteus superficialis, Bisaillon (1976) has already noted
different degrees of fusion in mustelids and mephitids. In
some limbs of G. cuja, the m. gluteus superficialis is partic-
ularly subdivided, and presents a caudal portion that resem-
bles in position that of the m. gluteofemoralis. It is possible
that these fibers represent a remnant of that muscle, given
the recognized fusion in other mustelids.

Gluteus Group, Piriformis, and Articularis Coxae

In G. cuja and other agile and non-cursorial mustelids, the
fast extensors of the hip joint (gluteus group) are weakly
developed when compared to total hind limb musculature
and in relation to other extensor groups (e.g., hamstrings;

Table 2; Fig. 1). This could be related to the capacity of
powerful jumping and the absence of cursorial adaptations
(Maynard Smith and Savage 1956; Gambaryan 1974).

The degree of fusion observed between the m. piriformis
and the m. gluteus medius is variable in G. cuja and is a
frequent condition within Musteloidea (Fisher et al. 2008;
but see also Lucae 1875; Mackintosh 1875; Alix 1876; Hall
1926; Fig. S1I). On the contrary, these muscles are constantly
fully separated in other carnivoran groups such as Feliformia,
Canidae, and Ursidae (Watson 1882; Davis 1964; Feeney
1999; Fisher et al. 2008; Carlon and Hubbard 2012). Because
of the high intraspecific variability, and the small number of
specimens analyzed for each taxon, the current reconstruction
of the internal nodes of Musteloidea seems unreliable.

The m. articularis coxae is absent in G. cuja (Fig. S1J) as
reported for most of the Arctoidea species (except for some
specimens ofMeles meles,Mustela putorius, and some ursids;
Haughton 1867d; Windle and Parsons 1898; Davis 1964;
Souteyrand-Boulenger 1969; Bisaillon 1976; Scherling
1989). When it is present it can be associated with proprio-
ception and motor control in animals with a cursorial way of
locomotion and with a wide range of flexion and extension
movements of the hip joint (Souteyrand-Boulenger 1969;
Fisher et al. 2008).

Sartorius

In G. cuja, as in other arctoids (except in some specimens of
Nasua; Mackintosh 1875; Fig. S1L), the m. sartorius has a
single belly. The same condition was described for felids,
and many herpestids and viverrids (Lucae 1875; Watson
1882; Windle and Parsons 1898; Hall 1926; Davis 1964;
Scherling 1989; Feeney 1999; Fisher et al. 2008; Carlon and
Hubbard 2012). In canids and hyaenids, it is always double
(Haughton 1867a; Watson 1882; Windle and Parsons 1898;
Spoor and Badoux 1988; Evans 1993; Feeney 1999). The
presence of two independent bellies within the two most
cursorial carnivorans (hyaenids and canids), in which the
cranial belly extends and the caudal ones flexes the knee
joint, may be understood as a stabilizing system of the
movements of this joint during running (Gambaryan 1974;
Evans 1993). A single belly for the m. sartorius cannot be
clearly stated either as a derived or a primitive condition in
carnivorans (Fisher et al. 2008).

Adductors and Abductors of the Hip Joint

Fisher et al. (2008) suggested that the adductor muscles
group should be compared among species as a whole, and
they compiled the total number of adductor muscles de-
scribed in previous works (including the m. pectineus; see
Fisher et al. 2008 and citations therein) for different species
of Carnivora. They found that the number of adductor
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bellies is, in general, constant within families (except in
procyonids). The character optimization suggests that this
feature is highly variable in Arctoidea, even at the familial
level (result not shown). For example, in Mustelidae, four
bellies could be the ancestral condition of the family, but in
G. cuja, as well as in other mustelids (e.g., Martes foina,
Mustela putorius; Cuvier and Laurillard 1849; Mackintosh
1875; Alix 1876), five bellies are present instead of the
typical four mentioned by Fisher et al. (2008). Given these,
the number of bellies of the adductor mass seems to be
poorly informative regarding phylogenetic relationships, es-
pecially taking into account the potential interpretative dif-
ferences between researchers. Fisher et al. (2008) suggested
that numerous bundles in the adductor mass could be related
to more precise movement needed by procyonids and Ailu-
rus fulgens for balancing on branches. This does not agree
with the numerous bundles recorded for mostly terrestrial
mustelids like G. cuja andMustela putorius (Alix 1876), nor
with the more moderate number of bundles recorded in
highly arboreal species like Potos flavus (four bellies;
Beswick-Perrin 1871) or Bassaricyon alleni (three bellies;
Beddard 1900).

Within Musteloidea there are some variants among the
adductor muscles that seem to be informative regarding
phylogenetic affinities. Galictis cuja shows both m. adduc-
tor brevis and m. adductor magnus fully independent from
each other, with their insertions separated proximodistally
on the femoral shaft. This feature is shared with other
musteloids (e.g., Aonyx cinerea, Ailurus fulgens, Enhydra
lutris, Lutra lutra,Martes foina,Mustela putorius; Macalister
1873a; Lucae 1875; Mackintosh 1875; Alix 1876; Howard
1975; Fisher et al. 2008). On the other hand,G. cuja and other
musteloids (e.g., Ailurus fulgens, Martes foina) differ from
mustelines and lutrines (and other carnivorans) in the presence
of a distal division of the m. adductor magnus (Macalister
1873a; Lucae 1875; Mackintosh 1875; Alix 1876; Howard
1975; Fisher et al. 2008).

The relative mass of adductor and abductor muscles has
been directly related to the ability of a fast switch of direc-
tion during high-speed locomotion in some mammal groups
(e.g., Lagomorpha; Williams et al. 2007). This function is
assisted by the tail in those animals with long and robust
tails (e.g., many felids, procyonids, and viverrids; Taylor
1970; McClearn 1992; Walker et al. 1998). Even when
weasel-like mustelids have been described as able to achieve
abrupt changes in direction during fast locomotion (Cabrera
and Yepes 1940; Yensen and Tarifa 2003; King and Powell
2007), they have frequently relatively short limbs and tail,
and very low relative values of adductor and abductor
masses of hind limbs when compared with other agile
predators (e.g., foxes, felids, some procyonids; see also
Feeney 1999; Fig. 1). Mustelids have a great lateral flexion
ability of the vertebral column when compared to other

similar-sized carnivorans (e.g., mephitids and most pro-
cyonids). In this way, since most part of the forward
propulsion is performed by the epaxial musculature
(Gambaryan 1974; Schutz and Guralnick 2007), it is
possible that abrupt changes of direction may be
achieved by asymmetrical contractions of the lateral axial
muscles (e.g., iliocostalis), particularly well developed in
mustelids, and only secondarily helped by fast movements of
the tail.

Semimembranosus

Within Carnivora, the number of bellies of this muscle
varies between one and three in the different families, but
important intra- and interspecific variations have been de-
scribed (e.g., Ailurus, Procyonidae; see Fisher et al. 2008).
Among the mustelids surveyed by Fisher et al. (2008), m.
semimembranosus possessed one belly. However, many
mustelids present m. semimembranosus composed of two
bellies, such as G. cuja (this study), Gulo gulo, Martes spp.,
Meles meles,Mellivora capensis,Melogale personata,Mus-
tela spp., Taxidea taxus (bellies separate near insertion),
Vormela peregusna, and many otters (Enhydra lutris, Lontra
canadensis, some specimens of Lutra lutra) (Beddard 1905;
Hall 1926, 1927; Fisher 1942; Gambaryan 1974; Bisaillon
1976; Scherling 1989; Feeney 1999). Mephitidae and Pro-
cyonidae (except Nasua; Mackintosh 1875) also have two
bellies (e.g., Allen 1882; Windle 1888; Gowell 1897; Hall
1926; Feeney 1999). The splitting into two bellies may be
related to a subdivision of its function: extension of the hip
and flexion of the knee, and the assurance of a wide range
and precision of movements. The subdivision of this muscle
seems to be an ancestral condition for Arctoidea as well as at
the level of the nodes Mephitidae, Mustelidae, Procyonidae,
and Ursidae. On the other hand, a single belly of m. semi-
membranosus is a derived condition only at subfamilial
level (Fig. S1M).

It is worth mentioning that some authors use the term
“pre-semimembranosus” to refer to the cranial belly of the
m. semimembranosus (e.g., Windle and Parsons 1898),
while other authors use the same term to refer to a possible
subdivision of the m. gluteofemoralis (e.g., Fisher 1942;
Scherling 1989). On the other hand, some authors seem to
include the cranial belly of the m. semimembranosus within
the adductor mass (e.g., Alix 1876).

Semitendinosus

In G. cuja, the m. semitendinosus has two bellies, one with
its origin at the ischial tuberosity (hereafter ischial belly),
and the other which originates from C2 (hereafter caudal
belly). The ischial belly is typically present within Carniv-
ora, although in some otters and the American mink it is
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strongly reduced (Cuvier and Laurillard 1849; Macalister
1873a; Lucae 1875; Windle and Parsons 1898; Williams
1955) and in other otters is completely absent (some speci-
mens of Lontra canadensis, Enhydra lutris; Fisher 1942;
Howard 1975). The ancestral condition reconstructed for
lutrines resulted in a reduced ischial belly (Fig. S1N), while
the condition of Lutrinae+Mustelinae resulted ambiguous.
The caudal belly is present in some Feliformia (viverrids
and herpestids), procyonids (except in Bassaricyon alleni;
Beddard 1900) (Fig. S1O), and in most mustelids (Windle
and Parsons 1898; Taylor 1976; Fisher et al. 2008). Within
lutrines and mustelines, it originates from the first or some
of the first caudal vertebrae (Aonyx cinerea, Enhydra lutris,
Lutra lutra, Mustela nigripes, Mustela putorius, Mustela
vison; Macalister 1873a; Alix 1876; Windle and Parsons
1898; Williams 1955; Bisaillon 1976), and it is relatively
wide in the formers and reduced in the latter (Fig. S1N,P). In
most ictonychines and gulolines, the caudal belly is also
present (e.g., G. vittata, Ictonyx libyca; Windle and Parsons
1898), but its origin is mostly restricted to the second caudal
vertebra (G. cuja, Eira barbara and Martes americana;
Macalister 1873b; Windle and Parsons 1898; Hall 1926;
this study; Fig. S1O). This belly is also known in Melogale
personata (Beddard 1905), although without precise data
about its origin. At the same time, this belly of the m.
semitendinosus is absent in Ailurus fulgens, canids, felids,
hyaenids, mephitids, ursids (Beswick-Perrin 1871; Macalister
1873a; Allen 1882; Watson 1882; Windle 1888; Hall 1926,
1927; Ray 1949; Davis 1964; Bisaillon 1976; Evans 1993;
Fisher et al. 2008; Carlon and Hubbard 2012), and some
mustelids, including Ictonyx striatus (Windle and Parsons
1898), Meles meles, and Taxidea taxus (Windle and Parsons
1898; Hall 1927; Scherling 1989), and some specimens of
Martes spp. (e.g., Mackintosh 1875) and Mustela putorius
(Macalister 1873b; Windle and Parsons 1898; Bisaillon
1976).

Thus, the presence and features related to the origin of the
m. semitendinosus seem to be phylogenetically informative
at the familial and subfamilial levels (Fig. S1N,P). From a
functional point of view, the presence of two bellies in the
m. semitendinosus in those groups with more generalized
locomotor modes (including bound and half-bound;
Gambaryan 1974) leads to an increase of the number of
muscular fascicles (and sometimes a mass increase) of ham-
string muscles that could be related to more precise move-
ment, a wider range of movements, and perhaps increasing
strength (Hildebrand 1988). On the other hand, groups with
more specialized locomotor modes (semiaquatic, cursorial,
and terrestrial ambulatories), this belly is alternatively present.
These variations, as those linked to the origin area of the
caudal belly may reflect different capabilities on specific
actions, depending on positions and locomotor styles. Awider
and exclusively, or mostly exclusively, caudal origin (lutrines)

maximizes the mechanical advantage of the m. semitendino-
sus in an extended position of the hip joint and a flexed knee,
in relation to holding the hind limbs caudally directed and
close to the body during swimming in otters (Maynard Smith
and Savage 1956; Savage 1957; Gambaryan and Karapetjan
1961; Tarasoff 1972). A restricted ischial origin seems to be an
ancestral condition for Arctoidea, and would be related to a
typical flexed hip, a more extended knee, and a more vertical
position of the hind limb under the body (big predators,
cursorial, and ambulatories species).

Fibularis Brevis and Extensor Digitorum Lateralis

In G. cuja, the architecture of the m. fibularis brevis and the
m. extensor digitorum lateralis is unusual and different from
most other carnivorans, but remains similar to that observed
in some lutrines, gulolines, and mustelines. The m. extensor
digitorum lateralis has many points of interaction with the
m. fibularis brevis at the lateral aspect of the hindfoot. The
m. fibularis brevis is complex and divided into two bellies
that originate from the distal half of the fibula. The tendons
of both bellies fuse or cross each other, one of them forming
a ring through which the second tendon passes. Within
Mustelidae, similar relationships and particular configura-
tions of these two muscles have been described only for
Enhydra lutris (Howard 1975), Mustela nigripes (Bisaillon
1976), Mustela putorius (Alix 1876), one specimen of
Martes pennanti (Feeney 1999), and illustred but not de-
scribed forMartes foina (Cuvier and Laurillard 1849). In the
first two cases, the m. fibularis brevis surrounds the m.
extensor digitorum lateralis. In the case of Martes foina,
Cuvier and Laurillard (1849) showed a distal tendinous
projection of the m. fibularis brevis that reaches the m.
extensor digitorum lateralis, similar to that described for
G. cuja. In the case of Mustela putorius, Alix (1876) de-
scribed a typical m. fibularis brevis with an accessory ten-
don that differentiates at the middle of the zeugopod and
cannot be recognized proximally, which seems to belong to
the m. extensor digitorum lateralis (that was not described).
In the case of Mustela nigripes, Bisaillon (1976) linked the
observed configuration to a reduction of the capability of
flexion and rotation of the ankle, even though, this does not
seem applicable, especially in the case of Enhydra lutris,
given the complex movements of rotation and flexion that
this species is capable of during swimming (Tarasoff et al.
1972). The character optimization suggests that these simi-
lar conditions evolved independently at least four times
within Mustelidae (Fig. S1P). However, given that these
features are difficult to record and have been recorded in
only a few mustelids studied in detail, it is likely that these
traits are present in other mustelid taxa, which would con-
firm that they are a result of convergence or an inherited
condition for the family.
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Musculature of the Tarsal Joint and Digits

In G. cuja, most of the extensor muscles of the tarsal joint
that originates from the zeugopod, i.e., m. fibularis brevis,
m. extensor digitorum lateralis, m. flexor digitorum medi-
alis, m. tibialis caudalis, and especially the m. flexor dig-
itorum lateralis, are greatly developed (Table 2; Fig. 1) and
present distally extended origin regions, moderate or
marked pinnation, and short tendons. The major tarsal
extensors, m. gastrocnemius and m. flexor digitorum super-
ficialis, are greatly developed, reaching a total mass that is
about the size of the knee joint extensors (m. quadriceps).
These traits, together with those previously described for the
gluteal group, the mm. biceps femoris, and abductor cruris
caudalis, were also observed in lutrines, gulolines, muste-
lines, and other ictonychines (Williams 1955; Savage 1957;
Gambaryan 1974; Bisaillon 1976). This configuration can
be related to motor actions that demand a powerful extension
of the tarsal joint (e.g., rapid acceleration, jumping, and swim-
ming) where the muscular power predominates over economy
(Gambaryan 1974; Walmsley et al. 1978; Hildebrand 1988;
Payne et al. 2005) and the capacity of performing non-sagittal
movements (Barnett and Napier 1953). In the case of ictony-
chines and mustelines, other possible factors may be the effort
needed during crouched locomotion within galleries, and
secondly, the stabilization of the extra body weight while
digging or carrying preys (Van de Graaff et al. 1982; Spoor
and Badoux 1988; Gorsuch and Larivière 2005; King and
Powell 2007). Given that most mustelids have proportionally
short limbs, pinnation could act as a compensatory factor to
smaller surfaces available for the origin of muscular fibers,
thus maintaing the amount of force that can be exerted by
these muscles. In relation to ankle extensors, ambulatory
ursids, procyonids, and mustelids like Gulo gulo and Melli-
vora capensis have intermediate characteristics between other
mustelids and cursorial carnivorans (Fig. 1; Haughton 1867d;
Mackintosh 1875; Windle and Parsons 1898; Ray 1949;
Gambaryan 1974; Evans 1993; Fisher et al. 2008; Hudson et
al. 2010).

We indentified typically three insertion tendons of the m.
extensor digitorum brevis for G. cuja, for digits II through
IV. The same configuration is present in many musteloids
and typically in canids, felids, and hyaenids. On the other
hand, one hind limb of one specimen of G. cuja presented a
fourth tendon for the first digit, as it was described for
Galictis vittata and typically other Arctoidea (Alix 1876;
Allen 1882; Watson 1882; Gowell 1897; Windle and
Parsons 1898; Howard 1975; Bisaillon 1976; Scherling
1989; Feeney 1999; Fisher et al. 2008). The loss of the
tendon for digit I of the m. extensor digitorum brevis
seems to have occurred many times in Carnivora (Fig.
S1Q), but it cannot always be related to cursorial
adaptations.

Concluding Remarks

The comparative analyses of the musculature of G. cuja
allowed us to establish functional comparisons and to make
a qualitative and quantitative review of possible sources of
phylogenetic characters. The morphology and development
of the lumbar musculature (and secondarily the sacrocaudal
muscles) of G. cuja and other weasel-like mustelids are
related to the important role of the axial region in propul-
sion, control of changes of direction, and stabilization dur-
ing epigean running or locomotion within narrow tunnels. In
running, this musculature probably partially replaces or
collaborates in these functions with the hind limb muscles,
which are relatively reduced. Musculature related to the
tarsal joint movement is well developed in G. cuja, with
several muscles having a distally extended origin area and
some degree of pinnation. These characteristics are probably
related to the absence of clearly cursorial adaptations and
powerful extension of this joint in forward motion during
jumping and crouched locomotion, and allow movements
outside the parasagittal plane, allowing locomotion on irreg-
ular surfaces or with obstacles.

As proposed in previous studies, myology is informative
about phylogenetic relationships among species. Complexity
and variability of the muscular group m. fibularis brevis+m.
extensor digitorum lateralis, is different to the one described
for other carnivorans (and proper of G. cuja), and must be the
focus of future studies. We found certain muscular features in
G. cuja that are exclusive or typical for arctoids (e.g., absence
of the m. articularis coxae), musteloids (e.g., variability in the
degree of fusion of the m. piriformis and m. gluteus medius;
origin of m. tibialis caudalis; position of the insertion of the
pubocaudal flexors), mustelids+procyonids (e.g., caudal belly
of the m. semitendinosus typically present), mustelids (e.g.,
position of the origin of the m. psoas minor), mustelines
+lutrines+ictonychines (e.g., many features of epaxial and
hypaxial musculature, cranial origin of the m. sacrocaudalis
dorsalis lateralis), and mustelines+lutrines setting apart from
ictonychines+gulolines (e.g., position of origin of the caudal
belly of the m. semitendinosus, position of insertion of the m.
adductor magnus). Configuration of the sacrocaudal muscu-
lature seems to be potentially informative at a suprafamilial or
familial level but there are still very few species for which this
information is known. On the other hand, the absence of the
m. gluteofemoralis and the frequent absence of the tendon for
the digit I of the m. extensor digiti I (Ictonyx libyca and G.
cuja) are shared by some ictonychines, and evolved indepen-
dently in other clades. The absence or reduction of the ischial
belly of the m. semitendinosus (occurring exclusively in
lutrines), the absence or reduction of the caudal belly of this
muscle, the absence of m. tensor fasciae latae, and the location
of the origin of m. abductor cruris caudalis, seems to be
informative in low hierarchy relationships whithin arctoids.
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The compiled information (particularly the muscular
mappings) in this and other myological studies (e.g., Fisher
et al. 2008, 2009; Julik et al. 2012) could be considered as a
very useful tool for zoologists and palaeontologists that
attempt to make morphofunctional or phylogenetic inferen-
ces from osteological variation in both extant and extinct
species. Several muscular groups leave distinctive scars or
delimitable surfaces related to their origin or insertion on
bones. In some cases, these features allow knowing, with
more or less confidence, the position and the degree of
development of the muscles that leave those marks (see
Bryant and Seymour 1990). In particular, G. cuja is an
interesting case of study within Carnivora given that it is
an ecologically distinct model compared to well-known
carnivorans such as canids and felids.

Future objectives should be the gathering of more myo-
logical data on mustelids, and the construction of phyloge-
nies including muscular characters and related osteological
features, necessary for a better understanding of the muscu-
lar anatomy of these carnivorans.
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